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1.1 BR AKING THE ICE
 

1.1.1 "Breaking the Ice"
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'BREAKING TIE ICE'- methods to help anew group meet each other,
 
relax, and start talking
 

When agroup comes togethei for the first time, some people mw'. already know 
each other, but many may not. Often those who are already friends A': sit and 
talk with each other, but feel uncomfortable about speaking with those they do 
not yet know. 

Various games cr 'tricks' can be used to help people get to know one another
 
and feel comfortable about taking part in a meeting or aclss:
 

i. PAIRING OFF FOR
 
INTRODUCTlOi4S
 

Draw hearts, animals, or other figures
 
on slips of paper. 'Draw one figure
 
for every 2 people.)
 

Tear each slip in two. 

Crumple the pieces into balls. 43' 

Put them into a hat and let each
 
person pick one.
 

Now each person tries to 	 Each pair of poople with At last the group meets 
find his 'other half', 	 matching halves spends again, and everyone takes 

10 or 15 m utes getting turns introducing his 
to know each other, partner to the group. 

, 
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2. MERRY-GO-ROUND 
OR 'TRAINS'TW 

The group divides intoON 
two halves by counting 
off-ONE, TWO, ONE, 
TWO-around the circle. TWO. 

.(j E(TWD 

(TWO 

Then allI the ONE's form 
a circle, and all the 

10 TWO's form another 
circle around them. 

When the leader says 
"GO," circle ONE runs in 
one direction and circle 
TWO runs in the other­
"whistlingand puffing like/I trains. 

When the leader shouts "STOP," 
each person turns to the 
nearest person in the 
other circle and 
introduces himself or V 

herself. Each pair talks 
together about a topic 
the leader or someone 
else has suggested. 

After a minute or two, 
the le i'uer snints "Go" 
again, and each circle at once 
begins to run as before until 
the leader again cries "STOP." 
his can be repeated 4 or 5 times. 

Afterwards the whole group can meet to discuss what they learned. 
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3. SPIN THE BOTTLE 

This simple game is a fair way to pick one member of 
a group to answer a particular question, start off a 
discussion, or do acertain job. If more than one person 
needs to be picked, the bottle can be spun as many 
times as necessary. 

Everyone sits in a circle. One The person the bottle points
 
person spins an empty bottle on the at when it stops is the one
 
floor in the midd'e of the circle, who is picked.
 

11441
 

After he answers the question or does the job, the person who was picked spins 
the bottle again to see who will be picked next. 

Silly? A waste of time? Yes, but... 

'Ice-breeking' games may seem ridiculous. In fact, they often are. Some people 
may not like them or may feel they are a waste of time. Sometimes they are. But 
sometimes they can help a group that is too serious or stiff, to loosen up and 
begin to enjoy each other. 

A friend who has worked for many years in community health says: "To waste 
time is to save time." Taking time to 'break the ice' and help people begin to 
relate to each other openly can make a big difference in what people learn from 
the course. 

We must never forget that, although latrines and medicines and vaccines are 
important, the most important factor that determines human health is how people 
work and live and share and learn together. 

If we can all learn to work well together in our 
training program, perhaps we can do so with those in 
our villages or neighborhoods. And this would be a 
real step toward health! So remember... 

To 'waste time' getting to know and like
 
each other may save Zime later.
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Lesson code: 	 AAK/T/la
 

Series: 	 Trees
 

Lesson title: 	 THEIR IMPORTANCE TO THE LAND
 

Aim: 	 To enable the trainees to understand and appreciate
 
the importance of trees in their environment.
 

What you will need for this izsson:
 

1. 	A area wheie a nu of different types of
 
trees are growing
 

2. 	An area where trees have been cut down
 
indiscriminately
 

3. 	An area where there are a lot of old tree
 
stumps
 

4. 	An area on the edge or bank of a river or
 
gulley or anywhere else where tree roots are
 
exposed
 

5. 	An Umbrella
 
6. 	A plan of which places you will visit in a
 

proper sequence to match the steps of the
 
lesson
 

Notes: 	 You do not necessarily need assistants for this lesson but
 
ensure that the group of trainees is not too big.
 

The 	lesson is going to be a practical "walk around the
 
area" lesson to familiarise the trainees with the trees
 
around their school and what the trees contribute to the
 
area and the people in that place.
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The 	lesson:
 

Begin the meeting outside in the school compound under any trees. Thera
 
is no classroom section tc this lesson so discuss the few theory parts as
 
you 	walk around with the trainees.
 

Follow these steps:
 

1. 	Tell the trainees that it is very important to have trees on our land
 
because they help to conserve (i.e to hold or retain) our soils from
 
being washed away when it rains.
 

2. 	Tell the trainees that this is because the roots help to hold the soil
 
together in one place.
 

3. 	Tell the trainees that when trees are planted in and around our
 
compounds the wind will not blow so 
fast and this can prevent the roofs
 
of classrooms and houses from being blown away.
 

4. 	Move with the trainees to 
a place where the roots of trees are exposed.
 

5. 	Show the trainees how the roots are holding the soil.
 

6. 	Ask the trainees what would happen if the'soil was not being held by
 
the tree roots.
 

7. 	Move with the trainees to another area where there are strong mature
 
trees which provide good cover and shade.
 

8. 	Tell the trainees that the leaves of the trees reduce the amount of
 
water being taken away when the sun is shining.

Explain to them that it is cooler below the trees so less water
 
evaporates.
 

9. 	Ask the trainses !o handle anJ study the soil in this place.
 

10. 	 MovP with tlh'trainees to a place where trees have been cut down.
 
Using the umbrella, explain how making a shade makes a place cooler.
 

11. 	 Let the trainees try standing under the umbrella to 
feel 	cooler.
 

12. 	 Let the trainees handle and study the soil in this place to find out 
if
 
it is different to the soil under the trees.
 

13. 	 Ask the trainees if the soil where there are no trees is different from
 
the soil where there are trees.
 

(the soil in the open may be hotter, drier, have less plants growing on

it aid have less organic matter. There may be some surface or sheet
 
erosion as well).
 

14. 	 Tell the trainees that because there are no trees (or all of the trees
 
have been cut down) a lot of soil is (or can be) carried away by
 
rainwater, and by the wind.
 
More water will also be lost by evaporation, because the bare earth is
 
exposed to the sun. 
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15. 	 Tell the trainees that they should not destroy trees.
 
Tell them that they should tell their parents and colleagues about the
 
importance of trees and also that they should plant more trees to help
 
to keep the land fertile.
 

16. 	 Summarise the lesson by asking a number of questions, including:
 

a. 	Why should we encourage ths planting of trees?
 
b. 	Why shouldn't we cut down all of the trees in a particular
 

place?
 
c. 	How do the roots of trees help the soil?
 
d. 	What do the leaves of trees do to help the soil below?
 

17. 	 Tell the trainees their home assignments:
 

a. 	To identify the places in their home area where soil has
 
been lost because trees have been cut down.
 

b. 	To look to see how many young trees are growing in the erea.
 
c. 	To look to see how many mature trees have been cut down.
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Lesson code: 	 AAK/T/2a
 

Series: 	 Trees
 

Lesson title: 	 THEIR USES
 

Aim: 	 To enable the trainees appreciate the importance of trees
 
to man and to know some of their uses.
 

What you will need for this lesson:
 

1. 	The position of trees which have different uses or
 
which have been planted for different purposes (e.g
 
fruit, timber, fodder, shade, fence, medicine, food).
 

2. 	A kitchen where sticks and logs have been collected
 

for a fire.
 

3. A place where 	timber is being lumbered.
 

4. 	Some articles/items made from wood/timber.
 

5. Some branches 	from a browse tree.
 

6. Some goats.
 

What to brief your assistants about:
 

1. 	Tell the assistants the steps to be followed in the
 
lesson.
 

2. 	Each assistant must stay with his group throughout.
 

Notes: 	 It is best to have a small group with each assistant i.e
 
you need 3 or 4 assistants. The trainees will only break
 
into the small groups for the practical activities i.e
 
they will be in one large group for the questions and the
 
main steps.
 

This lesson will be a "walk around the area" session with
 
lots of questions.
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The lesson:
 

Begin the lesson out of doors in an area where different types of trees are
 
growing.
 

Follow these steps:
 

1. 	Take the trainees to a place where you can stand between different types
 
of trees.
 

2. 	Ask the trainees to tell you as many uses for trees as they can think of.
 

3. 	Take the trainees to a fruit orchard.
 
Ask the trainees what they do with the fruits.
 

4. 	Take the trainees to the school kitchen.
 
Ask them what the sticks and logs in the kitchen are used for.
 
Ask them what the kitchen is built from.
 

5. 	Move with the trainees to any building e.g classroom, office, house.
 
Ask them to tell you anything in the building which is made from trees.
 

6. 	Move with the trainees to the compounJ.
 
Ask them to tell you the purpose of those trees in the compound.
 

7. 	Move with the trainees to a tree nursery.
 
Ask the trainees why somebody should grow young trees for transplanting.
 

8. 	Move with the trainees to an area where either of the following are
 
growing (pawpaw, castor, rubber).
 
Ask the trainees what products are derived from these trees.
 

9. 	Move with the trainees to a place where trees are flowering and ask them
 
why bees are visiting those trees.
 

10. 	 Tell the trainees to pick some tree branches they think can be eaten by
 
sheep/goats.
 

11. 	 Move with the trainees to a place where you have tethered the animals
 
and let them feed the animals.
 

12. 	 Ask the trainees why trees are important to animals.
 

13. 	 Summarise the lesson by asking the following questions
 

a. 	What food can man get from trees?
 
b. 	What other products can be derived from trees?
 
c. 	What other uses do trees have?
 
d. 	Why do bees visit trees?
 
e. 	What other animals that man needs, use trees?
 

14. 	 Tell the trainees their home assignment:
 
To look at the trees within the families boma and discuss with
 
their brothers or sisters how these trees are useful to man.
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Useful information:
 

These 	are some notes to help you and your assistants prepare the'lesson and
 
make the activity more effective. For translations of ?'e tree names see
 
the table provided with this series of notes on trees. The vernacular named
 
are shown in this table.
 

1. 	What can trees be uEred for?
 
- Fuelwood. Man uses trees for burning to cook food and to make
 

heat. Before fossil fuels became common, trains burned wood.
 
Charcoal is made from wood to make a good fuel for burning in
 
jikos.
 

- Foods. Many human foods are collected from trees, particularly
 
fruits e.g. mangoes, pawpaws, oranges, lemons, apples, plums,
 
ovacados and leaves are also eaten sometimes.
 

- Timber. Some trees provide good timber which can be usdd for
 
building, making furniture, fencing posts and even pencils and
 
matches. Good timber trees include Eucalyptus, Camphor, Olive.
 

- Decoration. Some trees can be planted just for beauty and to
 
provide shade. Some are good for making fences as well. These
 
trees include Jacaranda, Silky oak, Palm, Euphorbia, Cypress.
 

-	 Soil Erosion. By reducing the energy of rain drops and by roots
 
and trunks getting in the way of surface water, trees can be very
 
important in preventing/controlling soil erosion.
 

2. Other products from trees:
 

- Sap. This is'the liquid in the tree trunks. Rubber comes from
 
the sap of trees and is used to make a whole range of products
 
including tyres for vehicles. The sap'from pawpaw trees is also
 
extracted and is used to season/soften meat before it is cooked.
 

- Oil. The seeds of a number of trees can be crushed or processed
 
to extract the oil. e.g cashew nuts are used to produce an oil
 
used in brake fluid. Castor oil is extracted and used in
 
industrial machinery, and in the past people used it as a body
 
lotion. The oil extracted from the fruit of the coconut palm is
 
used for cooking and is used on hair.
 

- Medicine. A lot of medicines are made from plants. Some of
 
these are used traditionally and some plants are grown so that
 
the dawa companies can use them to make medicines commercially.
 
It is mainly the leaves or the bark which are used. e.g. the
 
Quinine tree for dawa for malaria.
 

- Beverages. Tea leaves, coffee and cocoa berri1es are sold to
 
factories where they are processed.
 

3. 	What do other living things derive from trees?
 
- Pollen. Bees collect pollen and use it to make honey which is
 

later harvested by man.
 
- Many animals eat leaves of trees.
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C. 	 The Actual and Potential Role of Trees 

The roles that trees can play in an agroforestry system are nume-ous 

and include: 

* 	 Providing fuel and wood products 

* 	 Providing animal fodder 

" 	 Providing shelter and shade 

* 	 Increasing soil friability and increasing water retention in 
the soil 

* 	 Providing nutrients and organic matter 

* 	 Producing cash crops 

1. 	 Fuel and Construction Wood Production 

A shortage of iuelwood is common in most of the drier parts of Africa 

and in sc¢ie of the more humid areas as well. Virtually all cooking is done 

using wood as the fuel. In Tanzania, for example, fuelwood accounts for 

over 90% of all wood used. Natural forests and woodlands are able to 

provide fuel in perpetuity when demand is low; but the annual growth 

yield of naturally occurring vegetation Is often lower than that of manmade 

plantations, and in many parts of Africa the natural vegetation has 

virtually disappeared. Although rural communities generally use more fuel 

than any other forest product, the need for construction materials (poles 

especially) is important. Rural people often see fuelwood as a "free good" 

for which they are reluctant to pay a market price, whereas poles are 

frequently traded and regarded (by the male) as more valuable. 

Under conditions of low. or stable population, governments 

traditionally. set aside areas of trees as "forest reserves" in order to 
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protect the environment and to supply the country with a never-ending 
supply of forest products. in riany countries today, the non-reserved 
forests are being destroyed wholesale and even the forest reserves are 
disappearing. In any case, most of these are needed for the supply of 
industrial wood for national development. Such production systens hardly 
meet any rural (or urban) needs for fuel and poles, which for moct rural 
people should be withir. walking distance of the farm or on the farm itself. 

Agroforestry is an excellent way of helping meet these needs, 
especially if multipurpose trees are used. Many of these trees ar, well 
known, and others are continually being identified as having potential for 
agroforestry and farm woodlots. They provide a wide range of possible 
products. A particularly well-known example is Leucaena leucocephala, 

which i. frequently grown in lines associated with food crops (alley 
cropping); it provides fodder and grek n manure from its leaves and fuel 
from Its branches, and it helps control erosion. In addition, Leucaena 

fixes atmospheric nitrogen. 

2. Animal Fodder Production 

In many highly populated areas of Africa, arable food crop farming is 
gradually being introduced in farming systems which previously had been 
dominated by animal production. However, in most cases there Is still a 
strong preference for animal ',isbandry; and frequently, there Is a need 
to combine arable farming with animal production. Here again this can be 
made possible by introducing multipurpose trees of which one output is 
fodder. Generally, such fodder trees occupy less area tin pasture, and 
in many cases they can be planted in fields primarily used for arable 
crops. In the subhumid savannah, a tree such as Leucaena will produce 
about 20 to 50 kilograms of dry fodder per tree per year. In the humid 
secondary savannah, the production of Calliandra calothyrsus will be in 
the range of 30 to 60 kilograms of dry matter per tree. In both cases, 
the protein content of the fodder will be between 10% and 15%. On an 
arable farm of two hectares, between 500 to 1,000 trees can easily be 
planted without significantly affecting the production potential of annual 
food crops. The total fodder production from these trees is capable of 
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Acacia albida is used as a source of fodder (note cut branches). 
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closing an average fecd gap of two to three months annually for between 
four and Aight head of li,'estock. Even in areas of very high population 

pressure and shortages of lard, a few fodder trees make it possible to 

raise five to ten rabbits, which may keep an average family supplied with 

a reasonable amount of animal protein. In drier areas, fodder trees 

include Acacia albida, A. senegal, and A. tortilis. 

3. Shade and Shelter 

Where wind, high temperature, and high evaporation rates adversely 
affect farm yields, wisely planted trees can mitigate these adverse effects. 
The shelterbelt is an excellent example. Properly designed shelterbelts 

increase crop production substantially; and at the same time, both wind 

and water erosion is reduced, thereby improving the sustainability of the 
farming systems. There are two effects of shelterbelts and windbreaks: 

direct .effects, such as obviating physical wind damage to plants, and 

indirect effects, such as changing the microclimate, particularly the water 

balance. On the whole, shade and shelter reduce excessive 

evapotranspiration over short periods, thereby relieving water stress, 

which in turn leads to the more efficient use of water for the duration of 

the crop. 

Establishing shelterbelts has become a particularly promisirng 

agroforestry intervention in the Sahel. In protected fields in Niger, net 
grain production increases of over 30% have been reported. Similarly, in 

Nigeria peanut production in protected fields was double the average of 

the unprotected fields. 

Here also it is possible to use multipurpose trees. A common 
approach in the Sahel is to have a mixture of rapidly growing species for 
immediate protection; slower growing trees that eventually become quite 

tall, thus extending the wind-shielded area; and smaller trees and bushes 

that partially close the spaces near the ground. At the same time, these 

trees can produce a variety of by-products, such as pods from Acacia 

nilotica, which may be used by local tanneries. An erample of the design 
of a shelterbelt is given in Figure 4, and tree and shrub species which 
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BA 

CC
 

(A) Large trees in the center
 

(B) Smaller species for the next two rows
 

(C) Low shrubs, bushes, and grasses on the outside
 

Figure 4 

CROSS SECTION OF A SHELTERBELT 

SSM 2-13
 



SSM 2.2.1 Beets p.12
 

may be planted in such a shelterbelt in dry and moist tropical areas are 

given in Table 2. 

An important feature of shelterbelt development is that, although 

farmers are reluctant to plant blocks of trees, they are less opposed to 

taking a strip of land out of farm production to establish shelterbelts. 

Shade trees used to he important in the production of plantation 

crops, such as tea, coffee, and cocoa. lowever, with the development of 

new varieties of these crops and improved crop husbandry, shade trees 

are no longer as important. Nevertheless, they are still widely used, 

particularly when these crops are grown under low levels of farm inputs. 

There is still, however, a very important role for shade trees in animal 

production systems, as well as in shading compounds, meeting sites, etc. 

4. Production of Cash Products 

It is often difficult to introduce trees or shrubs into a farming system 

that is primarily needed for a service function, since it is hard for farms 

to see the long-term benefits. Farmers more readily adopt new 

technologies when early cash returns can be demonstrated. There are 

many trees and shrubs which have a service function as well as provide a 

relatively quick cash return. For example, with the rapidly spreading 

fuelwood shortage all over Africa and an increasing commercialization of 

firewood and charcoal, many farmers are ready to adopt fast-growing 

fuelwood species, which also have soil-improving qualities. The example of 

Acacia nilotica, whose pods can be used for tannin production, is 

pertinent. Other examples are trees whose by-products are honey 

(principally legumes); medicinal extracts (quinine); nuts (cashew, coconut, 

ye-eb, palm); fruit (jack fruits, pears, avocado, mango, peaches); resins 

(gum arabic, pine, frankincense); and spices (cinnamon, cloves, nutmeg). 
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Table 2
 

EXAMPLES OF TREES AND SHRUBS
 
THAT COULD BE USED IN SHELTERBELTS
 

Dry Tropical Moist Tropical Moist Tropical 
Areas Lowland Areas Highland Areas 

A) Large Acacia species Acacia Acacia Mearnsii 
Trees Acacia alba auriculiformis (Black wattle) 

Acacia tortilis Afrormosia elata Acrocarpus 
Caratonfa siliqua Afzelia species fraxinifolia 
(Carob) Af. africana Alnus acuminata 

Dalbergia sisso Af. quanzensis Cordia alliodora 
Tamarindus indica Casurarina 
(Tamarind) equisetifolia* 

B) Medium Acacia victoria Albizia Erythrina
 
Trees Cassia siamia guamifera poepigiana
 

Dalbergia Gliricida sepium Gleditsia
 
melanoxylon Leucaena triacanthos
 
(Blackwood) leucoceuhala Leucaena
 

Prosopis species Sesbania. leucocephala
 
Prosopis alba grandiflora Mimosa scabrella
 
P. chilensis
 

C) Small Acacia species Cajanus cajan Cajanus cajan
 
Trees Acacia horrida (pigeon pea) (pigeon pea)
 
and Acacia saligna Calliandra Crotalaria spp.
 

Shrubs Cassia sturtil callothyrsus C. agatiflora
 
Cordeauxia edules Desmodius C. laburnifolia
 
(Ye-eb) gyroides Tephrosia species
 

Lablab purpurens Sesbania T. interupta
 
(Liblab bean) bispinosa T. holstii
 

Sesbania sesban
 

NOTE: All species have been chosen from nitrogen fixers (mainly legumes).
 

*These species fix nitrogen but are not legumes.
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The Relevance of Tree Planting 

WHY PLANT trees? 
 Since the earliest time, man has maintained a

close relationship with trees. 
 Early man derived his livelihood
 
from 	forest products, such as fruits, nuts, roots, leaves and
 
shoots. 
Even today trees provide large quantities of the

dietary requirements of humans and livestock. 
People have also

depended on trees for shelter as well 
as for numerous other
 
purposes.
 

Trees play an important role in our 
daily life - no wonder
 
a tree has been termed the best friend of man on earth. However,

du to the population explosion and the expansion of land under
 
agriculture, the economic demands on 
forest products have been
 
enormous. Man has deforested large areas of indigenous forest
 
cover leaving bare earth behind. 
 Desert encroachment in Africa
 
is now seen as a reality and the only practical way to combat

desertification is to plant appropriate trees using appropriate

techniques.
 

Most African governments are striving to raise the standard
 
of living of some 90% of their rural populations through rural
 
development programmes. One way of alleviating poverty is bo

undertake projects that will 
generate local employment opportu­
nities and which are locally self-supporting.
 

The benefits accruing from rural development also flow to

urban areas, especially to the majority of urban poor who depend
 
on rural products for daily subsistence. In a way, then,

employment in rural areas permeates the broad spectrum of the
 
society.
 

Apart from employment, the benefits of trea 
to mankind are
 
otherwise too many to enumerate. Below are but a few examples:
 

a) 	 There is the provision of timber for construction
 

and joinery, plywood, pulp for paper, posts and poles;
 

b) 	 pharmaceutical oil and medicinq:
 

c) 	 some minor products such as honey, fodder, fruits, resin,
 
gum, 	fibre, rubber, and myriads of food products, all
 
play 	a very important role in some communities (Kamweti).

For example, in Sudan, gum Arabic from Acacia Senegal
 
and other species produce an annual income of about 4
 
million US Dollars (Amin).
 

There is also the all important issue of biomass energy.

Fuelwood and charcoal are increasingly becoming very important

sources of energy not only for domestic use but also for various
 
industrial uses. 
 While the fossil fuel price continues to
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escalate, it is comforting to bear in mind th-.t fuelwood is 
a
renewable resource, provided it is harvested in a sustainable way.
Wojdluel olays such 
 an important role in Arica that in some
countries like Kenya nearly 100% of rural reople depend on 
fuel­wood for domestic energy and in urban 
areas 80%, mainly in the
form of charcoal (Kamweti).
 

Elsewhere in Africa, the same general trend exists. In
fact it has been estimated that at 
least half the timber cut in
the world still 
serves its original role for mankind 
- as fuel
for cooking and heating (Spears). In 
most of the West African
countries, 80 
- 85% of wood harvested is used as 
fuelwood (Okigbo).
In Africa as a whole, it is estimated that woodluel accounts for
66% of total energy (Burley). 
 In absolute terms, it is estimated
that about 300 million cubic metres of 
fuelwood is consumed annually
(Poulsen). The percentage share of wood consumed in the form of
energy in Africa is impressive - as 
can be inferred from the
following sample countries (Ishengoma):
 

- Kenya 75%
 
- Malawi 
 89%
 
- Tanzania 
 96%
 
- Uganda 90%
 

Woodfuel is no 
longer a poor man's commodity. As consumption
continues to rise above supply, planting of trees must be done
close to population centres, otherwise situations will arise where,
for example, a housewife-spends the equivalent of
gathering wood for fuel. 

a full work-year


In other cases woodfuel has become very
expensive. 
 In Niger, for example, an 
average manual labourer spends
one fourth of his income on 
firewood and charcoal.
 

Firewood is indeed an essential commodity in life jist as
food is. To minimize fuelwood shortage, it is import-:.- to apply
good treeplanting techniques to avoid high rate seedling mortality.
In helping to solve energy problems, experimental results from
Ghana suggest that 40,000.ha. of plantation of fast growing
species can produce the equivalent of 50,000 tons of coal per
year without unusually large inputs of capital-intensive

technology (Myers).
 

Trees are also capable of providing many indirect benefits,
some of which may not be quite obvious at the first instant but
 are nevertheless important:
 

a) Trees do improve microclimate; they provide shade for
livestock and people. 
It has been observed that
temperature in the sun can be greater than that in
the shade by as much as 100 centigrade (Norman et al).
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b) 	 Trees are effective tools for water and soil conser­
vation, a major issue in most of the African countries.
 

c) 	 Trees also provide a habitat for wildlife - an
 
important consideration for genetic conservation (Myers).
 

d) 	 Tree play a major role in protecting, maintaining and
 
improving the environment. Trees, especially in the
 
form of forests, because of their sponge effect on
 
rain water, play a critical role in regulating the flow
 
of water and trapping any suspended matter which would
 
otherwise pollute water.
 

e) 	 As for land degradation, there is no better co-er for
 
soil than trees. Some experiments in USA have demon­
strated that volumetric loss of top soil (15 cm deep)
 
under tree cover has been 1% and under concentrated
 
vines 20% in the same period (Norman et al). In many
 
African areas, soil losses from erosion have been
 
estimated at between 200 and 2,000 tons per square
 
kilometre per year. In terms of value, it is the
 
greatest per capita loss in most African countries,
 
especially in sloping areas denuded of trees. The
 
prevention of soil erosion by the use of tree cover
 
in turn means minimizing siltation of rivers, canals,
 
and dams (World Bank).
 

f) 	 Also for combating and even reclaiming deserts, tree
 
planting is the best tool. It is one of the recurring
 
recommendations since the U.N. Conference on Desertifi­
cation held in 1977 in Nairobi. The Conference noted
 
that on the Southern edge of the Sahara alone 650,000
 
sq. km. of once-productive land has become desert
 
within the last 50 years. This is an annual loss of
 
13,000 sq. km.
 

g) 	 The air people breath is purified by trees as they
 
exhale oxygen - no wonder forests have rightly been
 
called "Nature's Lungs" (Douglas & Hark). An acceptable
 
environment without trees is unimaginable. Indeed one
 
can say that agriculture in marginal lands may be
 
disastrous but trees are the only solution (Douglas I
 
Dark).
 

h) 	 Trees are usually not depletive on the earth in which
 
they are growing; they tend to enrich soil by their
 
nutrient recycling effect. A number of trees, such as
 
the Acacia species, have a fertility effect by their
 
ability to fix atmospheric nitrogen (Wilson). It is
 
known that if one plants legumes it may not be necessary
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to add fertilizer to improve the nitrogen content in
 
the soil. Leguminous crops can add up to 500 kg of
 
nitrogen to the soil per hectare per annum (National

Academy of Science). Indeed any substitute for ferti­
lizer is most welcome in Africa, bearing in mind the
 
cost of fertilizer and also the energy needed to make
 
it. Trees are a partial solution to this problem which
 
is often associated with foreign exchange expenditure.

Hence, besides ameliorating the site for themselves,
 
trees also nurse other economic crops.
 

It is necessary to keep in mind the above-mentioned uses of
 
trees because, if tree planting is looked at from one angle only,

it may be discarded because 
 it does not meet some economic criteria.
 
It should be emphasized that a number o: trees have many advantages, 
or rather they play a multi-purpose role in rural development. In 
tact it is common knowledge that forestry supports agriculture. 

In view of the above advantages of trees, it is a logical

conclusion that, for those African countries with a deficit of

wood, massive planting programs should be undertaken. There are
 
essentially three categories of 
areas where such planting should
 
take place.
 

a) 	 Land d,-voted to aflorestation or forest reserves where 
large plantations could be created. 

b) 	 Farm land where agrolorestry could be practised.
 

c) 	 On roadside reserves, in towns, and on any unused land
 
earmarked for such tree planting.
 

Whatever category of the area to be planted tiere are essen­
tially four categories of plantations (Lundgren):
 

i) 	 The eucalyptus species.
 

ii) The tropical hardwoods.
 

iii) The softwood, mainly conifers.
 

iv) The legume species.
 

The concept of tree planting is simple if the techniques are
 
well understood.
 

Tree, planting programmes have failed for many reasons, such as
 
bad planting methods, improper ground preparation and inadequate
 
care at the early stages of growth.
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trained in basic skills that would help them to lovx after their

plantations successfully. 
To achieve community participation,

they must be made aware of the economic values of trees as
 
relates to their daily lives.
 

For people providing the plants, some silvicultural knowledge

of the behaviour of different species is essential. It is most un­likely that the local community will reject a tree unless it is
 
obviously unsuitable for the particular end-use in mind. 
There
 
are a few cases when there is a belief that some species will
 
take too much water e.g. Eucalyptus species. But in most cases

people will plant.what is made available by the relevant authority

issuing seeds or seedlings. It is therefore of paramount importance

that suitable species which have been tested and appzopriately

selected are used an much as possible. Local species which may

have withstood burning, overgrazing, pests, and diseases 
are

likely to be successful candidates in planting for that particular

iccality.
 

If growth performance of a species is known and a knowledge

of appropriate planting methods, considering climate, soil, and
 
locality, are well communicated to the people involved, then
 
planting of trees is likely to succeed. It is the aim of this

booklet to analyse the relevant factors and current planting

methods which have been used in Africa with some success. There
 
are a lot of local variations for which local experience is
 
necessary. In an attempt 
to increase productivity per unit area

(in most countries suitable land for tree planting is definitely
 
very limited), most people are inviting failure by planting

exotic species without a proper provenance trial. It is common
 
knowledge, and indeed a reasonable precaution, to plant those
 
trees which have done well in other areas with similar or almost

identical growing conditions such as climate, soil and altitude.
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Trees
 

In many parts of the Tropics people prodhuce firewood, and eliminate the need to cut small trees 

their food on land that is best suited for forests. to replace fenceposts. 
scattered amonr iLong.term preservation of the land and Its fer. Forest blocks cin be 

tility is especially important in such areas fiecause agricultural lands, as they are amonk'rice paddies 

destroying the forest frequently destroys the ca. in the Philippines, to help stabilize the soil anti 

pacity of the soil to support agriculture. What Is cycle nutrients. When the fcrest blocks are upper 
of recurrentneeded there are food production systems that slopes and hilltops (usually in areas 

combine forest preservation with agriculture, drought), the trees impede water loss, increase 

There are production schemes (called agri. percolation into the soil, and may even Increase 

silviculture) that yield wood, foodstuffs and an. the productivity of adjacent lower slopes and 

imls products from the same management unit bottomlands by prolonging the growing season. 

(farms, small communities, or portions of we. Shifting cultivation is a particularly important 

tersheds). In these schemes. g.=d agricultural system for the Tropics, in which trees are used to 
practices and judicious use of arborescent veg. regenerate the sol over long periods of time. 
etation are combined. Of course, cooperation When the forest is cut, trees are burned and crops 
among land users is essential: it enhances the are planted on the site for I to 3 years. When 

potential of the scherrie, and helps maintain the weeds become too competitive, the fields are 

productive capacity of the management unit. abandoned, and now (secondary) forests are 

Trees offet many benefl!q They protect the ilowed to develop. During this time (the fallow 
soil. ameliorate soil microclimate. enhance in- period) the Land is not used. 

afiltration of air and water into the soil, improve Land clearing in tropical forests leads to 
water quality and regimen, recycle nutrients that series of alterations in the soils. Burning adds 
would otherwise be lost to percolation, and mineral nutrients, to the soil, but these are soon 

provide shade, food, forage, fuelwood, and used or leached away. Some soils are hardened 

(sometimes) timber. Food production can be when exposed to strong light and soon become 

added to the forest system without making infertile. The available minerals (and total fer­
destructive changes, and degraded agricultural tility) decrease during agricultural use antl 
lands can be rehabilitated by interplanting with gradually increase during fallow. 
aborescent vegetation. Shifting cultivation works very well where 

Several stable agri.silvicultural systems have populations are dispersed. In areas of high 
been developed in the Tropics that combine population density, farmers must resist the 

production of annual plants, bushes, trees, vines, temptation to prolong cultivation, clear too large 
and livestock to yield a combination of useful an area, or cultivate steep slopes; soil de­

seeds, flowers, fruits, vegetables, leaves, med- terioratlon and erosion follow.soon 

kines. resins, forage, firewood, lumber, and Two modifications and extensions of shifting 

meat. In the simplest systems, trees are used cultivation, the corridor system in Africa (Coons 

chiefly for wood, fruits, shade, or wind protection. 1956. Newton 1960) and the Tuangya system from 
Ilurma lKing 1968), contain specific preecriptionsWindbreaks are important. especially where there 

are strong, dry winds that dessicnte the soil. for rotational sequences and choice of crops. 

Planted along plot boundaries or among cultLigens, Casual intercropping is a system in which 
windbreaks minimize erosion and regulate water naturally regenerated secondary species (vol. 

supply. Also. living fenceposts bordef ing pastures unteer trees! are allowed to remain in fields used 
rem­cun enclose livestock, yield forage, provide for pasture or other crops, or trees that are 
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uants of previous forest are deliberately planted. 
The trees are retained as shade for animals and 
sources of fruits, edible leaves, firewood, or even 
tnbei. But casual intercropping is not a ys. 
tematic use of trr'es to contribute to the farm. 

Simulaton of succession has been suggested 
as ittiN another alternative to intercropping in the 
American Tropics. This system consists of 
cropping sequences that simulate natural suc: 
cestsion (such as leafy, stem, and root crops, 
followed in ordE;- by bananas and plantains, 
palms, and productive forestl. In one example 
(lloldridke 19591, successional phases included 
subsistence crops. and the terminal stage had 
caps (Cordia alliodora Okeni and pejibaye 
(Bactris gasipaes l.f1.K.) as the tominant and 
codominant vegetation, cacao fThebforna cacao 
L,.) as asuppressed crop. and root and tuber crops 
scattered on the ground. In fact. polyculture 
systems with several crops have resulted in 
greattrr yields than monoculture rotation systems 
(lart 19751. 

Seeral multiple-cropping schemes that 
consider specific crops can be found in the 
literature (lloldridgW 1951. Hunter and Camacho 
1961. Espinosa-Caballero 196. Peck 1976. and 
Aguirre 1977). 

FRUIT TREES 

Among the best trees for the subsistence farm 
are fruit trees, because they can prov';de food. 
They often require little special attention and. if 
carefully managed and pruned, they can also serve 
as a source of wood fuel for the farm. The space 
used by them need not be great: they can be 
located near buildings. as shade for cages as part 
of fencing, in areas that are difficult to farm. or as 
part of the landscaping of the house and farm. 
They should not take up space that could be used 
for intensive production of vegetables, cereals, 
legumes. or roots and tubers. %%hch meit the bulk 
of the available land. 

The best fruit trees for small tropical farms 
(table 121 are those that are %ell known in the area 
of the farm for their productive ability. local 
farmerq %ill know what plantings have worked 
best for theni. but there are often new. highly 
productive trees that are known only by a few 
people. Since the people or facilities necessary to 
produce, graft, and distribute high-quality trees 

are often lacking, special attention should be 
given to acquiring trees known to be useful. 

There are a large number of fruit trees suitable 
for the subsistence farm. Many also have edible 
leaves (including cashew, coffee, papaya, mango, 
and tamarind). Others have special, little-known 
edible uses. It is best to select a combination of 
trees with different nutritional values. For ex­
ample, vitamins A and C can be obtained from a 
wide variety of fruits oils for cooking from co­
conut or oil palms, an protein from nuts. A few 
fruit of exceptional value are discussed below. 

The canistelor eggfruit IPouteria campechiana 
(1.13.K.) Baehil begins to bear when quite small. 
and is among the most versatile of fruits; it can be 
used fresh, dried, or cooked to add color and flavor 
!o puddings, ice cream, or baked products (Martin 
and Malo 1978). 

Citrus fruits (Citrus spp.) are very popular and 
usually contain useful amounts cl vitamin C. 
There are varieties available for almost all tropical 
climates, and the trees usually require little care 
and talre up compuratively little space. The fruits 
keep well, and the juice, pulp, and rind can all be 
uspd. Grafted varieties that have proved suitable 
in the farmer's locale are worth the initial expense 
because they are likely to yield heavily. 

The guava (Psidium guqjat,a L.) is also 
outstandinr: ;t will 'bear almost year round in 
some areas. Its highly nutritious fruits have a 
wide variety of uses. Its pruned or dead wood is 
eispecially good for the cooking fire because the 
rdense wood buras with a high heat and without 
noxious fumes or sparking. 

iaangos (Mngifetr indica L.) contain useful 
amounts of vitamins A so C. and are widely 
appreciated. The trees bear heavily while young 
but tend to occupy disproportionately large areas 
when they are older and iess fruid. The wood is 
good for furniture construction and fuel. 

Tal. palms that bear edible fruits that can be 
used as staples are recommended. The best of 
these are the coconut (Cocos nucifera L.) and the 
pejibaye. These trees furnish food for years, and 
need little space or attention. 

Papaya (Caricapapaya L.) is an excellent fruit 
tree even though it is short lived 13 to 4 years). Its 
leaves, pith. roots, seeds, and floviers can be eaten 
if they are cooked 10 minutes or more. The fruits 
are edible when ripe and even (if cooked) when 
immature. 

Tamarind ITamarindus indiea L.) is highly 
nutritious and is more versatile than most people 
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Table 12.-Prult Wes. raocanmaadd for Urpical aubaiatanca farm 

Common nam Spec. Climate prefer Nutritional 
contributiou 

No 

Avoco ................ Prscaamnco Mil ............ Somawhat dry 'Tropica....... Oil. vitamins BI.B ...... Short life span. 
]anans .................. Muma app,...................... HumidTropics............... Carbohydrate ........... Readily accepted. widely adapted. heart 

and inflorescencs &too used. 
Barbeodochr ry..anla .. dJpilabrI............. Somewhat dry Tropics ........ ViLaminC ....... ...... Widely adapted. small fruit. 
(azstel. ggi uit . Pouten c-mprahUw 

Baehm. 
IH.B.K.) Tolerant .................. Supr!, vitamins ..... Widely adopted. vwsatile in use. 

Cashew ................. Anacordium ocidera L........ Dry Tropics ................. Pintan. B vitamin, ....... AIa has juicy fruit. tolorania drought 
and poor moda. 

Cocoa ................... Theormo cacao L.............. Humid Topics ............... Oil. proten .............. Very wido variety of uss. 
Coconut ................ Cocos nucifir' L ................. Tolerant .................... Oil. protmen .............. Widely adapted; heart. inflo' c 

ao used. as imsap (for winet. 
Coffe ................... Coffea arobicaL ................. HumidTropics ............... None .................. Ua only am a s.imulant.. 
Guava ................. Psidium guajava L.............. For all tropical cimatm 

thda ame tolerant 
Vitamin C. calcium ....... Widely adapted. versatile in use. bars 

over long mean. tlinitL by dimum 
variewt in one arm. 

Key lim ................. Citrusaurantifoia Swing ......... For all tropical lima VitaminC ............... Widely adapted. vemaile -n use. 
.. there am tolerant 
CD vaneti. 

Macadami ............... Macadamia integrifo~i Dry to modera Tropics ...... Oil. protain, minm s. Unde t-zed but roadiy accepted. 
Maidem at Betch.. B vitamins. 

Mango.................. Mengvfavidi L............ .For all tropical climte Vitamins A,C ........... Productive: widely accepted; leaves. 
U2 UUthema toleraft seeds also used: tua tend to get 

varmts. too large for miall farm. 
Oil palm ................. Elacisguinansis Jaq. .......... Humid Tropics ............... Oil. vitamin A ........... Extrmey productive. eay to menagv 

source of cooking oil. 
Orang ................ CitMrs siaeis Oseck .......... So mwha dry to humid VitarninC .............. Widely adapted. 

Tropics. 
Papaya .................. Caricapapaya L................ Dry Tropics ................ Vitamins A. C ........... Fast growing: green fruit leav. 

hart, monta also used. 
Soup .................. Anaoan mu , L. ............. Tolerant .................... Vitamins B.Bs ......... Vary popular. useful a fleh frit or 

in drinks. to 
Tamarind ................ TanWiu iidi: L............. Dry Tropics ................. Sugars. vitamins B1 . Bs, Widely adapted. asido ard a- ca 

minsrals. edible as well as fruit riulp. 
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realize. The pulp around the seeds is uMd to flavor 
chutneys, drinks. and other foods, and both seeds 
and tender leaves can 1e cooked and eaten. 

VEGETABLE TREES 

There are a few trees and a number of large 
woody shrubs that produce vegetables for the 
small farm (table 13). These ar extremely useful 
because the) produce a great deal of food and 
require only a minimum of attention: they can be 
used to diversify food production while conferring 
the same benefits as other trees, 

Bananas and plantains (Moan spp.), although 
really large perennial rhironws,, offer the small 
farm many of the protective features of trees. The 
fruits of all varieties can he used as vegetables 
either green or ripe. After fruit production ceases, 
the remaining flowerbuds can be cooked; the 
bases of the bracts are delicate vegetables, 

The breadfruit (Artocarpus altilis Fosb.) is 
known for its seedless forms, whose fruits are used 
as starchy vegetables. The seeds of seedy forms 
(often called breadruts) are also edible. They are 
boiled in saltwater, and their flavor resembles that 
of chestnuLq. 

The small palms known In Spanish as pacaya 
Charnaedoreaapp.) are grown widely in Central 

America. l'nlm flowers, the unopened spathes or 
inflorescences are considered a delicacy and are 
boiled or cut into pieces and fried in batter. 

The pjjihaye is also very versatile (Almeyda 
and Martin 1980). It will grow well under con-
ditions of low fertility, and its starchy fruits are 
nutritious and appealing. The palm has multiple 
trunks; old trurks can be cut. used for timber, 
edible hearts eaten, and they may le replaced by 
new shoots. 

Several species of vegetable trees are used 
chiefly for their edible leaves, which are highly 
nutritious as well as good tast;ng. These include 
sunset hibiscus, chaya, Indian mulberry, and 
katuk (see "Leaves"). The drumstick tree 
(Morings oleifern Lam.) is perhaps the best. 
because of the diversity of its edible products 
(table 131 Cassava, while often grown as an 
annual, can be left as a shrub or small tree. 
harvested for its leaves, and its tubers used when 
needed, 

I.EGUM INOUS TREES 

Leguminous trees (table 141 afford several 
benefits to subsistence farmers in need of multi­
purpose crops on limited plots of land. Many are 
rapidgruwing colonizers that produce a low- to 
Intermediate-density wood, and are adapted to 
several environmental conditions. They are 
usually fertile at an early age and often produce 
seed copiously. Many add nitrogen to the soil and 
produce protein.rich foliage and seeds that serve 
as excellent forage and, in some instances, as food 
for man. The terminml brmnches of some can be cut 
and used as bay. 

Mesquite (Prosopisjuliflora ISw.) DC.J is a 
drought-resistant species that can be planted in 
dry lowlands through montane habitats. It 
provides a heavy wood thai is resistant to decay 
and is used in rural carpentry, for fuel, and to 
produce high-quality charcoal. The bark is used in 
tanning and the leaves and pods serve as forage. 
Children sometimes eat the sweet, nutritious 
pods, which were once a staple of Indians in what 
is now the youthwestern United States. The tree 
also functions as a honey plant (ita flowers attract 
bees that make honey from its pollen). 

Mother of cocoa fGliricidia sepium Steud.) is 
especially useful as living fenceposts. Stakes up to 
2 meters long are capable of sprouting after being
-planted- in the ground. The species grows fast, 
fixes nitrogen: and is good for windbreaks and 
foliage is plowed into the ground as fertilizer), and 
serves as an excellent nurse crop in multiple. 
cropping -hrnes with cacao, vanilla, and coffee. 
The wood is hard: it is used in cunstmtion and 
cut branches are used as fuel. The flowers and 
flowerbuds are edible, and the leaves serve as 
forage for cattle (but are poisonous to horses). It 
too is a honey plant. 

Sesban (SesbaniagrandifloraPern.) is another 
fast.grosing multipurpose legume that serves as 
a source of fuelwood and pulp. Tender green pods, 
young leaves, and flower parts are eaten in salads, 
curries, and soups. The leaves have a high protein 
content, making them an excellent forage or green 
manure. The bark yields a useful fiber, and dyes 
can be extracted from the sap. Other extracts 
from the plant have been used medicinally. 

Tantan (Leiucaena leucocephala de Wit.) is one 
of the most promising multipurpose trees: it 
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Table 13.-Trepical noe Lage sabh tint ca be pews to, ,gaubje 

Commana 

Bradfruit.............. 


Casmv ............... 


Chay, ................. 


Drums r .......... 

Indian mulb ay........ 


KarSuk ................. 


•Millionai sald ....... 


Palm nowe.r-........... 


P - ............... 


P n............... 


Sunmest iscu ......... 


Sp 

. a Fosbarg ...... 

Manhos acal.nta Cant ...... 

a c 

MoVau .
 

Mongao em Lam ......... 

Morin& ci'tr/bfk L ........... 


Suopus androgymn Mo"r . 

Palms of many eeD 
mpaciallyPomas. 

Chammdova a" ............. 

Bacti gape H.B.K........ 

M asapp. ................... 

Ab ,.moasAs maxihot EL. 
Malik. 

Climate permmms 

TckC90L of mint tropical 
climsam. 

Tolerant of most topicl 
clima,-. 

Tolerant of ment rmpical 
ch.tn. 

DryTp ................. 

Toleant of mint tropical 

dimate. 
Tolerant of most tropical 

cinmt. 
Varinwith eia ........... 


Tolerant of mcit tropical 

Tolrant of mat tropical 
a0ma.tm. 

Hu klmTop............... 


Hu .lzropid ............... 


Uses 

,Fruis. sea of sndy 
vamim. 

Tubers. levm ............... 

L,,, g t ........... 

LAve. young pod.o ...... 
Lv. unp fmuit ........... 

L e ....................... 

Note 

Widely adapted: Long. prolific birmg 
mem: propegated bem ahoia. 
ots. or ma. 

Widely adapted. pmup hm 
ctig. 
pfropagated m am.M. 

Propagated from ms or cuing. 
High nuritn.-1 value p -ul-,,gidQ 

mvnAs:-&propagatd by mds. 
High utritionol v--ua, used a badg. 

Propagatred from ads or cutings. 
Haan.....................palm 
 rAnk must be opened to obtai

this vegetable.
Unopen ........ Propagated tram seds.
 

Fnt.. b n.................. 
 Widely adapted. propagated from 
mad, or shoots.

Gram or ripe te.his bheam Wiel-y adapted. rmdily acptd. 

Lavm. tlan,4 oo t .Shon li . prpagtd from c...in.. 

Co
Co 

., 
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Iabl II --tegur,vius Ir"4 p.. rial %lut, ,.1 the tripiral Nuhaiteern farm 

('Conmon name Specswt Climate pefertnce up" 

Acacia ......... .Ararm l,p ... ..... .'i-,1t- to dry Tropics . Fora 
nlauhini,. poor man's 

orchid 
flhatkhod ........... 


.

trhhpgr mglian~ .
 

CaM..ia ....... 


Indis padauk ........... 

Machett.e .............. Fryhna spp ... 


Mesquite ..............Iroopsijuii/orafSw.1 DC. 

Mother of cocoa ......... 


Sesban ................ 

Spanishoak ............ 


Tantan ................. 


Tibet t,*e.............. 


Bouhnio qpp ........ ... Moderate to humid Tropics . .. Forage. fuel
 

Piehecrbigumq dute llenth . Tolerant .................. Forag. lecge. pulp a; fruits 
edible. 

Andi intrmisll lK........ModeratetohumidTropics ... Shade. hard *ood used ow fuil. 

lure. 
Casw spp ............. Tolerant .................... Forage. i- n -nur.
 

Prercarpus indirus Willd ....Ilumid Tropks ............... Timber. shade.
 

Gliricidia epiuin Steud. 

Sesba n mrandifloraPers. 

Moderate to humid Trplc ....Forage. living fence. ieledille 
leaved. 

Dry Tropka ................. Leaves and pods for forags. ftal. 
Tolerant .................... Forage. fencing, hedge. flowers 

etible. 
Dry Tropics ................. forage. edible young pds. 

Inlga pp .............. lumidTropics .............. Fuel. shade for multiple
 
cropping. edible fruit pulp. 

Leucranoeurocephaa de Wit. Moderate to dry Tropics ......Forage, fuel. young leaves sad 

small pods edible. 
Albbia febbech Btenth........Moderate to dry Tropics ....... fuel.Leaves and pods for focag. 

yields nutritious forage, firewood. and timber: it 
fixes nitrogen: and is good for windbreaks and 
shade. Timber j roduction has ranged from 30 to 
40 cubic meters per hectare per yeAr. The variety 
'Aroapulco'has been used to provide overstnry for 
coffee, cocoa, peppers, and vanillr in multiple. 
cropping schemes, and a ihnwaiian variety yields 
up to 8 tonnes per hectare per year of edible dry 
forage that contains 25% crude protein. Young 
leaves and small pods serve as human food, and 
the pods also yield a dye. Tantan should not 
become a large part of the diet because it contains 
a'toxic substance, mimosine. hut there are cut. 
tivated varieties whose mimosine Content is low. 

Tibet tree (Albizia lebbeck Benth.) is a fast-
growing species that provides a coarse.grained, 
strong, long-lasting wood used for furniture, pan-
eling, veneer, turnery, posts for general construc-
tion, and fuel. It is tolerant of salt spray and 
drought, and is widely naturalized throughout the 
Tropics. The leaves and pods also serve as forage. 

TREES FOR WOOD 

Trees grown for timber should be tall. fast-
growing species with straight stems, and have 
strong, fine-grained, woods with good machining 

wood for conostuetjon. 

characteristics. FuelwoodIs, should have a high 
specific gravity (thus a high calorific value), dry 
fast or have a low greenwood moisture content, be 
easy to harvest and transport, regenerate easily 
by coppice or seedling, and exhibit favorable 
burning characteristics they should not smoke. 
spark, or release toxic substances when burning). 
Fence or hedgerow species may be like either of 
the above, but primailly. they should be easy to 
establish (preferably by stakes), grow fast, and 
should not corrode nails or wire. Trees that are 
good for timber, fuel or fence are listed i table 15. 

Australian beefwood (Casuarina equisetifolio 
L.) Is adaptable to a wide range of ait. grows 
fast, and i! excellent as a windbreak. It also riles 
nitrogen, and its wood is dense m.nough to make it 
a good fuelwood. 

Caps (Cordia alliodoraOken). found between 
lat. 15° N. and 15* S.. is a fast-growing, valuable 
wood prized for furniture, cabinetwork, millwork. 
and general constiuction. It has been used for 
shade in a multiple-cropping scheme with pejibaye 
and coffee, and suggested as a timber crop in a 
scheme with cacao, pejihaye. and tubers (llold. 
ridge 1959). 

Rose apple (Syzigium jambos Alston) is a 
hedgerow plant that provides edible fruit, 
firewood, posts, and charcoal. The trunk sprouts 
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Table 16. -Trgpioi. tan of sped - valbe foest arouct 

Common name Speces 

Alder ....................... ALai app ............................ 


Au bn .......... Casa u iw L............... 


B l....................... Ocrma spp ......................... 


SurmaLoon ................. Toona daa om ................ 


Caps ....................... Cordia aJiodomu Okan ................ 


Caribbmn pine .......... Pianau crbsU ................ 


Cofis. miubrina .............. Cal-iobrbm Sarg............. 


Eucalyptus .................. Eaualypzap,....................... 


LO False cadar .................. Bon p-is quinatmw Dug............ 

Wo Honduras mahoxny ......... Sw n -. :ophy/la King ............ 


Kadam ..................... Anthcorp4hanhu as" A. 

Rich. = Walp.

Kapok ....................... Cebopesad L....................
~foothill. 

Mehna ...................... G sxk"a Rumb ................. 


Mwvf t~cprqga ............. CupWsa h ............... 


Mmtmary pin .............. Psasrudis Dec ..................... 


Ocnot pine ................... Pmu oocap S ................. 


Partdiae s ................ Saoa Luca DC . ............ 


Rnaa4ppia ................. Sysyrium jambos Ale .............. 


Spania cedar ............ Cadira odonuM L................. 


Took ....................... TcoA gra L. .................. 


Sat. prelrmc 

Cool. moit. monan 
habitat. 

Dry to mmst iowlani 
and footbills. 

oust to vat lowlands or 
foothlls. 

Moist towe ootlWis 
and mid .alutde.-

Dry to wet iowimod. and 
foothills. 

LOWwevatomr with 
bgh aume rmlafl. 

Dry to wet lowlanxi and 
foothills. 

indrvidual p: ,daptad 
to varssty of rhmatse. 

Dry towet low lan......... 
Dry to wet lowla ..........n s 
Moist to wat klands and 

foothills. 
Dry to vet lowands and 

Moot to wet lowlands and 
foothills. 

Fooilk tomoara 
habatat wihbh su um 
ramiall. 

Arweas wint rans 
and dry aummer. 

Higher 0l13atgiow with 
high sum- amofall 

Lowlands. c t 
to rain forests. 

Lowto nM jfrvati .humid forest. 
Dry to wet lowLds .......... 


Deep SOi at low siaffvtia. 
dry to moist clunats. 

Usm 

Cons tim .......... 


Wudbrmka. bedgem ful ...... 

Construct- of lihtwea 
obyscu. 

Furniur. 

Tumber. furuiure. posta. 

Timbw. 

Consiucun Umbe. shade 
for othe crops. 

Ti - f10 ................. 


Conation Wmober.
 
Timbe. furiture.
 
Tunbw. vener. cabinetwood 


Boxwood. fiber. edbis iwn.
 

Pulp. pst .................. 


Timber. pulp. 

ruber. pulp. 

Timber. pulp. 

Living l oil foep. 

Chaulo. Lbdagwood ......... 

F .urnt.fne . ... 

F'Uitrus 

Not 

Flixe 

Denee wood. ca be pspe. 
tad h%=mump. 

hzes niraga.
Vary light wind. graw s. 

Wat-mar metaa-wood. 

Grows fat. 

Grows fast. 

Grows Last. 

Edible fruit. hanvy yiald. 

Fragrant durable. 
terml u,.etaut weood 

W 
Cam 

I' 

Z 

ao 

o 
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after cutting or pruning, and its wood production 
on poor soils has reached more than 15 square 
meters per hectare per year ba.nl area. 

Species of eucalyptus (E. globulus, E. grandis, 
E. robusta and E. deglupto) are quite adaptable,
and they have been planted widely. They grow 
rapidly and are ago&d source of timber, posts, and 
fuelwood. 

Spanish cedar (Cedrela app.). mahogany 
(Suwietenia app.), oak (Quercus spp.), Australian 
cedar IToons spp.). muskwood ((uareaspp.). and 
species of Carapa are good species to grow for 
timber because they he'e high-quality woods used 
In general constructin, carpentry, and cabinet 
and furniture making;. Many of thee species are 
resgistant to deca, and drywood termites, 
Coniferous trees, ouch as pine (Pinus spp.), 

cypress (Cupres.us app.), and Norfolk pin 
(Araucnria app.) are valuable aouv.ea of sas 
timber and pulp. 

The following species are good a,'urces o 
shade, fodder, fuel, and constructkn timber: 
acacia (Acacia app.), Tibet tree A.'biia lebbecA 
Benth.), poor.man's orchid (Bauhinia app.) 
shower tree (Cassia spp.). mesquite jProsopsij 
juliflora (Sw.) DC.], powderpuff WCaUindra app.)
and immortelle (Erythrina app.). Less commor 
species that are also good sources of timber, fuel, 
and pulp are Mayan breadnut (Brosimum app.), 
jacaranda (Jacaranda spp.), nutmeg (Myristica 
app.). pul (Tabebuia app.), almond (Terminalia 
app.), trema (Trema app.l goldenfruit IViro/a 
app.), and prlckly-ash (Zanthoxylum app.), and 
species of Apeiba and Dalbergia. 
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1.1 The Importance of Trees..................
 

The world's forests
 
have an undisputed and vital
 
role in sustaining natural
 
and human environments.
 
They protect watersheds,
 
provide habitats for
 
wildlife and help to
 
stablize otherwise fragile
 
ecosystems. They provide
 
many essential products for f.
 

rural and urban dwellers.
 
They also play an economic
 
role, with the commercial .... ,.­ 44., 
extraction of timber and 
 " '.
 
pulpwood producing .,
 
significant amounts of 
 Treea provide uildlife habitats
 
national income and foreign exchange in 
a number of countries.
 

In addition, forests provide a home and 
a means of
 
livelihood for large numbers of people, both traditional forest
 
dwellers and those who find employment in extracting and
 
harvesting commercial forest products. Forests also play a vital
 
role in agricultural production. 
Although shifting cultivation
 
has been a cause of the deterioriation of much forested land,

when it is practiced in an environmentally sustainable way, the
 
natural process of regrowth and regeneration of the forest
 
restores the fertility of fallow land.
 

Although not as well documented, the role trees play outside
 
established forested areas reserves Trees,
and is also critical. 

dotted about the rural landscape, around houses, along field
 
boundaries and roadsides, and in communal grazing areas, are
 
seldom recorded in the formal statistics of forested lands. But
 
for the majority of the rural
 
population, living away from 
 "
 
the immediate vicinity of
 
forested lands, these trees
 
have an even more significant 
role than the forests I wiu% 
themselves. Therefore, 
policies and programmes 
intended to improve access to 
wood resources and other tree 
products must be based on a 
recognition that the trees 
which will be most useful to 
these rural people will not be 
found growing in the forests, 
but in their own backyards, on­
smallholdings and on _. 
communally held lands. Useful trees in the barkyard 
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In farmlands and grazing areas, trees also play a vital
 
environmental role. They act as windbreaks, protecting crops

from wind damage and the soil from erosion. Their shade helps to
 
reduce the temperature of the soil. Tree litter slows down the
 
run-off of rain, thereby protecting the soil and increasing the
 
infiltration of water so that groundwater stores are replenished.
 
Trees also redistribute nutrients, drawing essential minerals
 
from the subsoil and making them accessible, through their
 
leaf-fall, to other plants. In many countries, tree litter is
 
collected in large quantities for composting and mulching in
 
order to maintain soil fertility.
 

Trees have a valuable social function. They provide 'iade
 
for people and animals in hot climates, and are sometimes 3 focal
 
point for family and community gatherings and activities. There
 
are many places where trees are grown and protected for their
 
shade and beauty; sometimes they are treated as sacred.
 

1.2 Tree Pro,2.2cts
 

Wood is the most widely
 
used household fuel in
 
non-industralized areas of
 
the world where supplying . ­
energy, in fact, constitutes
 
the greatest demand for
 
wood, far exceeding that of
 
commercial timber. Wood is
 
by far the most important
 
energy source in many
 
countries, accounting for up
 
to 90 percent of the total
 
fuel used in some of the
 
poorest. In many countries,
 
virtually every rural family " _ 

uses it for at least some 
cooking and food processing 7 sia t'd of cooking 
and for heating. In many
 
cities, charcoal and wood remain the predominant cooking fuels.
 
Some industrial processes such as tobacco and tea curing, brick
 
firing and beer brewing often rely entirely on wood for process

heat. Restaurants, tea shops, bakeries and other commercial
 
enterprises add to these demands.
 

However, the dominant role of wood in rural energy supplies

should 
not be allowed to obscure the fact that other traditional
 
fuels are often important. Use of agricultural residues and
 
animal dung is extremely widespread, though since it is poorly

understood it is not given the attention it deserves. The
 
result has sometimes been that the case for fuelwood programmes

has been overstated because the contribution that other
 
traditional fuels make has not been taken fully into account.
 

The dominance of woodfuel demand in quantitative terms has
 
also tended to obscure the vital importance of other tree
 
products to rural people. Animal fodder is perhaps one of the
 
most significant of these, especially at certain times of the
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year when grass and other feed 
 V 
sources are unavailable. In arid
 
areas, trees often provide...,,.

regular supplies of fodder in the
 

form of edible seed pods and
 
leaves. During times of drought, "
 
these become especially important .
 

sources of animal feed.
 

A wide range of human foods N 
are also obtained from trees and -
from forested areas. Some of j
these are extremely important in " 
preserving the nutritional j.- 4Q 
balance in taditional diets. .. V .-4/, 
They include edible leaves and 
pods, roots, fruits, nuts, honey, Trees can provide fodder 

insects, and game. Trees may be a source of food condiments,
 
such as spices, and sap from some trees is used to make wine.
 
Mushrooms and other forest funohi are also collected for certain
 
types of dishes.
 

Trees produce a large
 
number of what are
 

Mushrooma can grow on trei often referred to as

"minor" forest 

,products. The
 

importance of these
 
products should not be
 
underestimated. They 
make a vital contri­

- bution to the needs and
 
1general living patterns
 

of large numbers of
 
rural people.
 

Many communities rely on trees to provide fibre to make
 
ropes, mats, baskets, snares, coverings, woven goods and even
 
musical instrument strings.
 
Trees are an important
 
source of many herbal
 
remedies and traditional
 
medicines. Tannins and dyes
 
extracted from tree bark andf
 
seed pods are used to cure
 
leather and colour fabrics.
 

certain trees can be used as 
a substitute for paraffin in 

*I. j 

hurricane lamps. The leaves " 
and twigs of other trees 
have good insect repellant jj" - " 
qualities, are used to stun .3 
fish or serve as natural 
livestock dewormers. Some - -­
resins can be used as glues. ,ask,,t makng - a fami y buaine a. 
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Agricultural implements,
 
bullock carts and boats are often
 
crafted out of wood, and certain
 
varieties of wood are
 
highly-valued for their
 
tool-making qualities. The trunks
 
of some trees are hollowed out for
 
water storage. African woods are
 
used to make camel bells.
 

Trees also supply a variety
 
of commercial construction
 
materials. Building poles, for
 
example, are widely needed for a
 
variety of purposes. In rural
 
areas, they are used in
 
construction of many traditional A b d
 

types of dwellings; in cities, 'A boat crcfted from wood
 

poles are used by the poor in constructing low-cost housing, and
 
larger poles are extensively used for scaffolding and for props
 
by the building industry.
 

Harvesting and distribution of these tree products is an
 
important income-generating activity in many areas. Charcoal
 
production and fuelwood vending, for instance, are a vital source
 
of income for many poorer rural households. Other jobs are
 
generated by pitsawing, operation of sawmills, woodworking, tree
 
farming, and the gathering and selling of fruits, timber, resins,
 
gums and other forest products both for cottage industries and
 
for larger scale commercial concerns. The significance of
 
small-scale rural enterprises which process forest materials is
 
gradually becoming better documented. In a recent survey, FAO
 
has shown that such enterprises are often one of the largest
 
sources of off-farm employment and income. Further work is now
 
in progress to determine the key characteristics of such
 
enterprises and to formulate ways to enhance their economic
 
contribution (FAO, 1985a).
 

The role of trees in the patterns of rural living is thus
 
both complex and diverse. Focusing on one aspect, even such a
 
major one as fuelwood, at the expense of others can be gravely
 
misleading. So much of the fabric of rural domestic and tarming
 
life relies on trees that any diagnosis of the problems arising
 
from the depletion of tree cover which does not take into account
 
the full complexity of this dependence is likely to be
 
inadequate.
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RURAL DEP i2DECE ON FOREST OUTPUTS 
The importance of forests and the goods and services from the forests to the rural


peoples in developing countries is mainly threefold. Forest trees provide fuel and 
 othergoods essential to meeting basic needs at the rural household and comunity level. Forestsand forest lands provide food and the environmental stability necessary for continued foodproduction. Forests and forost products can generate income and employment in the ruraloimunity. Some of the benefits which forestry can bring to rural ocimmunities are sum­marized in Table 1 and are discussed more fully in the following seotions. 

FJELWOOD AND TINBER 

Wood in the dominant domestic fuel for rural people in developing countries, and for many of the urban poor as well. In many parts of the developing world, wood is also the
principal structural material for oonstruoting shelter and housing. 

More than 1.5 thousand million people use wood daily for oooking their food and formaintaining essential levels of warmth in the home. Wood is the preferred fuel because It
 can be used without complex equipment, both for use and distribution, and can be acquired
at little cost, often no more than the cost involved in gathering it. For the poor thereis often no alternative to wood fuel or other locally available orgaio mteribal. Com­
mercial fuels, even where they are available, require cash outlays on stoves and relatedequipment which are generally beyond the reach of the rural poor. One consequence ofgrowing rural populations is, thus, an inexorable growth in the pressures on locally avail­able forest resources and other sources of woody material. The source of wood fuel extends
progressively from collecting deadwood to the lopping of live trees, the felling of trees,the total destruction of tree cover, the lous of organic matter to the soil, and eventually
to the uprooting of stumps and removal of shrubs. Subsequent to this there in the diversion
of agricultural residues and animal dung to fuel use, to the detriment of soil structure 
and soil fertility. 
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TABLE 1 

BENEFITS OF FORETRT TO RURAL COMMUNITIES 
Output Beneficial Characteristics 

Fuel Low cost in use 
Producible locally at low cash cost
Substitutes for costly comercial fuels 
Substitutes for agricultural residue@ 
Prevents destruction of protective ground cover
Prevents diversion of household labour
Maintains availability of cooked food 

Building materials Low cost in use 
Producible locally at low cash cost 
Substitutes costly commercial materials 
Maintains/improvos housing stindards 

Food, fodder, grazing Protection of cropland against wind and water 
erosion 

Complementary sources of food, fodder and 
forage (e.g., in ry periods)

Environment for supplementary food production
(e.g., honey)

Increased productivity of marginal crop land 
Saleable products Raising fazmer/community incomes 

Diversifying the community 
Additional employment 

economy 

Raw materials Inputs to local handicraft, cottage and 
small-scale industries 

(Plus benefits as from saleable products) 

At 'the same time the steady disappearance of wood in the vicinty of the communitymeans increased social hardship. Progressively, more of the time of household membersbe devoted to gathering fuel. It has been estimated that fuelwood 
must 

gathering now requires360 man days annually per household in the Gambia and 250 ­ 300 man days in centralTanzania. As the situation deteriorates further, and the household is forced to purchaseits wood fuel, a heavy burden is placed on the household budget. It is reported that upto 15 percent of household income is spent on fuel in the highlands of the Republic of Korea,and up to 25 percent in the poorer parts of the Andean Sierra and the Sahelian zone. 
Eventually, this shortage of wood fuel can affect the nutritional well-being of thepeople. In parts of West Africa, people hav been reduced to one cooked meal a day. In theuplands of Nepal only vegetables which can be eaten raw are grown. In Haiti,impediment to the introduction of new a principalfood crops with better nutritive value into the wood­poor hills is that they would require more cooking. 

FOOD AND THE ENVIRONMENT 

There are now perhaps 200 million people living in the tropical forest areas andpractisin 
'slash and burn' farming (shifting agriculture) on perhaps 300 millionheotares fha) of forest lands in order to provide their daily food.
southeast In parts of south ad
Asia this form of land use occupies some 30 percent of the offioially designatedforest area. Traditional systems of shifting agriculture, which employed a lengthy fallowperiod under forests to restore the fertility of soils which were capable of supporting 

SSM 2-36 



SSM 2.2.5 FAO p.7 

agricultural crops for only a limited number of years, have largely broken down. Growing 
population pressures, and migration into the forest areas by landless people from elsewhere, 
have forced a progressive shortening of the fallow period to the point where it suffices
 
neither to restore soil fertility nor to recreate a useable forest crop. Similar trends 
are discernible in the more open savannah woodlands of more arid areas. The problems of the 
gum arabio system of Sudan described in Appendix 2 are largely a result of pressures to
 
cultivate more land, at the expense of the fallow period under Acacia. The future of such 
areas on which productivity cannot be maintained indefinitely under crop production calls
 
for systems of joint production of trees and other crops. 

In addition to crop production there are many other ways in which rural communities 
can draw upon the forests for food in one part of the world or another. 3ush meat and honey 
provide supplementary food sources, as do a wide variety of tubers, fruise and leaves. Fish 
production in swamps or mangrove forests can also be an important protein source, for man­
groves and swamp forests offer a most valuable protective and productive habitat for fish. 

In many areas trees are a source of fodder. In Nepal, leaves make up about 40 percent 
of the annual feed of a buffalo andabout 25 percent for a cow. In dry forest areas, live­
stock often cannot survive without forest grazing. In the Sahel, leaf fodder is the princi­
pal source of feed in the dry season, and the excessive grazing of trees during the recent
 
lengthy drought contributed significantly to the large-scale destruction of the vital tree 
cover.
 

Conurrent with the pressures on the forest from'within from shifting cultivation are
 
the pressures for alienation of forest land which arise from the need of expanding aural
 
populations for more land on which to grow food. In most areas, forests are the largest
 
rer:.aining land-bank -- the one land cover which can absorb large-scale further extension 
of the area under crop production. It has been estimated that the existing area of forest
 
in developing countries is being reduced annually by 5 - 10 million ha in Latin America,
 
2 i.iillion ha in Africa and 4 million ha in Asia. To the exctent that this process releases
 
to food production land which can sustain the growth of crops, this is logical and to be
 
planned for. But over large areas, the presures of growing populations force landless 
farmers onto soils which cannot sustain crop production and onto slopes which cannot be 
safely cultivated - at least with the techniques and resources available to these farmers. 
!he consequennies of these practices in terms of wind and soil erosion, silting, flooding 
and drought, are well known. Some 10 percent of the world's population live in mountainous 
areas, but another 46 percent live in adjacent lowlands, so that fully half of mankind is 
directly affected by ravages of the watershed environmentn.
 

It is reported that in India, 50 percent of the total land area is seriously affected 
by water and wind erosion. Indeed, displacemeht of fertile top soil is estimated to be 
around 6 000 million tons a year. In Pakistan, erosion affects 76 percent of the total land 
area. Nepal is perhaps one of the moot dramatic cases of its kind in Asia. In many parts 
of Nepal the forests have been cleared up to 2 000 metres (m). Slopes of 100 percent are 
under cultivation. Huge landslides occur during periods of continuous rain. These land­
slides, which destroy lives and crops and remove the necessary humus, occur more and more 
frequently throughout the Nepalese hills, in part because ground-holding trees are disap­
pearing fast. At present, the washing away of top soil is a threat to agr'ioultural produc­
tivity in the remaining fields. Similar landscapes, perhaps to some extent less pronounced, 
can be found everywhere in the hilly areas in other parts of the world.
 

The erosion of agricultural soils often results in the siltation of rivers and water 
reservoirs. Thus, the river bed of the Nepalese Terai is rising betedeen 15 - 30 cm a year. 
This rising of river beds, which occurs because of accelerated POil erosion and siltation, 
is a major cause of the more frequent and dangerous floods in all regions. But sedimentation 
also causes loss of reservoir water storage capacity. In the Indian subcontinent the Mangla 
reservoir is estimated to receive every year 100 million tons of sediment, of which the 
Jhelum river, due to indiscriminate felling and burning of tte forest in the catchment area, 
contributes about 80 percent. The Mangla reservoir was built to last 100 years or more. 
Sediment measurement after a few years of operation indicates that moat of the reservoir's 
capacity will have gone in 50 to 75 years. These are illustrative of many similar examples. 
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The process of environmental degradation following destruction of the tree cover isoften accelerated by the pressures of fuelwood harvesting. These tend to be moet pronounced
in the neighbourhood of large towns and cities. Wood in the preferred fuel not only of the
rural poor but also of many of the urban poor as well, who ,se it principally in the form
of charcoal. The large concentrated demands that ensue have led to treeless wasffes in peri­urban areas in many parts of Africa, Asia and Latin America, with the areas affeoted often 
growing at £.ightening speed. 

INCO14E AND) DI!LOYhFE'r 

Forests and trees can give rise to cash oropa such as mushrooms, chestnuts, walnuts
and pine kernels. Bamboo can be cultivated for shoot produotion, as is done in Japan. In mamy countries trees arc grown at the smallholder level, to provide fuelwood for sale to the
urban and semi-urban areas. In India the income from gathering and selling Paelwood is animportant part of the economy of forest villagers, especially for the poor in these villages.
Tree farming can also provide profitable industrial wood crops, such an the pulpwood grownby farmers in the Philippines. Among non-wood products, the gum arabic produced as a famer crop in Sudan is one of the more important export commodities of that country. 

In addition to the income and employment generated by their industrial exploitation,
forests also provide timber and other raw material for local craftsmen and small-scale
artisan and processing aotivities. Throughout the developing world, doors and other
builders'woodwork, furniture, tools and other agricultural inputs such as fence poets are
made locally within the community. These products, together with wooden handicrafts, andother products of non-wood raw materials such as Itasar' silk, can-also be marketed outside 
the nmmity.
 

Forestry can alpo contribute to rural incomes in less direct ways. If other alterna­
lives for raising the incomes of the rural poor are not promising, the establishment of
belwood lots may provide a means to raise their incomes by releasing dung and agriculturalrevidues for reworking into the soil, so increasing crop yields. In this way forests may
also contribute to a more equitable distribution of income. It might be easier to help the poo by providing them with fuel in the form of wood than with similar benefits provided
through taxation and redistribution. 
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OUTLIVE OF THE AGROFORESTRY CONCEi'T 

K.F. Wiersum
 

Department of Silviculture
 

Introduction: the role of forestry in rural communities
 

Historically, many traditional farming-systems consisted of an integration
 

of agricultural and tree crop production, sometimes \ith animal husbandry
 

also included. In these systems not only final products for human consump­

tion were produced,but also the inputs for further production were generated
 

in the tystea (subsistence farming). Such combined agricultural and forestry
 

practices were formerly practised both in temperate regions and in tropical
 

regions, where they formed a stable form of land-use for many centuries. In
 

temperate regions, these systems have gradually been replaced by more
 

specialized farming systems by which a maximal production of only one or a
 

few products is obtained. Such specialization was possible through the
 

development of an open-market economy and good transportation facilities,
 

by which industrially produced inputs for agricultural production, and
 

outputs, could be obtained from, or sold to, distant markets. Furthermore,
 

with increased development more and more labour Lacame absorbed in industries
 

and services, and labour costs increased, necessitating farm rationalization,
 

which is possible in monocultures.
 

During the last decades it has generally been assumed that such development
 

would also take place in tropical regions and also here a separation
 

between agriculture, animal husbandry and forestry was envisaged. Indeed,
 

in many tropical countries the growing population resulted in an increased
 

pressure on the land which resulted in diminishing forest: areas. The follow­

ing Jactors contributed to this decrease of forest area:
 

- Competition for land between agriculture and forestry; forestry is often
 

not able to withstand the pressures for more agricultural lands because
 

priority is given to agricultural food production, and because trees are
 

a less intensive form of land-use.
 

- Various timescales in production cycles; agriculture mostly gives (semi)­

yearly yields, but forestry gives mostly delayed returns. Consequently,
 

yields from trees will not meet the immediate needs of the local population,
 

while there is also a risk that the initial planter cannot profit from
 

future yields.
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- The benefits of forests are often dispersed and may accrue ii part outside
 

the direct forest area. Such dispersed distribution of benefits can be
 

observed in the protection offered by forests by maintaining good hydrolog­

ical conditions for downstream areas.
 

- Insufficient knowledge about the possibilities of forestry and lack of 

attention for improved management techniques for tree crops which are of
 

importance to farmers. Consequently often insufficient institutional
 

framework for forestry development are present. 

- Scmetimes substitution of forest tree products by industrial products 

takes place.
 

For a more extensive discussion, see FAO (1978).
 

Because of these reasons, many tropical forests were changed in agricultural
 

lands. Too often, the agricultural techniques employed are not suited to
 

the local conditions and they resulted in environmental deterioration (soil
 

degradation, erosion, etc.) or poor or uncertain yields as a result of dis­

eases or variable climatic conditions. In other cases, especially in densely
 

populated areas, the decrease in forests resulted in 
a severe wood shortage
 

as, due to the poor socio-economic situation, not much substitution of wood
 

products to industial products (e.g. fuelwood) took place.
 

Thus, gradually it appeared that, due to different environmental and socio­

economic conditions, it is not possible to transfer the agricultural tech­

niques of temperate regions to all tropical regions. As a result, during
 

the last decade the understanding of the importance of frrestry for local
 

communities in tropical countries has been recognized mule and more. Also,
 

it became apparent that in order to stimulate forestry and tree crop produc­

tion in rural communities, new approaches should be worked out to overcome
 

the various obstacles which have limited the acceptance of forestry by local
 

communities in the past. Cradually several responses to the limiting factors
 

for forestry development in rural areas have been recognized, see table I.
 

One of the main basic principles in reconciling forestry and agriculture
 

is the development of integrated agricultural and forestry production.
 

Especially during the last five years the possibility of sustained production
 

of such combined agro-forestry systems has been recognized by a steadily in­

creasing number of people and institutions. Fortunately, in many tropical
 

countries many traditional integrated agricultural and forestry systems
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Tabel I 	 Factors to be taken into account in analysing the place of forestry in
 

a rural economy (from FAD, 1978).
 

Factors 	 Possible Response
 

Competition for land (trees are
 

a less intensive use of laud than
 

crops)
 

- Competition for forest land - Intercrop trees and crops
 

- Allocate forest land rationally between
 

trees and crops
 

- Improve 	 non-food benefits to forest 

communities: forest/forest industries
 

employment; secondary forest product
 

income; social infrastructure, etc.
 

- Competition for crop/grazing - Plant trees on: roadsides, river
 

land to afforest banks, field boundaries and other
 

unused areas marginal for crop prod­

uction; erodable areas unsuitable for
 

crop production or grazing.
 

- Improve productivity on the more
 

arable areas in order to release land
 

for tree growing.
 

- Plant multiple-use species or mixtures
 

of species to increase productivity.
 

- Intercrop trees with other crops or
 

combine with grazing.
 

- Introduce additional sources of income
 

(e.g. beckeeping).
 

The timescale for forestry (de­

layed returns from tree growing)
 

- Output from trees will not - Plant multiple-use species, or mixtures
 

meet immediate needs of species, which give some early
 

return.
 

- Provide financial supporL during the
 

establishment periods: low-interest
 

loans, grants, subsidies, wage employ­

ment, etc.
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Tabel I continued.
 

- The risk that the producer will 


not benefit 


Dispersed distribution of benefits
 

from forestry
 

- Benefits from protection forests 


or from timber production may ac-


crue in part outside the community 


Seasonal shortage of labour 


Lack of a tradition of forestry 


(unfamiliarity with the necessary 


techniques, lack of understanding 


of cause and effect, behavioural 


patterns inimical to forestry, 


inappropriate institutional 


framework) 


- Introduce or expand complementary non­

forestry sources of income. 

- Ensure security of tenure of land used 

for tree crops. 

- Provide compensation for those benefits 

foregone, or inputs provided, by the 

community, which generate benefits 

elsewhere.
 

- Adopt forestry systems which do not 

compete with peak demands for labour
 

- Provision of guidance and support
 

through extension services: education
 

of the people, technical advice and
 

technical inputs, grass-roots train­

ing.
 

- Demonstration projects.
 

- Encourage producer groupings (cooper­

atives etc.).
 

- Legislation and regulation.
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still exist, which can be used as examples and starting-points for the
 

development of nzw integrated systems suited to the present situation.
 

Such systems can be adapted to situations of subsistence farming or to
 

situations of cash-crop farming. Whatever the case, the cultivation of tree
 

crops is an essential part of the agricultural system and their functions
 

are both productive and protective. Many different combinations of tree
 

crops and agricultural crops and also animal production are possible, which
 

- make an optimal use of the soil production capacity,
 

- ensure a multiple-use of natural resources,
 

- provide multiple and sustained yields,
 

- are socially acceptable.
 

With agroforestry the general concept for such integrated land-use Lystems
 

is indicated.
 

Development of the agroforestry.Loncept
 

Although agroforestry is an age-old practice, modern concepts.for this kind
 

of land-use are only being developed now. The main impuls for its develop­

ment was provided by the study "Trees, food and people: land management in
 

the tropics" (Bene, et.al., 1977). Based on this publication in 1978 the
 

International Council for Research on Agroforestry (ICRAF) was established
 

to stimulate research in agroforestry; at the moment it is based in Kenya.
 

Further international activities on agroforestry are undertaken by the
 

International Union of Forest Research Institute (IUFRO) and the United
 

Nations University (UNU), while added stimulus is provided by the FAO
 

programme on "Forestry for local cominunity development". Also several 

conferences have been devoted to this subject, the main ones are:
 

several sections of the 8th World Forestry Congress at Jakarta, which had 

as theme "Forestry for the People",
 

the workshop "Agroforestry systems for Latin America" (De las Salas, 1979)
 

and the symposium on "International Cooperation in Agroforestry" (Chandler 

& Spurgeon, 1979). 

As the modern concepts for agroforestry are still being developed, a 

commonly accepted understanding about its exact mesning is still evolving. 

Consequently, depending on a wide or more restricted vieuw of its meaning 

and different emphasis being given to its various attributes, several 

definitions can be encountered, see appendix I and also Combe & Budowski (1979). 
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Intercropping:
 
Farming for the future?
 

Until recently, intercropping has received relatively little attention from 
agricultural scientists, even though it has been practised for centuries 
by millions of farmers in the tropics and is a system which can be 
particularly beneficial to farming families short of cash or credit.

I ntercropping involves the grow-
ing of two or more crops in the 
same field - in sequence, in 
combination, or both. This inclu-
des the practice of relay crop-

ping -when a second crop is planted 
between the rows of a first crop 
which is nearing matuity. Crop and 
animal production may also be 
mixedinevenmorecomplex,ecolog-
ically sound systems designed to 
maximize production, 

Studies of agricultural systems
throughout the tropics indicate that 
farmers prefer, where possible, to 
plant at least two crops in the same 
field. This helps to minimize the risks 
of crop failure, which can prove
disastrous if the farmer devotes all 
his resources to growing a single 
crop. 

In Africa, for example, 98% of the 
continent's most important legume 
crop - cowpea - is grown in combi-
nation with other crops. In Nigeria, 
over 80% of the cropland used Is 
given over to polyculture (mixed 
cropping). A Nigerian farmer may 
typically grow up to eight crops, 
including bananas, beans, cassava, 
melon and yams, in a variety of 
mixtures. In India. more than 80 
crops are utilized in mixed-crop 
combinations. 

Over the lest 15 years, agricultural 
scientists have turned their atten-
tion to intercropping In order to 
determine the reasons for its suc-
cess. Species compositions have 
been studied together with spatial 
and temporal arrangements of 
crops, with a view to finding ways of 
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improving mixed-cropping proce­
dures and tailoring them to specific 
purposes and conditions. 

It was soon discovered that, in many 
instances, crop mixtures produce 
more than individual crops grown 
alone. Where the crop species com­
plement each other with regard to 
such parameters a. growth rhythms,
rooting depths, nutrient uptake and 
use of water and light, production is 
maximized. In Trinidad, for example,
intercropping maize and pigeon pea
increases the efficiency of nutrient 
uptake, primarilyasa result of differ­
ences in nutritional requirements 
and root depths between the two 
crops. The polyculture makes use of 
up to twice the level of nutrients 
from the soil than does the mono­
culture. 
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Optimizing resouir e provide soil with the equivalent of the full. The change from monocul. 
813 kg/ha of ammonium sulphate lure to polyculture marks a notableInvestigations to establish how well (nitroger fertilizer). 65 kg/ha of cal- shift in water balance- from evapor­

crop mixtures utilize available re- cium superphosphate and 146 kg/ha ation from the soil to transpiration
sources have included an analysis of of polassirn sulphate. Livestock fed from the leaves. However, the over­the land equivalent ratio (LER) This on crop residues also produce addi- all . iater loss (evapotranspiration) isis the amount of land planted in tional fertilizer in the form of dung, little changed and so water and irri­
monoculture that would be needed 
to achieve the same yield produced providing a further reason for plant- gallon requirements of rnocultu­by a mixture. Researchers in Mexicu ing mixed crops res and polycultures do not differ 
found that 173 ha of land would In Cameroon, mixtures oy maize and sinificantly and production can be 
have to be planted with maize to groundnuts yielded more food than ing wtsupplies.
produce the same amount of food mcnocultures. and did so irrespec-	 proving water supplies. 
as one hectare planted with a mix. tive of whether fertilizers were used Fewer pests and diseases 
lure of maize, beans and squash or not. Comparisons of productivity
Measured in terms of total biomass with and without fertilizers showed Farmers who intercrop are able toproduced, the ratio increased (1.78 increased yields of 21% and 11% 	 introduce a means of controlling
ha) In the majority of cases where respectively for ui.;'artilized and fer- crop pe,'-- - at virtually no cost. Thecomparisons have been made. poly- tilized mixtures than for monocul- effect of viruses, fungi and nema­cultures outperformed monocul- tures receiving the same treatment. todes can all be diminished just by
tures LER's ranged from 1 24 in the unfer- planting more than one crop. A 
Efficiency of use of local resources tilized mixtures to 1.49 in the fertili- study of plant-feeding insects haszed areas 	 found that 60% of the species testedis one of the major advantages of were less abundant in mixtures thanintercropping. Short-term crops Intercropping can provide several in monocultures. What is more, thisplanted with others that take a year other benefits to help improve farm simple method o biological contro
oi more to m3ture (such as sugar performance. Rubber-tea intercrops works even on a small-scale. 
cane or cassava) can use land, water not only have a good rate of return
 
aid light while the main crop is still 
 of nutrients to the soil, they can raise Several disease-resisting crop com­small Planting both early and late ambient temperature by 2o C - limi- binations have already been identi­
maturing crops together helps fied.ling the cnances of frost damage to Cassava and bean mixes re­
spread the harvest throughout the the rubber trees . and reduce soil duce both incidence and severity of year. This can be particularly valu- erosion by up to 70%. The increased powdery mildew on cassava and
able where a crop does not store rooting of mixed crops, usually ex- angular leaf spot on beans. Cowpeavwell or storage facilities are inade- tending to deeper levels than would viruses have also been found to bequate or lacking In Mauritius maize, be seen with single crops, helps to diminished when cowpeas are
groundnut and vegetables are hold soils together, grown with cassava or plantdin. 
grown and harvested in-between Moreover, by choosing a mixture of 

Other beneficial combinations in­clude, maize - sunflower - oats ­sugar cane before the cane grows crop species, farmers can ensure sesame, potato-mustards, and okra 
high enough to shade the row that leaf coverage of their land is -esam ato - mutrdando wn 
spaces Similarly, tall growing crops expanded to try and use what solar - tomato- ginger mungbean growncan be combined with short gro- radiation and water are available to under coconut trees. Cowpoas ap­
wing, shade tolerant crops Fur-
 pear to be protected from insect
thermore, some crops, such as 	 attack by interplanting with sorg­maize, respond to increases in row hum or other cereals, and okra pro­
spacing by raising the yield per plant tects cotton from flea beetles.
 
but do not increase their leaf area.
 
Consequently, crops such as sweet Even simple physical characteristics
 
potato can be raised between the of individual crops, when combined,
 
maize rows, thereby increasing and can provide protection, disrupting
 
diversifying production with no ad- the visual or olfactory processes by
 
ditional input 	 which insect pests home in on their
 

food or deterring colonization by
Intercropping is not confined to an- weeds. Laboratory experiments
nual crops. Among other examples, showed that merely by interplanting
Pacific islandrs grow cocoa under kale with tomato and tobacco, 13afcoconut and in East Africa bananas damage from cabbage-eating beet­
are interplanted with coffee, the les was reduced by 75%.
bananas providing shade and mater­ial for mulching. 	 Throughout the tropics maize is fre­quently planted with another crop. 
Temporal and spatial variants in In the Congo basin it is cucurbits, in 
crop preference have traditionally the Philippines sweet potato and inbeen exploited by tropical farmers Colombia. beans. In each case the
to tne full. Multi-storey crop combi- maize has to compete with fewernations - such as coconut-black weeds. The combined vegetation
pepper-cocoa-pineapple - are now leaves little room for weeds to eitherbecoming more commonplace in invade or survive, and the efficiency
the effort to produce as much as with which the crop mix uses light,possible from a unit of land, prefer. water and nutrients leaves precious
ably without the need for expensive little for the weeds.
inputs. Using this knowledge, some crops 
Another advantage of intercropping are now being used as 'barrier'lies in the value of increased crop V: crops to protect another. For exam­
residues, measured in terms of what It 	 pie, soybeans planted around pig­nutrients they return to the soil an Food crops being grown alongsde tea eon pea prevents the passage of
how they improve tilth. In rubber-tea crops in Kenya hairy caterpillars which thrive on the
intercrops, plant debris was found to peas. 
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Mixed-crop systems meet more of 
the annual needs of subsistence 
farming families than monocrops,
and with less risk. In areas where 
hunger and malnutrition are endem­
ic the evidence is hard to ignore.
Trials of sorghum/pigeon pea mix­
tures showed that, for a given 'disas­
ter' level, sole pigeon pea crops 
would fail nne year in five, sole 
sorghum one year in eight, but that 
intercrops would fail one year in 36. 

Techniiqie for the future 

Intercropping offers definite poten.
tial for the future. But, as recently as 
1985, reviews of the scientific litera-
lure devoted to intercropping were 
bemoaning the lack of published
information on the subject. 

& 
,'l 

A cassava bananapapaya crop assocahon in Cape Verde 

The direction and scope of institu­
tionalized agricultural research has 
been governed by the desire to 
maximize production per unit of land 
and per unit of labour. This has re-
suited in an historical bias toward 
advancement and development of 
agricultural machinery and chemi-
cals in monoculture systems. But 
now inany of the international re-
search centres are following re-
search programmes on multiple 
cropping systems with the overall 
aim oi improving low- or no-input 
agriculture, 

The International Rice Research Ins-
titute (IRRI) has developed a strain 
of rice that matures in 100 days. In 
Nigeria, the International Institute 
for Tropical Agriculture (IITA) has 
produced a variety of cowpea that 
matures in 65 days, and trials are 
underway to investigate the possibil-
ities of combining the two. The 
cowpeas, which are also resistant to 
several major diseases, have already
been found to yield well when grown 
with maize ­and to flower and begin 
to pod before the maize gets too tall. 

major disadvantage because inter- al production in temperate climates. 
cropping tends to prevent weed in- The exploration of tropical-zone
vasion and growth. Nevertheless, farmers' choices of technology, 
any weedirig that has to be done has cropping patterns and other factois 
to be carried out carefully and this is of their food product'on has only
thus time consuming. The problem recently begun in earnest. 
is compounded because, at present,
there are very few herbicides that The emerging model is one which 
can be used on mixed crops, relates agriculture to the world's 

differing ecosystems. This involves a 
Similarly, harvesting has to be car- holistic and interdisciplinary apprai­
ried out carefully so as not to dam- sal of farming families' needs, re­
age the standing crops. The main sources and problems, where scion­
problem of intercropping identified tists and research stations have a
thus far is that it is labour intensive. consultancy role. The now model.

incorporating the socio-economic 
The usual model for agricultural re- and agro-ecological conditions of 
search has tended to be one of tropical farmers, and developed
Technology Transfer, which favours with a view to long-term viability, isresource-rich farmers who can af- envisaged to have a much better 
ford expensive agricultural .nputs or chance of alleviating rural poverty
capital investments, and which, his- than any that have gone before. 
torically, concentrated on agricultur-

Intercropplng 
Benefits: - Husbandry is labour intensive. 
- Crop yields Increase, total farm - There are few herbicides that 
output is generally raised and can be used on mixed crops.
varies less from year to year. 

Some High Yielding Varieties (HYV) 
bred for use in high-input intensive 
farming programmes fare well in 
ii.;xd-crop systems as well, espec-
fally ,, lIss competitive varieties. 
But new varieties will need to be 
tested in typical mixtures and speci-fic environments 

- Harvests are spread, extending 
food supply over a longer period. 
- A variety of fead Is produced 
reducingDeutsche 
ers who rely on single crops. 
- Weed invasion is reduced,

The damage done by pests and diseases is reduced. - Soil fertility is improved for fu-

MAJOR SOURCES 

Abstracts on Intercropping (1986) 
Gesellschaft fur Techni. 

6che Zussammenarbeit (GIZ) 
Dag-Hammarskjold-Weg 1-2 
Postfach 5180G-6236 Eschborn 1 

Over the centuries some mistakes 
with crop mixture choices or hus-
bandry have been made. In Trinidad, 
for example, interplanting of coffee 
and cocoa led to coffee being pru-
ned in the same way as cocoa,
which is incorrect and counter-pro-
ductive. 

Mistakes will continue to be identi-
fied or made but the drawbacks 
associated with intercropping have -
so far - been few and far between. 
Weeding cannot be mechanized 
because of the close proximity of 
crops of different physical Character-
istics and demands. But this is not a 

ture crops. 
- Environmental resources (solar 
radiation, soil nutrents, water) 
are maximized. 
- Soil erosion Is reduced through 
better cover from sun and rain. 
- Space is provided for crops 
required in small quantities 
(plants for sauces, medicinal
herbs, gourds) end for fuel and 
fodder crops. 

Disadvantages: 
- Weeding cannot be mechan. 
ized, and has to be done-more 
carefully. 
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Dover, M. and L.M. Talbot. 1987. 
To Feed the Earth, Agroecology for 
sustainable development World 
Resources Institute 
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AGROFORESTRY
 

Sackground woody perennials (trees, shrubs, palms, barn­
boos, etc.) are deliberately grown on the same 

Traditional farming methods used in tropi- land with agricultural crops and/or animals in 
cal countries were developed to reduce the risk either spatial arrangements or temporal se­
of crop failuresmore than to provide maximum quences. Agroforestry is a new word, not a 
production. As a result, the traditional crop- new concept. Tile novelty lies in formally rec­
ping and grazing systems used on relatively in- ognizing that many different tree-based land­
fertile, dry, or erosion-prone sites often involve use systems possess certain common features 
mulliple crops, intercropping, and complex that hold great promise in the Tropics. 
crup rolatio, schedules. lHowever, tile tradi­
tional systems are not productive enough to On i'ertile lands, intensive agroforestry sys­
provide for the rapidly expanding populations tems, like intensive agriculture, can support 
of the Tropics. They need to be modernized dense mpopulations. Agroforestry, however, is 
anl further (evelJled. prohably more imlportant for improving and 

sustaining the productivity of the lands with 
On fertile nnd well-watered alluvial soils soil fertility and soil moisture problems, and 

where traditional farming was based on mono- where lack of rural infrastructure and cash 
cropping of rice or wheat, it has been possible make it necessary for people to produce most 
to increase yields by adapting modern temper- of their own basic needs for food, fodder, fuel, 
Sate-zone lechnologies, including applications and shelter. 
of fertilizers and pesticides. But in the less well 
situated sites, many attempts to replace com- Agroforestry Systems 
plex, traditional farming systems with modern 
monocrop agriculture have failed, apparently Doscription 
because of high risks from climate, pests, and 
difficult soils and because of the complex so- Agroforestry encompasses many well-known 
cioeconomic conditions that often prevail. So, and long-practiced land-use systems on culti­
in recent years, some scientists have begun de- vated or grazed lands in the Tropics (table 29. 

technologies to improve, Traditional shifting cultivation, bush fallowveloping modern 
rather than replace, the traditional farming sys- systems, and all forms of "taungya" afforesta­
tens (261. This approach to tropical agriculture tions fall under this term, as do the home gar­

development is still promoted by only a small dens of the wet tropics and the use of fodder 
trees and shrubs in the dry Tropics.number of agricultural scientists. 

Agroforestry is a name for a collection of *Taungya: Burmese for hill cultivation. Agricultural crops are 
land-use syst,6tiis and technologies where planted with trees used for wood production. 
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Table 29.-Some Prominent Agroforestry Systems in Developing Countries	 co 

Southeast Asia 

1. Agro.silvlculture
1. Commercial trees 

among crops 
2. 	Fruitishade trees 

among crops 
3. L: 'e fences 
4. Shelterbelts 
5. Taungya 
6. Shifting cultivation 

systems 
7. Intercropping in plan. 

tation crops (rubber.
oil palm, coconut) 

2. Silvo-pasforal1.Pasture in forest 
plantation 

co 2. Pasture in secondary
Co forests 

3. Commercial trees in 
pastures 

4. Fruitlshade trees in 
0, pasture


5. Fodder trees 

6. Coconuts + pasture 
3. Agro-sllvo.pastoral

1. Crops and grazing in 
plantations 

2. Agriculture tree crops 
+ grazing in forest 
plantation 

3. Multipurpose trees 
with cropsianimals 

4. Integrated farming 
systems with agricul-
ture plantation crops 
(rubber, coconut, oil 
palm)
 

Southern Asia 

1.Taungya

2. Plantation crops + 


arable crops 

3. 	Commercial trees and 

fruit trees with crops 
4. Liv6 fences + shel-

terbelts 
5. 	Various trees on farm. 

lands for productive 
functions 

6. Various forms of
shifting cultivation 

7. 	Medicinal plants + 
agriculture species 

1. Pasture under trees 
2. 	Plantation crops + 

cattle grazing
3. Fodder trees and 
shrubs 


4. Fruit trees and com-
mercial trees in 
pastures 

1. Pla .tation crops + 
araole crops + 
livestock 

2. Agriculture tree crops 
+ grazing in forest 

Mediterranean and 

Middle East 


1. Olive + cereals 

(on terraces. 'ban-

quettes', 'cuvettes', 

etc.) 


2. 	Poplars along irriga-
tion canals 

3. Tree: for sand dune 
reclamation 

4. 	'Huertas'- small plots 
irrigated crops + 
fruit trees

5. 	Aromatic, medicinal 
and fruit trees with 
crops 

1. Oak forest + grazing 
2. Pig breeding and 

forestry

3.Range land 


improvement 

Range land manage. 
ment 

Eastern, Central, and 

Humid West Africa 


1.Taungya

2. Cacaolfood crops/ 

forest complex 
3. Plantation crops (oil 

palmlrubber) and root 
crop complex 

4. Coffee + banana 
5. Mixed perennial crops
6. Gum arabic + millet 
7. Shifting cultivation/ 

bush fallow systems 

1. Gum arabic + 
livestock 

2. Plantation crops
(coconut/cashew) + 
pasture 

1. Coconuts/other plan-
tation crops + food 
crops + grazing 

2. Coffee + banana + 
dairyinr 

3. 	Horticultural complex 
systems 

4. 	Plough culture com­
plex systems 

Arid and semiarid
 
West Africa 


1. Use of trees on farm. 
lands for protective 
role (windbreaks, 
dune fixation) 

2. Foduclive + protec-
tive role of trees on 
fams (A. albidalLeu. 
caena +agricultura 
crop systems) 

1. Nornadic/semi. 
nomadic/transhuman 

2. Sedentary livestock 
grazing systems/ 
browsing systems 

3. 	Fodder treelshrub 
systems 

1. Forestry dominating 
(forest lands) 

2. Agriculture dominating 
(crop lands) 

3. Livestock dominating 
(crop lands) 

American Trz: :s 

1.Trees in pere--a ­
cash crops 
cacao,tea, O 

2. Treps for c7Z-" c 
matter anc ._-r ;> 
wit.. annual c*::s 

3. Tree live fen:-s 
4. Windbreaks -: snel­

terbelts 	 ;Z 
5. Trees as sup::-, for 

climbing com-e-cial 
crops 

6.Taungya
 
7. 	Shifting cultivs=*:on 

systems 

1. Trees in pas:_.,e 
2. Pasture in na:L.-al 

regeneration f:est
3. Trees lopped fz­

fodder
 
4. Trees used fc" 

browsing 

1. Agriculture p=a-:.ation 
crops (coconut. -:;=er. 
fruit, trees! wi:' 
crops and pa:_-es 



Table 29.-Some Prominent Agroforestry Systems in Developing Countries-Continued 

Mediterranean and 
Southeast Asia Southern Asia Middle East 

4. Home gardens 
Various forms of 1. Multistorey plant Mainly in large cities 
multispecies canopie5 in humid 
combination regions 

2. Aridise-:arid systems 
5. Others 

1. Silviculture in 1. Mixed oerennial 1. New system in 
mangrove forests cropping Morocco (spice plan-

2. Agri-sllvi-fishery 2. Irrigar'.a systems tation for erosion 
3. Trees on bunds in 3. Various s:te-specific control) 

fish breeding ponds systems 2. Agriculture + 
4. Swidden farming 4. Fuelwood systems forestry 
5. Fuelwood agroforestry 3. Fruit trees in deserts 

4. Mushroom cultivation 
in forest 

SOURCE: Anonymoious."A GlobalInventoryof Agolorestry Systems." Stomas -241-245. 193. 

Eastern. Central, and 
Humid West Africa 

Various forms 

1. Pastoral systems 
with corral farming 
(highlandilowland) 

2. Mixed perennial 
cropping 

Arid and semiarid 
West Africa 

Various forms 

1. Oasis 
2. Irrigation systems 
3. Various site-specific 

systems 

American -- :: :s 

Various forms 

Mixed perenr.a.. 
cropping 

Eo 
ro 

I-

OCo 

co 

0 

t4 
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Photo cteddl: Hech(S 

Flubh,,t tre,,,.
ml, l ,t ed with a cover crop of Purauiaphaseoloides and grazed by cattle is one type 
of aqroforestry system 

A'oh)krstry s;yshms ;Itiiijd to iiplimiz(e 
ocifIogic|al and e:mtomiical inieraclioms he-
wvotn ,'ariotis (:otinCotnids (Irees and shrubs/
:rops atiditanitit;s) to )tain a higher, more 

divoisiliet, a/lm' nItote tslaitialh total pro-
(IitiOtn tiantiiF pssilhbl witl| any single land
us(!. Ty :ial:halraoh ristics of such systems
;t1: 1)Iwo( or tlm)r t sjvcies of plails (of" planlts 
a~ndlatnal, al mw'l(1 whic:h i.sawoody
jtoro(iii;il; 2) twio oir ti(n! otjlits:; and :I) -a piro
lti:tioii ofr:moio than I year. 
A :r(dor:slry c:an provide litany gotods and 

sorvic:;s. l)epnitng on Otw ptrlictilar siluation, 
itItiay: 

* 	iil[creiIse and improve food l)roduclion 
yields; 

* 	produce firewood and a variety of other 
raw materials from shrubs and trees for 
farmers' subsistence, for local sale, and 
sometimes for export; 

* protect and improve the soil's productive 
potential; 

* 	 improve social and c€inttllic cotidilions
in rural areas by creating jobs and income 
and reducing risks; and 

° 	develop land-use systems that draw on 
both modern techni;!o4ies and traditional 
local experience and that are compatible 
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wilti Ill,. 'al aIIIl social le of lif Ilailtalio1I I,' m ch attent ion:IIlI l. o- s Iuils allrac:ed 
tile co:erI., as a promising way of increasing total yield 

from tIh land. An exampl is Ihe Jari Project 
Clssification and Assossmont in Brazil, where seeding the pine plantation 

(Pinus caribea) with forage grass (Panicum
Many reviews of traditional agroforestry sys- maximum) reduced the need for weed control. 

tens and practices in the Tropics and subtrop- The cattle then increased the total income from 
ics have been published,* but most are only the system (21). 
descriptive accounts. Rarely are any quan­
titative data included on the number of peo- Many commercial timber and pulpwood 
ple or areas involved. Nor have many in-depth plantations in the Tropics have been estab­
analyses of the environmental and economic lished through the "taungya" system. Farmers 
advantages or disadvantages of the systems or forest laborers are allowed to grow crops for 
been conducted. The reviews do show, how- a few years during land preparation and early 
ever, that agroforestry has been 'practiced for plantation phases. In exchange, they weed and 
a long time with apparent success in almost care for the young trees. After an agreed-upon 
all parts of the dry and wet tropical and sub- period, the farmers move on. Taungya has been 
tropical worlds. used for more than a century and has been ap-

Agroforestry systems have been classified in plied throughout the Tropics. Although well­

different ways according to 1)physical struc- planned taungya can provide a sequence of 
Sge ) r new ground for shifting cultivators, it removes 

tore, 2) temporal arrangement, 3) relative im- the land from agriculture for a period dictated 
portance and role of components, 4)produc by the biology and economics of the forest crop 

not by the needs of farmers or forestlion aims/outputs, and 5)social and economic and 
laborers.features (see 11,19,24,41,42). The following dis-

cussion of agroforestry is based on three soci­

oeconomic production categories: commercial, The widespread use of this system and its 
intermediate, and subsistence (26). The divi- many local variations is a clear indication of 
sions among categories are not discrete; rather its success (25). The practice has been success7 
they represent a continuum of production sys- ful with Terminalia, Triplochiton,and several 
tents. Nevertheless, it is a suitable basis for Meliaceao in West Africa; Cordia in Surinam; 
discussing potentials and problems of further Tectona in Trinidad; and Swielenia in Puerto 
(levelopiient and large-scale implementation Rico (45). In Nigeria, the system has been ap­
of agroforestry. plied in both wet and dry zor, s for tree and 

Commercial agroforestry systems typically food production. In that country, it has been 

have as their aim the production and sale of credited with providing enough food for about 
often a single commoCity. These systems 700,000needspeople,(13).or about 1 percent of Nigeria'scrops, oenasnecom'.y.Teestms food 


have been the object of systematic, development
 

efforts by horticultural, agricultural, or silvi- The increased use of commercial, commod­
cultural institutions. Commercial tree crops ity-oriented agroforestry is attractive in theory. 
(e.g., coconut rubber or oil palm) are inter- However, the areas under perennial agricul­
planted with food crops or forage crops, or the tural tree/shrub crops occupy about 8 percent 
understory is grazed by animals. The use of of total arable area in developing countries to­
comniercial timber species in conjunction with day (27). Of this, only a minor part is used for 
cacao is better developed than with almost any intercropping or grazing. Another 2 million 
other cash crop system. Grazing cattle under hectares of perennial agricultural tree planta­

tiGns could be established by the year 2000 
'For Latin America see ihudnwskl (7); without encountering serious marketing prob-Weaver (46); Ampuero 

(21:de I.as Salas (12); Wilk,,n (.7); For Africa sealhdowski (8). lems (38). But this approach has limited poten­
"A0(14), von Maydell (43); Seif elDin (36);Okig't(30): lyamabo 
(23);IITA (22t: Poulsen (33.34). For Asia se Atr.osoedaryo and tial for substantially alleviating land problems. 
Wijayakusumh (4); Generalao t11; Ahimad (1);FAO (15). Since commercial agroforestry will be intro-
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4111:11 wWI11'Yivit II i it ,;h1 It'1i c:ina permanent cashl;arI; Ired when expanding

clearly Iei:eiviu, i i';kunlikely Io he uscii on crops inhl(
less fIavorable areas, where infra­
inlorlile land or iyI:,ple wie are no1 milrc- srictuhi'e and markets are underdeveo)ped,
primleItS. Thi snhbivclii apllics lIs: It)limiber where lain' Imiure is uncerlain, or where tie 
plaliaioii liad, whelr'e simiall iIniprVeil.vils ill environment imposes serious restriclions on 
lauigya could producc significant increases in intensive land use. Still, there is promise for 
food prodlction.Forest plantation lands could improving existing systems through the intro-
Ihen support considerably more people than duction of improved varieties of tree crops,
they do now. fruit trees, and compatible food crops, as wet! 

Intermediate agroforestry systems are where as application of fertilizers. 
larmers with small to med im sizeCd landhold- Subsistence agroforestry systems are 
ings combine production of perennial crops for oriented toward satisfying the basic needs of 
:ash with annual crops for subsistence. Some farmers for food, fuel, and shelter, with some 

of these systems are oriented toward commer- products sold for cash income. Such systems
cial l)roduction, but they are small and the iand are practiced by a large portion of the popula­
is operated by individual farmers. Others are tion of the tropical world, from livestock herd­
similar to suibsistence systems. An example is ers in semiarid areas to shifting cultivators in 
the conhbinatuon of gum arabic trees (Acacia rain forests. These systems usua!ly are prac­
seoegal, which can provide good cash income Iiced where serious ecological and/or sociocco­
to farmers, with millet in the Sudan. Another iomical constraints exist. Infertile soils, ero­
intermediate level agroforestry system occurs sion, and/or drought can be major physical lim­
wlij commercial firms enter into con'racts itations. Insecure land tenure and lack of in­
vilh small- an m edium-scale farmers to pro- frastructure, capital, extension services, and 

duce raw Thr, i-it education are common socioeconomic con­materials. ish-American 
Tobacco Co. in Kenya has contracts with straints. 
farmers who grow tobacco and the fuelwood 
neede for curing it, together with their own Many different subsistence agroforestry sys­
food crops. 
 tems exist. Shifting cultivation and bush fallow
Coffe, forms the economic basis for many are practiced in many forms throughout the
ileWgr land-use systems inthis Caegory, tropical world. One well-known form of per­

particularly on fertile soils in tropical uplands. manent traditional agroforestry is the home 
Ii the East African h ighlands, multistory pro- gardens of Southeast Asia, characterized by a 
duclitin is common. Timber trees such as Al- multistory mixture of many species of trees, 
hizin and (7r-evilhea shade coffee intei-planted shrubs, climbers, palms, tubers, and often an­with baannas and Iteans (33). Similarly, in Co- imals (pigs and poultry) (16). Other agroforestry 
laRica coffee is grown under the shade of boh in Asia integrates rice production with trees 
limber trees (Cordia alliodora) and multi- for windbreaks, boundary demarcation, and 
purpose trees (Erythrina spp.) (7,8). Another fuelwood production (6,16).
ilmporlant rI) in troplical small-holder agro- Oases are a prototype of agrol)restry in arid 
forestry is coconut. Planting food crops and lands. They contain ponds to water livestock 
grazing cattle under coconuts are common 
practices in the wetter parts of Sri Lanka, India, tres -a:weruper storystory of agricultural or hor-Souteasad Asi,th Paificregonstrees andan of multunlrioa
 
Southeast Asia, and the Pacific regions (28). ticultural plants. Though only comprising a

Most of the economically and ecologically small area endowed with water and fertile 
successful exampics under this category are soils, they can be extremely well-balanced hu­
found in areas having relatively fertile soils, man ecosystems with species mixture, multi­
good .ommunications, and existing market in- story structure, and near-perfect recycling
frastructure. But many obstacles can be en- processes (44). 
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Chinampas In Mexico are centuries-old foad production systems used where waler Is available year round. Narrow 
IrrIgatlon/dralnage canals surround the plot and control waler supply; mud dredged from canals serves as organic 
fertilizer; aquatic vegetation serves as "green manure;" fish thz I colonize the canals provide additional protein; trees 

planted along the canals hold the soil In plac i as well as providing other products 

Millions of people practice agroforestry in great potential for improving land use but has 
areas with serious physical and socioeconomic urgent need for technology improvement. 
constrainats. The prohlemn of improving the pro­
duictivity and sustainability or these people's Technology Ebswes 
agriculture and agroforostry methods is of an I eeatecneto gooetya 

outielydiferet hantha sustainable approach to land use is sound. Themgnitde ofim-
proving commercial and intermediate agrofor- aim is to create productive farming systems 
estry systems. Reaching farmers can be diffi. able to supply an increasing and-sustainable 
cult, and where subsistence farmers can be 
reached, they need to be convinced that the output of basic needs, including cash. Main­

risks, and benefits of new technologies taining soil fertility, preventing erosion, 
patngate moderating microclimate, and other environ­cr ost, Th ie ewe 

os sutreinsproucon.and achieving significant yields may involve ient aaentgly the 
Itfarmers cannot take.riks tha subsistene 

also can be difficult to convince land users to A growing hol~y of information exists on the 
make long-term investments when land tenure various ag.-'jforestry technologies, but this is 
is uncertain. Subsistence agroforestry holds mainly descips~ive and qualitative. Mcst scien­
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lists' interest hkr; hI-,'ii iii Ihlw Intv1?/' i'll (:,imi. 

ponenl (e.g., p)otential Iree species, their use, 
ulSiUgand managemnent);Ind heca use of the novelty oftrimls shrub~s inl agric:ultural and 

I)as'isrrallands. 

Duiring the list 5 years, many agroforestry 
research Irojects have been initiated at univer-
sity forestry departments and forestry research 
institutes. These generally study the long-term 
economic and ecological productivity of vari-
ous trees, planted at different spacings, and 
combined with a food crop, which is often used 
as a "test" crop to quantify the competitive or 
soil-improving influences of the tree. 

Only certain trees anti crops prove to be coni-
patible. Rubber trees, for instance, piroduce so 
much shade that underlying pasture often be-
comes useless within 3 years. Oil palh soils are 
often clayey and vet and animals tend to com-
pa:t the soil and damage tree roots (17]. Some 
crops such as sorghum, millet, and pigeon pea 
are highly competitive with other plants and, 
Ithus, may not he suitable for intercropping. 
Other crops-maize, cotton, and dry rice-are 
less competitive and can be intercr"mpped. Each 
system has complex problems of intraspecific 
and interspecific competition. The aim of ex­
periiental research is to optimize combina-
lions of agricullure, pastoralism, and forestry 
over space ant timne. 

Tropical research and dIevelopniit organiza-
lions have becolne imuch more interested in 
multipurpose trees. 'thle legime family has at-
tra(:ted particular attention. In general, leg-
uies, through their bacterial relationship, calt 
improve soil fertility and produce good-quality 
fuelwood as well as leaves and pods with 
fodder and food value. Different legume spe-
cies also are adaplte(i to a wide range of ecolog-
i{:al conditions. Many multipurpose species are 
found in the legume genera Acacia and Pro-
sopis. Several nonlegume multipurpose species 
are equally interesting because of their general
versatility, adaptability to less favorable sites, 
andi yield of valuable products. An example is 
the neeni tree (Azadirachla indlica) which 
originated in the dry zones of Asia. It is an ex-
cellent timber, fuelwood, and shade tree and 

I1ll1t)¢ shilil nllnn, iw ilhil~ c:]m licalls, and 

fuel/lubricant oil (35). 
The greatest potcntial for improving agrofor­

estry systems lies in the practically unexploredfield of genetic improvement of multipurpose 
trees and shrubs (26). Selecting the species and 
varieties that are best adapted to particular pur­
poses and site conditions for which the agro­
forestry systems are intended is the first step. 
Traditional agroforestry systems have been 
doing this gradually for centuries, but now with 
modern communications and techniques for 
reproducing, transporting, ,rd testing varie­
ties, it is possible to greatly accelerate the 
process. 

IBeccuse the scientific attention to multipur­
pose trees is so new, examnp!es of the gains that 
can he achieved by this selection and matchifig 
process are rare. The interest in single-purpose 
use of trees is older, and gains with these il­
lustrate the potential for multipurpose trees. 
For example, results from 32 sites in 18 coun­
tries show that productivity gains of several 
hundred percent could be achieved in eacalyp­
tus tr-aes simply by selecting the best-adapted 
provenances for prevailing conditions (31). 

The second step, which can begin before the 
first is completed, is tree breeding-crossing 
plants to combine particular desired character­
istics, such as fodder and fuel production quan­tity and quality, rooting characteristics, phenol­
ogy favorable for interplanting with annual 
crops, nitrogen-fixation, pest resistance, 
drought resistance, or the ability to withstand 
other stresses. 

The potential for agroforestry systems im­
provements to be adopted on a large scale by 
farmers and pastoralists is difficult to assess. 
If the relevant land-use problems have been 
identified and an ecologically, economically, 
and socially well-adapted agroforestry solution 
is demonstrated to be feasible, then agrofor­
estry improvements may be adopted. However, 
finding locally acceptable solutions to prob­
lons that are perceived by farmers is crucial. 
Sophisticated trials on the best spacing of treels 
over crops are, for example, not particularly 
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I'?Vh liil if"darmein. .,34 3 l ihl4nh1d411 iln Ih1;1 Table 30.-Orgnizntlons That Work on
 
particular tree species. Agrolorestry Systems
 

The constraints and problems encountered 1. International Council for Research in Agroforestry
in dand i 2.Centro Agronomical Tropical do Invosligacion ydeveloping a disseminating agroorcstry Ensonanza (CATIE)
 
systems arc many. Millions of farmers and 3.International Tree Crop Inslilutes (U.K., U.S.A., and
 
landless people are spread over vast expanses Australia)

Of tropical lands. Rapid population growth, in- 4.Nitrogen.Fixing Tree Association5. National Academy of Sciences (fuelwood and legume 
secure land tenure, erosion, droughts, floods, tree species)
 
declining soil fertility, lack of infrastructure, 6. Commonwealth Forestry Institute (information,

political instability, illiteracy, and other davel- research, and training)

7. East-West Center (dissemlna'lon and exchange of 
opment problems often characterize those agroforestry Informalion)
 
broad regions where agroforestry approaches 8. United Nations University (workshops and research
 h aprograms at cooperating institutions)have a potential role to play. Therefore, agro- 9. Some components of UNESCO/MAB research 
forestry development cannot occur in isolation program 
from general social and physical constraints 10. Some developed country universities

rural development. 11. Some CGIAR Institutions (e.g., IITA In Nigeria on alleyon rcropping and CIAT InColombia on Leucaena and
 
Eryther/na)
 

Constraint airnl~Opportnitles 12. FAO's Panel of Experts on Forest Gene Resources 
(data collection and assessment) 

SOURCE: B.Lundgren, "The Use of Agrolorestry to Improve the Ploductivity toAgroforestry techniques can be used to Converted Tropic&[Land, OrAcommissoned paper,,82 

address paricular land productivity problems. 
However, most information on the technique Since agroforestry uts across several disci­
is qualitative and advocative. Present research plines,it requires an "utegrated and multidis­
and field implementation efforts are more ad ciplinary approach. Agronomists, foresters, 
hoc than systematic. ecologists, sociologists, anthropologists, and 

Critical analyses of agroforestry's constraints experts in other related disciplines have ac­
and opportunities must be made if it is to bene- cumulated much data on various tropical 
fit from application of the scientific method. mixed-cropping systems. Such information can 
Systbmatic quantitative information can pro- become the foundation for research programs 
vide a basis from which researchers can formu- to explore ways to integrate sustainable pro­
late hypotheses and design , ficient research duction of food, forage, and fiber needs on ap­
strategies to develop new agroforestry systems, propriate lands. However, too little communi­
refine old ones, and adapt proven ones to other cation or coordination occur among these dis­
areas. This is necessary to enture that only ciplines to formulate a strategy for develop­
technologies with high probability of success ment of agroforestry technologies. This con­
are brought to large-scale field implementation. straint would be alleviated if interdisciplinary

teams v-'ere established to conduct research on 
The effort to organize and assess existing na- tea te lsnd-se to c 2 r e. 

tional and international experience in tradi- integrated land-use systems (26). 

tional agroforestry technologies and to iden- Agroforestry needs an institutional home to 
tify promising technologies for further develop- ensure its implementation. It is considered a 
ment is under way at the International Coun- subdivision of forestry, but forestry institutions 
cil for Research in Agroforestry (ICRAF). Tech- deal with forest land. They seldom address the 
nologies that need refinement and farm valida- problems facing individual users of smtll and 
tion include alley cropping, improved fallows, medium size holdings of cultivated lands. For­
live fences, contour hedges, mulch production estry institutions, in general, do not have the 
with tree species, and fodder production. Some range of expertise needed to develop agrofor­
such programs already exist, but efforts should estry's full potential. The major potential for 
be made to strengthen these (table 30). agroforestry lies in the integration of trees into 

8Kh 2-57
 



SSM 2.4.1 OTA p.229
 

.11 ri1:11ilua ;1l 1 as hm ral laod.s. 11,1: d(.v1!loi1-
ni(, of these lands is tl inandate of agricul-i 

tural institutions, which are not explicitly man-
dated to deal with agroforestry. 

Rigid boundaries between discipilines affect 
funding ofagro forestry research, developmenot,
and implementation. Forestry and agriculture 
often compete for both funds and land. In in-
ternational agencies, agricultural divisions are 
better institutionalized, more prestigious, and, 
thus, better funded than forestry divisions. The 
iorestry funds that do exist usually are chan-
neled to conventional forestry activities,

Ihe ratios f i n financial s t 
Thers of interoaional a ial support 

for research in tropical agriculture, forestry,
and agroforestry, respectively, are about 
200:10:1 (26). This may underestimate the rela-
tive magnitude of agricultural research sup-
port. Although the importance of research is 
clearly recognized in agriculture, the attitude 
of development assistance donors towardr 
search in forestry is cool. Thus, as long as agro-
forestry funding is channeled d.rougli o-
departments, little hope exists that sufficient 
research funds will be available. A thore"-h 
rethinking and revision of the approprtiae in-
slitutional home for agroforestry is needed, 

The large-scale promotion of agroforestry 
would require incentives to encourage farmers 
to adopt practices that involve initial risks and 
delayed returns. Integrating trees into agricul-
tural or pastoral systems is unlikely to succeed 
where short-term, insecure leases for use of 
land are prevalent, where trees automatically 

1- 1:11111Ow iproperly of Ilira govoronivi , or 
where nonresricted (:ommunal grazinlg or tree 
cutting rights exist. Neither are farmers likely 
to achieve lkrge-scale cash crop production of 
wood (i.e., fuelwood, poles, pulpwood, etc.)
where prices are set so low that growing trees
i o rftbe 
is not profitable. 

To alleviate these constraints, tropical gov­
ernments will need to identify and remove con­
straints in land tenure and provide incentives 
and extension services. Incentives may take the 
form of credits and loans that reduce initial 
capital outlay and minimize risk of failure. Ex­
tension services can facilitate supply of mater­
ials, train farmers, and make followup visits 
tomoirpogesf rfrstydvl­tmonitor progress of agroforestry develop­
moot. Unfortunately, forcstry and agroforestry 
extension efforts often suffer from: 1] lack of 
staff with adequate training, 2) lack of networks 
of on-farm demonstration plots, 3) inconsistent 
efforts, 4) difficulty obtaining good seeds of 
multipurpose tree species for mass distribution 
to farmers, and 5) lack of infrastructure. 

As institutional interest and support for agro­
forestry increase, it is necessary to take steps 
to ensure that the enthusiasm does not lead to 
disappointment and a sharp reduction of sup­

port. Development assistance agencies and 
research institutions have not begun, collec­
tively or individually, to formulate a strategy 
to assure that the necessary and sufficient steps 
are taken to develop the potential of agrofor­
estry. 
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AGROFORESTRY: CONCEPTS AND PRACTICES 

Dr. Filemncn Torrsa* 

1. Introduction 

Woody components have traditionally been included In small-holder 

management systems of the American. African and Asian Tropics as a 

source of fuel or food, and to restore soil fertility, particularly
 

in the so-called shifting cultivation areas.
 

The traditional use of land by the small-holder of the tropics has 
been particularly affected by demographic pressure, leading to an
 

increase in the proportion dedicated to cropping (either for house­

hold consumption or marketing the latter to met higher cash needs), 
with corresponding shortening of the fallow period necessary to restore 

soil fertility (Fig. 1).
 

isa consequence, tood production p r capita in developing countries
 

with a market economy has been kept almost constant, leading to an 

increase in the food deficit over time (Fig. 2). 

The high input requiremepts of temperate zone tech ology (high­

yielding varieties & fertilizers) and their detrimental effect upon 

natural renewable resources and socil equity have tempered the 

enthusiasm Initially aroused by their application. 

These circtaatances have led to the revival of an old practice, now 

called agroforestry, based upon the development of the Interface 

between the agricultural and the forestry use of the land. 

aTenior,Rpoearoh Scientist (Range Mmagoent A Idwatook Production) 

at ICRF. 
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2. The biophyeioaZ potential of agroforeaty 

Agroforestry can be defined as the deliberate combination of trees
 
with crop plantation or pastures, or both, in 
an effort to optilmn
 
the use of accessible resources 
to satisfy the objectives of the
 

producer in a sustainable way.
 

The principle behind the development of en agroforastry technology
 

in that of creating an architecture of the above-ground biomass that 
icitates the climax vegetation of the tropics, i.e.. the one of the 
multi-strata forest. Fig. 
3 tries to represent schematically the
 

capability of the conventional and the agroforestry systems to achieve
 

such imitation.
 

Such systems could Improve productivity in quantitative (through 
supplementary relationships between herbaceous and woody components) 
and qualitative (by producing outputs that satisfy most of the 

operator's needs) terms. 

But they are also meant to be sustainable over time, in terms 

of both their ability to satisfy basic needs under extreme circuuatsnces 

and to reduce system "leakiness", by enhancing nutrient recycling, 
preventing soil erosion, conserving soil moisture, etc. 
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Fig. 3: Compariaon of an agroforestry syatem with other systems 

Niatural forest "Nintensive cropping\,\ // Agroforestry 

I 
IipactRaiv 

,edut~onofn ll'' 

Bot8nical Diversity \\ II 

Erosion-


Nurient
Nuret -utrint 

Ut~tNutrientRey,iR Leaching Rccln
 

that several agroforestry 

systems can be generated according to the components included in 

.ie combination, the role of the indispensable component in the 

system (the woody one), the type of Interaction between these components
 

,nd the others in the system (spatial or temporal), and the way in
 

which the woody component is distributed in space (Fig. 4).
 

The amplitude of that definitis implies 
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Fig. 4: Agroforeatr aytems
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Fig. 4 (b) Silvcultural niaitemi 
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3. Agroforest, syotems 

3.1 Agro-silvicultural systems are those dealing with the concurrent
 

production of food crops and either forest (with a "productive" and/or
 

"service" role) or tree crops. Fig. 5 systematically represents the
 

architecture of some conceptual system of the agro-silvicultural type,
 

and its "classification" according to thL criteria mentioned in FIg.4.
 

Fig. 6 and 7 indicate the effect tha woody species could have upon
 

soil fertility, as components of potential "improved fallow" systems,
 

or when combined in space. Fig. 8 shows the "service" effect of an
 

alley cropping system upon maize production, as comn'red with fertilizer
 

application.
 

3.2 Silvo-pastoral systems integrate trees (timber, food or fodder
 

producing ones) with pasture and livestock. Fig. 9 is an attempt to
 

represent the architectural profile of conceptual combinations of the
 

silvo-pastoral type, and its corresponding "classification".
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4. PROPOSED CLASSIFICATION AND TERMINOLOGY OF AGRO-FORESTRY TECHNIQUES
 

4.1 French
 

Applying the foregoing concepts, we propose the term agro-forestry for the general
 
concept. This includes all techniques wherein forest production is associated with
 
farm crops and/or animals.
 

4.1.1 	 Classification b of Agricultural Output. An initial level of clas­
siitionisproposed covering the types of agricultural ro­

ducts combined with forestry under various systems. For this purpose, we repeat the
 
t-feiis
in Diagram 1 in the Introduction.
 

Diagram 2. 	Classification of agro-forestry systems by kind of agricultural out­
put.
 

FARM CROPS 	 FORESTRY FARM ANIMALS
 

Trees combined with Trees combined with Trees combined with
 
farm crops farm crops and animals farm animals
 

II I
Proposed! Combined agro- Simultaneous combina- Combined forestry
terminology silvicultural tions of forestry and grazing

systems 	 with crops and grazing
 

4.1.2 Classification 	by maior function of the forest component. A second level of
 
classification is proposed according to the function of the
 

forest component within the-system. By this we mean the principal objective behiad
 
the establishment of this component in a non-forest environemnt. The main functions
 
are: Production; Protection and services.
 

The slain agro-forestry techniques, which are discussed in the following chapter,
 
are classified as indicated in the following pages.
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Table 1. Classification of major agro-forestry techniques by function
 

SIIVO-AGRICULTURAL SYSTEMS SILVO-PASTORAL SYSTEMS
 

PRINCIPAL PRODUCTION PROTECTION AND PRODUCTION PROTECTION AND
 
FUNCTIONS SERVICES SERVICES
 

Agro-silviculture Live fence posts Forest grazing Live fence posts
 
(Taungya systems) Windbreaks Grazing in young Windbreaks
 

forests
 

Commercial trees Shade trees Commercial trees Shade trees
 
comhined with among crops combined with ii,pasture
 
crops 	 grazing
 

Fruit trees Trees to con- Fruit trees Trees for soil
 
combined with serve and improve combined with conservation and
 
crops soil (climate, grazing improvement
 

water, etc.) (climate, water,
 
etc.)
 

Pisciculture 	 Trees grown on Fodder trees
 
bunds in fish­
breeding ponds
 

Table 1 calls for three important observations:
 

1. Agro-silvo-pastoral systems are not mentioned. This is because such systems
 
are much more 1.omplex than the two-component systems. The large number of possible
 
combinations makes it difficult to evaluate them. Generally speaking, these sys­
tems are marked by a close correlation of-objectives. The forest component has a
 
priductive as well as a protective function. Concrete examples are given in Ch. 6.
 

We classify agro-forestry techniques by the majr function of the forest com­
ponent, though well aware that functions are usually comb ed and vary in impor­
tance according to stage. The two functiors have been connected by horizontal
 
arrows so as to take these variations into account.
 

3. Lastly, several types of forest components with the same or distinct functions
 
may well be seen in the same area. Fos example: Shade trees and live fence posts
 
in pasture; shade and commercial trees among permanent c-ops; others.
 

For this reason, vertical arrows have been drawn to indicate the relationships
 
between the techniques of each system in terms of possible combinations.
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4.1.3 Classification by distribution in time und space. Lastly, at the third
 
level of classification we consider the distribution of the
 

forest component in time and space.
 

As to time, the combination of a forest component with farm crops and/or animals
 
may be either temporary or permanent. Strictly speaking, a combination is only

permanent when the rotation of the species combind in the operation is of the
 
same duration. This is rarely the case an so we shall not retain this criterion.
 
In practice, the proposed distinction is the following:
 

Proposed definitions: The combination of permanent, when maintained during one
 
or more rot:itions of the forest component. 	 Thisincludes the continuous renewal
 
of the crop grown in combination.
 

The combination is temporary when it does not last for the length of one rotation
 
of the forest component. This includes sequential agricultural and forestry pro­
ductions, with the temporary combinations being repeated several times.
 

These two definitions are given schematically as follows:
 

Diagram 3: Temporal distributions of agro-forestry combinations
 

1. Permanent combinations
 

Forest rotations
 

Agr. rotations
 

2. Temporary combinations
 

Forest rotations
 
Agr. rotations - '-'
 

Forest rotations
 

Agr. rotations
 

Looking at this latter diagram of temporary combinations, it appears probable that
 
certain techniques will have to be considered as limiting caseswith regard to
 
classification in time.
 

Spatial distribution of the forest component in combination with farm crops and
 
or animals can be regular (homogeneous) or irregular (heterogeneous). In the
 
latter case we also speak of adjacent combination.
 

Proposed definitions:
 

Distribution is regular when the forest component is grown plant by plant in asso­
ciation with the farm crop, or rather scattered regularly among it. This includes
 
natural regeneration as well as the planting of forest trees.
 

Distribution is irregular when the forest component is placed alongside or around
 
the farm crop with which it"is ssociated. This is particularly true of trees
 
planted in rows or strips.
 

Diagram 4. Spatial distribution of agro-forestry combinations
 

(Each x stands for a tree)
 

1. 	Regular distribution 2. Irregular distribution
 
(adjacent combinations)
 

x x x x x 	 xxxxxxxxxxxxxxxxxx
 
x x x x x 
x x x x x 	 LXXXXXXXXXXXXXXXXXX
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4.1.4 Practical applications. The foregoing proposals on classification and
 
terminology allow an exact description of the
 

main characteristics of agro-forestry systems, namely:
 

a) Kinds of agricultural products combined with forest trees; b) Major function
 
of the forest component; c) Duration of the combination and spatial distribution
 
of the forest component.
 

These three levels of classification are represented in the following table with
 
which we propose to classify all presently known agro-forestry techniques.
 

Under this third level of claiisification, the most frequently used agro-forestry
 
techniques can be broked down as in the following table.
 

Table 2. 	Distinction between the major agro-forestry techniques by spatial and
 
temporal distribution.
 

TIME
 
SPA C F
 

TEMPORARY COMBINATION PERMANENT COMBINATION
 

Agro-silviculture 
(Taungya reforestation 

Commercial trees in crops 
Fruit tiees in crops 

system) 
Grazing (or fodder production in 

Regular Grazing in plantations secondary forests) 
Fodder-producing trees 
Pisciculture in mangrove forests 

Shade-producing trees in crops 
or pasture 

Trees improving soil fertility 

Live fenre posts

Irregular 	 Windbreaks
 

Iistribution Trees on bunds in fish-breeding
 
ponds
 

4.2 Translation
 

The same principles of translation can be repeated in other languages. Since
 
this work is ..caring in both English and Spanish there is no need to make a
 
word-for-wora translatioi. of the terminology utilized herein. The main synonyms

and some translations are listed in the following table.
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Table 3. Classification of Agro-Forestry Techniques
 

1. 	Kinds of associated Trees and crops Trees and farm Trees and grazing
 
agricultural product COMBINED AGRO- crops and animals COMBINED FORESTRY
 

SILVICULTURAL 	 SIMULTANEOUS COM- AND GRAZING
 
BINATIONS OF.FOR-


SYSTEMS 	 ESTRY WITH CROPS
 
AND GRAZING
 

2. 	Major function of the Product. Pro- Product. Protect. Product. Protect.
 
forest 	component tect. + ser- + Services + Services
 

vices
 

3. 	Distribution in terms Tern Perma Ten Perma Tem Perm Tern Perma Tern Perma Tern Perma­
of time po- nent po- nent po: nent- pa- nent po- nent pa- nent 

ral ral 	 ral ml ral ral 

Regular
 

Spatial distribution
 

Irregular
 

5. 	REMARKS
 

Our concept of agro-forest is unusually vast, as shown by the definition given in
 
the 	Introduction and the proposed classification in the preceding chapter. For
 
some authors (and 	in the strictest sense of the term "agro-forestry"), the only

combinations which ought not to be included are those where the forest component

is of permanent duration and which are regularly spaced. Below we give our rea­
sons for accepting temporal and spatial variations
 

5.1 Timing
 

The justification for the inclusion of temporary combinations as part of agrofor­
estry is as follows. It is quite rare to find a combination where the forest
 
component and the agricultural component (s) have rotations of equal duration. Our
 
investigation therefore has to take into account the following combinations: a) per­
manent, where the duration of the rotations coincides; b) permanent, where one
 
or even all components are renewed from time to time; c) temporary, where the
 
agricultural component is not renewed.
 

We note great variations in length of combination among the temporary combinatiQns,
 
ranging from a few months to years or even decades, depending on the crops grown
 
together. This leads to the following conclusions:
 

1. Temporary as well as permanent combinations mean that the objective set forth
 
in the dciinition -- optimize production whilst respecting the principle of sus­
tained yield -- can be met.
 

2. The forest component calls for a particular silvicultural treatment whether
 
in temporary or permanent combinations.
 
For these two reasons we are also impelled to include under the heading agro-forestry
 
all those combinations which are characteristically planted in staggered fashion.
 

SSM 2-69 



SOURCEBOOK SUPPORT MATERIALS 
- MODULE 2
 

REFERENCES
 

2.1.1 ActionAid. 1985. Farm Skills Training Package. 
A 3 Year
 
System for Use by 4-K Clubs, Extension Workers, Teachers,

Volunteer Leaders and Farmers. 
 ActionAid-Kenya, Nairobi,
 
Kenya. Lessons T/la/pp.1-3 and T/2a/pp.1-3.
 

2.2.1 Beets, W. C. 1985. Agroforestry in African Farming Systems.

United States Agency for International Development,
 
Washington, D.C. pp.9 -12a.
 

2.2.2 	 Kamweti, D. 1982. Tree Planting in Africa South of the
 
Sahara. The Environment Liason Centre, Nairobi, Kenya.
 
pp.3-7.
 

2.2.3 USDA. Publication and date unknown.
 

2.2.4 FAO. 1986. 
 Tree Growing by Rural People. Forestry Paper #64.
 
FAO, Rome, Italy. pp.10-13.
 

2.2.5 FAO. 1978. 
 Forestry for Local Community Development. Forestry
 
Paper #7. FAO, Rome, Italy. pp.5-8.
 

2.2.6 Wiersum, K.F. 1981. 
 "Outline of 	the Agroforestr Concept". In
 
Wiersum, K.F.(ed.), Viewpoints on Agroforestry. Department

of Forestry "Hinkeloord", Agricultural University

Wageningen, The Netherlands. pp.1-5.
 

2.3.1 SPORE. 1988. No.15. 
 Technical Centre for Agricultural and
 
Rural Cooperation (CTA), The Netherlands. pp.4-6.
 

2.4.1 Office of Te'chnology Assessment. 
1984. Technologies to Sustain
 
Tropical Resources. OTA - F - 214. 
 U.S. Congress, Office
 
of Technology Assessment, Technologies to Sustain Tropical

Forest Resources, OTA-F-214 (Springfield, VA: National
 
Technical Information Service, March 1984). pp.344.
 

2.5.1 Torres, F. 1983. "Agroforestry: Concepts and Practices". 
 In
 
Hoekstra, D.A. and F.M. Kuguru, eds., 
Agroforestry Systems

for Small-Scale Farmers. Proceedings of the ICRAF/BAT

Workshop Held in Nairobi in September, 1982. ICRAF,
 
Nairobi, Kenya. pp.21-32.
 

2.5.2 
 Combe, J. and G. Budowski. 1979. "Classification of
 
Agro-Forestry Techniques". 
 In De las Salas, G., (ed.),

Workshop Agro-Forestry Systems in Latin America. 
CATIE,
 
Turrialba, Costa Rica. pp.26-31.
 

SSM 2-70
 



IN
 



SOURCEBOOK SUPPORT MATERIALS - MODULE 3
 

TABLE OF CONTENTS
 

3.1 STRATEGIES FOR COMMUNAL AND FARM FORESTRY 1
 

3.1.1 "Identifying Strategies for Communal and Farm Forestry!' 1
 
3.1.2 "Approaches to Farm and Community Forestry" 9
 

3.2 TECHNICAL/FARMING COMMUNITY INTERACTION 11
 

3.2.1 "The Small Soue Farmer" 11
 
3.2.2 "Some Principles of Agricultural Extension" 15
 
3.2.3 "How Farm People Accept New Ideas" 17
 
3.2.4 "Five Ways to 3ucceed in Extension Work" 23
 
3.2.5 "Who is Bwana Shamba?" 29
 

3.3 FIELD TRIP OBSERVATION GUIDELINES 33
 

3.3.1 "Field Trip Observation Guidelines" 33
 

SSM 3-i
 ( 



SSM 3.1.1 FAO p.4 1
 

Identifying strategies for communal and farm forestry 

Over the past decade, a large number of programmes

have been launched to prowote tree growing by rural people.

Although many of these field projects are still in their early

stages, much has already been learned about the potential of
 
various types of programmes and the problems of introducing them.
 

Objectives set for programmes and methods of implementing

them have varied widely. Some programmes have placed tree
 
growing objectives within a broad and ambitious social and
 
environmental framework. Others have been intended 
to encourage
 
tree growing by individual farmers, and the primary objective has
 
been to increase the production of wood and other tree products

for household consumption or for commercial markets.
 

Community involvement
 
often has been seen as a
 
means of widening the range -,
 

and distribution of tree
 
growing benefits by bringing" ­
public and community land
 
into productive use and by

involving landless people
 
and the poor. Strengthening
 
local institutions and
 
generating employment have
 
also been among the explicit
 
objectives of many
 
programmes.
 

The differences between
 
programmes have thus been
 
considerable. Even so, from
 
the experience to date,
 
distinct strategic apprcaches
 
can now be identified, each 
with its own specific 
potential and limitations. At .:Jin ef... " /e" _ 
the same time, these should A jojoL effort ' £reea 
not be construed as mutually exclusive. Combinations of various 
basic strategies can be, and often are, developed within a
 
programme or a region.
 

4.1 Id~ntifying Programme Objectives
 

Any strategy which is intended to stimulate tree and forest
 
management by local people must, of necessity, be based on a
 
well-defined and consistent set of objectives. 
In the past, many

rural tree growing schemes have been launched under the name of
 
"social forestry" or "forestry for local community development."
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Generally, social forestry is a term used for any type of
 
industrial, conservation or community forestry project which
 
tries to maximize benefits for residents. Community forestry
 
falls under this umbrella. The term community forestry was
 
defined in 1978 by a group of international experts in a way that
 
continues to be accepted.
 

"Community forestry has been defined ... as any situation
 
which immediately involves local people in a forestry

activity. It embraces a spectrum of situations ranging from
 
woodlots in areas which are short of wood and other forest
 
products for local needs, through the growing of trees at
 
the 	farm level to provide cash crops and the processing of
 
forest products at the household, artisan or small industry

level to generate income, to the activities of forest
 
dwelling communities. It excludes large-scale industrial
 
forestry and any other form of forestry which contributes to
 
community development solely through employment and wages,

but it does include activities of forest industry
 
enterprises and public forest services which encourage and
 
assist forestry activities at the community level. The
 
activities so encompassed are potentially compatible with
 
all types of land ownership. While it tLus provides only a
 
partial view of the impact .f forestry on rural development,

it does embrace most of the ways in which forestry and the
 
goods and services of forestry directly affect the lives of
 
rural people." (FAO, 1978)
 

Gradually it has been recognized that even the community

forestry label is generic and that the social development norm of
 
such forestry projects does not refer to one specific objective,

but rather to a group of objectives. A number of broad aims can
 
be distinguished. Generally, these projects have been intended
 
to:
 

-- provide the means so rural 
families can supply, or have 
better access to, certain basic 
needs in the form of essential .. 
forest and tree products; . 

-- increase the participation of the 
rural people in managing forest 
and tree resources as a means of 
increasing their self-reliance; 

--	 use human resources to better 
manage degraded and marginal 
lands thereby counteracting the 
process of deforestation and 
environmental degradation; 

contribute to the general 
socio-economic development of 
rural people through employment *>,i'_ ' 
generation, institution building .L.--' . " 

and proaoting economic growth; s,,dl , o to ',e people, @,,,,d 
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help meet the needs and aspirations of both women and men in
 
specific underprivileged groups within the rural population,
 
such as subsistence farmers, migrant herders and the
 
landless;
 

--	 increase the overall production of wood or other tree
 
products to counter growing deficits.
 

It should be recognized that althiough some of these
 
different objectives may be congruent or may reinforce each
 
other, at times they may be conflicting. For instance, when
 
denuded and over-Otilized agricultural lands are reforested for
 
environmental improvement, the production of tree products may
 
well be limited by poor growing conditions. Consequently, such
 
schemes may not be financially attractiqe for smallholders
 
interested in the production of commercial tree products. Even
 
if smallholders do involve themselves in growing trees to meet
 
specific market demands, it may be difficult to achieve
 
participation, especially of poor and landless people. As a
 
result, a given project may have an inconsistent impact among
 
different sectors of the rural population.
 

It should be realized, 	 A 
as well, that some
 
objectives can be met by
 
planting individual trees in'
 
backyards while other
 
objectives require
 
establishing forested areas
 
as 	 complete and well
 
functioning ecosystems. For
 
example, the production of
 
wood or fodder or fruit
 
takes place in individual
 
trees, even if they are
 
standing alone; in
 
contrast, the environmental
 
value of a forest depends ong Logli er 
the 	proper functioning of a concentrated stand of trees as an
 
ecological unit. Even planting trees on private fields may
 
require community agreement for the community-wide control of
 
animals or fire.
 

Thus, in identifying the obsectives and strategies for
 
programmes which involve rural people in forest and tree
 
management, it is essential that project outputs and intended
 
beneficiary groups be identified and linked in an internally
 
consistent project design. tnder many circumstances there may i'e
 
trade-offs between effective contribution of tree management
 
schemes to general soclo-economic development and efficient
 
creation of specifically needed forestry cutputs. It is
 
essential that each proposed project component also be analyzed
 
separately in terms of the objectives it can realistically be
 
expected to meet.
 

The relative importance of multiple objectives of local tree
 
management schemes will, in the end, be determined by various
 
socio-economlc, political and environmental conditions. A proper
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analysis of these factors is a prerequisite for developing
 
strategies which stimulate local tree growing. The role of
 
policy makers and planners is to establish broad development

objective3 as well as clear-cut priorities for the use of capital

and labour resources for rural forestry so that programmes call be
 
developed which have underlying and basic consistencies.
 
Programmes must identify issues of vital concern to rural people
 
- how land is to be used and protected, what sectors of society

should benefit from development activities, and how forest-based
 
needs of rural people are to be met - and then must provide
 
adequate support to address these issues.
 

4.2 Types of Community Forestry Development Strategies
 

In addition to the proper identification of programme

objectives, several other factors must be considered before
 
developing strategies which encourage local tree growing or other
 
social forestry activities (see Figure 4.1). Closely connected
 
with the identification of a project's objectives are two related
 
questions. First, who are the individuals or institutions with
 
primary management responsibilities? Second, how is the control,
 
use or ownership of trees and of land resources defined and
 
organized?
 

Broadly speaking, the control of tree and land resources
 
belongs either to the community (including communal groups), to
 
private groups such as households and individuals or to the
 
public sector. The extent to which any of these groups have
 
control is defined by complex legal and institutional
 
arrangements, traditions, cultures, conditions of class and
 
systems of tenure.
 

Ultimately, a programme's design will define tree management

responsibilities. These responsibilities will characterize the
 
type of development strategy which is pursued, although they will
 
likely be affected by characteristics of land and tree ownership
 
and control. Outside of public sector managed activities,
 
primary responsibility for land management and for tree planting

will lie with the community or communal groups and with
 
individuals and households.
 

4.3 Definitions and Strategic Approaches
 

From the experience to date, three broad approaches to
 
community forestry activities can be distinguished. .These can be
 
classified under the following headings:
 

- Communal forestry
 

- Farm forestry for household use
 

- Farm forestry for the market
 

Within each of these categories there is a considerable range of
 
flexibility in goals and cperating methods. Nevertheless, each
 
has important distinctive features.
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Table 2.1
 

Possible Social Forestry Development Strategies
 

Communal

Management of
 

Tree and
 
Land Resources
 

Private 


Social Forestry
Management Strategy 

Communal and I. 
Community-based 
Forestry 2. 

3. 

Farm Forestry 4. 


5. 


6. 


Control/Ownership of Land
 

Private Communal State
 

1. 2. 3.
 

4. 5. 6.
 

Characteristics
 

Tree growing on private lands
 
organized by community institutions
 
Communal tree growing on community
 
lands
 
Public land allocated for communal
 
and community-based forestry projects
 

Privately managed tree farming and
 
tree planting around households
 
Privately-managed tree growing on
 
communal or community lands
 
Public land allocatlon schemes for
 
private tree growing
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Table 2.2
 

Developing Social Forestry Strategies
 

Communal Professional Change

Participants: Farmers Organizations Foresters Agents
 

Management Control/Ownership
 
Responsibilties of Land and Trees
 

Land 	 Labour
 
Basic Inputs:
 

Capital Expertise
 

Organization
 

Seedling Distribution
 

Tree Planting 	 Possible
 
integration with


Scope of Forest Maintenance non-forestry

Activities: 
 activities for
 

Harvesting and Distribution local community
 
development
 

Processing
 

Education and Extension
 

Production 
for local Production 

Outputs community & for marketed Environ- Industrial 
and 
Objectives: 

household 
subsistence 

community and 
household 

mental 
protection 

production 

needs needs 

ObjeeIves such as employment generation, the 
development of rural self reliance and the 
achievement of other general objectives of social 
and economic development. 
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Communal forestry refers 
to progammes in which rural . 
communities, or user groups, 
cooperatively participate in 
project planning and 4 .'. 
implementation. This category 
also includes projects based .' Jp 
on the activities of community 
organizations such as schools 
or cooperatives which may 
establish nurseries or plant 
trees in small or fragmented Proad vJ the s hool nursery's plant. 
private woodlots. Communal forestry may involve projects on
 
community lands, on land which has been allocated by the state
 
for the purpose of tree growing or on private land being managed
 
collectively.
 

Farm forestry for house­
hold use covers programmes
 
which promote tree growing by
 
individual farmers for their
 
own family use. In some
 
cases, these programmes may
 
have the objective of
 
increasing the supplies of
 
fuelwood, t-,ilding poles,
 
animal fodder or other tree
 
products; in others, the aims
 
may be primarily environmental For. fore.trv for househoZd use 
with trees being planted to control erosion or to increase soil
 
fertility.
 

Farm forestry for the
 
market refers to programmes in
 
which the primary aim is to
 
encourage farmers to grow
 
trees as a cash crop. In the
 
majority of cases, the trees
 
are grown on private lands,
 
but public or common lands may
 
be used where usufruct rights
 
have been allocated to
 
farmers.
 

Tak for the narket 

But whatever the distinctions between approaches, the
 
unifying factor in all programmes is that they actively involve
 
rural people and are responsive to their ideas, needs and
 
aspirations. It is this, more than anything else, which should
 
distinguish community forestry approaches from conventional
 
forestry activities.
 

To the extent that goals encouraging rural participation and
 
management are successful, the forestry service will find itself
 
able to focus on its role as a technical and supportive service
 
rather than as an executing agency. Different services may be
 
needed in taie various strategies selected, depending upon the
 
local cons:raints to tree planting.
 

SSM 3-7 



SSM 3.1.2 Foley and Barnard p.73
 

Approaches to Farm and Community Forestry 

Over the past two decades, programmes to encourage tree growing by 
rural
 
people have been launched in over 50 developing countries. Though many of
 
these ara still in theLr early stages, much has already been revealed about
 
the potential, and limitations, of the different approaches being used.
 

In some cases, programmes have relied primarily on the incentive provided

by the commercial wood market. 
 Farmers are helped and encouraged to grow
 
trees for sale. By doing so, 
 they increase the availahility of wood
 
products to meet the demands of the market, 
and provide themselves with a
 
source of income.
 

Other programmes have placed tree growing within a broader and more
 
ambitious framework of social and environmental goals. In particular,
 
community involvement has been sought in many programmes as a means of
 
widening the range and distribution of benefits, bringing public and
 
community land into productive use, and involving landless people and the
 
poor. Local institution-building and employment generation have also been
 
explicitly stated objectives of some projects.
 

The differences between individual programmes are thus considerable. But a
 
number if broad approaches can now be distinguthed. These can be
 
classified under the following four headings:
 

* farm forestry 

* tree growing for family uses 

* community forestry 

* land ;llocation schemes 

Within each of these categories, there is a considerable range of
 
flexibility in goals and operating methods, and many programmes have used a
 
combination of approaches in parallel. Nevertheless, each programme

approach has its own distinctive features which make it suitable 
for
 
particular circumstances or permit tt to meet certain objectives. 
 At the
 
same time, the intrinsic characteristics of each approach impose quite
 
definite limits on what it 
can achieve.
 

In programme planning, 
it is important that.the potential and limitations
 
of these different programme approaches are clearly recognised. In the
 
following chapters, the four Vrogramme categories are discussed in detail,
 
using examples from a countries where they have been tried.
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The Small Scale Farmer
 

First and foremost, each farmer and family is individual, uniquely

struggling to respond to the various factors which affect their 
success inthe
 
process of adaptation called farming. 
 Despite rich personal, local and regional

diversity, however, these people share 
a number of important characteristics:
 

They are much more than just farmers. For example, they may be parents,
religious 
or community leaders, masons, carpenters, healers, blacksmiths, truck

drivers, etc. 
 In these diverse roles, small-scale farmers participate in
 
complex local religious, social and economic patterns and 
are subject to a wide
range of demands from them. Due to influences from beyond the village, these
farmers also have changing aspirations for material well-being, status, etc.
Many have changing social identities too, moving from family, village and tribe
 
or region membership toward national citizenship. They all ar2 cultural beings

and family members first.
 

Secondly, these are skilled and experienced farmers. They are experts in
the local 
conditions affecting agr'culture. They are practitioners of local

agricultural and other technologies (e.g.-hoeing, plowing with oxen, making
tools, etc.) 
 In the face of change, they are also farmers in transition between
traditional and newer agricultural practices. 
 They are aware of outside inputs
and new techniques. 
 They seem to be open to producing a marketable or

barterable surplus once family food needs 
are me;.
 

Finally, small-scale farmers have economic concerns. 
 They participate in
local barter or subsistence economies, in which goods are either exchanged among
neigbors or grown to be used at home. 
 In these self-contained economies,

farmers are not in the habit of investing in outside inputs or of using credit,
except for meeting home needs. These farmers are usually limited to the family
labor supply, or to a communal exchange of labor among neighbors. Most

small-scale farmers operate as 
if they own or rent their land, as independent

farmers, even though so, are subject 
to tribal or community controls or to
 
insecure tenancy.
 

Small-scale farmers s.iare a village agricultural point of view. It is
 
characterized by:
 

o A holistic outlook - Agriculture is a central activity,

but it is only part of a whole, connected way of life.
 
For example, things which can be contributed to farm
 
work like money and labor are constantly required to
 
meet other family needs as well. The village family

allocates these resources by looking 
at the whole.
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o Environmental Sensitivity 
- Al I farmers have to be 
extremely sensitive to their ejvironments in order to survive. 
They sense from collective and individual
 
observation what elements of the environment 
are
 
critical 
to their success as farmers. They are

particularly sensitive to cyclical things like
 
rainfall and storm patterns. More than any one else,

they know the mini-environments of their individual
 
farms intimately.
 

o Local Focus - Small-scale farmers especially

know alot about local things and much less

about regional, national 
or global things.

Most of these farmers interests are local 
as
 
well.
 

o Self Interest - Each small-scale farmer has
 
a list of priorities that helps her make
 
decisions. Thi_ 
list defines a farmer's
 
self-interest, which is a central part of her
 
worldview.
 

o Farmer's Bias - A farmer's view of things is
 
colored by the physical and economic realities
 
of farm work. These practical preoccupations
 
are uppermost in a farmer's mind.
 

o Tradition, Fatalism and Adaptability to 
n - Carrying out !Fe-tradition of farming


is a normal and reliable h1abiFof mind. This

unchanging habit of mind is negatively reinforced
 
by adverse outside opinions about village people

like small-scale farmers. 
 It has also been rein­
forced by the inability of tradition to contend

with the new problems brought on by accelerated
 
change. As 
a result, one of the extremes of a

small-scale farmers point of view is 
a kind of
fatalism and feeling of impotence amid rapid change.

The other end of the spectrum is a real, though

often latent openness and :,japtability to change,

for farming is a constant process of successful
 
adaptation. 
 Like other people, small-scale farmers
 
are ambivalent towards change.
 

For small-scale farmers with all the above characteristics, change is not

worthwhile unless it is:
 

o culturally appropriate
 
o in agreement with self-interest
 
o respectful of tradition
 
o clearly benficial
 
o not economically risky
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Elaborating on economic risk, John Guy Smith offered this description in1970:
 

"Farming is subject to numerous risks from weather,
 
pests, diseases, price flunctuations'and other

uncertainties. For the small-scale farmer, these
 
risks are accentuated by her precarious economic

condition. Much of a small-scale farmer's supposed

conservatium is really a 
very shrewd attempt to avoid
 
or minimize risk.
 

For example, Yigi Kamara grows rice inSierra Leone. 
Every year, he grows
his crop during May to September, the rainy season. 
 InAugust and Septem'er,
while waiting for the harvest, the stores from the previous year dwindle, and
there isa "hungry season". Yigi plants millet and cassava on a 
hillside in
March and April to deal with this. 
 In order to grow rice year round and perhaps
even grow a surplus, Yigi isthinking of building gravity-fed ditches and dikes
in a swamp near his hill farm. 
The work will take four months, from January to
May. Isit worth the effort? 
 Ifhe doesn't plant :nillet or cassava, will there
be enough food this "hungry season"? Can he afford a shovel? 
Will his farmlly
be able to harvest, thresh, store and 
grind all the expected new rice? r:n he
sell some to make itworthwhile? What will his neighbors say? What wout the

old stories about the dangers of working inthe swamp?
 

Small-scale farmers like Yigi confront change as 
individual cultural
beings, as practical farmers, and 
as economic producers. They have considerable
 resources which they bring to bear on 
the problems of agricultural production

and livelihood indeveloping countries:
 

o Expertise inlocal -achnologies and a variety

Qf practical skills (e.g. - masonry, carpentry,

etc.)
 

o 
Expertise regarding local conditions affecting

fa)ming
 

o Status as independent economic units
 
o Experience as farmers (tradition)
 
o A practical, critical viewpcint
 

o Adaptability
 
o Openness to producing a usable surplus
 

Their linaitations include:
 

o Lack of capital beyond family supply
 
o Habit of not investing Inor using credit
 

or outside inputs.
 
o Interests and roles which compete with
 

agriculture
 
o 
Little access to outside agricultural
 

support services
 
o Reluctance to take risks
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Along with these, however, there are factors from beyond the village which
 
also limit the small-scalp farmer's ability to Jeal with change. Most directed
 
technological change, like the promotion of new practices, is based on the
 
priorities and interests of development planners and leaders. This may exclude
 
small-scale farmers or be irrelevant to their needs. Governments, development

agencies and private businesses promote change this way. Examples may be
 
mechanization or mono-cropping (cacao or sugar cane) which benefit large-scale
 
farmers and foreign markets more than small-scale farmers.
 

Like Yigi, these small-sc,. farmers are the special clients of Peace Corps

agricultural extension work. Given the unique nature of the problems they face,
 
their strengths and their limitations, Peace Corps promotes a specific kind of
 
agricultural extension designed especially to help small-scale farming femilies
 
participate in the development process.
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SOME PRINCIPLES OF AGRICULTURAL EXTENSION 

1. Agricultural extension is an educational 
process that should serve
 
all elements of rural society and all members of the raily. 

2. 
 Extension builds self sufficiency inCLIENTS and AVOIDS building dependen­
cies. Thus it stresses education rather than provision of services.
 

3. Extension is
a Two-Way Process in which research findings are communicated
 
to farmers and farmers needs, situations, opinions, attitudes and beliefs
 
are communicated to researchers.
 

4. 
 Extension is b-ased on existing conditions (isrealistic for the aituation).
 

5. Extension is based on peoples interests and needs. 
it considers their
 
felt needs and their real needs.
 

6. Extension leads 
people to more fully understand their real needs and
 
opportunities.
 

7. Extension workers recogonite and use the knowledge which experience

has imparted to farmers. They learn trom farmers. 

8. Extension is usually most effective when it uses democratic processes. 

9. Extension is a two-way learning process between farmers and extension 
workers.
 

10. Extension workers who 
are skilled practl*-ally inmpire confidence in
 
farmers.
 

11. To gain the legitimacy which is needed to Influence farmer., 
extension
 
workers must learn 
the ways of the villagers and associate with them
 
as equals.
 

12. 
 Learning lasts longer and is better utilized by farmers when it emphasizes

"doing" as opposed to "Ihearing" and "seeing".
 

13. Extension 
is a process in which adoption of new practices often comes
slowly; requiring extension workers to make many contacts and provide
considerable evidence of the superiority of improved practices. 

14. Extension workers know where and how to obtain resources,technical advice,

administrative support, printed information, physicel inputs, management
support, organizational support. They are not so much a source of informa­
tior. as a conduit for information flow, both to and from farmers. 

15. Extension best convinces farmers 
of the superiority of recommended
 
practices by allowing 
thwn to see the results on their own land.
 

10. 
 Extension work is moat successful when extension workers start by winning
the confidence and support of leaders, thereafter working through thim 
and with them.
 

17. People participate bost when the) help plan the activities they are
eked to carry out. Thus farmers as well as leaders should be involved
in planning, implementation and evaluation of programs.
 

18. Extension work is most productive when it concentrate@ on a few important
problems/programs which have the beat potential for good results and 
high impact.
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19. 	 Extension work is most effective when several reinforcing and compli­
mentary activities are aimed at reaching an objective. 

20. 	 Reliable and effective Exztension Programs can only be developed
 
after a through job is done on collecting and analyzing relevant 
information obtainable from village leaders, farmers and agricultura­
lists.
 

A new Extension worker should strive for some quick visible results
 
after a new asaignment in order to establish early credibility with
 
farmers. Sunh pro.jects should be aimple-Ex-designing and building
 
a simple villagc grain storage facility.
 

22. 	 Extension workers must undzratand that farmers herie reasons for behaving
 
as they do, including reasons for not adopting new practices. They 
must learn what these reasons are and make use of them. 

23. 	 Village verification is necessary for many of the improve& practice 
recommendations coming from research stations. What works on v station 
may not work well in a village, or even if it works well, it vr 
not be acceptable for various reasons. Recomendations oftaa need 
modification to be acceptable in villages.
 
Extension work is: Teaching, advising, learning, leading, helping, 
organizing, planninn. supervising, training, evaluating, cooperating, 
expediting, fanilltating, complementing, managing, collecting, 
monitoring, diagonosing. It includes planting ideas which in time 
will take root in the minds of farmers. Most experts agree that 
enforcement is not a desirable role for an extension worker. 
Personal Characteristics Related to Extension Success:
 
- Resourcefulness, creativeness, innovativeness.
 
- Good common sense
 
- Proud of being an Extension Worker.
 
- Willingness to invest his/her life in the bettermernt of rural 

people through extension.
 
- Good listener.
 
- Willingness to learn from farmers.
 
- Confidence in own knowladge and skills.
 
- Intelligence
 
- Concientiousness
 
- Ability to organize self and activities.
 
- Willingness to prepare far in:advance.
 
- Ability to speak clearly and simply.
 
- Good stage presence (as a public speaker)
 
- Dresses neatly but simply.
 
- Understands and likes people.
 
- Understands and applies the principles of Extension.
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ACTIVITY T : lOW FARM PEOPLE ACCEPT NEW IDEAS
 

SUGGESTED TINE 2: Lours 

RATIONALE
 

Trainees who appreciate how adult learnerseural accept newinnovation will be better prepared'
to engage in information col­
lection and program planning activities in the village.
 

OBJECTIVES
 

Trainees will understand the significance of the adopti ) process
In adult education. 

CONTF11T
 

110tea on Uma Eirma P_.nULccv'.E=Ida 

This session usually requires about I ­ 1/2 hours to conduct. It

has stimulated rather lengthy discussions at the conclusion and
 
Is rated high by trainees.
 

One Instructor opens with a story 
to establish an idea:
 

There was an up and coming extension agent who had outstanding

success in 
getting farmers to his meetings with the exception of
 one holdout. He was old Joe. Joe had never attended a single one.

This bothered the ambitious extension agent to no end. One day he
thought; "I will drop by and 
see Joe today". Arriving at the
farm, the worker was faced with a completely rundown yard and
house. The 3gent explained that he wanted to have a talk with Joe
about his farm. Joe seemed agreeable and abked 5im what he wouldlike to see. The extension worker said "Let's have a look at yourcows". Joe replied' 'They rre right over there in sh-d.the Come
along and we will have a look". The cowshed looked even more
rundown than the house. A good puff of wind might easily haveflattened it, but Joe still used it. Standing at the stalls were
 
two very scrubb: looking cows and a bull shich had an ancestry of
several different breeds. Being the diplomat the young agent

said: "How much milk do you get from these two coys, Joe?" "Oh,about two quarts I guess, but it's enough for me". "You know",the agent said "if you would get rid of these two animals and buy

one good one, you could get six times as 
much milk and have ome
left over to feed a couple of pigs. And that bull 
there, you
don't need him at all. 
Farmers are 
using artificial insemination

these eays so a bull 
is not needed by every farmer. Besides that,
you get much better grade calves." "No," said Joe, "both my
father uind grandfather kept animals like them, they were good
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enough for him, so they are good enough for me".
 

The agent was.not about to give up at this point. Viewing the
 
maize field he saw a miserably poor stand. There was no
 
uniformity, the plants looked diseased and there was just about
 
everything a good farmer would not want in a maize field. "Joe", 
he sabld "Why don't you get some hybrid seed and grow a real crop 
of maize"? "Well", said Joe, "My father planted this kind of 
maize and my grandfather did before him, so it is good enough for 

nMe . 

A visit to the poultry coop and the pig pen resulted in the same
 
wall of rebistance. Finally, the extension worker wan ready to
 
call it a hopeless endeavor. He attempted to excuse 'himselfby
 
neftionihg an appointment he had to keep. Joe said "Hr. Ageht, 
yod have been kind enough to pay me a visit, the least I can do 
Is to have you ih for a cup of coffee". "O.K." said the agent,
'but I have only a few minutes". The hvuse inside was a real 
a5s. Dirty dishes were on the table end .na the sink. Joe had to 

wash out the oaffee pot and two cups bcfira he could make and 
serve the coffee. As a last effort the agett made one last try.
'Joe", he said, "Why don't you get married? A wife could tidy up 
the house and give you more time on the farm". eNoa said Joe, "my 
father never got married nor did my grandfather, and that's good
 
enough for me".
 

Although we have hot expereinced an uproar from trainees in most 
o ses, the point is well taken. When they are asked if there are 
any "old Joes" in their districti there is a unanimous "Yea".
 
There are Old Joes in every country. This story leads into the
 
talk on "DFarmE= P Acpt l Ideas. 

bD EarM E93,jj Acp 1Ce Idea 

Before an individual will adopt a new idea - whether it Is a new 
practice, or a new crop vari.i-y, or a new food dish, he goes 
through an evolution of five stages:
 

lvarentLz 	 This is his exposure to a new idea. Ho may see it,
 
or hear about 	it from friends, or on the radio, or
 
read about it in a magazine, newspaper or exten­
sion bulletin.
 

Interest 	 At some later time he relates the idea to his own
 
situation and becomes curious about itm
 
possiblities.
 

EValuation 	 Before he will try the new idea, he asks questions
 
of himself, of his neighbor, or of the agricul­
tural field man. What is the value of the new idea 
for me? How much will it cost in money, time and 
work? What are the risks involved? Have any of my 
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friends tried it? If the answers do not satisfy
him he may never go beyond this stage. If his 
curiosity persists he wfll go on to the next
 
stage.
 

Trial 	 He indicates his willingness to try the new idea
 
on a small scale. It may mean trying it on a very 
small part of his shamba, or on part of his herd, 
or by tasting just a little bit of a new food at a 
home demonstration. 

If the trial is satisfying, that is, if it pro­
m.!ses something better than he ha. had in the past
(in terms of 	 higher yield, or lower cost, or 
better quality, or less work, or some other type
of satisfaction) he will probably move to the 
final stage.
 

Adoption 	 At this stage the new idea is incorporated into 
the persons regular routine. H6 is also likely to 
try to sell the idea to others. 

The speed with which people move from the awareness stage to the
 
aduption stage varies from person to person and depends upon many

factors. Some people may have more exposure to the new ideas
 
through radio, newspaper and meetings. Some may be in a better
 
position economically to try something new. Some people are 
more
 
receptive or eager to try new things.
 

ority
 
vat~o 


Innovato Early a yte 

Kajority 16 =j 


---___ !_--_
 

L.apse of Time 

In general, the normal curve of adoption looks like this for
 
large groups of 'eople under average circumstances. The curve
 
shows approximate divisions of adoption groups. In small groups,
segments may merge and iL may be Impossible to identify clearly 
separate classes of adopters. 

The innovators are the small percentage of a grou; who are 
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willing and able to try something new. They should be sought out
 
by the agricultural instructor, and encouraged in the initial
 
stages.
 

These "pioneers" open the door for the subsequent adopters.

Innovators usually have one or more of the following
 
characteristics: more education, more widely traveled, 
more
 
contact with agricultural institotions and specialists, h!gher
 
social status in the community, wore access to the mass media,
 
belong to several organizations.
 

For every new idea there Is a time lag before it is adopted by

farmers. IL was at least 14 years before the idea of hybrid maize
 
was adopted in the United States. Soil testing for fertilizer
 
needs required 20 years. Many farmers have not adopted the idea
 
yet.
 

Extension workers are change agents. You work to change farmers
 
to adopt new ideas. This discussion is about How Farm People
 
Change. Two processes work to help bring about change:
 

1 ) Diffusion - The period during which the idea is being 
spread. 

2 ) Adoption - The period between the time people hearof 
the idea until they put it into practice.
 

Before people adopt a new idea they pass through a series of
 
stages.
 

The five stages can be nicely developed using an analogy. these 
are underlined on the board as It is developed. To explain these 
stages the story of a farmer will assist. 

A part-time farmer lived just outside a small village. He worked
 
several hours each day for a shopkeeper. Each day he traveled the
 
same route to and from work. One day he noticed his neighbor
 
giving his cow a bath. It seemed an unusual thing to do, but made 
no difference to him. Again on the next saturday the farmer was 
bathing the cow. Out of curiosity car farmer called out and asked 
the other farmer why he bathed the cow every saturday. The farmer 
explained that he was not bathing his animal, bit spraying for 
ticks. This was the first time that our man had been aware that 
cows are sprayed for ticks. He had now reached the first of five 
stages necessary for adop.ion of an idea - fifi . It was no 
concern of his that his neighbor sprayed his cow for ticks and he 
knew nothing else about it, but he was now aware that people 
spray their cattle. The picture changed when this man's daughter 
was married. As a bride price he received some good grade milk
 
cows. On the following saturday he again saw the farmer
 
spraying his cow. This time he stopped to talk. He enquired about
 
the cow, the ticks and the reason for spraying them. His neighbor

explained that ticks carry sickness that either kills cows or 
makes them so sick that they produce little milk. This 
information gave our man a start. "What if my cows get sick"? 
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'What if they should die"? These and many other questions ran
 
through his mind. He had now reached the decond stage of adopting 
- intereat. 

He was interested because it could seriously affect his wealth.
 

Aeturning from work that afternoon he stopped again to talk to
 
his neighbor. He had many questions to ask his neighbor. "How
 
much does the spray material cost"? "From where do I get it"? 
'What does the spray pump cost"? "How do you mix the material"?
 

He had noqw progressed prom the stage of awareness to that of 
valuatin. He was trying to make up his mind. During the 

oonversation his neighbor had offered to lend him the spray pump.
The farmer got the name of the spray material and decided to buy
it the next day. That afternoon he stopped again at his 
neighbor's house to borrow the pump. With the instructioe- for 
using it he set off home. As tired as he was from the long walk 
home, he was in no mood to wait any longer. Without any delay he 
mixed the spr'y as he had been instructed. He felt a 1it clumsy 
at first, but he did a rather thorough job of it. The farmer had 
now reached the next stage towards adoption - trial. Returniing
from work the next evening he walked oomewhat faster than usual. 
He had one thing in mind. "Had the spray killed the ticks"? He 
hurried to see the cowo. In looking at them, he noticed that 
almost every tick had dropped off. There were a few in some 
rather hidden places. He asked where he could get help and was 
told of the local agricultural instructor (often known as the 
extension agent in some countries). The next day he looked up the 
instructor who went with him to his farm. The Instructor gave him 
more complete information on how to spray the cowz. The next day
there was not a tick to be found on the aninals. He had now tried 
the skill. 

He knew he could do the job, but wondered how it would affect his 
animals. After several weeks of srraying, he was convinced that 
the animals looked better. They had increased their milk
 
production - enough in fact ;o more than pay for the cost of the 
materials. He concluded that it is not only important to spray,
but it is essential. When he received hie next pay, he bought a 
spray pump. When the agricultural inatructgor dropped in to check 
the results of the spraying, the farmer said: "I think this is a 
good idea of mine to start spraying my cows". When he saw other 
cattle owners after that, he would stop to discuss cattle 
problems with them. Somehow he would manage to bring u- the 
subject of the importance of spraying them for ticks, How he had 
reached the fifth itale known as adontion. He was completely sold 
on the idea and wanted to tell others about it. He had truly 
adopted the idea. 

This little story clearly points out the five stages of adoption&
 

1. awareness
 
2. interest
 
.3.evaluation
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FIVE WAYS TO SUCCEED IN EXTENSION WORK
 

There are many principles of extension which, when
 
applied, improve one's success in Extension work. In this
 
paper, the author discusses five approaches which he
 
believes may be especially important to successful
 
Extension work in Tanzania. If these approaches interest
 
you, discuss them with your supervisor. Hopefully, he will
 
support your trying them.
 

1. Make your usual approach to the farmer one of
 
learning from each other, one of shared reflection on
 
problems and of 3oint action to solve them, rather than one
 
of you (the informed) giving knowledge and advice to the
 
farmer (the ignorant). It simply is not true that farmers
 
are ignorant and extension workers well informed. In a
 
survey in Afghanistan a counterpart and I found farmers to
 
know many things that our college graduates did not know.
 
From centuries of tradition they knew when to plant each
 
crop and how much yield would be lost by delaying planting
 
2-4 or 6 weeks, they knew the good land from the bad, knew
 
the signs of a good rainy season and who to see to get
 
things done in the village, etc.
 

In Tanzania, Devies described several specific cases
 
where farmers rejected extension worker's recommendatio r
 
because the farmers realized that for their specific

situation, the broad approach by the Extension worker will
 
bring such errors to .zight,compromises can be reached,
 
both parties (people) will be smarter than before, and the
 
extension worker will be welcomed back. The farmer who is
 

Tutor in Extension and Coordinator of Studies, MATI
 
Mpwapwa. Formerly an Extension Supervisor working
 
with American Indians.
 

"Extension or Dialogue", a paper presented at the
 
National Conference for Agricultural Education, 1977;
 
and other papers.
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involved in analyzing his problems and in planning courses
 
of action will feel good and will have grown a little
 
personally, the importance of which will be discussed
 
later.
 

For emphasis, I repeat, the farmer is not an empty,

ignorant, inferior person. He is a proud man filled with
 
the knowledge begotten by a lifetime of experience.
 

Neither is the extension worker filled with unlimited
 
knowledge. As an extension agent myself, some years ago, I
 
was not able to offer sound advice for even half of the
 
farmers' problems and I had a fresh M.Sc. degree. As
 
extension workers, you do have important ideas to offer,
 
but, offer them at the right time in an atmosphere of
 
mutual respect and idea sharing. Through discussion and
 
questioning, lead the farmer in a critical examination of
 
his problems and their solutions. Listen to him and heed
 
his advise and his reasoning where he is experienced. Be a
 
good listener and a good learner yourself. We are all
 
ignorant in different ways.
 

2. Follow-up again and again to bring about changes
 
in peoples practices.
 

A new idea or a new practice is seldom accepted
 
or adopted (used) the first time a farmer hears about it.
 
People accept ideas and adopt new practices gradually, step

by step. Confidence must be developed in the idea or
 
practice and often, fears of bad results or social
 
pressures must be reduced. A new practice may at first
 
only gain a farmers attention; as it is heard again

(follow-up) his interest increases; if he 
sees the practice

demons-'ated (anothur follow-up) he may develop a desire to
 
try the practice; and after trying it (a trial) he may

become convinced and fully adopt the new practice. In this
 
often long-series of events, the farmer's interest and
 
confidence in the uew practice increases and his fears
 
decrease each time an extension worker talks with him,

demonstrates to him, takes him on a field trip, brings a
 
successful user of the new practice to talk with him and
 
his neighbours, etc. Follow-ups shouId cease only when a
 
farmer or group of farmers have fully accepted and mastered
 
a new practice. Even after they agree to try a new
 
practice, extension follow-up is necessary to ensure that
 
the practice is properly followed and will yield a good
 
result.
 

It is obvious that such a series of contacts between
 
an Extension worker and a group of farmers is possible only

if the extension worker lives and works in a relatively

limited area, preferably in one village. Other people in
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each village should be trained and motivated to make
 
follow-ups (Ex. C.C.M. workers), so that Extension work
 
goes on all the time with a maximum of manpower. This
 
brings us to the next point,,
 

3. A successful Extension worker works with and
 
through other people and organizations.
 

A first step for a new extension worker is to gain the
 
confidence and support of existing leaders, agencies and
 
organizations. Extension work is everyone's work. It
 
requires legitimacy and organization in order to gain the
 
attention of the masses, to lead them to new practices & to
 
harness their energies in community-wide Projects.
 

Once an idea or proposal affecting an entire community

has been thoroughly studied for its feasibility and it has
 
been approved or legitimized by the appropriate leaders, it
 
should be taken to the people for their information,
 
reaction and hopefully for their commitment to actively
 
support it. If the people support the idea, it is very

important that they participate in selecting the goals of
 
the project and in planning the action project designed to
 
solve their problem. Such involvement in planning makes
 
people more willing to work on the Project. It ensures
 
that planning oversights are not made and it develops the
 
people themselves.
 

Involvement in successful projects makes people feel
 
good about themselves, mo.Le wiling to tackle another
 
project, more confident of their ability to change their
 
situation. It promotes cooperative spirit, develops

leadership skills and group planning skills. Their
 
agricultural and livestock knowledge may increase through

the discussion of alternative solutions and their
 
consequences. They learn to help themselves and develop

the confidence to do so through democratic involvement.
 
People development through involvement is much of what
 
Extension work is all about.
 

4. Plan and Carryout "Programs of Work" rather than
 
just doing what people request of you day by day or doing

what pops into your mind day by day.
 

It is not efficient use of time to solve isolated
 
problems one by one nor is it effective in many cases.
 
Program Planning should normally start with discussions
 
with local leaders and organizations. They can express

their goals, their problems and needs while you can help

them to understand which of the agricultural and livestock
 
problems mught have the most potential for solution, and
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which projects muight have the most impact on the
 
community. Then jointly set some tentative priorities and
 
plans. The next ster- preferably will be that of involving
 
more people as already discussed.
 

From this approach, a few carefully selected and well
 
planned "Extension Programs" take shape. Each program

calls for many coordinated activities by the extension
 
workers, by leaders, by individual people and by

organizations, all aimed at achieving a single broad goal.

Suppose a goal selected is "To reduce the deaths of village

livestock due to tick-borne diseases, from 240 per year to
 
50 or less". Some of the necessary mctivities will include
 
getting financial assistance frm KILIMO, conducting a
 
public education campaign (meetings, farm visits, field
 
trips to villages new dipping, etc.) bullding a number of
 
dips, training dip attendants, and prou:urring dawa. Note
 
that this program has the potential for assisting all
 
villager and thus for providing an efficient use of the
 
Extension Worker's time. It requires many activities and
 
events for success, making careful step by step planning

and organization necessary. It requires the gooa -.ill and
 
participation of all people for success and thus the
 
involvement of many people in planning. Each step is a
 
follow-up to an earlier step, each reinforces the other and
 
moves individuals closer to adoption (dipping his
 
animals). The program is a package, an integrated whole.
 
It has, or can have, impact. It involves people, leading

to Personal growth and development. It engages the
 
energies of many people in extension work for maximum
 
impact.
 

Compare the type of Extension work just discussed with
 
that of a vety extension worker whose habit is to go where
 
he is called to treat sick animals. The number of people

he can help will be very few. As his visits to individual
 
herds may turn-up anything, he is often unprepared in
 
drugs, equipment and knowledge. Any educational effect he
 
has is limited and accidental. He is "helping people" not
 
"helping people to help themselves". The people are robbed
 
of an opportunity for personal growth and development, and
 
he must return to "help" year after year. the benefic is
 
that a few sick animals may get well and a few people will
 
gain respect for the extension worker. But how shall this
 
respect benefit him or the extension program? If he is
 
only asked to cure more sick animals, there is little
 
value, but if he uses it as a base from which to launch
 
major coordinated extension programs then let him start in
 
this manner. This leads us to the final point of the
 
paper.
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5. Stress prevention rather than cure
 

Preventative disease measures are comparatively easy
 
and inexpensive - they allow the mass handling of stock and
 
the participation of many people in a coordinated action
 
program. Curative measures comparatively are difficult,
 
inefficient, and costly. It would require an army of
 
advisory service staff to treat the nation's sick stock.
 
Maybe more important, it is not realistic to expect
 
certificate holders to be able to diagnose and cure sick
 
animals beyond first aid and common problems.
 

Further, it is this writer's opinion that in terms of
 
Tanzania's overall development, whether one or a hundred
 
separate sick animals live or die, matters little. The
 
food these dead animals don't eat becomes extra food for
 
other animals, or, the reduced feeding will lead to range
 
improvement.
 

I leave you with this rather strong (dogmatic)
 
statement in the hope that some of you readers will write
 
PS your ideas on the subject. We would like to have some
 
discussion in future issues.*
 

*In agroforestry terms; stress known and adapted
 
systems rather than new or introduced ones. Work with what
 
is known, and ae1apt to suit changing circumstances! (LEB)
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WHO IS BWANA SHAMBA?
 

The ideal BWANA SHAMBA is one who has:
 

1) These personal characteristics (somewhat trainable);
 

Is resourceful, creative, innovative,
 

Has good common sense,
 

Is proud and happy in his role as a Bwana Shamba,
 

Is willing to invest his life in the betterment of
 
rural people through extension,
 

Is a good listener,
 

Has confidence in his knowledge and skills but fully

recognizes its limits. One who recognizes and uses 
the

knowledge which experience has imparted to farmers,
 

Is willing to learn the ways of the villagers and to
 
associate with the. as equals,
 

2) This Extension knowledge and Understanding;
 

Realizes that his technical recommendations will likely

be judged and accepted more on the basis of whether he
 
is 
a trusted person than on whether he has a scientific
 
degree,
 

Understands that the extension 
role is a leadership

role in that the Bwana shamba must be actively involved
 
in the purposeful creation of change,
 

Feels responsible for the end result of programs and
 
projects even though village leaders and others are
 
very involved,
 

Understands that extension programs often fail because
 
people fail,
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Knows that the process by which people adopt 
new
 
practices is usually a slow one requiring 
many Bwana
 
shanba contacts and considerable evidence of
 
superl6rity of recomnended practices 
to Iring about
 
volunteerea -,ange of adoption,

Knows that I:e.ause there are usually many steps in the

adoption pr')cess and many resource inputs needed, that
 
mass adoption can only be brought about through a
"program" encompossing 
a series of reinforcing and
 
mutually supporting activities,
 

Can lead people to more fully understand their needs
 
and opportunities,
 

Knows that 
a leader whose authority or leadership is

threatened, even by the Bwana shamba being active on

his own, will become a bloker of extension efforts,
while a leader who views the Bwana shamba as a person

whose efforts can make him successful aill become a
 
supporter of extension efforts,
 

Knows tha appointed leaders are not always true leaders
 
of the people and knows 
how to deal with unrespected
 
leaders,
 

Realizes that 
his own effort will be forever modest

unless he multiplies them through the involvement of
 
others and quickly builds self-sufficiency in others,
 

Realizes that there is constant 
threat of developing

dependencies in his clients rather thun self
 
sufficiency,
 

Knows that he 
should strive for some qu'ck visible
 
results after a new assignment to establish ea.ly

credibility with farmers,
 

Knows that farmers are best convinced by seeing the
 
results of a recommended practice on their own shamba,
 

Knows how to conduct 

forceful 

a 
farm visit, gets 

good 
the 

demonstr
most out 

atio
of 

n, make 
a meeting, 

etc., 
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3) Competenci in Technical Fields;
 

Knows not only thQ basic principles of crops and 
livestock production but how the" relate to his 
country; which principles are being violated, where,
why, and how to improve the situation, 

Has mastered the essential agricultural skills to a

degree that he inspires confidence in farmers,
 

Can recognize agricultural potentials but Js cautious
 
to check out the validity of his assumptions and
 
observations,
 

Knows where and how to nbtain resources-technical
 
advice, administrative support, printed information,

physical inputs, ma .agement support, organizational
 
support,
 

Knows that the collection of voluminous information
 
must be the first step in planning programs and
 
recommending practices,
 

Has the necessary skills to conduct appropriate field
 
surveys and to build programs for the data,
 

Knows the Limitations of gen-ral recommendations and
 
knows that unsophisticated adaptive or verification
 
research is needed for each unique agro-ecological
 
area,
 

Knows how to conduct verification trialb.
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FIELD TRIP OBSERVATIJN GUIDELINES
 
(Prototype.. .adapt for each trip)
 

1. 	Project Personnel contacted during visit.
 

2. 	Project Objectives.
 

3. 	Describe the key activities and/or services of the project or
 
facility. (Research, Demonstration, ;irning, Production,
 
Distribution, Information)
 

4. 	 Describe the project or facility's relationship with the
 
farming community in the key activity areas discussed above.
 

5. 	What does the project consider to be its main achievements
 
and/or findings to date, especially as they relate to our
 
own project plans/activties?
 

6. 	What can we learn from the project thrt may help us in our
 
own project context?
 

7. 	 What cautions should we apply in interpreting or adopting
 
activitiesandor findings from the project visited, to our
 
prcu-ct situation? (What are key differences, and what do
 
they imply?)
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2. TIlE GROUP LEADER AS FACILITATOR
 

a) Introduction 

Group leadership approaches generally range from the dictator to 

the passive sleeper and somewhere in our own background we have 

probably experienced leaders or teachers who fit either extreme. 

We have also experienced leaders or teachers who we can call 

facilitators, and probably remember those most positively. 

The facilitator Is a group leader who encourages a group to be 

alive, active, productive and at the same time to feel good about 

itself and what It Is accomplishing. S/he makes a group session 

something to look forward to, rather 

one gain this skill? Some say It Is 

a few people can really possess the 

frequently that It simply takes some 

than to be avoided. How does 

a natural talent and that only 

skill. Yet, it has been shown 

knowledge on how to facilitate, 

some practice at working with groups, some exercises that encourage 

facilitation and probably most Importantly, the will and motivation 

to perform the facilitator's role In a group. 

The following section provides some suggestions on how to act as 

a facilitator. Subsequent sections provide sample exercises that 

encourage the use of participatory approaches. We hope that the 

reader will provide the essential final practice Ingredient by using 

some of the exercises and suggestions In working with groups In 

the future. 

b) The Facilitator 

A facilitator essentially has two major roles when working with 

a group. S/he thinks about­

- The content of the sessions the grcups' reasons for meeting 

and the results expected at the conclusion of the session, 

C.,,d 
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- The support or maintenance of the group: how it is interacting 

Io reach its goal. 

Content Management 

The group sets its objectives and interacts to reach them, The 
facilitator can help the group to do this in some of the following ways: 

- Identify clearly what the group's objeclives or reasons for meeting 
are: Statements of objectives should be clear, simple and should 
always be reachable by the group. In one village seminar, the 
group had the objective of developing a concrete action plan for 
a project by the time the seminar wns completed. By considering 
thi5 objective at the outset of the seminar, all of their activities 
during individual sessions could relate to this objective. By 
considering this objective as they interacted, they were able to 
develop their concrete action plan as they had set out to do. 
Other examples of objectives could be: "to practice new methods 
of communication", or to make a plan for our village LG 17 project, 
or "to select committee members for our village". We could not 
expect villagers or even extension staff to achieve the objective 
of determining whose picture should be seen on the Pula or' when 
the Gaborone Trade Fair should take place. The facilitator can 
help the group to develop objectives that are reasonable and 

reachable. 

Stay with the group objectives: The facilitator must always 
remember the objectives of the group and remember especially that 
these objectives belong to the group. They developed them. The 
responsibility of a facilitator is to keep these objectives in front 
of the group, and constantly and consistently encourage movement 
towards attaining the objectives. One way to achieve this is to 
simply write the group's objectives on newsprint or a chalkboard 
when the objectives are initially developed. These objectives are 
then to be literally "in front of the group" throughout the group 
session, and constantly referred to during discussions. This 
tangible reminder assists the facilitator and the group in working 
toward its objectives. SS 4-2 
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Bring out the varied Information, Ideas and opinions of all group 

members: When discussing a topic, it Is Important to bring out 
all of the Information necessary for clear understanding. When 
attempting to plan It Is important to bring out all the varied 
opinions. If a village group was plannina a vegetable garden, 
!hos e villagers who have experience with village gardens should 
be consulted; If a District Extension Team was planning a 
consultation, the schedules of earh member should be considered. 
The facilitator ensures that all participants ha -e been consulted 
both for Information and/or opinion on a given topic. Thlih w!de­
spread consultation often prevents complaints when a projvct Is 
'mplemented, or an action Is taken. 

Allow the group to discuss controversial topics openly: A facilitator 
does not want to encourage useless arguments, but s/he does want 
to encourage an atmosphere that permits open discussion of 
pinions. A group should be permitted to work but a controversy 

until a conclusion Is reached. What Is important to remember Is 
that all participants are equal and that every Idea, no matter 
how odd It may seem, should be given equal respect by the 
facilitator. If the facilitator Insults someone's Idea, no matter 
how antagonistic or ridiculous It may seem, the rest o the group 
will probably become afraid to speak, wondering whether his or 
her idea will resjlt In the same reaction 'from the facilitator. 
When an unrel:ed or extremely argumentative statement Is made, 
the facilitator could simply suggest that the statement may be 
taking the group away from Its objectives; point out once again 
to the objective and then ask someone In the group to take the 
group hack to the topic at hand. For example, the facilitator could 
say, "We all know that this topic Is extremely controversial, that 
we all have strong opinions about It; therefore, we must respect 
each others strong opinion, learn from It and eventually, as a 
group, come to some kind of consensus. Now, let us look at our 
objective once again. Who can add point that will help us toa 

get closer to it?" 
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Give equal time and respect to all group members: This point 

follows the previous one in that what is being encouraged is 

respect for every group member and respect for the ideas/opinions 

of every group member. Everyone's ideas should be given equal 

time and equal respect. This encourages active participation by 

all. Yet at times it is obvious that one member is leading the 

group away from the topic or that another member is developing 

a plan that is totally removed from the group's plan. The 

facilitator usually can see when the group is becoming annoyed 

with a member or frustrated with his or her diverse ideas or 

pressure to accept them. In this case the facilitator must again 

remember to respectfully respond to a person, as the uther group 

members will be observing this response and will eventually react 

to it themselves. In a situation like this, the facilitator can use 

the group for support. For example, "Now, Thabo seems to be 

emphasizing a particular point. Let's ask some other group 

members for their opinion, briefly, and see if in fact this idea 

is supported by others. We must again -remember our group 

objective when considering Thabo's point". 

Explain and clarify ideas to the group: Use examples frequently 

to further describe ideas. For example, the facilitator could say, 

"Your idea is really important' and it is supported by an experience 

I had in another district in the same area . . .", or "That is 

an excellent point. An example of that approach was developed 

i,. Kweneng with their VET and proved to be very successful." 

The group members can also be assisted in explaining what they 

mean by encouraging their own use of practical examples. "That 

is a very relevant idea. Do you know of any areas where it has 

been implemented?" "What you are advocating is interesting. 

Have you had experience in doing this yourself, or do you know 

someone with relevant experience?". Examples take the group from 

theory to the reality of daily life. They provide the concrete 

situations necessary to make a discussion believable and real to 

a group. 
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Summarise -ideas: This Is probably one of the most Important tasks
 
of a facilitator, to take all of the Information being given by a
 
group and provide a summary. This requires active listening and
 
active Involvement In all discussions. W;en summary
a Is
 
presented, It should always be presented to the group In a way
 
that encourages the group to ccmment on Its accuracy. For
 
example, "In my opinion, this 
 Is the summary of what we have
 
been saying. This Is my opinion, do you agree with me or do
 
you disagree?" "Would any group 
 member like to summarise the
 
Ideas of the group this far?" "What 
 are the group's Ideas on this
 
summary?" "This Is what 
 I hear being said . . . does the group
 
agree?" "Are all the points here In the 
 summary? What do we
 
need to add if anything? What do 
 we need to delete?" When the
 
group has developed Its summary, It Issbest to write It on news­
print, or on a chalkboard. 1See Section 5. (h) on Materials). 

Assist the group in Its own plan development: The role of the
 
facilitator Is NOT to Influence the content, not 
 to set the objec­
tives, not to develop the plan, but to assist 
 In achieving the
 
objectives of the group. 
 The facilitator must never offer his or
 
her opinions In a conclusive manner. S/he never
must say, "Well,
 
this sounds like the final decision, doesn't It?" 
 or "This certainly
 
is the best conclusion for us." 
 "We should certainly adopt this
 
Idea". 
 Rather, the facilitator again reviews the Ideas of the grop 
and re-offers them for concensus or conclusions. S/he says,
 
"These 
 seem to be the Ideas of the group. What do you think? 
Do you agree? Do you disagree?" 

In all cases the facilitator assists the group In reaching Its own 
conclusions, In planning activities the facilitator helps the group 
achieve Its objectives In group sessions, the facilitator helps the 
group develop It's own Ideas, theories and Information& The 
facilitator Is the group's guide to decision making - never the 
final decision maker. 

Encourage the group to develop Its own theories and answers: 
The facilitator does not have all of the answers. His or her role 
Is to encourage active participation In problem-solving thinking 
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by the group. The facilitator should therefore never present all 
of the information necessary either for problem solving or content 

development, but should consistently encourage group development 

of ideas. All members of the group come with knowledge and 
experience and this should be respected. The process is similar 

to constructing a building. The Ideas and knowledge of the 

members are the blocks and mortar that must be joined to develop, 

to build the final product. We can visualise in our minds what 
the final building will look like, we can even draw plans (set 
objectives), but the actual construction process must take place 
before one can move into the building. Now sometimes some of the 
materials are not good, they are flawed. Then the builder must 
carefully replace these with new materials so that the end product 
will be the safest and strongest. It is the same in a group. 
Sometimes in the development of ideas or theories, opinions or 
knowledge that is flawed is given by a group member. In cases 
like this the facilitator can often ask the group for assistance 

in improving an idea or correcting information, e.g. "What does 

the group think about this information. Is it correct?" "What 

about this idea?" "Will it help us to achieve our objective?" 
In the end the facilitator works with the group to develop and 

build its own theory or programme. 
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A FACILITATOR
 

Identifies the group's objectives
 

Stays with the group's objectives
 

Brings out varied Information, Ideas and opinions
 

Allows the group to discuss controversial topics
 

Gives equal lime and respect to all group members
 

Fxplalns and clarifies Ideas 

Summarlses Ideas 

Assists the group In plan development 

Encourages the group to develop Its own theories and answers 
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-- , P- ­

the energy of the group Ia r I&ktd to the actIone of the Fac|1tator.
 
If the Facilitator is lively, the group ae-bers stay Involved and
 
active.
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In addition to assisting with content development, the facilitator has 
the major responsibility of helping the group to achieve its objectives 
In a democratic participatory manner. Some important support tasks 

for a facilitator include: 

Be lively and energetic: The energy of the group is directly 
related to tthe actions of the facilitator. If the facilitator is 
lively, talking with the group, drawing out ideas, walking around 

the room when necessary, reacting openly to comments, the group 
stays involved and active. A group leader who sits buhind a desk 
passively reading or barely communicating will probably put a 
group to sleep. At the same time, this does not mean that a leader 
should be so active that s/he does not allow the group to 
participate. The energy should be put into encouraging 

participation. 

Develop a climate of trust: A facilitator Is friendly, open and 
always respects the ideas of every group member. Support and 
encouragement of one group member encourages others to 
participate. Building on the contribution of one member in a 
positive way enables other members to feel interested i., 

contributing. The facilitator can say, "Now that was a good idea. 
Can anyone add specifically to that?" or "That seems to be very 

important. Do other members want to add something?" 

Develop group procedures: A facilitatr Is never a passive
 
leader, but someone assisting the group in reaching its goal.
 
This means that at times the facilitator will need to set time limits
 

for discussion, to give direction, to consult the group for methods,
 
to encourage all to participate, or to develop small group
 

activities that encourage active participation by all.
 

Work with group tension: Very often controversial topics result
 
in group tension. The facilitator relieves this tension by making
 
the group aware that such tension in fact does exist and could
 
lead to productive conclusions. By putting a problem in a wider
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context, and by reminding the group that the goal Is to reach 
productive conclusions, not to Oet stuck in internal arguing, the 

tension could have a good result. Very often a facilitator can 
help relieve unnecessary tension by restating ar'7,jmentative 

comments in less threatening ways: S/he could say, "I think the 

p.oint Esther was making primarily deals with . . ."; "if we 

concentrate on this issue of . . ."; "let's try to look more 

!:'osely at this specific point from your statement . . . 

Developing conclusions: It is very different to say "We all agree 

now, don't we?" than to say, "Does everyone agree with this 

statement, conclusion?" The second question allows the participants 

to answer" as they feel. The first question usually leads to much 

head nodding and little real consent. 

Eye contact: A facilitator looks directly at the person s/he is 

talking with and listens actively to each participant as s/he 

speaks. A group member is always very aware of whether or not 
a leader is listening and feels little reason to participate if the 

facilitator is not paying attention actively. 

Encouraging participation by all: This can be done In several 

ways. One good way Is to have large groups break into small 

groups in circles. This allows the quiet ones to participate without 

the threatening experience of speaking In front of a large group. 

This also ensures the development of various group opinions and 

the sharing of much more Information. Another way Is to be 

constantly aware of who Is and is not particlpatlng and tc, ask 

the quiet ones for their opinions: For example, "Thabo, we haven't 

heard your Ideas yet. Do you have anything to add?" At the 

same time this means asking the very active participants to give 

the quiet ones a chance to talk. For exampie, "We h43ve heard 

many good ideas from you Chedza. Maybe some of the other group 
members would like to comment on these" or, "You have provided 

us with good Insights. Do you agree, Lesedi?" At all times the 

facilitator must remember that membel-s need to be encouraged to 
participate and even the very active participants need to be 

quietened In a respectful way so that they will not stop. 
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* S 

I -­

Be;ng conscious of group feelinq: Are participants getting bored 
with a topic or are they too tired to proceed? Generally, if the 
facilitator is getting bored or tired, the group probably feels the 
same. Express this to the group; ask them for ideas on how a 
session could move along; change the topic if necessary or postpone 
the discussion to a time when members are more likely to be active. 
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DISCUSSION QUEST IONS 

1. 	 Should a facilitator roncontrate more on con ent ki.e. reaching 

objectives) or support (i.e. encouraging a good discussion 

atmosphere) 

2. 	 What are some things a good facilitator can do to pr.opare 

for a session? 

in ensure the group reaches its objectives?
 

To ensure the group is active and productive?
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Use Audiovisual Aids* 

Roughly, a person remembers 10% of what he has heard, 
50% of what he has seen, and 90% of what he has heard, seen, 
and done.' This means that if all we do is talk, we are wasting 
900% of our time. Worid Neighbors personnel frequently 
remind people: "What I heard. I forgot. What I sai, I 
remember. But what I did. I can do!" Audiovisual aids hzve 
proven thems.lves effective to entertain, to stimulate people's 
interest, and to make ideas more concrete. They help explain, 
illustrate, and communicate information and ideas. They are 
particularly useful for preparing people to learn and for 
reviewing materia! already taught. Virtually no clase should 
ever be given without the use of visual aids. 

Audiovisual aids are nat, however, a su.,tittte for 
competent, well-informed, and enthusiastic teachers. Theyare 
marvelous tools, btit, like a shovel, they can do nothing if a 
person does not know how to handle them. 

When we think of audiovisual aids, we should not think 
only of movies and filmstrips. Audiovisual aids also include 
demonstrations, sociodramas, puppets, flipcharts, 
flannelgraphs, and any other object or action that illustrates 
the point at hand. Probably the most effective motivational 
visual I ever saw was one used by a villager extensionist to 
promote a new bean variety. He had a single dried and 
varnished bean plant taken from his own field with over eighty 
pods and five to six beans in each pod. 

The same criteria can be used for judging the 
appropriateness of an audiovisual aid as for that of an 
agricultural technology: it should be simple, effective, 
inexpensive, easy to operate, and, most important, easy for 
villagers to continue making after the program is terminated. 
Chart No. 6 can be used in selecting the audiovisual aids most 
appropriate for any given situation. In addition to those listed, 
we should also consider the area's traditional media 
puppets, songs, games, drama, dance, town criers, etc. Nor 
should we use only one audiovisual aid at a time. The most 

*for a discussion of au~diovisual aids and their use, seeWorld Neighbors in 
.4tio', Vol. 4. Nos IE and 4t: on -Nonprojected Aids"and "Projected Aids."These 
nesletters can be ordered lrom World Neighbors. 
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CHART NO. 6. Selecting the Tool You Need 

VISUAL AID ADVANTAGES 

Chalkboard Inexpensive, can be 
homemade, easily 

Audience size: 	maintained, minimum 
5-30 people 	 preparation. Enables 

audience participation.
Easy to continue using
after program ends. 

DISADVANTAGES 

Limited to the user's 
artistic ability. 

Flannelboard Inexpensive, easily made Requires considerable 
with rough cloth or a 

Audience size: blanket, glue, sand, and 
8-25 people 

o 

'P 

,b Flip charts 

Audience size: 
8-30 people 

Flash cards 

Audience size: transport. Good way to 
5-15 people give information in 

sequence to small 
groups. 

paper. Difficult drawing 
could be drawn by an 
artist and duplicated, 
Ideal for showing 
sequence of events and 
reviewing lesson, 
as figures can be 
brought back on the 
board. Often humorous. 

Inexpensive, can be 
homemade. Good way 
to give information in 
sequence because they 
are bound, illustrations 
stay in sequence and 
help the exte61sionist 
remember the order 
of ideas in 
his class. 

Inexpensive, can be 
homemade, very easy to 

advanced preparation. 
Cannot be used out of 
doors if there is any wind. 
Some artistic ability is 
required if making 
homemade figures. Easy 
to get figures
out of sequence. 

Deteriorate with constant 
use. Some artistic 
ability required if 
making homemade 
flip charts. 

Deteriorate with constant 
use. Some artistic ability 
required if making 
homemade flash cards,
Easy to get out of 
sequence. Limited to 
small groups. 

Demonsiration Excellent way to use Takes a lot of planning Co 
materials in a real and preparation, and 

Audience size: situation. Uses local perhaps transportation
1-30 people muterials. Easy to cf students to 

understand by people demonstration site. Most 
not accustomed to demonstrations can onlylooking at illustrations, be done during the 
Good way to get daylight hours. W
 
audience participation.
 
Is impressive,
 
convincing to the 

skeptical. Replication after 
program ends is easy. 

Sociodrama No transport oroblem. Is 
graphic. Shows motion 

Audience size: and therefore can 
15-40 people explain step-by-step 

sequences. Draws 
audience's attention. No 
equipment needed. High 
audience participation.
Often huimorous. 
Replication after program 
ends is easy. 

Slides Dramatic, less expensive
than cinema film, 

Audience size: 
10-30 people 

excellent way to bring 
distant things to 
audience and to show 
time sequence. Battery-
operated projectors 
available. Local slides 
easily made. 

Filmstrips Dramatic, less expensive
than cinema film and 

Audience size: slides. Once inserted 
10-30 people correctly in projector, 

impossible to get out 
of sequence. Can show 
photos of the real thing 
and shows sequence in 
time. Battery-oporated 
projectors available, 
Relatively easy to 
transport. 

Requires good advanced M
 
preparation. Some people
 
cannot do sociodramas.
 

CY) 

Easy to damage, easy to 
get out of sequence and 
project upside down or 
sideways. Requires 
projection equipment,
electricity or 
batteries and a camera 
to make slides. Used 
only at night or in a 
darkened projection area. 

Requires projection
equioment, can be 
damaged, requires either 
electricity or 
batteries. (Sometimes
batteries are expensive.) 
Limited appropriate 
filmstrips availcble. Used 
only at night or in a 
darkened projection area. 
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Fiim Dramatic and gets the Requires expensive 
audience's attention, equipment, electricity. 

Audience size: Shows motion and Difficult to 
25-100 people therefore helps explain transport and operate. 

step-by-step and time Very easily damaged. 
sequence very well. Attracts too many people. 

Beware of people going for 
entertainment only. No 
possibility of replication 
after program ends. 
Limited appropriate 
movies available. 
Allows no dialogue. 
Used only at night 
or in darkened area. 

Radio Covers large area and Too expensive, creates 
many people. Good for dependency on outsiders. 

Audience size: testimonials. Only good for simple
1,000's message. No personal 

contact. No discussion. 
No participation. Use 
after program end9 
very difficult. 

effective teachers will, for example, use a flipchart. a 
chalkboard, and a walk through a successful field all in the 
same class. 

The content of audiovisual aids should also be appropriate 
to the local setting. Those used repeatedly should be field­
tested with villagers who will provide candid feedback about 
tile aid. 
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1I1E DISCUSSION METIOD 

Characteristics
 

The discussion method involves one, or often more, carefully planned
 
meetings in which students pool ideas in order to solve collective or in­
dividual problems. The instructor does not present theory, principles,
 
doctrine or ways of handling pr-blems. Rather, the proud is presented
 
with a topic or a problem and members dra" upontheir own experience and
 
opinions for possible wavs of handling it. Therefore, if the method is
 
to be used successfully, groun members must have a background of experience
 
or information pertinentto the topic or problem. In discission, the ins­
tructor encourages students to interact with each other. The instructor
 
does not supply answers or information, but helps the group to define pro­
blems and develop solutions by guiding the discussion. Ideas and solutions
 
evolve from the experience and thinking of group members and not the
 
leader.
 

Discussion is otten confused with recitation. Recitation is a se­
quence of "rapid-fire" questioning which the instructor initiates and
 
controls. In discussion, the instructor is a moderator and does not con­
trol each interaction. Recitation also focusa. on students' recall and
 
reciting of subject matter content. In contr.ist, discussion tends to fo­
cus on higher co nitive objetives.
 

When to use
 

The best opportunitic7 to u:.e discussion are when:
 

-The group size is from 7-25 people
 
-The students already have been introduced to the theme and have a
 
strong background on the subject to be discussed.
 

Merits
 

The discussion method is effective in:
 

-Utilizing the resources of group members
 
-stimulating critical thinking
 
-assisting students in formulating and becoming aware of problems
 
-developing.motivation for further learning
 
-allowing students to apply previously-learned principles
 
-providing students with the o-portunitv to express their ideas and
 
explore their own and the others' belief.
 
-giving instructor feedback on how well objectives are being met.
 
-helping students analyze and evaluate opinions
 
-helping students articulate their views
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Limitations 

A]thounh the discussion methnd in remarkablv versatile and effective,
it has a few limitations which cause instructors to be reluctant to use it:
 

-many students clam up when invited to participate in a discussion.
 
Some participants feel unable to say what they mean and are afraid
 
of being wrong if they contribute. Others are intimidated by the
 
dominant participants.
 

-the discussion moves slowly and is easily sidetracked.
 

-When different discussion groups are formed, large and embarrassing

differences may result when groups are requested to present their
 
findins.
 

Effective discussion techniques
 

Seating Arrangement. The traditional classroom seating arrangement

students in rows facing the instructor- severelyrestricts participation

in a discussion. A circular arrangement, where instructor and students
 
can see each other, in mirich more ePfoctive. Mlembers of the group are mo­
re likelv to interact with other members of the group if they 
can see as
 
well as hear the others. The instructors should sit in the circle same
 
as the students.
 

Initiating the discussion. There are several techniques for starting

a disc117zinr1 fn opn-eni,T--uestion, carefully phrased, is 
more likely
to elicit resnonses than -re qrrtrnc of fact. Questions which have no

"right" or "wrong" answers are often successful cues to initiate discus­
sion. Presenting a common experience often puts people at ease, an im­
portant consideration for group interaction. 
 Role-playing, case studies,
 
and audio-visuals prnvide a commcn experierce to draw from.
 

Let's look at 
an example of initiating a discussion. We'll assume 
that the discussinn follows a brief lecture on the applicability of agro­
forestry systems and that the course participants have already had con­
siderable exposure to arroforestrV systems and monocultures. 

"After hearing about the applicabilityt of' aeroforestrv systems, let's
 
now discuss the advantages and disadvantages of aproforestry systems 
as
 
compared with monocultures of the same crops or pastures. 
 It will not be
 
easy to compare the systems since often the monocultures have no parallel

in agroforestry or vice versa; or if they exist, they may not be found
 
side by side under comparable conditions. Such comparison is also com­
plicated by various short and long term economic projections and by the
 
appraisal of social and cultural factors. 
 Scientific data are still
 
scarce to evaluate many agroforestry practices. But based on our own
 
experiences let's discuss amongst ourselves the advantages and disadvanta­
ges of the biological, economical, and social aspects of a well known
 
agroforestrv practice such as...., when compared to monocultures of the
 
crop component. Let's start with the biological aspects. What are some
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biological advantages of agroforestry systems?". 
 The ideas and contri­
butions of the participants are then transcribed in telegram style on the

blackboard or on sheets of paper with marking pencils, that can if neces­
sary be pegged against the wall for 7uture consultation.
 

Stimulating Participarinn. Hany students are reticent during discus­
sion.- During these situations, the instructor must create an 
expectation

of participation and develop positive attitudes regarding the values of

participation. Positive reinforcement or encouragement in the form of a

nod, a smile, or an acknowledgement, may help allay some fear. 
The ins­
tructor must exercise a high degree of support of students when their

ideas are incongruent and must hip them formulate more appropriate res­
ponses. The instructor's failure to be supportive and helpful when inac­
curate or inappropriate ideas are offered might cause students to alienate

themselves and reduce or eliminate their participation. Differences of

opinions, for instance: 
 "should a certain factor be included or not",
 
may result and may be favored.., to a point. Such discussions should not
degenerate or consume too much time. 
 A concluding statement to stop a
 
futile discussion may be in order.
 

Keeping the Discussion on Track. 
 Too often discussion are sidetrac­k:ed to different themes. 
 It is the .esponsibility of the instructor to

keep the discussion focused. 
The issue should be clearly stated at the
 
beginning of the discussion, and during key points within the discussion.
 
Students' contributions should be monitored to relate each ncw bit of in­
formation to the whole problem while, at the same 
time, helping the class
 
to discard those ideas which are irrelevant or inaccurate.
 

Maintainingr impartiality. One tendency to guard against is exposing

the instructor's personal opinion on the subject prematurely; he should

avoid performing too much of the analysis. 
 When students ask any questions

the should be directed back to the group. The purpose is of course to

formulate questions and probe the responses of students, not to verify the
 
instructor's authority by giving the "final word" on each issue.
 

Analysing the problem. The first consideration in making the analy­
sis is to detine the terms and limits of the problem. Then, the class
 
members can begin to identify each of the issues connected with the pvo

blem. Discussion should elucidite each of these factors. 
 It is impera­
tive that the basic assumptions which are associated with each considera­
tion be identified and their validity checked. 
Our example of agrofores­
try vs. monoculture is a good illustration: The terms and limits of the
problem are established at the begining. 
Then class members begin to

identify each issue (advantages and disadvantages) and elaborate on the
 
issue. 
 When possible, the students and instructor can validate their
 
assumptions through personal experiences or research, or cite literature.
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Reaching a consensus. Because it is sometimes desirable to reach a
 
consensus, at is necessary that criteria for making judgements be evolved
 
in the discussion process before conclusions are reached. Frequently, a
 
decision cannot be reached by the group because the advantages and dis­
advantages weight evenly against one another. In order to avoid this, it
 
may be useful to establish criteria in terms of priority. Then the solu­
tion which best satisfies prior criteria can be selected with less dif­
ficulty.
 

References: 3, 4, 7, 8, 9, 11
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GROUP EXERCISE METHOD
 

Characteristics
 

In this method, real or hypothetical problems are assigned to small
 
groups of students who work together toward a single, final group product.

This method stresses joint effort and collective decision making in group

problem solving and research. Problems that are assigned may be completed

in one class session or 
in several days. The groups are normally required

to make a presentation of their findings. This requires that they partici­
pate actively and strive to do a good job. 
 The method is used to parallel
 
or to illustrate ongoing instruction. At CATIE, this method has been suc­
cessfully used in 
a series of activities involving either discussions of
 
the same theme by different groups (allowing comparisons and lively dis­
cussions) or division of the general theme in supplementary subthemes that
 
allow a broad and comprehensivo coverage (see "suggested uses" further
 
below).
 

When to Use it 

The group exercise method works best when there is ample time and the
 
main group is large enough (more than 20) to be subdivided. It should on­
ly be used when participants already have some experience or knowledge of
 
the theme. It can be used with three purposes: 1) to train groups of
 
individuals who must work together on a daily basis, 2) 
to train students
 
to solve problems relevant to a Darticular content area, and 3) to expose

students to information and information sources.
 

Merits
 

The major strenght of this method is that it gives 
course partitipants
 
an opportunity to work together on a meaningful problem. 
 It is a highly

active learning environment requiring direct involvement of course parti­
cipants. The method invites students to participate in environment
.n 


where they feel free and confident.
 

The participants contribute their own experiences and learn from
 
each other. Some members of the group stimulate others to think and pro­
duce a chain reaction of thoughts. Participants learn to work toward a
 
common goal and look for solutions by themselves. Their learnings, there­
fore, become more valuable than information merely told to them.
 

Finally, group exercises are quite effective in motivating students
 
and raising their interest levels.
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Limitations
 

oroup exercises normally requiere an extensive time commitment. Much
 
o this time may be devoted to group organization. Also, the value of
 
the learning process is determined, to a very large extent, by the nature
 
and quality of the problem and by the way in which the group organizes it­
?cl 	 and the way it functions. Furthermore, the instructor plays a rela­
tively limited role in the process -nroviding only organizational and di­
rectional assiscance- and has only indirect control over the learning en­
vironment. This makes it far from easy to ensure that the important
 
points of the exc-,cise are being absorbed hy all the participants. More­
over some participants may assume a particularly dominant role opaquing
 
other more timid members of the group.
 

Techniques for Using the Group Exercise Method
 

Selection of theme. Consider these factors before selecting a theme:
 

1) 	 Is the themne relevant to the needs of the participants? The learn ng
 
process will be enhianced if the theme is related to the participants'
 
daily working conditions.
 

2) 	 Is it feasible? Will the group be able to reach a conclusion within
 
the set time?
 

3) 	 Does the group have all the necessary information or can it be easi­
ly obtained?
 

4) 	 Will the theme kee-. all the members of the group occupied? 

Orientation of Group. It is of extreme importance to state the objecti­
ves of the exercise carefully and delineate thn theme. Offer suggestions
 
to structure the group's time. It should be made very clear what the ex­
pectations for their presentation to the class are. A one or two page handout
 
which states this information should be given to students (see example at
 
the end of this chapter).
 

Division of nroups. Our dxnerience at CATIE shows that rather than
 
allowing particioaitsto break into groups that they select, the course
 
organizers should themselves form the groups. After carefully studying

the list of participants, divide them into groups with an equall share of
 
different exDeriences and disciplines, i.e. foresters are mixed with
 
agriculturalists, and technicians with many years of experience with no­
cives -the latter are ':.plicftly requested to participate actively, regard­
less of their "green" condition. rive to seven people seem to be the op­
timal size for small groups.
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Consolidation of Groups. After the groups have had sufficient time
 
to discuss the issue, they should be called back to the classroom to the
 
to present their findings.
 

Procedure for Using Group Exercises
 

1) 	 Introduce the method, describe objetives, expectations for presen­
tations (time limits, required visual format, etc.), and procedures
 
for its implementation.
 

2) 	 Assign students to groups.
 

3) 	 Assign a problem or topic to each group. If comprehensive coverage
 
of a theme is desired, assign a different problem to each group. If
 
the focus is upon problem-solving skills and quality of group results,
 
assign the same problem to all groups to facitate later comparisons.
 

4) 	 Hand out information sources and written guidelines.
 

5) 	 Assign groups to work areas.
 

6) 	 Alert each group before end of work period (this may be done twice
 
at reasonable intervals).
 

7) 	 Recall groups and reassemble class.
 

8) 	 Collect group reports, if written, or require the group's recorder
 
to briefly summarize his group's work.
 

9) As instructor lead class discussion of findings and of problems en­
countered during group deliberations.
 

Note: Some flexibility may be necessary in certain cases, particularly
 
concerning the time allowed for each group during discussion. A
 
coffee break between group discussion and reassembling Into room
 
may be handly to allow some groups a few more minutes to finish.
 

Use of the Group Exercise Method in Agroforestry
 

The group exercise method can be used to:
 

-Discuss terminology, clai;sification and concepts of agrcforestry.
 
-Analyze case studies of agroforestry projects.
 
-Discuss advantages and drawbacks of selected techniques (as compared
 
with alternative land use schemes).
 
-Divide general theme in subthemes to bring out a comprehensive pic­
ture (for instance to discuss the a) biological, b) social, and c)
 
economic features of certain agroforestry practices).
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-Develop project work nlans.
 
-Discuss proposals for experimental design.

-Develop criteria for planning and evaluating agrofbrestry projects.
 

An example of a well-written guide for a group exercise is presented

here. 
 Note that the guide clearly indicates the following points:
 

.Relation of exercise to course
 

.Value of exercise
 

.Structure of groups
 

.Expectations for presentations
 

.Outline for plan preparation.
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ROLE PIAYING
 

Characteristics
 

Role playing is a method of portraying human interaction in situations,
 
in such a manner that realistic behavior is elicited. A situation is pre­
sented to the group and some members are asked to assume roles and to enact
 
the situation toward some resolution. Other students observe the behavior
 
of the actors. The scene may be carried to a resolution or the instructor
 
nay stop at some critical point in the action. Following the scene, obser­
vations of the audience, as well as thoughts and feelings of the actors,
 
are reported and discussed by the group. In this way, faulty diagnoses
 
and actions can be identified. Alternative ways of handling the situation
 
may be tried by replaying the scene. Role playing is an exceptionally
 
flexible method which can be used for a variety of purposes under many dif­
ferent conditions.
 

Uses
 

The objectIve of role playing is to give the participants insights
 
into 'Lumanrelationships and problems, which, when they return to their
 
normal lives, will be reflected in their behavior. It offers an oppor­
tunity to experience behavior from a point of view that they might not
 
otherwise experience. It is a technique designed to change attitudes and
 
influence behavior rather than to communicate ideas by concepts. Role
 
playing may be used to:
 

-Provide insights on why individual3, organizations and natiors
 
behave as ty do.
 

-Provide experience in diagnosing interpersonal behavior.
 

-Test different alternative strategies for managing a situation and
 
provide a manner to improve methods and techniques used in inter­
personal relations.
 

-Learn what behavior is effective in dealing with other people.
 

Merits
 

The principal benefits of role playing derive from its highly parti­
cipative nature.
 

-It allows individuals to practice different roles and experience
 
different behavior without the risks normally inherent in real life.
 
Mistakes can be tolerated.
 

-It enables individuals to react to conflict or stress situations
 
without the fear that their act:ions may have adverse results.
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-Role playing puts students in the shoes of others which permits in­
dividuals to guess how others will behave in different situations
 
and to appreciate and understand their point of view.
 

-It provides the group wi-h a common experience to base discussion.
 
In most discussions, much time is lost when students speak and think
 
of their ;wn experieiice. After participating in role playing, stu­
dents can focus their comments on what occurred in the dramatization.
 

-Finally, role playirg is fun. It is a pleasant yet educational
 
break from the routine classroom activities.
 

Limitations
 

There are several criticisms of the technique. Some observers feel 
that It is often too artificial, resulting in little transfer of behavior 
change to real situations and that the very theatricality that makes it 
engrossing for participants may lead them to forget the problem with 
which they are dealing. Others conider the technique to be too timecon­
suming. They argue that role playing can onl, focus on a relatively l!m­
ited number of issues and thus students have a tendency to find it boring. 

Conducting a role-playing demonstration
 

Although role playing i:soften most effective when it occurs spon­
taneously, the following steps should be followed:
 

1) Select a situation that relates well to the interest, needs, ex­
perience and knowledge of the participants. The more relevant the situa­
tion is to the participants , the more they will learn. 

2) Describe the objectives of the activity, the reason for using 
role playing to attain the objectives, the situation and the roles of 
each character. If you are using role playing for the first time in the 
course you should carefully describe it. As an example of an introduction 
to a spontaneous or impromptu dramatization you could say: "In our dis­
cussion this morning, we talked about the various socio-cultural aspects 
of dealing with small farmers ;n the implementation of agroforesti:' al­
ternatives. We suggested a number of techniques to overcome these socio­
cultural barriers. Nevertheless, we often, learn something and forget it 
before applying it. Therefore in order to complete our discussion on this 
theme we are goinr to practice some of these techniques so that you can 
apply them better. Rather than goin out to the field and talking to 
farmers we are going to simulate the action here in the classroom in a 
dramatization. In this way we can test our new strategies without the 
fear of saying something wrong as well as analyze the behavior of both 
the agroforester aind the farmer. It will also illustrate some common pro­
blems encountered in dealing with small farmers which we will discuss 
afterward. Let's see what happens in this scene. 
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Mr. Ted Poroski, an aigrolorester from an -igricultural center, has come
 
to the farm of Mr. Manuel Trist5n, to discuss the poosibility of introducing
 
leguminous trees in his pasture. Although Mr. Poroski has data that clear­
ly shows better profit margin by using leguminous trees, Mr. Tristan is
 
extremely reluctant based on his lack of faith in experiments and on the
 
fact that he has always raised cattle with good results without leguminous
 
tre s.
 

Let's have two volunteers to play the roles of Mr. Poroski and Mr.
 
Trist5n. Act and say what comes naturally to you and the rest of us will
 
observe. And remember the objective of this dramatization is to gain new
 
.nsights, so plecse, do r-.t feel hesitant to 4:ry new techniques. 

Another scenario could be a coffee farmer and a fertilizer salesman.
 
The latter will of course convince the farmer to buy fertilizers for the
 
coffee although the f rmer t-ies to convince the salesman that his shade
 
trees which he prunes regularly ca;ery six months, have kept up productivi­
ty over many years.
 

3) Choose your actors with caution. Different organizations have
 
had different experiences in tr:rms of composition of the role-playing
 
groups. Some have found that bringing together people of different levels
 
in an organization, (i. e. a heterogeneous group) tends to reduce the ef­
fectiviness of role playing. On the other hand, this could be an effec­
tive way of sensitizing both levels to the problems of the other. Role
 
playing is probably most effective when individuals of a similar level, 
but from different organizations are brought together, since it enables 
them to see how other individuals and departments tackle the sort of pro­
blems with which - ia-.xilv ev 

Many students who are normally s..y will feel hesitant or reluctant
 
to participate. Rather than forcing these students into an uncomfortable
 
situation, it is preferable to use volunteers.
 

4.) In dramatizations which are less spontaneous, give participants
 
10-15 minutes to prepare their act. Prepare cards which detail the role
 
of each character and give them to -,he actors.
 

5) While the actors a'e prc.pnring the d-rmatization invite the au­
dience to participate by asking them to select a character and study it
 
to vee if they are in agreement with the interpretation of the role. You
 
can assign a particular detail to each observer.
 

6) Commence the dramatization.
 

7) Continue the action until the different characters have had an
 
adequate opportunity to develop their role. Normally you will have to
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cut the action before it drags on.
 

8) Follow the dramatization with a discussion and analysis of what
 
occurred. It is generally better to allow the actors to discuss the si­
tuation before the audience. Some possible questions for discussion would
 
be:
 

-Did the actors play within their roles? In what other way could
 

they have interpreted their roles?
 

Did they miss some classic points or arguments?
 

-Why did ce'-tain characters behave as they did?
 

-How did the actors feel when reacting to the situation?
 

-How would the audience feel in such a situation?
 

-What principles of human relations can be deducted from the conduct
 
that was observed?
 

-!'hich of the alternative methods demonstrated worked best? Why?
 

-Did underisable responses occur and why?
 

-What could have been done to avoid such problems?
 

Or 'Thr',,ld thpv be accepted as "normal" risks? 

9) In some cases, the dramatization can be repeated after discussion.
 
Often role playing incidents bring out the wrong way of doing things. Af­
ter discussion, during which correct principles are suggested, 
a new group
of actors can try to show the group the right way the incident should have 
been handled. 

Role of the Instructor
 

In role playing the role of the instructor is very similar to his
 
role in a case study discussion, i.e. of a moderator or conductor. Once 
the individual roles have been clearly delineated no more active partici­
pation is warranted. Involvement of the instructor in the discussion is 
only justified if for instance:
 

-the discussion appears to be going off track or getting out of hand,
 
e.g. tempers become heated;
 

-certain premises are being introduced which do not match factual
 
information or could lead to improductive discussions not clearly
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related to the exercise, such as political or certain land tenure
 
aspects;
 

-key points or concepts are not being clearly or approp/..ately iden­
tified and discussed;
 

-there is a need for an external analysis either of the participant's
 
behavior or of the key points arising during the discussion.
 

Suggested Uses in AgroforestLy 

The role playing method is used when there is an element of interper­
sonal relations. Some themes which could he stiengthed by using role 
playing are: 

-introducing agroforestry alternatives to small farmers 

-testing agroforestry alternatives with agronomists (including ani­
mal husbandry), and forest production oriented specialists, who may
have a certain inheritent resistence to accept the multidisciplinary 
aspects. 

-conducting surveys
 

-interviewing farmers
 

-argumenting with conventional "extensionists" on the validity of
 
"tis-zt~cr" or conversely the introduction of novel agro­

forestry practices.
 

-selling a project proposal to your boss or funding agency
 

-Trying to involve researchers to test certain agroforestry practices

(i. e. arguing over plot sizes, statistical methods or yard sticks
 
against which to compare the practices).
 

References: 1, 2, 3, 7, 8, 9
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A MTHODOLOGf FOR DIAGNOSIS AND DESII?4 OF AGROFORESTRY 


LAND MANAGEHENT SYSTEMH
 

Dr. J.8. Raintree* 


Agroforestry, the new interdisciplinary science dealing with the age- 


old practice of combininR trees, in space or time, with herbaceous crops 

and/or animals on the same unit of land. has recently come into Inter-


national prominence as a potential source of solutions to many inter-


related problems of production and conservation troubling land use systems
 

in the tropical and sub-tropical regions of the world today. If the 


fledgling Interdisciplinary science is to live u. to the world's expect-

atiiss with regard to its problem-solving capabilities, It will have 

to improve significently on the methodology for targeting research and 

development efforts to the actual needs and potential of tc .pical land 


use system. 

Ill 

z 	 With the promotion of research and development of improved agroforestry 
.rnd use systems to enhance the social, economic dnd nutritional well-

bting of the people of developing countries as its goal. ICRAP's research 

strategy places a major emphasis on the development of a "diagnostic and 


design methodology" to guide egroforeatry RAD toward relevant and adoptable 

solutions to location-specific land management pro'ilems. 

A preliminary version of this methodology (Torres, 1981) was used as a 

framework f.r the collection and analysis of data for the case-studies 


presented at an agroforestry planning seminar held in Veneztucln. A 


mote detailed prelimivary working manual is available from ICRAF under 


separate cover (ICPAF, 1982a). The purpose of this brief Introductory 

paper in to highlight the principal features of the evolving methodology 

and to exploin something of Its internal logic and rationale, 

*Ecological Anthropologist ISenior Research Scieittet at ICRAF. 

1. 	 "yjjis diagnosis necessary? 

The ultimate practical aim is to develop agroforestry lad management 

systems and technologies with specific capabilities to solve land
 

management problems in areas where agrofortstry is deemed to have a
 

role. When cotifronted with an ailing land use system, the tak facing 

agroforeatry p'.snnere and practitioners is to identify end prescribe 

relevant treatments. The nature of thie task is analogous in sumy 

respects to that of the medical practitioner confronted with an ailing 

human organism. 

The rule of procedure in the medical profession is that "diagnosis
 

should precede treatment". There are exceptions to this rule in practice, 

of course, but it would be unthinkable that medical professionals could 

ever simply ignore the diagnostic process altogether and prescribe treat­

ent without due regard to the specific nature of the illness. We would 

never tolerate a haphazard, hit-or-ise approach to treatnt fromprofes­

sions dealing with human pathologies. Rv strange that we have come to 

accept such a. approach when it conmes to treating pathologies arisina 
from man's use of the earth! 

Is this not, in fact, what happens in many cases when a traditional 

agricultural or forestry research station develops a new technology 

and 	recommends it for dissemination? In how many cases is the treatment
 

preceded by an adequate diagnosis of the actual and perceived problems 
confronting the majority of land users in the recommendation domain? to 

The answer given by many researchers that they already know Lhat the 

problems are" without the ctaplications of a formal diagnostic 

procedure would be analogous i. the medical profession to a) the patently I­

absurd assumption that all patients are the same, or b) the arrogant ­

assumption that well-trained medical dotors could treat patients without 

recourse to an examination. w 

No wonder the cure rate for land use problems iso low. Technologies C+ 

implicitly desiedn for conditions which prevail on research stations M
 
CD 

to 



and "high access" farms (Roling, 1980) a.."*r .t manaperent atits nr,: CA 
often abysmally inappropriate when ext'nded to the majority of iand users 

in the agroecological zone. The problem is not that the biopnysical 
C1 

parameters of the zone have aot been taken into account - on the contrary, 

these are usually well understood - but that discipline-oriented researchers 

often fail to perceive that the "patient" in the final analyql- Is the 

exiaing Zand use suste , which has its own internal organisation and its 

own unique set of operational constraints and potentials. I" 
C+ 

The problem with an ad hoc approach to technology generation is that 

researchers are rarely equipped to address the fuZZ set of relevant 
design criteria. It was never a very effective strategy to design 

technology on the bcrta of only a partial set of design criteria and 

then to treat the non-adoption of the resulting technology as an 

"extension problem". It will almost always be more useftul to place 
the onus of responsibility for relevant technology squarely on the 
technoiogY-development professionals, recognizing that the problem is. 

M in the first instance, a design pi'obZem. There is siuply no substitute 
CA 
I 

for good design. To achiev this objective will norrally require 

N' coordinated inputs from an interdisciplinary team of professionals as 

well as from the intended qsers of the eventual technology product. 

A problem-oriented diagnostic approach to agroforestry design 4a believed 

to be the most direct and logical route to effective &nd adoptable 

agroforestry technologies and land management systems. In developing 

its diagnostic and design methodology, ICRAF recognizes that a quick 

turn-around on diagnostic and design activities is absolutely necessary 

In order to have a timely influence on the project-planning cycle. It 

is not envisaged that a long-drawn-out survey process will be either 

necessary or useful. Rather, the aim is to develop a pra:tical, 

effective, and quickly accomplishable D&D protocol which can prove its 

usefulness by the results it obtains in a wide range of environments 

around the world. 
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Basic procedures 
The basic logic of the D&D discovery procedure Is displayed in the following table. The process can be subdivided
into smaller steps (e.g. pp. 8-14) and used selectively for varying purposes, but the hierarchical logic of D&D is
quite robust and generally applicable to virtully any problem in technology design. The more detailed procedural
suggestions are best thought of as optional steps for collecting and processing the information needed to answer thebasic questions shown In the table below. If at any time you fc31 you are getting "lost in the details," simply return 
to this outllno of basic procedures for arecrientation to where you are in the process, 

Q BASIC QJESTIONS TO ANSWER KEY FAC TO COSIDER MODE OF INQUIRY 

PREDIAGNOSTIC DEFINITICN OF THE LAND USE 
SYSTEM AND SITE SELECTION 
(which system to focus on?) 

CISTINCTIVE COMEINATIONS 
OF RESOURCES, TECHNOLOGY 
AND LAND USER OBJECTIVES 

SEEING AND COMPARING 
THE DIFFERENT LAND USE 
SYSTEMS 

HOW DOES THE SYSTEM WORK? 
(how Is It organized, how does It 
function to achieve its objectives?) 

PRODUCTION OJECTIVES AND 
STRATEGIES, ARRANGEMENT 
OF COMPONENTS 

ANALYSING AND 
DESCRIB[NG TIlE SYSTEM 

DIAGNOSTIC HOW WELL DOES THE SYSTEM WORK? 
(what are its problems, limiting 
constraints, problem-generIUng 
syndromes &intervention points?) 

PROBLEMS INMEETING SYSTEM 
OBJECTIVES (production short-
falls, sustainablilty problems) 

CAUSAL FACTORS, CONSTRAINTS 
AND INTERVENTION POINTS 

DIAGNOSTIC INTERVIEWS 
AND DIRECT FIELD 
OBSERVATIONS 

TROUBLESHOOTING THE 
PROBLEM SUBSYSTEMS 

DESIGN & 
EVALUATION 

HOW TO IMPROVE THE SYSTEM? 
(what Is needed to improve system 
performance?) 

SPECIFICATIONS FOR PROBLEM 
SOLVING T. PERFORMANCE 
ENHANCIN3 INTERVENTIONS 

ITERATIVE DESIGN 
AND EVALUATION 
OF ALTERNATIVES 

PLANNING WHAT TO DO TO DEVELOP AND 
DISSEMINATE THE IMPROVED 

RESEARCH AiD DEVELOPMENT 
NEEDS, EXTENSION NEEDS 

RESEARCH DESIGN, 
PROJECT PLANNING 

SYSTEM? 

IMPLEMENTATION HOW TO ADJUST TO NEW FEEDBACK FROtI ON-STATION REDIAGNOSIS AND
INFORMATION? ESEARCH, ON-FARM TRIALS REDESIGN INTHE LIGHT 

AND SPECIAL STUDIES OF NEW INFORMATION 
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D&D IS AN ITERATIVE PROCESS 	 The basic D&D process is repeated throughout the project 
Implementation stage to refine the original diagnosis and Improve the 
technology design In the light of new Information from on-farm research 
trials, more rigidly controlled on-station Investigations, and eventual 
extension trials In a wider range or sites. As shown In the following
flowchart, the Iterative D&D process provides abasis for close feedback 
and complementarity between different 	 project components. By
adjusting the plan of action to new Information, the D&D process 
becomes self-corrective. In an integrated 	 agroforestry research and 
extension programme, the pivots decisions are taken In periodic 
meetings which evaluate new results and revise the action plan
accordingly. The process continues until the design is well optimized and 
further refinement Is deemed uneccessary. 	 You can enter the cycle at 
any point, but the ultimate fIne-tuning 	 and dissemination of the 
technology will most likely be accomplished by the farmers themselves. 

PUDIMTIC 

FLOWCHART OF REPETITIVE AM P.T_ 

ACTIVITIES AMD FEEDBACK 
IN A D&D-BASED PROJECT 

ONI-Itu A ONI-SUrTIONI 

SSNSIDUT-
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Key concepts
 

D&D IS SYSTEM SPECIFIC 	 The focus of D&D is the land use system, Since different 
systems are likely to have different problems and potentials, it 
follows that each distinctive land use system must have Its own 
diagnosis and corresponding design. 

This does not mean that D&D results are 'site specific, since the 
same basic land use system may exist In many sites. The selection
of sites reproentative of important land use systems is on essential 
aspect or the art of &D. 

DEFINITION OF For the purposes of a D&D exercise, a land use system is defined
"THE SYSTFM* FOR as a distinctive combination of three Interrelated factors: the 

D&D PURPOSES land resources exploited by a particular technology 
to satisfy the production objectives of a particular type of 
land user. 

This definition contrasts with other commonly used definitions which do 
not formally recognize the land user as part of the system. The
difference Is more than Just semantic, since 'all three elwmnwts are 
essential to afunctioning land use system. If the human element Isleft 
out of the picture It becomes too 	easy to overlook the objectives
around which the existing land use system is organized. By consciously
attempting to design with the grain of the existing system rather than 
against It, the D&D methodology helps to avoid the kind of design error 
that results In technically and environmentally feasible but somehow"non-edoptable" agroforestry technologies. 

THE DIAGNOSIS LEADS The &vd-prcoW of the diagnostic procedure isaset of functional
TO 'SPECIFICATIONS' specifications which tell what the system needs and, In a general
FOR INTERVENTIONS way, how these needs can best be satisfied. 
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SPECIFICATIONS SUGGEST 
'CANDIDATE TECHNOLOGIES' 

'TECHNOLOGY SPECIFICATIONS' 
COMPLETE THE DESIGN 

THE DESIGN REVEALS 
RESEARCH HEEDS AND 

EXTENSION OPPORTUNITIES 

IF AT FIRST YOU DON'T 
SUCCEED, TRY AND 

TRY AGAIN 

This Is bfsically a matching exercise which narrows down the range
of technical choices to those prototype technologies which are 
hypothetically capable of meeting the specifications. 

The design Is not complete until the "nuts and bolts* of the selected 
technologies have been specified, i.e. the actual choice of component 
species, spatial brrangements, management practices, etc, 

The attempt to arrive at an agroforestry design relevant to the 
needs of the diagnosed system Is apractical way of exposing the gaps 
In technical knowledg. Research and extension programmes 
designed to develop and implement the envisaged technical solutions 
are likely to be more relevant and cost-effective. 

Complete success on the first round of D&D Is an unrealistic 
expectation. There is a saying In the engineering profession that 
"the first one never works." There are exceptions to this 
facetious generalization, of course, but It is true that prototype
technologies can almost always be improved. The aim of the initial 
round of D&D Is not to arrive at the "perfect solution," but simply 
to start the research and development process moving In 
the right direction and to provide a concrete focus for further 
design improvements. 

The very act of introducing a new technology changes the diagnosed
situation and necessitates at least one more round of diagnosis to 
evaluate the impact of the Intervention on the system. In most cases 
this will suggest ideas for design Improvements. Longer exposure 
to the land use system In the course of the project will Inevitably
result In a deepening of the initial diagnosis and may even suggest a 
whole new approach to design. Creative Inputs from farmers may 
not be forthcoming until after they have been exposed to the 
experimental technology for sometime. 
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Suggested procedures for national research 
programmes 

This setion presents a ematic overview and a detailed step-by-stop outline of the full 
set of D&D procedures for formulation of coordinated national research and extension 
programmes. 

Since the implementation of such programmes may Involve multi-Institutional collaboration 
and long term committment of significant financial and Institutional resources, a more 
elaborate and formal version of the D&D methodology Is usually required.
Although the procedures outlined in this section follow the logic of the "basic procedures" 
shown on pages 6-7, they represent a more detailed subdivision of the basic stages into steps
with adcltIonal subroutines for collecting and processing the information needed to answer 
the key decision questions of each stage. 

This outline is best thought of as a of a "prototype methdblogy" or provisional blueprint for 
large-scale, ktelonally coordinated D&D activitles. As with all D&D applications, the 
suggested procedurc: should to be used selectively and adopted to fit the requirements of 
particular programmes. Adopted versions of these guidelines are currently being
implemented by participating countries In ICRAF's Agroforestry Research Network for Africa 
(AFRENA). 

For acloser focus on community-based D&D activities, see "The view from the villae." 
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STAGE STEP 

I PRIEDIAGNOSTIC I Planing theStudy M A 

2 Rfllonalr~omwsmanc. I J 

3 Lendwe a* t~.ptness 
sin.m inm La LAMM 

w± 
SALL LnAM N* 

,,,m-mr.,.- .-. .* • .- • . 

4 Sit. ulectlam FTrlkW N - I- * L --. 

AW S J 

It DIAGNOSTIC 5 OlaPeltIc soww 

6 Diagnostic analysis 

7 Syte. sweilcationg 
I~~~ ~ flqlll Im 

III TEOHIMM06yDESIGN a Candidate toctm.Isile 

9 T-CIlog epIfllcatleng 

IV EVALUATIONA REDESIGNII Ex-ite evaluaion &redeignp 

12 suitability cllaSteatle - ICMO-

V PLANINGII 13 Rmaese da( p C 
14 ResarCh L extensln pIgs eOOaOIAlu 1UlUc a IsZsioN 

VI IMPLEENTATION I! Preyr.... Imhlmentatlen ihlU+aan I D tuION Nt1 i 

(Adopted from Young Inprm) 
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I. PREDIAGNOSTIC STAGE 

STEP 1. 	 PLANNING THE STUDY 
- Identify objectives 
- Specify area 1o be covered 
- Identify collaborating Institutions and staff 
- Select andadpt D&D methods to be used 

STEP 2. 	 REGIONAL RECONAISSANCE 
- Identlf,, map and describe major lind units end population distribution 

STEP 3. 	 IDENTIFICATION AND PRELIMINARY 
DESCRIPTION OF LAND USE SYSTEMS 
- Differentiate and describe important land u3e systems 
- Make apreliminary assessment of their cotstraints & problems 
- Make epreliminary ssessment of their agroforestry potential 

STEP 4. 	 SITE SELECTION 
- Select lend use systems for priority attention basd on: 

(I) severity of problems
(11) aroforestrypotential 
(III) regional represenaUuvness 

- Select sites representative of the chosen systems for In-depth D&D 

SSM 5-9
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II. DIAGNOSTIC STAGE 

STEP 5. DIA6NOSTIC SURVEY 
- ConOuctfield survey of representative manament units to Identify 

common land use str as and problems
- Troubleshoot the production systems to identify causal fectors and 

contrelnts 
- Investgate Interctions between and within managment units and processes

Inthe geneal landscap 

STEP 6. DIAGNOSTIC ANALYSIS 
- Analyze fielddeta to Identify key constraints end Intervention points for 

development of system potential 
- Assess sustainabIlity problens 

STEP 7. SPECIFICATIONS FOR APPROPRIATE INTERVENTIONS 
- List system specifications. 

(I) FuncUonal Ipoclflcatlons for Interventions 
(11) Design constraints 
(111) Desirable attributes of now technology
(v) Overall development strategy for the system 

SSM 5-10
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III. TECHNOLOGY DESIGN STAGE 

STEP 8. IDENTIFICATION OF CANDIDATE TECHNOLOGIES 
- List feasible technologies which meet the system specifications 
- Select and prioritize the mest promising technologies and combinations 

STEP 9. DETAILED TECHNOLOGY SPECIFICATIONS 
- Make adetailed lst of dslrable attributes of each of the selected

tchnologies (component characteristics, mngt. considerations, etc.)
- Prioritize the attributes on this list In the light of the total knowledge of the 

dlepnoscd system 

STEP 10. TECHNOLOGY DESIGN 
- For each specific technology, give detalled answers to each of the following

questlons: 
(I) 	 What runcUoas should each Intervention address? 
(11) 	 At what location within the farm or general landscape should these 

functions be performed?
(I1) 	 What component or cofilnation of components (plant/animal species

& varieties) are the best choices for performing these functions? 
(iv) 	 Hew many of each component are required to meet production

targets?
(v) 	 What precise arrangoment of components Isenvisaged? (give details

of spatial and ts.nporsi iasoclatLions of components at agiven location)
(vi) 	 What managoment practices are required to achieve the desired 

performance characteristics? 
- Take note of all design questions to which the D&D team Ispresently unable 

to give satisfactory answers (these are topics for further consultation or 
research) 

- Synthesize all of the above Into an Integrated design for an aeroforestry
system which best answers the needs and potentials of the existing land usesystem (consider stepwise Introduction of component technologies If the fullsystem Is likely to be too much for lcal farmers to adopt all at once) 
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IV. EVALUATION AND REDESIGN STAGE 

STEP i1. EX-ANTE EVALUATION & REDESIGN 
- Check land users' response to the design proposal (optional D&D 

verification survey) 
- Conduct apreliminary evaluation of the agroforestry design, compare with 

present land use and non-agroforestry alternatives in terms of: 
(I) productivity (biological potential, economic efficiency & diversity of 

production)
(ll) suitalnablity (Wroen. Impact, resource conservation)
(111) adoptability (4iflment of felt needs, cultural compatablilty. social 

dlsbtJon of benefits) 
- Return to design stage activies to make modifications sugested by the

preliminary evaluation 

STEP 12. SUITABILITY CLASSIFICATION 
- Summarize system evaluations for each of the designed agroforestry 

systems and develop classiflcation of suitability fo' wider application 
- Combine these cla3sifications into suitability maps and tables for the study

area/region as awhole (define prellminary'recomenation domain) 

c ' 	 Note: Results of ox-ante evaluation and preliminary suitability classifica­
tion should be considered provisional until validated by field experience at
the Implementation stage. Strictly speaking, favorable evaluation at this 
stage merely Indicates that aparticular technology Is worth developing and 
testing. 
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V. 	PLANNING STAGE 

STEP 13. STATE OF KNOWLEDGE REVIEW AND ASSESSMENT OF 
RESEARCH NEEDS 
- Asess readiness of aech of the designed technologies for direct extension 

end/or need for further research 
- Compile lntea ed list of research needs, including: 

(I) 	 Ned ror further D&D (po-project follow-up and/or monitoring or 
field trils during project Implementstion)

(11) 	 On-form trials of candidate technologle" 
- farna mansged trials to assess adoptability and elicit farmer's 

own design Ideas 
- researcher managed trials to ovaluate experlmental variables undar

(111) On-station Investigations under controlled conditions to obtain detailed
inrormation on component Interactions, response to management,
oermplasm screening, etc. 

STEP 14. 	RESEARCH AND EXTENSION PLAN 
- Develop overalI plan of action, detailIng: 

(I) 	 Individual research investigations
(11) 	Extension Ictlues 
(111) Integration of research end extension goals and activities
(Iv) Collaboration Inres rc &extension networks 
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SSM 5.2.1 Raintree p.17
 

VI. IMPL NTATION STAGE 

STEP 15. IMPLEMENTATION OF R&D AND EXTENSION ACTIVITIES 
- Continue to apply the iterative D&D pross to refine prototype agro­

forestry systems on the basis of feedback from research and extension 
experience (rediagnosls and redesign) 

- Institutlonaliz communication channels between different programme 
components (hold periodic meetings to pool experience, assess new 
developments and modify the plan of ation Inthe light of new experience) 
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The view 	from the village 
THE TWO CENTERS t every villO will be reeched by e formel agroforestry research 
OF AOROFORESTRY project on the model of the preceeding section. Indeed, for the 

INNOVATION 	 the benefits of netionel research programmes to reach most villages 
Informal processes of technology diffusion must be activated on a 
me.Ive scele. Moreover, the villages themselves are important 
centers of indigeous groforoestry Innovation. Informal sector 
community development workers hove an significant role to play In 
complementing the efforts of formal sector programmes. 

Although much of whet is presented In this section is applicable to 
on-form researchers end extension agents in formal programmes, 
it is primarily Intended for agroforestry catalysts who work 
directly with local communities but who are not neessarily part of 
e formal research and development programme. Ways ore suggested 
for Improving the linkages between these two complementary 
centers of agroforestry Innovation. 

ARE YOU A If you ere a village extension agent or community development 
COMMUNITY-BASED fieldworKer alre working in a particular village or regional 

FIELDWORKER? 	 community, much of what hes been presented in the preceeding 
sectlon will seem superfluous or overly formalized for the kind of 
work you are doing. As necessary and appropriate as the steps in 
the more elaborated methodology might be for large-scale, 
multi-Institutional programmes, many of them will be irrelevant 
to your own needs and circumstances. You should feel free to 
select end opt those aspects of the D&D methodlogy which would 
beof real use to you Inyour own situation. The Basic Procedures 
(pages 6-7) will probably t of most direct use to you as a 
guide for your D&D octivites. 

ADAPTINO D&D TO 	 Since you ore alreedy working at a particular slie, you will have 
YOUR OWN NEEDS 	 little use for the Preditgnostic steps concerned with Institutional 

arrangements, regional recnaissance and site selection. You may 
still find It useful, however, to make a systematic inventory of the 
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land use systems tnd farm types Inycur area, and for some of these 
you may wish plan a more in-depth diagnosis of problems and 
agroforestry potentials. 

The same applies to the formal exercises of the Planning Stae,
Your own planning procedures are likely to be more fluid and 
participatory, particularly if you are working within an Informal 
non-government, private voluntary or community-based
organization. Still, any systematic thought you can give to the 
planning of your own informal research and extens!tn activities 
Is likely to pay off In greater effectiveness of your agroforestry 
efforts, 

The heart of the D&D methodlogy--the iterative process of 
diagrosis, design and evaluation--Is potentially very relevant 
to the effectiveness of your agrororestry work, though perhaps not 
In the style suggested by the more formal procedures. 

IN-DEPTH LAGNOSIS 	 Ingeneral, there will be much less pressure to conform to the time 
constraints of an Initial "r&oId appraisal" D&D. y living and 
waking Inclose and con',Inuous contact with your community you 
may already possess a deper diagnostic understanding of the land 
use problemc of your area, 	 and your communication with the 
inhabitants Is probably far better, than what could be achieved 
within the time frame of a short term exercise by even the most 
experienced and sensitive D&D team from outside the community. 

Still, your perceptions might be sharpened by a more systematic
application of the diagnostic logic and selective use of some of the 
diagnostic tcols. Also, If you are working without the benefit of a 
multidisciplinary team, you may find It helpful to consult with
outside experts on certain aspects of your diagnosis or design. If 
there Is a formal agroforestry project dealing with a similar land 
use system, It may be particularly relevant to compare their 
reeults with your own. 
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LOCAL Although close Interection with the Intended users of technology IsPARTICIPATION n Integral part of all D&D-based projects, as acommunity-based
fieldworker you may fiid Yourself In a position to Implement this 
principle with more thoroughness than many externally-based
reseachers. You may leck the sophiticated techniques and 
resources of formal research Institutions, but your ability to 
mximimze local participation In the development and testing of 
agroformtry innovations may give you the advantage with respect
toth "adeptabilliy"of the new technologies. And ultimately, given
the over' iding Importnce of edption, you may have greeter Impact 
on the local agroforestry soon& 

INTERACTIVE The way to take advantage of your opportunities Inthis respect Is toDIAGNOSIS & DESIGN take a thoroughly interactive approach to dianosis and design.
The principle that hdiagnosis should preced treatment" still holds 
as a requrement for ccutabIlity In technology generation, but 
ooc you begin the Iterative cycle of diagnosis and design the 
process becomes circular. "Diirtos by treatment" Is a practical
expedient employd by med&-.' doctors whenever they cannot
immedlately confirm their diagnostic suspicions prior to 
treatment Ifthe treatment works the diagnosis was correct. 

PERTURBATION This practice has a parallel in agroforestry In the form of small 
EXPERIMENTS Interventions undertaken to see how the system responds. If the 

farmers show interest In adpting a particular problem-solving
technology, then this is evidence that the problem Is reel and
Important In the minds of the local people--providing, of course,
that they re not adpting it for some other reason. In any case,
such "perturbation experiments" are signficant insofar as they may 
uncover previously unsuspected problems or local development
priorities. 

Close monitoring of farmer-originated innovations, modifications 
of prototype technologies, and the reasons behInld farmer adoption
behaviour not only provides Important diagnostic clues but may
also be arich source of ideas for design Improvements. 
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FARMERS AS Although it is rarely given full recognition by university educatedEXPERIMENTERS researchers In developing countries, It is an undeniable fact that
farmers themselves are active experimenters. Informal
experimental research has been acontinuous feature of the farming 
scene sinco the dawn of agriculturs. Without Itwe would have none
of our contemporary crops and, indeed, very little agricultural
technolngyat all l 

Even when farmers adopt a technology developed by a research
station, they tend to do It W-/Imten - -step by cautious step on 
a little cerner of their land Inthe pross It Isusually 6 &d/tao
fit the farmer's circumstances. Ultimately, it Is ftet /ntin
not only that of research scientists, which must be dev ;opJed before
change In land use practice can come about. This Is not an"alternative" to what formal researchers do, but a necessary end
complementery step in tits sequence of rural cevelopment
procesm If this step Is not,'mpleted, then the tachnrlogysimply
sits on the shelfend nothing practicel is accomplished, 

TWO-WAY Increasingly, researchers In developing countries are trying toINFORMATION reach out to farmers through on-farm experimenatIon, but theFLOW number of sites in which they can work Is severely limited
and the "partnership* is still somowhat one-sided. Even In the
best-Intentloned programmes the language Inwhich this activity is
couched reveals alingering "center bias." Scientists "Oo out" to the
farr',3rs and "bring back" Information to help them decide how best 
to make their techiologies more relevent to their clients needs, but
farmers still havwt relatively little scope for direct expression oftheir own researci and development priorities. What Is needed to
make the partne'ship successful is a communication channel In
which informaV.lon about technology and research needs and 
priorities flows with equal ease in both directions. 

THE COMMUNITY-BASED As national agroforestry research progranmmes get underway thereFIELD WORKER AS will be an expanding stock of reea"h results, germplasm andINFORMATION BROKER new prototype tect iology to draw upon Inapplying agroforestry to 
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community development problems. Extension services will
undoubtedly be called upon to play agreater role Ingetting the new
technology,out to potential users, but It Is unlikely that they
alone will be able to handle the potential volume of Information
and they tend still to be limited by a one-way approach to the flow
of Information. Informal sector fleidworkers have a useful role to
play In obtaining relevant Information and technologies for their
communities and, on the other side, In providing formal agencies
with better access to information on local research and development
priorities and technical Innovations originating within their
communitile,. D&D concepts may provide a kind of "lingua franca" 
for this work. 

COMMUITY-5ASED R&D The challeage to all concerned parties, If agroforestry Is to have a
significant Impact on the rural landscape, Is to get thc two
complementary centers of experimentation and technical Innovationworking together In a mutually reinforclvg relationship. This is 
most likely to be successful If both centers of research and
development activity are strengthened For the formal sector
research center It should not become a question of who takes the
Initiative. Intechnology generation the Initiative Is where you fnd
It (a surprising number of the technologies 'released' by Interna­
tional research centers have their origin on " rmer's fields), The
question, rather, is whether the effectiveness o"the total--formal 
and Informal--agroforestry R&D effort can be enhanced through
awareness end support of farmers In their own Informal research 
and development activities. 

This is where community-based fieldworkers--in the role of
development -ialysts, information brokers translating between
different knowledge systems and, in some cases, leders ofInformal R&D teams--can make a signflcant contribution 
to the realization of agroforestry's potential In rural development,
Inthe hands of a skilled change agent, the D&D methodology may
prove to beoa useful tool for the job, particularly if coupled with an 

eactive information network. 

SSM 5-19
 



SSM 5.3.1 ICRAF p.3
 

PREDIAGNUSTIC STAGE
 

OVERVIEW
 

PUPJ'OSK: The purpose of the ?rediernostic Stage to to lay the
 
g"'undvork for the Diagnostic and Design Stages which follow
 
by describing the diMgnostically relevant characteristics
 
of the chosen land use yatstr and its environment.
 

PERSONML: It is suggested that a Prediagoostlc Working Croup
be formed to carry out this task. Ir is highly desirable,
but not absolutely necessary, that the Working Croup
contain at least one senior acientist who will continue on 
as part of the DID field Tea at the Diagnostic Stage. 

SOURCES OF IMFORMATION: The two main sources of prsdiagnostic 
information art:
 

1) Wt=iatng docv7ontation on the study orea, including
published and tnipulMished rsesarch reports, #oil surveys,
meteorological records, census reports, maps. air photographs, 
etc.. supplemented by consultations with experts fsmdliar 
with the study ora; and 2) ;jn.-onnaiaono visit to the 
study ares, partly to familiarizs the Working Croup with the 
area and to aid In thr Interpretstlon of existing documentation, 
but also to collect supplementary information through diz'ect 
observation of environmental features end land use patterns
and through intervieva with qualified inforownte (local
officials, extension agents, articulate farmers, researchers 
fnm-liar with the area, etc.). See Appendix A-1 for further 
suggestions on sources of prediagnostic Information. 

SUGCESTED iPOCEDMIS t
 

Step I. Environmental Description of the Study Area 
Step 2. Differentiation of Land Uda System Within the Area 
Step 3. Preliminary Description of Selected Land Use System(s) 
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GE1JERAL GUILELINES 

The aim is not description per oe, but description for the purpose of
diagnosis and design. 
 The amount of documentation produced at this stage
will vary from application to application. Good doctmentstion is
necessary If different personnel are to carry out the next stage or If
a formal report or project proposal is planned. On the other hand, brief
notes will suffice if It is judged that there is ne particular value in
extensive documentation.
 

SPECIFIC PROCEDURAL SUGGESTIOUS 

STEP 1. ENVIRONHEITAL DESCRIPTION OF THE STUDY AREA
 

The purpose of the Informntlon gathered at this step is to characterise
the environment of the land u~e 
nystem or systems which will be selected
for more detailed attention in vacceeding steps and thus to provide a
context for the interpretotion of information about the focal system(a).
For completeness and clarity it is convenient to divide the environmental
description into three substeps: 
1) description of the biophysioat
environment, 
 2) description of the ooioeonomico environment and, ifsufficient information is available, 
 3) description of the organization
(structure and function) of the humn 
eoooyntm in which all dimensions ofthe relevant environment are integrated.
 

1.1 biophysical Environment
 

1.1.1 Worksheet
 

Wrksheet 1.1 has been provided to assist in the selection and recording
of relevant environmental information in accordance with the guidelines
given in Appendix A-2. 
The suggested information system Is based on
ICRAF's Environmental Data Base for Agroforestry and Is designed to
provide a standard set of descriptors for aspects of the biophysical
environment 
 which are relevant 
to land use systems in general and agroforeo

systems in particular.
 

Kinimally, the Information categories described in Appendix A-2 are meant
to be suggestive of what may be relevant to know about the environment
of 
the study area and as such It is not absolutely necessary to use
the suggested recording system to satisfy the purpnse of this step.
However, the use of this information system io highly recommended if you
wish to maximise the international accessability and comparability of your
case data and psrticulaily if you intend to contribute to ICRAF's global
data bank on agroforestry or 
to the publication series on Case Studies
in Agroforestry Diagnosis and Design.
 

See Appendix A-2 for detailed guidelines on the use of Worksheet 1.1
 

1.1.2 Additional Climatic Information
 
In 
some cases additional climatic information may be required to 
assess lans
use constraints and agroforestry potentials. 
Where water is a limiting
kactor for agriculture, it may be particularly useful to undertake a more
detailed assessment of water availability throughout the year.
Part I of Appendix A-3 contains detailed guidelines for
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compitation of water budgetr. Part 2 contains a more general discuqsion
of temperature effects on plant development. The Working Grotip should
evaluate the need for additional climatic information and compile the
 
necessary data from existing sources.
 

1.2 Socioeconomic Environment
 

Relevant information on the socioeconomic dimensions of the environment
 
may be more difficult to identify and collect, but is 
no less
 
important than biophysical information as a determinant of land use

decisions. 'Mecategories of socioeconomic information suggested
in Worksheet 1.2 are designed to provide a reasonably tomplete, and yet

efficient, coverage of potentially useful background information. The
level of detail in the completed Worksheet will obviously depend on 
the

availability of existing information. 
Following a reasonable eftort
 
to gather the information to complete Worksheet 1.2, the Working Group

should restrict further expenditure of time and energy to 
those

catepories which it knows, or strongly suspects, will be relevant to the

deliberations of the D&D Team. Unexpectedly important information gaps

can be filled by the DED Team or a subsequent working group once the

relevance of the missing Information has been established. (This comment

applies to all categories of information at any stage in the D&D pzocess).
 

See Appendix A-4 for detailed guidelines on completion of Worksheet 1.2.
 

1.3 Structure and Function of the Human Ecosystem
 

The human ecosystem (i.e. an ecosystem whose organization reflects the
dominant influence of human activity) is a distinctive level of
 
integration comprising both biophysical and socioeconomic dimensions
of the environment characterized in 1.1 and 1.2. 
 It is the effective
 
environment of long term relevance to 
the land use systems and
 
management units to be identified and described in Steps 2 and 3.
 

A descriptive understanding of the main structural and functional
 
attributes of the larger human ecosystem can nasist in identifying

the most important land use systems within the study area for D&D
attention. It can also aid in the understanding of those systems and,

perhaps more Importantly, in the diagnosis of problems and potentials

which exist beyond the bous.daries of the unit systems. These notes

and the detailed procedures described in Appendix A-5 are designed to

assist the user in arriving at a meaningful prediagnostic overview of
the human ecosystem. The suggested procedures may, of course, be

adapted to fit the needs and resources of the user.
 

I'he first step in most 
cases will be to define the boundaries of the

human ecosystem in order to set limits on what is to be described. If

the analysis applie-9 to a watershed mnnnpement project, then the

watershed may be conveniently taken as the ecosystem unit, providing

there are no overriding socioeccmomic considerations (e.1. a different
 
scale for the effective community or market organization o7 the area).

WMatever weighting is ultimately given to the various factoi, 
 the

definition of system boundaries for DO3 purposes should reflect both
 
socioeconomic and biophysical considerations.
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Once defined, the system may be 
treated as a homogeneous unit or it 
may be stratified by geogr'piical or nclal criteria. If it is 
treated as a homogeneous unit, the ctitponents, the status of the ero­
system nnd its relationship to the oMCside may then be inventoried
 
(uqIng checklist I in Appendix A-5 part 1) The various different
cbmponents are defined by their role within the ecosystem: energy

86urcen, physical resource base 
(land, wnter, soil), primary prodicers

(vegetation), secondary producers (also consumers 
- animals for milk,
 
meat, labour), consumers 
(people, one or more groups including migrant/

seasonal labourers), and savingR/1nvestment stcres (cash, buildings,

other infrastructure, capitnl items). These components, their

condition, the exchanges between them, external inputs and system

outputs constitute a structural/functional outline of the human ecosystem

and its links with the larger environment.
 

If the human ecosystem is to be stratified by geographical area and/or

by population subgroup, the analysis emphasizes exchanges between
 
subareas and groups within the ecosystem. This approach is useful
 
where there is a pronounced difference in land management technology
 
or internal division of labour by group or area. 
For example if there Is
 
a strong association of two socioeconomic groups with two respective

land units and types of production, then the modified Input-output

analysis in Appendix A-5 (Clecklist 2 and related text) may help to
 
clarify the roles of the two groups relative to each other, the Irmediate
 
biophysical environment, and the larger ecosystem.
 

This second type of analysis (check list 2) is intended as a prelude to 
the identification of problems cnd potentials at the ecosystem scale. 
includes a modified Input-output matrix defined by ecosystem sub-

It 

divisions (or groups) and basic needs of the inhabitants. Surplus and
 
deficits may be reported in addition to inputs, outputs and stotis
 
condition.
 

See Appendix A-5 for detailed guidelines and Appendix B-B for optional
 
diagramming tools.
 

STEP 2. DIFFERENTIATION OF LAND USE SYSTERS I41iHIN THE STUDY AREA
 

For diagnostic and design purposes it is important to distinguish

clearly between the different land use systems found in the study area.
 
Each distinct land use system can be expected to have Its own unique

set of constraints and potentials, different from those of other land
 
use systemg in the area. 
 Diagnosis and derign are system-specifte

activities, so It is crucial, right 
from the start, to have a clear
 
definition of the system(s) being addressed. 
 All subsequent information
 
will -relate to 
the systems so defined or to their environments.
 

As conceived from D&D purposes, a land ure system has both biophysical
and socioeconomic dimensions. 
 To define a lend use system thus Involves

specifying the particular combinatiom of biophysical and socioeconomic
 
characteristics which distinguish It from other land use systems in the
 
area. 
 It could be that a difference of even only one salient
 
characteristics, e.g. soil type (a biophyslcal characteristics) or land
 
tenure (a socioeconomic characteristic), may justify the classification
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of two otherwise similar farms in different land use system categories.
 
On the other hand, it Is also possible that several minor differences do
 
not, 	in the judgement of the Working Group, add up to a significant
 
difference, requiring a separate land use system classification.
 

There are no hard and fast rules for assigning farms (or other land use
 
units) to one category or another, but basically the deciding criterion 
is a 	pragmatic one: Whetheror not a difference of one or more 
characteristics is likely to result in a significantly different sat of 
Land 	 rrznagement co ntr'ainto and potentials, requiring separate diagnostic
and c'sign treatment. Based on this criterion the Prediagnostic Working
Group must come to its own decision. Keep in mized, however, that this 
ie only a preliminary classification. The DO Team may, on the basis of 
its survey findings, decide to modify the initial classification to 
bring it more into line with identified technological options. 

To simply the task of the Working Group in arriving at a preliminary 
claosi. 'cation of land use systems within the study area, Step 2 is 
broken down into three substeps:
 

2.1 	 Identification of land units with a relatively homogeneous
 
set of biophysical characteristics.
 

2.2 Identification of management units and their characteristics.
 

(Alternatively, the order of the preceeding steps could be reversed).
 

2.3 	 Identification of those combinations of lend units and 
management units which represent distinctive land use system.
 

2.4 	 Selection of priority land use system(s) for D&D attention. 

Worksheet 2 is provided to record the results of this stepwise process. 
Specific guidelines follow below. 

2.1 Identification of land units
 

A Land unit is an area or type of land which possesses relatively 
homogeneous biophysical characteristics. All land within a land unit 
has similar resource potential and hazards, and compared with other 
parts of the study area. It is the basic unit for diagnosis of biophysical 
resource constraints and potentials. 

It should be noted that the term "land unit" is not restricted to a 
particular scale or degree of homogeneity. In reconnaissance studies 
covering large areas, the land units may cover areas of hundreds of 
square kilometres nnd possess substantial internal variations of land 
characteristics. In more detailed studies, the appropriate land units 
will be smaller and more uniform. Whatever areas of land are perceived 
as the appropriate physical basis for the diagnostic survoey are taken es 
the "land units" for the survey. 

Possible mapping units which can serve as land units include land systems 
or land facets, terms taken from the land systems approach; Zand 
capabili y subclases or land capability units, taken from the method 
of land capability classification; and soil associationsor ooi ser-ies 
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as distinguished in moil survey. For definitions of these mapping units,

and accounts of the methods of survey, see Dent and Young (1981). 
Land systems or soil associations are appropriate at reconnaissance
 
scales or survey, while land facets, land capability inits or soil 
series are appropriate in detailed surveys. For most diagnostic survey

work. land facets will form the appropriate land units. However, where
 
a reliable map of any one of the above kinds, at a suitable scale,
 
already exists, it will be time-saving to accept the units which it
 
shows as the land unitt for survey purposes. 

If no such map exists, the land systems approach (also known as the 
method of integrated survey) is recommended. It is a rapid method of 
survey in which all factors of the physical environment are taken into
 
account simultaneously. The method is first to identify the land systems
which occur in the study area, and then the land facets which occur in 
each. The land nyatems are first delineated (i.e. their boundaries
 
are drawn) on air photographs for the whole of the study area, these 
boundaries being subsequently transferred to a map. Land facets will then
 
be identified, but need only be delineated for sample parts of each land
 
system. If air photographs are not available, the Working Group should
 
follow basically the same procedure using whatever topographic maps and
 
survey informationi are available. 

Worksheet 2 has been prepared for the land systeLs approach. If other
 
mapping units are being used, then the headings for columns I and 2 
must be changed accordingly.
 

Column 1. Land Systems. A land system is defined as an area with a 
rpcurring pattern of land facets. 
 Most land systems are initially

identified and defined in terms of their landforms; they are then
 
described in terms of the full range of environmental factors (as in 
Vorksheer 1.1). Examples of land systems are an undulating plain, 
a range of hills, and a coastal or alluvial plain. Some land systems 
are given local names, e.g. the Masambara Hills Land System. 

To complete column 1, simply decide what land systems are present in 
the study area and enter their names or brief descriptive phrases.

Be sure to leave enough vertical space between entries to allow for
 
recording of subsequent information in columns 2-12. 

Column 2. Land Facets. A land facet is an area within which, for most 
practical purposes, biophysical conditions'are uniform. All land within 
a land facet can be expected to respond similarly to management. Land 
facets frequently occur in regular sequences, within a land system,
from hill crest to valley floor; they often correspond to elements in 
a soil catena. For example, a land system characterized by moderately
undulating relief might include the following land facets: steeply

sloping land with shallow soils; genfle to moderate slopes with deep.

freely drained soils, and poorly-drained valley floor. A convenient
 
method for identifying land facets isito draw a representative cross­
section of the land system and mark off the land facets, showing their
 
relative positions and getting an approximate idea of their relative
 
extent.
 

Once identified, the major land units may be entered into column 2, 
leaving space for the information which is to follow. 
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2.2 Identification and Characterization of Management Units within
 
Each of the Identified Land Units
 

Once the major biophysical diuisions of the study area have been 
identified, the next step Is to differentiate the types of management

units found within each of the major land units. (Alternatively, one

could bagin with the managearnt unite and then differentiate them according

to their location in differant land units). Itmay be that there is
 no simple relationship between land units and management units. Thus.

there may be more than one type of management unit per land unit, or a
 
single management unit type may span several different unitsland 
(e.g. oeverai different farms of the same type spread over several land
 
units, or even a single farm with parts in different land units).

Flexible use should be made of Worksheet 2 to indicate the relationships

between management units and the associated land units. 

Each set of entries in columno 3 and 4 refer to a single management
unit type characterized in terms of the scale (column 3) and the social
 
identify (column 4) of the typical management unit. Columns 5-10
 
are for notes on tie main characteristics of each unit which are likely

to be important for purposes of diagnostic classification. Needless
 
to say, if the Working Croqp identifies other characteristics, not on
 
the Worksheet, which are considered important for the purposes of this
 
step, then they should also be noted. 
Specific guidelines for completing
 
columns 3-10 follow directly.
 

Column 3. Scale of the Hanagement Unit. Enter one of the following

terms which beat describes the scale of the management or production unit:
 
a0al,7 medin or large. Since the scale of production is a relative 
dimension which varies from area to area, indicate the range (in

hectares) of the scale terms you are using for the study area in the
 
space provided on the Worksheet.
 

Column 4. Social Identity of the Management Unit. The social identity
of the management unit may be a bit hardt~c to define and will require
 
some judgement. The most important criterion is to choose a term which 
beat describes the social unit which acts collectively in making and
 
implementing land management or production decisions. 
For example, the
 
most common units might be: the family farm (in some cases it may be
 
useful to distinguish between different types of family units, e.g.

nuclear or extended); the corporation (private or parastatal); the
 
cooperative farm; various communal farm units (organized along traditional 
rather than modern cooperative lines); etc. The Working Group should 
feed free to use other categories as necessary to adequately
characterize the relevant units. (Obviously a different set of terms 
might be needed to characterize forestry management units operating
within the study area). 

Column 5. Labour Sources. What are the main sources of labour for the 
management unit? Possibilities include: family labour, hired labour,
communal labour, reciprocal exchange labour, etc. Add other categories
to adequately charactorize labour resources. 
 If more than one type of
 
labour is used, list in order of importance.
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Column 6. Land tenure. Common forms of agricultural land tenure include: 
Freehold ownership, lease, rent, tenancy (usually implies share-cropping 
and a more inclusive set of social rights and obligations vis-a-vis 
the landlord), communal tenure (distinguish between collective and 
individual use rights), etc. Tenure rights in forestry production 
systems usually reside with government, parastatal or private owners, 
but an additional descriptive phrase may be necessary to characterise 
use rights of the labousr force (e.g. as in tatmgya systems or where 
workers are permitted t. gather firewood, make charcoal, etc.). Tenure 
rights and restrictions exart a strong influence on land management 
decisions, so fcel free to use other terms or descriptive phrases to 
adequately characterize thia feature of the land use systems. 

Column 7. Land preparation tools. One of the most distinguishing
 
features of agricultural land use systems is the type of tool used for lan 
preparation. Indicate the predominant tools used by the management
 
unit for clearance (if relevant) and cultivation, e.g.: axe, machette,
 
fire, etc. for land clearance; tractor, animal-drawn plough, dibble
 
stick, etc. for cultivation. Add other terms as necessary.
 

Column 8. Inputs. List major agricultural inputs such as fertilizer,
 
manure, pesticides, herbicides, etc. used by the management unit.
 

Column 9. Economy. Indicate the main production emphasis of the 
management unit, i.e. subsistence, commercial, or mixed. Some judgement 
must be exercised here. There are very few, if any "pure" subsistence 
economies left in the world today. Almost every household land 
manageoent system has a cash production component, however limited. 
We arbitrary propose the following definitions: A subeistence system 
will be defined as one in which the major production goal is to satisfy
 
tie basic needs of the land management unit, even if this involves a 
supplementary cash production component. A mixed system, by contrast, 
is one in which the basic needs and cash production objectives are 
nearly equal. A comerciaZ system is one in which cash cropping or 
home processing activities constitute the mainstay of the economy of the 
management unit, even if there is a supplementary subsistence-oriented
 
production component (e.g. a large home garden, a fruit orchard for
 
domestic use, or perhaps a domestic fuelwood lot). Minor variations on
 
the main production emphasis may be indicated in the space provided in
 
the Worksheet by a brief descriptive phrase.
 

Column 10. Major products. Indicate the two or three most important 
products of the land management unit. These should describe the main 
outputs of the system (whether for domest-c use or sale) in terms of 
the production emphasis indicated in column 6; e.g. for subsistence 
system: "maize, beans and squash;" for mixed systems: "maize, beans and 
squash for subsistence, coffee for cash;" for commercial systems:"milk 
and cheese".
 

2.3 Differentiation of Land Use Systems. Having separately
 
characterized the physical and management aspects of land use, the next
 
task is to combine the two sets of characteristics and distinguish
 
those combinations which define distinctively different land use systems
 
within the study area.
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Column 11. Reference Number. Review the information previously entered 
in columns 1-10, evaluate whether the combination of characteristics 
associated with the different management units (Step 2.2) within each 
of the land units (Step 2.1) are sufficiently diffemnt to justify 
distinguishing different land use systems, and assign a reference number 
to each of the systems so distinguished. This step involved andlysis 
and grouping of similarities and differences between rows cf data 
displayed in the Worksheet. It undoubtedly requires a lot of judgement
 
and may occassion extended discussion among members of the Prediagnostic
 
Working Group. 

Criteri," for distinguishing different land use systems are entirely
 
relative. It may be that in the judgement of the Working Group only 
one significant difference is sufficient to warrant different land use
 
systems classifications. Or it may be that several minor differences 
do not, in the judgement of the group, add up to a major diffe,-tnce in 
land use system type for purposes of the D&D exercise. It is up ?o the 
Working Group to decide. No foolproof guidelines can be given for zho 
completion of this step. 

The aim should be to produce an heuristic classification of land use
 
systems which are sufficiently different from each othcr (on salient
 
biophysical and/or socioeconomic dimensionu) to require separate diagnoses
 
and potentially different approaches to design.
 

Column 12. Naming of Land Use Systems. This Is simply a naming step. 
The purpose of giving a name to each of the land use systems distinguished
 
by a separate number in column 11 is to facilitate communication about 
them. Usually a short descriptive phrase (e.g. smallholder subsistence
 
farming) will suffice as a name for a system. 

2.4 Selection of Priority Land Use System(s) for D&D Attention 

Having differentiated the major land use systems within the study area, 
the nst step is to decide which of them will receive priority attention
 
in the Diagnostic and Design exercise. Priortizatiot. La necessary since, 
in most cases it will not be possible to survey each and every land 
use system in the study area in a single field exercise, particularly 
if there are many. 

It is difficult to predict the capacity of the D&D field team, i.e. how 
many systems the team will be able to survey in a single exercise, since 
this will depend on weather, logistical factors, the complexity of 
the systems, the degree of difference between the systems, etc. As 
a general rule, however, it will be difficult to survey more thai. one 
distinctly different system per week of field time. Thus, if the 
exercise is planned to be of two weeks duration (tae usual upper limit 
for sustained field survey activity by a highly qualified multidisciplinary 
team), then only two systems can be surveyed. This, of course, does 
not preclude the possibility of subsequent survey exercises to deal with 
any remaining systems in the study area. 
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Priortization of the systems at the Prediagnostic Stage will aid the
 
D&D Teaa to focus its efforts on the most important systems first
 
and then proceed to the others in turn. The number of systems to be
 
dealt with will depend, not only on the number of distinct land use
 
systems in the study area, but also on the objectives of the exercise.
 
If some of the existing systems fall outside the scopr of the exercise
 
(e.g. large commercial farms in an exercise which is mandated only to
 
focus on smallholders), then the task is correspondingly simplified.
 

What criteria shovld be used in selecting priority systems? Obviously,
 
the selection will be based o the judgement of the Prediagnostic
 
Working Group, but it may be helpful to think in terms of the following
 
suggested criteria:
 

1) The selected system(s) should be representative of important land use 
systems within the country, so that the results of the D&D exexcise
 
and anty resu'lting research and development activity may find wider
 
relevance beyond the study area. Importance, in this sense, may be
 
judged either on the basis of the size of the potential recommendation
 
domain for the agroforestry technologies which may result, or by
 
some measure of the importance of the problems which the identified
 
technologies may solve (even if the recommendation domain is not large).
 
For example, a land use system which is at present of limited spatial
 
extent, could become the tArget of an agroforestry R&D effort if it is
 
judged to be one that will figure prominently in the future of the
 
study area or some significant portion of the country as a whole.
 

2) The selected system(s) should be in need of technicaZ assistance to
 
solve pressing land use prcblems, either of a production of conservation
 
nature, or both. Otherwise, perhaps research and development resources
 
should be committed elsewhere, where problems in need of a solution do
 
exist.
 

3) There should be at ieadZ a prima facie potentiaZ for an agroforestry
approach to the improvement of the selected land use system(n). Although 
the D&D team is not automatically obliged to return an agroforestry­
oriented recommendation i- in its judgement no significant agroforestry
 
potentials exist, it will be helpful in making best use of the human
 
and other resources committed tn the exercise to pre-screen the target
 
systems for relevance to an agroforestry approach. (See Appendices
 
C-5 and C-6 for an indication of the scope of the agroforestry approach)
 

STEP 3. DESCRIPTION OF THE SELECTE. LAND USE SYSTEM(S)
 

The information provided at this Step will be crucial to the D&D Survey

Team in making a rapid entry into the diagnosis of the system. The
 
Prediagnostic Working Group should be aware, however, that the D&D
 
Survey Team may, on the basis of more in-depth survey work, find it 
necessary to modify the preliminary description by the Working Group. 
An effort should be made to make the preliminary description as complete. 
and accurate as possible within reason, keeping in mind that the main
 
purpose is to provide a good starting point for the diagnostic survey
 
and that, in any case, it will not be possible to anticipate all
 
information needs.
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The main source of information for this Step will be interviews with
qualified informants, supplemented by any available documentation on
the focal syptem(s). Basic instructions for each substep are given
below, with more detailed suggestions for specific or alternative
 
procedures in Appendices A-6 through A-10.
 

3.1 Preliminary Description of Household Production Subsystems
 

The main purpose of this step is 
to characterize the production objectives

and the location of the related production activities on the land
management tmit. Worksheet 3.1 provided for this step is oriented towardthe description of household management units, although it could be used
vith minor adaptations for multipurpose management units which have some
other basis of social organization. Likewise, although the "basic needs"
approach which underlies the Worksheet (See Appendix A-6) is most fully
and usefully employed in dealing with systems which attempt to produce
a 
wide range of outputs to satisfy a variety of production objectives,
the Worksheet can also be used for other land use systems with more
narrowly defined objectives, providing that those objectives can be classified
under one or more of the production objectives listed in column 1 of
the Worksheet. Thus a specialized commercial land management unit would
have most of the entries under the cash subsystem. The same crop oranimal component may be listed under several production subsystem headings(e.g. a particular food crop could be listcd under food, cash, and social
expenditure headings; firewood could come under fuel, cash and raw
materials for cottage 
 industry headings; livestock could have multiplepurposes food, cash, and savings/investment enterprises. 
By the same
token, there could bo several locations on the management unit where
 
specific prnduction/objectives are fulfilled.
 

To complete Worksheet 3.1 simply list the specific crop, tree or animal
component in the space provided under the headings in column I and ineach box of the location matrix where the comr'nent is produced.
Modify or add other production objectives or locations as needed to

adequately characterizc the system.
 

In
cases where Worksheet 3.1. does not, even with modifications, provide
an adequate basis for description of management objectives and the
location of associated lund use activities, a different matrix format
should be devised by the Working Group. For example, in the case that
the cliero for the DD exercise is a forestry or watershed management
projecr, the management objectives and locations would be quite different
from those in Worksheet 3.1 (appropriate to farm households). 
 Alternative
guidelines are given in the Appendix for forestry (A-7) and watershed
 
(A-8) applications.
 

The use of alternative Worksheets to describe different management unitsdoes not, of course, preclude the compiemontary use of Worksheet 3.1to describe any household (or other multipurpose management unit) which
 may also exist within the project area. 
 Thus, in a complex situation
involving forestry ana watershed management units together with farmers,at least 3 different Worksheets could be completed, one for each set of 
management objectives.
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WORKSIIEET 1.1 

BIOPHYSICAL ENVIRONMENT: BASIC CHECKLIST 

REF. NO. AREA NMAU_ 

RELIAB ILITY 

LOCATION I Reliable 
2 Probable
 
3 Guess 

Latitude 
Longitude 
Altitude(m) 

CEOLOGY 

LANDFORMS 

CLIHATE 

Ceneralized type
 
Koppen classif.
 

HYDFLOGY 

Waterlogging
 
River Regime 
Degradation
 

SOILS 

Ceneralized type

Local ClaaSif.
 
Degradation _ _._. 

VEGETATION 

Area in general
 
Speci fic Localities 1
 
Degradation __.
 

LAND USE (by Land Unit)* 

(Unit) (Uses)
 

NOTES:
 

See guidelines Step 2.1. for definition of LandUnit. 
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SOCIOECONOIC ENVIRONMENT 
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Reliability codes: 1. Reliable, 2. Probable. 3. Guess. 

HUAN FACIORS Reliability 
rating 

Population density 

Population growth rate 

Sex ratio 
rthnic composition 

of populaLion 

Other relevant social 
differentiations of 
population 

Migration trends 

Settlement istory 

Current mettlement 
pattern -

Size of holding 

Labour utillzation 
pattern 

Average Range 

Land tenure 

Land use trnditions 
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SOCIOECONOMIC DATA SHEET CONT'D 

INFRASTRUCTURE 

Roads and transport 

Reliability 
rating 

Agricultural input supply 

Processing facilities 

Storage facilities 

Water oupply 

Extension services 

ECONOMY 

Area exports 

Area imports 

Marketing structures 

Agricultural comnodity price 
(indicate subsidies if any) 

Use of agricultural inputs 

Agricultural input prices 
(Indicate subsidies if any) 
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SOCIOECONOMIC DATA SHEET CONT'D
 

Degree of mechanization 

Reliability 
rating 

Degree of commercialization 

Availability of credit 

Opportunities for 
non-farm employment 

Important cottage industries 

ADW.TIONAL NOTES 
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Land 

Sep 3.1 

12 

Land Unit: 

System Land Facet 

3 4 

anagerl~nt Unit 

Scale Soc.Ident. 

5 

Labour 
Source 

6 

Land 
Tenure 

Step 3.2 

7 

Land Prep. 
Tools 

8 

Inputs 

9_____ 

Economy 

_ 

10 

Major 
Products 

1112 

Ref. 
No. 

Land Use 
System 

N 

WSep 

-4. 0 

0 

C 

*Scale De ffi.ition: smaoll ,,he, Medium -he-, Large ,,he 
(indicate range) 



9. Form 1: Description and Problems of Your Area 

1. Identificationof Your Sub-Catchment 

Your Name: Date: 

Peasant Association(s): 10%coter 30% cover 50% corer 70% coer 

Wereda: 

Name of Catchment: 

Awraja: Region: 

_100. 

With the estimated percentages, calculate the hectares of each landuse type by
multiplying the total catchment area (ha) with the percentage and dividing it by

Enter your estimations in the table.on the previous page. Also measure the 

Agroclimatic Zone(s): average slope gradient (in 476)for each landuse type (see page 86) and write it intothe same table. 

2. Size ofSub-Catchment where You are Located-
Describe in words thefollowing points: Main crops gro Ttin the area 

Measure total length and total width of the area (in metres), and 
calculate the approximate area assuming an elliptic shape: 

Croppingseason(s): Give months between seeding and harvesting ofeach season: 

Area = Length(m) x Width(m) x 3.14 
4040 . ...... ha 

T. undrsinthearea: 

Remember. I ha = I hectare 100 m x 100 m = 10'000 ml 
M Preferably, one sub-catchment should be 50-200 hectare
Mdrainage Describe traditional ways of soil conservation/water conservation/waterfor the different landuse types, with focus on cultivated land: 

01 3. Landuse and Topography of Your Sub-Catchment. 

W Estimrt- the proportions of-each landuse type in percentage of the total catch-
ment and write the figures in the table below. On the next page it is shown how to 
estimate percentages and how to calculate corresponding areas in hectares. 

4. Soil 
Mark with cross thenearest soil colour observed on the different slope types. Give 
the texture (see page 83) and the average soil depth for each slope and landuse 

type in the table below: 
Landusetype 
in catchme 

I Cultivated Land: 

Proportion in % 
of total 

Proportion in 
hectares (ha) 

Aserage slope 
radient (%) 

I Cutisted Land 

Soil colour: 
black 'red 

-
brown 

-W 
yeilo-

Soil 
texture 

Soil 
depth 

I Grasuland:
Ill Forest Ladl - Step slopes: 

- G-t~e slopes: 
-_ 

CA 

Planned. - Fla land:
II Grassland W 

lbal 100% __-
- Steep sloper

Flat land: 
Table Main landuse types.tim andaverageslopegradients of your sub-cathmenL III ForestLand 

You c-n see some percentages of land cover in the following drawings and com-
pare them with your sub-catchment for estimating the percentages of each lan­
duse type of your area: 

- Existing: 
- Planed1 

Table:lnentory of soilsfor different slopesand landuse t)pes in your sub-catchsment I-. 

CalN>. 



5. Erosion Problems in Your Sub-Catchment 

First describe sheet and rill erosion problems for each landuse type. Observe signs
of sheet erosion which you can see as shallow soil depths. Ask farmers whether 
rills are developing during the rainy season and if yes, on which slopes. Write 
down your observations anj describe where they are located and why erosion is 
occuring there. 

z 

I Cultivated Land-

II Grassland 

III ForestLand 

- Existing: 

- Planned: 

Also, measure length, width and depth of all gullies (in metres). and indicate in 
the table below together with the location within the catchment: 

to 
,1, 

Location Length 
m(M) 

Width 
Im) 

Depth 
f 

Lndue 
gully 

bao 

cI 

Table:Dimesisons or major gulliesin your sub-catchme'nt. 

6. Other Major Problems of Your Sub-Catchment 

List other (non-conservation) problems as identified by the farmers: 

7. Conservation Already Carried out by the Government 

Give a description of measures carried out in your area in the previous years in­
dicating what size of area has been treated with which type of measures for .ach 
landuse type. 

I Cultivated Land­

1 G.assland; 

llI Forest Land(Afforestation): 
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SOURCES OF PREDIAGNOSTIC INFORMATION* 

1. HAPS, AIR PHOTOS AND SATELLITE IMAGERY
 

Topographic Maps
 

Existence: Do topographic maps of the area exist? If so, at what
 
scales? Date of survey or revision? Are they contoured?
 

Availability: Are the maps in print? Are they sucurity-restricted?

What is the procedure for security clearance and/or purchase?
 
Address of the national survey organization and/or outlet for purchase?
 

This enquiry should be started at an early stage, since it is basic but
 
can be time-consuming. Contour maps at 1:50,000 scale are desirable,
 
but may of ten not be available.
 

Geological Maps
 

A geological map may be of indirect utility. Host countries have a
 
national geological map, obtainable for the Geological Survey

organization. Request also a list, or cartographic key, to such more
 
detailed maps as may exist.
 

Vegetation and Land Use Maps
 

Maps showing vegetation and/or land use are nor a regular product of 
most survey organizations, and no standard forms exist. A good 
ecologically-based map survey can, however, be highly indicative of 
the nature of environmental interactions 'nd possibly land use problems, 
and thus enquiry into the existence and availability of such maps is 
worth while. 

Air 	Photographs
 

Existence: Is there air photo cover of the area? 
Date? Scale? Quality?
 

Availability: Air photos will usually be security-restricted. What
 
is the procedure for obtaining clearance? Address for purchase

(national organization, or outside consultant companies?).
 

High quality photos, less than 5 years old, at 1:25,000 to.1:20,000
 
scale are the most desirable. Air photos serve two kinds of function:
 

1) 	Location: Photographs can often be a more reliable means than maps
 
of finding routes and identifying locations in the field.
 

2) 	Interpretation: A rapid stereoscopic examination of air photographs
 
is the best means of pro-field familiarization with en arca,
 
particularly with respect to lardfbrma, vegetation and land use.
 
They may subsequently be needed for more through interpretation.
 

*Contributions from A. Young, T. Darnhofer, and J.B. Raintree for 

sections 1, 2 and 3, respectively. 
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Satellite Imagery
 

Landsat imagery provides a rapid overview of the area, enabling broad
 
regional differences to be seen nt a glance. Whilst considerably less
 
useful than air photographs, owing to their very small scale and low
 
resolution, Landsat images are usually much easier to obtain. There in
 
no security clearance needed. To request a Geographic Comnstr Search
 
Inquiry Form, write to:
 

EROS Data Center 
Sioux Falls 
South Dakota 57198
 
U.S.A. 

Fill in the form for the study area. You will receive a computer rrint­
out listing the best quality imagery available, plus an order form. A
 
false colour composite enlarged to either 1:500,000 or 1:250,000 is the
 
best product. Computer-enhanced imagery is also evailable from comercial
 
sources, but the cost may not be justifiable.
 

2. CLIMATIC INFORMATION
 

Hacroscale surveys for D&D exercises will !e mainly useful for delimiting
 
the agroclimatic range for mesoscale surveys. Such information can in
 
most cases be obtained from:
 

- agroclimatic surveys published by WHO, UNESCO, FAO or UNEP 

- climatological handbooks and atlases 

- climatological data compilations 

Mesc',cale surveys containing more relevant meteorologicgl data are
 
generally compiled and published by national meteorological services.
 
These should be considered the main sources for meteorological information.
 

To facilitate data collection for research purposes worldwide, the
 
World Heteorological Organization (WHO) has issued a catalogue of
 
meteorological data, listing all relevant references and sources. In many
 
countries meteorological data is also collected by organizations and
 
authorities other than the national meteorological services (e.g.
 
agricultural and forestry departments, private companies, non-government
 
volunteer organizations, international agencies, etc.). A local inventory
 
cf these sources can very often turn up useful climatological data.
 

It should be mentioned, however, that in many countries relevant climatolo­
gical data, even if it exists, can be difficult to obtain (original
 
documents not accessible, publications out of print, recent data not
 
yet processed, old records badly documented or lost; even data stored
 
on modern supports such as microfilm, punch cards or magnetic tapes
 
may not be available due to reproduction problems). To retrieve such
 
data may require considerable material and personnel resources.
 

Therefore, the following bibliographic list of sources of general
 
climatological and specific meteorological information is given (not all
 
of which may be specifically relevant for prediagnostic purposes).
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General
 

WHO "Guide to Agrioultural MeteoroZogioal Praotioee" WH No. 134,
 
2nd edition 1981. An overall view of the scope of agricultural
 
meteorology is given in 8 chapters under headirgs like:
 
Agricultural Meteorological elements and their observation,
 
Agromet, eorological forecasting, Application of Meteorology to
 
Forestry etc.
 

Appendix I - Bibliography of literature on agricultural meteorology
 

Appendix II - List of periodicals of interest to agricultural
 
meteorology
 

Appendix III - List of international organization of interest to
 
agricultural meteorologicts.
 

GEIGER R. "The Climate near the ground" (611 p) 1965 English translation, 
Harvard University Press. Textbook on basic microclimatology.
 
It gives an exhaustive analysis of physical laws and their
 
consequences on various meteorological elements including descriptions
 
of the influences of topography vegetation and artificial devices
 
on weather.
 

HOTHEITH J.L. "Vegetation and the atmosphere" 1976 N.Y. Academy Press.
 
Sumary of actual micrometeorological and ecological knowledge.
 
Vol. 1. Summary of physical biological elements. Vol. 2. Case
 
studieg in agricultural, forestry and ecological fields.
 

J. HU. CiIANG "Clinmat and AgriouZtu - an Eootogioa Survey" 
Aldime Publishing Company 1968. 304 pp. Textbook on the general
 
principles of agricultural climatology.
 

Y. SEEKANN Y. CHIRKOV, J. LOMAS, B. PRIMAULT."Agrometeorology" (324 pp)
 
1979. Springer Berlin. Introduction to the present day problems
 
of agrometeorology, a series of accounts, each complete in
 
itself, of agrometeorology problems.
 

G.W. ROBERTSON, "The Role of AgromteoroZogy in Agricultural
Developent and Investmnt Projects" WHO No. 536, 1980, 85p. 

Climatology
 

LANDSBERG H.E. and other "brld Survey of Clinatology" Elsevier 
Publishing Company; Vol. 9: Climates of South and Western 
Asia 248 p. Vol. id Climates of Africa 604 p. Vol. 12.
 
Climates of Central and South America. Sunmaries of the existing
 
climatological knowledge for the area concerned with references
 
for more detailed literature.
 

BLUETHGEN "AZIgemeine Klimgeographia" 2nd edition (German) 1966 720 p.
 
WALTER DE GRUYTER and COM.BERLIN. Basic textbook on geographical

climatology, covering the fields of analytical climatology,
 
synoptical climate geography, general circulation, general types
 
of climates, climate classification, changes in climate, climate
 
modification by man.
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L.H. BROWN, J. COCHEME "A study of the agrocimtology of the highLands
 
of East Africa. WHO No. 339, 1973 197 p. Report on the
 
FAO/UNESCO/WMO Project on the Agroclimatology covering the
 
countries Ethiopia, Kenya, Tanzania and Uganda.
 

"Agroolinztoogy of the highlandai of Eastern Africa". Proceedings 
of the Technical Conference Nairobi 1973. WHO No. 389 242
 
pages. Follow up of the agroclimatic survey carried out
 
by FAO/UNESCO/WMO.
 

J. COCHEME, P. FRAUQUIN " Agrometeorologio'at ou.'vey of a saemi-aridarea 
in Afica South of the Sahara" WHO No. 210, 1967 136 p. 
The subject covered include rainfall, crop transpiration, 
availability of water during different periods of the year, 
heat and light and the correlation between crops and climate. 

"AgroclimratoLogy in the Semi-arid areas South of the Sahara" 
Proceedings of the technical regional confcrence Dakar 1971
 
WMO No. 340, 1973, 253 p FAO/UNESCO/WWJ interagency project.
 
Follow up of the survey mentioned under reference 15.
 

E.G. DAVY, F. MATTEI, S.I. SOLOHON "An Evatuatbion of CMinzte and Water 
Resources for Development of Agriculture in the Sudano-Sahelian 
Zone of qast Africa" WHO No. 459 1976. 289 p. General 
background information on agrometeorology and surface water 
resources in a large part of West Africa. 

M. FRERE, J.Q. RIJKS, J. REA "Estudio agroctlimtotogico do La Zona
 
andim" WHO No. 506, 1978 297 p. (Spanish). Outcome of
 
an agriclimatology project carried out jointly by FAO/WHO and
 
UNESCO. The first part of the note analyses the agrometeorological
 
factors; the second part studies the main crops in the area
 
and their reaction to agroclimatic factors.
 

AMARE-GETAHUN "Agro-olimates and agricuZturat systems in Ethiopia" 1980. 
Agricultural systems. Vol. 5: 39-59. 

I.J. JACKSON "Climate, water and agriculture in the tropics" 1977 
Longman Corp. 248 p. This book examines characteristics of 
tropical rainfall and evaporation together with their 
implications especially related to agriculture landuse, and 
aspects such as soil erosion and irrigation. 

Agrometeorotogy of Crops
 

'"Agroeteorotogy of the wheat crop" Proceedings of the WHO 
Symposium in Brunswick 1973, W4O No. 396, 1974. 242 p. 

"Agromteorology of the Maize Crop" WHO No. 48, 1977 454 p.
 
Proceedings of the Symposium on the Agrometeorology of the
 
maize crop; WHO - Iowa State University, Iowa 1976.
 

F.S. DA MOTA "Soy" Bean and Weather" WHO No. 498 1978 64 p.
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G.W. ROBERTSON "Rice and Weather" WHO 423, 1975 40 p. 

nAgromrteorology of the Rice Crop". Proceedings of the WHO/IRRI 
Symposium WHO No. 541 1980
 

Agro-Ecolog. 

"Report on the Agro-ecoogioaZ zones project" Vol. 1: 
Methodology and Results for Africa 1978. Vol. 2: Results 
for Southwest Asia 1978. Vol. 3: Results for Southeast 
Asia 1980. FAO World Soils Resources Report No. 48. 

L.R. HOLDRICE and others "Forest Environments in Tropical Life Zones" 
A pilot study., 1971, Pergamon press 747 p. Particular
 
reference is made to chapter two on the Holdridge "life
 
zone system" as proposed 1947
 

iscellaneous 

"Crop Water Requirements" FAO Irrigation and Drainage papers
 
No. 24 1974 198 p.
 

H. FRERE, r. POPOV "AgrometeoroZogicalCr-op monitoring a.4 forecasting"
 
FAO Plant Production and Protection Paper No. 17 1979 64 p.
 

"Windbreaks and Shelterbelts" WHO No. 59 1964 188 p.
 
Established by a working group of the Colmmibsion of Ageicultural
 
meteorology thia publication summarised the results of research
 
on this subject. The bibliography list, about 550 references.
 
(another approximately 300 references on shelterbelts for the
 
reriod 1970-'980 are available through the National Agricultural
 
Library, U.S. Department of Agriculture).
 

"Drought and Agriculture!'WM No. 392 1975 127 p. This
 
publication gives consideration to many meteorological factors
 
of drought including its definition and early recognition,
 
its effect on plants animals and diseases as well as methods
 
for alleviating its effects.
 

J.W. DAVIES 'tluching Effects on Plant Clinate and Yield" WMO No. 388
 
1975 92 p. This publication deals with effect of mulching
 
on the climate of the soil and microclimate near the ground.
 
The effect of mulching on temperature and moisture regimes
 
of the soil, soil erosion, soil physics, pest, diseases and
 
the growth of weeds are given with the published experimental
 
evidence.
 

V. 	BAIER, "Crop Wedther AMdels and their use in Yield Assessments" 
WHO No. 458 1977, 48 p. A review of the techniques currently 
available for simulaving and analysing crop responses to 
weather, with special emphasis on the operational use of empirical 
statistical yield models for periodic assessment of regional
 
production.
 

"The effect of Meteorological Factors on Crop Yields and kthodo 
of forecasting the yield" WHO No. 566 1982 54 p.. 

SSM 5-43
 



8SM 5.4.1 Young, Darnhoffer and Raintree p.92
 

C. DANCETTE, J.F. POULAIN "Influence de t'acaciaalbida our Zee

faotaura pedoclimatiquoe et Zee rndemente do oultzres"
 
1969 Sols Africains XIII No. 3 (197-238).
 

H. SMITH, "Light Qua-ty, Photoperception and Plant Strategy"
 
Ann. Rev. Plant Physiology 1982, 33: 481-518
 
"Sympoaiwn on Foraetry Meteorology" Proceedings of the 
Symposium on Forest Meteorology 1978 in Ottawa. WO No. 527 
1978: 233 p. 

Bibliography
 

"Agr'aeteorotogieoh Bibliographicdoe Deutechan Watter 
dienotes" 
 1978, 1979, 1980. Annual bibliography on
 
agricultural meteorological publications which have become
 
known to the Central Office of the "Deutscher Wetterdiennt'
 
in the course of the year. (1980: 2263 references including
 
short abstracts).
 

3. SOCIOECONOMIC INFORMATION
 

Sources of relevant socioeconomic information may be harder to identify

than for biophysical information. Nevertheless, the following potential
 
sources should be checked for information on the study irea:
 

-
 the national census authority
 

-
 national and regional planning authorities
 

-
 ministries or departments of agriculture, economic development,
 
rural welfare, rural health, etc.
 

-
 university departments (researchers in departdants of economics,

sociology/anthropology, planning, rural health, etc. may have
 
published reseaech 
reports on the area or have relevant information
 
in manuscript form)
 

- university libraries
 

- libraries of international agencies
 

- non-government organizations working in the study area
 

4. INTERVIEWS WITH QUALIFIED INFORMANTS
 

Qualitative information on all of the above areas of concern may also
 
be gleaned from interviews with local officials, teachers, extension
 
agents, rural health workers, community workers, articulate farmers,
 
qtc., as well as from researchers familiar with the study area. 
F~r
 
some aspects of prediagnostic information, these may be the main sources.
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3.2 Additional LanJ Use Information 

Completion of the foregoing section will not, in most cases, complete the 
description of the system. Depending on the type of production technologies
 
or management objectives, the following additional Information might 
also be needed:
 

Agricultural Production
 

a) Intensity of agricultural land use (see Appendix A-10 for suggested 

indices)
 

b) Most c"=on crop rotations
 

c) ost omn tatercrop cumbinations
 

d) Cropping calendar
 

Forestry Production 

a) Establishment practices
 

b) Maintenance operations
 

c) Management system
 

d) Harvest practices
 

e) Rotation schedule
 

(See Appendix A-7).
 

Livestock Production
 

a) Type of livestock and herd structure
 

b) Role of livestock in the system (consumption, sale, savings,
 
draught power, etc.).
 

c) Seasonal feei sources
 

d) Management practices
 

(Sea Appendix A-9).
 

Agroforestry Practices
 

a) Component combinations (trees vith herbaceous crops and/or livestock)
 

b) Role of the tree in the system (production/service roles)
 

c) Interaction of trees with other components (in space and/or time)
 

d) Spatial arrangement of components (zonal/mixed)
 

e) Management practices (pruning, lopping, mulching, etc.)
 

(See Appendix C-5)
 

Watershed HanwAgeent 

a) Sources of water (type/location)
 

b) Type and distribution of water harvesting or drainage infrastructure 
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c) Conditior of land surface in watershed
 

d) Distribution of land cover types (sketch map)
 

e) Condition of river and stream channels
 

f) Community groups potentially concerned with watershed management
 

(See Appendix A-8 for detailed guidelines)
 

3.3 Structurvl-Functional Description of the System
 

Worksheet 3.3. is designed to enable the analyst to determine the flow 
of inputs and outputs within the selected land use system. Both 
economic and ecological aspects of the system are included. 

The main purpose of this description is not to identify problems but to 
assist ii the understanding of some of the problems which will be identified 
later at the Diagnostic Stage. The Worksheet, in effect, describes the 
system's operating context and, hence, the context of tb: problems. 
This information will assist the D&D team to simulate the system's 
response to potential intorventions. One use of the completed Worksheet 
which might be made is to produce a functional diagram of the system.

See Appendix B-8 for guidelines on the construction of functional
 
diagrams. 
 It may be helpful but it is not necessary for the Prediagnostic

working group to produce such a diagram in order to complete this step.
 

The Worksheet is comprised of 2 sections. The first section deals with
 
the sources and uses of major inputs. The second section deals with
 
sources and uses of outputs and includes ' -product outputs such as soil
 
erosion and surface water runoff.
 

Specific Guidelines for Completion of Worksheet 3.3
 

3.3.1 Inputs
 

Inputs have been subdivided into 3 Mni- categ)ries i.e. labour, land and
 
other.
 

Labour is defined ir,terms of its availability for farming, off-farm 
and household activities. It is subdivided into ismily, hired and
 
other e.g. community labour.
 

Land is here defined in terms of acreage and existing vegetation and/or

infrastructurv improvements, e.g. terraces, irrigation canals, fences
 
etc. It is s, ,divided on the basis of whether it is owned, rented or
 
has other use rights, e.g. communal land, forest land temporarily used
 
for intercropping, etc. 

Other is divided into capital and operational inputs. Capital items,
 
other than the previously mentioned land-based infrastructural
 
improvements, are draft animals, productive animals (dairy and/or

beef cattle, pigs, steep, goats, chicken), equipment (tractor, plough,
 
irrigation pumps and pipes).
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Host comon operational inputs are planting material, fertilizers 
(organic and inorganic), chemials (insecticides, pesticides, herbi­
cides, drugs) raw material for cottage Lidustries, water, fodder, fuel. 

ICRAF p.16 

The main activities of the farm family 
summarised below. 

(the uses of the inputs) are 

Primary activities 

Cropping of annuals is here defined 
of crops as well as development and 

as producing, harvesting and selling 
maintenance of land infrastructure. 

Cropping of parenniaUe is h. 
selling of tree (products) as 
land infrastructure. 

defined as producing, harvesting and 
veil as development and maintenance of 

Livestock keeping is here defined as rearing, grazing, watering and 
selling livestock (products). 

Gathering is here defined as collecting products other than from 
c,.opping and livestock keeping for home consumption or cottage 
industries or livestock keeping. 

Off-farm enrpoyment is hv.re defioed as 
come generating activities off-fam. 

family labour engaged in paidin-

Secondary activities 

Cottage industries are here definee as the on-farm processing of 
purchased or farm produced raw m.cerials into products for sale 
consumption. 

or home 

Household manintenance is here defined as all regular household chores 
other than gathering including maintenance of household structures. 

Livestock keeping is here defined as rearing, feeding, watering and 
selling livestock (products). 

Note that livestock keeping can either be a 
depending on whether the animals are grazed 
primary activities. 

3.3.2 O__tputs 

primary or secondary activity 
or fed with products from 

Products resulting from primary activities are crops, fruits, animals,
livestock products (milk, eggs), fodder, fUel, (fuelwood crop residues,
manure), water, timber and poles, organic fertilizers, manure, plantirs
material, raw material for cottage industries and draft power. Water
is considered a primary product when it is an output of a specific
activity or a new infrastructural investment for the purpose of water 
storage or harvesting. Otherwise it is considered a by-product. 

Products from secondary activities are processed food, shelter and 
cottage industry products. 

The final uses of the products are subdivided into household consumption,
sold for cash or recycled as inputs into the production system. 
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By-produ its of both primary and secondary activities may also constitute
 
outputs, ,ov in the case of soil erosion, surface runoff or deep

percolation of water resulting from particular cropping systems, livestock
 
raising activities or farm infrastructure. The effects (rather than
 
uses) on the farm and 
off the farm are shown as land degradation (from

noil erosion), &a effects on specific activities (cropping for example),
 
or as farm exports to the larger ecosystem. These may serve as positive
 
or negative inputs to other farming units in the 
area. 

3.4 Preliminary Idencification of Miajor Land Use Problems and Potentials(Optional)
 

On the basis of the groundwork undertaken to complete the preceding

Prediagnostic Steps, 
 the Working Group will have developed a preliminar;
appreciation of the outstanding land use problems and potentials

of the selected systems. Although, this area wIll be covered again in
 
greater depth by the D&D Field Team, it would be k pity not 
to benefit
 
from the thinking already done in the Prediagnostlc stage. Therefore,
 
abrief characterizaLion the land use problems
of major and potentials

identified by the Working Group would be desirable.
 

The information should refer to problems and potentials at two levels:
that of the local ecosystem and that of the manazement unit. Information
 
on the latter would tend to be system specific, so a separate entry

should be made in Worksheet for each land use system. At the ecosystem

level, the problems and potentials might be more general, but any system

specific (or land unit specific) influences should be noted. It Is not

expected that the Working Group will go 
 into great detail, but reference
 
might be made to the detailed guidelines given in the Appendices.
 

3.4.1 Problems and Potentials at the Ecosystem Level 

In the spaces provided in Worksheet 3.4 list: 

Hajor Resource Limitations and Potentials 

Some analysis of previously collected information and perhaps more
 
supplementary Information will be needed to complete this section. 
 See 
Appendix B-9 for guidelines. 

Major Conservation Problems and Potentials 

Thls should be based mainly on the understanding development by the working 
group on the basis of its previous information gathering activities,
supplenented by brief additional consultations with qualified informants. 
See Appendices A-5, A-8 and B-6 for guidelines. 

3.4.2 Problems and Potentials at the Management Unit Level 

Based mainly on interviews with qualified informants %nd existing surveys 
or research reports, complete the following sections of Worksheet 3.4.
A separate lIorksheet should be completed for each management unit type of 
relevance to the D&D exercise. 
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Failure to Meet Management Objectives 

The aim here is to identify the major problems arising from the failure
 
of the msnagement unit (whatever if may be) to meet its management
 
objectives (whatever they might be). In the case of household production
 
systems, the basic needs supply subsystems identified in Step 3.1
 
provide a checklist for a quick preliminary assessment of household
 
supply problems which will suffice for completion of this section. In
 
the case of other types of management units with different management
 
objectives, substitution ar addition of other objectives will be
 
necessary (e.g. no"-..cusehold production units, forestry production or 
watershed management units as discussed in the instructions for Step 3.1). 

Production Constraints
 

Specify, if known, what major management constraints (e.g. low soil
 
fertility, lack of labour, poor erosion control, etc.) are respcislhle 
for the problems identified in the previous step (See Appendix B-6). 

Outstanding Potentials for Overcoming the Identified Problems and 
Constraints
 

It is not nucessary to spend a great deal of time on this section since 
this will be the main subject of the DD field exercise, The aim here 
is simply to record existing thought on the most outstanding potentials 
for improvement of the system. 

3.5 Final Preparations for the Diagnostic Survey
 

Before the Prediagnostic Working Group concludes its work in preparation
 
for the activities of the multidisciplinary D&D Field Team, the following
 
two items should be addressed.
 

3.5.1 Selection of Representative Management Mhits
 

Some effort should be made to identify a select,-d sample of management unit8 
which are broadly representative of the system(s) to be surveyed by the 
multidisciplinary field team at the Diagnostic Otage. A formal statistical
 
sample is not required, but a iiac of about 20 representative farms, or
 
other relevant management units, would aid the D&D team to gain a rapid 
entry into the diagnosis. A separate list should be pzepared for each
 
distinct land use system selected for D&O attention in Step 2.4.
 

'kepresentativeness' should be interpreted broadly to Lnclude examples of
 
'typical' management units as well as other management units which 
illustrate the range of significant variation within the selected system
 
(e.g. smaller, average and larger farms within the range of size variation
 
for the system). The list is intended as an aid to the D&D teom in plannin|
 
and giving an initial focus to its survey activities, although the Team may
 
elect to go b-.yond the working list to clarify any diagnostic questions
 
whicL may emerge in the course of the survey.
 

Worksheet 3.5.1 may be used to record the list of representative management 
units. This list should be developed on the basis of prior consultation 
with unit managers to check on the representativeness of the unit. as well 
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WORKSHEET 3.3
 

STRUCTURAL-PUNCTIONAL DESCRIPTION OF THE LAND USE SYS71EM
 

1. INPUTS 

SOURCES OF INPUTS
 

USES OF INPUTS LAND LABOUR
 

PRIHAKY PRODUCTION Owned Rented Other Family Hired Other 

Annual cropping ... ­

__ Perennial cropping ..-. . - . 

Livestock keeping -...-.-.-

Gathering 

__ Off-farm enployment - .. .-.-. 

SEONDARY PRrI UCTIC'." 

__ Livestock keeping - .. . . . 

Household maintenance 

- Cottage industries -..--. 

OTHER INPUTS Farm Other 
Produced Purchased Rented (Specify) Uses 

- Draft power - _ __
 

Productive animals
 

Machinery - - _ _ _ 

Hand tools
 

Planting materials ­

_ater
 

Manure 

__ Fertilizers --

Pesticides 

Herbicides
 

Feed 

__ Timber/poles - -

Fuel 
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WORKSHEET 3.3 Cont'd 

2. OUTPUTS 

SOURCE ACTIVITIES PRIMARY HOUSIOLD 
(Specify) PRODUCTS PRODUCTION CONUITION SALE 

Field crops - -

Fruits 

An-la(live) - -

Animal products -.. 

Draft animals 
_________Feed 

Organic fertilizer 

Planting material 
Timber/poles ... 

Fuel 

Rev material 

Water 

SECONIDARY 
PRODUCTS 

Processed food 

Cottage ind.prods. - -

Shelter 

El-PRODUCTS FmCTS 

On-farm Off-farm 

ater(runoff and 
groundwater) 

Soil(erosion end 
sedimentation) 
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WMSET 3.4 

PILDIA[M IDIT!ICATIm! OF KLJOR LAKI) USE PROBLD LID POTIIUS 

3.4.1 Problems and Potentials at the Scosistem Level 

IMJor isourcea L dtations and Potentials 

Major Conservation Problems and Potentials 
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WJRBEUT 3.4 cont'd 

.3.4.2 Problms and Potentials at the Hatemant Unit Level 

Failure to Meet Management Objectives 

Production Constraints 

Outstandieg PotentialaiTr tvercomirg the Identified Problens and ConstraM 
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APPENDIX A-6
 

* 
NOTE ON THE ICRAF BASIC NEEDS APPROACH 

As the concept of "basic needs" has been developed and applied in different
 
ways in other contaxts, it is important to specify clearly what is
 
meant by this approach as developed for agroforestry purposes by ICRAF.
 
The basic points are as follows:
 

1. In analyzing land management systems, we have identified the
 
household management unit as a ?rime focus of D&D ettentio. because this is
 
where most of the land management decisions are made.
 

2. In our approach to the modeling of household land management 
systems, wc define the subsystems in terms cf outputs. In other words, 
the output subsystem is defined an the set of all activities, resources 
and other landuse factors which are involved in generating an output 
which satisfies one of the major production or land management 
objectives of the household. 

3. In deciding specifically what output categories to consider in
 
defining the major subsystems, it is important to satisfy two
 
requirements:
 

a) 	general applicability, and
 

b) 	adequate representation or the characteristics of local land 
use systems 

4. To satisfy both requirements and also to facilitate subsequent
 
linkage with categories of agroforsatry potentials, a basic needs
 
approach is indicated. The production outputs which mny briconsideted
 
basic to the economic wellbeing of people everywhere are.
 

- food
 
- water
 
- energy
 
- shelter
 
- raw materials for local industrier
 
- cash
 
- savings/investment
 
- sozial production
 

* 
Contributed by J.B. Raintree 
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5. 	The assumptions which underlie this approach are
 
a) that the needs in the above list ate basic and univeral, and
 
b) that local and regional land use systems are in large part
 

organized so as to satisfy these basic needs.
 

6. It is important to emphasize that, in espousing this approach,
 
the aim is to insure satisfaction of basic needs but nct to restrict
 
development efforts to only minimal satisfaction of these needs.
 
Rural development needs floors, not ceilings. One implication of
 
this approach is that, once subsistence needs are-adequately satisfied,
 
the emphasis shifts to improvements in the cash or savings/inwstment
 
subsystems.
 

7. To further clarify this point, in referring to 'basic' needs we
 
mean basic types of needs, rather than basic temlo of need
 
satisfaction. For example, a particular household may be well above
 
the subsistence level in its production of cash but, because of
 
drought or deforestation may have serious problems inmeeting its
 
food and fuel requirements. Cash income, which is normally taken as
 
the 	prime indicator of economic wellbeing, is not always readily

convertable into a form which satisfies the other basic needs (e.g.
 
one definition of 'famine' is that there is 
no food to buy, even if you

have the money). For this simple reason, it is necessary to consider
 
the 	performance of each basic output subsystem separately.
 

8. Having identified the subsystems inwhich the problems exist, and
 
having traced the symptoms and antecedent causal factors, tinalytical ails
 
are then used to model problem etiology and identify agroforestry
 
potentials (see Appendix B-7). For each subsystem the general
 
question is: 
 Is there anything that teee can do to inVrove the
 
perforwtmoe of this subsystem?
 

A partial list of the general types of answers which are possible is
 
given below.
 

POTENTIAL CONTRIBUTION OF TREES TO BASIC NEEDS SUBSYSTEMS
 

Food Subsystem 

a) 	Hwan food from trees (fruits, nuts, cereal substitutes) at low
 
input levels on marginal land
 

) veatock fead from trees (one step down the trophic chain)
 

c) 	Fertilizer from trt.s from improving the nutritional status of
 
food and feed crops fthrough tho addition of atmospheric nitrogen 
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to the soil system by leguminous trees, through inT'ovvment of 
ac e s to a greater volurm of subsoil nutrients by the nutrient 
recycling action of appropliate trees and also by the inproved 
avaiZabilZty of soil nutrients which often accompanies the higher 
EZC levels associated with the higher organic matter levels and 
improved physical structure of tropical soils under the influence 
of appropriate tree canopies) 

d) 	 Soil Conservation effected by trees in agroforastry intercropping 
systems has a direct and measurable long term benefit on the 
production of food crops from the protected fields 

e) icro-climate amelioration associated with properly spaced trees 
(e.g. the "shelterbelt effect") can also have a direct impact on 
food crop production (e.g. 30% increase in Russian wheat yields
 
attributable to shelterbelts)
 

Water Sybsvs ten 

s) 	 Regulation of water delivery for human consumption, household use, 
watering of livestock, etc.. through reduction of runoff and 
improvement of interception and storage in infiltration galleries 
(various watershed managemen;" practices involving trees) 

b) 	 Inpravemont of soiZ met, tuo retention by rainfed cropping systems 
and pastures (soil structure and microclimatic effects of trees)
 

c) 	Protectionof irrigationworko by hedgerows of trees 

d) 	 Prevention/reduotionof downstream flood dwnage by various watershed 
ma-gement uses of trees
 

e) Inyroved drainage from waterlogged or saline soils by phreatophytic
 
trees 

f) Increased biaaso storage of water for animal consumption in forage 
and fodder trees (higher water content of feeds in dry season)
 

Energy Subsystem 

a) 	 floodfkwla 

i) firewood
 
ii) charcoal
 

b) 	 Methanol (wood alcohol) 

c) 	Ethanol (from fermentation of high carbohydrate fruits, e.g.
 
Proaopia pods) 

d) 	Producer gas from charcoal 

e) Latex and other combustible saps and resins 

f) Other fuels and energy technologies uniter the general heading of 
bio'ase 

g) Augmentation of ldindpcer by jet stream effects of appropriate
 
tree arrangements
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Shelter Subsystem
 

a) Building materlZs for housing 
b) Shade trees for humans and livestock (and even some heliophobic 

crops) 

c) 	 Windbreaks around settlements, fields and pastures 

d) 	Living fences
 

Raw 	 HAteria.s Subsystem 

a) 	Wood for a variety of craft uses
 

b) 	Fiber for weaving industries
 

c) 	Ingredients for medicinal preparations
 

d) 	 Etc. 

Cash Subsystem 

a) 	 Direct cash benefits from sale of the above listed products 

b) 	 Indirect cash benefits of non-tree crop productivity improvements 
effected by trees (e.g. higher profits from savings in fertilizer
 
costs) 

Savings/Investment Subsystem
 

a) 	 Addition of a savings/invetmnt enterprlise on farms now lacking 
one (e.g. growing of high value timber trees for future 
educational expenses, etc.) 

b) 	 Improvement of existing savinglinvectment entrprisees by a variety 
of tree roles (e.g. fodder trees in slstems where Uivestock play

the 	role of "savings on the hoof"
 

Social Production Subsystem
 

a) 	Production of goods in kind for social exchange purposes (e.g.

fruits, more livestock for ceremonial occassions or marriage
 
needs, etc.)
 

b) 	Increased cash for social purposes (e.g. political
 
contributions, taxes, gifts, etc.) by means of various productive
 
or service roles of trees.
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Coding Survey Data - Farming System Problem Identification Survey
 

Coding data means putting it into a form which can be easily
 
stored and used for analysis. A code is an abbreviation. By
 
abbreviating or coding information obtained from surveys we put
 
answers to our questions into the form of 1, 2 or perhaps 3 di.git
 
numbers. Each number stands for a different response to the
 
question.
 

The first step in coding data is to make up classes or groups of
 
possible answers to your question. You want to have enough
 
groups to reflect the range of responses which could make a
 
difference to your analysis nr your plan of action. You do not
 
want so many categories however, that it becomes difficult to
 
define any important differences among them.
 

For example, let's examine the.Farming System Problem
 
Identification Survey in Sourcebook Support Materials 5-9. In
 
Section 1 of the survey, Land Use History, the first question,
 
1.1. is:
 

For how long have you lived in this area?
 

You want to create categories of responses to this question which
 
will cover all of the possible answers, and which will make a
 
difference to your understanding of the situation you are
 
surveying.
 

Essentially you want to know if your respondent is relatively new
 
to the area, or if s/he has lived in the area long enough to have
 
observed important changes or trends over time, and long enough
 
to have developed strong opinions about what is happening or
 
should be happening there. Answers to this question, when you
 
examine all the respondents together, can also give information
 
about how stable the population in, depending on whether there
 
appears to be a relatively high proportion of newcomers.
 

For such a question five categories of response might be
 
appropriate, allowing for up to two answers from each respondent.
 
Each category would be assigned a one-digit number, or code. For
 
example:
 

I. less than two years
 
2. two to five years
 
3. five to ten years
 
4. 10 to 20 years
 
5. 20 to 40 years
 
6. All my life.
 

For each respondent you would fill in code number one through
 
five. If applicable you may also fill in code number six.
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Before implementing a survey it'is necessary to prepare a "coding
 
manual." to go with your questionnaire. Your coding manual will
 
list the possible groups of responses to each question and assign
 
a digit to each.
 

You 	should form your categories of' responses by "pre-tescting"
 
your questionnaire. This means conducting the survey with a few
 
households which represent the range, or diversity of
 
characteristics you expect to find when you conduct the survey
 
'for real.'. From these trial questionnaires examine the
 
different responses you receive to each question and create
 
categories for your coding manual which accommodute all of them.
 
Consider also answers you feel quite sure you will receive, but
 
for 	some reason did not obtain during the pre-test. if you turn
 
out. later to be wrong and such answers are not provided, you can
 
simply drop or ignore codes for which there are no data, and
 
adapt your coding manual accordingly.
 

To code survey data it is often most efficient to mark the code
 
directly on the ql'astionnaire. This involves 'pre-coding' thc
 
questionnaire, or marking space on it where the correct code is
 
placed when the answer is given. P:-e-coding involves either
 
learning your coding manual very well before conducting the
 
survey, or marking the coded answers on the questionnaire.
 
Referring to your coding manual while conducting the
 
questionnaire ii not an efficient practice. If it is necessary
 
to refer to your manual it is probably more efficient to code the
 
data later, after you return to your office.
 

Following are exampler of the types of codes you might develop
 
for questions in Section 2 (Land Ownership) of the Problem
 
Identification Survey Questionnaire. Remember, it is important
 
to develop a coding manual which fits the characteristics of your
 
own project area. This means learning enough about the area to
 
effectively code your data, before conducting the survey!
 

2.1. Approximate size of plot 2.2. No. additional plots
 

Code Response 	 1. none
 
1. 	less than I ha. 2. one
 
2. 	 1-2 ha . 3. two
 
3. 	 3-5 has. 4. three
 
4. 	 5-10 has. 5. more than three
 
5. 	more than five has.
 

2.3. Title deed 	 2.4. Reason no title
 

1. 	yes 1. land not
 
2. 	 no adjudicated
 

2. 	another family
 
member owns
 

3. 	can't afford
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FARMING SVSTEH PROBLEM IDENTIFICATION SURVEY
 

Interviewer
 

Date
 

Project Arme 
 _ __)	 (__
Former's Name____(______
 

1. LAND USE HISTORY
 

1.1. 	For how long have you lived in this reas? C )X ) 
1.2. 	For how long have you formed this plot o lend? ( )( ) 
1.3. 	Since you began forming here have you introduced )( )
 

any major changes in your croppIng patterns or
 
livestock practices?
 

1.4. 	If yes, what changes have you made? 
 )( ) 

1.5. 
Since you began forming here has there occured any ( )( )
significant land degredation? Describe. 

1.6. 	If so, 
what 	have you done about It? C )( ) 

2.0. 	LAND OWNERSHIP
 

2.1. 	Whnf Is the approximate size ot this plot? 
 ( )( ) 
._.___ _.acres
 

2.2. 	How many additional plots do you own? 
 ( ) 
plote
 

2.3. 	Do you or your family have the title deed to this 
C ) 
pJot?
 

2.4. 	If not, what Is the reason? ( ) 

* Adapted from ICRAF 
by Hazingira Institute and CARE-Kenya.
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3.0., 	LAND USE TYPE
 

3.1. 	Approxlmately what proportion of the total acreage of this plot

Is tievoted to each ot the following lend uses?
 

Land 	Use Percentage of Total
 

0 5-15 15-30 30-59 50-75 ?5- 90 

Homestead ( ) 
Non-irrigated 

crop ( )
I Igated crop ( )
N Zura1 grazing ( )

Improved peasture 
 ( )

Orchard ( )
Woodlot/windhreak C )

Frllow 
 ) 

4.0. 	LABOUR
 

Source 
 Number Notes
 

.l. famlily - Adult Male 
 ( )
Adult females 
 ( )
Children
 
(part-time) ( )
 
(full-time) C( )
 

Hired - Full-time Male 
 C ))
Full-time 'remele 
 C )( 

Casual - Year-round 
 ( )
Sowing seaenn 	 ( )
Weeding Seaoon 
 ( )( Herveating season 
 C( ) 

5.0. 	FOOD PRODUCTION
 
5.1. 	Crop
 

Obvctlve (cons./eale) Monthly Caandnr
 
Crop 	 Primeary scondary let 2nd
 

SBrlina Sowlno,Woeding Har-Fe La~
 

1. Maize 
 ( )( )
 

2. Bean. 
 ( )( )
 

3. Sorghum 
 ( )( 

4. Bananas 
 ( )( )
 

5. Potatoea 
 ( )( 	 ) 
6. Vegetableo 
 ( )( 
7. Coffee ( )11 

S. 	 IC)C() 
9. 	 SS15-6 
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5.2. Livestock
 

.Prim. ObJ Second. Obl Tertiary 0b1. 
1. Cows()
 

2. Bulls ( )
3. Oxen ( )
5. Goats ( )
5. Sheep C )
6. Plgc C )
7. Donkeys 
 (

B. Chickens 
 C ) 

5.3. Livestock Feedinq
 

(Rank In importance) 

1. On-farm grazing 
 ( )
2. Off-farm grning 
 C )
3. On-form cut 9 carry 
 ( )4. Ofr-fsrm cut & carry 
 C )5. CommecAl feed ( ) 
6. Do you have enough feed to satisfy your needs year


r.ound? 
 ( ) 
7. If not, what are the specific problemo you face ( ) )

in obtaining adequate reed?
 

5.4. Food Sufficiency
 

1. Do you produce enough food to satisfy all of your 
 C )
iieeds, year round?
 

2. Do any or the following effect your ability to
 
produce and store enough food?
 
1. Access to tools and implements C ) 
2. Access to fertilizer/manure 
 C ) 

3. Access to pesticideo/fungicides 
 { ) 

5. Availability of labour 
 ( ) 

5. PvsilsbilIty of lard 
 ( ) 

3, What do you do to satisfy your food needs in bad Vears?
 

Rank Order
 

1. Purthase 
 C )2. Borrow 
 C )
3. Exchange 
 C ) 
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4. How often do you e.perience bad years? (
 

6.0. WATER SUPPLY
 
6.1. Rank order the water sources depended upon for
 

each use specified, for dry and wet seasons.
 

Source Domestic Liveetuck Shamba
dy ctdywt dry __ 

w1. Unhorneosed 


. Springs
 
3. Streams
 
&. River
 
5. Wells
 
6. RBinfall Storage
 

tanks
 
7. Surface pcols
 

6.2. Ho-w far awuy Is your primary wet season C )
weter source',' 
 kma.
 

6.3. How far away is your primary dry season 
 ( )
water source _m.
 

6.., Do you consider watpr quality tu be 
a problem

for your family? _ ) 

7.,;. ENEdGY
 

7.1., Rank the following energy types in terms of their
 
reouency of use for housuhold cooking:
 

Source 
 Rank
 

1. Firewood
 
2. Charcoal 
 ( )3. Paraffin C )
4. Dung 
 ( )
5. Crop residue 
 ( )
6. Electricity 
 C ) 

7.2. Besides cooking, for what other purpoane 
 do your

household use 
 woodfuels (charcoal or firewood)? C ) 

7.3. How do you obtain your firewood? (If collected, ) ( )
estimate how o3ften and how far walked, and who in
 
household usually collects.)
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7.4. 	Do you consider getting enough firewood C ) 
for your household's cooking needs to be 
a problem st the present time? 

7.5. 	Do you consider Qetting enough firewood ( ) 
for your houoehuld's Industrial needs 
to be B problem? 

7.6. Do you think that obtaining enough firewood 
will be a problem in the forseeable future? ( ) 

7.7. 	Why or why not? C ) 

8.0. 	SMELTER
 

trateoles SUPPr 
Function Materials . .P. F.M. Maintenonce Prob. 

8.1. Fencing )( ) 

8.2. 	Shade )( ) 

8.3. 	Building ( 

8.4. 	Mats ( )( ) 

8.5. 	Windbreak C )C ) 

8.6. 	Others )( )
 

C,B,P a Collect, buy, produce 

F, M - female/male responsibility 

9.0. RAW MATERIALS (Home Induutry)
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9.1. 	Which of the following home Industries are you
 
involved In end whet are the sources of your
 
raw materials7
 

Industry Raw Heteripl Source Problemp
 
(o.llect/
 
pu;,chase)
 

1. Charcoal
 
burning (
 

2. Brick-Making 	 (
 

3. Pottery 	 (
 

4. Tobacco curing 	 (
 

5. Bakery 	 ( 

6. Crafts 	 ( 

7. Others 	 (
 

10.0. 	CASH
 

10.1. 	Rank order the following in terms of contribution
 
made by eac to total household income.
 

1. Off'-farm family business 
 (
 
2. Off-form employment (husband) 	 (
3: Off-form employment (wife) 	 (
4. Off-farm employment (childrei) 	 ( 
5. Cash crop sales 	 _ 

6. Surplus food crop sales 
 (
 
7. Livestock Sales 
 (
 
8. Homo Industry 	 (
 

10.2. 	Rank order five of the following in terms of house­
hold expencliture:
 

1. Food 
 (

2. Energy 
 (
 
3. Livestock feed 
 (

4. Other farm inputs 
 C 
5. Household utensils end furniture 
 (
 
6. Clothing and personal items 
 (

7. School f 	 )Ies 

8. Herambee 
 (

9. Sevingo and investment 	 ( 

11.0. 	COMMUNI'TY
 

11.1, 	Which schools are attended by your children? C )( 
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11.2. 	Which church does your fahily nttend? C )
 

11.3. 	What community groups or orgenizutiono do you )( )
 
or your husband/wire belong to?
 
(women's groups, labour groups, development
 
committees, sport clubs, etc.)
 

12.0. 	TREES
 

12.1. 	Have you planted and raised trees on your shamba? C ) C )
 

12.2. 	If yes, hjw long ago did you first begin planting ( )( )
 
trees?
 

12.3. 	If yes, which species have you planted? )( )
 

12.4. 	Whnre did you get the seed or seedlings of each? )C )
 

12.5. 	Have you left indigenous tre~s on your shambe?_ . )( )
 

12.6. 	If yes, why? ( )( )
 

12.7. 	For whet purposes would you like to plant more ( )X )
 
trees
 

12.8. 	What species would you most like to plant? C )( )
 

12.9. 	What has prevented you from planting more trees C )( )
 
date?
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APPENDIX B-2
 

INTERVIEW GUIDELINES FOR AGROFORESTRY DIAGNOSIS AND DESIGN
 

Farming systems Research and Extension programs and farming systems
 
rapid appraisal methodologies have been developed and tested under
 
diverse coaditione within recent years. The widespread application
 
of an integrated farming systems approach has fostered the testing
 
and refinement of several rapid appraisal techniques (Lbambers, 1981)
 
including the "sondeo" of Hildeband for FSR/E programs (Hildebrand,
 
1981), the cropping systems approach developed at IRRI(Zanstra et aZ.,
 
1981) and the step-wise series of interviews and 3urveys used by
 
Collinson (1981) in East Africa. Sumnaaries of these methodologies
 
and the related interview technique% are also reviewed in a compendium
 
on Farming Systems Research by Shancr et al. (1982). A useful
 
discussion of the art of the informal diagnostic survey is contained
 
inRhoades (1982). As such general farming systems applications of
 
diagnostic methods have been discussed and described in the literature
 
and need not be treated here.
 

To the extent that agroforestry systems D&D differs from the usual
 
farming systems approach it requires some additional guidelines, both
 
on content and methods of interview. The major objectives of agroforestry
 
technology development are:
 

1. 	to meet basic needs of clicnt populations
 

2. 	to improve the sustainability of production systems
 

3. 	to further improve quality or quantity of production where possible,
 
once the first two conditions are satisfied.
 

The first objective usually refers to the basic needs of the farm
 
household: food, water, fuel, shelter, cash and raw materials for
 
cottage industry (See Appendix A-5). This emphasis introduces a
 
sliding spatial scale to the analysis (and the interviews) ranging
 
from the intra-household level (distribution of labour, responsibilities,
 
and benefits relative. to each need) to the ecosystem level (distribution,
 
use, and management of off-farm water, fuel, related land resources,
 
labour and socio-economic and physical infrastructure).
 

The second objective, by definition, extends the time scale of the
 
diagnosis. To judge system austainability under existing technologies
 
and proposed alternatives we require some knowledge of past conditions,
 
as well as trends in production rates and the state of the resource base.
 
On this basis we can determine likely trends for the future. The fact that
 
agroforestry deals with combinations of long-lived trees and shrubs,
 
together with annual crops and animal production, also reinforces the
 
need for a longer time frame than that normally applied-to farming
 
systems analyses.
 

Contributed by D. Rocheleau
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Historical accounts of land use, production, household conditions and
 
ecosystem conditica become important tools both for diagnosis of
 
sustainability and production constraints and for feasibility evaluation
 
of proposed solutions. Imagining the futures - possible, with the
 
farmers' help, becomes important for judging technologies that require
 
present investments for relatively long term returns. Sustainability
 
considerations may also require topical emphases on soil, water,
 
and/or labour depending on which resource is, or is likely to become,
 
limiting. In many cases agroforestry technologies are intended as
 
methods for maintenance or rehabilitation of soil and water resources
 
in fragile and/or degraded ecosystems.
 

The third objective, improved production, does not differ substantially
 
from the usual focus of farming systems analyses and surveys. As such
 
it requires no special guidelines beyond those already referred to in
 
the literature.
 

Irterview guidelines are presented for determining intra-household
 
perceptions of problems and potentials with respect to basic needs,
 
for determining historical trends and exploring futures possible at
 
the farm and ecosystem scales, for describing the interaction between
 
the farming system and the larger ecosystem (including the commnity),
 
and for diagnostic interviews in soil and water conservation or watershed 
management projects.
 

1. GENERAL INTERVIEW GUIDELINES
 

Intra-household distribution of labour and interests re: basic needs
 

Problem diagnosis can easily be biased by speaking exclusively to adult
 
males and/or heads of household. For example, in many areas, although
 
men are recognized as farm managers and heads of household, they specialize
 
mainly in cash and food production. It is also necessary to consider
 
the role of women as managers of watet, fuel, milk, food supplies,
 
cottage industries and small animal production. Children are often
 
employed in such tasks as well, usually under maternal supervision.
 

Early on in the interview (perhaps just after a brief overview of the
 
farm's layout and the land use history) the team should determine who
 
is responsible for collecting, producing, purchasing and/or managing
 
each of the end-products identified as basic household needs. Based
 
on the answer, part or all of the team may wish to question the farmer's
 
wife or husband, some of the children, a parent, or other members of the
 
farm household. It is often hel:ful to let one or two team members split
 
off and converse with other persons while the group stays with the main
 
farm (or unit) manager.
 

These parallel interviews contribute two types of information:
 
First, the concerns and opinions of each sub-manager or participant about
 
the activities and needs of greatest import to them; and secondly,
 
verification of data obtained from other informants. Differences between
 
responses to certain common questions asked of all informants
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(land use history, trends in yields, trends in environmental conditions
 
aad utilization of labour on and off-farm, etc.) can be verified in this
 
fashion, as well as by comparing responses between similar farm
 
households. The first type of information is more uniquely the
 
province of intra-household stratified interviews and should take priority
 
in terms of time and emphasis given in the interviews.
 

For these supplementary interviews the actual questions to be asked may
 
vary little from the checklist and questions suggested for each basic
 
needsin Appendix B-3. The major differences will be in the range of basic
 
seeds discussed and in the format for discussion itself. For example
 
one might walk to the well, river or waterhole (if nearby) with the
 
farmer's wife to discuss a problem of water supply (quality, quantity,
 
transport) or the interview might take place inside the cooking area while
 
food is being prepared, or in a milking area near the house. Conversation
 
about other related concerns of the women such as child-rearing may lezd
 
to identification of nutritional or health problems, fuel shortage or
 
household labour shortages. These informants may be invited or requeste,
 
to tour other parts of the farm premises with the team member(s) if it will
 
help to clarify activities managed by that person in another part of the
 
farm holdings or environs. In the case of cottage industry one or more
 
team members may enter the work area or shop if, for example, there is
 
a separate building for woodworking, weaving or similar activities.
 
Artisans may be interviewed while working. Gathering or collecting sites
 
for raw materials may also be visited, if pertinent.
 

It should be kept in mind that to the extent the team splits up for part
 
of the interview time, more post-interview discussion will be required
 
for the team to synthesize the results and complete the diagnosis. If
 
only one person can be interviewed, due to logistic, cultural or other
 
constraints, tien more attention should be directed toward questions
 
about the concerns and work of other people within the farm household.
 
To the extent possible, interviewers should pose questions that might
 
indicate indirectly whether other household members face problems
 
with respect to each of the basic needs categories. For example time­
and-distance questions with respect to fuel and water collection can indicate
 
potential problems in labour utilization within the household. Where such
 
indicators prove posi..ive one can probe further to elicit the second­
hand impressions of he farm manager with respect to such activicies and
 
related problems. It is, however, always preferable to speak to two or
 
three =,bern of the household where responsibilities and labour are divided.
 

2. INTERVIEW GUIDELINES FOR EXPANDING THE TIME FRAME OF THE DIAGNOSIS 

The rapid appraisal time constraints for the diagnostic process itself
 
do not necessarily limit the time span considered in diagnostic and design
 
interviews. The agroforestry D&D methodology includes a dynamic analysis
 
conducted within a rapid appraisal context.
 

The back drop for such an analysis fits well into the needs of the
 
interview team. After the introduction at the outset of the farm tour
 
the team can ask the land manager about his/her length of residence in
 
the vicinity and on the present holding. This can be followed by an
 
open question about the history of land use and management on the farm
 
and its innediate surroundings. Further prompting should be directed
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toward: land use/farm managenent changes and the reasons for them;
 
trends in yields and prices of farm products, trends in amount and
 
prices of purchased production inputs and purchased household goods;
 
past problems experienced by the farm household, the responses to them
 
and the eventual outcome; differential impact of past economic or
 
natural stresses on various land use types and on fulfilment of the
 
various basic needs at the household level. Other specific questions
 
may arise based on the responses of the interviewee. Discussion of the
 
current situation may be guided somewhat by this knowledge of the land
 
use history, but the general approach would follow the guidelines
 
normally used for farming systems interviews about present conditions.
 

Projecting the present conditions and alternative technologies or systems 
into the future should be presented casually as an exercise in imagination. 
The potential for this technique will vary with personal and cultural 
attitudes about the future and planning in general. However, in many cases 
the farmer may anticipate future problems not yet apparent (and seek solutions 
to them). Informants may also veto some suggested alternatives based on 
latent c'nstraints previously unknown to the team. The alternatives 
should be raised in very general terms leaving the field open for 
elaboration or other suggestions by the informant. The changing conditions 
on the farm must be imagined into these technology previews, including 
the demographic characteristics of the farm household, the condition of 
the natural resource base on the farm, price changes in farm products 
and purchases, and changes of all 3 three types in the wider environment 
of the farm. The informant may anticipate these, but if not some proipting 
should be provided to explore the impact of such changes on adoptability
 
and performance of saiggested technologies.
 

This same type of exercise could apply if the informant names a constraint
 
that the team judges to be ephemeral or realistically subject to removal.
 
Then the question ",rhat if that were changed?" could be used to
 
postulate an alternative future condition for technology adoptability/
 
performance.
 

3. 	INTERVIEW GUIDELINES FOR CHARACTERIZING FARM-ECOSYSTEM INTERACTIONS
 

The relationship of the farm to the larger ecosystem is important to
 
agroforestry D&D for three reasons:
 

1. 	 The need to better understand and cope with farming systems 
opportunities and limits that reside (or originate) in the next
 
larger system of which the farm is a part.
 

2. 	The need in many projects (which currently apply a farming systems
 
approach) to serve a broader client group than a particular type of
 
farm household.
 

3. 	The need to analyse the corbined use of private and public (or
 
otherwise shared) resources in rural agricultural and forest
 
production.
 

Two major topics of interest can provide focal points for discussion
 
with land managers (unit managers) about the relationship of the land use
 
unit to its surroundings. First, discuss dependence on local off-farm
 
resources for satisfaction of basic needs, especially fuel and water, which
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are often collected off-farm but nearby. Cash may also be earned from

nearby off-farm work or sales to local consumers. The degree of

direct dependence on 
local off-farm resources can be established by asking

about the relative amounts and the importance of the goods secured

off-farm. Ask about who owns and uses 
these resources and about the
 
terms of use, trade, purchase or collection. If possible try to get

the farmer's impression as to the future reliability of the quality,

quantity and accessibility of these resources.
 

The second related point is the reliance on local market services for

transactions with external sources. Questions about where the household

sells its goods, where it makes its purchases and what kind of items are traded, should be directed toward establishing the degree of
 
interdependence between local fars and other land use systems and thedegree of interaction with (or dependence on) outside sources of basic
 
household needs.
 

is a complement to the farm interviews it is advisable to go to public

plazas or similar gathering places with one who knows the settlement or
 
town. Visit homes, ifnecessary, to conduct interviews and visit some

businesses or market place locations if possible. 
 Rely on local team

members or guides to identify potential informants and request their

participation in a discussion. The feasibility of doing this in
a park,

rnarketplaca or business will vary with th 
 cultural predisposition to
talk to strangers under these circumstances and will also vary with 
the timing of the interview (re: crowding, noise level, presence of
 
potential interviewees, etc.).
 

Once an introduction has been made, begin by discussing current

conditions that relate to 
local production and livelihood of the
 
inhabitants: the weather, this season's harvest, 
current prices in the
market. Determine the length of time the informant has 
lived in the
 
area, his/her place of residence, size and type of holdings, if any,
and occupation. This should be accomplished if possible with general

open-ended questions to avoid placing the informant in i defensive
 
position. Askmore specific (but still open-ended) questions about the

availability of food, water, fuel shelter, employment, 
raw materials,

labour, desired "imported" goods, and markets for local products. 
 With
 
respect to these topics, informants may be asked for their opinions on

the general case for the community at large, their own case, and how
 
the situation varies by group or location.
 

If interviews are being conducted in a public place try to stay out
of earshot of other groups. Be particularly careful of mixing people

of different socio-economic groups i; small-group interviews are
conducted, especially when treating issues such as 
employment, markets,

and labour. 
 Even amung peers it is possible that responses to some

questions may be biased by the informant's efforts to maintain his/her
 
image.
 

A significant part of the information on farm-ecosystem interactions may
also come from discussions with other qualified informants such as civil 
servants, extension agents, health and/or social workers. Reliance on any

single agency (such as agricultural extension) should be avoided since

this would bias both the content and the conclusions of information on
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comsnunity needs and problems within the ecosystem. For example, the 
obstacles to adoption of new technology should also be discussed with 
public servants concerned with other evaluation criteria.
 

Some landless people and some who have very small farms and depend
 
primarily on off-farm income should be interviewed, especially if their 
numbers are large and more so if the ecosystem analysis is being conducted 
within the context of a rural development project. To determine the 
condition as well as the current role of these people within the ecosystem, 
questions should address a wide range of topics: sources of cash and/or 
materials for fulfillment of basic needs; the degree to which these 
needs are met; problems or potentials for improvement perceived by the
 
informants; and the degree and type of interaction with local land use 
systems and the larger system. Note types of activity, location, timing
 
(if seasonal) and exchanges of goods/services/cash.
 

Ask about time of residence in the area and in their current home. Probe 
for predisposition to remain in the area and to engage in employment
 
(on or cf-farm) related to potential agroforestry technologies or land use
 
changes. Present these alternatives as part of an array of future
 
possibilities so as not to bias reponses. Fncourage informants to suggest
 
future alternatives or solutions to current problems, since this gives
 
the team an idea of what people most need, want and are willing to do.
 

4. INTERVIEW GUIDELINES FOR AF APPLICATIONS TO SOIL AND WATER
 
CONSERVATION OR WATEI.SHE) MANAGEMENT 

The rapid appraisal or diagnostic survey offers a vehicle for gathering
 
pertinent qualitative information about the soil, water, vegetation
 
animals and water resources of the region and the local ecosystem(s). 
Farm families and other residents often have considerable knowledge of 
the characteristics and behaviour of their environment. 

It is advisable that these interviews be conducted by the whole team 
or at least by two members in order to utilize both social science skills
 
and ecological knowledge.
 

It is particularly important, for design purposes later on, to diagnose
 
the local perception of the soil and water management problems, as well
 
as the characteristics, magnitude and trends of the problems. Moreover,
 
the will nd ability to apply specific conservation practices or technolo­
gical solutions wust be gaged, if possible, particularly with regard to
 
agroforestry substitutes or supplements to standard practices.
 

Trends in the degradation of water and vegetation can also be identified
 
and described, particularly by elderly residents. This type of information
 
can indicate whether such trends are perceived as "problems," and whether
 
there is a marked relationship to land use and management. This in turn
 
indicates whether agroforestry technologies might be used for rehabilitation
 
or stabilization purposes at the ecosystem scale.
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For example, flood freoaency and intensity, and its variation with land
 

use over time, may be estimated for ungaged streams for information
 
gained in interviews with reliable informants. This is best
 

accomplished by independent questioning of several people, inc! iing 2 

or 3 elderly residents who live near regularly observed streams or
 

rivers of interest. Their description of flood crests should be related
 
to allow
to recognizable features on or near the stream banks so as 


location on topographic maps cr aerial photographs later on. Other
 

questions about flood frequency and characteristics can also be
 

answered in qualitative terms. It is important to avoid leading questions
 

about the trends involved or the potential relationship to land use.
 

It is best to broach the subject of the river, it's behaviour and it's 

history and then to let the informants relate their experiences, 
observations, impressions in a more or less uninterrupted fashion (if 

time permits and if informantion is relevant). If the information is not 

volunteered, some specific questions should be posed regarding Zile 

sicuation during the informant's childhood and young adult years. The 

answers can be compared later with statements about the current condition 

and behaviour of tile stream, It is usually possible to determine: the 

highest flood on record or in nwwory , the relative frequency of lesser 

flood magnitudes, including before and after specific land use changes
 

of interest, the approximate extent of the mean annual, 5 year and 10
 
1 


year floodplains, the intensity of channel erosion and changes over time,
 

the relative amounts of sediment transported and deposited in stream or
 

river channels during floods, the existence of seasonal water shortage
 

problems, whether there are apparent effects from upstream land use, and
 

whethcr residents relate watershed management or land use to stream
 

behaviour, stream water quality, dependability of water sypply or damage
 

to floodplain fields.
 

The historical development, probable causes and effects of prominent
 

erosion features, such as gullies and landslips, or outcrops exposed by
 

erosion, can also be ascertained in like manner. This is often an
 

easier topic than river regime and watersheds, since farmers are usually
 

more aware of such features and the time frame required for their analysis
 

is relatively short by comparison. After establishing how long the
 

person has lived on the farm it can be deLermined whether the current
 

features on or near the farm (a large gull; for example) pre-date his/her
 

arrival.
 

The time of appearance and the conditions (land use, management, weather)
 

under which a particular feature occurred may offer clues as Co the chuue.
 

If he/she does not recognize such a feature as a "problem" per se it
 

may be useful to probe for the reason.
 

If soil or water conservation programs have been promoted or introduced
 

in the past it is particularly important not to refer directly to
 

erosion control or conservation practices until the farmer has had a
 

chance to indicate his/her attitude towards land condition or specific
 

features. Otherwise results are likely to be biased by "official line" 

responses known to be the "correct" answers. If the answers seem to be 

of this type interviewers can probe by asking about the labour and 

capital requirements for such practices, or by asking about where they have
 

been applied and what have been the iesults. Also, one may ask if other
 

farmers are implementing the recommended practices, and why (or why not).
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The informant or the team may observe that significant effects exist but
 
are felt .rimarily off-farm. In such a case the persons or groups most
 
directly affected may be identified and interviewed, depending on the
 
importance of soil erosion/land degradation within the context of the
 
project. Such special interviews (on land degradation effects) can
 
determine whether the effects are perceived, how serious they are (and
 
are perceived to be), if those affected relate the problem to lend use
 
or to natural causes, if there are discernible historical trends in the
 
occurance and/or magnitude of the effects, and what measures have been
 
taken to combat/correct the problems (by whom, how, at what cost?).
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12.4 Taking Women's Needs into Account
 

There is a particular need to ensure that the role of women is considered
 
at the project design stage. It has been Zotind that in some cases
 
development efforts have not just by-Fassed women, but have actually made
 
their position worse. It has also 7jeen noted that failing to consider the
 

role women play in rural society, ar excluding them from project planning,
 
has at times resulted in the fail,re of projects (Edgren, 1982).
 

In most developing coune.ries it is the women who are primarily responsible
 
for collecting fuelwood. Men are, therefore, frequently isolated from the
 
problems which arise if supplies become scarce. This has been suggeoted as
 
an important reason why men are often unconcerned about fuel scarcity
 
problems and indifferent to suggestions that they should plant more trees.
 

Another very practical reason for taking women's views fully into account 
is that to an increasing extent they are beoming the effective family 
decision makers in many parts of the world. An increasing number of men are 
migrating away from small holdings with the consequence that there is a 
growing number of women-headed rural hocseholds. It has been estimattd 
that a third of the world's total househo do have women as their heads, but 
this figure would be higher if it took aucount of the number of households 
in which men are present but provide little effective economic input 
(Hoskins, 1982).
 

If programmes are to help women, it is absolutely essential that accurate
 
information on their actual work and role in the community is available.
 
In the case of fuelwood, the statistical approach of recording the
 
distances travelled to collect firewood, the time taken, and the loads
 
carried, provides useful information on the actual physical tasks carried
 
out by women. But it does not provide an-? information on how women
 
themse.ves regard their problems, atid hat they see as realistic
 
possibilitiL4 for taking action to ease them.
 

Particular care must be taken not to impose external values on what is
 
happening at a local level. The collection of fulwood is normally assumed
 
to be a task which should be reduced or eliminated. But this is not
 

necessarily always the case. In one part of Tanzania, for e,:Ample, it was
 
found that many of the women prefer wood collection to the wur hey would 
otherwise have to be doing. It is apparently seen as a relatively 
enjoyable task which they carry out in groups (Skutsch, 1983). 

Similar instances in which women regaread firewood collection as a pleasant
 
social activity have been noted in other countries (Brokensha and Riley,
 
1983). Meaaurea for reducing the amount of time spent collecting wood in
 
these cases woulc. not necessarily be viewed by the women as an important
 
improvement in their daily lives. The point is that there is no general
 
rule about attitudes to firewood collectionj women's cwn views must be
 
established in each case. In many cases, such information cannot be
 
obtained by meni women survey staff will often be needed.
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The possibility of a conflict between men's and women's interests must also
 
be borne in mind. One example of this comes from the Himalayan district
 
of Chamoli. In discussions an to which trees should be planted in a number
 
of village planting projects, the meit's preference was for fruit trees frreM
 
which they might gain income by selling fruit by the roadside. The womin,
 
on tha other hand, wanted trees which produced fuel and fodder.
 

An account of this episode also states that:
 

"It is alqo interesting to note that when the forest department 
was approached for saplings of fuel and fodder tree species, it
 
had fruit trees (men's trees) or trees which yield good
 
commercial timber. Xt had few women's trees" (Chowdhry, 1983a).
 

In Senegal, women often have an independent economic role within the rural
 
family structure. In some areas, for example, the family works together in
 
the cultivation of millet, 
but both men and women each have their separate
 
areas in which they cultivate crops for their own personal income. Any
 
increase in communal activity which imposes a proportionately greater
 
burden on women, as could well be the case with aome types of 
 farm and
 
community forestry programmes, would therefore diminish the opportunity
 
they have for earning money for themselves. For this reason, such
 

programmes are unlikely to be supported by women.
 

If women's needs are to be reflected in community programmes, it is highly

desirable that they are given official representation within the village
 
organisations involved. can
This be done by ensuring that women are
 
elected or nominated to whatever village or community committees are
 
engaged in the negotiation and local planning of projetts.
 

This, however, may not provido an adequate protection of their interests in
 
all cases, since women representatives may be subjected to strong domestic
 
and communal pressures to conform to the conventional norms of their
 
societies. In many cases, women will not spe~k if men are 
present, and
 
wil allow men to answer on their behalf even when they know that what 
men
 
are saying is incorrect. For example, Senegalese men have said that women
 
do not plant trees in spite of the fact that this is 
 untrue, since the
 
fruit 
trees around the houses are actually planted by women (Hoskins and 
Guigonis, 1979). 

In order to provide a safeguard against such possible distortion or 
suppression 
 of local women's views, it will often be necessary to ensure
 
that women are adequately represented on the professional planning and
 
executive side of projects. Identifying the specific concerns of women,
 
and translating these into specific provisions in farm and community
 
forestry programmes is a complex process (Hoskins, 
1983). It requires a
 
commitment and understanding which r e frequently lacking in men.
 
Preferably, 
 it will be achieved by ensuring that women professional staff
 
are appointed with axplicit responsibilities for dealing with the impact of
 
the project on women.
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NFT SPECIES CHARACTERISTICS 
 Annex
 

Species
Name Origin 

Minimum 
Rainfall 

Dry
Season 

Mean 
Annual 

Temperature 
Elevation 
Elevaiono 

Soil 
Height ' DBH 
at at 

Maturity Maturity 

(mn.) (Months) (oC) (n.) Reaction (m.) (cm.) 

Acacia albida 

Del. 
Africa 300 extended NA NA NA 20 150 

Acacia auriculi-
formis A. Cunn. 
ex. Benth. 

Australia 
Papua New 
Guinea 

1300 4-6 20-30 0-600 strongly 
acid -
highly 

15-25 60 

Acacia confusa 

Merr. 
S.E. Asia 750 NA NA NA 

alkaline 

*acid soils 14 NA 

W 

Acacia farne-
siana (L.) 
Willd. 

C. America 
S. America 

NA NA NA NA wide adapt-
ability 

10 NA 

z 

I 
J 

Acacia mangium 

Willd. 

Acacia mearnsii 

Willd. 

Australia 

Australia 

1000 

500 

NA 

2-3 

NA 

12-18 

NA 

1500-2500 

moderately 

acid
ai 
neutral to 
acid 

30 

25 

25 

NA 

Acacia nilotica 
(L.) Willd. ex 
Del. 

Africa NA extended NA NA NA 20 NA 

Acacia saligna 
(Labill.) H. 

Wendl. 

Australia 300 NA 13-30 0-300 acid to 
alkaline 

F 30 

Acacia senegal 

(L.) Willd. 

Africa 200 extended 14-43 100-1700 NA 13 NA 

Acacia tortilis 
(Forsk.) Hayne 

Africa 100 extended NA lowland NA 15 NA X 



Species 
Name 

Albizia falca- S.E. Asia 

Minimum 
Rainfall 

(mm.) 
1000 

Dry 
Season 

(Months) 

0-2 

Mean 

Annual 
Temperature 

(OC) 

20-34 

Elevation 
(m.) 

0-1200 

Soil 
Reaction 

neutral 

Height 

at 
Maturity 

(m.) 
45 

DBH 

at 
Maturity 

(cm.) 
200 

Z 

taria (L.) to acid 
'osberg 

Albizia lebbek 
(L.) Benth. 

S. Asia 600 2-6 20-36 0-1600 neutral 
to acid 

30 100 
X 

Alnus acumina- C. Ameri 1000 NA 4-27 1200-3200 NA 25 NA 
ta 0. Kuntze S. America 

Alnus glutinosa Europe 500 NA NA NA NA 40 NA 
(L.) Gaertn. 

Alnus nepal- Asia 800 NA NA 1000-3000 NA 30 40 
ensis D. Don I-

Cajanus cajah Africa 400 NA NA NA NA 3-5 NA 
(L.) Millsp. 

Calliandra C. America 1000 NA NA 0-1500 NA 10 20 
calothyrsus 
Meissn. 
Casuarina Australia 500 NA NA NA NA 35 NA 
cunninhamiana 
Miq. 

Casuarina 
equisetifolia 
L. 

Australia 750 3-4 10-35 0-1400 alkaline 
to 
neutral 

35 18 

Casuarina Australia NA NA NA NA NA 20 NA 
glauca Sieb. 
ex Spreng. 

Casuarina jung-
huhniana Miq. 

Indonesia NA NA NA NA NA 30 NA 



Mean Height DBH 
Species Origin Minimum Dry Annual Elevation Soil at at 

Name Rainfall Season Temperature (m.) Reaction Maturity Maturity 
(am.) (Months) (°C) (m.) (cm.) 

Dalbergia 
sissoo Roxb. 

Asia 500 3-4 NA 0-1000 NA 30 NA 

Erythrina ber-
toeroana 
Urban 

C. America 
S. America 

NA NA NA to 2000 NA 10 NA 

Erythrina 
fusca Lour. 

C. America 
S. America 

NA NA NA to 1500 NA 30 NA 

Erythrina po-
eppigiana 
(Walpers) O.F. 
Cook 

S. America NA NA NA NA NA 40 NA 

C4W 
: 
C" 

Gliricidia 
sepium (Jacq.) 
Steud. 

S. America 
C. America 

1000 4-6 22-30 0-1600 NA 10 30 

Inga vera 
Britton 

(L.) C. America 1000 NA NA lowlands NA 20 100 

Intsia bijuga 
(Colebr.) 0. 
Kuntze 

S.E. Asia 2000 NA NA NA NA 40 150 

Leucaena di-
versifolia 
(Schlecht.) 
Benth. 

C. America 500 4-8 18-30 0-1500 moderately 
acid to 
alkaline 

20 20 

0 

Leucaena leu-
cocephala
(Lam.) De Wit 

C. America 600 4-8 20-30 0-1000 moderately 
acid - mod 
alkaline 

20 50 



Species 
Name 

Oigi Minimum 
Rainfall 

(mm.) 

Dry 
Season 

(Months) 

Mean 
Annual 

Temperature 
(OC) 

Elevation 
(m.) 

Soil 
Reaction 

Height 
at 

Maturity 
(m.) 

DHB 
at 

Maturity 
(cm.) 

3 

n 

Mimosa scabrella 

Benth. 
Parkia javaniva 

S. America 

S.E. Asia 

NA 

NA 

NA 

NA 

NA 

NA 

to 2400 

0- 700 

NA 

NA 

12 

40 

40 

NA 

(Lam.) 
Merrill 

T 

Parkia speciosa 
Massk. 

S.E. Asia NA NA NA to 1500 NA 15 NA 

Parkinsonia 
aculeata L. 

C. America 
S. America 

200 6-9 NA 0-1300 NA 20 40 

W 
: 

Prosopis alba/ 
chilensis 
"complex" 

Prosopis cine-
raria (L.) 
Druce 

S. America 

S. Asia 

200 

100 

8-11 

8-11 

NA 

NA 

to 2900 

lowlands 

NA 

neutral 
to highly 
alkaline 

15 

9 

NA 

NA 

Prosopis pal-
lida/juli-
flora "complex" 

C. America 

S. America 
200 NA N 0-1500 NA 15 NA 

Pterocarpus 

indicus Willd. 
S.E. Asia NA NA NA NA NA 40 200 

Robinia pseudo-
acacia L. 

N. America 1500 NA 0-10 1000 strongly 
acid -

30 90 

slightly 
alkaline 

Sesbania gran-
diflora (L.) 
Poir. 

S. Asia 1000 2-3 20-30 800 limits not 
reported 

10 30 

Remarks: NA means Not Available 

C 
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Important fuelwood/Afforestation/Agroforestry Tree/Shrub species 

for dry zones of Kenya 
Table I
 

SPECIES I
 

1 *Acacia albida X X X X X
 
2 *Acacia cyaophylla
 

(A. aalgna) X X X X X X
 

3 Acacia senegal x x X X X
 
4 Acacia nilotica x x x
 
5 Anacardium occidentale
 
6 Atriplex nummularia x x x x
 
7 Anona squamusa x x x x
 
8 Atriplex repanda x x x X X
 
9 &Azadirachtaindica x x x X
 
10 Balanites aegyptica x x x x x x
 
11 Bauheniaspp
 
12 *Casuarinaequlsetifolia x X X
 
13 Casuarinacristata x x x x
 
14 *Cassia siamea x x x x x
 
15 *Conocarpus lancifoleus x x x x x
 
16 Combretum spp x x x
 
17 Citrus app X X
 
18 *Dalbergia sissos X X X X X X
 
19 Dalbergia melanoxylon X X X X X X
 
20 Erythrina spp X X
 
21 *Eucalyptus maculata X X X X
 
22 *Eucalyptus camaldulensis X X X X
 
23 Eucalyptus tereticornis X X X X
 
24 Eucalyptus microtheca X X X X
 
25 Eucalyptus paniculata X X X X X
 

26 Euphorbia tirucali X X X X X
 
27 Ficus sapp X X X
 
28 Grevillearobusta X X X
 
29 Gleditsiatriacantha X X x
 
30 Leucaena leucocephalla x x x x x x
 
31 *Mangifera indica X X X X X X
 
32 Markham iaplatyealyx x x x x x x
 
33 Parkiaclapertoniana x x x
 
34 *Pldium guajava x X X X X
 
35 Parkinsoniaaculeata x x X X X
 
36 Pithcerlobium dulce X x X
 
37 *PrnsopLscineraria x X X X X
 
38 Prosopia juliflora X X X X
 
39 Prosopia chilensis X X X X X X
 
40 Prosopas pallida X X X X X X
 
41 Schinua molle X X
 
42 Simondisia chinensis X
 
43 Tamarindus indica X
 
44 Tamarix spp x
 
45 Terminalia browhii
 
46 Ziziphua spp X X X X
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NFT HIGHLIGHTS NFrA 88-o4 

A publication of the Nitrogen Fixing Tree Association August 1988 
P.O. Box 680, Waimanalo, 1i1 96795. U.S.A. 

Acacia holosericea - A Successful Newcomer for the Dry Tropics 

11iisshrubby acacia is little used in its native In Senegal. it reportedly tolcratcs saline and water-

Australia, yet it promises to be an outstanding logged soils (Cossalter 1987).
 
multipurpose trec for the dry tropics. Its excellent
 
potential for fuel, charcoal, animal fodder, land Tle wide variability in soils and climate suggest

rehabilitation and as an ornamental is now being major provenance differences will occur in growth
 
realized in Africa artd the Indian subcontinent, rates and drought and frost tolerance. Provenance
 

trials have been started, but results are not yet
BOTANY: A. holoscricea A. Cunn. cx G. Don is available.
 
one of sonic 850 thomless species of the genus
 
endemic to Australia. It bears large phyllodes, 10-25 FUEILWOOD AND CIIARCOAL: '"lie is
wood 
cin long and 1.5to 10 ct bioad, usually coveied haid and ias a high density tf about 870 kg/in 3 .
 
densely with fine hairs, giving the tree attractive With calorific values for wood and charcoal of 4670
 
silvery foliage. Small bright yellow flowers are Kcal/kg and 7535 Kcal/kg, respectively, it is a good

aggregated itipromninent spikes 3-6 cm long. quality fuel(Cossalter 1987; CTFT 1983). The rapid

Narrow, hairless pods, 3-6 cm long, are coiled in early growth rate makes it a highly productive 
dense clusters and contain shiny black seeds, each fuclwood source. 
with a yellow aril at the base. Flowering is heavy 
antiprecocious, and abtndant crops of mature seeds 
m1ay be formed withtini two years oif planting. It 
commonly foris a spreading shrub to 5 in in height
with many ascending branches from just above 
ground level. Occasionally it grows as a small tree 
tip to 8 in in heighlt. 

ECOIO(;V: Natural populations occur in a wide 
range of trospical climiates. In semi-arid areas oiean 
annual ,aiiifall can be xs low as 300 mii, and in 
these conditions it is confined to seasonally (fry 
stream banks. Throughout much of itsnatural -J 
distribution annual rainlfall is 6(X)-120(1 min with -nost 
rainconcenlraled ii 'our nonths. It does occur, 
however, in,areas where rainfall exceeds 1500 null 
(Booth and Jov',novic 1988). Most of the distribution 
is frost-free, but tip to ten frosts each yrar occur at 
sonic inland sites. It occurs on a variety of soil 
types, bul inainly on shallow, acidic, stiny sands and The shaded area i.sthe natural range of Acacia 
foans of low fertility (Turbuiil, et al. 1986). holosericea (Tlurnhull, etal. 1986). 

In Senegal, tests have shown that the species behaves 
satisfactorily with rainfall over 500 nim iii areas FOI)DER: The fodder potential is mainly due to the 
tinder coastal influences and over 600 mo in large phyllode biomass produced during the dry
continental Africa (Cossluer 1987). In extremely dry season, a period when most non-Australian acacias 
areas when annual rainfall is less than 250-300 nim traditionally used for fodder shed their leaves. Fresh 
secdlings can survive for 2 to 3 years but then die. phyllodes arc not palatable for cattle and sheep, but 
In the island environment of Cape Verde, however, when the branches are lopped the dry foliage is eaten 
where low rainfall is counterbalanced by higher air readily. Four-year-old trees in Senegal have produced 
moisture, cooler temperatures and lower evapotran- about 3 tons or dry phyllodes per hectare, but 
spiration, A. holosericea has withstood an average estimates of crude protein and in vivo digestibility 
annual rainfall of about 200 mm in a 5-year period. are low and suggest A. holosericea has a low feed 

valte (Vercoe 1987). 

Written by John Turnbull. Forcsiry Program Coordinnior, ACIAR. G.P.O. Blhx 1571. Canberra, Australia. 
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WINDBREAKS & LAND REHABILITATION 
The !arge, dense crown of this shrubby acacia 
enables it to form a screcn. In Africa it is used to 
form the lowcr part of a multistorey windbreak with 
the taller Eucalyptus camaldulensis, a species with 
which it is Irequently found in its natural range
(Hamel 1980). 

Advantage can be taken of the fast growth, dense 
crown, nitrogen fixing ability and vigorous colonizing
characteristic of this species to revegetate and restore 
degraded mining areas (Langkamp and Dailing 
1983). It also shows promise for sand dune fixation 
in Senegal and Somalia (Hamel 1980). 

ORNAMENTAL: The silvery foliage, early 
appearance of long yellow flower spikes, and 
prominent twisted pods make A. holosericea an 
attractive ornamental shrub or small tree. 

ESTABLISHMENT: For good germination, seed 
(95,500 to 175,000/kg) should be scarified by
mechanical abrasion or immersed for one minute in 
boiling (100 OC) water. Coppicing is generally 
regarded as poor, but contradictory reports suggest its 
resprouting ability may be influenced by tree age, 
season of cutting and height at which the cutting 
takes place. 

GROWTIi: Seedling growth is rapid. On favorable 
sites in Central Australia it has reached 4 n tall in 
18 months. On drier sites 3 m growth in 3 years is 
average, and growth rate diminishes in succeeding 
years (Kube 1987). In Senegal a growth rate of 4.8 
m in 40 months has been recorded in an area with585 mm rainfall and a 7-month dry season (Cossather 

1987). At Banbey, Senegal, 4 year old Acacia 
holosericea produced 13 tons/ha of green wood and 
almost 3 tons/ha of dry phyllodes, demonstrating its 
considerably greater productivity than the local Acacia 
senegal. 

SYMBIOSIS: A. holosericea forms nodules withrhizobium and develops endomycorrhizal associations. 
Greatly stimulated growth has been reported when 
seedlings were inoculated with a selected rhizobium 
and the endomycorrhizal fungus, Glomus mosseae 
(Comet and Diem 1982). 

PESTS: This acacia appears to be relatively free of 
pests and diseases in ctltivation and resists termite 
attack. 

PROBLEMS: The early and abundant seeding habit 
has the potential to make A. holosericea a weed 
species under certain conditions. Like many acacias,
it is relatively short-lived, from as little as 4-5 yeas 
to not more than 10-12 years, and this may be a 
problem under some circumstances. 

// 

I 
/I,/ 

(Simmons 1981) 
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Parkinsonia aculeata
 
Botanic Name Parkinsonia aculeata L. 

Common Names Jerusalem-thorn, palo de 
rayo, Mexican or blue palo verde, horse bean 
tree, retama, sessaban (Arabic), Hanson sessa-
bani (N.Nigeria), Barbados flower fence 

Family Legurninosae (Caesalpinioideae) 

Main Attributes This fast-growing tree is easy 
to plant arid cultivate; it adapts to a variety of 
environments and soil types and is extremely 
drought resistant. Its dense, hard wood burns 
well. 


past in Mexico for food, and the seed pods are 
greedily eaten by animals. Young branches art 
lopped to feed goats and sheep. 

Environmental Requirements 
9 Temperature. Itgrows in tropical and sub. 

tropical climates. It withstands high tempera. 
tures (for example, up to 36'C) and light frosts. 
(In the United States it survives the cold as far 
north as Georgia.) For best growth it requires 
full sun and will lean toward the sun; in shaded 
sites its growth is retarded. 

* Altitude. It isgenerally found at altitudes 

often crooked tree, growing to I0m tall, with 
a green trunk up to 40 cm in diameter. It has 
thorny, gracefully drooping branches. Its fo. 
liage is "transparent" because the tiny leaflets 
are borne on long, flat leaves that look like 
blades of grass. Numerous bright yellow flowers 
occur in loose racenes. 

Distribution The plant is native to a vast New 
World area extending from soulhwestern United 
States (Texas, New Mexico, and Arizona) to 
Argentina. It has become naturalized in IHawaii, 
South Africa, ard most of India. It is cultivated 
as an ornamental in Florida, Cyprus, India (in 
dry Deccan areas and the Punjab), Jamaica, 
Israel, Uganda, anid South Africa. 

Use as Firewood The wood is used for fire-
wood and charcoal in countries such as Me'ico 
and Puerto Rico. It is close-grained, hard, heavy 
(specific gravity, 0.6), and brittle. The trees 
regrow vigorously even after drastic prun-
ing. 

Yield The tree is noted for fast growth. 
Young plants, fertilized, will grow up to I m 
annually. 

Other Uses 
* Beautification. Because of its unusual fo-

liage and vivid flowers, it makes an attractive 
ornamental that withstands pruning and can 
even be trained as a hedge. 

e Erosion control. Since it grows in arid cli­
mates and in sandy soils, the Jerusalem-thorn 
can be used to afforest eroding and sandy soils. 

e Fodder. Its seeds have been used in the 

aDescription The Jerusaleni-thorn !.3 ,ill, below 1,300 m. 
* Rainfall. The tree grows well where annual 

rainfall is as high as 1,000 nun, but its greatest 
potential is in dry areas receiving as little as 200 
mm annually and having dry seasons as longas 
9 months. 

& Soil. Jerusalem-thorn occurs naturally in 
poor, gravelly, or sandy alluvial soil and in deser 
grasslands and canyons. It flourishes in oolitic 
limestone of southern Florida, even when given 
no care. It tolerates saline sites, but grows poor­
ly in soils subject to waterlogging. Although this 
species is alegume, it isnot now known whether 
it fixes nitrogen; young plants respond to fer. 
tilizer, however. 
Establishment The plant produces seed pro. 
lifically and it grows easily from seed, root or 

shoot cuttings, or air-layers. 
: Seed treatment. The seeds are either 

soaked in water for 3 or 4 days or scarified and 
then soaked in warm water for I day. 

9 Ability to compete with weeds. Un­
reported. 

Pests and Diseases The tree isgenerally free of 
disease and insects but can be attacked by twig 
borers and by snow scale; new growth issubject 

to fungal die-back in winter months in humid 
climates. Young plants are damaged by termites. 
Limitations The tree is thorny and reproduces 
so easily that it can esco,e from controlled cul. 
tivation and become aweed. 

Related Species 
* Cercidlum microphyllum 
* Cercidiumfloridum 
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Prosopis chilensis
 
Botanic Name Prosopis chilensis 
(Mol.) Stuntz 

Common Names Algarroba, kiawe (Hlawaii), 
algarrobo blanco, algarrobo de Chile, mesquite 

Family Leguminosae (Mimosoidcae) 

Main Attributes Prosois chulcnsis is aSouth 
American tree that is auseful shade and fodder 
plant for hot dry zones. i is very drought resis-
tant, well adapted to light soils, and isprobably 
nitrogen fixing. Ithas proved suitable for plant-
ing in subdesert regions of Africa. It istht most 
drought resistent and consistently high yielder 
of biomass of all the Prosopis species tested in 
North America.* 
Description Prosopis chilensis grows 8 to 
15 in 'tigh. It has ashallow, spreading root sys-
tern and branches freely. Its flowers are greenish 
yellow and it has aslender seed pod. 

Distribution Prosopis chilensis is native to 
tire Pacific coast of Peru, central Chile, and 
eastern Argentina. It is naturalized in Ilawaii 
and iscommon in thickets along the beaches. 

Use as Firewood Prosopis chilensis wood is 
hard, heavy, and strong (specific gravity, 0.80-
0.92). 

Yield This tree is not normally considered 
findi ,rnwinu like Ii'rali,np nr Ienerenn hut it 

dark brown, o-ften with a purplish hue. It is 
rather coarse textured and Irregularly grained, 
but iseasy to work, finishing smoothly and tak. 
ing a natural polish. The wood is very resistant 
to decay.
 

* Ornamental. Thornless varieties are be. 
coming popular for landscaping in the outh. 
western United States. 
Environmental Requirements 

9 Temperature. The tree withstands ex. 
tremely high desert temperatures. It is poorly 
adapted to cold and requires temperatures or 
about 27°C for good growth. Seedlings may 
tolerate an odd mild freeze of-5°C but cannot 
withstand lower.temperatures or even many (10 
or more) mild frosts. 

e Altitude. In southern Peru, the tree is 
found at elevations of up to 2,900 m. In India, 
it is recommended for planting as a fodder tree 
at altitudes ranging from 340 to 1,230 m. 

e Rainfall. In Africa, it isrecommended for 
unirrigated subdesert areas receiving 200-400 
min annual ralefallt and suffering 8.11 dry 
months ayear. 

e Soil. Unreported. 
Establishment Proopischilensls is propagated 
by .eed. For one establishment procedure, see 
Prosopisalba 

* Seed treatment. Sceds must be scarified 

tLaurie, M. V. 1974. 7ree PlantingInAfrican Savan. 
nas, Food and Agriculture Organization of the United 

*Information supplied by P.Felker. Nations, Rome: p.72. 
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1.1 ACACIA ALBIDA 

Narrative Description 

Introduction, reintroduction or protection of Acacia albida seed­

lings in worn-out farm fields is very desirable. Acacia albida occurs 

naturally throughout arid and semi-arid portions of Africa. Altltough 

the precise nature of this tree's benefits are not completely understood, 

crops such as millet, sorghum, or peanuts do much better under and 

near Acacia albida than in open fields. The presence of Acacia albida 

can make a decided difference as to whether a field can be cropped 

continuously without degenerating, or whether soil fertility declines to a 

point where extended fallow periods are necessary to restore fertility. 

Areas of Applicability 

Acacia albida is most successfully grown in areas receiving below 

800 mm of rainfall (In areas with more rainfall, tree crops usually 

apply. See 1.2 Tree Crops.). 

Mostly sandy, well-drained, typical "millet soils" are preferable. 

However, Acacia albida also have been successfully introduced in inter­

mittently flooded river plains on clayey soils. 

This species is especially valuable on overused, traditional dryland 

farm areas near villages or individual compounds. 

Restricting Conditions 

Do not plant Acacia albida where natural reproduction is found; 

protect existing young trees instead. Where mechanized soil prepara­

tion is used, trees must be in line. One constraint: Acacia albida 

attract birds which eat the cereal* crops. Therefore, farmers may be 

reluctant in some areas to have additional trees in or near their fields. 
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Planting Acacia albida is not a reforestation effort. Use the spe­

cies only in farm fields, especially where crop yields have been regress­

ing. Species other than Acacia albida can also play a significant con­

servation role on agricultural land (see 1.2, Tree Crops). 

| ~Creps taller, A. greenerTypical plantingTypcaan~ p • are underdenser,albida 

ay-out0 

Young seedling 

protected by 
thorn branches 

Design Guidelines 

Trees can be raised in nurseries during three to four months. 

Plant 10 m by 10 m; an ultimate density of 40 to 60/ha is recommended. 

Some direct seeding trials have yielded encouraging results. Always 

carefully select seeds from large, well-formed parent trees. 

Notes on Local Participation 

Land: Guaranteed long-term land-use right is essential in inter­

esting residents in planting and protecting a tree which will
 

not grLw or change field conditions quickly.
 

Labor: Added labor may be needed the first year during the busy
 

planting season, but this technique does not require long
 

planting efforts. Surveillance, however, is needed year­

rotund for 3 to 6 years to protect the trees from animals
 

which traditionally browse in fields after harvest. Trees may 

be protected individually or access to the area may be 

limited, but either way labor investment is required. 
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Benefits: If animals access for browsing is changed, farmers may 

lose valued manure, fodder or other benefits from herders. 

If the farmers stay after harvest to protect trees they may 

lose off-season employment. Benefits to soil may take years 

to realize. 

Extension: Farmers already value Acacia albida; thus, conscious­

ness-raising may not be necessary. Planting stock, proper 

organization, timing of production, transport and distribution 

of seedlings are critical where planting is to be done. 

Organization: This can be an individual or family voluntary acti­

vity. Outside support may be needed to back up local efforts 

to protect trees. 

Combination With Other Conservation Activities 

Especially where land pressure is extreme, combine with wind­

breaks and live fencing (3.1.1 and 3.1.2). Planting Acacia albida along 

berms (3.2.1.4) also is pos.ible. On slight slopes of heavier soils, 

Acacia albida growth will benefit from "mini-catchments" (4.1). 

Possible Production Benefits 

Pods for supplemental livestock feed. Limited amount of branches 

for thorn fences. Above all: crop production under fully grown 

Acacia albida is significantly and consistently higher than In unprotec­

ted areas. Studies have shown yield increases in the range of 30% to 

60%.
 

Inputs Required 

Plants (seedlings) - where sufficient water is available, seedlings 

can be grown in family or village nurseries (Upper Volta). Proper 

planting techniques and timing are very important. 
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Major, continuous protection is required for at least three years 

against free-grazing animals. 

Location of Previous Experience 

Earliest efforts (1930) undertaken in Senegal; several additional 

campaigns have occurred since then. The latest efforts were jointly 

carried out by Forest Service and SODEVA (Parastatal organization for 

agricultural extension). 

Positive results were also recorded in Niger (excellent results in 

Maradi area; direct seeding success near Matameye, with seeds being 

distributed by sheep and goats). 

Good results were also experienced in Chad, between N'Djamena 

and tlongor (CARE project). 

Literature References 

Various CTFT articles. 

Felker, P. (1978). State of the Art: Acacia albida. Paper 

prepared under contract AID/afr-C-1361 for USAID. Univ. of Cal., 

Riverside. 133 p. 

CARE Project Evaluation (Chad), CARE, New York. 

CARE Acacia albida Training Manual. CARE, New York. 
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As applied in the D&D context, casual diagramming will be mainly used
 
to analyze the causal background to household supply problems.

Optionally, the tool could also be used to assist the team in its
 
understanding of sustainability problems and problems at the ecosystem

level, although the use of causal diagrams to analyze problems at the
 
household (or other unit) management level may already depict the
 
important causal aspectes of these other problems. The following

conventions are expressed in terms of the analysis of household supply

problems. Reference is made to the accompanying examples in
 
Figure 1 to Figure 4.
 

1. 	First identify the problems to be explained. These are given

in the listing of household supply problems in Worksheet 5.1.1
 

2. 	Then identify the causal factors involved in the generation of
 
each problem. These are given in Worksheet 5.1,2
 

3. 	Next, decide on a word or descriptive phrase to describe the
 
problem, and enter this on the left-hand side of the paper and draw
 
an oval around it. The convention is to move from effects on the
 
left to causes on the right. Observation of this convention
 
greatly increases the clarity of the diagram and the ease 
of its
 
4'Nterpretation. Since the problem to be explained is the ultimate
 
effect, it is entered at the extreme left side of the paper.
 

4. 	Then, decide on words or descriprivd phrases for the various
 
causal factors related to the problem and start entering then within
 
ovals to the right of the problem. Do not worry too much about the
 
positioning of the various causal factors at 
this point. Start
 
with the most significant factors. Leave trivial factors out.
 

5. 	Next, examine the various factois and draw arrows between the
 
respective ovals showing cause-effects relationships between
 
different causal factors and between causal factors and problems.

Not all causes are equal; some are more distantly related to the
 
problem than others. In analyzing complex systems of causation we
 
are always dealing with cause-effect chains. A "cause" at one
 
position in the chain is an "effect"at the next. The arrows are
 
used to depict the movement from cause to effect. When all of the
 
arrows are drawn in the pattern revealed will contain causal chains
 
and, perhaps, also causal loops.
 

6. 	At this stage what will have been produced is a rough and rather
 
messy first approximation of the final causal diagram. The next
 
step is to clean it up and make any necessary additions and
 
modifications to improve its contistency and clarity. 
 This is
 
done by renaming the causal factors so that the terminology within
 
each oval is consistent with the relationships shown by the arrows
 
coming in and out. 
 Also, the position of the ovals is rearranged so
 
as to display an orderly cause-effect progression from right to left.
 
In other words, the arrows should mainly point in a general leftward
 
direction. Exceptions ust be made, of course, in the case of
 
causal loops depicting feedback relationships.
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7. At any point from step 4 onwards, it may become apparent that there
 
is a missing term in the cause-effect sequence. This may

indicate a causal factor that has been overlooked by the team,
 
or it may merely signify the need to reconceptualize the
 
terminology used to describe the causal factors enclosed within
 
certain ovals. In either case, it may be necessary to add an
 
additional "intermediate" factor between two 
 or more ovals. 

Forexample, in Figure 1, "low available moisture" was not in the
 
initial diagram for this problem complex. It was added in the second
 
round of the diagramming process to receive and summarize the effects
 
of several contributing factors (insufficient rainfall, poorly

distributed rainfall, low infiltration and high runoff losses, and weed
 
competition). "Poor ioil fertility" was included in the first
 
diagramming attempt, along with the coltributing causes (low organic

matter and low nutrient levels), but "low available nutrients" was added
 
in the second round to integrate the effects of these factors together

with nutrient compit ion from weeds. 
The double effect of weed
 
competion on both water and nutrients available for crops was 
not
 
clearly displayed in the first, rather messy diagramming attempt, but
 
became clear after reconceptualization and rearrangement of the
 
diagram.
 

After this diagrammatic optimization process, the final diagram (Fig. I)

displays a clear progression from the main problem to be explained

(poor and unrealiable crops) to the main summary causes 
(low available
 
moisture, low available nutrients and insect damage) to the various
 
contributing causes. Or reading from right to 
left, from contributing
 
causes to proximate causes to the problem. Thus, the diagnostic

knowledge of causal factors involved in the generation of the problem

has been organized into a coherent picture of the problem (i.e. how it
 
arises within the system).
 

Figure 1 is a partial causal model dealing with only one of the diagnosed
problems in a system in the semi-arid zone of Kenya. It depicts causal
 
chains but no causal loops. Figure 2 shows a generalized causal model
 
of an entire national land use problem complex derived from secondary

information on Rwanda (ISNAR, 1982). 
 The four main problems to be
 
explained are shown on the left-hand side of the diagram. 
The causal
 
analysis displayed to the right of the problems reveals both causal chains and
 
loops, depicting the combination of social and biophysical causes and
 
effects underlying the general degradation syndrome affecting land use
 
systems in the country. To give an idea of what a causal diagram aJ1
 
to an understanding of causal relationships, it may be useful to cite
 
a prose description of the Rwandan problematique:
 

Rwandan agriculture is now caught in a process of
 
continuous degradation: overpopulation goes hand in
 
hand with overcropping of fertile lands, the use of
 
more fragile areas arouad arable lands, shrinking of
 
pastureland, overgrazing, uncontrolled deforestation,
 
etc. Labour productivity is decreasing. Ill-nourished
 
crops grown on improverished soils, moreover, become
 
disease-susceptible. 
In sum, the country is suffering

from deterioration of its plant canopy which includes
 
decreasing biological and genetic diversity, decreasing

soil fertility, and soil losses due to erosion (ISNAR, 1982).
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This statement, together with addtional descriptive information on
 
the Rwandan problematique, has been transformed into a clear diagrammatic
 
representation (Fig. 2) of how the problem is generated.
 

Using Causal Diagrams to Discover Potential Intervention Points
 
Within the Syste a
 

At Step 14.2 the DD team is asked to identify points within the 
diagnosed system where functional interventions may play a role in 
removing or reducing constraints on system performance. Figure 1 and 
Figure 3 illustrate the use of causal diagrams for this purpose. The 
team simply studies the causal diagram of the problem and for each 
causal factor or constraint asks itself the question: "Is there anything 
than can be done at this point in the system to remove or reduce the 
constraint or otherwise improve system performance?" Tdong for 
functional interventions will generally be forthcoming if Lhis 
procedure is followed. The team may then go on to assess how effective 
the various suggested interventions might be in reducing constraints, 
alleviating problem-causing syndromes, and ultimately solving the 
identified problems. 

Combining Causal Diagramming with Functional Diagramming
 

Functional diagramming techniques and uses are discussed at some
 
length in Appendix B-8. Such diagrams may be used independently or as
 
an adjunct to causal diagramming. An example of the latter usage
 
came up in the course of a D&D exercise in the Philippines. In the
 
midst of the diagnostic analysis itbecame clear that the main problem
 
was a cash flow problem, and that to adequately conceptualize this
 
problem it would be necessary to diagram the in-flow and out-flow of
 
cash within the household system, in addition to the diagramming of
 
causal factors affecting cash flow. Hence, Figure 4, which depicts
 
causal influences by arrows with broken lines and the flow of cash and
 
relevant inputs and outputs by arrows with solid lines.
 

References
 

ICRAF. 1983. Draft proposal for an agroforestry research project in
 
Tab ngo, Leyte, Philippines. ICRAF. Nairobi.
 

ISNAR. 1982. Le system national de recherche agricole au Rwanda.
 
The International Service for National Agricultural Research.
 
The Hague.
 

Raintree, J.B. 1982. A methodology for diagnosis and design of
 
agroforestry land management systems. ICRAF. Nairobi. (mimeo)
 

Raintree, J.B. 1983. The agroforestry approach to land development:
 
potentials and constraints. Paper presented to the Seminar on
 
Agricultural Research in Rwanda, 5-12 February, 1983. Kigali.
 

SSM 5-97 



SSM 5.12.1 Raintree p.227
 

ALLEY COOPPI-N 

. . " , .ME Mrs,'.?t~~lsiiis)VIWI AvAUJInun ( la -sJ " xI ... - I"/
 
!v /l
 

loin 	 rainfall 

- ----. IUNLAL 	 iisA-IAXlo 

kit% 9Le1. 


AWAIrAIL4 Poor 	 deW oo 

tow nutrient -- p 

YetaptJIiiu2.oraee at tl |/9r~tt 

cot$.w~g~* 	 Iule 4 ah nd nl t Ja 

DiAMU 	 - - 4-- IntouveaIon 

Ftetia e Trees. Parta dateatial depitin ctius 

Mlm losact-repeIlaist 1. Topts'ved tafiltetlelh, reduced MtC 

106f ljM. l A oo do -adb zodned2. Vediedaricomeml 

splash &&A musIOC stOMLO%
S. 1DeedM.... sucbrwold AsmatBrwea IdivMa 	 4. loerseasI orlasnic bailer 

kosbovi bisioea versfd inlja 	 S. 11tmailon AMdIftlIs~t Ove action of 

S. Vag o 1554-159511ot. oftk species.*t 

Figure 1. 	Partial causal diagram depicting causes of 
food problems in a semi-arid zone mixed farming 
system in Kenya, with suggested technological 
interventions. (Source: Raintree, 1982) 

SSM 5-98 



5.1.1 

- MODULE 6
SOURCEBOOK SUPPORT MATERIALS 


REFERENCES
 

Raintree, J.B. 1983. A Methodology for Diagnosis and Design of
 
ICRAF, Nairobi,
Agroforestry Land Management Systems. 


Kenya. pp.8-10.
 

An Introduction to Agroforestry
5.2.1 Raintree, J.B., (ed.). 1986. 

.
Diagnosis and Design. ICRAF, Nairobi, Kenya. pp.6- 2 2
 

5.3.1 	 ICRAF. 1983. Resources for Agroforestry Diagnosis and Design.
 

ICRAF Working Paper #7. ICRAF, Nairobi. pp.3-1 3 ; e1-65.
 

1986.

5.3.2 Hurni, Hans, Soil Conservation Research Project (SCRP). 


Guidelines for Development Agents on Soil Conservation in
 

Community Forests and Soil Conservation
Ethiopia. 

Development Department, Ministry of Agriculture,
 
Ethiopia. pp.92- 9 4 .
 

1983. "Sources of
5.4.1 Young, A., T. Darnhoffer and J.B. Raintree. 

In Resources 	for Agroforestry
Prediagnostic Information". 


ICRAF,
Diagnosis and Design. ICRAF Working Paper #7. 


Nairobi. pp.87-9 2 .
 

ICRAF. 1983. Resources for Agroforqstry Diagnosis and Design.
5.5.1 

ICRAF Working Paper #7. ICRAF, Nairobi. pp.14-18; 67-70.
 

"Note on the 	ICRAF Basic Needs
5.6.1 Raintree, J.B. 1983. 

Approach". In Resources for Agroforestry Diagnosis and
 

ICRAF Working Paper #7. ICRAF, Nairobi.
Design. 

pp.157-160.
 

- Farming System
5.7.1 	 Buck, L.E. unpublished. Coding Survey Data 

Problem Identification Survey.
 

5.8.1 	 Buck, L.E. and E.M. Alitsi. 1984. Agroforestry Plots for Rural
 

Kenya Project, Progress Report - 1983. Mazingira
 

Institute, Nairobi. Appendix A, pp.1-7.
 

"Interview Guidelines for Agroforestry
5.9.1 Rocheleau, D. 1983. 

In Resources 	for Agroforestry
Diagnosis and Design". 


ICRAF,
Diagnosis and Design. ICRAF Working Paper #7. 

1 9 2


Nairobi. pp.18 5- .
 

Foley, G. and G. Barnard. 1984. Farm and Community Forestry.
 

Energy Information Programme Technical Report No.3.
 

Earthscan, IIED, London. pp.188-19 0 .
 

"Table 1: Functional Roles of Woody
5.10.1 Fernandes, E.C.M. 1983. 

Perennials in Existing Agroforestry Systems, by Region".
 

ICRAF
In Resources 	for Agroforestry Diagnosis and Design.
29 1-29 2
 Working Paper #7. ICRAF, Nairobi. pp. .
 

SSM 5-99
 

5.9.2 



5.10.2 Brewbaker, J.L. 1984. "Nitrogen Fixing Trees (NFT) in
 
Agroforestry Systems for Sustained Food and Fodder

Production". 
 In Community Forestry: Some Aspects. FAO
 
Regional Office for Asia and the Pacific, Bangkok,
 
Thailand. pp.120-123.
 

5.10.3 Mengech, A. and A. Aworry, (eds.). 
 1982. Tree Planting and
 
Agroforestry in Semi-Arid Zones of Kenya. 
 Proceedings of

the KENGO Workshop in Kitui in October, 1982. KENGO,


4 5
Nairobi. p. .
 

5.11.1 	Nitrogen Fixing Tree Association. 1988. Acacia holosericea - A
 
Successful Newcomer for the Dry Tropics. 
 NFT Highlights

88-04, August, 1988. NFTA, Waimanalo, Hawaii.
 

5.11.2 National Research Council/BOSTID. 1980. Firewood Crops: 
Shrub
 
and Tree Species for Energy Production. National research
 
Council/BOSTID, NAS, Washington, D.C. pp.140; 
148.
 

5.11.3 Weber, F. and M. Hoskins. 
 1983. Soil Conservation Technical
 
Sheets. International Training Division, Office of
 
International Cooperation and Development, U.S. Department

of Agriculture, Washington, D.C. 
 Produced by The Forest,

Wildlife and Range Experiment Station, University of
 
Idaho, Moscow, Idaho. pp.2-5.
 

5.12.1 Raintree, J.B. 1983. 
 "Introduction to Causal Diagramming". In
 
Resources for Agroforestry Diagnosis and Design. 
ICRAF

Working Paper #7. 
 ICRAF, Nairobi. pp.2 24-227.
 

ADDITIONAL SOURCES
 

Gibson, D.C. and E.U. Mueller. 1987. Diagnostic Surveys and
 
Management Information Systems in Agroforestry Project

Implementation: A Case Study from Rwanda. 
ICRAF Working Paper

#49. ICRAF, Nairobi. pp.81.
 

Fortmann, L. 1983. Land Tenure, Tree Tenure and the Design of
 
Agro-Forestry Projects. Department of Forestry and Natural

Resources, University of California at Berkeley, California.
 

Hoskins, M.W. 1979. 
 Women in Forestry for Local Community

Development: 	A Programming Guide. 
Office of Women in
 
Development, 	USAID, Washington, D.C. 
pp.58.
 

Huxley, P.A. 1984. A Manual of Methodology for the Exploration and

Assessment of Multipurpose Trees (MPT's). 
 ICRAF, Nairobi.
 

USDA/US Salinity Staff. 
 1954. Diagnosis and Improvement of Saline and
 
Alkali Soils. USDA Handbook 60.
 

Wood, D.H. et al. 
 1980. The Socio-Economic Context of Fuelwood Use in
 
Small Rural Communities. USAID, Washington, D.C.
 

SSM 5-100
 





SOURCEBOOK SUPPORT MATERIALS - MODULE 6
 

TABLE OF CONTENTS
 

6.1 AGROFORESTRY SYSTEMS 	 1
 

6.1.1 "Agroforestry Decision Tree" 	 1
 
6.1.2 	 "Alley Cropping, Grass Strip, Controlled Grazing, Cut and
 

Carry" 3
 
6.1.3 "The Design of Agroforestry Systems" 	 7
 
6.1.4 	 "Nitrogen Fixing Trees (NFT) in Agroforestry Systems for
 

Sustained Food and Fodder Production" 19
 

6.2 CHOOSING TREES: PLANTING PLACES 	 25
 

6.2.1 "How to Mix Trees and Shrubs" 	 25
 

6.3 CRITERIA FOR WOODY SPECIES SELECTION 	 35
 

6.3.1 "Trees for Integrated Landuse Development" 	 35
 
6.3.2 "Nitrogen Fixation and the Nitrogen Fixing Trees" 39
 
6.3.3 	 "Summary of the Environmental Requirements of Important
 

NFT Species" 43
 
6.3.4 "Sesbania, Casuarina" 	 53
 

6.4 SPECIES BALANCE SHEET 	 57
 

6.4.1 	 "A Tentative Assessment of the Relative Value of Eucalyptus
 
camaldulensis and Cassia siamea Grown on Farmland" 57
 

6.5 SPACING OF TREES 	 59
 

6.5.1 "Agroforestry Intercropping Systems" 	 59
 

6.6 DESIGN SUMMARY MATERIALS (DESCRIPTION AND DIAGRAM) 	 67
 

6.6.1 "Agroforestry Trial Demonstration Farmers" 	 67
 

6.7 DESIGN FOLLOW-UP MATERIALS (DIAGRAM AND DESCRIPTION) 69
 

6.7.1 "Design Follow-up" 	 69
 

SSM 6-i
 



6.8 ON-FARM DEMONSTRATIONS
 

6.8.1 "On-Farm Demonstrations"
 

SSM 6-ii
 



BASESYSTEM 

SCUkCEOF RO. 
I3AS" 

LAXIISCAPERlOE 

[N~lI~mENT 

SHIFTING 

Nowtvaio 

frale O ~ 

I1.1VATION 

of armleg 

n mn bttv 

OWLAxD HUMID rtKopLC 

PERMANENTARJJL COPPING 

.a~ld.g4Wd 
Pamflculivated land 

fra 

TRU CROP SYSTEMS 

na 

Emanso of~tSOwedc~I.. 
~ utvto 

.r 

EOIERAL AF 

SPECIFC AF 

Ibd 

led 

Lo"nd 1fIeqfi 

inkhN 

.­

flww 

a 

IeinrI 

go 1109 IIO. ' 

vn -

4 

SITE SPECIFIC 
DESIGN1S 

Ssit 
as acom 

pecin,~i: design,vlgort 
On shit Tbis~can be-o 

-MteTho k v anmwl mfoolft loal ~ gnel e~~vg 

aeral. All~ofVonoar * w its =ae~o VydawdaWieW ' 
hla1la 1 hmawan inecivrecarta~d WPaM..dM vw- (.,,b.etl. 

the~ub"49*dbads IM 
, .~ 

aW tnI 10thoen. opemparbi 
iaa, on: 



ALLEY CROPPING 

Definition: 
Alley cropping is an agroforestry system in whichfood rops are grown in alleys­o rpsaegon nalybetween rows ofhedges. The hedges follow the contour and consist of trees and
shrubs such as Leucaena or Pigeon peas. Leguminous perennials are more suit-
able as they fixnitrogen. Hedges can also be placed on conservation structures. 

Area ofApplicability: 

1. Agroclimatic Zones: 2. Local Situation: 
SAll a) Slope Range: 

All Dega b) Soil Range: 
and Wet Weyna Dega dealE MoistMoist Kolla All, including shallow and degra-soils 

Specifications 

- The following tree species are commonly used in agroforestry in Ethiopia:
Acaciaalbid;This tree occurs in the moist Kolla and moist Weyna Dega, andis used on cultivated land to improve soil fertility and as fodder. Branches are cut 

short tominimize shadow when planted with te.
to Sesbaniaand Leucaena" These have been introduced and are used like .Azacia 
albida on cultivated land. They may be cut short at the end of the dry season tokeep shadow to a minimum especially with tef. With sorghum and maize,problems of light competition are less. 

Bamboo utrue man's tree),, and many localspecies known to farmers can be
used for alley cropping at the altitudes of their natural occurrence. 
- See also the list of trees and legumes on page 90. 
- Spacing between rows of hedges should not be more than 5m.On hedgerows, 

trees and shrubs can be spaced 25-100 cm apart.- When cutting down, take care that shrub i; :ut above lowest split of branches,and not b:low, to support fast regrowth. 
- Alley cropping is applied by individual land holders on their land, and the 

products are at their own use. 
- Trees are planted in rows of pits along the contour spaced with up to a 5metrevertical interval on steep slopes.
Effects-

Tree and shrubs provide green m-nure or mulch for recycling nutrients to thesoil. Prunings, applied during fallow, suppress weeds and create favourable con-
ditions for soil organisms. Soil erosion is reduced. Bunds on steeper slopes are
stabilized. Nitrogen is fixed and njr.d: available to companion plants. 
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Aley cropping shownhemon asteepslop Rowsoftrmand hedges alternatewithstips ofgra­
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Combinations. 
Alley cropping can be used with physical measures applied on steep degraded 
slopes, even in the Dega belt for certain leguminous trees growing at that altitude 
(see page 90). Below steep slopes, CUTOFF DRAIN is used to protect cultivated 
land. CUT AND CARRY, TREE PLANTING and REVEGETATION are used 
with alley cropping. 

Materials" 
Besides the trees mentioned, bushes anc :hrubs, which aretraditionally known as
fodder perennials, can also be used for alley cropping. Additional materials aie 
line level and digging instruments. 

Mlanagement and Vfaintenanca7 
Planting must be narrow in the hedge (every I m). Weeding and pruning is
needed. Grazing between rows of trees only with tied cattle, better even CUTAND CARRY. Crop production is shifting between trees, leaving a strip fallow
after cultivation for about five years. Use traditional knowledge about soil fertil­ity improvement and tree management. Up-bringing of trees needs careful super- z 
vision by the farmer who applies alley cropping on his land. Grazing should not 01 
degrade the grass cover. Crops are allowed only if soil fertility has improved. Crop 0rotation. Regular cutting of tree branches for mulch and fodder. 
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GRASS STRIP 

Definition: 
A grars strip is a ribbon-like band of gras.5 laid out on cultivated land along the 
contour. Usually, grass strips are about I metre wide and spaced at I m vertical in­
terval. Thev are mainly used to replace physical structures on soil with sood in- - -- - _ - -. 

filtration (sand%, silty) on gentle slopes. Cattle must be excluded from this 
measure all year long to provide for sufficient length of the grasses to slow runoff 
and retain soil sediment. --- --

Area ofApplicabilit" 

1. 	Agroclimatic Zones: 2. Loual Situation: -­
a) Slope Range: 

Slopes of less than 15%s zradients
 
Moist and Wet Wurch 
 J 
Mois, and Wet Dega b) Soil Range: 
Moist and Wet Weyna De.a All '- . -A 

Moist Kolla 

Specifications: 
Grass strips are sedon the 'rntle , idia aectlandto t he itet. On tietieeperslopes to therichi.tterrace 

- Cross-section: .deeiopn' .. i..r.eede.The dr.er o... l, i.parae tItothpe s.ps. a i. s , s c 
iert-lt redices erosion titrther The cnd, id i sodi ci qrdty plantedcn,'o the trp can st he seen. To the 

-e-"1a . rigt. the grass strip has j cdt d'e, eloped iri) a corall terr-e. 

Comnbinations:Graso #'0iW VI s 
strip *I Vol Use CUT AND CARR~ for grass manacement. Sosmetimes. CUTOFF DRAIN 

- View from top:- -- -- ..-- betwseen crass strtps is usetul or safety reasons if hess' storms occur. REX EGE-
T 	 TATION as for bonds can be applied to improve grass strips. 

sI n, 	 Materials: 

S __-0- . L Local grass sods from 'sell deeloped grassland for planting. Digging instru-
Grlass sods ments. line level, stakes for marking strips. Grass seeds if asailable or collected 

nearby
 
- Grass strips are planted along the contour or alon, "UTOFF DRAIN. 
- Spacing with 1metre vertical interval means that on a 35o slope, grass strips Management and.%Maintenance: 

will be 33 m apart, and on a 15o slope, only 7 m apart, still sufficient for Select grass carefully and consult farmers. Runner irass is not suitable because it 
plot:;hing between the strips. will disturb the crops. Introduced grass may be used. but generally the local spe­

cies known to the farmers will do. Grass strips can be improved to ALLEY 
Effects: CROPPING. Every farmer maintains the grass strips on his own land and he is al-
Grass strips help to reduce runoff and to filter out sediments carried by runoff. lowed to CUT AND CARRY. Care must be taken that the strips are not narrowed 
They are especially suitable on soil with good infiltration and where the climate is with every ploughing. Width of one metre is the absolute minimum required for 
not too dry for dense grass development. if grazing is totally prevented, the grass effectiveness.
 
strips will effectively build up into terraces and provide good fodder for cattle
 
which can be used with CUT AND CARRY.
 



CONTROLLED GRAZING 

Definition: 
Controlled grazing is dejinea as direct grassland utihation with livestock in away thatno degradation of vegetationand sods occurs. Controlled grazing canbe continuous or in rotation. 

-lrea of.-Ipplicabdit;" 

1. Agroclimatic Zones: 2 Local Situation: 
a) Slope Range: 

On gentler, well covering grass-All Wurch land -
All Dega
All Weyna Dega b) Soil Rz..:,::
All Kolla All except heavily degraded soil 

Specifications:#.-­
- Continuous grazing needs careful decision on the number and type oflivestockto be allowed to graze on a certain area. The maximum number allowed variesduring the year, being highest after the rainy season when the soil is dry but lowduring the rainy season and especially at the end of the dry season. Therefore.additional fodder has to 7e produced in AREA CLOSURE. REVEGETA-

La TION and vith GRASSLAND IMPROVEMENT to overcome shortages in 
W periods of limited access to grassland.

- Rotational grazing is a second useful means of providing for periodic recoversof the grassland (see drawiing). Again, there exists shortage of grazing land inthe second half of the dry season for which additional fodder must be 

Effects;
Allfors olAssociation. 
Allforms of controlled grazing help toprevei,
degradation of grassland, tocon-
serve soil, water and vegetation and to provide for better animal feed in amount 
as well as in quality. 
Combinations: 

AREA CLOSURE is indispensable for the production of fodder for periods ofshortage in grazing land. About 3007oof a Peasant Association needs to bereseived for this purpose in order to prodt:e sufficient fodder. REVEGETA-
TION is needed for degraded parts of the grassland and GRASSLAND IN)-PROVEMENT for increasing production. CUTOFF DRAIN protects cultivated
land below from excessive runoff from the grassland. 
Mdaterials: 

Plants to make live fence (Cactus, Euphorbia. Voe. Sisal. Acacia. other trees like 
Juniperus). 
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herders ho presen ilseswsk ro i en ern ghep rticn ol 

grmssls$drother icht herdssrbv eresardpng.een Isro..edrat ron.os

theareatothefej I hen allgrassis en up.theherd shi/ts totherightpurl oJ thegrosvina5,, that 
'he left partcanregenerte. 

MIanagementand Sfaintenance. 
Controlled grazing has to be organized by the Peasant Association. Close super­
vision and training of herders is needed to keep the rules of rotational (or other 
forms of) grazing. The responsibility for controlled grazing is with the Peasant 

which manages controlled grazing, supervises when rotation is 
needed and trains
and supervises herders. Live-fences are the responsibility ofland holders who have to protect the cultivated land from grazing. 

U' 
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CUT AND CARRY cc 

Dejinttion: .j.. 

Cut and carry isasystein ofutilistngjoragejorstalljeeditg. It can be applied in 
AREA CLOSURE. in forests, on conservation structures and in all areas ',here 
lisestock is excluded frontgrazing. 
Area af. pphicabdit -" 

" 

, . 

1. Agroclimatic Zones: 

All Wurcb 
A ll De g a 
All Weyna Dega 
All Kolla 

2. Local Situation: 
a) Slope Range: 

After grass establishment, all 
slopes 

b) Soil Range: 
All except %erydegrad-d parts 

-
- . 

__-.----___"--__ 

- . 
-. 

:" -. 

. 

CD 

as 

Specifications 
- Cut and carry is a conser.ation-based management technique to preserve soil 

and vegetation. It also provides fodder for li.estock, and firessood and small 
fuelsood from area closures. 

- Cut and carry is applied only after the grass has recosered or ifcertain types of 
grass, legumes or bushes hase to be removed. Fire incidence should not de-
%elop.Therefore, it is advisable to cut grass once during the rainy season for im-
mediate feeding of lisestock and immediately after the rainy season before the 
5 rass is completely dry. 

- Forage should be cut at about 10cm aboe the ground before or at the flover­
ing stage, but only if sufficient soil coverage is assured. Forage can be con-
served as hay or silage for dry season feeding. 

- Forage trees should not be lopped in the first year until they are established 
well. At later stages, they should be lopped for forage or fuel once a year or 
every two years. About 10 to 15percent of top growth should be left on the 
plants. 

- The Peasant Association decides who shall be allowed to cut and carry from a 
given area. 

Thelarmerto the rtghtcutsthegrass at tlowerng stage inaclosed area. Cow andoen are tiedata 
place nearbyandjeddirecti Like this,they do not dtsturb the grai ad.Th.erejore.more loddert$
produced. Legurnnous treesareplanted tnrouvst tthe closedarea. andthe., can belopped hen the, 
are ,ell estalohed. Branches oJgrown.up 4cacatreeson theslope can becut and fed to goats ,,nd 
donkeys. 

Combinations: 
Cut and carry ts usually made in AREA CLOSURE as well as betveen HILL-
SIDE TERRACE and TREE PLANTING. GRASSLAND IMPROVEMENT 
increases productivity. For fodder trees, MICROBASIN may be useful. Cut and 
carry may be replaced by CONTROLLED GRAZING at a later stage. 

Mfaterials" 
Sickle for grass cutting and ropes for cattle. 

Effects:" 
Cut and carry allows an excellent recosery of vegetation and a maximum soil pro-
tection. Livestock trampling and extreme grazing down to the roots is excluded 
and a higher productivity will result. Water is retained better during storms and 
runoff is reduced. Natural vegetation grows with better competition between 
plants because there is no more selective eating by livestock. However. animal 
dropping is reduced with negative effects on soil fertility due to this absence. 

Mfanagement and tfaintenance 
Cut and carry must be organised by the Peasant Association for communal land. 
The Peasant Association provides for management of cut and carry. Frequency
of harvesting depends on the weather conditions, mainly on rainfall. Live-fences 
have to be developed by the land holders of the cultivated land which has to be 
protected from grazing. 
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'IME !I)IGN OF AGlft)IlRuY :YS'IPHS 

The tree propagation explained in chapter 4 is an important. Irt
 
of agroforestry, but the next step is: where to plant. the I.rets
 
and how to manage trees in the most beneficial wa, 'or teh
 
farmers? Chapter 5 gives you some ideas. You will hMve to Mapt.
 
those ideas according to the situation in your area.
 

5.1. ALLEY CROPPING 

Alley cropping, also known as hedgerow intercropping, consis.s of' 
managing rows of woody plants with anual crops planted in the
 
space between. It is a form of* inl.ercropping. The woxly planlts
 
are cut regularly and leaves and twigs are u.sxi as mulch on1 lr.,
 
cropped strips, in order to reduce evax)rat, i o arld erosion from
 
the soil surface, suppress weeds, and/or- add nutrients and
 
olrganic inr.l ler to Lhe t.opsoil . A iuticr purlo)s-e ol all Iy cropping
 
is to increase or nl'i tallin cropl \vield-; tll'r10h i i i e roi I
OIrilg'i1 

, t itl ill - 11IIII . I ic :11111 I. eilit l 


Nitrogen is a limiting lactor ili ;tu'i,iii1l1r;tI Ii',ilI ion,
 
Nil.rogcni-fi ing t.res a1114d s 'ilts:- '-un lt lihe 111,1111 -)I
 

Ip 'l)- kli* , 1 il We rlk . Wl l.1" 

11milgit'nl.,; 
the hedgerows. The leaves and twigs (:an also lo, isxl for ledi er.
 
In uldiI i or, Imi t.i so r , crov. indr Ivlvr o .
.,rx :11 lev Ii lr 

tuetwoxI, poJes, IorwI, atliliiIrr,.
 

Agricultural system (Ideal) Agroforeslry system 

Fig. 1:. The leerneff .S 
Zz 	 of intercrop'irg the
 

right. trees wi t.h
 
, maize.
 

~( Source: (8))
 

Nutrients in 
uninlercepted 
rainfall 	 Litter fall. 

Pruni'ng; 

erosion..4 , run-off o a 
l"Sufce ccumulton ......... t " 6, omplomnear '
 

of roots (likely) haring nultrienls
 

Release by ­rootdecay I I 

Heavy leaching especially roar decay

during no-crop seasons 
 Litte leaching 

Uptake Irom deeper layers 

The practice of intoercropping in I ines is relatively new to mosl. 
of Africa, and alley cropping experiments have been most
 
promising in humid and subhumid climates. I'lanting closely
 
spaced lines of trees in cropland is not traditional in rural
 
areas. However, important conservation and production benefits
 
have been reported at sites where such practices have been
 
introduced on a tril basis.
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DESIGN 

Woody plants are introduced as hedgerows in farm fields to 
maximize the positive effects and minimize the negative effects
that trees may have on crop management and yields when they are 
scatterd more randomly throughout the landscape. without a doubt,
tr' es comp.t.e with farm crops t'or soil nutrients, soil-moisture 
and licht.. However the right kind of trees, at the right
spacing, and wit.h proper management, can result in a net increase 
in yields from cropland. This is especialy true if the
production benefits of the trees (wood, forage, food, etc.) are
included in the overall assessment of benefits. In some cases the 
improved crop yieds alone will make the practice worthwhile. In
 
perthaps the majority of the cases it is the combined production
benefits of agicultural crops and tree crops that ,justify the 
adoption of alley cropping. 

The following questions can be asked when introducing alley 
cropping:
 

1) What spacing? 
2) Which species?

3) [low are the trees to be managed (and harvested)? 

Spacing: 

Exact spacing wil depend in part of the species of hedgerow and 
crop plants, on cliate, slope and soil ccnditions, and on the 
space required for easy movement of people and tillage equipmment.
The spacing used in field triald usually ranges from 4-8 metres 
between rows and f'rom 25 cm to 2 metres between trees within 
rows. The closer spacing is generally reserved for humid

regions, nnd wider spacing is usually appropriate for subhumid or 
semi-arid conditions. 

Varmners in drier areas are ustually hesitant to plant trees very
densely in their shaniba for fear of heavy competition. Farmers in
South Nyanza, for instance, were prepared to plant in the 
following density: 

- I tree per 4 sq.m. near Awendo (av.ann.rainfall 1,400mm.)
 
- 1 tree per 5.5 sq.m. near Homa Bay ( 1,000m.) 
- 1 tree per 24 sq.m. near Muhuru Bay (700amn.) 

At the FMI in Mtwapa, between Kilifi and Hombasa, research has 
been carried out to study the effect of Leucaena intercropping on
 
the maize yield. 
The trees were planted at a number of different
 
spacings, 
and after 2 years the maize yields were weighed to
 
study the effect of the Leucaena. 
The highest tree density used
 
was 2m. by 0.5m., while the lowest density was 3m. by 8m. It was
 
found that the maize yield of the lowest intercropping density (3

by 8m.) 
 had very little effect on the maize yield, while the 
highest density lead to a 60 increase in maize. Most other 
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densities showed mixed results.
 

However, the results of the experiments in Mt.wapa can not be used 
in Taita/Taveta because the conditions are very different here.
 

Spacing may also be affected by slope and the placement. and 
design of soil and water conservation structures where these are 
combined with alley cropping. Wlcn rn a slope, the rows should 
always be placed on the contour, even is this means that they 
will not have the desirable east-west orientation. Additional 
trimming may be needed to prevent excessive shading. In this way 
the tree rows may assist in soil and water conservation. Crop 
residues (such as maize stovers) can be laid along the hedgerow 
line and are held by the tree st.ems. However, care slotild be 
taken in case of young seedlings: crop residues nay attract 
termites which can easily kill the trees if they are still young. 

Once established, the trees and shrubs are usually left to grow 
for 6 to 24 months before the first cutting. At. Mtwapa., it is 
recommended that Leucaena is allowed to grow for 24 months or a 
height of 4 m. before the first cutting. After Lhat it can be cut 
frequently. Calliarkdra can probably be cut even more frequently 
thani leucaena before it is exhausted. In Mt.wapa. Leucaera is cut. 
at a height of 0.5 m. but cutting height will depend on the 
agricultural crops grown in between. If small agricultural crops 
such as cow peas and beans are grown, the trees may have to be 
cut at a lower height. If there is no serious competition for 
light, a cutting height can be chosen which is convenient for the
 
farmer; for instance shoulder height. 

The clippings may either be left on the soil, or they may be
 
worked into the soil. It is known of Leucaena leaves that they 
decompose fairly quickly (about 2 weeks) and that more Nitrogen
 
is released to the maize roots it'the leaves are worked into the
 
soil. On the other hand, if the leaves are left on top of the
 
soil, they will help to reduce weed growth and thus reduce 
weeding.
 

Intercropping experiments in Nigeria as wel as the Mtwapa 
experiments suggest that during the dry season, the trees should 
be allowed to grow freely so as to cover the canopy and reduce 
weed growth, enhance minimum tillage and be able to fix more 
nutrients. But different farmers normally have different motives. 
One farmer, for example, may decide to prune some of the trees to 
encourage rapid growth of tall trunks with small high canopies. 
Another farmer might choose to allow tethered goats to browse on
 
regrowth. Farmers may also vary the timing of management tasks to
 
use labour in the low season or to fit hedgerow cutting into
 
fixed ploughing or weeding schedules. Alley intercropping trials
 
have been established in high- and lowlands of Taita/Taveta, but
 
their management has barely begun.
 

In the examples of Leucaena/maize alley cropping in Nigeria and
 
Mtwapa a particular management system has been used. This system
 
is illustrated in fig. 14.
 

SSM 6-9
 



8S 6.1.3 Kerkhof p. 3 9 

Fig. 14. Management of Leucaema 
intercropped with maize in the example 
of Mtwapa. (Sources: 9 & 13) 

r" rthe r 
,'ManA. Leucaena 

maize. 
is established t"ether with 

B. After the maize is harvested, the
 
trees remain.
 

C. In the dry season, Leucaena keeps on 
'"~ growing if there is soe rainfall. 

D. The next year, Le is cut to 
reduce competition to the maize. The 

rt ma leaves of the trees help to improve the 
s"Boil. 

Low. 
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Intercropping of highly productive Nitrogen fixing trees has
 
sometimes helped to reduce serious weed problems. In variouLs
 
parts of the world it has helped to eradicate Imperata cylindrica 
grass. In Western Kenya farmers try to reduce Striga weeds 
through alley cropping. In the Taita Hills bracken is known to be 
a serious weed; also here intercropping with Nitrogen fixing 
trees may be of assistance. 

Photo's 7 and 8 Alleycropping of LeIrcnea leucocepjhla in maize, 
an example from Nigeria. (Source (14)) The first photo: Leucaena 
growing in the dry season. The secor:-A photo: The trees are cut 
and the maize is growing. 

lo
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ALLEY R(OPPING IN (XOMBINATIC Hull SOIL (X SERVATION 

Alley cropping can complement erosion control strips and
 
structural measures for physical soil and water conservation. 
In such cases the spacing would follow first the 
placement of the structures or contour strips, and secondly the 
guidelines for alley cropping. Mulch production would complement
the erosion control fumction and the hedgerow plants could 
strengthen strutctures while improving the soil fertility of the
 
terraced. 

Fig. 15 illustrates the incorporation of trees in fanya juu's. 
(Source: (7)). 

~~j~~DP~k4 '04.EA 1. ~ 
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Erosion control structures exist throughout the district. In 
Mbololo, for instance, leguminous trees could be planted on trash 
lines, fanya juu's and retention ditches by the farmers 
themselves due to the proximity of the seedling distribution 
centres. In most parts of tke location this would help to solve 
the problems of low soil fertility and lack of dry season fodder. 
It may also assist in fuelwood production, now some of the hills 
are not accessible anymore for collection of fuelwooi. However, 
care must be taken to make sure that the tree lines are well
 
placed on the contour, otherwise they may increase erosion. 

5.2 BIM FALLCW 

The practice of letting cropped fields lie fallow in order to
 
allow the soil to recover some of its fertility is well known
 
and widely used throughout Africa. In recent times, fallow
 
rotations have become shorter and shorter. The shorter rotations,
 
which have become necessary because of land scarcity, generally
 
fail to enrich the soil as effectively as the traditional longer
 
faltow periods. As a matter of fact, many farmers in
 
Taita/Taveta have very little time left to leave their shanba's
 
fallow.
 

Some of the important functions of fallow are:
 
1) protect the soil from erosion,
 
2) eliminate weeds, pests and diseases specific to the cropping
 
system,
 
3) increase the organic matter content of the soil, cycle and
 
trap nutrients from the subsoil, and improve the soil's structure
 

DESIGN 

Improved fallows can be established by cheap means if trees were 
already growing in the cropland, whether dispersed or 
intercropped as alleys. Such trees are encouraged to take over 
and close the canopy, thereby improving the micro-climate. If no 
sufficient trees were growing on the cropland, they may be 
established through cheap means such as direct seeding and 
planting of wildlings. 

In W.Kenya this is popularly done with Sesbania sesban. This tree
 
seeds prolific and while weeding, the farmers leave some of the 
trees growing in their shambas. After the maize has been 
harvested, the Sesbania is left to grow freely and a temporary 
woodlot is established. This is a form of improved fallow,
 
whereby the farmers harvest the wood for fuel and profit from the 
fast soil enhancement by the tree. Farmers report that also 
Striga weed is better contrnlled in this way. 
According to research, Nitrogen addition of Sesbania to the soil 
is not so much through the leaves, but rather through the 
rootsystem directly. 
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Other species suggested for improved fallow are Acacia mearnsii 
(black wattle), Leucaena, Calliandra, and Gliricidia species, and 
Cajanus cajan. Some people claim that Acacia mearnsii (black 
wattle) has a reputation of restoring soils to high fertility
 
levels if cleared again for farming. However, black wattle is not
 
suitable for intercropping because of serious competition with
 
food crops.
 

5.3 IZ 0CATCMENTS F R1TREE AND SUBS 

Tree planting started in Africa in the areas of high agricultural 
potential and high population density. Kisii, Kakamega and 
Huranga can be mentioned as examples of districts where tree 
planting became popular a long time ago. In Taita/Taveta tree 
planting started also up in the highlands. In dry semi-arid and 
arid areas tree planting is more difficult and carries a much 
higher risk of failure. Yet population densities have also 
increased in dry areas and people have been forced to plant trees 
in dry places as well. In order to improve survival, additional 
water is often necessary and this wny be either done through
watering or through construction of water catchments. This is 
already done in Mbololo and other dry locations of the district, 
and it is useful to look at experiences from districts elsewhere 
in the coUntry.
 

Micro-catchments 
can be used to improve the use of rainfall and
 
reduce the need for hand watering, as described in this section.
 
However, if micro-catchments cannot be used, or ure not adequate,

then hand watering will be necessary. To be effective, water 
must be applied in a way that encourages the trees to develop
deep root systems that can reach the water table or moist soil 
deep below the soil surface. The Forest Department of Turkana 
District has gathered much experience about water harvesting. 

In very dry areas (like Turkana or Voi) seedlings can be planted
in a large pit (with a diameter about the lenth of an arm) so 
that the water will be kept near the plant. The pit should be 
well soaked - with at least 20 litres of water. The seedling
should then be watered every two days with 5 to 10 litres os 
water for the first one or two weeks. Since the roots will noL
 
yet be well developed, watering should be continued every fourth 
day after that with about 10 litres of water. Once the trees 
have started to grow again, after about two months, the watering 
can be done just once a month, but with a larger quantity of 
water -between 20 and 40 litres. 

The reasons for this method, developed from experience, is that
 
too little water, frequently applied, will result in a larger
 
loss to evaporation and, more importantly, a poorly formed root
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system. the roots will tend to grow towards the water source ­
at the soil surface - rather than reach down to the water table 
or moist layers of' soil at depth.
 

Micro-catchments are small soil structures in which waiter is 
collected. The collected water penetrates in the soil is benefits 
the trees planted there. One type o" micro-catchment, is made of 
small V-shaped hand-built bunds which direct the rainfall and 
runoff from a catchment area downslope into a small basin at the 
lowest point in the structure. Quite a lot of farmers in 
Taita/Taveta have already made microcatchments, especially on 
their compounds. Trees, grasses and crops can be grown in the
 
lower port.ion of the catchment where the water from the area 
uphill soaks into the soil, supplying adequate moisture for plant 
growt.h.
 

In Taita/Tavetl, where clinitic conditions are less arid than in 
Turkana, smaller micro-catchments car, be constructed. Such 
constructions still cost some labour, and it is most likely that
 
they wi II be established for highly valued trees such as 
fruittrees and for shade trees on the compound. Erosion control 
measures are widespread in the district and most. of t.heir serve as 
a water cntchment. An extra supply of water is available near 
trashbunds, fanya .juus, et.c., and it is sensible to plant drought 
sensitive trees close to such constructions. 

5.4 WINDBREAKS 

Windbreaks are strips of trees and/or shrubs planted to protect. 
fields, homes, canals, and other areas from the wind and blowing 
soil or sand. Wider stri'-s or blocks of trees are ,l'Len cal led 
shelterbelts. Windbreaks are planted for man reasons: to reduce 
soil erosion, improve the micro-climate for growing crops and to 
shelter people and livestock. Thus they can have many forms and 
can also serve other functions, such as 'encing ani b)undary 
demarcation. Where wind is a major cause of soil erosion and 
moisture loss, windbreaks cAn make sustainable production 
possible and have been shown to increase the productivity of the 
crops which they protect. 

A windbreak is like putting a lid on a souffria with boiling
 

water: The escaping steam is lessened. In the case of a crop, 
less water is lost by wind, rnd more water is available for the 

crop.
 

SSM 6-15
 



SSM 6.1.3 Kerkhof p.45
 

C'SRT.AtL) 

Fig. 16. Light windbreaks are better than 
very solid, dense
 
windbreaks. (Source: (7)).
 

Big gaps in windbreaks should be avoided, because such gaps act as a 
tunnel where very strong winds pass through. 

One common design mistake can 
actually make matters worse. Be 
careful not to leave the lower

WIIWI QK5loW level completely open while 
mal.ing the upper level too 
dense. If this does happen it 
can do serious damage to crops 
close to the downwind side. The 
woody profile understorey and
 
herb layer should be well,* ii estabLished and maintained both 
to prevent uncontrolled traffick
 
through the trees and to protect
 
soil cover against the wind.
 

Fig. 17: The profile of a windbreak: 

In Taita/Taveta planting of windbreaks and shelterbelts is 
feasible wherever there are str-ng or dessicating winds. This may

be found on top of some of tie exposed hills and parts of the
lowlands. The Taveta iitrigation scheme also deserves 
consideration. 'Th)e trees do not necessarily have to be planted in 
lines: also dispersed trees reduce windspeed. 

5.5. TREES IN IDIEfA S 

Homegardens are small, intensively cultivated plots near the
homesteads, which can be found in areas of high population
density and good rainfall. They are increasingly found in
districts like Kakamega. Homegardens are characterised by a wide
variety of agricultural and tree crops which are grown 
clusely

together. Often, though not exclusively, homegardbns are tended
 
by women. The wide species variety is a form of risk
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minimization. In Taita/Taveta homegardens are not found with the
 
same intensity as in some other places, but it is that
likely

they will be increasingly cultivated.
 

As a nearby example of homegardens, a description is given here
 
of the Chagga homegardens.
 

The homegardens of the Chr.gga people on the slopes of Mt. 
Kilimanjaro (1000-1700 mm annual rainfall), 
 with an average size
 
of 0.68 hecates produce about U 5 kg. of beans (184 kg/ha,) 280 
kg or parchment - unhusked - coffee 412 kg/ha) and 275 bunches of
bananas (404 bunches/ha). Fruits, vegetables and herbs, mainly
for home consumption, have not been quantified. Each farmer
keeps 3-5 traditinnal bee hives, each producing at least 5 kg. of 
honey --;iually. The Chagga farmers are also almost self­
sufficient in fodder which they use stall-feedto their 
livestock. The fodder is primarily from the trees, shrubs,

hantna plants and grasses grown in the garden, And supports an 
average of 3 cows, 2 goats and 6 chickens. Tt :,s estimated that
each hoinegarden supplies one quarter to one third of the 
household's fuelwood needs. Fuelwood production in the 
homegardens is estimated to be between 1-2 cubic permeter year
(1.5-3.0 cubic metres per hectare). 

Although local sources indicate that coffee and /or maize or bean 
crops fail once every 3-4 years. there has never been a failure 
involving all of the products of Chagga homegarden system. This
 
illustrates how cultivating a diversity of productl 
 reduces the
 
risk of all the crops failing in any one year. 

5.6. WOODIM
 

A woodlot is a piece of land which is set. aside for the sole 
purpose of growing trees. In general, steep land (slope between
 
25 and 55 percent, 14-29 degrees), river banks and rocky, stony,
eroded or swampy soils are set aside for woodlots. The more 
extreme the site, however, the more specialised the tree species
have to be. In addition, satisfactory tree growth cannot be
 
expected on very infertile, shallow or unstable soils; shrubs
 
might be the alternative on such soils.
 

It is clear that woodlots can also be etcablished on good

agricultural land. Indeed, from a technical the betterviewpoint,
the land the better the growth of trees. When good farmland is to 
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be used for woodlots, farmers must take into account the labour 
and other expense required to clear the land should the land be
 
needed again for agricultural production. Woodlots are normally
restricted to areas of medium and high agricultural potential,

and they are rarely found in (semi-)arid areas. Woodlots are
 
often established if there is labour shortage, because the trees
 
require much less labour than agricultural crops.
 

Kenyan farm woodlots range in size typically from 0.01 to about 1
ha. However, woodlots in the Taita Hills are often bigger than 
those found elsewhere in Kenya. Many farmers in the Taita Hills 
have woodlots which exceed 1 ha., often they are several ha. big.
In Kenya, the most common woodlot species are Eucalypts (mainly

E.saligna, 
E. citriodora, E. paniculata, E. camaldulensis, black
 
wattle 
 (Acacia mearnsii), cypress (Cupressus lusitanica),
 
Grevillea robusta, Markhamia spp., pine (mainly Pinus patula) and
 
Cassia siamea. In the Taita Hills Eucalyptus and black wattle are
 
the most popular species, while pines and cypress are also widely
 
planted.
 

In Western Kenya tobacco farmers are required to pla-t woodlots.
 
Also most non-tobacco farmers plant woodlots. In Kakamega
District,, Eucalyptus poles usually reach about 10 in in 5 years,
perhaps in 4 years if coppicri. Initial plant4ig of these poles

is dense (I x I m), and trees are cut selectively every 4 or so
 
years; most trees are harvested in the 10-15 m height range, with
 
a few allowed to grow to sawntimber size. Rotations longer than
 
15-20 years are relatively rare in Keiya farms. However, 
the
 
Taita woodlots are quite different. '4ot only are the woodlots
 
here bigger than the average for Kenya, but also the nanagement

of the woodlots is different from elsewhere 
in the country.

Establishment of the Taita woodlots is often through natural 
regeneration, and the rotation (the time between 
establishment
 
and harvesting) is often longer, someti ys several decades. 

A great gap in our knowledge of woodlots is their economics,
particularly the net benefits under various 
conditions of
 
climate, location wita respect to markets, products, volumes and 
inputs. Observations within a 100-150-km radius of Nairobi 
reveal an active trade in poles (and, to some extent, firewood)
from farm woodlots, but the details of this trade are virtually
unknown. Poles 2-4 m long, 6-8 cm at the base, retail for about 
Ksh 15/- a piece in Nairobi, which suggests that gross farm gate 
revenues from a harvest of, say, 3,000 poles (one-third of a 
10,00 stem/ha woodlot) could amount to about Ksh 22,500, assuming 
a 100 percent markup between the farm and retail outlet. This is 
a substantial sum, but from which must be substracted the costs. 

Also our knowledge of the Taita woodlots is very limited, though
efforts are undertaken to improve our understanding.
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NITROGEN FIXING TREES (NFT) IN AGROFORESTRY SYSTEMS
 

FOR 	 SUSTAINED FOOD AND FODDER PRODUCTION 

Points made by Prof. J.L. Brewbaker in his presentation
 

I. 	 Nitrogen-fixing trees (NFT) play many types of roles in relation to 
food 	and fodder production. The agroforestry systems using NFT are basically
 
of two types. They are related to the production of either: 

o Animal feel, or 

o Human food
 

II. Animal feed, or fodder, systems include:
 

1. Traditional grazing in forest areas. 
2. NET-enhanced grazing
 
3. NFT hedges in grass pastures 
4. Traditional lopped or pollarded fodder trees 
5. Planted or protected fodder trees
 
6. NFT for ponds (fish production) 
7. Cut and carry forage 
8. Solid block plantings of NFT for grazing or harve. t 
9. Miscellaneous, e.g. honey production
 

10. 	 Integrated Farm Forestry-forage for animals gives manure for food 
crops, et.c
 

III. Human food agroforestry systems with NFT basically involve the green
 
manure value of the tree foliage, together with added benefits (shade, wind 
protection, fuelwood), and include tne following:
 

11. 	 Traditional slash and burn
 
12. 	 Short-rotation slash and burn with NFT protected 
13. 	 High input short rotation, with plowing down of younq NFT 
14. 	 Taunava, with crops grown among vouna forest trees
 
15. 	 Alley or avenue cropping
 
16. 	 Cut and carry green manure
 
17. 	 Traditional intercropping in forests with NFT
 
18. 	 Hill culture
 
19. 	 Nurse ("shade") trees in food crop plantations 
20. 	 Nurse trees in forest Plantations 
21. 	 Others, including windbreaks and living fences of NFT that
 

are also harvested for food or forage.
 

In all of these acroforestrv systems, multiple uses exist and are
 
often exploited for the NFT, notably including fuelwood and polewood. In 
most cases, however, adapted modern systems place emphasis on the tree as 
an aid to food cropping or animal feeding, and less on its value for wood 
per se. Clearly the impending fuelwood crises will change this emphasis. 
The following illustrations elucidate the points made above. 

University of Hawaii at Manoa
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FODDER SYSTEMS
 

1. Traditional 
 Many
 
grazing 
 Genera
 

2. NFT-enhanced 
grazing NFT 

Erythrina spp. 
Prosopis spp. 
Acacia spp. 

(NFT regularly spaced, often lopped) 

3. NFT 
Hedges 

Leucaena leucocephala 
Cajanus spp. 

GrassN FTt­

4. Traditional 
Fodder Trees 1 300 spp.

(lopped) 
 Some NFT 
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5. Planted, or Robinia
 
protected Alnus spp.
 

Fodder Trees Acacia mearnsii
 
Gliricidia spp.
 

6. NFT for 	 Sesbania spp.
 
Ponds 	 Acacia spp.
 

Leucanea spp.
 

Fish or algae
 

Leucaena
 
lErytrina


7. "Cut and 

.	 Calliandracarry" 	 maryAcacia 

Prosopis (pods) 

pigs, poultry, rabbits, fish, etc.
 

8. Solid blocks 	 (grazed Leucaena 
(or farrows) 	 haor Gliricidia
 

BProsopis
 
Bees Calliandra?
0 

9. Miscellaneous 	 Leucaena? 

SSM 6-21 



SSM 6.1.4 Brewbaker p.117
 

10. Integrated 
 Essential Ingredient; Land tenure
 
Farm Forestry 
 is long term
 

Forage 

$$ Off-farm 
 7 
incomeSM -

Food Manure
 

Fuel 
 Postwood,
 

Protection, 
 Food
 
Shade, 

Ash Food,'jU~ 

Wastes 
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FOOD (- GREEN MANURE) 

AGROFORESTRY SYSTEMS
 

11. 	Traditional 
slash and 
burn burn 

12. 	Short- Leucaena
 
rotation Gliricidia
 

burn 

3-5 	 yrs.)24ys' 

13. 	 High-input Sesbania aculeata 
short-	 Cajanus cajan

rotation 	 plow 4.t 

4 mos. 

Albizia
 
4 Pterocarpus ?
 

14. 	Taungya ~Dalbergia 7
 
14Raugathen Leucaena + 

in 2-4 yrs. many non-NFT 

15. 	 Alley 
(or

"avenue") 
 Cassava
 
cropping Corn Gliricidia
 

Leucaena
 

144MCaj anus 
Clim~bing 

- yams 
- beans 
- passion fruit 

16. 	 Cut and 
carry
 
Green
 
Manure
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FOOD AND FOREST NFT AGROFORESTRY
 

Acacia
 
17. 	Traditional Sesbania
 

Intercrop- --- t- - Erythrina
 
ping Prosopis
 
("Nurse Inga
 
Trees") Gliricidia
 

18. 	Hill 
Variation 	 Acacia
 

Afzelia
 
Xylia
 

19. 	Nurse 
 Gliricidia 
("shade") Erythrina 
trees InTga 

Albizia 
Leucaena 

(often coppiced)
 

coffee, cacao, etc.
 

20. 	Nurse trees 
 Albizia
 
for forest 
 3-8 yrs. Acacia
 
trees u
 

Leucaena
 

Pine, Teak, Gmelina, Eucalyptus (10-60 yrs) 

Others: 

Windbreas v 
+ fod orforae "Living Fences"+food or forage 
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Learning Element --- I deI,I I 
Title: Date of Issue: Page: 

IDL01 Occupational Area: 1 

Objective:
 

When you finish this learning element you will know about:
 

many ways to mix trees, shrubs, crops and animals on farm lands
 

and you will be able to:
 

- choose combinations that interest you, based on what you 

want from trees (Learning Element 1) and what kind of 

planting nlaces you have (Learning Elemert 21. You will 

be ready choose which trees and how many (Learnln Element). 

1. 	We will show ways to mix:
 

1) 	Trees and crops
 

2) Shrubs and crops
 

3) Trees and shrubs and
 

grasses on grazing land
 

4) 	Trees and shrubs and grasses
 

in gullies
 

5) 	Trees and shrubs in fences and
 

corrals,
 

6) 	and how to mix all o these with
 

soil and water conservation works.
 

Each idea has a picture, in the picture
 

book, (Learning Element 3-8) that shows
 

when and how these plants fit together.
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Learning Element Code:FFTitle: II I II -]-] 
Date of Issue: Page: 

Occupational Area: 2. 

2. Ideas for fencing: 

2A. Live Roma (corral) fences for fuelwood and for "green manure" to add 

to boma oil (mixing done by animals; more manure for croplands) 

2B. Live property (outside boundary) fences for fuelwood and for "green 

manure" to put In boma: 

- thorn fence to protect new live fence just for first year 

- sisal poles or other supports to helo form and hold up live fences 

2C. Live property fences for poles and fuelwood from same trees, 

different parts , or from two types of trees planted together 
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LLearning Element Code: 

Title:l Titl: liDte of Issue: Ill .Pago: 

Occupational Area: 

:1311" - -

20. Live fences inprotected areas inside property: 

- for fruit and fodder 

- for stickwood 

2E. Small live fences with sticks and small noles to orotect 

- sinqle trees 

- small plots of trees 
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Cod.:
I(I I.Title: Learning Element 	 i., Iq 
Date of Issue: Page: 

Occupational Area: 4. 

3. 	Ideas for the home compound
 

3A. 	 Home nardens with fruit trees and animal feed and medicine - trees
 

and shrubs planted closely with vegetables
 

38. 	 Trees planted alone, far apart
 

for shade,
 

fruit
 

animal feed
 

flowers for bees
 

3C. 	 Trees and shrubs for shade, fuel, fruit;. planted in lines along the
 

entrance and paths inside the compound
 

3D. 	 Fodder trees and grass olanted inside small living fences (boma-size) 

for feeding animals in boma (corral) during busy times or dry months. 
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11Learning Element Coe 

eTitle:of Issu: [ g 

Occupational Area: 

4. Ideas for grazing land 

4A. You can protech useful trees and shrubs and help them to grow faster: 

- by trimming and putting-up and fencing trees kept 

animals. 

low by browing 

- by bringing more water to the tree and holding it in the soil 

(bunds or v-shaped hols to steer and hold water flowing over 

the soil after rains). 

4B. Live fences to subdivide grazing land so animals can move inturns 

from one plot to the next, leaving the first to grow back before 

letting tht animals back in. This iscalled rotational grazing. 

4C. Planting of fast-growing or favorite fodder (fodder trees for pods 

or for cutting, not for browsing) and fuelwood trees (or pole trees) 

indeep holes, with small fences around the tree to protect it 

until the branches are beyond the reach of animals. 
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Learning Element 	 I Codo: 

Date of Issue: Page: 

Occupational Area: f " 

5. 	Ideas for croplands:
 

Allej cropping (also called hedgerow cropping). The shrubs or trees
SA. 


are 	planted between rows of crops. They can be cut low two or more
 

times per year and they can produce:
 

leaf manure to enrich soil for better crops;
 

fuelwood to save for the busy times
 

fodder to cut for animals
 

58. 	 Leafy trees planted inwide strips around crops, and Inside cropland
 

boundary. Trees or shrubs planted In this way can provide leaf manure
 

to combine with animal dung and boma (corral) soil or leaf manure alone
 

to put directly on soil incroplands
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Learning Element 	 'Cde: 

Title: Ste of Issue:IIIIII1 Pegs:.i' 
Occupational Area: 

5C. Fodder and fuelwood trees and shrubs on sloping croplands:
 

tall, with grasses in between or in hedges on bench (terrace)
 

rise,-s
 

tall, with grasses in between or in hedges in strips along the
 

contour
 

tall, with grasses in between or in hedges in soil conservation
 

ditches or along water catching bunds
 

50. 	 Fruit trees mixed closely with other food crops:
 

- in lines, or
 

evenly spaced, or
 

along ditches (drains), or
 

along the lotparts of t,: J ;erraces
 

5E. Large trees far apart in croplands for
 

fruit, animal feed (pods and leaves),
 

building poles and fdeiwood
 

6. 	Ideas for wasted and worn-out lands
 

6A. 	On sloping lands with hard soil you can repair the land for grazing
 

and fuelwood collection by using pits to hold water and soil.
 

What to plant first depends on how bad or worn out the land is
 

1. 	For very bad places -


Dig pits and leave them to fill part way with good soil and
 

vater and brush and natural plants. After I or 2 rainy seasons
 

ptant new trees in some pits and leave the natural plants in some.
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Code:
rLearning Element 

Title: 

Occupational Area: 

Dat o Issue: Page: 
8. 

2. For places where some grasses grow but soil is fairly hard or 

shal low -

Dig pits and plant "grasses and creeping plants (from seed) to 

repair the soil and to fill the pits part-way. After I or 2 

rainy seasons, leave some pits with these plants, fix other 

pits by burying the "green manure" plants, then plant trees 

and shrubs there. 

3.For places where soil Isonly a little too hard or worn out -

Plant grasses, shrubs and seed just after digging the pits. 

Put trees and shrubs insoma pitsleave other pits for grasses 

only (natural or planted). 

6B. On sloping lands with softer soil you can use small v-shaped bunds 

or holes micro-catchments in the pits. These may need to be held 

inplaces with stones ifthe soil istoo loose. The planting ideas 

are the same as for pits. 
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Learning Element 	 Code: 
Title: Date of Issue: Page: 

Occupational Area: 	 . 

Another idea is to plant trees in rows as in "alley cropping" and 

plant seeds for grass or small creeper plants in between as "green
 

manure". Then, after some time, when the soil is "rested" and
 

lots of green manure has been aded, plough the low plants and leave
 

rows of tiee. to keep making leaf manure for your crops. The branches
 

and leaves can be chopped and laid on the.soil before planting, just
 

like manure.
 

60. 	 In gullies you can repair the land with trees and shrubs and grasses
 

combined with check-dams made from wood and rock. Trees which take
 

root from cuttings can be used to support the check-dams. When
 

the dead wood rots they will hold the soil and rocks in place. Also
 

You can alsq produce fuelwood and poles and animal fodder. What
 

you can do depends partly on how well protected the gully is:
 

In gullies that are protected from animals you can grow fodder (grasses
 

shrubs and trees) as weil as poles and fuelwood. These can be
 

planted in the new soil when the check-dam starts to fill.
 

In gullies that are not protected from animals it is best to plant
 

only pole trees and fuelwood trees and shrubs. Chose plants whose
 

leaves are not liked by animals. Allow local grasses to come
 

up but do not put special (tasty) grasses in, as this will only
 

tempt animals to trample the gully.
 

It is best to also repair the places that send water to the gully
 

so that the check-dams and plants are not washed away by floods.
 

Pits or microcatchments can be planted or seeded with trees, shrubs
 

or grasses inside a small fenced plot above the fully. This covers
 

the soil and helps to hold water so that watcr does not run so
 

fast 	into the gully from above, making it grow. This is a good
 

place to put fuelwood or fruit trees with fodder trees and grasses to 

cut for animals. 
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Learning 	Element Code: 

Title: 	 Date of Issue: Page: 

Occupational 	Area: 

7. Ideas for Public and In-Between Places:
 

7A. Pole 	trees along the road sides and paths:
 

in lines; wider-spaced- in water-holding pits
 

Fuelwood trees along road sides and paths:
 

in lines; wide-spaced; In water-holding pits and bunds
 

70. 	 - Fuelwood, fodder and fruit trees in rows or widely spaced in
 

public or group
 

vegetable gardens (near oermanent rivers or wells)
 

7C. - Fair spacing of trees along shared (double) boundailes:
 

livinq fuelwood fence with fodder trees alongside
 

living fuelwood fence with-fruit trees alongside.
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4. 	 Trees for integrated landuse development
 

4.1 	 iethodology for the selection and evaluation of
 
trees for rural afforestation purposes
 

Trees may be grown as 
has been pointed out, on farmland according to two
 
basically different spatial arrangements that shall now be dealt with separately
 
for evaluation purposes.
 

One arrangement is the conventional or classical forest plantation, or if
 
it issmall, woodlot where the trees are established at fairly close and regular

spacing for the purpose of the produrtion of some type or types of forest produce. 

The second spakial arrangement is applled where trees are established as 
an integral part of a fanning system involving herbaceous crops and possibly
animal 	 husbandry as well as the production of such good and other benefits that 
may be 	obtained from trees. 

In the case of the classical forest plantation, the selection of one or
 
several suitable species does not pose any very complex problems.
 

We will be looking for a species that will show healthy and vigorous
growth within a closed stand under the prevailing ecological conditions and
 
produce wood or other produce of a desired quality.
 

rurthermore we will demard that the species is easy and cheap to establish

and not seriously exposed to biological or physical hazards. In the case of
 
fuelwood plantations we may also put emphasis in the selection of a good

"coppicer". When it comes to evaluation, the main factors 
t,consider will be 
cost of establishment, lengUi of rotation, yield, and market value of produce.
 

In the case of the selection of trees for planting within an ecofarming 
system, we are faced with a ,iuch more complex sit'ntion, and the evaluation 
of the suitability will often be function of a whole range of variables.
 

All the plants, trees as well as herbaceous crops, within a faming 
ecosystem, interact with each other, directly or indirectly, and often according
to a very intricate pattern. Partly the plants compete for available resources
and partly, one inay say they do just the opposite; they create mutually favourable 
co,,ditions for each other. This last pattern of interaction is sometimes termed 
commensalism (for definitions of the various patterns of interaction, see 
section 3.6).
 

Assuming now that a tree species has been found that seems well adapted to

thrive 	at the locality in question and within the particular ecological conditions 
characterizing farm and pastureland, and that furthermore can be expected to yield
one or several of the benefits which a farmer will be wanting from a tree, how 

now'beshall '--_ able to evaluate the suitability and usefulness nf nuch a trop,
comparing itwith other possible "candidates"? Obviously, itwill not bc enough,
 
as itwas more or less in the previous case to say "this isa fast growing tree
 
producing excellent fuel and poles". The preparation of a more complex cost/

benefit analysis will be required. As a kind of check list for such a calculation
 
the following balance sheet has been prepared on which the more fundamental "credi
 
and "debits" are outlined, that will haVe to be taken into consideration.
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One arrangement is the conventional or classical forest plantation, or if 
it is small, woodlot where the trees are c -bli.hed at fairly close and regular 
spacing for the purpose of the production of some type or types of forest produce. 

The second spatial arrangement is applied where trees are established as
 
an integral part of a faning s ytem involving herbaceous crops and possibly
 
animal husbandry as well as the production of such good and other benefits that 
may be obtained from trees.
 

In the case of the classical forest plantation, the selection of one or 
several suitable species does not pose any very complex problems. 

We will be looking for a species that will show healthy and vigorous
 
growth within a closed stand under the prevailing ecological conditions and
 
produce wood or other produce of a desired quality.
 

Furthermore we will demand that the species is easy and cheap to establish 
and not seriously exposed to biological or physical hazards. In the case of
 
fuelwood plantations we may also put eihphais in the selection of a good
"coppicer". When it comes to evaluation, the main factors to consider will be 
cost of establishment, length of rotatirn, yield, and market value of produce.
 

In the case of the selection of tree~s for planting within an ecofarming
 
system, we are faced with a much more coniplex situation, and the evaluation
 
of the suitability will often be function of a whole range of variables.
 

All the plants, trees as well as herbaceous crops, within a faming
 
ecosystem, interact with each other, directly or indirectly, and often according
 
to a very intricate pattern. Partly the plants compete for available resources
 
and partly, one may say they do just the opposite; they create mutually favourable 
conditions for each other. This last pattern of interaction is sometimes termed 
conensalism (for definitions of the various patterns of interaction, see 
section 3.6).
 

Assuming now that a tree species has been found that seems well adapted to 
thrive at the locality in question and within the particular ecological conditions 
characterizing farm and pastureland, and that furthermore can be expected to yield 
one or several of the benefits which a farmer will be wanting from a tree, how 
,'ll .= new'be able, to evaluate the suitability and usefulness of uIrh a trpp, 
comparing it with other possible "candidates"? Obviously, itwill not be enough. 
as itwas more or less in the previous case to say "this is a fast growing tree
 

producing excellent fuel and poles". The preparation of a more complex cost/ 
benefit analysis will be required. As a kind of check list for such a calculation 
the following balance sheet has been prepared on which the more fundamental "credi 
and "debits" are outlined, that will haVe to be taken into consideration.
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Credit 
 Debit
 

Simplicity of establishment; 
 Cost of establishment
 
Ability to coppice 
 Time interval between Investment
 
Resistance to pests and diseases; of resources and returns;
 

Growth rate "premium"(hlghest mark for Susceptibility to pest and diseases;
 
short-time span before yield of benefit 
 Occupation of space

cormmences;
 -
above ground

Quantity and value of goods produced:

woods, fruits, fodder, mulch, fibres, 
 - below ground
nectar, medicinEr; 
 (spatial distribution of root system
 
Yield of other benefits - in relation to that of other crops)­

recycling of mineral nutrients Competition for light;
 

fixation of nitrogen Competition for water;
 

regulation of wind velocity and 
 Harbourer of consumers and other
 
atmospheric humidity 
 harmful agents;
 
harbourer of useful predators 
 Exuding harmful inhibiting substances;
 

Exuding useful inhibiting substances Indirect costs such as need of
 
protection against livestock
 

Total: Compound "benefits" to user of l'nd 
 Compound "cost"
 

balance
 

Much of the data listed on this balance sheet are difficult or even
impossible to obtain, for most species at the present stage. However, as any

economist will know, lack of data should not be an excuse for not preparing a
balance sheet. The best possible reimats or even "guesstimates" must be used
 
until such time as more solid data can be provided.*
 

* N.B. Until such time as sufficient data become available, itmay serve a iseful
 
purpose to carry out a tentative evaluation or ranking of different tree
 
species based on a grading (from one to ten) of credit and debit factors.
An asses3ment of this type hat been attempted for two tree species in
 
appendix I
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Attention should also be drawn to the fact that the outcome of an
 
evaluation may vary from place to place even assuming identical ecological 
conditions, as a result of different price relationships between the various
 
goods produced by the user of the land. Hear a town, a Eucalyptus sp. (for ex.;
 
may show a "credit" to its account as the combined result of a good mark for
 
"growth rate" short lapse of time between investment and return end high prices
 
for fuel and poles, more than off-setting such serious debit headings as "occupatior
 
of space below,ground" and "competition for water". Farther away in the country­
side, the same species may "fall seriously into the red" as a consequence of much
 
lower prices, inrelation to those of graincrops being paid for fuelwood and poles.
 

4.2 Choice of species
 

The quesfion of suitable species for small plantations including woodlots, 
shall not be dea'tt with at length. A range of species have been selected by 
forestry research for this purpose which seems quite adequate, although the 
possibility cannot be excluded hhat other and better species and varieties 
may be found in the future, for certain environmental conditions or production 
purposes.
 

On the other hand, when it comes to choosing trees for intercropping with 
tie wide range of herbaceous plants that farmers are growing for food production 
or as cash crops, then we are facing a pioneering problem. It would be wrong, 
however, to say that we will have to start from zero. Luckily, lalawlan farmers 
have done some useful spade-work in this field already, and we are also able to 
draw on valuable experience in othre countries which with some adaptation, may 
help to solve our problem. 

As mentioned before, farmers often retain a number of trees when they 
clear land for cultivation. They are not doing this haphazardly. On the contrary,
 
they can clearly be observed to favour trees that do not compete seriously with
 
neighbouring crops, or even can be expected to enhance their growth. At the same
 
time they are giving preference to such species that will yield produce the
 
fanner is keen o obtain: wood for fuel or construction, fibres, medicine, etc.
 
A survey throughout Malavi showed that farmers in particular like to retain legume
 
trees. Some trees are also left because they belong to the category of
 
"protected tjpecies". ForLur:t.ly, most of these, in particular Afzelia quanzcnsis,'
 
Pterocarpus angolensis and 'ierminalia serice,, show good neighbourly charateristics
 
and their presence seem quite compatible with crop farming. Sometimes if a farer
 
can be observed to protect a tree that seems to affect the crops adversely,
 
o~e can always be sure that it is because this particular species produces
 
s.nvething of value to the user of the land that compensates for its "debit account"
 
(refer section 4.1).
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NITROGEN FIXATION AND THE NITROGEN FIXING TREES
 

Prof. James Brewbaker*
 

Importance of Nitrogen as a Nutrient
 

The element nitrogen (N) is a very important plant nutrient which is
 
often lacking in agricultural and forestry systems. It is a part of
 
all proteins, and of many other vital plant substances. Nitrogen

increases plant growth zates and the nutritional quality of plant tissues.
 
Lack of soil N can severely limit growth, lower the quality of crrain
 
or fodder, and even result in crop failure.
 

Value and Use of Nitrogen in Agriculture and Forestry
 

Tree species generally require less N than cultivated crops. For
 
example, corn absorb over 175 kg/ha per crop, while 
forest stands may
 
use 20-60 kg/ha/yr, a large part of which is returned to the soil in
 
leaf fall (Baker, 1950; Bormann et al., 1977). In natural forest systems

nitrogen is continuously recycled, resulting in a balance between
 
additions of N and losses. 
This balance is disturbed when man harvests
 
forest resources. Some of the nitrogen in forest stands is removed
 
with harvested trees or tree fruits, and some is lost through the soil
 
(leached) when tree roots are no 
longer able to capture it. Nitrogen
 
produced in biological systems can be used as green manure to fertilize
 
ottiir crops, and as a protein source in animal feed and food for human
 
cousumption.
 

Sources of Nitrogen
 

At least 70% world's annual input of N is through biological sources
 
(Postgate, 1978). The atmosphere is made up of 80% nitrogen, but this

N is not available to plants until it is fixed by biological means
 
or is fixed by man in chemical fertilizers. These biological sources
 
include N which is fixed in the soil by microorganisms, orwashed out of
 
the atmosphere by rainfall, or is released by the decomposition of organic
 
matter in soil. This N is stored in both vegetation and in the soil.
 
In the temperate zone nearly all nitroqen storage is in soil organic
 
matter, while in the tropics a much higher percentage of nitrogen is
 
stored in vegetation and the soil surface (reenland and Kowel, 1960).
 

* University of Hawaii at Mapoa. 
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Biological Nitrogen FIxation
 

A major source of biologically fixed nitrogen is ir,plants which
 
fix atmospheric N through association with bacteria. These bacteria
 
are free-living soil bacteria which infect root hairs, multiply and
 
ultimately form root nudulen, which are the site of N fixation. Several
 
plant families are known to have this type of association with N fixing
 
bacteria; the most important of these are of the family Leguminosae
 
which includes some 18,000 species. Plants of this family are known as
 
legumes and fix atmospheric N in root nodules containing bacteria of the
 
genus Rhizobium. For example, an average of 45-225 kg/ha N per year
 
can be added to the soil by agricultural legumes (Dalrymple, 1969).
 
A large number of legumes are trees and shrubs, some of which are capable
 
of fixing more than 500 kg N ha/year. Also, some tree species of other
 
plant families fix nitrogen in association with bacteria of the genus
 
Frankia (Bond, 1967).
 

Summary
 

NITROGEN IS:
 

Essential to all flowering plants (N2 - N 3 - NO3)
 

Essential to all higher animals (amino acids, proteins)
 

Source = N2 (gas), 80% of air (chemically inert)
 

charged to biblogically-useful forms by
 

- lightning
 
- soil micro-organisms, including those
 
- not associated with higher plants
 
- nodule-forming bacteria
 

- man (largely as urea from natural gas) 

Ftored in: T 

Vegetation high low 
Soil organi low high 

How rapidly lost? 

- Rule of thumb: 3 "good" corn crops on most tropical soils 

(If yield averages 2 t/ha, this = 75 kg of N)
 

- One "excellent" crop of
 

- corn (BT grain)
 
- tapioca (cassava)
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The Nitrogen in Biomass
 

How much N is "stored" by biomass? Maximally, 

- 540 kg N/yr leucaena, 3-month harvest (= 15 t dry) 

- 720 kg N/yr corn, 3 crops/yr (= 42 t dry) 

How much N is "needed" by biomass? Maximally,
 

- 720 kg N/yr corn (25 above) - 90% removed
 

- 550 kg N/yr sugarcane (2 yr) 70% removed
 

- 200 kg N/yr eucalyptus (4 yr) ? removed
 

How much N can be fixed by NFT?
 

- Est. range 50-500 kg N/ha/yr.
 

How much of this falls as "litter"?
 

- Leucaena - 80 kg N/ha/yr (from 8-12 t/yr litter)
 

How much of this recycles to plants? 

- If incorporated in soil 32 % 
- If not incorporated 20% 

(ye. 50% 

for urea) 

What happens to the rest? 

- It can return as N gas to the air
 
- Be fixed in soil organic matter - Be lost by leaching or erosion
 

Nitrogen Fixing Trees (NFT)
 

NFT species may be defined as 
all woody species known to fix nitrogen,
 
are perennial, and over 3 m in height. 
There are 600 tree species known
 
to be able to fix nitrogen (NFTA, 1983).
 

Taxonomy
 

Species of the legume family (leguminosae) include the vast majority

species of the ..itrogen fixing trees. 
 Most of these species are of the
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sub-families Mimosoideae and Caesalpinoideae, and relatively few of the
 
Papilionoideae. A high proportion of the tested mimosoide (92%) fix N,
 
compared with the papilionoids (92%) and Caesalpiniolds (34%) (Brewbaker
 
et al., 1981). Nitrogen fixation has been measured in other plant
 
families including the genera Alnus, Myrica, Hippophae, Coriaria, and
 
Casuarina (Bond, 1967; NFTA, 1983).
 

General Characteristics
 

NFT species often have multiple uses ranging from fuelwood, timber
 
and pulpwood to green manure, animal fodder and food for human consumption
 
(Brewbaker et al. 1981). The foliage, flowers or seed pods of NFT are
 
often usable as protein or nitrogen sources for other plants or animals,
 
since they are often higher in nitrogen content than other non-nitrogen
 
fixing plants in similar growing conditions. The generally higher
 
foliar N content of many NFT species, as well as transfer of N from
 
root nodules and rain-wash often results in improvement of soil nitrogen
 
content. NFT are often aggressive, pioneer species which are able to
 
grow more rapidly without N fertilizer inputs than non-nitrogen fixing
 
species,
 

Important NFT Genera
 

Luxury timber: Dalbergia, Pterocarpus, Intsia, Perisopsia, Parkia, Samanea
 

Shade/Ornamental: Amhersti t,Delonix, Acacia, Samanea, Erythrina,
 
Sophera, Pterocarpus, Casuarina
 

Foods/Gums: Acacia, Inga, Parkia, Leucaena
 

Nurse/Shade: Gliricidia, Erythrina, Leucaena, Inga, Acacia, Albizia
 

Fence/Support: Ghrieidia, Erythriria, Leucaena
 

Fodder: Acacia, Albizia, Glirieidia, Leucaena, Prosopia, Sesbania,
 
Calliandra
 

Posts/Props: Acacia, Albizia, Alnus, Casuarina, Glirleidia, Leucaena
 

Pulpar: Acacia, Albizia, Alnus, Casuarina, Dalbergia, Enterolobium,
 
Leucaena, Mimosa
 

Fuelwood: Acacia, Albizia, Calliandra, Casuarina, Dalbergia, Glirieidia,
 
Leucaena, Mimosa, Prosopis, Samanea, Sesbania
 

Green Manure: Most spp., notably "fodder" species
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NM W 

Module 4 

Soil and Climatic Requiremenis of NFT 
Species 

Session 3: Summary of the nvironmenlal 
Requirements of Important NFT Species 

Objective 

Readers and trainces will have a readily 
usable summary ot the environmental 
requirements of a number of economically 
important NFT species. 

Background 


It is difficult at times to find a concise 
summary of the site requirements of tree species.
This session provides a brief description of the 
known site requirements of NFT species which 
have major economic use. This information was 
extracted from the NFT Si-cies Data Base 
maintained by the Nitrogen Fixing Tree 
Association. 

The data provided here come from a wide 
variety of published sources. The :urrent state of 
knowledge of the site requirements of many NVET 
species is highly variable, leaving much to 
learned about where the trees grow and how 
their performance isrelated to site qualities. The 
following summary must certainly contains errors 
of omission - when data are available 
somewhere but not included liere. There are also 
many conflicting or incomplete reports in the 
literature which a're not easily dealt with in a 
summary data base. Unless data were clearly 
inaccurate, conflicting reports are included as 

ranges of values, assuming that most of these 
reports describe a part of the range of 
adaptability for the species.

Also included in the summaries are brief 
descriptions of wood, fodder and other uses of 
the species. These are included f;r use with the 
exercise in Session 2. The uses are ranii:J as 
follows: I = e.xcellent, 2 = good, 3 = f:,r, 4 = 
poor but usabli . Blank values indicate a repored 
use, but no basis for ranking. 

For furth:r ii-formation or more complete
descriptions from the NiF Species Dala Base 
please conltact Nn'A , 11.0. Blox 680,.Waiuean lon 111, 96795, USA. 

Acacia albida iel. 
('enter of origin: Africa: So. Egpt Ito 

So. Africa 
Latitude range: 	 35 N - 25 SEnvironment zone: arid semi-arid
 
Minimum rainfall (mm): 2501mm
 
Annual rainfall: 250- IINKI mn
 
Dry season tolerance: 6-9 months
 
Mean maximumntemp.: 	 30-42 C 
Mean minimum temp.: 6- 18 C 
Mean amnal temp.: 18-30 C 
Soil Iextire: medium-light 
Soil rea.ltion: 	 neutral to acid 
Soil drainage: 	 well drained, toler­

ales seasonal water­
logging

Other soil requirements: 	 tolerates slight 
salinity 

Main wood uses: fuel(2) timber(4) 
Forage uses: lcaves(3) pods(3) 
Other uses: tannin( ): gum( ): 

shade(3) mcdicinal( 
food( 

Acacia auriculiformis A. Cunn. ex Benih. 
Center of origin: Queensland, Papua 

New Guinea 
Latitude range: 21)S - 7 S 
Environment zone: humid tropics
Minimum rainfall (mm): 13XI mm 
Annual rainfall: 13WX)171K)to mm 
Dry season tolerance: 4-6 months 
Mean maximum temp.: 28 to 34 C 
Mean minimum temp.: 17 to 22 C 
Mean annual temp.: 24 to 29 C 
Soil texture: light/medium/heavy 
Soil reaction: alkaline/neutral/acid 
Soil drainage: seasonally waterlogged 
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Other soil requirements: 	 adaptable to most soil 
conditions, even 
poor, sterile sandy 
soils 

Main wood uses: timher (0): pulp(2): 
fuel(2) 

Forage uses: none 
)ther uses: tannin(2): ornamen-

tal(2) erosion conlri I 
side( 

Acacia alhida Del. 

(Center of origin: Africa: So. Egypt to 


So. Africa 
L.alitude range: 35 N - 25 S 
Environment zone: arid semi-arid 
Minimum rainfall (nm): 2511 mm 
Annual rainfall: 2511- 1XX) mn 
I)iy season toleraice: 6-9 months 
Mean maxinum temp.: 30-42 C 
Mean minimum temp.: 6-18 C 
Meain annual temp.: 18- 31 C 
Soil texture: medium-light 
Soil reaction: neutrai to acid 
Still drainage: well drained. toler-

ates seasonal water-
logging 

tier soil requirements: tolerates slight salinity 
17:;in wood uses: fuel(2) timber(4) 
.orage uses: leaves(3) pods(3) 

()ther uses: 	 tannin( ): gum( ): 
shade(3) medicinal( ) 
food( ) 

Acacia auriculiformis A. Cunn. ex Ilenth. 
('euter of orig',i: Oueensland. Papua 

New Guinea 
Latitude rang'-: 210S - 7 S 

oSironiiuent 701e: humid tropics 
Minimum rainfall (mm): 13M11mm 
Amlu;d rainfall: 13111to 17M) mm 
I), ,,eason tolerance: 4-6 months 
N,_:in niaximiin temp.: 28 to 34 C 

lm1ean minimum tciiip.: 17 to 22 C 
Mrean 1nnual 24tetp.: to 29 C 
soil texltrc: ligli/medim/heavy 
Soil rcacl;o : alkaline/neutral/acid 
Soil drainage: seasonally watel-

logged 
(ther soil requirements: adaptable to most soil 

conditions. even 

poor, sterile sandy 
soils 

Main wood uses: timber (4): pulp(2): 
fuel(2) 

Forage uses: none 
Other u.es: tannin(2): ornamen­

tal(2) erosion control 
( ) shade( 

Acacia rarnesiana (L.) Willd. 

Center of origin: 	 Tropical Americas 
from Texas to Chile. 
Naturali.'rd in parts 
of E. Africa. 

Latilude range: 30 N to 40 S 
Environnient zone: semi-arid 
Minimum rainfall (mm): 40X) mm 
Annual rainfall: 40) to 6W)mm 
Dry season tole'rance: 4 to 6 months 
Mean maximum temp.: 25 to 32 C 
Mean minimum temp.: 2 to II C 
Mean annual temp.: 15 to 28 C 
Soil texture: Light to (medium/ 

heavy) 
Soil reaction: Neutral/acid/alkiline 
Soil drainage: Well drained 
Other soil requirements: Tolerates poor and 

saline soils 
Main wood uses: fuel( ): 
Forage uses: leaves(3): pods( ): 
Other uses: gum( ): dyes( ): 

tannin( ): perfume( ): 
low shelter shub 

Acacia mangium Willd.
 
('enter of origin: Australia. Papua New
 

(uinlea. Indonesih 
Latitude range: 18 to I S 
Environment zone: humid and sub­

humid tropics 
Minimum rainfall (mm): ItlIXI mm 
Annual rainfall: I(1XXto 2111 mm 
Dry season tolerance: 2 to 4 months 
Mean maximumu temp.: 310to 32 C 
Mean minimum temp.: 13 to 22 C 
Mean annual temp.: 22 to 25 C 
Soil texture: medium 
Soil reaction: moderately acid. 

tolerates 4.2pl I 
Soil drainage: moist: tolerates sea­

sonal waterlogging 
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Other soil requirements: 

Main wood uses: 

Forage uses: 

Other uses; 

Acacia mearnsli De Wild. 

Other soil requirements: frost susceptible 
Main wood uses: fuel (1): timber (I)

pulp (3)
Forage uses: leaves (2): pods (2): 
Other uses: tannin (1): gum (1) 

ink from pods. 
medicinal 

Acacia saligna (Labill.) Ii. Wend[.
 
Center of origin: coastal areas of W.


AustraliaLatitude range: 	 33 S to 29 S 

Environment zone: arid semi-arid 
Minimum rainfall (mrn): 3(H) mm 
Annual rainfall: 31X) to I100 mm 
Dry season tolerance: 4 to 8 months 
Mean maximi n temp.: 25 to 34 C 
Mean minimum temp.: 4 to 10 C 
Mean annual temp.: 16 to 26 C 
Soil texture: light to mediii, 
Soil reaction: alkaline to neutral 
Soil drainage: well drained 
Other soil requirements: tolerates mo&rate!y 

saline soils and highly 
alkaline soils

Main wood uses: 	 fuel(3): 
Forage uses: 	 leaves(2) pods 
Other uses: 	 gum(2): ornamental 

): erosion control( ) 
tannin( ): charcoal 
windbreaks 

Ac. senegal (L.) Willd. 
Center of origin: Sahel zone of Africa 

from Mauritania to 
Sudan and Somalia 

Latitude range: 	 II to 18 NEnvironment zone: 	 arid and semi-arid 
tropics 

Minimum rainfall (mm): 200 mm 
Annual rainfall: 200 to 500 mm 
Dry season tolerance: 6 to 8 months 
Mean maximum temp.: 30 to 40 C 
Mean minimum temp.: 16 to 28 C 
Mean annual temp.: 22 to 32 C 
Soil texture: Light/medium/heavy 
Soil reaction: Neutral to acid 
Soil drainage: Free draining'
 
Other soil requirements: Intolerant of water­

logged sites. 
Main wood uses: fuel (i)
Forage uses: leaves(2): pods(2): 

Center of origin: 

Latitude range: 
Environment zone: 
Minimum rainfall (mm): 
Annual rainfall: 
Dry season tolerance: 
Mean maximum temp.: 
Mean minimum temp.: 
Mean aunual temp.: 
Soil texture: 
Soil reaction: 
Soil drainage: 

Other soil requirements: 

Main wood uses: 
Forage uses: 
Other uses: 

tolerates very poor 
sites and slight 
salinity; often grows 
on creek and swamp 
margins. 
timber (2): fuel (2): 
pulp (1): veneer( ): 
browse (4) 
Plantation of water 
catchments; fire-
breaks; ornamental 
purposes 

Australia; Tasmania, 
Victoria 
18 to I S 
tropical highlands 
500 mm 
11(X) to 210() mm 
3 to 4 months 
30 to 32 C 
13 to 22 C 
18 to 28 C 
Medium 
Acid to neutral 
Moist; .alerates sea-
sonal waterlogging 
Tolerates very pow~ 
sites and slight 
salinity; often grows 
on creek and swamp. 
fuel(2): timber(3) 

green manure(2): 
tannin(l): 

Acacia nilotica (L.) Willd. ex Del. 
Center of origin: 

Latitude range: 

Environment. zone: 

Minimum rainfall (mm): 

Annual rainfall: 

Dry sea, n tolerance: 

Mean m.ximum temp.: 

Mean m.inimum temp.-

Mean -.tual temp.: 

Soil texture: 


Soil reaction: 

Soil drainage: 


Africa, S.E. Asia 

arid and semi-arid 
500 mm 
200 to 1270 mm 
extended 
40 to 50 c 
-I to - 15e 
) 22 C 
heavy clays to poor 
rocky site 
alkaline 
alluvial sandy loam 
subject to seasonal 
flooding 
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Other uses: 	 gun' arabic(l): bee 
pastureo: 

Acecia tortills (Forsk.) flayne 

Center of origin: N.E. African deserts. 


Saudi Arabia 
Latitude range: 15 to 30 N 
Environment zone: arid and semi-arid 

tropics 
Minimum rainfall (mm): I(X) mm 
Annual rainfall: 1(I to 8t) mm 
Dry season tolerance: 6 to 8 months 
Mean maximum temp.: 32 to 45 C 
Mean minimum tcmp.: 2 to I0 C 
Mean annual temp.: 26 to 28 C 
Soil texture: Light 
Soil reaction: Alkaline 
Soi drainage: Free draining 
Other soil requirements: Thrives on poor 

shallow si,. often 
borderi~ig deserts 

Main wood uses: fue!( ): posts (o): 
tools (2) 

Forage uses: pod(1(l): leaves(2):
Other uses: 	 fencing(): bee pas.

ture(): sand dune 
stabilization(l): sm- t 
implements: gum 

Albizia falcataria (L.) Fosberg 
Center of origin: 	 North Moluccas. 

Indonesia; natural-
ized in much of Far 
East 

Latitude range: 	 !0 S to 3 N 
Environment zone: 	 humid tropics 
Minimum rainfall (mm): 	 10(X)mm 
Annual rainfall: 2(XX) to 4(XX) m 
Dry season tolerance: 0 to 2 months 
Mean ma,:imum temp.: 30 to 34 C 
Man minimum temp.: 20 to 24 C 
Mean annual temp.: 22 to 29 C 
Soil texture: Light/medium/heavy
Soil reaction: Neutral/acid 
Soil drainage: Free draining; moist 
Other soil requirements: Adaptable 
Main wood uses: pulp(3): veneer(3): 

timber(3): fuel(3):
Forage uses: leaves(4)
Other uses: tannin(): shade; coy-

er for annual and' 
perennial crops in. 
eluding coffee 

p.6 4
 

Alhiz~a lebbek (L.) Benth. 
Center of origin: Burma, India and 

Andaman Islands 
Latitude range: 	 11 to 27 N 
Environment zone: 	 semi-arid, sub­

humid and humid 
tropics 

Minimum rainfall (mm): 500 mm
 
Annual rainfall: 500 to 25W0 mm
 
Dry season tolerance: 2 to 6 months
 
Mean maximum temp.: 26 to 36 C
 
Mean minimum temp.: 10 to 26 C
 
Mean annual temp.: 20 to 28 C
 
Soil texture: Light/medium/heavy
 
Soil reaction: Alkaline/neutral/acid
 
Soil drainage: Fee draining
 
Other soil requirements: Adaptable
 
Main wood uses: fuel(2): timber(2):
 
Forage uses: leaves(2):
 
Other uses: gumo: tanninO:
 

ornamental(2): ero­
sion control(2): shade 
tree 

,Mnus acuminata 0.Kuntze 
Center of origin: 


Latitude range: 

Environment zone: 

Minimum rainfall (mm):
 
Annual rainfall: 

Dry season tolerance: 

Mean maximum temp.: 
Mean minimum temp.: 

Mean annual temp.: 

Soil texture: 

Soil reaction: 

Soil drainage: 

Othcr soil requirements: 


Main wood uses: 


Forage uses:
 
Other uses: 


Medium altitudes of 
mountain ranges in 
Central and South 
America from Mex­
ico to Argentina 
18 N to 28 S 
tropical highlands 

INK) to 3IXXI m
 
0 to 3 months
 
22 to 30 C 
4 to 14 C 
12 to 20 C 
Light/medium/heavy 
Acid 
Free draining; moist 
06 steep slopes; 
develops best on 
deep soils 
timber(l): fuel(I): 
pulp(2) 

anti-erosion. inner 
bark has served in 
tanning and dyeing 
pulp 
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Alu"s nepalensis D. Don Indonesia 
Center of origin: Burma; N. India; W. Latitude range: 10 to 18 N 

China Environment zone: humid and 
Latitude range: 15 to 28 N sub-humid ,:)pics 
Environment zone: tropical highlands, Minimum rainfall (mm): 

temperate Annual rainfall: 1000 to 3000 mm 
Minimum rainfall (mm): Dry season tolerance: 3 to 6 months 
Annual rainfall: 500 to 2500 mm Mean maximum temp.: 24 to 30 C 
Dry season tolerance: 4 to 8 months Mean minimum temp.: 18 to 24 C 
Mean maximum temp.: 19 lo 32 C Mean annual temp.: 22 to 28 C 
Mean minimum temp.: 2 to 8 C Soil texture: Lightl/medium/heavy 
Mean annual temp.: 13 to 26 C Soil reaction: Neutral/acid 
Soil texture: Medium Soil drainage: Moist, moderately 
Soil reaction: Neutral/acid free draining 
Soil drainage: 	 Free-draining; moist Othnr soil requirements: Tolerates infertile 
Other soil requirements: 	 Better growth on and compacted soils. 

deep soils; won't Does not tolerate 
withstand continuous poorly drained soils. 
waterlogging Main wood uses: fuel(I): pulp (2) 

Main wood uses: timber(3): fuel(2) Forage uses: leaves(4), green 
Forage uses: Fodder O, soil manure (2) 
Other uses: stabilization (1). tan- Other uses: Fodder (7 to 10 

ning, dyeing tonnes dry leaves/ha/ 
an) 0: honey flora 

Cajanus cajan (L.) Millsp. Oornamental (1) 
Center of origin: India, Africa 
Latitude range: 30 N to 30 S 
Environment zone: semi-arid to sub-
Minimum rainfall (mm): humid Casuarln, cunninghamlana Mlq. 
Annual rainfall: 600 to 1000 mm Center of origin: Australia 
Dry season tolerance: extensive Latitude range: 12 to 37 S 
Mean maximum temp.: 35 C Environment zone: tropical highlands, 

temperateMean minimum temp.: 	 1s C 
Minimum rainfall (mm): 	 5) mmMean annual temp.: 
Annual rainfall: 	 5IX) to SlXXl mmSoil texture: 
Dry season tolerance:Soil reaction: neutral 

Soil drainage: thrives in light sandy Mean maximum temp.: 25 to t0 C 

soils best in deep Mean minimum temp.: 0 to 15 C 

loams Mean annual temp.: 12 to 27 
fine textured sands toOther soil requirements: 	 cannot withstandl Soil texture: 

waterlogging Soil reaction: gravel 

Main wood uses: fuel Soil drainage: alluvial silty loams to 
Forage uses: leaves(3): browse(l): sands to gravelseeds (2): pods (2)sad ogve

Other uewe(2). mods soil requirements: highly(OtherOther uses: 	 windbreak(2). medi-sol calcareous 

cinal( ): green ­
bee pas- Main wood uses: fuel (1): timbermanure(2): 


ture( ): food(l): Forage uses: browse (3) 
 ' 
Other uses: windbreak (1): -Iream 

bank stabilization; 
Calliandra calothyrsus Melssn. tools (2) handles (2) 
Center of origin: Central America but 

well established in 
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Casuarinp equisetlifolia Forst. 	 Casuarina junghuhnlana NMlq. 
Center of origin: 

Latitude range: 

Environment zone: 


Minimum rainfall (mm): 

Annual rainfall: 

Dry season tolerance: 

Mean maximum temp.: 

Mean minimum temp.: 

Mean annual temp.: 

Soil texture: 

Soil reaction: 

Soil drainage: 


Other soil requirements: 


Main wood uses: 

Forage uses: 
Other uses: 

Coastal dunes of S.E. 
Asia and Australia 
31.5 to 12 C 
humid and sub-
humid tropics 

750 to 2500 mm 
3 to 4 mcnahs 
20 to 35 C 
10 to 20 C 
18 to 28 C 
Light 
Alkaline/'ieutral 
Seasonally water-
logged 
Tolerates slightly 
saline soils and poor, 
dry soils. Not toierant 
of heavy clay soils, 
fuel (1); timber (I); 
pulp (2): poles (I) 

Tannin (2): dyes (: 
medicine 0: 'Cones' 
(1.8 t/ha/an) for fuel) 

Casuarina glauca Sieb. ex Spreng 
Center of origin: 


Latitude range: 

Environment zone: 


Minimum rainfall (mm): 

Annual rainfall: 

Dry season tolerance: 

Mean maximum temp.: 

Mean minimum temp.: 

Mean annual temp.: 

Soil texture: 

Soil reaction: 

Soil drainage: 


Other soil requirements: 


Main wood uses: 

Forage uses: 
Other uses: 

Coastal Eastern Aus-
tralia 
36.5 to 23 S 
semi-arid, sub-
humid and humid 
tropics 

900 to 1150 mm 
3 to 4 months 
20 to 30) C 
10 to 20 C 
18 to 24 C 
1l,-avy/medium 
Neutral/alkaline 
Seasonally water-
logged 
Saline and swampy; 
also tolerates shal-
low, dry soils 
fuel (I); poles (1); 
thorny (2) 

Tannin 0. windbreaks 
(1); ornamental (2) 
erosion c nrol (I) 

Gliricidia seplum (Jacq.) Steud. 
Center of origin: 	 Tropical Americas 

Naturalized in Philip­
pines and W. Nigeria 

Center of origin: 
Latitude range: 
Environment zone: 
Minimum rainfall (mm): 
Annual rainfall: 
Dry season tolerance: 
Mean maximum temp.: 
Mean minimum temp.: 
Mean annual temp.: 
Soil texture: 
Soil reaction: 


Soil drainage: 

Other soil requirements: 


Main wood uses:
 
Forage uses:
 
Other uses: 


Dalb.rgia slssoo Roxb.
 
Center of origin: 


Latitude range:

Environment zone: 


Minimum rainfall (mm):

Annual rainfall: 

Dry season tolerance: 

Mean alaximum temp.: 
Mean minimum temp.: 
Mean anntal temp.: 
Soil texture: 
Soil reacticn: 
Soil drainag e: 

Other soil requirements: 

Main wood uses: 

Forage uses: 
Othur uses: 

Central and East Java 
5 N to 2 S 
humiu tropics 

750 to 20 mm 
4 to 6 months 
25 to 28 C 
19 to 22 C 
22 to 26 C 
Light/medium 
acid/neutral'(alka­
line)
 
Free drain ag 
Adapts to various 
sites 

shade; shelter; 
ornamental 

Indus to Assam; 
Himalayas 
23 to 30 N 
s e m i - a r i d 
sub-humid and 
humid tropics 

500 to 400(1 mm 
3 to 6 months 
35 to 45 C 
-2 to i-5 C 
18 to 26 C 
Light to medium 
Neutral to acidic 
Good; seasonally in­
undated 
River beds and river 
flats 
timber(l): fuel(l): 
furniture (1): cabinet 
work (I)
lcaves(3); pods (4) 
honey flora, 0; 
erosion control, 
shade 
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Latitude range: 
Environment zone: 

6 to 19 N 
sub-humid, 1,umid 

Dry season tolerance: 
Mean maximum temp.: 

Minimum rainfall (mm): 
Annual rainfall: 

tropics 
800 to 2300 mm 

Mean minimum temp.: 
Mean annual temp.: 
Soil texture: 

Dry season tolerance: 4 to 6 months Soil reaction: 
Mean maximum temp.: 
Mean minimum temp.: 
Mean annual temp.: 
Soil texture: 

34 so 41 C 
14 to 20 C 
22 to 28 C 
Medium 

Soil drainage: 
Other soil requirements: 
Main wood uses: 
Forage uses: 

timber(l) 

Soil reaction: Alkaline/neutrallacid Other uses: 
Soil drainage: 
Other koil requirements: 

Free draining; moist 
Tolerates poor fertil- Leucaena diverslfolla (Schlecht.' Y,,enth. 
ity soils Center of origin: Cev .o America 

Main wood uses: 
Forage uses: 
Other uses: 

fuel(]): timber (1) 
leaves(2) 
Bee pasture 0: green 

Latitude range: 
Environment zone: hu 

hr 
A and 

.id tropics 
sub­

manure (2): fodder Minirmum rainfall (mm): 5t . nm 
O: tat poison 0 Annual rainfall: 
shade (1): Dry season tolerance: 4 to 8 months 

Mean maximum temp.: 

toga vera Willd. 
Center of origin: Caribbean, Mexico, 

Mean minimum temp.:
Mean annal temp.: 
Soil texture: 

18 to 30 C 

Central America Soil reaction: unknown 
Latitude range: 
Envir-mm.=nt zone: humid tropical 

Soil drainage: 
Other soil requiremeits: 

Minimum rainfall (mm): 
Annual rainfall: 
Dry season tolerance: 

high 
some drought tole-

Main wood uses: 

Forage uses: 

poles (4): timber (3): 
fuel (2) 

Mean maximum temp.: ranee Other uses: green manure (2) 
Mean minimum temp.: 
Mean annual temp.: Leucaena leucocephala (Lam.) de Wit (Salvador 
Soil texture: 
Soil reaction: 

tjpe) 
Centcr of origin: S.W. Mexico and 

Soil drainage: many soil types in Central Guatemala 
eluding limestone soils Latitude range: 15 to 17 N 

Other soil requirements: timber(2): tuel(l): Environment zone- semi-arid, sub-
Main wood uses: humid and humid 
Forage uses: 
Other uses: agricultural shade(2): Minimum rainfall (mm): 

tropics 
400mm 

timber( ): 
pasture(2): Food 

bee Annual rainfall: 
Dry season tolerance: 
Mean maximum temp.: 

600 to 1000 mm 
2'to 6 months 
24 to 32 C 

Mean minimum temr.;.: 16 to 24 C 
Intsla bijuga (Colebr.) D. Kuntze 
Center of origin: Southeast Asia, 

Southwest Pacific Is-

Mean annual temp.: 
Soil texture: 
Soil reaction: 

20 to 28 C 
Light/medium/heavy 
Alkaline/neutral 

lands Soil drainage: Moderntel. free 
Latitude range: draining 
Envir nment zone: humid tropics Other soil requirements: will not tolerate 
Minimumi rainfall (mm): 
Annual rainfall: 

2000 mm 
2000 + 

strongly acid soils or 
waterlogging 
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Main wood uses: fuel 
Forage uses: leaves(2) 
)tlier u,es: ornamental(4): food 

(2): 

Parkinsonia aculeatta I. 
of origin: Cetral and South 

America. from Texas 
ti Peru. 

i.alitutderange: 1lt S to 30 N 
Fnvironment zone: arid and seni-arid 

tropics 
Minmu rainfall (i 50ini): uMinimum 
DAnn ocraiiuall 65 to 8 imits 
I)Mreas intilera.',.: 22 to 8 montis 
Nicaniillaxilluti n temp.: 22 to 32 C 
Mean auinimu teulp.: I0 to 24 C 
soi leu nul temp.: 20tto 28 C" 
Soil textie: I.ihi/ieiuerl 
Soil reaction: Akeline/entral 
Soil (rainage: Frce draining 
)ther soil requ;iements: 	 Tolerates ioderately 

saline soils but not 
waterlogging. 

Main wood uses: fuel( ): 
Forage uses: pods( ): leaves( ): 
Oliter uses: ornamental(2): ero­

sion control(2): wind-
breaks( ): living 
fence( ) food 

I'itiiecellobium dulce (Roxb.) Benth. 
('enter of origin: Central America, 

South America 
Lialitude range: 
invirinient zone: arid and semi -arid 

tropics 
Minimum rainfall (nun): 450 mm 
Annul rainfall: 450im minimum 

Dry -,aso,, ;oilerance: 6 to 8 months 

Mear. maximum temop.: 

Mean nniruni tump.: 

Mean annuril temp.: 20) to 311 C 

Soil texture: 

Soil reaction: can tolerate saline soils 
Soil daiuage: clay. liinestonie, saiis. 

brackish sands 
Otiier soil requirements: windihrow danger, 

waterlogged soils 
Mail) wood uses: fuel (3): poles t2): 

construction (2) 

Forage uses: 	 pols (2): leaves (2) 
Other uses: 	 human (2): tannin (2): 

shade (2): ornament 
medicine honey 

Prsopis chilensis (Mol.) Stun
 

Center of origin: 

Latitude range: 
Environment zone: 

rainfall (mm): 
An.unal rainfall: 
I)r) season tolerance: 
Meai maximum tenp.: 
Mean ilininuil temp.: 

Mel:anual teup.: 

Soil lexi'ire: 

Soil reactit.::: 

Soil drainage: 

()ther soil requirements: 

Main wood uses: 

Forage uses: 

Other uses:
 

Prosopis cinerarla (L.) Druce 

Pacific coast of South 
America from south­
ern Peru to central 
Chile 
25 to 15 C 
arid tropics 

2MX)to (M,()mm 
8 to 1i months 
22 to 30 C 
10 it)20 C 
15 to 25 C 
light/medium 
Alkaline/neutral 
Free draining 
Poor soils 
fuel 
pods(2): leave,( ): 

Center of origin: 

Latitude range:
Environment zone: 
Minimum rainfall (mam): 
Annual ,ainfall: 
Dry season tolerance: 
Mean maximum temp.: 
Mean minimum temp.: 
Mean annual temp.: 
Soil texture: 
Soil reaction: 
Soil drainage: 

Oliter soil requirements: 

Main wood uses: 

Forage uses: 

Oil -r uses: 


India and (lie Near 
East 

10 to 30 N. 
arid tropics 

I1M) to 800 mm 
8 to II months 
40 to 50 C 
-4 to 6 C 
21 to 28 C 
Light/medium/heavy 
Neutral/alkaline 
free draining; sea­
sonally waterlogged. 
sandy 
Tolerates high alka­
linity and some 
salinity 
fuel (1) timber (2) 
leaveF.(I): pods(l): 
food(I): green manu­
re erosion control 
wind break
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Prosopis juliflora (Sw.) DC. 
Center of origin: 


Latitude range: 

Environment zone: 

Minimun rainfall (mm): 

Annual rainfll: 

Dry season tolerance: 

Mean maximum temp.: 

Mean minimum temp.: 

Mean annu'l temp.: 

Soil texture: 

Soil reaction: 

Soil drainage: 

Other soil requirements: 


Main wood uses: 

Forage uses: 

Other uses: 


Prosopls tamarugo F. Phil. 

Ceiter of origin-


Latitude range: 
Environm:nt zone: 
Minimum rainfall (mm): 
Annual rainfall: 
Dry season tolei nee: 
Mean maximum temp.: 
Mean minimum temp.: 
Mean annual temp.: 
Soil texture: 
Soil reactioa: 
Soil drainage: 

Other soil requirements: 

Main wood uses: 
Forage uses: 
Other uses: 

I',,rccarpus Indlcus Wild. 
Center of origin: 

Latitude range: 
Environment zone: 
Minimum rainfall (mm,): 
Annual rainfall: 

Southern Western 
USA through Central 
America to Ecuador, 
Jamaica 
4 S to 35 N 
arid tropics 

150 to 1200 mm 
6 to 8 months 
22 to 34 C 
14 to 22 C 
16 to 28 C 
Light/medium/hea;. 
Alkaline/neutral 
Free draining 
Tolerates moderately 
saline soils 
fuel(l): posts(l): 
pods(2) 
honey flora ( ) shade; 
windbreak; anti-ero-
sion 

Northern Chile, S. 
America 
21 to 15 S 
arid tropics 

10 to 300 mm 
10 to 12 months 
24 tP 32 C,, 
-1 to 1-5 C 
15 to 18 C 
Light/medium 
Alkaline/neutral 
Tolerates seasonal 
waterlogging 
Tolerates highly saline 
soils 
fuel (1) timber (3) 
pods(2): leaves (2) 

Southeast Asia, Solo-
mon Islands 

humid tropics 

Samanea saman (Jacq.) Merrill 

Dry ,;eason tolerance:
 
Mean maximum temp.:
 
Mean minimum temp.:
 
Mean annual temp.:
 
Soil texture:
 
Soil reaction:
 
Soil drainage: 


Other soil requirements:
 
Main wood uses: 

Forage uses:
 
Other uses:
 

Roblnla pseudoacacta L.
 
Center of origin: 


Latitude range: 

Environment zone: 

Minimum rainfall (mm): 

Annual rainfall:
 
Dry season tolerance: 

Mean maximum temp.: 

Mean minimum temp.: 

Mean annual temp.: 

Soil texture: 

Soil reaction: 

Soil drainage: 

Other soil requirements: 


Main wood uses: 

Forage uses: 


Other uses: 


Center of origin: 


Latitude range: 

Environment zone: 


Minimum rainfall (mm):
 
Annual rainfall: 

Dry season tolerance: 

Mean maximum temp.: 

Mean minimum temp.: 

Mean annual temp.: 

Soil texture: 

Soil reaction: 


moist, wet well­
drained sites
 

timber 

Appalachian and 
Ozark regions of USA 
34 to 40 N 
temperate
 
500 to 700 mm
 

2 to 6 months
 
25 to 35 C
 
0 to 5 C
 
10 to 18 C
 
Light/medium
 
Alkaline/neutral/acid
 
Free draining; moist
 
Tolerates slightly
 
saline soils, limestone
 
most favorable
 
fuel (1) timber (1)
 
leaves(2): pods( ):
 
seed
 
honey flora (I)
 
ornamental (2) Ero­
sion control.
 

Ecuador; Guatemala; 
Venezuela; S. Mexico 
5 S to I1 N 
sub-humid and 
humid tropics 

760 to 3000 myp 
2 to 4 months 
24 to 30 C 
18 to 22 C 
22 to 28 C 
LigHI*medium/heavy 
N .tat/acid 
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Soil drainage: Free draining; sea- Minimum rainfall (mm): 
sonally waterlogged Annual rainfall: 

Other soil requirements: indifferent to soil Dry season tolerance: 
types Mean maximum temp.: 

Main wood uses: fuel(l) timber (I) Mean minimum temp.: 
roundwood (2) Mean annual temp.: 

Forage uses: pods(l) Soil texture: 
Other uses: Fodder (pods) 0 Soil reaction: 

agricultural shade (i) Soil drainage: 
ornamental 

Other soil requirements:Sesbanla grandlflora (L.) Poir. 
Main wood uses:Center of origin: South East Asia from 

India, through Forage uses: 
throueh Other uses:Malaysia. Indonesiagu 

to the Philippines. 

Latitude range: 10 S to 20 N 

Environment zone: huniid and sub-


humid tropics 

1000 to 2000 mm 
2 to 3 months 
26 to 36 C 
18 to 24 C 
22 to 30 C 
Light/medium/heavy 
Acid 
Tolerates seasonal 
waterlogging 
Very adaptable 
fuel (3) 
leaves(l) pods (2) 
green manure (1):(2:tni(3 
gum (2): tannin (3) 
pulp (3), ornamental 
(2) h~iman (1) 
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NFT HIGHLIGF TS 
A publication or the Nitrogen Fixing Tree Association NFTA 04 

P.O. Box 680, Waimanalo. i1 96795, U.S.A. May 1986 

SESBANIAS - A TREASURE OF DIVERSITY
 

Fast growth, wide soil. tolerances, multiple uses, and a wide range of
 
growth habits and adaptabilities make Sesbiinia a ILreasure of' diversity 
and versatility.
 

The genus Sesbania contains about 50 annual and peerrnnial species 
spread throughout the tropics and subtropics. Perennia! .o dy
 
sesbanias include S. grandiflora (pantropical), S. java~nica and S.
 
formosa (Australia), S. arborea (Hawaii), some little--known African
 
species, and the S. sesban group (Africa and Asia).
 

Annual species include S. speciosa, S.
 
pach3' arpj~ and S. rostrata (Africa), S. 
bispinosa (India), S. exaltata (North 
America) and S. emerus (Central and 
South America). 

Africa has the greatest species
 
diversity within this genus, and Asia
 
has the greatest irtilization of
 
sesbanias in cultivation. Both
 
Australia and Hawaii contain endemic
 
groupd of species.
 

Out-of-date names are common and add to
 
aome confusion about species
 
nomenclature. For example, "Sesbania
 
aegyptiaca" is an old name for S.
 
sesban, which is a complex of fast
 
growing trees. Species witbin this
 

Sesbania grandiflora complex are not readily distinguished.
 

Sesbanias are adapted to diverse, "difficult" sites. Many species
 
tolerate soil alkalinity and can be used in soil reclamation programs.
 
Unlike other legumes, sesbanias survive waterloggings and flooding and
 
continue to fix nitrogen, which makes them useful in lowland rice
 
cultivation areas and seasonally flooded lands. Th large-flowered S.
 
grandiflora is a tree of the humid and semi-humid tropics up to about
 
800 m. S. sesban is adapted to arid and semi-arid regions up to about
 
1200 m and to acid soils (NAS 1983). There are indications that low
 
levels of soil phosphorus do not severely inhibit growth of certain
 
species (dvans, personal observations).
 

Sesbanias have diverse uses in cropping systems. As green manures they
 
are unsurpassed in moist environments and grow very rapidly during hot
 
weather. Two-month-old foliage of S. bispinosa grown in a field and
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plowed under prior to planting rice increased yields to levels
 
equivalent to fields receiving from 60 to 120 kg/ha inorganic N
 
fertilizer (Beri and Meelu, 1979; Khind, et al, 1982). Similar use of
 
S. rostrata, which nodulates on stems and roots, doubled rice yialds in
 
small experimental plots (Dreyfus et al., 1984). S_. speciosa and S.
 
grandiflora are planted on field margins and periodically lopped for
 
green leaf manure in many parts of Asia.
 

Agroforestry applications of perennial Sesbanias have only begun to be
 
explored. Perennial sesbanias are planted in Indonesia and India as
 
shade or windbreaks for vegetable gardens, coffee, turmeric, oranges,
 
and cotton; and to support black pepper, cucurbits and betel vines.
 

Flowers and young leaves of S. grandiflora and S. sesban are eaten as
 
vegetables in Southeast and South Asia. Leaves of both species, as
 
well as other sesbanias, can be lopped as ruminant fodder. S. sesban
 
provides better yields but about 20 percezt lower leaf nitrogen levels
 
than S. grandiflora. Some S. sesban varieties produced more than 20
 
t/ha/yr in dry matter (50 percent leaf) during the establishment year
 
in trials in Hawaii (Evans, unpublished data).
 

Both perennial and annual species can provide fuelwood and pulp fiber.
 
S. grandiflora fuelwood plantationn in Indonesia yielded 20-25 m3/ha/yr
 
(NAS, 1980). The wood's rather low specific gravity of 0.42, however,
 
makes it poor for fuelwood. The S. bispinoEa group is a promising pulp
 
fiber crop for paper. The pulp is similar to that of birch, ana the
 
trees mature in five to six months, are easily harvested and stortd,
 
and can be managed to provide seed and some fodder as well. In a
 
screening trial conducted in '-waii, fast-growing annuals produced from
 
8 to 17 tons/ha dry matter in a 14-week growth period in the summer.
 
They were sown at 125,000 plants/ha and at harvest were in the
 
pre-flowering stage, averaged 3.3 m in height, and contained 150-245
 
kg/ha N in the above-ground growth, with 33 percent of the dry matter
 
and 75 percent of the nitrogen in the leafy fraction (Evans,
 
unpublished data).
 

Localized cases of insect and disease problems in sesbania are only
 
occasionally reported. Stem borers, leaf-webbing insects and seed
 
chalcids are the most notable pests. S. sesban might be susceptible to
 
Sclerotum rolfsii, a stem-rot fungus, during hot, dry seasons.
 

*Abstracts have bee,' made by author Dale Evans from documents or
 
observations by the authors cited; for further information, write NFTA,
 
P.O. Box 680, Waimanalo, Hawaii, 96795 U.S.A.
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NITROGEN FIXING TIE AssocIATION 
P.O.Box 0(80 

Wairninalo, 	 Hawaii 
96795. U.S.A. 

NFTA 85-03WFT HIGHLIGHTS Dec. 198 5 

of NFTA abstractwg inforw 1 
uthzeti.o research snd develooment of "tiogen-flmltrees 
Aperiodcpublication tflnon the 

DIPiICULT SITES ARE HOME TO CASUARINA 

Sand, sun and salt spray are part of home to the Casuarina app.
that thrive on beaches from the tropics to temperate zones. The 
ability to tolerate diverse and difficult niches such as
 
seashores characterize the genus. Casuarinas also have been grown
 
on limestone quarries and infertile tin mine tailings.
 

*C. 
 eguisetifolia, 	 which occurs naturally on 
coastlines from India to Australia, is the mostwidely used species. A 3000 km shelterbelt was
 

I ..	 built mainly with C, epuisetifolia along the
 
People's Republic of China's southern coast to
 
stop encroachment of sand dunes and to decrease
 
strong winds. A similar shelterbelt in Taiwan 

pI reduced downwind salt deposition by 60 percent 
. \, 	 (Koki, 1978).
 

In Egypt, C. gla1ua and f, cunninghamiana 
shelterbelts protect farms, highways and 
irrigation canals from clogging by sandstorms. 

Casuarina has been called the beat firewood in 
the world. Its wood is very dense, splits 
e.easily, burns when green, has low ash content and 

•,makes excellent charcoal (NRC, 1984). It is the
 
maIn plantation species in peninsular India,

\* .where 7-15 year rotations yield 100-200 tons of 
fuelwood per ha (NRC, 1984) and even the roots are
 
sometimes harvested for charcoal. Yields of 7.5­
year-old standu An Florida were up to '.7 dry 

C. eiuiaetifolia t/ha/yr (Rockwood, et al.; 1985). 

In Thailand, hybrids of f.. e1g1iatifla and C. junghUhnlana grcew 
on heavy acid soils and are harvested five years after planting
for 	posts, firewood and other products. Villagers in southern 
China gather four tons/ha/yr of casuarina litter from shelter­
belts and use it for domestic fuel (NRC, 1984).
 

Abstracts have been made by author D.L. Rockwood from documents 
or observations by the authors cited; for more information, write 
NFTA, P.O. Box 680, Waimanalo, Hawaii, 96795 U.S.A. 
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Most casuarina wood is hard, heavy and difficult to saw. It also 
tends to split, crack and warp as it dries. H1owever, the wood is 
used for fencing, pilings, beams, rafters, ship masts, 
scaffo13ing, flooring, particle board, roof shingles and pulp. 

C,, Qligodon shades coffee trees and is a fallow-improvement crop.
in Papua Ne" Guinea. Soil samples collected after five years of 
such a fallow show substantial increases in soil nitrogen and 
organic matter (NRC, 1984). 

Casuarina roots are nodulated by the nitrogen-fixing
 
actinomycete, frunk"a. Annual nitrogen fixing rates for
 
established C.- equisetifolit stands has been estimated near 60
 
kg/ha (Dommergues, 1963). Inoculating seedlings with Vrankia and
 
mycorrhizal fungi promotes faster growth and survival, and
 
seedlings are ready for planting in six months or less.
 

Suitable growing conditions for C., oguisetifolia in the tropics 
and subtropics Includes temperatures of 10-300 C with no frost, 
200 to 5000 mm annual rainfall, 6-0 month dry season, sea level 
to 1500 m, and sandy, calcareous soils. r. clnninghamilana 
tolerates about 50 light frosts annually and survives periodic
 
inundation in fresh water. C..g/an survives tidal inundation 
and is very drought tolerant. r. oligodon grows well in humid 
highlands up to 2500 meters above sea level, and jughuhniana 
grows in drier highlands up to 3000 meters. 

Casuarinas normally are propagated by seeds. C.. Cguisetifolia 
produces seed prolifically by the age of 5 years. Most species 
have separate male and female trees, but some species have both 
flowers on one tree, and C. eJutifelia is reported as fitting 
into both of these categories. Seeds of different species vary 
greatly in size. C. eguse=tifolla,has between 300,000 to 450,000 
seeds/lb. Germination generally takes 2-3 weeks. Germination 
rates for C., eauisetifolia range from 75 percent for fresh seed 
to 30 and 40 percent for stored seeds. 

A male clone presumed to be a hybrid of C. equinetifolla and C. 
junghuhniana is reproduced by young, short cuttings in Thailand 
and India. Vegetative propagation efforts with C.. equinJtifolia 
have not been very successful, although rooting of properly 
treated young lateral shoots has bleen as high as 90 percent 
(Somasundaram and 3agadees, 1977). Trees coppice poorly or not
 
at all. The root-derived shoots of some species allow for a type

of "coppice" management, however (NRC, 1984). 

Pest problems on casuarinas have been minor. Root rot in Florida 
and a blister disease in India have occurred. fany species 
survive fires well, but even light fires kill C.. equintifolia.
 

Some casuarinas can become pests. f.. glau a's vigorous root 
suckering has created problems in Hawaiian padtures and in 
Florida, where some counties have banned its planting. 
Additionally, leaf litter of some species may be toxic to some 
plants and increase soil acidity or salinity. 
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Appendix II A Tentative Assessment of the relative value of 
Eucalyptus camaldulensis and. Cassia siamea grown on farmland 

(Graduation from 0-10, with the highest mark indicating the greatest impact 
in respect of benefit (credit) or expense (debit), respectively) 

Credit 


Simplicity of establishment 


Ability to coppice 


Resistance to pests and diseases 

Growth rate premium 

Value of good produced 

Yield of other benefits: 
recycling of mineral nutrients 

fixation of nitrogen 

Balance 

Eucalyptus 


3 


10 


5 


10 


8 

2 
0 

36 


21 

Cassia 


7 


9 


9 


5 

4 

7 
8 

49 


Debit Eucalyptus Cassia
 

Ccst of Establishment and upkeep 8 3
 

Time interval between investment
 

and returns 2 
 3
 

Susceptibility to pests and
diseases 6 1 

Occupation of space: 

above ground 4 6 
below ground 8 2 

Competition for light 2 5 
Competition for water 10 2 

Exuding inhibitory substances 8 1
 

Indirect .ost (need for protection) 5 5
 

53 28
 

17 

N.B. An analysis as carried out fere must necessarily remain of a subjective nature. HoWever, if the 
same approach is applied by the same evaluator for a considerable number of species, he may still 
arrive at a better evaluation of their relative value, or ranking, than by a rough comparison of 0 

t' cop.zund merits of the species in question. The method could almost certainly be improved by " 
giving aifferent weight to different features according to their importance to the farmers. 
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Agroforestry 
intercropping 
systems 
Descriptions and illustrations 

This chapter describes in detail how to lay out an agroforestry shamba using the 
management techniques discussed in Chapter 3. 

Introduction 
Thus far, this guide has been mainly concerned with providing general information 

about agroforestry and with describing different techniques of caring for the trees before 
and after they are planted in the shamba. 

In this se tion on (practical ,ipplication of) agroforestry intercmpping systems, these 
ideas are combined to show how the trees are arranged and managed in the shamba. 

When the extension worker is talking with a farmer who is interested in these 
agroforestry intercropping systems, the following pointers may help and should be kept 
in mind. 

Even though agroforestry is not an entirely new system to Kenya, it is a different 
way of managing trees in the shamba. Perhaps traditionally, trees are left in the shamba 
when it is cleared for farming but it is not as many as is suggested for agroforestr 
management practices, and the farmer may, or may not, be aware of the various 
management techniques that can be applied as well as the many new multipurpose tree 
species profiled in this guide. 

The extension worker should not approach the farmer as ifagroforestry is a new and 
completely different farming system. Instead, the extension worker could begin by 

Field Days for farmers discussing with the farmer why certain species of trees, such as Sesbania sesban, Acacia 
and 1nGOs to research spp., Grevillea robusla, Markhania lutea, and Cordia abyssinica, are allowed to remain 
are Importantion when land is cleared. Once there is this understanding, the extension worker can go on to 

oxtension and training, explain how additional benefits (increased soil conservation, steady supply of fodder, 
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fuelwood, etc.) can be gained by incorporating the intensified agmforestry systems into 
the agriculturalpractices which are presently being used. 

Above all, the final decision of what to plant and where to plant should be made by 
the fanner. The farmer knows his/her shanba and is very likely to have suggestions on 
how an agroforestry intercropping planting scheme can be fine-tuned or changed to suit 
his/her needs. If, for example, a farmer is hesitant to plant many trees at close spacings, 
as is often the case, he should be encouraged to plant at first a smaller number using 
wider spacings. The agroforestry plots can always be expanded. 
A good rule to bear in mind is that agroforestry is site-specific: 
* specific to the growing and farming conditions
 
0 specific to the wants and needs of the farmer.
 

The extension warker should be certain that the fanner is fully aware of. and 
undcrstands both what can be gained and how to properly manage the agroforestry 
shamha (the latter isdiscussed in this section, using methods from Chapter 3) so as to 
reap maxinum benefits. A poorly managed agroforestry plot can lead to drasticai: 
reduced crop yields due to over shading of the crops by the trees and/or by a tree/shrub 
bcconing weedy or highly competitive. 

Talking about agroforestry may be enough to convince a few farmers. However, 
many more will be interested in and become enthusiastic about agroforestry if they see it 
in practice. The extension worker should have at least one well-managed agroforestry 
plotthat can be used as an example to demonstrate correct management techniques and 
what can be gained from agroforestry. The plot or plots could be on the extension 
worker's shnaba,on the shatnba of a contact fanner, at a Farmers Training Centre, or all 
of the above. 

Finally, some difficulties of working with agroforestry that an extension worker 
may CDCOLIttr are: 

o 	 social constraints (difficulty in introducing agroforestry interropping systems to 
an area, taboos about certain species, etc.). 

O educating people about agroforestry. 
0 availability of tree seeds or planting material.
 
0 Lack of infommation on particular areas and species.
 

The agroforestry systems discussed in this section are:
 
A) Intensive hedgerow or alley cropping with leguminous shrubs
 
B) Wide alley intercropping.
 
C) Planting trees and leguminous shrubs together.
 
D) Varying tie row spacings and within row spacing of trees.
 
E) Iledgerow (strip) lerraccs.
 

Intensive hfedgerow (Alley) Intercropping with 
Leguminous Shrubs 

Iledgerow (alley) cropping is a farming system in which rows of trees or shrubs are 
planted along contours between rows of crops for soil and crop yield improvement. This 
section describes a hedgerow system where fast- growing, nitrogen-fixing shrubs are 
grown inclosely spaced rows with crops such as maize, beans, or cassava. 

Intensive alley cropping provides a variety of benefits to the farmer. The 
leguminous shrubs are a regular stpply source of fodder, fuelwood and poles.Equally 
important are the soil and water conservation measures effected through the ground cover, 
nitrogen-fixing and available mulch. This system provides soil improvement similar to 
that of leaving the land faflow for two or three years, but without the loss of cropping 
seasons. Improved crop yields have been observed by intercropping w;.h and properly 
managing leguminous shrubs in areas with good rainfall. 

Some points of interest: 
Close spacings of 0.5m within rows between trees and 2-4m between rows of trees 
are recommended except in arid/semi-arid lands, (see Table 1,Appendix 2). High 
densities of trees/shrubs when propely managed, provide a better microclimate in 
te shamba, than lower densities. W'cn the trees/ shrubs are nitrogen-fixing, the 
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higher densities and cloer spacings allow for the distribution of the nutricnrL 
among agreater pcrcent ,ge of the intercrop. However, wider spacings may have to 
be chosen if a tractor is used to prepare the land. In this casc, there should be at 
least 3or 4 metre-wide alleys resulting in 3or 4 rows of crops between rows of 
trees (hdgegrow).
The shrubs should not be harvested for the first time until they are at least 3m 
high (except those species which do not generally grow to heights greater than 
2.5m such as Cajanus cajai (pigeon pea), and Flemingla congesta ). The time will 
be 1-3 years after establishment, depending upon species and location (set. Table I,
Appendix 2). At this height, the shrubs will have awell- established root system
and large size (DBH) so that they will coppice vigorously (refer to section in 
Chapter 3on coppice management). 

Examples of leguminous shrubs for intensive hedgerow inter-cropping are: Calliandra 
calothyrsus, Leucaena leucocephala, Sesbania sesban, Flemingia congesta, Cassia 
siamea, Gliricidiasepium and Mimosa s.abrclla. 

The cropping sequence diagram on page 29 illustrates at, intensive hedgerow alley

cropping system for thie Kenya coast in which the shrubs were harvested for the first
 
time at the beginning of the 3rd year, and the key events and activities are summarized
 
below
 

Year 1: First season (main growing season)
a) Prepare the shamba and plant the crop according to the specifications of the 

Ministry of Agriculture. 
b) Plant the seedlings, seeds or cuttings immediately after te onset of tc iung 

rains. 
c) See Table I for spacings and harvesting times of shrubs in different ecozones. 
d) Plant the shrubs within the rows of crops the first year to ensure they receive 

maximum care and protection. 

Year 1: Second Season (Minor growing season)
e) In this mode!, beans have been planted after the maize was harvested. Maize or 

cassava are good nurse crops to use. 

Year 2: First season 
f) For the second year, and each subsquent year, rows of the crop are planted on 

either side of the rows of shrubs, that is,disregarding the presence of hedgegrow.
g) The shrubs are harvested o e week before ploughing the field. (See chapter 3 

section on coppice managenen). 

h) 	 During the cropping season, branches are pruned to minimize shading and thus 
yield fodder and fuelwood. During the dry season the shrubs are allowed to grow, 
providing ground cover for soil and water conservatin and weed control. 

Year 3: First season 
Leguninous shrubs are harvested. 

Year 4 or 5: First season. 
Coppicing or leguminous shrubs are harvested. Trees are either completely harvested or 
are pollarded. The trees will then'either coppice or will have to be replanted. 

Wide Hedgerow (Alley) Intercropping 
Species recommended for wide alley intereropping are mostly those which are 

referred to as "trees" (Chapter 2).
Wide alley planting is similar to intensive hedgerow intercropping discussed in the 

previous section. It differs in that the trees are planted in widely spaced rows of 8-20m 
between rows, and the species are chosen because of the wood and tree products (fruits,
seeds, poles, timbers, etc.) they will provide. The trees are allowed o grow large inorder 
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Year 1First season Year2 Seod season 

Year 2First season Year 2Second season 

Year 3 First season Year3 Dry season 
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Guava (Paldium guajava)
does not Improve cropyields. But establishing 

two rowe of Leucaena In 
an Bm block Guava I
being tried to Improve
coil fertility at Utwapa. 
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to produce these products, which can taikefrom 4-6 or more years before diefirst harvest,
depending upon species and ecological condition. 

Wide alley planting does not directly improve crop yields much as intensive 
hedgcrow planti:g with leguminous shrubs can, but it provides many of the benefits
described in the last section (e.g. fodder, green manure and soil conservation). Leaf litter 
from trees such as Cordia abyssinica, Markhamialutea and Greviltca Mhbista have been 
shown to provide over 2 tonncs of green leaf manure per hectare per year when managed
intensively.

As the trees grow big and tall, they will have sume shading effect upon the crops.
The farmer, however, will be able to sell or use the wood products which can 
compunsate for the loss of the crop. Some canopy management (side pruning,
pollarding; refer to sections in Chapter 3)c3;, be practiced to reduce L'e shade. The trees 
should only be planted .long east-west :orJours (as ploughing is done along contours)
so that the sun follows the lines of trees. -hisalso minimizes shading on the associated 
crop.

When selecting species for wide alicy planting, tree products or marketable should 
be givea the first consideration. Exotics such as Grevi!iea and Casuari.na equiseifolia akid 
indigenous species such as Markhamia,Cordia and Croton macrostachyus are used in
these systems to be regularly pruned for fuclwrA and for their p:iles and timbers. Fruit 
trees (e.g. guava, avocado, citrus ) can also be planted in rows to make tie shamba 
function as a fruit-producing orchard. Beehives in the wide alley planted s',stems provide 

asource of honey while ensuring pollination of crops. 

Planting and Establishment of Leguminouis Trees 
and Shrubs Together 

Leguminous trees and shrubs can be successfully planted together within the same 
row. This is traditionally practiced widely in the field by farmers, though not in single
rows. It provides the bcaefits of Iboth trees and shrubs at die same time. Two or more 
tree species can also be planted. In the Kenya coast, for example, a mixed planting of 
Casuarinaequistifolia and Conocarpus lancrifrliagives overall higher biomass yield 
compared to pure stands. 

These benefits are:
Nitrogen fixing, a relatively quick supply of fodder and fuclwood, etc., from the 
leguminous shrubs as well aA the wood products of the trees. 
Varying species gives the farmer awider choice of products anid minimizes loss if 
disease or insect outbreak occurs ,anong one tree/shrub species (as opposed to 
monocropping die trees). 

' .
 

.-
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* 	 It imitates the natural mixture of woody species which can help to stabilize the 
environment. 

0 	 As was stated in the section ,n intensive hcdgcrow management, the higher 
densities of trees and shrubs create a better microclimate than lower densities. This 
can result in greater amount of itoprovement. 

The trees and shrubs are managed according to the recommendations given under 
Intensive ledgerow (Alley)-Intercropping and Wide Alley Intercropping. The trees are 
planted at wide spacings with closely spaced leguminous shrubs intercropped both within 
rows of trees and between rows of trees. 

Varying row spacings of trees and spacings 
within rows of trees, through management. 

This management practice works with tree species that are planted for their wood 
products such as the ones used in wide alley planting. At first, the trees are planted wil. 
close spacings of t x 4m or 2 x 4m. They are i'anaged so that rows and individual trees 
within rows are entirely removed to widen the spacings. This system is being tVied, 
using Greviliea robisro. The system resembles relay planting/harvesting. 

Advantage;: 
o 	die farmer is able to harvest some small poles at an earlier stage, and timbers at a
 

later stage.
 

0,	increases the overall yield of the land as compared to initially established 8m
 
alleys having a lesser tree population.
 

0 	 also, remember that a greater number of trees especially within rows creates a
 
better microclimate for the crop land
 

Tree species euch as 
The farer may be concerned about time shading effect of so many trees on this shamba. Gravitlas can be firsestablished with close 
Since die row spacings are widened before tie trees become very large, tie effect of spacings. After every 2 
shading is not as great as a faimer might expect from such close initial spacings. or 3 years, every other 
Shading is also kept to a minimum by cast-west contour planting, canopy management, row Is harvested for 

pole and thus allowingand because die closer initial spacings forces the canopy up, allowing greater penetration contineous
of light to die shamnba. 	 Intercropping. 
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such asaLeucaena soon
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need to construot and 
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while pav.dlng useful
products such e fodder 
end mulch. 
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Two methods will be dscussed:
 
a) Varying spacings between rows of trces
- for which all species suggested for wide
 

alley planting can be usd
 
b) Varying spacing between rows of trees and within rows of trees. 
 Trees that should

be planted at very wide spacings such as Acacia albida, and Acacia tortilis art best 
suited to this method 

Varying Spacings Between Rows or Trees,is done as follows: 

'fear I The trees are planted at spacings of 2 x 4m. 
Year 3or 4Every other row of trees is harvested for poles, leaving a spacing of 2 x 
8m.
 

Year 5or 6The rows that were left arc now harvested (for timber/poles).

Meanwhile, the first rows harvested have either coppiced or heref been replanted. The
 
cycle continues like this.
 

Varying Spacings Between Both Rows of Trees and within Rows of 
Trees is done as follows: 

Year I Every other row isremoved and every oter tree within th remaining row is 
iemoved, leaving aspacing of 4 x 8m. 

Year 5or 6Either all remaining ticescan be removed or the spacings can be widened 
further to 8 x 16m. 

Hedgerow (strip) Terraces 
(See Wide Hedgerow intercropping) 

The soil conservation aspect of agroforestry has been stressed throughout this guide.
In addition to the soil conserv-tion that isachieved from the mulching, ground cover, and 
root systems, the trees/shrubs can be managed so that they create natural terraces on 
sloping lands. 

Leguminous shrubs such as Calliandra, Leucaena and Flemingia are most commonly
used. Tree species (e. g. Grevillea, Casuarina equisetnfolia ) have also'been successfully
plan'n.d to form hedgerow terraces. The trees/shrubs must be regularly pruned to avoid 
overshading of the crop. 

Some important points are: 
* 	 Seedlings are planted, or seeds are drilled, at very dense spacings of 10-20cm to50cm within the rows inastaggered double row. Spacing.4,etweerhedgerow 

. ....... 
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terraces are the same as are recommended by the MOA for Fanya Juu. 
* 	 Over time,a natural terrace will form from the build-up of soil and refuse against
 

the tree/shrubs. Within 18 months, a functional structure w;ll be well under way.
 
As weedirg and land clearing isdone, the farmer can push the stovers and conpost
 
against the line, thus speeding up the strip terrace build-up process.
 

* 	 Hedgerow terraces can be constructed between Fanya Juu fof efficient soil
 
conservation dits, with much less labour than would be needed if the farmer
 
constructed 100% Fanya Juu. On steeply sloping lands, grass strips can be
 
planted between the hedgerow terraces and Fanya Juu. If the farmer constructs
 
Fanya Juu (with or withou, hedgerow terraces), agroforestry tree/shrub species can
 
be planted along their edge or in the trenches in dry ameas.
 

To establish Iledgerow strip terracing with Fanya Juu. 

1) 	l-!edgerow terraccs are constructed between FanyaJuu. The spacing within double
 
rows of trees/shrubs is 20cm. Trees/shrubs arr planted for stabilization on the
 
FanyaJuu. 

2) 	 The trees/shrbs are coppiced first when they reach a height of at least 3 metres. 
o small twis and leaves are incorpoited into the soil.
 
O larger branchps are used for poles or fuelwood.
 

3) 	 Over time, a build-up of soil and organic matter creates a natural terrace. 

Hedgerow terrace 
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AGROFORESTRY 
 TRIAL DEMONSTRATION FARMERS: 
 D r D SIUMARY - INERI 

I FARMER 

Paul Gature 

N-6 

D I A G N O S I S 

Primary Problems Secondary Problems 

Land scarcity. Scarcity of cash. 

Poor soil fertilit Insufficient fodder 

Insufficient shade 

in homestead. 

W 
CO 

I 
M 

D 


Components 


1. Fodder produc-

tion by planting 

of Leucaena 


leucocephala along 

two grass strips, 


First grass strip 

at im and second 

one at 50 cm within 

row spacing, 


2. Trial of 

Giliricidia sepium 


as a living fence 

at 50 cm also for
 

production of foddei 

and firewood, 


3. Timber/pole 

production using 

Grevillea robusta 


and Casuarina equi-

setifolia planted 

in two rows at 2m 

within row and 3m 

in between row. 


4. Shade establish
 
ment using
 
Eryobotriajaponica
 
planted in home­

stead.
 

E S I G N
 
Functions 


1. To provide 

dry season 

fodder and fire-


wood sticks, also 

for soil conser-


vation. 


2. To provide 

fencing service 


against livestock fertility.
 

Manapement
 

1. Harvested at
 
60 cm. high during
 
dry season prior to
 

long rains. Feed
 
leaves to livestock
 

and remaining
 

sticks for firewood
 
Use brown manure to
 
improve soil
 

and to provide 

fodder and fire-


wood. 


3. To provide 


timber and poles 


for sale and for 

domestic use. 


4. To provide 


CO 
2. Pollard trees
 

at Im.
 

3. Prune lateral
 

branches to
 

encourage develop­
ment of straight
 
stems.
 

0
 
shade and fruits. 4. Protection Pr
 

against animals
 
needed during early A
 
period of
 

establishment.
 

x 
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AGROFORESTRY ON-FARM TRIAL DEMONSTRATION : DIAGRAM A
 
November 1983, Design
 

Site : Nyeri
 
Farmer : Paul Gatue
 
No. 6
 

2 E.japonica 

HOMESTEAD
 

L. leucocephala at 1 m
 

L. leucocephala at 50 cm
 

GRASS STRIP PLANTING
 

.H 

a 

4J) 

C. equisetifolia at 2m 

( G. robusta at 2m
 

WOODLOT PLANTING
 

11 Casuarina equisetifolia
50 Gliricidia sepium
11 Grevillea robusta 

01 Leucaena leucocepa_ a 
2 E otrya japonica 

135 Total No. of trees planned 
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D E S I G N 
 F 0 L L 0 W - U P : NYERI 

Farmer 


N-6 


W 

Recommended Design 
 Actual Planting Configurations 


1. Grass strip planting using 1. The farmer planted the trees 

Leucaena on two grass strips. 
On as per the recommendation.
 
1st grass strip, 20 Leucaenas to 

be planted at a spacing of Im. On 2. This recommendation was
 
2nd grass strip, 41 Leucaenas to adhered to strictly. 

be planted at a spacing of 50 cm. 


3. Planting not yet effected,

2. Woodlot establishment using 11 

Casuarina equisetfolia in one row 

at espacement of 2m within row. 

A second row to be established
 
using 11 Grevilleas at 2m
 
espacement within row. Between
 
row spacing to be lm. The trees
 
should be planted in a triangular
 
configuration.
 

3. Living fence establishment
 

using 50 Gliricidia sepium
 
cuttings at 50 cm along a path

that runs through the middle of 


the shamba.
 

o> 

fReasons for change
 

1. None.
 

2. None.
 

3. Head of household left for a
 
ten day trip before planting. lie
 
left instructions for his
 
daughter-in-law to do the planting
 
She had not done it due to other
 
farm work.
 

0
 

0
 

9L 

x 

SN
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AGROFORESTRY ON-FAR! TRIAL DEMONSTRATION DIAGRAM B
 
November 1983, Implementation Scheme
 

Site : Nyeri
 
Farmer Paul Gatue
 
No. 6
 

2 E. japonica
 

HOMESTEAD
 

L. leucocephala at 1 m
 

L. leucocephala at 50 cm
 

GRASS STRIP PLANTING
 

C. equisetifolia at 2m 

4m 

G. robusta at 2m 

WOODLOT PLANTING 

11 Casuarina equisetifolia 
50 Giricidia sei 

11 Grevillea robuAta 
61 Leucaena leucocephala 
2 Eriobotrya japonica 

135 Total No. of trees planned 
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"On-Farm Demonstrations"
 

OVERVIEW
 

On-farm demonstrations are effective means of reducino the risks farmers

perceive. 
 They are designed to take new innovations out of the 'unreal',

scientific realm of the research station and place them firmly within the bounds
of a farmer's everyday experience. 
They are used first to display the results

of adopting a new practice and then to give the farmer 
an opportunity to
practice new methods. 
 Both types of demonstrations serve to make clear 
to a
farmer exactly what is entailed in opting for 
a new farming innovation.
 

Chapter One describes the research-extension chain. 
 Result demonstrations are

the link in that chain at which the active promotion of innovations in farminq
practices begins. 
 Practically speaking, result demonstrations are side by side

comparisons of new and traditional techniques. 
 They are conducted in farmer's
 
own fields or barns to show that experimental results can be reproduced locally.

Even though crop farming examples will be used throughout this section, result
demonstrations can be very creatively employed by livestock extension agents 
as

well. 
 (See Chapter Three under "Testing Recommendations").
 

On the surface, a result demo might 
seem fairly straightforward, but there are

actually a number of factors that 
can serve to reduce their effectiveness.

First, the demonstration must produce results that 
are visible and significant

enough to convince farmers to try the new practice themselves. If the practice

is, for 
instance, not fully tested before hand under local conditions, the
 
demonstration 
runs a high risk of failure.
 

Second, the innovation has to satisfy the farmer's own criteria in terms of the

other risks associated with 
it. That is, it must promise an immediate return,

fall within the farmer's financial means, and su:t prevailing cultural patterns,
 
to name but three.
 

Third, the demonstration should not be run by 
an extension agent. Farmers will
 
be more impressed by results obtained by their peers than by supposed

agricultural experts. Fourth, the farmer on whose land 
a result demonstration

is conducted 
cannot be extremely wealthy or progressive; nor should the plots

receive an undue amount of attention and care. 
 The idea of the demonstration is
to 
show a group of farmers what results can be obtained by a normal farmers

under normal conditions. 
 Hence, the choice of demonstration farmer needs to be
made with care, the site should be typical of surrounding lands and the crop
itself must be managed at 
a realistic level. Any other arrangement will
 
undermine the demonstration's effectiveness.
 

In setting up a result demo with a cooperating farmer, it is important to

establish who is responsible for the labor involved 
in maintaining plots and wno
will provide necessary inputs. 
 In order to make the demo credible, the farmer
 must do most of the actual work. Inputs 
are a stickier problem. Ideally, the

demonstration farmer will provide his 
own. Realistically, there may be 
some
instances where the extension service might need to 
donate inputs as a courtesy

for a farmer's cooperation. 
Two questions need to be considered: Will a gift

of 
inputs have a negative effect on the agent-farmer relationship? How will

other farmers perceive such a gift? 
Whatever the choice, arrangements must be
 
made explicit at the outset.
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The next set of practical considerations in setting up a demonstration focus on
 
the plot: its location, its layout and its size. A conspicuous or readily

noticeable site is crucial in attracting maximum attention. 
 Locations near
 
roads or footpaths or on the immediate outskirts of a village are ideal.
 
Visibility is the kay factor In plot layout. When viewing from the most
 
prominent vantage point, from a road, for txample, the traditional and improved

plots should be side by side rather than front and back. Signs can be erected
 
to attract further attention and provide explanations of the demonstration.
 
(Note that signs need to meet the visual literacy levels of a majority of the
 
farmers observing the demonstration).
 

The size of the plot may be influenced by several factors: the labor
 
constraints of the demo farmer and the amount of land she has available; the
 
size of the group that will eventually cbserve the formal presentation of
 
results; the type of crop; 
and the overall impression the demonstration is
 
intended to create. In general, the plot should be large enough to be
 
impressive without being tofalarge to take in both parts of the demonstration
 
with a single glance. Rough estimates suggest that one or two hundred square
 
meters would be enough for an effective demo of field crops, with less area
 
required for demonstrations with vegetables.
 

Throughout the planting and maintenance operations connected with the demo,

the farmer needs to be thoroughly familiarized with the what, why, when and how
 
of what is going on. In particular the extension agent soldchecF-Wat ne-ed
 
inputs are prepared and applied on time. The entire process needs to be
 
documented accurately so that results can be adequately explained when the
 
demonstration is completed. Rainfall 
figures for the duration of the
 
demonstration crop's growing cycle, for example, are of crucial 
significance.
 

If the demonstration farmer has been adequately trained during the course of
 
the growing season, she can play a central role in the use of the demo as a
 
promotional tool by providing testimony to 
a particular method's effectiveness.
 
There may be opportunities early on in the demonstratton garden's growth cycle

for her to sho-J preliminary results to some of her neighbors. Pointing out
 
differences in plant size and color at 
various stages serve to heighten interest
 
in a demo as it progresses towards completion.
 

The main presentation of results should, however, be conducted at harvest
 
time. The farmer should be prepared to help the extension agent through four
 
steps: an explanation of the new practice focusing on 
amount of labor required,

materials needed and changes from traditional methods; a conservative estimate
 
of costs and returns; a question and answer period; and an offer of follow-up
 
visits to other farmers interested in adopting the new practice themselves.
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SSON PLAN FCR PROM PLANNING AND EVALUATION 

TOTAL 
SUGGESTED TIME 	 5 Hours
 

RATIONALE 	 Extension workers who are capable of
 
preparing quality program plans will be
 
in a better position to succeed in the
 
implementation of those plans. Extension
 
workers who are able to 	evaluate their 
programs can produce valuable feedback
 
on program strengths and weaknesses.
 
This feedba:'c can then be used in pre­
paring future plans.
 

CONTENT 	 Activity P Presentation on Program
 
Planning, Work Plans, Calendars of Work,
 
and Program Evaluation in Extension.
 

Activity Q Program Planning 
Exercise. 

MANURE PLAN 
AFFORESTATION 

PLAN 
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ACTIVITY P 	 PRESENTATION ON PROGRAM PLANNING:
 
WORK PLANS, CALENDARS OF WORK, AND
 
PROGRAM EVALUATION IN EXTENSION
 

SUGGESTED TIME : 2 - 3 Hours
 

RATIONALE
 

Following information collection the 
next step in the extension

cycle is developing the extension program. Thus, the 
program

planning lesson follows the presentation on data collection.
 

OBJECTIVES
 

Trainees will understand the importance of program planning.
 

Trainees will be able to 	write their own program plans.
 

Trainees will be able to describe the extension process from
 
surveying to evaluation.
 

PREPARATION
 

Use flip chart Qr bl&ckboard to illustrate examples of an exten­
sion program plan, plan of work, and calendar of work. If pos­
sible, copy and distribute examples of these forms to each stu­
dent.
 

CONTENT
 

In extension work there are 6 activities which comprise the
 
extension cycle. These are:
 

1. The survey: from which we deduce the conditions and 
needs of the people.
 

2. The extension or program plan: a general statement
 
describing what should be done and why it is needed.
 

3. The plan of work: a detailed statement of how the
 
program will meet its objectives (including activities,
 
manpower requiremints, sequence of events, ctc).
 
4. The calendar of work: a timetable showing when the
 

work will be done.
 

5. Implementation: putting the plans into action. 

6. The evaluation: (or impact) in which we assess 
whether the program accomplished its objectives (and if 
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not, why not).
 

A program plan contains a great deal of information about pro­
jects which will be undertaken by villagers as part of their pro­
gram. As an example, the MATI Mlingano Farmer Training Wing de­
cided with farmers, after completing our surveys, that the most
 
feasible and needed programs were in the following areas: coconut
 
establishment, nutrition, rabbit raising, grain storage, and IST
 
for Extension Workers. This program was decided upon after con­
sulting with farmers, E.W.'s, MATI tutors, research experts, the
 
RADO, DADO, and members of the National Coconut Development
 
Project.
 

But why bother with these cumbersome plans? First of all, they 
furnish a clear concise statement for all who are connected with 
or interested in the project. The DADO, project leader, E.W., 
village chairman, and local farmers all know what has been agreed 
upon. Secondly, plans help E.W.'s see what they are to do every­
day on their job. Thirdly, plans help supervisors evaluate pro­
gress against the objectives of the plan. Lastly, program plan­
ning ensures continuity when staff changes take place. Extension 
is a continuous process and the continuity of the program must 
not be broken due to transfers. 

Now that we have established the value of program planning, lets 
look at some examples: This is a table taken from £Atqnaign in 
Rural C_.mMUnlties, by A.H. Savile. Study Table 1 (a) for ideas on 
how to create your own program plans. 

Table 1 (b), also from Savile, uses the examples of fish farming, 
vegetable growing, and cooking to illustrate one type of format 
used in program planning.
 

Note to Instructor: After distributing the two forms, work out 
on the board with the students a program plan of their own 
choice. A flip chart would be preferable for this exercise since
 
it can be saved for reference.
 

Program Planning:
 
Another example of a program plan is the type used by L.C.Pickett 
in the Tutor's Guide to Extnsion Praramm Planning and Evalua­
tion. Included is a copy of the Range Destocking Program Plan for 
1984 for your reference. Note how the plan distinguishes between 
long range objectives and objectives to be accomplished this
 
year.
 

Plan of Work:
 
After the program plan is completed we have enough information to
 
make the plan of work. The plan of work tells us who is respon­
sible for what, how, when and where. The plan of work will pro­
vide a detailed breakdown showing how the extension program is to 
be carried out. It deals with projects of immediate importance 
and should be rewritten every 6 or 12 months. Please study care­
fully Table 2 from Savile, which 4s also a good example of a plan
 
of work.
 

SSM 7-3 



SSM 7.1.1 Scheinman and Mariki p.81
 

TABLE 1 (a)
 

PROGRAMME PLANNING IN A NUTSHELL
 

SOME BRIEF NOTES FOR EXTENSION WORKERS
 

Lit find the frrts by survey, Intervil rindobservatin. 1on prepare a programe Jointly with.the
 
rple.
 

rxmion prqcra for ............ (MV cucmsdty). Stage............. (Indicates progess ad helps ontirilty)
 

71hir pmjcWt 	 I'hei- Their prxblem Our cbjective
aitintim 	 Our oolutioa 


3tntffnt of t1hir l.Resmis Woy they t.List difficultLies l.Frdi nolution nst Iijg term aim W 

oNmed nredi. mmt or need xc 4hich prevent the be agreed to by stating clearly: If 

poject. p(xyple fl-n doing project I meims. l.Vo ad how mby A 
prMjectn thmrkelves. will be tatort. T 

int the q)plewilt 2.Exc'crr fnctors 2.1nhrltii remnr. for C.Fach solution must 2.Wnt they will be 

to ( or to Icam i cch mue pr4-lm pant failiuas, be within the tairit. I 
ftM th ArV-ro. hIntkrfig pmfcv. pople's cCity. T 

tntedin orikn of 3.1.tst pr-blems in 3.(lbtide help eixxld 3.Uin teadrfng 

iUir piority. rudbxil 3el(ce,.xily rIplumnt the will be conplebed I 
people's efforts. 

Yetnnintaining 4.Stite solutions in
 
tame lbetu.i, Ccxe1xdrg
 

axrtis of all ni)ered exeq ice.
 

[ W
 

Ach r ntatcrt l,lris thut projects l.Ye'nhes local lemi- l.Solutions must be Results mvit be W 
RX,all ho 'we E relly needed. er to aenlyze local to solve U capab>le Ysirim- of evalua-
itnted . prcblaad"r etmhs. tien of jqts 

met by the peple­
reztis for 2.%xr~a that suffici- 2.To seek suitable 2.flry not ar-ist in 

huvidk 
 e 
c ir idc 	 cot rixs of solutlons trinng I cal t ire. 

.o[K-y. 	 people want the loers. 

rmljcts. N 

3.Fhmxrx-- continuity 3.Dx)rages camu- 3.elp to avoid need- E 

after drrgs of nal efoct. less expenditure of E 
staff. 	 public nIVA3s. D 

E
4.i01pa ontimlty, 


D
of uri uxkw local 

joint efforts of By asrvey, intnrviews By Public oreeting to: Discs a"d agree wit Avoid alcs a and H 

tt nion wsrier" md rnd cbervatimr to l.Explain sitsation lxic's: vzge policy aim. 0 

.erxcple Utrvxw find the facts mr- and ft. t.Sadtable solutions W 
reir pi-ojoct lerders. ding: 2.1.iat pe ple's vaita a id objertlvesI 

l.Livin ccrditiuns in crde" of priority 2.Best tmcng 	 T 
mettxds.T
and 3.Elect project lead-

2.People's wants ad es. 3.Uhat outsido help 
needs. 4.Cosider problem is needed 

p mctsion4.t-w ,P
involved. 

detailed
5.ir'pim 
0pln of torl. 
N6.2.aVre calendrw of 

SM-k. 
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TABLE I (b) 

KE1INSION PROGRAIUI FOR VILLAGE 

Nolt tiw =* to (7ermcadv they 
ken) weit or need the 

PVJect) 

1.nah fbulzng Freeh f1shtuotaint-
dle. 
Dried fih vey 
uqvenive. 

e plole ve vMy 
POoW. 
Moo little protein In 

2.Vegetable Adrg Wild vwgetieq sca 
Vgtables aily plair-
ted annsally eft 
rioe harvet. 
Need to V 
min d nficies In 
diet. 

vc~rbfnitsY to 
lmre irxmee by 
sellin urplus pro-
dctici. 

3. Oxkdr tatsnled diet. 
tipetizine meals 
Little var1tg In 
food. oooAckQob 3t- of Vv e i 

and vitamin dificim-
cies. 

STAGE 1 

(Th Ulutm 

ddhd X7 hider ti 
pvject) 

.Pund cawr dinuo-
raged by pmt fail-

Mark of knowledge 
ad skil Iin cor .-

cu adNODtrnrtic a d m-
.met of fih panda. 

C.To por to hire 
-ahim. 

D.gShrtDW of equlp-
rxnt for ofltrx-
ticn of pand 

E.Lack of local feed-
ing at.M for fir 
Pond. 

F.No loc mpltes of 

fry. 

A.Lark of knowledge 
and edI I in goig 
vetales. 

Owt a dne 

to oa theme 
dlfukoltes) 

A.Af vinit toto 
fJidy stttion and 

firm. 
fmv~. 

B.Give talks, film 
show md dwc:nstra­
tonUrn. 

C.Stmt self-help 
WOUPS. 

D.Obtain an lan or 
issue frm g-iad­
tm &eaatzMet. 

E.Collect rice and 
i mize brm. Gow 

ipamen, tapioca etc 

F.Sta-t fry panda. 

A.Tlks, dammtra-
tione and rrctical 
Work. 


B.tkUvitable varieties B.t an varieties 
tried in to peat. 

C.Lo s from unzo-
trolled attacks of 
peata and dieas. 

D.naaUsfwtbo-y 

methods of seed pm 
___rtionmad sti-r 

A.tb knowledge of 
rutrition. 

B.DD nat law hw to 
aeUzirgcokeaes.r 


C.Llmited variety of 
fxrTsay 
avallable. 

tested 13Yegrial­
twrl departnit. 

C.Obtan eqLpumt am 
dmedcals from cel­
culural deprtnet. 

D.Thlks, amatrati 

and prwtic irk.o 

A.Thlk and flm show. 

BDJbhd d.t 
tians and prrcticetoos o
l ­

codi1 . 
C.Otnin additioal 

foods fom projects 
1 and 2 ebove. 

tm ita b 

a- we tawhtx 

loI.trhe 12 famm 
yearly, far' 3 yean 
tv., to tnrtha 
pond and Ixu 
fish sxwsAiy. 

2.To teach 25mIwes 

of yoth1 club to 
Vw vptales 
d the nex 12 

3.To tech 20 vma 
to cock .ititious 
and qetizI 
ReSSim1 thenext12 . M h . 

kt a-on Teem .................................. Dabs ............................
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SAPX.rLE WJMI3ESR ~ ~ PHD);-AM PLAN. * 5 rEF YEaS. 	 i1952 

MLAL: W.AD, ZTS:P.ICT, E 	 :rMPWAPwA D3DOAVFLF'-E:ON.'TESIN, 
EXTENS: :O PLAN FOR: RFange Dest eokir,, r ........... NAME . . . . . . 

LONG RMAE 	 ACTIVITIES TO REACH 
SITUATION PROBLEM - JECIIVES: ANNUJAL05JECTfl'S OJEC71VES: *DONE ACCOMPLIS12,TS -

Thetl e, a -e l l ~. i , C,c velc ~ e i . .e ::rv~n p_ -hez-" ', l nt nueThere are 101,030 cattle, 7_ oev _C; 	 tc nak:e 1l 'a ) 72 n--,e visits were0 oLr~:Z~.~csth a 3 ~ i~swr 

in t sepa n 3'saaea. o- eoaern f the ore to ieaoerc I de in 9 vkleeen aoUe 
tin Pwpwa D z: .riC, the 1mPortsnce cf Sinvillageste 	 orp rta -zo of' range - to create this prcra..

grazing a aea f 6,O .Oa r-	 ge Pra:. intereEt.(1.4 AT-per Ha.) I acng the people ant _f tne great	 eadt-rcFce v'icited a 
range 	 rna deteriorated ameasured oy pcten--ial T' (b) :oar ar. iproved I villaged t-ekr expressio nere nra'erapidly in recent yea s .	 t.. leaders. I ra v eer- ;rpr for past

apoint we snri:s an n aios,, 	 " -1:. years.-- . spteste"dr' iin-Ileafv x-nualt donnte. 50% 	 a--icr~n ar.t ai el. ort.Z. 70 know. develop ess 	 t pero3e Meet it,, 9 Vetv i're7-sIv' zc v.-. 6 e.-l ­
cootiof total cover.) The othersis 	 -..Offta,<e Zedg skilsa-nd .- is 	 er. village Prouctlo. ant~ofON ES:: ,T BY F:NCh aboit 	 T eaers agreed to push-AprBYil;C- range manage. 2. T'- devey.- sooe Iao- -. etina zcs!, -o s.s, fr destc7 -'-in"-n zs 

TO BE 13% of what it would ment (to be measu- general klca.o lee April Maygbe In climax condinr., red by informal aboit hD. tz 	 district.manage p -- xe wntp 5 cl-itoeef 
Erosion is seriouc in spots. questioning at ranges i -npe e0leader&durin i good d4s5uss on contl- i 

geetongs at ethers.and Lnd:r. I Cat-le are sold or butchered a-cr voi 	 Sl eet-opposition. re-	 iss 5anu\- oenber. un tte 22 "
 at an average werzh- of a s To develr preli . r. 

Kg after 5 years groi.tis 
 na-y clans for L de- approval d ?Iegitmacyrcd ' stocikni e-r 


tne food necessary to raoze 

7 -nu levconsume 3.2 times 3. 7o destock 20% .- pros-ar'-'d o S supervo- i n - ng Cosnltted 

by S Ycars, 25% by gain 	 support for then. scrs to enga e in oeaoock- neetiins -d durong tche an animal to this weiglt if I years and 30%m
 
done in - years twhere by 50 years. o . No effect t ohisye-. , after tod Setrint n r.


le a d e r s' s e p a rat e i d e a s , 
 3 . k ) S p o t g l z d f o 
abu-idant food is ava_-at.e). 5.5esoc g coud .T of e 

& 6. Create interest develo a tentatove p~ln. i .%c editeab o-deein" reseedinrent anddeve~op Br, n£ water of ottion wltn Proucoon', 1,1--keting n ietakeCo.,-.rt e 	 eaders, decided. 5inorease 	 ~ i s . M &Cittee the cfftake of 5 	i 1eayears d0 eI I mebers all favoratle.by 3.7 times within 10 years 	 Ideain years leaders (measured by District Corrittees by(see the Finch report, 1967) 
 their willingness to July.Catedsiuinwud years. 	 I dwele Flat. a byCattle distribution would 	 dvlpd lr prvdb
develop a plan and

improve if water was more 	

(b) Discuss the plan.at District Development
5. To reseed 2% of request government 3-6 public meetings. Coittee.
widely available, the range in 5 financial support Collect ideas for improve 
 (b) The plan was discus­
years. (in January 1983). 
 ment of the plan. Sept 
- sedat nly public meet­
6. To develop 13 
 December. 
 ing. Lack of time andstockponds or . transport.wells in 10 years. 5 & 6. Part of activities 4. ­

1 & 2. 5,'.Did not Mt to this step. 
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TABLE 2 

VILLAGE WOWOTEPLAN OF WORK FOR PERIOD 1-1-46 to 31-12-66 

fti-ftb im-distal 1Thu ttocb to Nqitiuant and projetsdan and
Vand tesif be used Ti1WtI" Eatearis l mtw reapanaz 

I.Fh Fmm~zt
 
Tobeh 12 lfmers
 
howto pxue flEh
 
a--u11y by 31. Ledau - Mr-.X m12.6, In stea. Mr. Y.LSeleCtion of Site a.TlM an vint to l a. Jmuay a.Pei a.F7iwy Officer 

fir admvt to 
eaid.
 
Irpecicn of p­
sible aites.


,-Crlf ro site b & c. Film show fal- b. Januay b & c. Flm andcn- b & c. A.A. md .O. 
lowed t, lractical mmprpjectur, 6 
Instrction. picks and shovels
 

c. Jmin-dxumry l .C 

I.D-tructia cf pro- d.Metltcd dt-.u' tbc d. Mutdh d.4 ot lim d. A.A. 

eDintrit o of o VbUd dmtrtci e. MIird e.spamht rand 3bqW e. F.0.sluice Ites owent, twlt , 2 

f.SWt with fry f.Mthod dmnautLcan f. 1ril f.SU ,Yfhu 7.O. f. A.A.

.Jbinta oe of prdEp g.Lecture* film dvi g. kW, - Deomsbw .Film md cinma 
 1. A.A. and F.O. 

and dma tfatm prJectw-.lrductian of l al h.Method dsniutraticg h. Ndi-aoam ft. pl m t A.A.AAfood atuT. 

To teach 25 yog 

to grow vetes ede - bet Aby31.12.65 in step ml Nis B
1,Tblt ,rdx a.tteuu tl.an and a. Jmxja'j a. - a. A.A. 

,Selectin md clear- b.D&Tcrmtrdcni an b. MWdh b. ­ ). A.A. 
irg site peticr

,Striliziz Dol. c.De ation md c. Murh C. ­ c. A.A. 
practice


Smlfr see& for d.Dmutmtianamd d. Apri 
 d. Yah need. d. A.A. 
trumuvintmr practice
.Nd beds, aply- e.Daeiuticun and e. April a. I cwt N A4 fart- . A.A.frg omIost and practice lim*
 
fertilizer
 

r.Sn,, 	 uee direct f.Demz doticn nd . Apil f. Fei mead f. A.A. 

.Pea and disease .Talks ad I tm- . Aw g, 2 Spnr 	 pas g. Aslats* fitowo­
s. 77d 	 insetiidesand gist io­

fthgickd-. gist. 
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TABLE 2 (Cont...)
 

VILLAGE VOWOTZ PLAN OF VORK FOR PUIOD 1-1-68 to 31-12-68 

ftW..b' iz1 Tamdf tuk todxg qpi tRd Prqjct isam admE and twdft be 
 Tital ted
rateals zu&ud 
 rtafmf
uhI
 

2.Vegetabit graft
 
- ocritiiued .....
 

h.ftvecstirg & eed h.Dea'mtratiaz and h. June - kAmt ­h. h.A.A.selstionm prectice
 
I,Seed prepartion 
 i.D 4zton and i. June - k4;zt i.Aix-tiat jars and i. A.A.
ad salq prectse 
 dsicamit.

J.Fbtatixn of crps J.Lecture and pm-- j. Sptmb' J. - J. A.A. 

ticek.Repetitctn of all k. Rat a kodv k. Akaxt - Sqepem. k. - k. A.A.
 
lessois
 

To teacx2 wore 
to ooc:k mrtcts 

ad appaeuztr
 
mals by 31.12.66
 
insteps. 
 I.H and Mlm N.LFCod values a.Talk and fim a. Jammy a. Fibm and p'ojeo- a. Innmation 

b.FxXI tot. Officer and H.D.for adults, b.Talk and damxnsbr- b. Fezm7y b. Pictwas and b. H.D.

ed children and ticn. 
 maget board
babies 

:.Vricu methods of c.Talk dma tion c. Mmd c. Odokay box & c. H.D.cxcnrg ad r-ratoe foods for coke-y
.(ombinlng foods to d.Tulk dmmnraticra d. April d. QOkay bcuc & d. H.D.
prvhe a balared a pdracce 
 foods for ocIm-y
 
"edish ma1
 
.sia1 feals flr e.Talk daxuatmteijn o. R 
 a. O ycc& e.H.D.sick people and practice foods fo' Co:XkW7yr.Veetable dishe f.Demirstratn and f. Ju - kgit f. (Oxokiny box & f. H.D. 

pracieftod r ck jFiah dinle g.Dammratrmn ad g. Oct - Dec. S. Oookmr box & g. H.D. 
preauce foods fcr cocky 
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CALENDAR
 

OFWORK
 

PLAN OF WORK IMPLEMENTATION
 

EXTENSION EVALUATION 
PROGRAM 

\ , SURVEY" 

THE EXTENSION CYCLE 

Note that the projects are stated in the same order (ie. fish 
farming) as in the program plan. The inmediate goals indicate how 
far the plan is expected to przgrbss towards the final objec­
tives. Each project is then broken down into the various steps of 
instruction which will be nteded in teaching the people how to 
achieve the purpose of the project. Remember, the plan of work is 
concerned with the present and immediate future. Use it for your 
short term objectives.
 

The Calendar of Work: 
This is simply a day t' day schedule of what activities will be 
taking place. Copies ot the calendar should be distributed to all 
participants and displayed in the extension worker's office. A 
carefully planned calendar of work is essential to the orderly 
progress of any plan or work. Without it, local leaders, farmers, 
and extension workers may not be sure when they are expected to 
participate in various activities. One suggestion is to make a 2
 
inch x 2 inch block for each day and pencil in your planned
 
activities for that day. This should be displayed on the office
 
wall for easy reference.
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KALEMDA 	TA KAZI (CALENDAR CF WORK)
 

JIMA LA 	KIJIJI ...................... .............
 

JIMA LA 	BWANA S3AHBA .......... . .........................
 

MUDA WA 	KALENDA TA KAZI .........................
 

I I
 
TAhERE I KAZI (HAFUNZO) I
 

I!
----------------------- ------------------------------ I I

II I
 
II I
 

I 	 II I II
 
II I
 
II I
 
II I
 
II I
 
II I
 

HPAIGO WA KAZI (PLAN OF WORK)
 

JIMA LA 	KIJIJI .................... ................ .... o.. . .
 

JIMA LA 	BWANA SHAHBA ................ *...... ..................
 

HUDA WA 	MPANGO WA KAZI ........................
 

I HALENGO YA I HBINU ZA I HUDA I ZANA I VIOGOZI I
 
I MUDA 14FUPI I HAFUMZo I(HWEZI I NA I WA 'I!ADI I

I MA HATUA ZA I ZITAXAZO- I GAHI) I VIFAA i VASHAURI I
 
I MAFUNZO I TUHIWA I I I WAHUSIKA
 

I 	 I---------- -----------	 I----------
I I 	 I I I I
I I I I I !

I I I I I I

I I I I I I

I I I I I I

I I I I I I

I I I i I I

I I I I I I

I I I I I I

I I I I I I

I I I I I I
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PROGRAM TA UENEZAJI (EXTENSION PROGRAMME)
 

JINA LA KIJIJI ..................... *a ....... 
........................
 

JINA LA BWANA SHAMBA .............................. ........ ,
 

KUDA WA PROGRAMU ...... ..... .... .... ..... ...............
 

II I I
 
IMIRADI TAO I HALI YAO I MATATIZO I UTATUZI I MALENGO YETUI 
I(Vanacho- I (Sababu I YAO (Mata- I WETU (Jinsil (Nani wata- I
 
Itaka kuji- I zao za I tizo yata- I tulivyoamuat fundiahwa; I
 
Ifunza) I kuhitaji I kayozuia I kuyatatua I watafundishwa 
I I mradi) I utekelezajil matatizo) I nini, ni I
 

I wa mradi) I I wangapi na I
 
I I lini wata-

I I fundishwa). . . - - -- - ­-- - - - I..-- - -- ----------- I - - - -I - - - - -

IIIII I
 
I1II I
 
IIII I
 
I I


I------------------------------------------------------IIII I
 
IIII I

I! I
 
I1II I
 

Evaluation:
 
After completing a situational analysis, collecting information,
 
planning an extension program, and developing a plan and calendar
 
of work it is time to begin the implementation phase. Following
 
implementation, the program must be evaluated to see whetiler the
 
objectives have been met or not. As each planned action is com­
pleted, the results must be examined against the objectives of 
that action. For example, the 1982 Program Plan of the MATI 
Hlingano Farmer Training Wing stated that 5,000 coconut trees 
would be planted in 12 project villages. This goal was never 
realized because demand of other villages exceeded supply and we 
weren't able to buy enough seedlings. In the 1983 Plan, how­
ever, we decided to develop a model coconut nursery at Mlingano 
in cooperation with TIRDEP. This was accomplished because all 
parties FOLLOWED THE PLAN which had been developed during the 
previou3 year. As a result, we will have 3,000 trees to distri­
bute during the long rains of 1984. Through the evaluation pro­
cess it was determined that the nursery was an excelJent ilea and
 
should be expanded in next year's program.
 

Progress in extension must be measured in outputs, not in terms 
of how many attend a course on coconuts or rabbit keeping. The 
evaluation must be based on how much output rose due to the 
training course, or follow-up. Saying that 50 farmers attended a 
course on coconuts tells us very little; reporting that 45 of the 
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50 each successfully planted 100 trees tells us 
that productivity

will rise. Evaluation is a fundamental tool in discovering how
 
many people acuually put into practice what they learned.
 

It is also essential to know how many of the people have reached 
the objectives or goals, how many are going to reach them andwhen, why they have not done do yet, how many have forgotten what 
they were previously taught, as well as which teaching methods 
were effective and which were not. If people are not reaching the
objectives you should recheck to make sure they were realistic
goals. The teaching methods should also be periodically evaluated 
against the outputs and modified if necessary. 

How to Perform a Simple Evaluation:
 
By asking the following 8 questions and following the sample

format, an extension worker can discover what progress has been
 
made and whether the situation has changed.
 

1. What were the immediate goals? 
2. Were they achieved? Why?
 
3. What goals remain?
 
4. Did everyone understand the purpose of these goals?

5. What changes have occurred in the knowledge, 

behavior, and skills?
 
6. What teaching methods proved most effective?
 
7.What new problems, or new situations have arisen?
 
8. What progress has been made in training local 

leaders?
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TABLE 4
 

VILLAGE WOWOTE EVALUATION OF PLAN OF WORK FOR 1.1.1966 ­ 31.12.1966
 

Date ...............................
 

1. What were the 
 2. How far were these 3. What GOALS REMAIN
IWOEDIATE GOALS? GOALS ACHIEVED to be achieved? 

1.To teach 12 farmers how to 11 farmers now producing One farmer was prevented
produce fish successfully fish successfully, by illness but still
 
by 31.12.1966 
 keen to learn.
 

2.To teach 25 young farmers All 25 have acquired a None in existing plan

how to grow vegetables by sound knowledge in
 
13.12.1966 
 vegetable gardening
 

3.To teach 20 women to cook 
 15 women have learned and 
 5 women need further
 
nutritious and appetizing adopted the recipes taught 
instruction and practice

meals by 31.12.1966. 
 owing to irregular


.__attendance
 

4. 

5. 

(Reverse side of form in Table 4)
 
Did the people understand and appreciate the purpose of these goals?


Yes. They are very keen on extension work
 

What changes occurred in the people?
 
a. The twelve farmers have taken much more interest in the fish ponds.

b. The young farmers' club has become very keen to take up other agricultural
 

projects.
 
c. 
There is much more interest now In cooking and nutrition.
 

What teaching methods proved most effective?
 
Method demonstrations, magnetboard, blackboard, coloured slides.
 

What changes, new situations or problems have arisen?
 
There has been an improvement in the relationships between adults and
 
teenagers in the community.
 

What progress has been made in training leaders?
 
Project leaders have been taught to do each job, but they require further
 
practice in giving demonstrations.
 

Signed .........................
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ACTIVITY Q : PROGRAM PLANNING EXERCISE
 

SUGGESTEID TINE : 2 Hours 

RATIONALE
 

Program planning has been introduced, the class has already
 
developed a program plan together, and now each student should
 
formulate his own plan to show that he understands the concept.
 

OBJECTIVES
 

Each student, working alone, will create his own program plan. 

Students will know how to make program plans in the field.
 

PREPARATION
 

Have flip chart and blackboard ready.
 

CONTENT
 

Pick a subject appropriate to your group and have each student
 
Vormulate a program plan for that subject based upon his know­
ledge and experience. An example could be Control of Stalk Borer
 
to Increase Yields, or Establishing a Coconut Nursery in a Vil­
lage. The purpose of this exercise is for students to demonstrate
 
their grasp of the concept, not to create a perfect program plan.
 
This would be impossible without the necessary surveying, meet­
ings, and data collection exercises which preceed program plan­
ning.
 

The instructor should circulate freely through the group, guiding
 
and correcting students where necessary. Since all students will
 
be working on the same subject, plans can be easily compared and 
the instructor can make a composite plan based on the input
 
received by all the students.
 

Allow an hour for formulating the plan and an hour for discus­
sion. The program planning chart (use the format you like) should 
be placed on the board and students will be called upon to fill 
in the appropriate columns. This is the same format students will 
be using during their practical exercises in the village, and 
thus will serve as a useful preliminary activity. 
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"Planning"
 

OVERVIEW
 

Good planning proceeds from careful, continuing research and systematic
 
record-keeping. As is stated in Chapter Two, planning must be done with
 
farmers, village leaders, counterparts and government officials. Thie extension
 
worker researches carefully and involves local people in planning to maximize
 
local input into the decisions and plans which affect local life. (Consult the
 
I.C.E. manual M-3, Resources for Development, for an in-depth explanation of
 
project planning and resource manaqement in extension work.)
 

How can local people be included in the planning process realistically? First,
 
the extension worker must become fluent in the local language and comfortable
 
working with interpreters. Language differences can provide a rich diversity of
 
meaninqs rather than barriers to communication. Secondly, the extensionist
 
should proceed slowly and plan to some degree informally in order to be
 
accessible. It is important to maintain records in such a way that they can be
 
easily shared. Extension workers should be sure to focus all plans on local
 
people's goals, not on their own ideas. This will help local planners maintain
 
interest. Concepts and ideas developed nust be cross-culturally appropriate and
 
understandable to local people. Lastly, the extension worker can develop a
 
disciplined habit of always asking others to be a part of the planning process.
 
This may help cultivate a new expectation among village farmers that they should
 
be involved in planning.
 

Planning involves assessment of community needs and identification of the
 
resources to meet those needs. This can be done using a list of questions the
 
answers to which provide a community with the information it needs to design a
 
project. The extension worker can play a part in articulating these questions.
 
The list bf questions is provided as a TOOL in this subchapter.
 

Planning also involves a selection process. Given the limited resources
 
available to any community, priorities must be set as part of any plan for
 
development. Priorities must be aligned with the interests of participants in a
 
planned project and consistent with the goals and values of the local communit/.
 
Prioritizing begins with a clarification of goals, values and participant
 
interests. Then it involves brainstorming (listing without argument)
 
alternatives. When goals are clearly understood, a list of best alternatives
 
can be selected to act upon. Those of lesser importance are discarded, included
 
in more important ideas, or held over for future consideration. These
 
prioritized alternatives are often called objectives.
 

Once priorities are established they are broken down into steps or tasks. As
 
described in Chapter Five, a practical task is immediate, specific and
 
reali-zable. If it is a group task it also is unifying. By using the CO-WORKERS
 
TOOL which follows, tasks can be assigned to specific people, times and places
 
so a detailed plan of an activity can be kept. The specific responsibilities of
 
each person are charted in this way, making evaluation easy. Just by goinq back
 
over a task list of this kind a planner can see who did what, when and where and
 
can assess progress toward a goal.
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100L
 

EXTENSION PROGRAM PLANNING
 

(From USAID/Kenya Ag Extension Manual)
 

Analyzing the facts
 

Let us analyze some of the facts.
 

If the farmers were asked about the situation they would probably say for
 
example, that coffee growing is becoming less profitable, and in part this may

be a fact. A closer look 
at the situation will reveal other pertinent facts,

possibly hidden to them. 
 It is for this reason that the extension worker is

needed. You can see things farmers are unaware of. 
 They may not be in touch
 
with world production figures. 
 They may not realize that by increasing the
 
amount of top grade coffee their profits on an equal yield can increase. They
 
may not know how to increase top grades through cultural 
practices. Extension
 
workers have the know-how. Farmers are 
not likely to be conscious of the effect
 
of lower grades 
on the country's foreign exchange situation. These facts are
 
known to the extension workers. For every situation there are basic facts which
 
come to light when the situation is analyzed by the extension worker in
 
cooperation with the farmer.
 

Identifying the problem
 

From the situation, the problems can be identified if the facts are 
properly

analyzed. In the analysis above, it is clearly stated that top grade coffee
 
production is declining. Fron the standpoint of the country, the problem seems
 
to be a decline in foreign exchange due to decreased sale of premium priced
 
coffee.
 

As an extension worker you realize that a decreased premium grade can be caused
 
by poor cultural practices and processing. If the farmer has not been trained
 
to use 
improved practices he fails to understand why his profits are declining.

The role of the extension workers becomes quite clear.
 

When all of the problems have been identified the next step must be undertaken.
 

Establishing the objectives
 

We know where we are by studying the situation. The objectives tell us where we
 
want to go. If grade one coffee is found to be 40% of the total 
production and
 
we want it to be 100% that would be our objective - to increase grade 1 coffee
 
from 40% to 100%. Although admittedly such a goal would be extremely desirable,

it may not be realistic. There are several requirements for setting up good,

realistic objectives. They must be attainable. We might be able to increase
 
Grade 1 coffee from 40% to 60 or 
70%, that would seem realistic, and
 
consequently more attainable. Having 
set figures, it gives us something to
 
measure. Just 
to say: "Increase Grade 1 coffee", is not measureable. We can
 
determine from production figures an 
amount such as 10 or 20%; that is something

measureable. The objective here is to 
increase qrade 1 coffee production. The

goal is to increase it some definite amount, 10 or 20%. If the farmers can be

made to understand what we 
are aiming at and what is required to achieve it,
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What is Agricultural Extension Program Planning?
 

It is an outline of activities to be followed by extension workers and farmers
 
toward solving 
a problem the farmers want to have solved.
 

NOTE: It has been stated that the problems are those that the farmers want to
 
have solved. Before problems can be solved it is necessary to have a mutual
 
understand of %hat 
the problems are. We are walking on dangerous ground when we
 
assume we know what are the farmers' problems. At one program planning session,
 
a group of agriculture officers decided that the cotton farmers' biggest problem
 
was in harvesting the crop. An interview with several of the typical, local
 
cotton farmers revealed that they were more concerned about getting insecticides
 
at the right time and of being able to 
pay for them. Had the officer group

proceeded to plan to solve the harvesting problem, the farmer would probably

have lost interest in the final program because it would not have met their most
 
important felt need. We must not presume to 
know what the problems are until 
we 
have the facts to support our appraisal. 
strengthen a program with facts. 

The use of a systematic approach will 

The Scope of a Program
 

Before proceeding, there are some important questions to be answered. 
 Who
 
develops this program? It is a task of the extension worker to write down the
 
program, but it must be developed with the farmers, to 
help them solve their own

problems, using your assistance. Not only must it meed their needs, but 
it must
 
met those of the local area, district and the nation. Should these basic
 
requirements not be met it will 
be your program and you alone will not be able
 
to carry it through. 
 Thus a well planned program is broad-based and meets the
 
needs of a large number of people. By proceeding one step at a time we can
 
achieve that objective.
 

A System for Planning Programs
 

A large number of facts are 
needed before we can draw conclusions as to what are
the problems. We need 
to know the situation before we can make an appraisal.
 

The situation
 

We collect and analyze facts to understand the situation. A study of the
 
situation for one crop will 
serve as an example for a typical approach.
 

(Extract from the Kenya Development Plan, 1966-70, pp 53-55)
 

"Coffee has been one of Kenya's principal export crops for many yedrs. It has
 
enjoyed a considerable share of the world market. 
 This share has been as much
 
as 36% of the total market and not less than 17% 
since coffee was established in
 
Kenya. 
The world supply is in surplus, thus competition for the market is
 
increasing. New plantings have been stopped in view of the situation,

consequently any increased production must come from the acreage already
 
planted.
 

"The high quality of Kenya coffee gives 
it an advantage in competition for the
 
world demand. Unless this quality is maintained it may lose this advantage.

Over half of the 250,000 small growers in this country have had little
 

SSM 7-17
 



SSM 7.1.2 Gibbons and Schroeder p.272
 

the objective and goal are understandable. Every objective must be written so
 
it can be understood by those who are to achieve it.
 

Before an objective will be achieved, it must be desirable. The fact that
 
coffee is paid for on a grade basis and because Grade 1 coffee commands a higher
 
price, you have good reason to assume that it will be desirable.
 

We can only be sure an objective is desirable when are are certain that the
 
returns are in balance with the effort required to achieve that objective.
 
Further, the increased returns must be wanted enough to cause the farmer to
 
expend the necessary effort. It may require a great deal more effort and
 
expense on some farmer's part to much mulching material for his plantation, if
 
mulching is a requirement for producing an increased amoung of hiqh grade
 
coffee.
 

Objectives which meet all goals are better founded than those which only
 
partially meet a few. If increased top grade coffee production benefits the
 
nation, the province, district, division and the farmer as well, there is more
 
reason to believe it is to be achieveable than if it only benefits the country
 
at large
 

When setting up objectives it must be kept in mind that their function is to
 
change the situation from what it is to what is desired. There are three means
 
of moving in the direction of achievement. We, as extension workers can change
 
knowledge, attitudes and skills. Some times all three factors must be changed
 
to achieve an objective.
 

Determining the solution
 

Solutions must relate to objectives and the objectives must relate to the
 
problems. We are likely to find some problems which have no immediate
 
solutions. If world markets are flooded with commodity we may not be able to
 
solve their problems. The only possible alternative might be to increase
 
qiuality and efficiency, thereby becoming more able to compete with declining
 
prices. We may be able to eliminate East Coast Fever in cattle, but we do have
 
a relatively effective control. Even then the alternative solutions must be
 
economically practical. Furthermore, the solutions must be throughly understood
 
before the desired results may be realized. This often requires educating the
 
farmers in the use of the new methods. Our job as extension workers is to teach
 
rew and improved methods.
 

Selecting the methods
 

When known and practical solutions exist the methods of getting farmers to adopt
 
the practices must be chosen. The more times people are exposed to a new idea
 
through a variety of channels, the more likely they are to adopt the idea. This
 
can be taken to mean that if you use radio, newspapers, meetings, and
 
demonstration, the farmers are more likely to adopt the idea than they are if
 
you reach them with a single method.
 

Farmers must pass through five stages of adoption before the idea is accepteJ.
 
If they are not aware of the idea, they will never become interested. If they
 
are not intereste7-They cin't evaluate its usefulness. If they don't evaluate
 
it, they will never try it. If they never try it, they certainly wcn't adopi5FT.
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These five stages of adoption are as inseparable as the links of a chain.
 
Adoption takes place only after people have successfully passed through the
 
five stages.
 

The written plan
 

The written plin for extension program planning can be referred to as the Plan
 
of Work or the Calendar. Which every you prefer to call it,one important

feature is that itmust be written. It must also include the thinking of the
 
farmers. Involve people in the planning, the operations, and the final
 
evaluation, otherwise, it will be your plan and only yours. Design it so you
 
can say; This is our plan, not mine. A good plan designates responsibilities.

It tells who will be responsible for what, how, when and where. Consequently,
 
we plan with people, not for them.
 
A good program
 

A good program can be measured by its characteristics. It develops leadership

ifyou plan with people. The leaders come to the top when given the opportunity

to participate. 
Their usefulness to you and the program is almost unlimited. A
 
part of your job is to recognize leaders ind to make use of their qualities. It
 
has long been known to extension workers that the local leader has more
 
influence in getting farmers to accept 
new ideas than has the worker himself.
 

A requirement of a-good program is that it is family directed. In countries
 
where women commonly cultivate the crops it would be a mistake not to include
 
them in the program plans. Demonstrations in the field or courses at farmer
 
training centers may be designed to include them. The importance of youth's

influence must be considered when it is known that they are less resistant to
 
change than their parents. Many new ideas are accepted by the parents after
 
seeing their children successfully adopt practices. A program is destined to
 
fail if the women and children who grow and harvest crops reject the idea of
 
planting them.
 

Who participates?
 

Certainly the farmers must participate because it is their program. Among the
 
farmers are the local farm leader-s. They will be your must useful participants.

You, as an extension worker will take 
a leading role in the plan of action. You
 
give it direction: The district and provincial staff provide coordination by

assisting you inmaking it possible to get seed, insecticide, fertilizer and
 
other materials and assistance beyond your reach. They also coordinate
 
activities from your level up to the national goals. Specialists are needed to
 
help solve problems for which they are more capable and better trained. Others
 
who may be needed are supply house representatives, chiefs, sub-chiefs and
 
occasionally officers of the administrative branches of government. Th6 more
 
people you involve the greater are the chances for a successful program.
 

Evaluation
 

Evaluation, the observed measurement of the planned program, must be continuous
 
at every stage of operation. As edch planned action is completed, the results
 
must be examined against the objectives of that action. If the activity was
 
successful we should be able to describe why. Equally, if the action was not
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successful we should also be able to note the reasons. 
Only then can an
 
extension service be truly effective.
 

Evaluation at 
any stage may affect the future planned program actions. More

activity in the form of demonstrations may be needed; more Information media may
need to become involved to reinforce the presentations, or it may indeed be that

the rate of programmed improvement is faster than anticipated. Source of the

features of the plan can be modified as evaluation suggests.
 
Progress reports at all levels are based on 
these evaluations; in fact the
 
evaluations are the progress reports.
 

The Action
 

The best written program plan isonly a 
piece of paper until it is carried out
 
by action. Hanging it on the wall for all 
to see creates an interesting room

decoration, but it remains only that unless the actions planned 
are carried into
the field. 
 The program plan is your working plan and itmust be worked to be
 
valuable.
 

PLAN YOUR WORK - WORK YOUR PLAN.
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LESSON 4 -10W 10 WRITE A PROGRAMME PLAN 

AM CALENDAR OF WOW 

TIPH 2 llours theory 
10 Hours practical 

onJFCTIVF.S
 

a.Sludents will be nble to write situation statements that are
 
clear, detailed, and dooumented.
 

b.St.u(lenl.m will le nble to write objeotives that are specific,
mensrnble and renlJinto. 

c.Students will be ,ble to write activities that are comprehen­
sive, yet specific, that specify who is responsible,, and that 
will reach the objectives set. 

d.Students will be nble 
to develop a suitable calendar of work.
 

ADVANCE PREPARATIONS:
 

--- fnke forms available to students for writing progrnmme plans. 

-- IIve snmples of goad nnd bad situation statments, objeottves
and nactivities nvailnble. These could be displyed on an overhead
 
pr,.jector. 

ndenl.s inve week-- II nhould their own 8 prntical dal.a tabulated, 
Analyzed and ready to use in writing programme plans.
 

LE83ON CONTENT: 

We already noted that necessary components of a programme plan
 
include:
 

-A situation statctent
 
-long range and annual objectives
 
-activities.
 

If space allows, it is wise to have an evaluation or report

column on the same page as the plan (see Appendix A). Other 
information, such 
as funding and staffing requirements, is some­
times required. In fact, specially funded projects may require a
 
special and different format.
 

In this lesson, studont.s will study and practice writing each of
 
the major component parts of a plan. Also, each student will
 
select one extension programme useful 
to the village he/she

surveyed, and write a complete programme plan for it.
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PLANS FOR PRACTICAL: 
 WRITING SITUATION STATEMENIS
 

TIME 2 Hours
 

SUGGESTED PROCEDURE:
 

-Review the lesson content with the 
students
 
-Show students examples of good and bad situation statements.
-Hnve students improve one or more poorly written situation 
statements. Collect nn(I 
critique these statements.

-Finve students 
write n situation statement based upon information
the tutor provides to them. Critique several sample statements wr tten by students, then return all the stu­statements to the
dealo.- for rewriting. (See Appendix A for a few samples).
-Hnve students write n nituation statement based on their villagedal.a from the 8 week practical. Collect and assess these. Let

them see the assessment scheme.
 

L.EAnDN CONTENT 

The Situntio" !Il.ntemonl.
 

For ('ah extenniot programme, 
 one must write a clear, detailedanIdocumented stntrlmnnt of the problem and its potential solu­til"n. Vngue nt.satenr.ii.n and unsupported opinions are indicatorsthat progrnmmes ar he ing selected and planned on the basis ofunvha] lenged and uIIve'fled assumptions. This Is very risky. Itis tIhe reason many programmes fail. Facts and figures are needed.If one lacks facts, he probably shouldn't initiate a programne,
but rather should vrlJoot further information. 

lit t ntnl.temout describes:h I.i11 t.uton 


1.the severity of the problem
 

2.actions already taken, and
 

3.posslble soliLons. (See sample statements In Appendix A). 
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-The statement oontnins: 

l.a desnriJlt.J(i. of the problem 

2.action already taken, ifany 

3.probable solutions 

or 

Poanible 

oonstraintal 

points 

20 

-The statement is clear detailed and documented 
vs. vague, general and based on unproven assumptions 50 

-The sttitement makes a strong case for action 
to be taken 20 

-The statement in well written (uses good
English or Kiswahlli) 10 

100 
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PLAN FOR PRACTICAl.a WRITIrWG OBJECTIVES
 

TIME 
 1 3 Hours
 

SIIGGESTED PROCEDURE:
 

-Ineviets Lesson Con.elit with students 
-tIhow students examples of good and bad objectives.

-Iemonstrate how to Improve the objectives appearing in the 
exercise in 
Appendix B and have students do the exercise (30

minutes). Collect and critique the students' work.

-Have students write objectives (long term and annual) based on
their village data, from the 8 week practical. Collect and assess 
these. 

I.F.SON CONTENT: 

I',ogramme Objectives:
 

(b.lectives tell and what want toun others we acuomplish. They
Ahould : 

- Be speoifio (tell what, when, where, how muoh) 

- Be mensurable (for example - increase ward maize yields. 
30% by 1986). 

-Be realistic
 

-Provide a means for evaluation. (for example, if the objec­
tive is improved leadership it might be indicated by in­
creased meeting attendance, amount of discussion at meetings
and problems solved. These could be used as a basis for
 
evaluation.)
 

-Be expressed in terms of changes to be brought about In
people. Desired changes are often stated in terms of know­
ledge, skills, attitudes, yields, etc. Seldom should they be
expressed as numbers of extension activities (eg.100 farm
 
visits).
 

-Include purejy human development objectives (give ex­
amples), also organizational improvement and staff develop­
ment objectives where these are important.
 

-Include women and children. 
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ASSESSMENT SCHEME FOR OBJECTIVES
 

Possible points
 

-The objectives nre aimed at solving the
 
problems mentioned In the situation statement

and are compatible with the probable solutions, 
 10
 

-The objectives are realistic. 
 20
 

-The objectiven tall what, when, where and how
 
much. 


30
 

-The objectives are expressed in outputs such
 
as yields or changed behavior, never in

activities. 


10
 

-The objectives are measurable and specific.
(Example: X wJll happen by ..... date or X

will happen, as measured by.......). 
 10
 

-Htuman development objectives are included
(Example: training, awareness, etc.). 20
 

100
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PLAN FOR PRACTICAL I WRITING ACTIVITIES (PLAN OF ACTION)
 

TJIIIE 2 Hours 

RECOMMENDED PROCEDUREt
 

-Roview the Lenson Content with the students.
 

-1lnve students practice improving the "activities" which appear
 
in the exercise in Appendix B. Demonstrate techniques for improv­
ing the first 2 or 3 activities, have them practice on the re­
mainder, then hold a critique of their work.
 

-Have students write activities for their own programme plan. 
(Based on 8 week practical data). Collect and assess the 
students' work. 

LESSON CONTENT:
 

Exl.ension Activities
 

--Activities are our means of reaching objectives.
 

--Numerous activities are normally directed toward reaching an
 
oh.ectlve. Thene should be stated In detail (what, when, where, 
how much and who Js responsible). We need to repeat ideas and 
rvnli)force experJe oem in order to move farmers from initial 
nt(i.pLlet.n, to noonlt.nnee of a new way of doing something 
(0 Lpt!lo ).
 

--- The netivitien .ypically specify a method (Example: visit 
fvt inern, demo!,nt~rnt.e fertilizer response, conduct six meetings, 
ohlaln technical assistance, help village leaders procure 
Iunputs) .I 

-- ultiply your eff'orts by building many people into your plan of 
n(,t ton. 

-- line nnumberiau, ty.stem that indicates which activities go with 
enoh annual objeclive. This insures you don't forget to deal 
with each objective. See the example in Appendix A. 
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ASSESSMENT SCHEME FOR WRITING ACTIVITIES 

Possible points:
 

-There are adequate numbers and appropriate 
types of activities planned to reach each 
objective 40 

-The activities show what, when, where, how 
muoh and who is responsible as opposed
t" being general aiid vogue. 30 

-Thi activities are usually expressed in terms 
of extension methods (Example: conduct 6 
naetins). 10
 

-The activities Indicate that farmers and others
 
will participate in the extension programme. 
 20
 

100
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LEVELOPINGPLAN FOR PRACTICAL D A CALEIiAR (IF M'Jr 

TIME : 3 [lours 

RECOIIHENDED PROCEI1UREI
 

Have the ntudnti cointruot an annual calendar of work from the 
progrnmme plios they have developed. See samples in Appendix A (1
hour). 

LESSON CONTENT:
 

The Calendars or Work 

A enlendnr of work ;.1nos all the activities in an extension 
workor's various programme plans into a single calendar sequence.
While each individual programme plan helps us to see ench 
programme as a whole, our calendar helps us to quickly see the 
work we must do during any particular period in all programme
 
areas. This-is a necessary time management tool. One should be

writ.ten for each yenr and 
one for each month or quarter.

Calendars of work need to be added to and updated continuously 

nnual calendar showing approximate 

because details ohnnge and are confirmed as the time of an 
activity draws nearer. 

Every 'planning unit (village, district, etc.) should produe" nn 
dates for major extennion 

nssliited activities to tnke place. If too much work falls in one
perb'd and none In another, some changes in timing or even types
of programmes may be required. 

A copy of the niinunl onlendar of work should be attached to the
nnnlnt programme p1niin when they are submitted to one's super­
vJsting officer and one copy posted in the extennion offJce for 
reference. 

The monthly calendars of work should specify the days on which
actJvities are to occtur. At least 2"x 
2" of space per day is 
rec(mmen(ded. Start filling In events on new calendars as soon as 
their dates are set;. Save expired calendars for the record of 
activities they provide. 
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ASSESSMNENT SCHEHE FOR ANNUAL CALENDAR OF WORK
 

Possible points:
 

-All major activities shown in the programme
 
plans are listed on the calendar. 


-Entries represent the full range of roles
 
an oxtension worker has. 10
 

-The nctivitles nre specific. 10
 

-The activities are allocated to the week or part
 
of the month when they will be accomplished. Host
 
activities cannot be asnsigned yet to the day or
 
houor. 10
 

-The calendar has ndeqinI.e space to make the needed 
enlrJes. 10 

-The calendar is neat. and attractive. 10 

1 00
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REVIEW OF KEY POINTS FOR LESSON 4
 

-- Situation statements must be clear, detailed, and documented. 
lf one cannot document the problem, he/she hasn't collected 
enough Information to justify the selection of extension pro­
grnmmes. 

-- I,.ng term objectives (one to several per programme) and annual 
objectives (one to several per long term objectIve) must be 
sp,.tfic, measurable and realistio. 

--I'tenston nctlvit.In are our means to reach objectives. They
mUnt be numerous and specific. They should specify what, how 
manjy, when, where, how and by whom.
 

-- The components of a programme plan are inter-related. One 
component flows out of the previous component. (Eg: objectives 
from the situation and activities from objectives.) Note how the 
numbering scheme on example plan number 1 in Appendix A ties 
objectives and activities together.
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APPVMT.X A (Con-l-nued) 

Part 2 -

Nonth of J..UA.'Y 
ANNUALr V 

2 

Demonstrate wee-

3 

wit cx-c-._gtvatd 

4 

on 4 fields. 

_________THU 

5 

(with committee) 

6 

FRI 

Supervise fort-_lizer application a co-t£nid. 

aO 9 ue..ie 01aer1e 
staking tomatoes in coa=unal plot 

Speak at village meeting. 
Survey plans and plow parts needed. 

11(Help 
12 

Place 

13 
committee. 

signs on cotton demonstrati ns) 

W 14 15 16 
Check up on irri 
Select trainees 

17 18 
ation Committees Prgress. 
r-ox cultivaticn demonstrators 

19 20 

Hake 5 fox* visits per day
and make a survey of maize 

to teach farmers 
cricket & bean beetle. 

Potato beetle cont 21 
Observe spraying & assist farmers) M 

21 22 23 24 25 
Plan with village a comittee about 

crop storage for upcoming crop. 

26 7 

28 29 30 Start a record cf farmers 
who weed & don't weed. Compare"withVield at end of season.¢ 

write a. rncnth.ly 
report 

Visit District Off ce for monthly 
training & supervision. 
Checkon storage facility funding. 

Check up on insect cide delivery. 
Visit Research sta ion for fertili 
zer info. 

0 

x 



SACp.Z IUBER X 	 EXTE X0N PRCGRA24 PLAN ff Z 7CR YEAR 1982 

, 	 IW-A:ARD, M _dAP A Z - -.- , DODOMA REGION, EXTENSION WORKERS: ........... ........... ...... . r
 

:=NSION PLAN FOR: Rans- DestockinE NAME NAME .NAME NAME 

r 
RA* 

ACTIVITIES TO REACN9N(Z 
SITUATION PROBLEM OBJECTIVES: 
 ANNUAL OBJECTIVES OBJECTIVES: DONE ACCOXPLISHNENTS 

There are 1C1,000 cattle. 	 I. To develop a 1. To convince the I. (a) Continue to make 1. (a) 23 home visits were
 
and 42,000 sheep and goats 	 keen awareness of local leaders of the home visits to leaders 
 made in 9 villages about
 
in the Mpwapwa District, the 'mportance of importance of range in 8 villages to create this program.

grazing an area =f 3 00 a.l r_nge =--ag ment management practices interest. January-arcn. .b14 leaders visited a
 
(1.4 AU per Ha.) ar ing the people and of the great
 

reaeesed by potential of Increased (b) Tour an improved village where stocking rate
as 
a , e :-ssina off-cake "-neassed by range site with leaders. has been proper for past 4

rapidly in rec-.~ ears reessicn,. e esl byl-March' - April. 	 years. Visited c.imax sites ". to 
-1d aco' =s) the :eaders, wi1ing-	 Fs­a point and. -i,.e--e mess to persuade (C) Meet wi- atibriai and at airport. >


leafy' annuals dr..ae. ET% Z. 7c deve.p kno od 
 Very Lpregsive o villagers ' 
of total cover.) The offtake 	 !edge and skills " 
 These leaders agreed to push
 
of TUN is ESTIMATED BY FINCH 	 about range manage- 2. To develop some Marketing Corseittees. for destocking in this

TO BE 13% of what it would 	 ment (to be measu- general knowledge April - May. dist-ict. 

be in climax condition, 	 red by informal 
 about how to manage 2.Discuss principles of (c) Met with 5 corsmittees
 
Erosion is serious in spots. 	questioning at ranges among leaders range management during good discussion but conti­

meetings and at and others, all home visits & meet- nuin& opposition. >
Cattle are sold or butcheredwel 
 ings. January-Dcemb-r.

at an average weie-t of as by actions). 3. To develop prelimi- 3.(a) After gaining 2. Done during the 23 home 
359 Kg after 5 ye-rs growth. nary plans for a de- approval (legitimcy) visits, during the Produc-Thus they consre 3.2 times - 3. To destock 20% stocking program and from leaders & supervi- tion and Marketing Committe 
the food necessary to ralze by 5 years, 25% by gain support for them. sors to engage in destock meetings and during the 
a ado al to this weight if 10 years and 30 4. No effect this year. ing, & after getting tour. 
done in 2( years (where by 50 years. leaders' separate ideas, 3. (a) Support gained from
abundant food is available). 5. & 6. Create interest develop a tentative plan 14 leaders, 4 undecided, 5 
50% destoc-king50 could To byoff I in reseeding and water of action with Production agas 4 &ndecideddstcknEcotar4. ke ofincreasemeat against. CCM & Comit-tee
increase the offsake of mea byrs development among Narketing Committees members all favorable. Idea­

by 3.7 times within 10 years and 'nn 50 lDistrict Coamittees t­
willingness to July. -theL were c--iled and a plan(see tye Finch rport, 1967),

Cat le distribution would 	 years. develop a plan and develped. Plan approved by(b) Discuss the plan-at Dist-ict Development

improve if water was more 
 5. To reseed 2% of request government 3-6 public meetings. Co-rmittee. 
widely available, 	 the range in 5 fi-ancial support 
 Collect ideas for improve (b) The plan was discus­

years. (- azury 1983). ment of the plan. Sept - sed at only 1 public meet­
6. To develop 13 	 December. ing. Lack of time and
[
stockponds or 	 4. -transport.

wells Ln 10 years. 	 5.& 6. Part of activities 4.i t

1 & 2. 	 5/S.Did gt to this step 

(r7ittirim 1 ,,.t 1, bv L. Pickett while teachina at MATI Nowamwa in 1977.) 

CL 



SAMPLE VMi 2 A PRGRAM PLAN. FROK if'A 

P2olm Objectives Plan of Act== :d--M :as PersonsJ Responsible
 

Farmers are To teach Staff meeting to Early I DAO & Sta" 
not a of I farmer.i to organize details Dec. I 
the advantage I use hybrid I 
of using hybrid seed and 
maize seed and l fertilizer _ I 
fertilizer, con-J to be able toI 
m t-e-ty m-y ret 20 bags. %seetin t intrcuce .Mid- DAO down 
are Z-.=_ p;laI idea of c--wi-. hybrid IJan. thr-n AAI to 
ing their nati-. maize. Hae natize and! far:ars 
ve seed which hybrid seed cobs. .and-
yields about out details for plant-
5 bap per Ha. ing. Use farmer testi- I 

moniels. Get estimate Ifor 
of seed and fertilizer 
needs. 

wII 

-, Maize planting demont-! Mar. DAO thru 
ratio annonzement by 11ot Als to 

I chiefs at markei. Use I farmars. 
posters I 

Cnduc=t method demon- I I 
Iaration on planting Iu I o 
and fertilizing hybrid a farmer sa 
maize. Recognize the Shamba. 

cooperating farmer. 
Plant half acre native I 
seed for check plot. Iat 

- Taken from, A&-icuritral XxtenSion Traiing, by J.D. Fisher, R.A. Wesaslman and others, USAI, 

Z7-.._,-.. 

I Feedbacz fro officers. Plans 
for Jan. 16 meeting discussed
 

I Poster being designed o show
 
I vvalue of hybrid seed by AIC.
 

eeting hel Jan. 11. Over
 
2W0 faroars = -ad. A.4 e
 
;i n'arong ds-at-_=is annou=ced.
 
-'2-_ers -- ated c er- s with
 

.ybrid setd. Created great farmer
 
interest. Got farmer comasltenta
 

seed end fertilizer needs for 
2350 acres. Suppliers notified.
 
Got seed and fertilizer commitments
 
ear ier nero year. Suggest re­
fresher course for TAs and ATAs.
 

I Attend chiefs meetings. Talk with 
I local leaders and farmers. DA 
I spoke at 3 chiefs baraz= 175 
I posters placed. 

obLle van called in to create 
I terest. Questions and answers 

fro= the farmers *Farmer worries
 
about price . 12 result demonst-

Sfrltios. OngoLnj radio arounce-

Ot made about demonstratio .
 

year, organize FTC course for 
farmers. Response to mobile cinemas
 
indicate need for increased van use.
 

Nairobi Kenya. 1968. ("
 

x 



Problem Objectives Plan of Action When Days Persons 
Responsible 

Evaluation o 
X_ 

-- s" 5 -Z3assist "ri-- 1-' AAI -,crt findtigrpof visits to DAO. 

farmers with planting. TAs repo-t hybrid seed plant-
Note problems. ings up 35% in area.*Rains 

arrived. Moat plantings made 

in good ti'e. Next year use 
van before pla-nting. 

Farm visits to check March 5 A7 and AAI View growth and note plant 

progress. Note pestsand 
oter problems. DAO mks 
few "sits.t st 

a 
15 to 
J=e 
iD 

progress. Compare native tc 
hybrid g-cwth. *Rains appear 
- betob ale Test plots 

sa= le form tf reporting. look proising. Farm plots 
appear normal. Dusting 
demonst-ationu.15. Insect 

presence normal. 

Announce yield Aug/ I DAO to chief. Note response of chief and a X 

inspection meeting 
thr ough chief. 

Sept few successful farmers. *Farm 
tour conducted from 3 locations. 

> 

Use posters Expand number of tours next 

year. -Posters attracted much 

interest. Expand use of posters 

next year. 

Hold meeting to inspect Sept I DAO supported -Native test plots averaged 

yield. Display yiele.-. 
.MakecLmparison of hyurid 

15 by full staff. 7 bags. Hybrid plantings 
averaged 18 bags. Test plots 

plots. Use farmer test-
monials, photos. recognition, 
speech by public officials, 
press release, radio spots, 

--­ ce expansion-plan 

averaged 21 bags. Next year 
give =are emphasis to storage 
problems. Attendance.sat-tafac­
tion of adopting farmers, 

increased yield estimate. *DC 

for next year. awarded 50 farmers achievement 

certificates for yields of 
25 bas.*Plans for coming year 
announced. *Radio release 

announced program a success. 



Problem Objectives 

*Item indicated find evaluation .-sul 

Plan of Action 

. 

when Days 
Perons 

Re:ponsible Evaluation 

AI - .___ 

Article appeared in th glanning
period. 

Higher yielda *ore than offset 
lower prices. 
Encourage attendance at fIm:l 

mseting by VZPs. 

W 

I~ 

W 

CCn 

C+ 

NI 



Sample 3 FARM~ER TRAfflNG ND M-3~ * EnS 

?e.-.zd owvered: Farmer Training Wing: Uvole Agricultural Cemtre 

SITUATION LONG TERN GENERAL OBJECTIVES WORING OBJECTIVES (This Year) 

M 

Intr-vieve with 237 men and 196 
=in the five T= villages have 

dfiected attention to the m_4o= 
coustr-sints in farming. They appear 
to be 1) labor.especially in land 
preparation and weeding operations 
2) technical knowleage of vegetable 
and potato production, particularly 
among women 3) inadequate supply of 
inputs such as fertilizer, pesti­
cides, seeds and oxen equipment. 
The on-far labor problem is exacer-
bated by time spent by woman in 
collecting firewood (often necessi-
tating one day's trek to the Usangu 
plains) and in grinding maize, 

To support oxen traction 

To demonstrate approved practices in 
vegetable, potato and maize prodnction 
to women. 

To reduce the labor load on women 

Establish 5 ha. de-ostrstion 
pastures (zero-grazi.-g) in each 
village. 

To assist farmerx in the reai­
and acquisition of farm equipment 

To test the use of a U&C row-weeder 
in the villages 

To provide training in animal 
traction and animal carw 

To establish 2 ha. communal plots 
which will be used by.tutors 
as land laboratorio 

CR 

M 

x 
> 

caoOR 

To provide new varieties of beans & 
maize for production and palability 
testing by women 

To demonstrate the use 
especially in maize. 

of urea, 

To establish tree nurseries in two 
villages to serve future forestation 
In the five village-s. Increase the 
n-her of ginding mills in amisted 
villages by helping leader, .to acquire 
loans. 



Sample 4: 

Persons responsible: Klozi, Mtukwe, 

EXR-SICN PROGZA%1 PL ! FOR 

Y.I. Wrc -
tutor of Hort, AS Research 

CITRUS PR--?).-CTION PROGRA. 

WA 
represencative,& representat1ve 

Year 1982/83 

from DADOs office 

1. 
SITUATION (PROBLE:M) 

Researchers confirm and 
home visits and personal 
obser-tations have verifie 
that citrus grows vell, 
but farmers have Little 
interest in its husbandry 

1. 

LGNG RANa -iECTIVES 

By the end of 1983 
90 farmers will know 
he importance of good 
husbandry - use of proper
varieties, use of manures 
and ccerzial fertilizer 

- plazt.ig, cntrol of 

i--= and diseases. 

TRIS "ZAZ.'s :Bj-CTr.7Z 
1. Same as at left 

ACTIVITIES TO*PEACH OBJECTIVE 

1. Plan and sponsor a 2 day 
citrus production short 
course at the Wing for 
90 people in 4 groups
Mke a plan for post­
course action (by farmers 

and x-etanio workers) 

2. Sources of vitamin C amon 
farmers in Mtwara area are 
scarce ainco the presentl 
raised citrus receives 

little or no care and 
hence has low production, 

2. By the end of 1983, 
each of 90 farmers who 
attend a short course 
will have grown 5 citrus 

trees of different 

varieties. 

2. At lease 50% of farmers 
attending short courses 
will grow citrus in their 
backyards by the end of 

this year. 

2. Meet with village leaders 
to assess the type and 
number of citrus trees 
required in each village. 

L2 
CA 

-

3. There is a great demand
of citrus products in 
villages and townr. 

4. There is a dit.srict citrus 
4 nursery around Mtwara 

which is stocked with 

seedlings for distribution
(Nacheniele). 

3. Production of pawpaw will
increase, 50% in the 6 
project assisted villages. 

by 1986. 

3. 500mw pawpaw seedlings
will be planted in the 6 
villages this year. 

3. Liaise with the RADO/D&DO 
on the acquisition ofcitrus 
seedlings. 

4. Meet with crops tutors to see where students can 
assist. e 

5. Follow-up in villages by 

conducting group discussions. 
making home visits and providi­
ng direct assistance to farmers 

to 

-' 

6. Show pictures and charts of 

successful citrus production 
at the Saba saba celebration. 

" 
.0 

M 
C. 

CD, 

0­
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APPFfIX B EXERCISE AM DISCUSSION PAPER FOR WRITING 

OBJECTIVES AND ACTIVITIES FOR AN
 

EXTENSION PROGRAMME PLAN
 

(For use in Lesson 4 practicals) 

I.Exercise on Objectives
 

Keeping in mind the criteria for good objectives, especially

specificity, measurability, and realism, improve the following

objectives. Add additional words where needed, delete or change

where needed.
 

A.Long Range Objectives (District Level)
 

The original objectives are shown first and Improved objec­
tives and comments are shown second for the benefit of the 
tutor. 

1.To castrate more cull cattle each year. (too vague)
Impt-oved : By 1988, farmers in the distriot will in­
crease the castration of male cattle from the present
15%. Or by 1988, 50% of livestock growers will be 
castrating their non-breeding stock. 

2.Increase the district's milk production by 15%. (no
 
target date)
Improved , By 1990, 100 livestock keepers will be 
involved In Ihe nmall-dairy project and will be obtain­
ing a 100% inorease in production, or 4.8 liters per
day. 

3.By 1911, Irinrease the peoples' awareness of nutri­
tional requirements of pregnant and lactating mothers. 
Improved: Add - This will be indicated by changes in 
diets noted between the pre and potit-project surveys.
 

1.By 1905, nil livestock keepers will be using animal
 
manures on tirps . (too idealistic) 

5.By 1986, farmers will have reduced losses of grain in 
storage by 50% (unrealistic goal) 

6.After five years, the district's farmers will have
 
gained the oonfidence and ability to solve many of
 
their own problems, as noted in their daily operations.
(Not readily measured, but this may be the best that
 
one can do with this type of objective).
 

7.Farmers receiving training will understand the plan-
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nir:3 and record keeping process.
 
Improved: 20 rarmers will keep farm records by 1986.
 

8.To conduct demonstrations in every village once each 
5 years. (This is an activity not an objective). 

B.Annual or Present Year Objectives (District Level)
 

Hake The Corrections Needed:
 

l.Hake land use maps of X, Y, and Z villages.
 
Comment: This is acceptable. It tells us what, where
 
and how much. We know when, because this is an annual
 
objective.
 

2.To vaccinate the villagers' cattle when disease out­
breaks threaten.
 
Improved:Prevent disease outbreaks from ocouring by
 
vaccinating exposed cattle.
 

3.Train farmers from six villages in farm record
 
keeping.
 
Comment:This in an activity. It would be better to
 
identify expected end results. Example: Farmer will
 
keep farm records.
 

.Assist researchers to find improved varieties.
 
Improved:To initiate verification tr-ials on maize in 2 
villages with researchers.
 

5.Improve cassava yields.
 
Improved:Increase district yields of cassava from 2.7 
to 5 tons per acre in 10 years.
 

6.Develop the leadership skills of all people involved
 
with extension projects.

Comment:Although this objective is general and vague, 
it could be allowed as a reminder that in every activi­
ty, we extension workers need to develop leadership.
 

II.Exercise On Activities
 

Improve the wording of the follovitng "Activities," if needed, or 
comment on them. The activities should be specific; i.e. state 
what, when, where, how many and who is repponsible. 

1.Visit leaders to convince them to support a wood lot
 
project.(March - April). 
Rewrite: Visit six leaders in March - April to convince them 
to support a wood lot project. (Dwano Shamba and Production 
and Marketing CommiLtee chairman). 
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2.Establish 6 grass variety demonstrations in January (Ward

Bwana Shambas)

Comment: Quite good. Change to: (Ward Bwana Shambas and 
villagers).
 

3.Conduct a 2 day short course 
for all 10 cell leaders on
 
livestock managemont.

Comment: Add - (November) (Bwana Shamba and Livestock 
specialist).
 

II.Deduce grain niorage losses (Nd. Jamal)Comment: This is a poorly written objective, not an 
activity.
 

5.Teach the Production and Marketing Committee members howto plan while meeting with them regularly. (All Bwana 
Shambas)
 
Comment: OK as it is. 

6.'rocure fen( nlipplements for the farmers.Improved: Assist livestock keepers to obtain feed supple­
ments by going Lo the oil factory in March to arrange month­
ly purchases. (B3wana Shamba and Livestock Committee) 

7.Tell farmers how to store grain (March) (Bwana Shamba).Comment:Tell ii neither a good term nor a wise approach. Use
 an appropriate extension method, eg.conduot one demonstra­
tion per village on grain storage (February) (3 extension
auxillaries, Bwnna Shamba and Production and Marketing Com­
mittee chairman at each village).
 

8.Conduct a demonstration on each of the 35 10 cell leaders 
fields (November) (Bwana Shamba).

Comment: Thin In probably more than can be acomplished. 
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LESSON 5 	 PROGPA44E EVALUATION 

1INF 	 2 Hours theory
 
3-6 Hours practical (Tutors choice based upon
 
local opportunities)
 

GOAL
 

St;udents will underntnnd the purpose of evaluation, when to do it 
antid how to do it. 

ADVANCE PREPARATIONSt
 

Collect samples of 	good and bad programme objectives
 

L11SSON CONTENT:
 

1.When to evaluate
 

-- At the end of eanch programme year. 
--At the end of a major project or campaign, especially

funded ones.
 
--At the completion of each activity or event.
 
-- Contlnuounly. One should be constantly alert to what is
 
working best, what worst, noting why and making corrections
 
in implementalion.
 

2.Purpose of Evaluation
 

--To improve our future effectiveness by modifying our pro­
grammes or methods as needed. Evaluation may be able to show 
why we are failing or succeeding. (Give examples to stu­
dents). 
--To provide Information for reporting 
--To meet the requirements or a project 
--To justify further funding 
--To satisfy scientific Inquiry 
--To motivate and teach the people Involved
 

3.11ow to Evaluate Programme Success
 

-- Evaluation normally starts with the collection of the
 
information that is needed to compare the situation at the
 
conclusion of a period, project, or event, with the situa-
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tion at the beginning. Objectives should indicate what in­
formation is required. If our objective was to promote the
 
use of oxen plowing on 5% of village acreage, we need only
 
know the amount (and thus %) of land plowed with oxen after
 
intervention. If the objective were to increase the amount
 
by 5%, then we need acreage both before and after Interven­
tion. If we set out to put 100 new plows into use, our
 
evaluation will be easier yet.
 

--As we saw when we ntudied objectives, we sometimes have to
 
rely on indicators of qualitative improvement. If one sets
 
the objective "To increase farmers' self reliance" he/she 
should have also determined the indicators. For example, one
 
might have added to the objective "as measured by the in­
crease in direct actions taken by village committees, by nn 
increase in contacts outside the village," etc. 

-- Evaluation is the measurement of results. ')ut it should 
also include a determination of why we failed or succeeded. 
We will study this in Lesson 7. 

-.- Once our informatioin has been collected extension workers, 
t.heir supervisors, advisory committees and task force com­
mit.tees should oomlpnrc accomplishments against the objec­
tives set and ativities planned In the annual extension
 
plan (or in the projeot paper, or in the committee minutes). 
This can be done only if: 

1.the objectives and activities were measurable and
 
specific~and
 

?.the neeeannry data is available for the periods both 
before aid nrt.n. intervention. 

-- At nnnual programme planning meetings or at committee 
meetings, the chairman should ask participants (recipients)
 
to discuss programme sucesses and failures for the past
 
period. Consider "why?," then plan ways to do better next
 
time. The discussion leader must ask numerous and specific
 
probing questions. 

--Persons in charge of events should ask for feedback from
 
lparticipants attending and participating in each events
 
(example: have them evaluate their 2 day short course or 
demonstration). ThJs helps an extension worker to improve
hlIn/her methods. 

-- At all times, the extension worker should observe 
rtiitioally, ask questions and take notes. 

q.Potontlal problems lin evaluation 

..- Problems of assuming cause and effect. Did extension ser­
vices cause a crop yield Increase or did they fail when 
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there was a crop decrease? Typically, many factors influence
 
crop yields. Many are completely unrelated to extension
 
interventions. So instead of setting an objective to in­
nreese village mnize yield by 10%, one might specJfy: "15%
 
or the village farmers will use the recommended pncknage or 
piractices on maize." Use of recommended Practices will be 
influenced primrily by extension and can be considered a 
result of extension intervention. The yield of maize Itself 
might be influened mostly by drought or other environmental 
I'actors.
 

-- Evaluation can be time-consumihf. One must bbiLd into his 
plan the use of those ihdicatoa Which will be time ef­
ficient. 
--One can get unintended o~tcomes from intetvehtlons. These
 
can be positive or negative. If signifioaht they should be
 
measured and reported.
 

[+Tutors are alerted that Lesson 7- "Using Plans and Reports as 
Management Tools," Is very pertinent to evaluation and contains a 
brief practical exercise+]
 

A REVIEII OF TIlE KEY 101NTS FOR LESSON 5: 

-- Gotid extension progrnmme plans make good evaluation possible
and vice-versa. The objectives especially must be spoific and 
measurable. 

--Evnluation must be planned and implemented as part of the
 
progrnmme activities in order to ensure that it will occur in a
 
thorough and timely fnahion.
 

--Eviiluatlon is not Ionnible without adequate information on the
 
period both before mid after ex: nslon Intervention. 

[+Dlscuss with students how each of several sample objectives
provtded by the tutor might be evaluated, and how the objectives
coujd have been written to make them easier to evaluate+]
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LES(NJ 6: 	 1I'UT RITING 

TIHK 	 1 hour theory, 
6 Hours practical 

GOAl.
 

Stuilento will know thn types of reports required of extension 
worhiers and know how Lo write them.
 

ADVANCE PREPARATIONS:
 

-Collect samples of the types of reports which are expected of 
extension workers.
 
-Consider asking the HADO or DADO, who was used as a guest 
lecturer in Lesson 1, to discuss reporting with the students (one

vinit can cover both topics)

-Prnpare a practical on report writing
 

LE.11RON CONTENT: 

1.Annual Progress Reports
 

Onni, written end-or-year progress reports should report on the 
banls of the objectives and activities shown in his/her extension 
proeramme plans. For nach plan, one should report the following: 

-Were the annual objectives reached? Why or why not? 

-Were the planned activities oarried out? Why or why not? 
With what results? What lessons were learned?
 

-Recommendations for the conduct of this programme next 
year.
 

2.Crop and livestock data reports
 

These reports are necessary for higher level planners. They must
 
be submitted on time. Make the surveys necessary to collect
 
reliable data and then fill in the forms.
 

Do not accept a fnrmer's statements of yield amounts, field 
sizes, etc. Use your own judgement and the judgements of others. 
Take yield samples or other measurements to improve your judge­
ment. Such techniques will help one to improve his skills in 
estimating field sizes t yields, etc.
 

3.Special Reports:
 

(Information about special reports required of extension workers
 
is to be provided by RADO, DADO or Tutor).
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PLANS FOR PRACTICAL: NRITING PROGRESS REPORTS 

TIME 6 Hours
 

PROCEDURE:
 

-Review the characteristics or a good progress report.
 

-Show students samples of progress reports. Discuss their
 
strengths and weaknesses.
 

-Have each student write a hypothetical progress report for the 
programme plans thjey wrote earlier. This report should Include 
progress on each proornmme objective and be based on information 
gunied during tbeir 11-12 week village assignmehts. Entimate what 
the outcomes may have been and write a report based on them. 

AS3..SHENT SCHEME FOR VRITING REPORTSi 

Possible points: 

-The report conoentrntes on describing the 
exLent to which annual objectives were reached. l 

-Whnn objectives were not reached, the
 
report explains why. 10
 

-Thn report specifies which activities were 
enirJed out and which nntivities 
were) not carried out, and notes why in 
oneh case. 20
 

-Thr, report notes leasoiis learned and 
recommendations for the next year. 30
 

100
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LES!;ON 7: 	 USING EXTENSION PLANS AND
 

IEPORTS AS MANAGE4ENI TOOLS 

TINK 	 2 Hours theory 
3 HIouea practioal (tutors choice) 

OBJECTIVES:
 

-Students will be able to identify some of the weaknesses in the 
plans and in the implementation strategies of case studies
 
(sample plans and reports provided to them by the tutor).
 

-Students will be able to recommend Improved extension 3trategies
 
for these case studies.
 

ADVANCE PREPARATIONS:
 

-Make copies of several extension programme plans and related
 
narrative reports of aooomplishment.
 

LESON CONTENT:
 

I.The Supervisory Follow-up fleeting
 

-We have written plans, evaluated progress, and written re­
ports for good reasons. These are management tools that can 
tell us a great deal. Supervisors should call subordinates 
in one at a time for in-depth discussion of their reports. 
With a subordinate's plan and report in hand A supervisor 
can nsk probing qiiestio..j to uncover good or bad extension 
techniques, good or bad work habits, faulty assumptions, 
etc. Together, they can then devise ways to reduce the 
weaknesses and make use of the strengths next period. Good 
programme plnnnIng, good evaluation.and supervisory follow­
up make extennJon workers more accountable and more success­
ful. Nothing less will do. 

-During the end-of-year evaluation session with a subordi­
nate, the supervisor should encourage self evaluation. He 
nhould emphnnize programme strengths and weaknesses more 
than pernonallLy and personal habits. Howevert a supervisor 
should not refrain from pointing out where a change in 
personal behavior may increase programme success. 

2.Possible Reasons For Not Reaching Objectives: 

a.Poor Planning 
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-Objectives were not realistic
 
-The activities planned were not sufficient to accomp­
lith the objeatives.
 
-The progrnmmn was built on false assumptions, thnt is,
 
the cause or solutions of the problem were misjudged.
 
-The recommended practices were not truly beneficial to
 
farmers.
 
-There was no significantly improved technology avail­
able. 
-The programme was not based on a felt need.
 
-The people nffected did not adequately participate in
 
the planning.
 
-The required inputs were not available.
 
-Inputs or other requirements were not available only
 
because they were not planned for far enough in ad­
vance.
 

b.Poor Implementation
 

-The planned notivities were poorly carried out
 
-The planned Antivities were not carried out due to:
 

1.the extension worker's negligence 
2.nn unexpected situation, or, 
3.bad planning. 

-The extension worker lacked leadership.

-The extension worker tried to do everything himself
 
and did not involve farmers and others in implementa­
tion.
 
-Poor technique was used. Example: too much information
 
given and little else.
 
-Insufficient reinforcing activities were conducted.
 
-Farmers rejected the improved practices because of
 
prejudices upon which the extension worker should have 
concentrated.
 
-Activities were not conducted on time.
 
-Inputs weren't available on time 
-The extension wprker failed to obtain the support of 
local leaders for the agricultural development pro­
gramme.
 
-The extension worker was used for non agriculture 
programme duties.
 

[+Discuss the Lesson Content, then break the students into din­
cusnion groups of 6-10 each. Provide ench with one nanple pro­
gramme plan and report. Have them analyze the plan rnd. its imple­
mentation from a supervisor's perspective, then report back to
 
the entire class. Write all different points on the chalk
 
board. Critique the students' results. This might be best done
 
during a practical perJod+1
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LESS4 8 REVIEW 

TIME 1 flour theory
 

CONTENT :
 

The tutor can use his/her judgement in selecting content for 
review. The following points are also offered for review. They 
also qualify as: 

Prinoiples of Extension Programme Planning
 

1.A sound programme is based on a caretul analysis of the 
local situation. (Problems, resources, chances of success, 
people's felt needs and farmers' knowledge, attludes and 
habits). 

2.The PEOPLE who benefit from a programme must assist 
fully in its planning, implementation and evaluation. 

3.A programme should not be selected for extension attention 
unless it offers satisfaction to the people. Its innovations
 
should provide adequate advantage or improvement, be compa­
tible with existing values and life styles, be reasonable 
and simple in their demands and be communicated easily. Pre­
ferably the innovations should first be tried on a small
 
scale to reduce fear of failure.
 

4.Only a few of the highest priority problems having the
 
best chance for solution should be selected for extennion
 
attention (so that concentrated and comprehensive effort is
 
possible for eAoh.)
 

5.Programmes should start where the people are and with what 
they have. Consider their present level of technology and 
their resource bnae. 

6.The programme plan should be long range with final objec­
tives set as well as annual ones. 

7.A programme plan should give nerious attention to the 
selection of the best extension methods and approaches and 
should specify these. Innovative approaches such as use of 
"contact farmers" or "farmer Jemonstrators" should be con­
sidered.
 

8.Programme plans should Include the interests and needs of 
all ages and groups, not forgetting women and youth. 

9.The evaluation of results from one year or one experience 
should be used to plan a better programme for the next.
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1O.Programme planning and evaluation is a continuous pro­
cess. One should continuously evaluate one's results and 
methods and readjust plans to meet new insights or changing 
situations.
 

11.A programme plan must provide sufficient reinforcing
 
activities to move farmers from initial skepticism to
 
acceptance or ndoption of recommended practices.
 

12.Programme plans must include human deVelopment objectives 
for it is humans who manage agricultural enterprises. 

13.The extension officer provides leadership throughout the
 
conduct of the programme planning process but places as much 
responsibility as possible on his clients.
 

14.Objectives should emphasize education for self reliance.
 
The education is provided by successful and positive in­
volvement in agricultural development activities.
 

15.Extension work is most successful when the extension
 
worker deliberately wins and maintains the confidence and 
support of leaders, then conducts his activities with them.
 
The sudcessful extension worker coordinates, motivates and
 
assists these people in the conduct of their agricultural
 
development work.
 

16.Extension workers are responsible for maintaining link­
ages with ngrioultural research and for building researchers 
into the (lint;rilt plan or even the village programme plan. 
Every Internol']on should be mutually beneficial to re­
searchers, extension workers and villagers. Extension in­
volvement onti help agricultural researchers to understand 
the locnl mittintion and to conduct trials relevant to far­
mers' condiLions and values. Researchers in face to face 
dialogue with farmers and extension workers can improve the 
quality of extension programme decisions. 
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APPEN IX A SMPLES OF PROGRAE PLANS 

ND CALENARS OF WM 

PART I PLANS
 

While the plans which follow vary somewhat in format, each gen­
ernily meets the minimum requirements. These are referred to In 
se voral .esson Plans. Choose the format you like, keeping in mind 
thnt the more columns one has, the less space there is for ade­
qunle details in each column. Sample 1 lacks a time schedule and 
a jlit or persons remponsible, but substitutes for this approxi­
mal.e dates In the ant.ivities column and by attaching a separate 
annunl calendar of work, which shows both dates or activities and 
pernons involved. Snnple 2 has a column for stating the evalua­
tiogi criteria while Sample 1 only hints at the evaluation cri­
terin in the objectiven columns. Some objectives have obvious 
evaluation criteria already stated in them, eg. destock 20% this 
year). 

Sample 3 has a good situation statement and good annual objec­
tives. The long term objectives are non-measurable, serving
 
rather as major plan categories. Thus, according to the defini­
tion of a programme plan given in Lesson 1, this sample is
 
Actually three programme plans on a single sheet. The writers 
added a "scheme (plan) of work" to this cover page and thus 
listed the specific activities, their dates, and persons respon­
sible for each. 

What is important in any format Is respect for the principles of 
programme writing, as discussed in Lessons 2 and 4 especially. 
This writer likes the Sample 1 format for its inclusion of ao­
complishments and its single page format which makes it an ideal 
tool for extension supervisors to use in evaluating the pro­
grammes carried out by their subordinates. For these reasons and 
others the Sample 1 format is called for in the practice writing 
of plans in Lesson 4. 

SSM 7-53
 



APPENDIX A, PART 2 C) 
SAMPLE CALENDAR OF WORK ANNUAL CAWEtMAR OF WORK* 3o 

Farm,! rawng Project Date S=--zd ..................
 
Key: Plannod time ...........
 

Actual time ........... 	 October 1e.. to September 19..
 
U' 

ACTIVI'I' Oct Nov Dec Jan Feb Mar Apr May Jine July Aug Sept COMMENTS on Action, Materials, Agents . 

W > 

•Shoul~d 	 be accompani~ed by monthly calendars, showi ng -- rh dayr's activities, or"by calendars of work for each
 
Exenion Program or Project.
 

X 



10 	 SM ALL-SCALE 
EXPERIM ENTATION 

Thefundamentalproblemconfronting agriculture is notso 
,much the adoption andspreadofanyparticularset ofphysical 
inputs or of economic arrangements or of organizational 

W 	 patternsor of research institutions. Rather it is to build into 
the whole agriculturalprocess.., an attitude of experiment, 

Ztrial and error,continued innovation,and adaptationof new 
ideas. 

M Report of a Conference on 
m 	 ProductivityandInnovationin 

Agriculture in the Underdevel-
oped Countries. Massachu-
sets Institute of Technology' 

Once the technology has been chosen, the job of 
introducing it to the people begins. From the start, we must 
remind ourselves that our job is not just to teach peopl-
technology, even less to be "salesmen" of technology. Much 
more important than selling any particular technology is 
teaching the people a method of village research with which 
they can continue to try out new innovation: year after year. 
Once again, we are not hereto develop theiragriculture,but to 
teach them a way in which they can develop their own 
agriculture, 

In this role we should never try to convince a farmer to 
change over entirely to some new practice (except in the rare, 
usually avoidable cases in which the nature of the technology 

requires it). Instead, all we need to do is to convince the farmer 
or group of farmers to try out an innovation on a small piece of 
land, usually 1/20 hectare or less, or on two or three animals, 
and to keep a simple accounting of the results. 

The temptation always exists to try to introduce an 
innovation on as many acres of land as possible. It makes our 
program statistics look better. But we should not be any more 
interested in one person's innovating on a hundred hectares 
than we are in one person's learning a hundred ideas. 
Objectives and results expressed in areas of land rather than in 
numbers of farmers once again exert pressure on a program to 

work with the larger, more prosperous farmers. 
There are many reasons why we should promote small­

scale experimentation rather than large-scale adoption. 

WHY TEACk-a SMALL-SCALE EXPERIMENTATION? 

Teaching small-scale experimentation provides 
advantages for everyone involved: the small farmer, the 
villager extensionist, and the program. 

Advantages 	for the Small Farmer 

The first advantage for the small farmer is that it reduces 
his or her risk; it protects him or her against major economic 
failure. Innovations can fail for many reasons. They may not 
have been tested sufficiently by the program. Those that have
been w.11 '- ted can fail because of differences in weather, to 

topograp.. "roclimate, or soils between the time and place 
the innovat,, ias tested and the time and place it was put into 
practice. Ani innovation can also fail because of the specific 
situation of the individual farmer, such as his or her seasonal 
labor availability, the possibilities and cost of transportation 
to market, his storage capability, or the presence of disease 
organisms or stray neighborhood animals. Furthermore, t 

farmers may not have accurately understood or remembered 
the extensionist's recommendations or may make any of o 
dozens of possible mistakes in applying them. 

Any of these errors, whether caused by the program, the V 
extensionist, the farmer, or nature, can rc3ult in the farmer's 
losing not only a crop or some animals, but all the capital 00 
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invested in them besides. When a subsistence farmer loses a 
year's harvest, it is a deep personal tragedy. It can mean that 
his family will go hungry for weeks or tven months. It can also 
mean he will have to borrow money or food that will take years
to repay, often at usurious rates of interest, 

On the other hand, if the farmer starts by trying the 
innovation on a limited quantity of land or with two or three 
small animals, he can make sure he knows how to do it and 
what the probable results will be before he risks an entire year's
income. If there is a loss, it may hurt, but it will not affect his 
well-being for months and years to come. 

A second advantage of small-scale experimentation is that 
a farmer can learn much more in this way than by
experimenting with his entire crop. Ifa farmer makes a change
in his entire crop or all of his animals, he can try out only one 
change or one combination of changes each year. If,however, 
he devotes just 1/20 Ha. to small-scale experimentatio,, he 
can do as many as ten different 5x10 mt. experiments each 

Cyear. I have seen a single small farnner experiment with three 
adifferent vegetables, five varieties of pasture grass, three or 

four soil conservation methods, and various plant populations
for his corn all at the same time. 

Thirdly, a farmer who makes a change in an entire crop or 
witk, all of his animals has no way ofcomparing the results of 
the new production system with those of his previous one. If 
the harvest or the animals improve, the farmer may never be 
sure whether the improvement is due to the innovation itself or 
to fortuitous circumstances, such as good weather or less 
disease. On the other hand, even a very good innovation canfail when conditions turn bad. If, however, a farmer tries out 
the innovation on a small scale, he has a natural control plot: 

the rest of his farm. 

Advantages for the Extensionist 

With so much at stake, small farmers are much more likely 
to try innovating if they can do so on a small scale. Thus the 
extensionist can get a much larger number of people to try out 
innovations. The extensionist's job is less frustrating and 
difficult, and his rewards are greater. 

Secondly. small-scale experimentation helps the 
extensionist preserve his credibility and prestige. In order to 
con,,ince a farmer to adopt an innovation wholesale, an -3 
extensionist must usually assure him that the innovation 
involves very little risk. In practice, the extensionist usually 
promotes it as being a sure success. On the other hand, if all he 
needs to do is convince the farmer to try it out on a small plot, M 
he can present the innovationasan idea worth trying. Afterall. C
it presumably has already been tried out successfully by the C 
program, by other small farmers, and by the extensionist = 
himself. The extensionist can even afford to admit, heas 
should, that there is a chance the experiment could fail. After ' 
all. most farmers will understand that the possibility of 
learning about an innovation that can improve all their o 
harvests of a given crop for years to come is well worth the risk 
of losing just once the harvest on a 5x 10 mt. plot. Thus farmers 

-

D. 
try out the innovation because past experience has proven it an 
"idea worth trying," not because it is a guaranteed success. 
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When a farmer loses his entire crop or his animals die he 
has failed in his responsibility to his wife, his children. and 
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often the entire extended family. He has failed imwhat is often 
the one thing he prides himself in doing well. He may have to 
watch while his family members reduce the quantity or 
nutritional value of the food they eat, perhaps endangering 
their health. And he loses prest;"- 3uch a failure usually 
causes intense feelings of hurt and frustration, which in turn 
create a deep emotional need to blame someone for the failure. 
Any extensionist even partially responsible for such a failure 
should not be surprised if his reputation is attacked with a 
vengeance. Those he caused to fail may become enemies 
overnight. In the case of a villager extensionist, these new 
enemies may well have been his best friends, his relatives, and 
those with whom he had the most influence. Furthermore, if 
the extensionist promoted the guilty innovation as a sure 
success, the villagers' own experience has proven to them that 
he is either ignorant or untruthful. 

The extensionist has lost his credibility, his prestige, and 
his friendships. Even though the fault may lie with the program 

Ca rather than himself, he has lost much of his value as a leader. 
Wn On the other hand, an extensionist who promoted an 

unsuccessful innovation as an idea worth trying out on a small-
scale, and who had warned farmers it might fail, has not ruined 

c. his credibility. Nor has he caused major economic failure,
hunger, or suffering; presumably, people have risked what 
they could afford to risk. Furthermore, a crop failure on a 5xl0 
mt. plot, although unfortunate, will cause no major hard 
feelings. Thus the extensionist has likely retained all of his 
credibility and a good part of his prestige. 

Small-scale experimentation also protects the extensionist 
from being blamed for a crop failure caused by unfortunate 
circumstances, such as bad weather or insects. Since the rest of 
the crop will have suffered equally, farmers will realize that the 
innovation itself was not responsible for the loss. 

Advantages for the Program 

A - rogram whose extensionists have been protected 
against a loss of credibility, prestige, and friendships is, of 
course, immensely benefited itself, as is a program whose 
technology is reaching a wider audience because farmers risk 
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less in trying it out. Furthermore, since farmers are prevented 
from losing an entire crop or herd of animals, the program 
avoids being responsible for villagers' suffering major losses. 
The program thus avoids seriously damaging both the people's 
good feelings toward the program and their enthusiasm for 
agricultural improvement. 

But still further advantages accrue to the program. First of 
all, it is able to reach the poorest farmers because small-scale 
experimentation makes it possible for them to begin
innovating with a very small initial investment. Nor need they 
feel ashamed for starting on a very small plot. 

Secondly, should a loan service be provided by the 
program, it will be greatly simplified. By using small-scale 
experimentation, most farmers will be able to try out 
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technology without a loan. For those who do need a loan, a 
maximum of $30 should be enough for any small-scale 
experiment with a truly appropriate technology. Frequently, 
$5 to S10 will suffice. Not only is the program thereby able to 
assist more farmers with a smaller outlay of money, but 
smaller loans tend to be easier to collect. We also avoid the 
danger of inadvertently getting small farmers into debt over 
their heads. 

Thirdly, as farmers do more and more experiments, the 
program will get more and more feedback about its 
technology. Increasingly, it can learn from the villagers about 
new solutions to its technological problems and new ways of 
adapting its technology to different farm conditions and to the 
particular needs of the small farmer. In South America, a 
program promoting the transplanting of clover for pastures 
learned from the villagers' experiments that the clover would 
grow better if it was pastured down to a height of twenty 
centimeters just before transplanting. Program leaders also 
learned that if they planted clumps of three to four stems rather 
than single-stemmed plants,, the clover would be ready to 
pasture a month or two sooner. In a World Neighbors 
program in Guatemala, villagers using improved techniques 
for growing black beans discovered a native variety capable of 
producing up to 3,200 kilograms per hectare. After this variety 
proved itself superior to scores of varieties imported from the 
seed bank in Colombia, the national basic grains program 
began recommending it as the best variety for the western 
highlands of Guatemala. The improvement of technology by 
villager farmers not only increases a program's effectiveness, 
but increases the farmers' serise of self-esteem as they realize 
they have turned the tables and are now teaching technology to 
the program. 

Even more important, however, for villagers, 
extensionists, and programs alike, is that the villagers are 
learning an attitude of experimentation, a method of scientific 
inquiry. They are learning a way of mathematically evaluating 
innovations so they can make increasingly precise farm 
malagement decisions in the future. The program is thus 
achieving what is at once the most difficult, least often 
accomplished, and most important goal of agricultural 

improvement work: to teach people tocarryon. by themselves. 
the never-ending process of developing theirown agriculture. z 

And this is happening. In some program areas, whole 
villages or clusters of villages are taking off on their own. 
developing technology far beyond what the program taught 
them. In San Martin Jilotepeque. Guatemala, wild rabbits 
were wiping out program-introduced soybeans. One day a 
local farmer smelled a horrible odor as he was walking by a 
drug store. It was iodine. He bought a pound. mixed it with 
water, and spread the solution around the torders of his 
soybean field. The rabbit problem was eliminated. Some of his 
neighbors discovered that blirning sulfur at the edges of their 'a 
fields provided the same ha ppy results. Another farmer found ­

that he could intercrop peanuts among his beans. The beans 
matured before the peanuts needed the space. increasing his 
per hectare harvest by 50% over that of separate plantings. Still , 
another villager found that he could construct simple trellises -' 

over his coffee trees and grow passion fruit on them. The 
passion fruit not only shaded his coffee but also more than 
doubled the net income from hiscoffee field. Meanwhile, other 
villagers near San Martin are experimenting with cauliflower, 
cabbages, native herbs, and native root crops. Successful 
innovation creates enthusiatm, and the increasing enthusiasm 
pushes people to innovate more and more. The process gathers 
a momentum of its own. 

HOWTOTEACHSMALL-SCALEEXPERIMENTATION 

In the beginning, villagers only need to learn to:
 
I) measure off several plots of land or separate out two or
 

three animals,
 
2) plan experiments so that only one production factor
 

varies between each two plots or groups of animals,
 
3) weigh or measure the results, and
 
4) write down and add up all the expenses and income of
 

both the experimental crops or animals and the controls. 
Farmers of nearly any educational level can learn to do 

this. Even illiterate farmers have been taught to read and write 
numbers and then use mimeographed sheets with drawings 
that depict thevariouscultural practicesand inputs. In time, as 



they become willing to learn and able to understand more, they 
can keep more exact accounts and use more complex, scientific 
experimental designs. 

Small-scale experimentation should be an integral part of 
the program's training process. No technology should be 
taught or classes given unless the students are experimenting 
with the technology on their own farms. Once again, our goal 
is not merely to impart knowledge, but to help villagers learn 
how to improve their own agriculture. The first step in that 
process is for them to learn about an innovation and try it out 
through small-scale experimentation. 

toCa 

to 

W 

to 
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INTRODUCTION 

Let's begin by asking you, the reader, to answer the question: "What has been your experience with 
evaluation?" 

If you are involved in a community development project, you will already have some experience with 
evaluation. This may include activities you have participated in yourself. Or, evaluation of your project may have 
been carried out by others, perhaps outside visitors. 

In either case, what effect did the evaluation have on you and others involved in the project? Did it lead to 
changes in the way the project isrun? Or were most people not even aware of the findings and recommendations of 
those who carried out the evaluation? 

Perhaps, to your knowledge, there has not been a formal evaluation of your project. But even if there has not 
been a major event which may have involved the visit by one or more "experts" to evaluate your project, chances are 
you and others have been carrying on evaluation at an informal level all along. In asense, every time adecision is 
made, it is based on some level of evaluation. 

We all do evaluation. If a farmer decides to adopt anew practice, he or she will do so after becoming convinced 
that that practice will be better for his or her needs. Many factors will have influenced such a decision. These may 
include learning about the experiences others have had with the new practice and testing it on a small plot. The 
process of obtaining the information needed for the decision is what we will refer to here as "evaluation." 

At the project level some form of evaluation takes place before the annual report is written each year. An 
opinion is formed, based on whatever information has been obtained, on how well the project has met its objectives. 
This assessment is kept in mind when objectives are set for the next year. 

But because we all do evaluation does not mean that we are doing it as well as we could. Many decisions are 
made based on inadequate information. This applies to individuals as well as to administrators and others with 
responsibilities which affect many peopie. 

loNv much time and effort did the farmer put into seeking all relevant information before making the decision 
whether or not to adopt a new practice? How much do those who write the project's annual report really know 
abbut the impact of the project on the community it serves? Unless the results of last year's objectives are measured 
and analyzed, how can subsequent objectives be realistically set? 

,Th'b49io6.urpbs6, of thi iniiuaian solf.-valuationlis to holp thosd iivolved in running rural 
communitvdvcl9pment pr,ject.o'lcain.how to do more effcctivo and appropriate 'evaluation 
themse1iwiTh4l:hould lealto',1tiator i ,sominga natural, built-in process in a project which 

rovidestii60l oidl int infoh iOn t those.wihb need to Makei docisldni which affect that project. And" 
Itasp' thtcalthat all thbo nplepatin'lxa ommtityproj.to. all playan active part in the self-. 

nd thp'dvip~on makig'process. -¢ alu a 
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CHAPTER 1
 

WHY EVALUATE?
 

Tlhe TAI ID project may be typical of many rural 
community development projects. It has a paid staff 
consisting of a director, three agricultural extension 
agents, two family health promoters, and a 
secretary/accountant. The project is run under the 
auspices of a church, but the local staff have quite a bit 
of autonomy in running the project as they see fit. In 
addition to funds received through church channels. 
two outside funding agencies provide some support: one 
mainly for the agricultural side. the other mainly being 
interestcd in health education.Ihough there have been some changes in the staff 
during the past few years, most of them have been 
involved in this project for more than five years. 

Jnlcss the host church or one of the funding 
agencies insists on it, why should the staff decide to 
evaluate the project? 

"he easy thing would be to just let things keep 
going on as they have been. After all, the staff say they 
fccl pretty good about what they are doing: going out to 
villages two or three times a week, mer .ng with farmers 
and women's groups, as well as maintaining the 
demonstration farm and training center. 

But one might pose questions such as these: 

- In what ways are your project's activities 
affecting the lives of the people in the villages? 
-- What opinions do the villagers have about the 
extension staff? 
- Do they feel that improvements are being made 
in their lives? If so, what are the specific 
improvements? 
-- What image does the project have in the minds 
of others in the community who are not now being 
reached? 

-- Is staff attitude and morale as high as it should 
be? If not, why not? 
- When outsiders visit, do you find yourself 
telling them about things the project did a year or 

more ago, or about an idealized view of what it 
could be doing, rather than the present reality? 
- When it comes time to make your annual 
report and to set objectives for the next year, do 
you really know enough about the impact of the 
project to be able to report it, and to make plans 
for ways to improve its effectiveness? 
These are some of the kinds of questions a process 

of self-evaluation can help to answer 
Key Reasons
 

Let's identifysome of the reasons that projects need 
to be evaluated. You will be able to add to the following 
list: 

I. For decision making: Those responsible for a 
project need to be able to identify its strengths, its 
weaknesses, its impact and its relevance to the lives of 
the intended beneficiaries in order to make sound 
decisions concerning methodology, training, staffing, 
logistics and other aspects of project management. 
More realistic and relevant objectives can be set for next 
year if we have the results of periodic evaluations of 
what we have done so far. 

2. For improvement of performance: Are our 
project's activities achieving what we intended? How 
could we be doing a better job? Ongoing self-evaluation 
helps assess the productivity of a project and helps us 
determine whether or not we are making progress 
towards our goals. 

3. For personnel evaluation: Those responsible for 
directing the staff of a project need to base their 
decisions on objective assessments of the performance 
of each one. Self-evaluation can enable both the staff 
members and the director to see what areas need 
improvement and suggest what might be done about it. 
A positive consequence of self-evaluation can be to 
boost job satisfaction by enabling staff to see 
indications of progress. 
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4. For allocation ofresources: Our projects do not and donors can make informed judgments concerning 
usually have enough money, people, materials or time the project's worth. 
to do all we'd like to do. Thus, we have to set priorities to 6. For determination of policy: Those involved at 
separate what is most essential from that which would the local level need to learn enough about the effects ofa 
be nice but may not be possiblejust now. The results of project to be able to determine whether or not to 
an evaluation should help us to determine how our continue as is, modify, expand or abandon the 
limited resources could be used most effectively, approaches being used. Also, those responsible for 

5. For program justification: We do have to other projects want to learn from the experiences of this 
account to the supporters of our project. The impact of project in order to make informed decii.,ans concerning 
the project on the lives of local community members methods which might be applied elsewhere. 
needs to be assessed so that participants, implementers 

LESOTHO: WHY SANITATION FAILED 

After four years, only 86 of the 206 schools that had been given materials to build latrines had built 
them, and half of these were in disrepair. A UNDP/World Bank team was asked to investigate. 

#2 7 

TT V6A DECIO&D -M A5A 'H iNTEMMD LEP w0ujT)4F Dr3sf "tO 
Y4A V~qT v~ocJOM,4AMS4 AM4DVM RUCKW'1MTICRS. 
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IWY V-hVI uTn 

SSM 7-6 

-DCdo Wah" nE a eMia., .M,NS.M 
FrlomDcadleWac,Snittion Speclpol. 2,roa4,Dech. WNateroSupply and Saitation Decd..1983 International Dnkin 



SSM 7.3.2 Rugh p.3
 

CHAPTER 2
 

EVALUATION FOR WHOM?
 

Now that you are convinced that there arc good 
reasons why your project should set up aprocess of self-
ealuation, let us consider whom the evaluation will be 
for. 

As we'vesaidthcTAHIll)project issponsored bya 
church, and receives financial support from two outside 
agencies. It is obvious that the funding agencies are 
inteiested in having the pro ject evaluated to justify to 
their donors the expenditure of their funds. They are 
also interested, for reasons of policy considerations, to 
learn from the experiences of this project what 
approaches should be replicated elsewhere. The church 
leaders are interested in the results of the evaluation of 
the project for the same reasons. If tliings are not going 
well, they need to decide whether or not to continue to 
sponsor the TAIIII) project. If. on the other hand, the 
chluich leaders learn that good things are happening in 
the lives of the beneficiaries of this rural development 
project, perhaps they will decide to initiate similar 
projects elsewhere, 

Ihe results, and the evaluation process itself, will, 
of course, be valuable for the staff of the project. They 
arc the primary inplementers of theTAIIID project. As 
such, tile)ieed tilefeedback and program assessment 
which evaluation will provide in order to make 
decisions concerning minor or major modifications in 
tile
work they are involved in. 

But perhaps those who stand to benefit most by the 
evaluation of the project are the members of the 
communities where the project works. Too often they 
are left out of the picture, seen only as objects in a 
project run by outsiders who make all management 
decisions. But the TAIIID project has enouraged and 
facilitated tileformation of an Association of villagers 
who are taking increasing responsibility for the 
operation of the project. Since these village leaders are 
involved in the decision-making process, the results of 
the evaluation are for their benefit. And, as we shall see 
in the next chapter, their involvement in the evaluation 

process will strengthen their leadership roles. 
The self-evaluation process which is being designed 

for the TAHID project will be aimed primarily at the 
needs of the community Association leaders and the 
staff of the project. But the results will also be of special 
interest to the outside supporters. 

Various Groups Interested in Self-Evaluation 
I. Community members involved in the project: 

Ideally, these are the people who should initiate the call 
for evaluation. They are the ones who have the most at 
stake, since the project's goal is to help them improve 
the quality of their lives. It is in their best interest that 
the project be evaluated in order to determine how it 
might better respond to their needs. 

2. Community members not yet reached by the 
project: Hopefully, those directly involved with the 
project will not forget that the project should benefit 
their neighbors as well. How can it reach the wider 
community? Can the results be multiplied? An 
evaluation might prove to others that there are, indeed, 
benefits being gained by those participatingin aproject, 
and convince them to join in. Or, it might indicate that 
there are aspects of the project which limit the benefits 
to only certain members of the community. Those 
outside of this circle would be glad to see this remedied. 

3. Projea staff: If the community participants 
have the most to gain by evaluation, the local staff can 
potentially benefit just about as much. They are 
devoting full time to this project as facilitators, trainers, 
extensionists or administrators. The normal day-to-day 
activities may not be providing sufficient feedback to 
reveal the effects of their efforts. The more disciplined 
procedures of a self-evaluation process can provide the 
information the staff needs with more objectivity on 
how things nre going. This may give them positive 
rewards with confirmation that they are doinggood and 
significant work, or it may point out areas for 
improvement. 
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4. National headquarters: Many rural those results, and the process of self-evaluation which 
development projects are affiliated with some national revealed these findings are all of interest to people who 
organization, whether a church, other non- are eagerly looking for successes in order to multiply 
governmental body, or government. In reality it is often them elsewhere. A well-communicated self-evaluation 
leadership at this level which was primarily responsible can spread the effects of a project far beyond its own 

makes major limited area of operation by convincing governmentalfor initiating the project and which 
decisions concerning the project's future. Too often and non-governmental agencies that this approach is 
such decisions are made without adequate input from effective. (Where "success" is not so evident, even 

the local level. A well-instituted process of self- documented failures contribute to the learning process.) 
evaluation would provide Information about the project 7. General public: Even beyond all of the 
- and involve local participation - leading to more interested parties we have listed above, there are others 
realistic decisions for the benefit of the project. "out there" who are interested enough in the problems 

5. Donors: Those who have contributed funds to of the Third World to want to learn more about how 
support a project have legitimate needs for information some groups are working to solve some of those 
which will guarantee that their funds are being used for problems. A well-written project self-evaluation might 
the agreed purposes and that progress is being made serve as the basis for articles in various publications 
towards the stated objectives. Ideally, the findings ofan which reach such people. This can help to educate the 
objective self-evaluation by the local project staff and public about conditions in rural areas and what isbeing 
participants can satisfy the needs of the donors. In fact, done about them. It could also convince potential 
they s'iould be impressed by the process itself as an donors to support this project, or other projects using 

indication of the local community's ability to be this approach. 
responsible for its own development progress. Hopefully, the ideas presented in this manual will 

6. Development agencies: International promote the concept that all the groups of people listed 
interest inorganizations which assist development projects, even above are "partners," that each has an 

those not directly involved in a particular project, are participating in the self-evaluation, and that all will 
interested in learning from its experiences. The results benefit from its findings. 
achieved, the activities and methods which produced 

Community leaders, like these formen; attending a meeting InMinlaba, Niger, have the most to gain from program 
self-evaluation. Information revealed during the evaluation process can benefit the community as awhole, with 
program partliclpnnts leading the way as more of their neighbors become involved. 
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CHAPTER 3 

EVALUATION BY WHOM? 

We have seen that quite a few different people will 
be interested in the results of an evaluation, but who 
should actually carry it out? 

Here is anegative example ofhow "evaluation" has 
sometimes been done in the past. Unfortunately, this is 
all too common an experience in many rural 
development projects: 

The representative of one of the agencies which 
funds the TAHID project wrote to tell the director that 
an official from his headquarters was going to be 
making a tour to evaluate the projects they were 
funding. He would be spending ten days in the country,
during which time he hoped to visit five projects. Due to 
the uncertainties of other responsibilities, he couldn't 
say exactly when he would arrive, but it would probably
be during the next few weeks. 

Just one day after this letter reached the project
director, a car rented in the capital city arrived at the 
station. It was the official from the funding agency! He 
was sorry for the short notice (hadn't realized that mail
takes four weeks to reach here). He announced that he 
needed to reach the next project by the next evening, but 
he was sure that 24 hours would be sufficient time for 
him to evaluate this project. "After dinner I would like 
for you to show me all you have in your files about 
accomplishments over the past five years. Tomorrow 
morning I'd like to visit one of the villages where you
work. Before I leave at 3p.m., please call together all of 
your staff so that I can interview them." 

The project staff all breathed a sigh of relief as his 
car drove off into the dust the next afternoon! Nothing 
more was thought of that brief visit until, quite by
chance, six months later the TAHID project director 
happened to see a copy of the report that official wrote
when he got home. What he said about the TAHID 
project was so different from the staff's perspective of 
the project that they wondered if he had confused it with 
another! 

The saddest part of this experience was that there 
was virtually no participation by those involved in the 
project at the local level. It gave them the impression
that if that iswhat ismeant by "evaluation," it had little 
relevance to the realities of the TAHID community, or 
to how the project is run. 

But now the staff and community leaders in the 
TAHID project area are developing a bett-r system of
evaluation. They have agreed to set.up aprocess of self 
evaluation which will involve each of them. This idea 
was shared with the national headquarters ard they 
were enthusiastic about it! They have offered to help
find a qualified person to facilitate the local staff and 
community leaders in initiating the self-evaluation 
process. 

Potential Partners 
In Chapter 2we saw how many different people can 

benefit from the results of evaluation. Let us now 
consider which partners have a role to play in carrying 
out self-evaluation: 

I. Community members Involved In the project:
Ideally, these are the people who should not only initiate 
the call for evaluation, butwhoshouldplayamajorrole 
in implementing it as well. This contributes to their 
abilities to manage their own process of development,
giving them a greater critical reflection capability.
Though one would assume that the local residents 
already know their environment well, the process of 
self-evaluation can reveal factors which they otherwise 
may not have perceived. The leaders of the Utooni 
community in Kenya, amazed at the results ofa survey
they had carried out, exclaimed: "The survey showed us 
more about our community than we knew after living
here all our lives!" 

It is extremely important that this category of 
partners be actively involved in defining what, how and 
when to evaluate, and that they be instrumental in the 
process itself. 
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2. Community members not yet reached by the 5. Other vervices: Whether or not a project is 
project: Though an evaluation would likely be initiated directly linked to government, or o other agencies 
by the active participants and staff of a project, they working in the area, it would be well to include in the 
should seek ways to include members of the wider evaluation process such agencies whose activities do (or 
community in the process. should) relate to those of the project. This can 

Various sub-groups within the community should encourage closer cooperation with the relevant services, 
be considered, and ways designed for each of their inviting them to participate more actively in the work of 
voices to be heard. This may include women and men, the project, and helping the project implementers to see 
youths and elders, different ethnic groups, adherents to how they might tic in with these services. 
different religions, those of greater and lesser economic Even casual visitors from other rural development 
and political power, etc. This can bring a broader projects do, front their own perspective, "evaluate" a 
perspective to the evaluation, indicating ways others project, whether formally or informally. They leave 
could be included in and benefit from the project. with definite impressions and judgments concerning 

3. Project staff: Those evaluations which are what they saw during their visit. Project leaders should 
conducted internally by the staff of aproject are much benefit as much as possible from this, asking the visitors 
more likely to enlist staff commitment than evaluations to share their impressions. This can have two 
which outsiders impose and implement. By asking their advantages: (I) correct any misimpressions the visitors 
own questions in cooperation with their partners, staff may have picked up during their short stay, and (2)give 
members are also more likely to utilize the answers. As the local project leaders added perspective on their 
self-evaluation becomes an integral part of the work. 
responsibility of all staff members, their role in the On a more formal basis, one or more colleagues 
management of the project is enhanced. When they see from sister projects may be invited to participate in 
how such self-evaluation can benefit them and enable certain stages of a project's self-evaluation exercise. 
their work to be more effective, they will more willingly Such "evaluation teams" can bring added perspective, 
build it into their regular activities, along with an understanding of the realities of running 

We must be willing constantly to ask questions, similar projects in the nearby areal. Leaders of the 
even if they may prove embarrassing to ourselves, such project being evaluated might then be invited to 
as why the attendance at our meetings isdropping off, participate in the evaluation of the other projects. This 
or why villagers are not adopting the new techniques we kind of sharing develops a professional fellowship. And 
have tried to teach. Our projects can become stronger if when you are helping to evaluate another project, you 
wc are willing to put a high value on villagers'opinions, can't help but reflect on your own. So the individuals 
take criticism well, and make decisions accordingly. involved are learning from the project being evaluated 

as well as contributing to its evaluation. 
6. Evaluation facilitator: As we are seeing, there 

are definite advantages to the participants in a rural 
community development project carrying on their own 
process of self-evaluation. This does not negate the 
advantages of an outsider who comes occasionally to 
help set up the process, train the participants in 
implementing it, and help bring an added degree of 
objectivity. This well call "assisted self-evaluation." 

An evaluation facilitator does not substitute for the 
partners mentioned above, lie or she only has atask of 
facilitation: to aid the partners in using methods best 
adapted to evaluate their activities, lie/she should 
desist (as much as possible) from any value judgments, 
lest the partners be led to feel that they are being 

4. National Iadquarlers; other supporters: As we evaluated, as that would be contrary to the principle of 
have said, those participating in an r-valuation exercise self-evaluation. 
are more likely to respond to the message i: brings. This An evaluation facilitator can add insights from 
is why those at the local level need to be the primary his/her own experience, bringing new perspective. This 
participants. This iswhy others who are resp'jnsible for person should not be a disinterested observer, nor a 
(or are at least supporters of) a project should also be judge of the appropriateness or effectiveness of a 
involved. The decisions they have to make concerning project. In contrast with a classical "hired gun" outside 
the project have agreater chance of being influenced by expert sent to evaluate a project on behalf of the 
the findings of an evaluation if they were (are) a part of donors - whose conclusions are made indepen­
it. Besides, self-evaluation (and self-criticism) should dcntly -anevaluation facilitatorservesasacolleague, 
not be confined to the local level. There may be a challenger, a mediator, an assistor, an advisor, a 
indications that some changes are needed at other levels trainer. The goal is to enable the local participants to 
as well. continue their own process of self-evaluation. 

SSM 7-67 /­



SSM 7.3.3 Stephens and Putnam p.24
 

Haw it works 

A participatory monitoring and evaluaton system is something 

which may not be possible to implement with a new group, still coming 

to grips with internal and structural problems. Instead, participation 

Itself may need to be built up first. When the time comes to bg.in 

monitoring and evaluation, some elements of the system may be initiated
 

start may be a Task Monitoringby introducing the group to tho idea. A good 

Sheet, as shown in Figure 3. This includes specific tasks and deadlines 

for the group to maA;itain. After discussing each task assignod within 

a projecta chart is made with space to record progress. Variations 

can be developed with a little imagination to suit literacy levels,
 

numeracy skills and the needs "or a particular group.
 

Colours
Figure 3 Task monitoring chart (reduced from wall chart size). 

may indicate progress or otherwise, if these are available. 

TASK MONITORING SHEET 

GROUP: " ,J PROJECT: YEAR:___ 

._.UAY FERUARY MRH _.,RLMAY JUMF 

:(64A
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Another simple system of monitoring prcjress is shown in figures 4
 

and 5. These charts monitor progress made by a group in various aspects
 

of a small 	community forestry project. The chart shown under figure 4 is 

generally used each month for groups unused to assigning a numerical value
 

to their achievements. After a few months, one chart as in figure 5 may
 

be made for several months.
 

Figure 4 	 Cne month chart for monitoring progress in a community
 
forestry project.
oo

COMMUNITY FORESTRY X 00 0 

MONITORING CHART 0 a 

Month 	 '. 

4_ 

_ _ V/ 

4 Feray 3 K4 5/ 4 /-' W 5 0 K Op 2.a 

Marh-4. /.' 	 -I 
Ficure 5 5prV	 

_-

Six months 	chart for those more used to using a rating scale.
 

COMMUNITY FORESTRY 	 0 
X tz 

MONITORING CHART K0 0. 40 
5K r 2 	 KK K 

~~5 JanuLary 3 ~3 4542 2 3 4 31 
1 	 U 3uneJ
ebruary 3 4 4 4 41 31 3 3 4 + 

JV% March 4 4365 3 3 4L8t3 3 

April 	 - - - - - - - ­ -

W- May
 

JuneI
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For monitoring population changes, charts such as that shown in
 

figure 6 may be used. This is suitable for people, for livestock or
 

fish, or even adapted, for produce and yields. Each time there is a
 

newborn, a death, inward or outward migration, a dot or mark of some
 

kind may be added. Monthly or annual totals can be indicated as shown
 

at the bottom of the chart. For evaluation purposes, the total change
 

over a period of time pr- ides necessary data to monitor population 

increases, a decrease, changes in gender balance, mortality and 

migration rates. Overall trends may be presented from the data 

obtained on this chart. 

Figure 6 Population information chart
 

POPULATON MONITORING SHEET 

0 0 * 

NET GAIN/LOSS EIL0
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-lopulationdata may be recorded regularly e.g. monthly, or a census
 

can be taken, say annually, to monitor change and trends. The chart in
 

figure 6 may therefore be adapted to 
suit a group's needs, but generalio
 

changes in birth, deaths, inward migration and outward migration are
 

recorded. Once data is analysed, findings may be presented in a variety
 

of ways for group discussion - see figure 12 on page 23.
 

Monitoring change which lends itself less readily to quantification
 

presents some challenge. The group process for example, or peoples'
 

participation in development is often difficult to quantify. 
Figure 7
 

shows how various small farmer groups monitor attendance at their meetings.
 

Various levels of precision are achieved, but since accuracy is more
 

important than precision,these methods are usually adequate.
 

Figure 7. Various ways of monitoring "attendance" at meetings.
 

Recorded
 

Data/symbol Meaning
 

Two short, one full length meeting attended
 
0 O during the month.
 

Attendance at four meetings was 7j6,7 and 6
 
' ' S - an average of 6.5 for the month.
 

Group considers attendance rates are

01< satisfactory.
 

Group considers attendance is quite good.
 
(colour normally used rather than shading)
 

Group considers attendance at 3 out of 4
 
41 )meetings was satisfactory/good.
 

Ninety per cent average attendance for

9o%0 the month.
 

: % Of 8 group members, week]-r meetings were
 
attended by 7,6,7 and 8 respectively.
 
On 1-5 scale, a:tendance was rated excellent
 

.'4, (5) and good (4) for the 2 meetings held.
 

Attendance at 3 meetings held was excellent
 
on 2 occasions, good on one occasion.
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Participation in meetings or project activities is more difficult to
 

monitor and evaluate, since each person may define participation differently.
 

Further, criteria, standards and expectations may vary considerably.
 

Labour participation is not difficult in terms of time input, but skills
 

are less easily measured except in terms of concrete outputs. Participation
 

in decision making is extremely difficult to monitor accurately.
 

Among some of the small farmer groups, the example in figure 8 has 

been found useful to increase awareness of the relevance of participation, 

and the part it plays in promoting cooperation and self reliance among 

members. 

Figure 8. Participation monitoring chart
 

MAEIO DEVELOPMENT COMMITTEE 
Adult population 1/1/08 " I_ - Ad ,It population 31/12/88 

Jan Feb Mar Apr Ey Jun Jul Auq Sep Oct Nov Dee 

Number of members sit -5' 62-

Per cent of total
 

314 13.4 11V 

Average attendance
 

at meetings 4-1 41 64 

Labour contribution
 

(person/days) £ S13zO (42.
 

Participation O 20
 
in training ­

(number and £
 
per-son/days) J - 3
 

Leadership and
 

participation (5-1) 3 l1 
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Another aspect of participation which should be monitored is equity
 

the distribution of benefits of a project. Figure 9 shows one method used
 

to record the distribution of the benefits of a poultry project.
 

Figure 9 Participation in sharing the benefits of a project
 

MAEJO POULTRY GR OUP 

Dimlsick or rG I 
AD CASH PPrI1WT n bury March AprilW 1 -n 

Mthly vodo-tiIo,, 1.i 141 1&1#V 

Monthly ..I.. Ip I6o ko13 

0 to to 60 

on 00 164 13 
. lrIo1..o "., 

O w #o 4
HterA 
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00 a' 3£ 2.4 

4 *4.0* 4 -9 

LWO 00 12. Z'f 2+ 

1 $.5 $- -

TotX Dot 1 - , ,a 4 . O 4, 1.12 

3.ok.,n. dl~eeged eqqs 2 - : [.. 

Responsibility for initiating a participatory M and E system is 

usually with a trained field worker, but eventually the system must be 

managed by the group carrying out the project. They therefore need to 

participate in the development of the various parts, and in the system 

itself. The group organizer or field worker's responsibility is to 

exchange ideas and information with group members about: 

- the elements of the M and E system
 

- how this can be done
 

- who should be responsible for each part
 

- to whom data might be available
 

- how the data will be used
 

- where the system will be physically based
 

- when to begin and to end the process
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In addition to monitoring group progress, the group members may also
 

wish to monitor the provision of services from agencies and institutions
 

set up to serve them. Figure 10 shows one such chart used to monitor
 

technical support. A small dot indicates a brief visit by a technical
 

officer. A large dot indicates a substantive technical support visit.
 

Figure 10 Chart for monitoring technical support services 

TECHNICAL SUPPORT MONITORING CHART 1988 

VILLAGE .±fAd....... DISTRICT 1',&.bAaL... .. CIRCUIT NUMBER R1AE 

Jan Feb Mar Apr May Jun Jul Auq Sep Oct Nov Dec 

0ORGANIZER0 

CREDIT
 

OFFICER
 

VETERINAR-
IAN 

HOME 0 ( e 
ECONOMIST 0 0 
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Women in Development 

The monitoring and evaluation
 

of women in rural development remains
 

problematic for many small farmer
 

groups. Their participation as a
 

frequently disadvantaged group is
 

not always easily differentiated,
 

and quantitative data needs to be
 

disaggregated by sex where
 

possible. Institutionalized
 

discrimination against women
 

is not easily recognized by
 

those whose own customs and
 

prejudices reinforce it by attributing discrimination to biological differences
 

and therefore "in the natural order of things". Monitoring and evaluation of
 

women in development therefore can be a very enlightening process for both
 

women and men who accept as "natural", centuries of discrimination which
 

constrain their productivity. It is in the interests of all therefore to
 

try to break down such prejudice with the data from the M and E systema.
 

The following are some indicators used to gather data:
 

1. General items
 

* percentage of funds earmarked for women 

* percentage of funds spent on women 

* number and percentage of households he~ded by women 

2. Project inputs and outputs
 

* percentage of women members receiving direct benefits 

* percentage of women receiving credit 

* percentage of recipients of inputs who are women 

* percentage of women with access to extension services 

* percentage of trainees who are women 
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3. Impact
 

* income, expenditure, savings 

* health and nutrition 

* access to land and other production resources 

* employment and remuneration 

* time allocation 

* participation in rural organizations 

* participation in decision-making
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A PLANNING PARTNERSHIP:
 
APPROACHES, TOOLS, AND SKILLS
 

OVERVIEW OF THE PROCESS OF VILLAGE-CENTERED PLANNING 

This chapter presents a few practical ideas on steps that 
foresters and other facilitators can take jointly with rural
 
communities to identify and solve local problems through
 
self-help projects. An overview of the tasks that the community
 
and the forester/facilitator face in undertaking this process is
 
summarized in a brief guideline, as shown in Figure 2.
 

Although the guideline is presented in apparently linear
 
fashion within five wain components, it must be emphasized that
 
these steps encompass a continuous and reflective process:
 

It is a main characteristic of participatory projects
 
that planning, implementation, monitoring and
 
evaluation are inseparable, since all these phases and
 
aspects are carried out with the active participation
 
of the project beneficiaries (Huizer, 1983).
 

In particular, monitoring and on-going evaluation should take
 
place periodically throughout the project. This allows direct
 
action to be taken to modify or discontinue activities that have
 
not shown positive results, and to strengthen those which have
 
proved successful.
 

In the following sections, some of the important aspects of
 
facilitating self-help projects are brought out in more detail.
 
Not every element of the planning guideline is elaborated here.
 
Instead, certain difficult issues and key skills are discussed,
 
to provide guides to getting started in the process of
 
facilitating self-help activities.
 

The methods presented here may be most useful for the 
forest extension agent or facilitator who can enjoy a long-term 
assignment in one area. It helps greatly to have time and 
freedom to become well-acquainted with the needs, problems and 
politics of a particular area, to "learn by doing," and to 
gradually develop appropriate programs for outside support. 
However, good skills for learning, communication and planning 
are important in the forester's tasks listed in Figure 2, even 
if time limitations cut the ideal process short. 

PREPARATION: UNDERSTANDING THE LOCAL SITUATION
 

Sharing knowledge implies a two-way flow of information.
 
This is most crucial, since understanding based on traditional
 
practices and local technical knowledge is as important as
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Figure 2. SM PM ESMGY: A RAiWG ptMM 

YiUIM ag mmiky Fester L Facilao 
RMMMU 

Hold infcrmal meetings 
Exaine pct experiences 
Form beneficiary groups 
Identify omnon probles and needs 
Identify leadership 

Obtain and analyze existing infrmation 
Identify sources and forms of assistance from 

government and non-governmental agencies 
Identify local laid/tree tenure systehs 
Determine rights and practices relating to use o 

amOn r eources 
Determine attitudes ad beliefs relating to tree 

planting and management 
Identify local technical knowledge 
Identify local facilitators 
Provide guidance in technical/mrngerial inuits 

Clarify goals and objectives Determine soil capability and water availability at 
Identify and compare alternative projects alternative sites
Reconcile conflicting interests Do a simple inventcry and management plan of a local tree 
Establish linkages with credit/technology stand 

institutions and markets Support a market study
Determine methods of sharing labour and resources Determine alternative tree oecies and sources 
Determine methods of distributing benefits Wark out animal grazing/fodder alternatives 
Negotiate fcr consensm on working plans Wcrk out protection mechani me
Delineate ad fcrmallze specific roles and Determine t.-chnology alternatives fr cooking

responsibilities Help villagers evalmte the costs/benefits of 
Determine incentives and penalties to encourage alternative work plans

participants to hold up negotiated agreements Assist where needed inthe discussions and negotiations 
on alternative issues and projects 

Review and correct rules and procedures Strengthen linkago with external institutions 
Cortinue negotiations Suggest formats for reord keeping
Keep systematic recde Help identify training opportunities in record keeping
Expand additional individuals' exposure to and related skills for village oordinatcra 

new skills Transfer implementation responsibilities to villagers 

PER R ANDOIWflS W!PLIOT 
Keep recrde and monitcr progeess Suggeot formats fr group involvemeont in monitcring 
Assess project inqscts and benefits achieved and evaluation 
Evalute distribution of costs and benefits Transfer evalution responsibilities to local leaders 
onitr and evaluate participation Provide backup to eliminate bottlereckl 

share training in new skills Assist in securing training opportunities 
Reduce dependency and monitcr .partilcipation 

Foster crganizatioral growth by initiating Provide guidance as needed for new projects 
"second phase" projects Help to monitcr and viden participation 
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insights gained from new scientific discoveries. Participants
 
at the Workshop felt that local knowledge does not generally

filter into departmental projects and programs. A forester is
 
in a good position to share and exchange information with local
 
people to arrive at alternative working options. New
 
opportunities can be developed through jointly-managed field
 
trials, as in the CARE Mae Chaem project, or introduced through

demonstrations which allow families and local groups to
 
experience and see the results directly. This implies

interactive research including development of a local data base
 
on soil conditions, alternative species, harvesting practices
 
and the like.
 

A Bare Beginning: Existing Information Sources
 

A facilitator first entering a particular locale can gain

initial awareness of the local situation through existing
 
sources. Formal sources of information such as official
 
statistics, published articles, and aerial photographs can
 
provide a starting point. Such references usually provide a
 
range of useful information on the area, both quantitative and
 
qualitative. Patterns and variations emerging in this search
 
may be instructive. Added sources include research from
 
regional universities (anthropological or ethnographic studies,
 
research on cropping patterns, economic conditions, and the
 
like) and reports from previous and ongoing development
 
projects. Useful insights can also be obtaind through informal
 
discussions with local fieldworkers, government officers, or
 
other outside researchers, such as university staff and graduate
 
students.
 

The need to test the accuracy of existing data through
 
direct observation on the ground and sustained dialogues with
 
village residents is exemplified in an evaluation of Van
 
Pancbayats (village forest associations) in a north India
 
district (Morse et al., 1987). After compiling data on
 
panchayat administration and performance from forest division
 
records, the study team held on-site meetings with village

association members in four distinct ecological areas.
 
Important differences were found between actual use and control
 
of land for trees and recorded uses, where indeed such data
 
existed. Local residents provided insights on the relevance of
 
existing data, and perceptions on factors underlying existing
 
patterns. Wide differences among villages in the operating

effectiveness of Van Panchayats could be understood only through

such repeated discussions with representative villagers.
 

Rapid Rural Appraisal and Other "Quick" Techniques
 

A number of techniques have been developed to help

researchers from outside the village gain a rough understanding

of the local situation fairly quickly. Variations on these
 
techniques have appeared under such names as "napid Rural
 
Appraisalu ("RRAN), "Sondeo," "Informal Agricultural Survey,"
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and others. In fact, some of the steps in RRA were adopted in
 
the field visits of the Self-Help Workshop, as described
 
earlier.
 

Conducting a comprehensive RRA can provide many insights
 
into local conditions, though it requires the intensive
 
involvement of a trained multi-disciplinary team. (Rapid
 
appraisals by skilled and experienced individuals are, however,
 
possible on single topics to give added insights into special
 
issues.) Although rapid appraisal may be beyond the scope of
 
the forestry extension officer, existing studies based on RRA
 
may be available for various areas. If so, they might be found
 
through regional universities (such as Khon Kaen University in
 
Thailand) or government agencies such as the Department of
 
Agriculture.
 

If no such studies are available, following some of the
 
points of RRA techniques may still be beneficial for gaining an
 
understanding of a new area. Many references are available that
 
discuss RRA methods, and a brief overview appears in Appendix G.
 
Short courses in RRA methods may-also be available in certain
 
areas, such as those offered periodically at Khon Kaen
 
University in Thailand.
 

Intensive Dialogues with Villagers: The Heart of the Matter
 

Most of the foresters' responsibilities in the preparation
 
phase of self-help projects center around gaining a solid
 
understanding of local perspectives and conditions, including
 
identifying indigenous technical knowledge. Traditional
 
approaches to obtaining information have stressed questionnaires
 
and formal interviews. But such techniques have great
 
limitations. In a classic description of "Survey Slavery,"
 
Chambers describes an all-too-typical experience:
 

Under pressure for "findings," [researchers] take
 
figures as facts. They have neither time nor
 
inclination to reflect that these are aggregates of what
 
has emerged from fallible programming of fallible
 
punching of fallible coding of responses which are what
 
investigators wrote down a3 their interpretation of
 
their instructions as to how they were to write down
 
what they believed respondents said to them, which was
 
only what respondents were prepared to say to them in
 
reply to the investigators' rendering of their
 
understanding of a question and the respondent's
 
understanding of the way they asked it (Chambers, 1983).
 

This complaint describes the dangers of quantification and
 
aggregation; but an even more crucial drawback is that
 
formalized techniques are generally based on questions that the
 
forester or other outsider considers important, such that issues
 
felt by villagers to be of greatest local concern are
 
overlooked. Initial probes should therefore devote adequate
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tire and attention to determining the range of issues villagers
 
feel !re important. Two helpful approaches for this include
 
open-ended discussions with little or no pre-set agenda, or
 
discussions focusing on a pre-determined set of topics, but in
 
no particular order or priority. Both allow village residents
 
the primary role in discussing their own concerns. Chambers
 
discusses both in more detail ("How Outsiders Learn"),
 
suggesting that good researchers must be "eclectic and
 
inventive," in divising methods to gain an accurate
 
understanding of local perspectives (Chambers, 1983).
 

Getting Started...Discussing and Helping to Clarify

Villagers' Perceived Needs. To develop a partnership style in
 
needs-assessment, it is well to get to know people informally

for awhile, in general discussions and through attentive
 
listening to casual conversations. More of substance may be
 
revealed during villagers' daily talks among themselves than
 
during discussions which are led by and focused on the forester
 
and forestry topics. In this process, the forester/facilitator
 
can keep track of the issues that seem to concern people, and
 
the contrasts between different individuals, social groups, men
 
and women, and so on. Contrasts can in fact provide telling

information regarding peoples' priorities and desires: as
 
people discuss how their lives compare to those of neighbors,

their likes and dislikes will surface strongly.
 

All of the issues revealed through these casual questions
 
can be recorded in checklists as a basis for more structured
 
interviews, in which the forester or facilitator can mention
 
points that have come up in other conversations, and ask people
 
to elaborate. A focus on the most urgent problems and concerns
 
should evolve naturally from this process.
 

An Entry Point -- Dealing with the Past. An important

first step before attempting to encourage new activities in a
 
village is to know what hAa gole wron ilnI pthas. In most 
regions of Asia, a bulk of villages have already had some direct 
experience with an outsider or government official attempting to
 
promote local action...and in many cases these efforts have
 
conspicuously failed. Villagers may therefore be very skeptical
 
of outside involvements, and may also have unsettled issues and
 
social tensions (land disputes, political disagreements, and the
 
like) that dampen their enthusiasm for.new projects. In the
 
words of a project facilitator in India:
 

Poor people are mostly not in their present difficult
 
situation because of lack of initiative or potential,

but rather because their initiatives have in the past

been frustrated by too-powerful competitors who had
 
contrary interests. Therefore, studying carefully the
 
past experiences of the local communities is an
 
absolute iust for the promotors.
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Skepticism toward outsiders, and other associated barriers to
 
action, should be well-understood before too much effort toward
 
initation of new projects is begun.
 

Achieving Representative Involvement. Given the many types
 
of "interest groups" and individual concerns at play in the
 
village, the forester/facilitator will have to be careful to
 
foster "representative" involvement in dialoGues and in
 
projects. There is no simple technique to ensure this. The
 
importance of meeting with groups that have a natural collective
 
interest reduces the usefulness of traditional methods such as
 
random sampling. One approach to deal with this is to begin by
 
sensing a general picture through meetings that occur under
 
natural social situations and then use sampled, semi-structured
 
interviews as a check on the information received.
 

Persons in diverse situations should be sought out to
 
discuss village problems and opportunities for self-help
 
projects, including:
 

" Mdprs, re gflnzed leaderg. re.ligious heada and 
other such !. informants " Such high-profile 
individuals have contact with villagers from a range 
of wealth groups, locations, and social standing. 
They can therefore be a good initial source of 
informatibn and opinions. However, they do not 
represent the norm, and may skip over the points of 
view of various sections of the population. 

* 	Con ratig. jiprsons, households 2r communitiea. In 
most villages, it is iruch more common to encounter 
certain groups and individuals than others. To 
counter this, "seek the hidden voices." If men are 
more public, one must seek out women; if the rich 
are most vocal, one must listen for the poor; if the 
persons close to the main travel routes are often 
encountered, one must travel to the distant 
households and immobile individuals, and so on. 
Casually holding discussions with people "on their 
own ground" naturally focuses topics on the specific 
activity, location, season, and so on, and can point 
out issues that may not be clear in an abstract, 
formal interview. A gathering of family members will 
bring out different concerns than individual 
discussions, and may illustrate social relationships 
(the relative voice of women, for example) that would 
not necessarily be expressed one-on-one.
 

" "Natural social gzaulm -- those who work together or
 
interact socially on a regular basis. "Group
 
intezests" and group dynamics are revealed by group
 
discussion. The important point is to focus on
 
groups that have a natural common interest or
 
affiliation. A "women's meeting" that cuts blithely
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across strong ties of kinship, economic groups, or
 
ethnic groups, for instance, may not reveal the
*common interests of women" so much as 
the conflicts
 
inherent in the women's other social connections.
 

E
Fxisiting project-centered C . In some villages,
organizations already exist that have a specific

interest in village development issues. Women's
 
groups, marketing collectives, political committees,

and other such groups may already have done much
 
groundwork toward organizing village residents.
 

FORKULATING PROJECTS
 

Tools to Facilitate Villagers' Diagnosis of Causes of Probleme
 
and Possible Solutions
 

In initial dialogues, villagers will identify certain

problems they wish to address. The next question is: How to

understand the problem and its causative factors, both social
 
and biophysical? The forester will have certain technical
 
information to share with villagers at this stage, including

evaluations of site limitations, species options, and so on.

But the understanding of problems and search for solutions will

be more successful when local people themselves are encouraged

to probe the causes of the problem in depth. Such diagnosis by
villagers will also uncover conbtraints they perceive in working

toward solutions. Villagers' diagnosis of problems is therefore
 
a key step to increasinS their involvement in project planning

and implementation.
 

As an example, when farmers in the Eastern Visayas region

of the Philippines were actively consulted in classifying soils,
slope, and crop sequences, they themselves identified possible

solutions for controlling Imp.erat, including experimental

designs for testing on their own farms in relevant
 
agro-ecological niches (Lightfoot et al., 
1987). Extension

linkages included on-farm demonstrations of Laena contour

plantings, Gliriidia, and creeping legumes. The guiding lesson
 
in this systems approach to diagnosis is "to listen unencumbered
 
to the farmer". Farmers got more involved in experimenting with

solutions that lay within their own capacity than experimenting

with high input solutions.
 

The forester or other facilitator may provide tools and
 
guidance to villagers in conducting such diagnosis. First, s/he

might encourage very open exploration of system interactions,

socioeconomic and biophysical, that influence the problem. 
A
 
step here is to ask residents who know the problem from various

perspectives to voice all the factors they connect with it in
 
any way, even remotely. For example, if the problem is one of

species adaptation to particular sites, farmers can be asked to

explain the full range of experiences they have encountered with
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this species in different areas. If scientific capabilities of
 
analyzing soil characte:istics are available, these can be
 
incorporated with villagezs' local knowledga and problem
 
assessment.
 

"Active," participatory methods of discussion, including
 
manipulation of movable figures and sketches, can be a great aid
 
in the discussion process. Villagers themselves, for example,
 
can use a board with detachable symbols that depict different
 
sites and tree species, to~associate and compare successes or
 
p )blems they have experienced. (Examples of active discussion
 
techniques were presented in the workshop by Alexandra Stevens
 
of FAO, who ie presently developing a handbook of such
 
techniques.)
 

These discussions can be expected to result in a listing of
 
numerous causative or constraining factors. Establishing and
 
assessing the range of variations is important at this stage;
 
visual representation on a village sketch map can help clarify
 
the complexities. As discussed in a later section, land use
 
planning can be carried out by different groups [ircluding
 
foresters], in part by marking such maps with land use
 
propositions and identifying similarities and diff:rvnces.
 
Where there is agteement, activities can begin. Where there are
 
differences, they can be identified and negotiated. New factors
 
in land use planning could emerge from such exercises that would
 
greatly facilitate self-help forestry.
 

Once the range of basic limiting factors has been
 
iaentifiad, a larger number of residents might then be asked to
 
rank the importance they attach to identified factors. The
 
pooled ranks can be charted on a blackboard, perhaps in a pie
 
diagram or bar graph that represents the rated importance of
 
each iesue. A village meeting might then be convened to discuss
 
the identified factors, first using the diagram to stimulate
 
assessments on the importance of each factor, and next,
 
hopefully, gaining as wide a consensus as possible on these
 
factors as a basis for action toward solutions.
 

Group Self-Selection and Formation
 

The stages of identifying problems, causes, and
 
constraints, involving as many of the population as feasible,
 
will begin to clarify the common interests of various
 
subsections of the population. Villagers will naturally wish to
 
focus on the particular issues of greatest personal concern.
 
Groups who share a common concern and are in a position to
 
evolve a common solution will begin working more closely
 
together. Where problems and activities clearly span the
 
interests of existing social groups, villagers may wish to form
 
new associations that can deal with the problems and options
 
available. For example, a traditional forest management

committee, originally composed of only a few village members,
 
evolved in the mid-1980's in Sangar, North India, into a
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village-wide body which assumed responsibility for protecting
overgrazed slopes by constructing stone walls, then plan'ting and
maintaining 12,000 seedlings of multi-use tree species (Morse et
 
al, 1987).
 

The important elements in group organization can differ
dramatically from village to village and culture to culture. 
 In
Java, Indonesia, one group of extremely poor landless people

were uncomfortable because they had no papers and therefore

could not be officially married. The fauilitator helped

regulate this matter 
--	which created trust that the outsider
 was concerned about their problems. 
They then formed a group

and carried out new activities, including ralcing high-quality

fruit tree seedlings to sell.
 

In 	the process of group formation, a forestry officer or
facilitator may be helpful in pointing out new ways of
organizing 
to deal with mutual problar.ns. There are a few points
to consider that imay improve chances for the successful

formation of groups with a long-term dedication to the problems

at hand. For instance:
 

" 	Start with "natural" social groups -- groups of people

that share a common interest. These may be

labor-sharing groups, groups of related households,

"political" organizations, small communities that

jointly conduct religious activities, and so on.
Sometimes a "natural group" will coincide with a house

cluster or some other settlement such as a

"neighborhood," village or 
even village cluster with
 some strong mutual interest, such as the community that

formed a rice bank in Nong Khong.
 

" 	Groups will be more likely to form when some 
tangible

immediate benefit is 
available and recognizable. So

don't be afraid 
to 	start small, even with projects that
 seem "lightly peripheral to forestry. Sometimes small

projects with quick results can be 
an irreplaceable

prelude to planning and implementing efforts on a larger

scale.
 

" 	neing part of a recognizable social grouD does not

necessarily imply a sense of "community." Common
characteristics such as poverty, gender (the "women's

group"), landlessness, or reridence in a single village
do not necessarily inspire people to band together for

joint activities. 
Although this may be a desirable way
to 	lend more voice to the voiceless, trying to form
 
groups that are based on an outsider's perceptions of
 common interest may be a frustrating and fruitless
 
experience.
 

As "natural groups" begin to address particular issues and
their solutions, it is important for them to communicate their
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ideas and plans with one another. The use of community
 
resources may be involved, and the activities of one section of
 
the population will very probably affect the resources available
 
to another. Potential conflicts have to be faced squarely at an
 
early stage, before temptations arise for one group to sabotage
 
the activities of another -- not an uncommon reaction to
 
projects that fail to deal with conflicting changes in the
 
distribution of resources.
 

When conflicts in attitudes or beliefs hinder group
 
organization for a village-scale project, a facilitator may help
 
clarify the underlying concerns or p,rceptions :.nd encourage
 
their r-solution. For instance, in Nong Yang '.illage, Sisaket
 
province, Thailand, a researcher-facilitator helped village
 
elders and others at a community-wide meeting defuse feats that
 
ghosts would be offended by tree planting in the village burial
 
ground (Morse et al, 1987). He also helped resolve boundary
 
disputes and established liaison with the nearest Forestry
 
Research Center to obtain Eucalyptus seedlings or planting in
 
the burial ground and an additional village site.
 

Helping Villagers Identify, Evaluate and Compare Alternative
 
Projects
 

Through the process of discussing the causes of problems
 
and constraints on action, practical solutions to address these
 
causes will naturally begin to evolve. Many possible solutions
 
will be identified directly by vi 1agers through discussing the
 
problems themselves; in addition, solutions can be suggested by
 
the forester or other outside technical representative from the
 
Department of Agriculture, Animal Husbandry or others. A
 
variety uf options should be brainstormed to provide a basis for
 
comparing alternatives and suggesting priorities.
 

Active discussion techniques can be used for keeping track
 
of project options, discuissing their ramifications, and coming
 
to some general agreement. Often, this process takes place
 
already on an ad hoc basis, but this may reinforce the power of
 
high-status individuals who are already the strongest and most
 
vocal. The use of new organizing tools may provide an
 
alternative method for decision-making that grants more voice to
 
those who tend not to speak out. Though types of approaches
 
with which villagers are comfortable will differ, the forester
 
or facilitator can help use such active methods in many of the
 
tasks involved in project identification and assessment, such as
 
the following:
 

e 	Brainstorming on potential project with ndividial or 
small =upa. Keeping paper and a pencil handy, or 
other sources of making symbols, each suggested option 
can be given a visual designation. If tree species are 
being discussed, each can be represented with a 
different sketch, leaf, or other evocative symbol. 
Since local tree names often indicate a main use or 
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characteristic of the tree, these can be an excellent
 
choice. If locations for a tree plantation are being

considered, symbols that indicate the place can be
 
used: a pencil for the schoolyard, a bunch of twigs

for unused shrubland -- whatever villagers suggest as a
 
meaningful representation. Every time a new Idea is

suggested, new symbols can be chosen to provide a focus
 
for comparing alternatives throughout future
 
discussions.
 

* Vlminati',%A. "i ." From the
±Jb bhiA =z imprab1

basic collection of alternatives, those which are
 
clearly not feasible can be culled right away, before
 
endless discussion ensues. If, for instance, villagers

would like the government to build a road but no
 
project funds are available, that option can be set
 
aside.
 

" g benLita nd impa ts. For each

alternative, some of the ramifications of such a
 
project can be symbolized. Projects with more than one
 
benefit can be given due credit: if a plantation

provides fuel, fruit and fodder, each of 
these outputs
 
can be represented. If soil conservation is important,
 
a dish of soil may suffice. On the negative side, if
 
trees on farm boundaries shade crops too badly, a
 
withered leaf could represent the problem. If grazing

land would be encroached by a community plantation, a
 
bunch of grass night symbolize the issue.
 

" Conaiderlnga ho A proec m"aff difrent ppljpA,, 
and groups. Since the benefits and impacts of a
 
project will probably affect different villagers

differently, these can be summarized through symbols
 
for the individuals, households, or groups being
 
affected. Symbols of the benefits and impacts of 
a
 
project can be placed next to the symbols for
 
individuals, households, or groups in question. 
This
 
may help clarify the "winners" and the "losers," and
 
give specific points of discussion for balancing the
 
outputs of a project to meet peoples' voiced concerns.
 

" IdgntifyingL Jhg taska and inp a Involved in different 
pjn.. Each of the necessary inputs (land, labor,

materials, and so on) can be symbolized. The relative
 
amount required of each might be represented by the
 
relative sizes of the same symbol in different
 
projects. The source of each input (government,

particular hou3eholds, etc.) could be represented by

the 'personal" symbols used for comparing impacts.
 

" Clarifying lhe time cnstrain 
 and other bhrrLaer.

Some difficulties may pose particularly serious
 
problems in implementing a project. Time constraints
 

SSM 7-89
 



SSM 7.3.4 PAO p.54
 

during the prime agricultural season may impair
 
tree-planting activities. Certain inputs (such as tree
 
seeds or plastic bags for a nursery) may be difficult
 
to obtain, and so on. It is helpful to pay special
 
attention to the concerns that people voice regarding
 
the feasibility of various tasks.
 

" Ranking V nn. With many of the issues, inputs, and
 
implications summarized symbolically, each of the
 
persons involved in comparing projects can rank the
 
options according to their preference or priority.

This can be done visually by placing the project
 
symbols in the order In which the person would be most
 
willing to get involved. The facilitator or a village
 
member can help to compile the rankings for the entire
 
group in an understandable form. A pie chart, bar
 
chart, or physical collection of items like same-sized
 
stones may represent the number of people in favor of
 
the different project options. This can be an initial
 
focus for comparing the most popular projects.
 

* 	Evaluating pxacticl rcealiies: inpu±a-, oJJ±puta­
diistribution 2f bpnefjts. With the ranking as a focal 
point for choosing between or prioritizing different 
projects, the actual sources of inputs, funding, and so 
on can be addressed, along with the specific question
of who will ultimately get what. As a part of the 
negotiation process, this will make the real trade-offs 
as clear as possible, and can again be symbolized to 
keep track of the gains and losses of each of those 
involved. 

" 	Working toward ooen us. The ranking need not be
 
taken as a "final vote" with majority rule, but rather
 
as a focus for negotiation. If most put priority on
 
one project, the concerns of others can be addressed
 
directly, or agreements which "trade off" one project

for anotheK might be made. The clear presentation of
 
inputs and outputs will make this easier. Ultimately,
 
it Js helpful to decide upon the priorities and
 
particulars of projects in a way that those involved
 
can all agree with. Otherwise, participation will be
 
limited to those who can "gain," while the "losers"
 
will bitterly withdraw.
 

The above examples are by no means the Dnly way to proceed with 
participatory planning activities. For every group and every

facilitator the process will differ in a way that reflects the
 
style and preferences of those involved. Creativity and
 
flexibility are the most versatile tools at the facilitators'
 
disposal.
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IMPLDEENTATION: ASSISTING WITH SETTING UP PLANS
 

The project comparisons discussed above embrace many of the
 
steps necessary to generate implementation plang. By this
 
point, the inputs will already have been identified, the
 
contributions of different participants clarified, and 
some
 
agreement negotiated on how to distribute outputs fairly. If
 
this was done thoroughly in the negotiation phase, it need only

be summarized and formalized prior to initiating action.
 

Continuing with an illustration of what might be done, the
 
villagers may set up specific plans of action and establish
 
methods for seeing the project through to completion and dealing

with unexpected contingencies. If no natural leader has already

emerged, someon2 may be chosen by the group to act as the
 
coordinator of the work, presumably with some special benefit
 
provided by the others in retun. Training in methods of
 
record-keeping might be sought for those overseeing the project.
 

Before initiating work, a formal record of promised inputs
 
can be dratri-up that is clear to everyone. This could use the
 
symbolic representations from the discussion phases, with
 
numerals or symbols to indicate expected quantities of inputs

(e.g., person-days of labor per household). Tasks to be
 
completed in certain blocks of time can be clearly represented
 
in calendar form or another locally-understandable
 
representation, such as columns that signify different months or
 
other recognized time-frames such as holy days, cropping

activities, or other time yardsticks as 
reckoned locally. The
 
forester's assistance may be important in this phase, to help
 
secure special training for villagers doing project coordination
 
or record-keeping.
 

Once this has been accomplished, a mechanism might also be
 
set up to handle those who later turn back on their agreements,
 
even if inputs and their timing have been set out formally for
 
each person involved. People may withhold their promised inputs

for many reasons, from gradual disinterest, to personality

conflicts, to unexpected family tragedies. Some means to decide
 
on incentives for follow-through, or plnalties for withdrawal,
 
are best set up before such issues arise.
 

PARTICIPATORY MONITOING AND ONGOING PROJECT EVALUATION
 

Monitoring the progress of a project and evaluating the
 
results are often the domain of officials who examine a
 
situation "objectively" from the outside. But this kind of
 
approach often fails to determine what is going "wrongn and what
 
is going 'rignt" in a project, from the peret.ve 2f those
 
acually involved. Although agencies that support village

projects have their own issues and agendas against which they

need to measure project "success,' the bottom line in evaluating

self-help rural development projects rests in the perceptions of
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the villagers. Within the village, participatory monitoring and
 
evaluation can provide the basis for keeping track of the
 
progress of existing projects, improving their implementation,
 
identifyinc rising issues, and suggesting the next priorities.
 
And for outside evaluators, truly participato evaluations can
 
improve the information that'they bring away from a project,
 
when it is necessary to report on results to sponsoring
 
agencies. As an instance, the villagers' and study team's
 
assessments of Van Panchayat performance mentioned earlier in
 
this chapter yielded information relevant to a state legislative
 
review of the forest association system (Morse et al., 1987).
 

The art and techniques of participatory monitoring and
 
ongoing evaluation (sometimes referred to as PMOE) are not new.
 
Many techniques have been developed for engaging villagers in
 
evaluating their own performance, as well as the performance of
 
outside facilitators and agencies. Participatory evaluations
 
frequently rely on active, visual discussion techniques, as
 
discussed earlier. Systematic assessments of participation (as
 
suggested in FAO/ACCRA, 1986), combined with group members'
 
self-evaluation -- through techniques such as "analytical
 
polling," role playing, "conversation charting," and "empathy
 
practice" (United Nations Department of Economic and Social
 
Affairs, 1978) -- are all practical tools that can be used. A
 
summary of the concepts and certain basic techniques of PMOE
 
appears in Appendix F.
 

CYCLIC PLANNING: ENCOURAGING ONGOING EFFORTS AND NEW PLANS
 

Planning self-help projects is never a one-shot deal.
 
Development efforts are mutually reinforcing and self­
regenerating: each successful activity provides a foundation
 
for beginning another. The process of project identification
 
and evaluation will have pointed out a number of options for
 
self-help projects. During the implenientation of the
 
first-priority project(s), such additional options can be
 
considered as a menu of future directions. These and additional
 
ideas that come to light during the implementation of initial
 
projects can be used to initiate "nested" planning cycles for
 
new projects. One effort i,,ay not have reached the final stage
 
of completion before new work is begun. The approach of "cyclic
 
planning" allows the enthusiasm that may be generated during
 
initial work to spill over naturally into new projects.
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LEUCAENA LEUCOCEPHALA MARKHAMIA PLATYCALYX (Siala) 
Native Range
Originally from the drier western side of 
Central America, leucaena is now perhaps 
the most widely spread exotic in the tropics.
lthasbecomeindigenizedinthePhilippines. 
Indonesia. Hawaii and even the Kenya coast,Uses 

There is little doubt that leucaena is a very
useful. very fast growing tree. Yields of 
wood from leucaena on an annual basis by
volume exceed that from almost every other 
tree. Considerable research has been done 
on the tree, which can make selection of the
right variety difficult. Varieties K8. 28 and 
67 (and many others) are giant types, pro-
ducing fuclwobd, timber, shade and wind-
breaks, as well as fodder and nitrogen-rich 
green manure. Varieties Peru and Cunning-
ham are primarily fodder producers. (Over-
feeding cattle or goals with leucena can

L., cause problems due to the mimosine con-
tent. Rabbits should not have more than 
20% Leucaena and chickens 5%). Leucaena
tolerates poor soils and steep slopes. It cop-
pices readily and recovers quickly from die-... 	 back caused by drought or hungry goats.Browsing animals can cause many problems. 

Preferred Climate Types
Leucaena has an undser-ed reputation for
drought tolerance. It does best near the coast 
and in places like Kitui. Ki.umul Murang'a 
climate types. It does not grow well in areas 

of cool temperatures (Nairobi) or places

with droughts of four months 
 or more. 
(Zone I. 1-3; II. 1-3; I1. 1-3; IV. 1-3;). (Note:
with some irrigation, it will grow well in
drier zones. This is only recommended inplaces with easy access to water.). 

Seed Information 
Leucaena seeds prolifically, especially the 
fodder varieties, even in the first year. It is 
best to get seeds from trees about 2years old. 

4fi 
~impact. 

Soaking or nickingspeed germination. Seeds
store well. Growth in the nursery is very fast.

10 weeks being sufficient. 


Seed Sources 
Baobab Farms Limited. P 0 Box 90202,


Mombasa (K8. k28) 

EMI Forestry Project c/o ProvincialForest Officer P 0 Box 2 EmbuEast Pokot Agricultural Project. Kositei 

CathcLic Mission, Nginyang via Nakuru,JP.OMarigat 
Ministry of Energy Agroforestry Centre.

Mtwapa. P0 Box 90290 Mombasa 
MituntyofEnergyAgroforesyCenmt Ngong.

P 0 Box 30582 Nairobi 

Local Names 
Moo, Muu (Embu). Siala (Luo), Mabet 
(Mas), Lusiola (Luh). Sogdu (Som), Ekok­
wa~t(Turk). 

Uses 
Siala is perhaps the most widely used indi­genous tree near Lake Victoria. It coppiceswell if cut properly and produces durable 
poles much liked by local carpenters. Timber
from larger trees is also well liked. B.A.T. 
rates M. plalycalyxas the best local tree for
tobacco curing. Siala is often seen growing
in cultivated fields where the leaves are used
for mulchandthenarowcown Limitsshade 

Its bright yellow flowers make it a 
good ornamental as well asproviding a nec­
tar source for honey bees. 

Preferred Climate Type
The natural range of M. platycalyx is diffi­
cult to determine It does very well in many
climate types, the best perhaps being Kisu-
mu/Murang'a and Migori. (Zone 1,2-5; 11.
2-5; Il1. 2-5; IV, 2-4). 

-yu 


-.. . 

Seed Information 

Siala produces seed prolificallyin long, pod-
like capsules. It is easy to colect at almost 
any time of the year. Fresh seed germinates 

41.
 

-6
 

..
 

.f 

readily without pre-treatment. Storing seed
 
is not recnmmended.
 

Seed Sources 
Aa the tree is common in almost all its natu­
ral and planted range. we recommend per­sonal collectio. These sources can be used if
 

cannot findthetree.
 
Dsrc oetOfcr o 	 9District Forest Officer. P 0 Box 490

Diatrict Forest Officer, P 0 Box 316 Siaya
District Forest Officer, P 0 Box 66 Homa

Bay 

District Forest Officer. P 0 Box 110 Meru W
The Si!victilturalist. Forest Department

(KARl) P 0 Box 74 Kikuyu co 

I.-. 

f.D
to.


-toto 
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SESBANIA SESBAN 

LOcdi Names '. 
Mwcthia (Kik), Munyongo (Kam), Osawo 
Oyiko, Sao-sao (Luo), Mwathia (Mas), 
Walbaiyondet (Nan), Labiyero (Luh), Nati- . '
 _
 
atia (Elg), Daisa (Bor). 

Uses
 
S. sesban is one of a few Kenyan trees 
already being used as an agroforestry tree, "". ­

especially in Western Kenya. It is known to 
be a good coffee shade tree and soil improver. 
Wherever it grows it is left standing, even in 
fields of maize or sugar-cane. It is also a soil 
stabilizcr and grows well in swampy sites. 
Thoughsoft, the wood provides firewood. A 3-4; II, I-4; Il, I-5;IV, 1-4 and along 
fast growth rate and quick return of fuel streams). 
make it a very interesting tree for planned 
agroforestry stralegies. Nearly all currently Seed Information 
growing trees are naturally distributed. The tree seeds abundantly,the long cylindrical 

pods containing many small, green, black-
O a _ specked seeds about 3 mm long, also cylindri-

Q 6cal. Damaged seed is often found in the pod, 
necessitating sorting and cleaning. When keptPreferred Climate Type dry and cool, the seed has long viability. 

Thrives in the mid-lands of Kenya especially Because of its.quick germination and fast 
in the Migori and Kisumu/ Murang'a cli- growth it is best to plant Sesbania ueiban 
mate types, though its range isconsiderably directly inthe field rather than in a nursery. 
broader. Plants have been found near Ngong, Seed Sources 
on the shores of Lake Victoria and Baringo, M" Erasto Ajwang, P 0 Box 50 Oyugis 
at the Coast and on Yatta Plateau. (Zone I, Mr Abner Mango Opot, P 0 Box 194 Yala 
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How to select a good mother tree 	 Fodder. 

It is important to collect seed from healthy trees Trees intended for fodder should be fast growing, 
which are already good seed producers. Avoid profuse branchers, multi-stemmed, evergreen and 

. ~' isolated, poorly shaped, low seed producing trees. able to coppice easily. The *"-'ti-stems and 
, 	 The best trees for seed collection are those profuse branches ensure ample availability of 

growing in the midst of a healthy stand of the same green leaves all the year round. Fast production of 
species. leaf matter, pods and the ability of the tree to 
The quality of a mother tree depends on how you recover after the cutting of branches are the most 
wish to use the tree. 	 important factors. 

Timber 	 Fruit: 

Trees intended for timber are best when they grow If you intend to grow frut trees, collect seed from 
very straight. With few branches and are fast those trees producing good quantities of sweet, 

,.. . ,,+ g.ro.wing. 	 healthy ',ruits of marketable size. Trees with early, 

,. ' ,;;,.' + : .branching 	 are preferable since it is easy to pick 

Sfruits 	 from low branches. For fruittrees it is
 

7- -	 .preferable to have budded or grafted stock. To 
.. '.,."'----obtain the best budded and grafted stock. contact 

r-.J centres that deal with professional grafting and 
- . / -.	 budding. 

_,.t, 	 j.... 


fruit mother treeA good fodder mother tree A heufthyA good Umber mother ree A bad Umber mother be 

4'. 



Timing of seed collection: 
The optimum time for seed collection is as soon as 
the seed is mature and ready for harvest. Some 
type of seed will not germinate if they stay on thetree for too long. Seeds of dehiscerit fruits have to 
be carefully timed since collection of the seed is 
difficult. Such seeds are light and easily blown 
away by the wind e.g. Grevillea robusta. 

00 

Z 
o0" 

The seed of Combrehm spp. and Terminalia spp.
appear brown even when unripe. Careful observa­tion must be done to ensure that the seeds are 
mature before harvesting. 

(D 

0 

Other types-of seeds appear cracked and attain a
dark-brown colour when mature e.g. Acacia spp. 

' 
9 

W 
W= 
:9 
o 

In Acacia senegal, seed is viable before they have
fully matured i.e. when the seed coat is still 
relatively soft and pale in colour and the swollenpods are just beginning to turn brown. Severe
insect attack is thus minimised and pre-sowing
"reatment is avoided. 
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00 

Questions and Answers 

NATURAL FOREST 

Nearly everyone has taken a walk through a forest or woods growing
naturally near their home. Perhaps we can take a little walk now-if 
only in our imagination. The types of trees we see on our walk will 
depend on where we live. In the hot, dry north cast, we would see 
mpuly thorny acacia trees and rubbery branched commiphoras. In
the wet highlands of Mt Kenya or Mt Elgon the forest is far denser,
with bamboo, podo and other species. Yet everyone would see similar 

M things as well. 
Natural forests have a mixture of species of all sizes. If we look on 

the ground we might seethe youngshoots of newly germinated seed, 
In more open areas, young seedlings and small, immature trees are 
a7abundant. Olderstands of mature trees may be in flower, orwe might 
see fruits, seeds or pods hanging from branches. Occaionally we see 
an old tree, many of its branches dead and it may or may not have 
flowers or seeds. Also in this forest are many shrubs, perhaps some 
grasses -nd a wide variety ofbirds and animals, 

These natural forests are shrinking for a variety of reasons. People
need more land for cultivation, so trees get cut down and the bush 
with its young trees is cleared. Trees provide the most important 
source of fuel as welL If you look in areas where the woods are gone, 
except for a few scattered trees, many problems are evident. Perhaps
themainonesaresoilerosionandtheneedforwomentowalkmany 
miles to get firewood. 

Think of all the ways you use trees. Now think what your life 
would be like without trees of any kind. 

Can we help the trl2to start again? 
Yes. Without our help the existing trees will not be able to 
regenerate fast enough to keep up with our demand for fuel, 

Io 

timber and farmland. We can grow new seedlings in anursery.
plant them and protect them from damage by people oslive­
stock until they are large and sturdy enough to grow on their 
own. But before we begin, we must select the right indigenous
and exotic species to grow In ou areas and then find good 
quality seeds. 

The following 40 questions and answers should help us make a 
good start and see us on the road to gocd tree planting. 

CHOOSING THE RIGHT TREE SPECIES 
I How do we choose tree species to grow In our area? 

The best trees to grow in any area are often those found growing 
naturally in that area. The uses of such trees will be well-known: 
fuclwood, fodder, fruit, shade, mesticine and many others. Select 
thc3c species which meet the major needs you have in your area. 
2 Are all trees good?
Not necessarily. Some trees, like Acacia hiockii (Muraa-Kikuyu)
when it grows in the highlands, turn weedy very quickly and may be 
difficult to remove or controll. It is best to select those trees that are
regarded is valuable and which do not pose problems for agriculture 
or your animals. As an example, Cassia sramea. a common exotic 
species, should never be growt. near a place where pigs are kept 
because the leaves and pods are poisonous to them.' 

3 Can any tree species grow anywhere?
No. Every tree is adapted to a certain climate range in its natural 
distribution. It isimportant to select those species which could grow
naturally in the climate of your area. To help you do this we have in this 
book divided Kenya into a number of Climate Types, derived from the 
AgrocimaicZone Map published through the Kenya Soil Survey

A climate type is determined by rainfall, potential evaporation and A 
temperature. To find your climate type, look at the l.ocational/ Cli- M
mate Type List in Chapter 2, pages 27-36. Find :our province. :9 
district, and the town closest to your home. In the third column will be CO 
the Climate Type designated by a major town. Turn to the climate t 
type species lists in Chapter 3 pages 38-56 and find the page corres­ponding to your location's type. This will have a list of species
suitable for your type. From there you can look up the individual 
I Kenya 7"vs and Shubs CD 
2 fRmood Crop, 



species listings in Chapter 4. which pr(. 'ide local namt. uses and groups 
or persons who are seed sources, 
4 What are indigenous and exotic species? 

Indigenous trees are those which have always grown and reproduced 
naturally in Kenya. In the individual species profiles(Chapter 4), they are
indicated by having Local Names as their first piece of information.Exotic species are those which were imported to Kenya from suitable

locations around the world. For example all ecalyptus trees are exotics 
from Australia. 

Fruit trees are listed separately even though many of these are 
exotics, because of their importance. 

5 What are the Important characterist!ct 
of a grow ng site? 

The most obvious variables in a planting site are rainfall, tempera-
ture and potential evaporation. (The last variable tells us how much 
water the land could lose, if water lay open on the surface.) These 
variables were ,.sed to determine the clim~ite type lists. Other impor-
tant factor .o consider are soil and slope. Tropical soil vary greatly 

M from place to place and sonic species are well-adapted for a certainM rein soil type. For example, A :acia nilotica (Burguge-Boran), does wellblack cotton soils inZone V-.2, while T,'rminalia Irownjgi(Muuku-
M inbak cottorsoil in Zoe V-2, wlmae tpeneeds sanierwl-00Kamba), growing in the same climate type, needs sandier well-drained soiL Where soil requirements are known. they are listed

with the species. However ou, information on soils is incomplete,
You should therefore. mhake certain a tree will grow in soils ofyour 
z-ea before proceeding with planting. (See p 21 for simple soil test). 

What are the differences between home aras 
ofmangoSometimes trees grow in areas widely separated geographically, but

still in the same type. For nstance, Maesopsiseminii (Musizi)growsin the Western Province, Menr and in Taita Hills. It has been foundthat seed from Taita Hills, germinates more readily titan seed from 
Kakamega even though conditiors are similar.] In this case Taita 
Hills seed is be.ter. When gettng seed from outside your area it is
advisable to obtain it from mo,'e than one source. 

Some species grow over a wide range of climate type. Acacia 
torilis (Kura-Somali) can be found from Siakago (Kisumu/ Mu­rang'a climate type) to North Hort (Wajir climate type). However 
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trees growing in one type are adapted to that type. so select seed from W 
your type or perhaps, a drier one. Acacia torrilis seed for example, from 
Wajir type trees grows well in Taveta/Isiolo type but, if you revema thesituation Tavera/ Isiolo type seed, does not produce good trees in Wajir 00 
type. ;13 

SEED: PRODUCTION, PROPAGATION AND USES -i 

7 Where do seeds corn i from?

All tree species reproduce in one form o. anothLr. The process by
 
which seeds are formed is well known. First, the mother tree flowers.Often trees are hermaphrodites, meaning they have both male and 
female flowers (or the flower has both male and female parts). Some ;O 
trees like pawpaw or Chlorophora excelsa (Mvule) are divided sexu-
ally. Once open, the female flower receves from the male, pollen 

to 

which is carried by insects or birds, or borne on the wind. After 
pollination, seeds take from one month to oneyearto matrebefore 
they are ready for harvest. 
S Do all trees produce seed? 
No, some trees produce only male flowers and do not bear seed.O th e trees may dei n y d a e o r an nt be ofOther trees may be injured, disease's or genetically incapable of 
producing seed. Some types of citrus fruits do not reproduce fromseed and require grafting orseed budding. An exa~mple we see everyday isi e ra g u pleot ern o ces fro m sck 
the edible banana, which reproduces from root suckers. 
9 When do trees begin to produce sed? 
This is highly variable and dependent upon the species. Fast­
growing, short-lived sp~cres. like Sesbania sesban (Sao-sao -Luo),begin producing good seed in their first year. Slower trees like the 

may take up to seven years and large forest species ny 
require an even longer period. 

10 How many seeds do trees prootuce?
Again this varies according to species and conditions. Big-seeded
fruits like mango and avocado produce relatively few wheres Acacia 
tortilis can produce up to 100.000 per tree in one year. Very small­
seeded trees, like Conocarpus lancifoliaor Casucrina equisetifolia, 
provide nearly uncountable amounts. 

11 When aro seeds mature? 

Each tree species has a set pattern of seed production. Often seed 



drops naturally from the tree just before or during the rains. Many 
species in Kenya have seed v.,.ich ripen in August or September. For 
collection purposes, it is important to note the floweringand seeding 
pattern of trees in your area. A species growing in South Nyanza, like 
Olca africana (Ol-orien-Masai), may seed at a different time to 
those growing in Central Province. (We have tried to estimate seed-
inj times for each species, but remember that these are subject to 
variation due to weather pattern changes.) 

12 Do trees produco "ed every year? 
Most trees do, though this too must be watched. Often species go 
through cycles of seed production, perhaps regulated by weather 
patterns. Acacia senegalappears to have a five-year peak seeding 
pattern in the Sudan. Avocados produce heavy crops every second 
year. (Seeding times, where they are known, and patterns for indi-
vidual species are provided in the listings.) 

13 How do seeds spread from tne mother tree 
to different places? 

W Nature gave trees numerous methods ofdistributing seeds. Acacia 
W 
Z 

species have hard -,eds in pods, which are eaten by goats, wildanimals or birds, and deposited ready to germinate with the manure 
co in the rains. Others, like podocarpus or vitex species have seeds 

readily eaten by monkeys whose messy habits scatter seeds far and 
wide. Markhamia and terminalia seeds have wings which take to 
flight on windy days. People, too, distribute seed for nature, often 
without intention. Having an edible fruit often helps a seed find a 
place to germinate. 

14 What Is the differonco batwerm a fruit and a seed? 
Fruits come in many shapes and sizes and-with the exception of 
some citrus varieties and bananas-usually contain one or more 
seeds. When we use the wordfruit we do not mean only those species 
which have an edible pulp surrounding the seed. A fruit is the 
product ofasingle pollinated flower with either ahard or skin cover, 
a pulpy interior either surrounding the seed or seeds, or having the 
seeds embedded in the pulp. Seed can be separated from other parts 
of the fruit prior to planting without affecting growth. The purpose 
of the cover and pulp is to proi ide protection for the seed while it 

germinates and to attract spreaders of the seed. 

-. 

1S Are there edible seeds? 
Yes, probably more seeds are edible than we know, but those which 
are known are listed. Cashew nut. Macadamia nut and coconut are 
the three most often cultivated in Kenya. (The coconut is slightly 
different in propagation from the other two.) Other edible nut­
bearing treel include Terminaliacatappa grown at the coast, Balan­
irs aegyptiaca(Tuyunuwo-Pokot) whose seed is used for oil and 
flour in times of drought and Acacia senegal (Edad-Somali) whose 

seed is often dried and eaten as a vegetable. 

16 	How much do 1000 seeds weigh? 
This varies dramatically. One thousand Eucalyptus camaldulensis 
seeds may fit easily into the palm ofyour hand and ,-igh less than 
one gram. But one thousand mahgo seeds would have trouble fitting 
intoagunio. Itisimportantto knowtheapproximateweightof 1000 
seeds to determine the method and cost of transport, calculated by 

weight, and how many you wish to purchase. 

THE MOTHER TREE 

17 	Do trees grown from seed have the same traits 
as the 'mother' tree? 

The full answer to this question can be quite complicated. Normally, 
growth patterns of seedlings are similar to those of the mother tree. 
This is more true if-he mother tree stands in the midst of other trees 
of the same specie- which have the same traits. If a mother tree is 
isolated, the offspring could be highly variable. Species which have 
male and female trees require more observation. A short, twisty or 
low quality male could provide pollen for a high quality female and 
produce poor seedlings. In general, however, a good mother tree will W 
produce offspring following the same pattern. 

:9 
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18 What about the father tree? 
Since 'father' trees produce no fruit or seed, their importance for 
non-wood purposes is reduced. Ratios of one male te 50 or more 
female are usually sufficient for fruits like" the pawpaw or the date 
palm. In wood species, lik, Chlrophoraexcelsa an equal mixture of 
male and female trees is acceptable, and the traits of the father tree 

are judged in the same manner as the mother tree. 
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13 Can people control the pollInntion process? 
For most trees it is nearly impossible. In some species, especially the 
date palm, it is essential for good fruit production. The only effective 

control consists of removing from seed stands those trees with unac-
ceptable traits. Pollination in fruit trees, or in other types, is often 
made more efficient by using bees. Bees, taking nectar from flowers, 
carry pollen on their legs from flower to flower and have the added 
bonus of producing honey. Good honey trees include Cordia abys-
sinica (Muringa-Kikuyu) and Prosopisjuliflora. 

20 How does one Identify a good qualty,mother tree? 
The quality of a mother tree depends upon how you wish to use the 
tree. Timber trees are best when they grow very straight, with few 
branches and at a fast rate. If fuelwood production is your goal, then 
fast growth and high wood yields beCome more important. Fodder 
trees however, require a different approach. With them production 
of leaf matter, pods and the ability to recover after the lopping of 
branches are the most important factors. Foe fruit trees, take seed 
from those trees producing good quantities of sweet fruit, of a 
marketable 4.e, where it grows within easy picking reach. (Often 
for fruit trees one should have grafted or budded stock, selection of 
which is best done by trained people. For the best budding stock, try 
to locate centres which do grafting and budding professionally.) As a 
general rule, take seed from healthy trees which are already good
producers of the product desired. Avoid isolated, poorly-shaped, or 
low-producing trees orstands, and remember that often the best trees 
for seed collection are those growing in the midst cf a healthy stand 
of the same species. 

21 	Does the place a tree grows affect Its choice 
as a mother tree? 

Yes and no. On poor soils or in ecological fringe locations, a seed of 
high genetic quality may de'elop on a poorly-formed tree:. It wil! be 
difficult to know if the seeds of such a tree are of good quality, 
because we do not know if the poor iite or the tree's traits are the 
cause of its poor form. 

Every tree has a range of climate conditions within which it grows. 
On the edges of the range, the tree is genetically specialized for the 
dry or wet conditions and has a low-r ability to adapt. Trees located 
in the middle of the range however, called the climax zone, have the 
gratest ability to adapt to a new location within the climatic range. It 

is best therefore, to collect seed from mother trees in the climax zone.
 
if that is possible. It is still best to get seeds from the same zone as
 
your own and, as far as possible, growing in the same soil type.
 

22 How do we collect seeds?
 
There are many ways to collect seed and most of them are very
 
simple. The easiest seeds to collect are large-seed species or those
 
with pods. You should learn the time of the year when 'he seeds ripen ,.] 
in mass. Pods or fruits are best taken from the tree when their stems ,D 
break easily from the branch and the pod or fruits have changed 
colour or are becoming dry. For example Juniperus procera turns 
blue when ripe. The seed can be separated after drying is complete. 

Small-seeded species present more difficulties. Often seeds grow in 
cones (like cypress ar.d pines) or woody, pulpless fruits (Eucalyptus 
sp.. Casuarina sp. and Grevillea robusta). These normally grow, 
ripen, dry and open without falling from the tree, dispersing the 
small, often winged seed in the wind. Because of this it is important 
to collect the cones or woody fruits after ripening but before they are 
completely dry. The collected cones and fruits can then be dried in a 
clean place, out of the wind, and the seed gathered after it has 
separated. 

23 Are there easy ways to collect seed from tall trees? 
Unfortunately tall trees, which are often the best types of a species. 
present many difficulties for the seed collector. Sometimes it is best 
to collect seed after the tree has been cut down. This meinod is 

commonly used for eucaly-us and cypress trees. It is not wise to cut 
down a tall tree just to collect seed. 

A tall tree can be made safer by the use of a safety harness and 

strap. The harness wraps around your shoulders and hips and it is 
attached to the strap about your waist level. The strap goes around 
the tree and hooks into the harness again. A tree climber may also use 
spurs attached to his boots which provide a good g-ip on the bark. By 
leaning against the strap and lifting with his feet then raising the 
strap, a good climber can swiftly climb a tree to branch level. Once 
there. seed collection becomes easier, even though inost seeds will 
still be out of reach. 

A prunirg hook can be taken up the tree or used from the ground. 
This consists ofa long piece ofwood or a metal pole (bamboo works 
well) with pruning shears attached to on- end. A rope connected to 
the movable cutting-blade stretches to the holder allowing him to cut 
down fruits, pods, cones or any other seed 'container'. The seed can 



then be picked up from the ground. For edible fruits; a basket can be 
attached under the pruning hook so that fruit drops into it rather 
than to the ground. 

Pruning hooks are rather expensive. A cheaper, but less efficient 
option, consists of a long stick with two nails pounded in one end (or
simply a wedged'V'). This is used to break the stem attaching seed to 
the tree. 

24 Can seed be collected from the ground? 
Yes, and for some tall trees, like Acrocarpus fraxinifolius or Podo-
carpussp.. this is the "tst way. These species have hard seed coats,
not easily damaged and do not lose viability readily. Podo seed, well 
liked by Colobus monkeys for food, should be collected from the 
ground daily or your seed supply may all be eaten up. Some species, 
like terminalias or combretums are subject to insect attack and 
should be collected only on the day they have fallen. Sweep the 
ground under the tree of old seed and collect freshly fallen seed the 
next day. Seed already on the ground is likely to have a high perecn-
tage of insect damage and should be carefully inspected before 
storing or transporting. (See 25). 

o Some species cannot be collected from the ground as seed, but as
MJo wildings. Wildings are newly germinated seedlings found under 
z stands of mature trees. Forest Department nurseries often get their 
00l indigenous species this way from stands near the nurseries. These are 

gathered while still small and with the soil still attached to their roots.They are then transferred to pots in zhe nursery until ready for 
transplanting. This can be done for most species and is commo for 
Grevillea robusta. Olea sp.. and Prunus africanum. This is also a 
good reason for preserving small stands of indigenous trees in your 
location Often this is the best way to propagate trees difficult to 
grow in a nursery or with hard-to-collect seed. 

SEED QUALITY AND VIABILITY 

25 How can we tefl If we have good seed? 
The first step is visual inspection. Usually seeds that are smaller thkn 
the average, darker or lighter in colour or mis-shappen in some 
manner are bad and can he discarded. Insect damage occurs often
and is spotted by finding a small hole in the seed coat. 

For hard-coated species-acacia. podocarpus. baobab and 
balarites, for example-floating in water is a good test. Normally 

good seed will sink and the bad float. Simply throw out the floating 
seed. Dry the remainder thoroughly before storirg. 

26 Are there differences In seed of the same species?
All seeds are not exactly alike. Those differing greatly in size, shape
and colour should be discarded. Small differences create no prob­
lems for germination. As mentioned earlier, sometimes the viability 

of seed varies from one location to another and so acquiring orcollecting from two separate locations often eliminates this problem. 
Be sure though, to keep the collections separate. 

27 Are seeds from young trees as good as seeds from 
mature trees? 

Not necessarily. For likesome species Leucaena leucocephala. seed 
from the first season of production has a lower viability than seed of 
successive seasons. The major problem is knowing whether a young 
tree will exhibit fully the characteristics you desire. A mature tree 
already displays these clearly, whereas young trees are uncertain and 
therefore, less acceptable as seed sources. 

28 How long do seeds remain viable? 
This varies greatly between species. Hard-coated species: acacia, 
baobab, acrocarpus, podo. etc., have long viability. Some acacia 
may last 10 years or more-as they sometimes do in the wild-before 
germinating. Other seed, such as the oily ones or those with soft covers last only a short while. A.adirachta indica (neen) remains 
viable for two weeks to two months only. Grevillea robusta can last 
three months or more if kept in cold storage. Others. like Cassia 
siamea or Balanites aegyptiaca. lose viability slowly over a period of 
two years. (Where the viability duration is known it is listed in this 
directory und4 the individual species profile.) 

29 What'makes a seed go bad (fall to germinate)?
Oily seeds, such as neem, go bad quickly due to a breakdown and loss :X 

of oils. Nothing can be done about this. Chemical, fungal, or bacte-
rial action damages seed as well, especially in moist conditions. t 3 
Insect damage is quite common. Careless handling resulting in crack­
ing orsplitting ofthe seed coat, als-) can lower germination capacity. 

30 How can a seed be stored without losingvlability? 
The basic rule is to keep seed as clean, cool and dry 4s possible. Seed 
should be removed from the pod, cone or fruit and dried quickly. 
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Some harder, larger types of seed car be washed anddried in thesun 

as well. Storage is best done in a metal container or paperbag and 
placed in a cool or cold place-at any rate away from the sun. If 
seed is to be stored for a long time, chemicals can be used to prevent 
insect attack. You should not store seed in a plastic bag as this can 
make seed sweat, causing it to rot or germinate prematurely. Warmth 
too, will result in the same problems. So always remember the cooler 
and drier the storage place, the bett:r for the seed. 

As a general rule using fresh seed is best since the longer the 
seed is kept the more problems it can develop. 

31 Can seed quality be tested?. 

Yes. and this is important if you have stored seed for a while or 

received seed from an untested supply. 


A simple testing method involves just a cloth, water and a warm 
place. Take a small counted number of seeds, 20, 50 or 100 and do 
any pre-treatment required prior to planting. (Pre-treatment tech-
niques are given on page I8.) Put the seeds on a damp cloth in a dish 
or bowl. Cover with another fold of the cloth; moisten it thooughly 
and put in a warm, but not hot, place. Check the seeds daily for signs 

W 
rt of germination and keep the cloth moist. When germination begins,keep a record of the day and number. The test usually lasts two weeks 

but results vary according to species and length ofstorage. Germina-
O tion of over 50%means you have good seed. Small-seeded species 

having only 5%germination are still worth keeping. To obtain corn-plete results for some species like grevillea or terminlia, the test 
may have to go on for considerably longer than two weeks, 

If you are sending the seed to someone else, you should also send 
your germination test results with the seed. These tests help you to 
determine the best method ofsowing inyour nursery. Highgermina-
tion means you can sow directly in the pots. Low germination indi-
cats the need to use a seed-bed. 

PROMOTION OF INFORMATION ABOUT SEED W 

X 
32 How do we hndle lformation about seed? 00 
Seed information is important esp..cially if you are selling or sending 
seed to someone else. The more concise yet thorough your informa- , 
tion the better. Information helps others determine the best time to W3 
sow the seed, what soil to plant the seedlings in and gives an idea of 
the kind of tree to expect. (The sample form provided at the end of 0-­
chapter 6 helps you record the relevant information for others.) 

33 What should you do with new Information? 
This book does nsot have complete information about each species. q
So if you have new, better or more information about a tree species 
or its seed which would add to our knowledge ofthe trees, it would be .,
deeply appreciated. KENGO. CARE-Kenya, MCC, the Forest 
Department and the Silviculturalist at KARl arc acting as channels 

­

. 
for this information and it can be sent to any one of these groups.
Good scientific knowledge ofmanyspecies is scarceand your knowledge 
will help fill in many gaps. (see chapter 6). 

34 How do we get holp for tree seed problems?
This bcok has not answered all the possible questions about the seed,
especially concerning the individual tree species. As new information 
is gathered, wecanimproveourabilitytoanswer thesequestionsand 

be a channel of information exchange about trees. Often answers totree seed questions come from people working with trees on their 
own land. For example, in 1982 the Mazingira project was sowing 
Podorarpus gracilior at a nursery in Nyeri. The germination tech­
nique consisted ofpresoaking the seed for 24 hours. No germination 
resulted. The headmaster of the school where the nursery was 
located, then decided to grow podo as a project with his 4H club. 
Instead of soaking the seed, they cracked the hard outer shell lightly 
with a hammer. Germination was very good in a short time. This 
knowledge came from local people who are often the experts in tree 
planting. 

The groups listed above (see 33) are providing a channel for this 
kind of information, so if you have questions, write and they will try 
to find the answer. 

35 How are seeds posted or transported? 
Within Kenya this is quite easy, especially for small quantities. since, 
the postal service is quite good. Seeds of one species should be 
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packed inside a container, like a paper or cloth bag, and carefully 
labelled with the species name and the source. Plastic bags can be 
used for hard, dry seeds only if paper or cloth are not available. Do 
not use plastic for oily seeds like neem. because this will reduce their 
already short viability. These and other species, packed in separate 
containers, can then be placed in a cardboard box or wrapped in 
heavy paper. Small amounts can even be sent in an envelope, if it is 

sufficiently protected from leakage by double wrapping. The Tree 

Seed Information Form should be sent with the seeds if they are 
available, cr you can enclose a letter containing the information. 

Posting costs should be included in any price charged for the seed. 

Sending seeds outside the country is more complicated and should be 
done'through groups who know the system. All seed going out of the 
country must be fumigated ar.d given a phytosanitary certificate by
the Kenya Government. 

36 Are there qualityd~fferences within one species in seed 

from dlferent regions? 
Yes, see question 6. Most of these differences are not known or 
understood. This explains why it is wise to get seed from more than 
one source, especially if germination testing data are not available, 
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GERMINATION AND PRE-TREATMENT OF SEED 

37 Do all seeds germinate? 
The percentage of seeds which germinate varies greatly between 
species. as does the time it takes for seeds to germinate. Some species, 
like neem, germinate vigorously if fresh and at nearly 100% rate. 
Other seeds require pre-treatment of some kind before a good per-
centage of the seeds can sprout. Without pre-treatment some seeds 
may never germinate. The percentage germination results of testing 
are important in calculating how many seeds will be required to 
obtain a cerain number of seedlings, 

38 What kinds of pre-treatment of seeds are used? 

CRACKING 
There are many methods. The cracking technique used for podo 
mentioned earlier is one. Actually this treatment may be a copy of 
how nature stimulates germination. Most oftheseedsmonkeyscrack 
open are swallowed. However, occasionally monkeys may allow 

some seeds to drop after cracking and it is these which germinate. 
Podo will also germinate if left long enough in a seed-bed, but this 
makes for uneven seedling growth. For a small number of seeds, 
cracking lightly appears to be the best. 
SCARIFCATION 

Not all seed can or should be cracked. Other methods, also imitating 
nature can be used. Scarification is the term used by foresters for 

these techniques. Grazing animals like cattle, goats, camels and 
others often swallow seeds whole. Acid in the stomach softens the 
hard seed coat of acaciaand other species for instance; then the seeds 

pass through the bowels and are deposited, with fresh fertilizer, 
ready to germinate. Tree planters have imitated this by soaking seed 
in mild acid solutions for 5 to 20 minutes before sowing. This
technique is tricky and should be tried only with professional advice. 

SOAKINGWKN 
Soaking is another method used for bulk seed. Water is brought to a 
boil, then poured over the seed and allowed to stand for 5 minutes. 
The water is then cooled by adding cold water and the seeds are left 
soaking up to24 hours. Hard seeds will swell with liquid and be ready 
for sowing after this. 

NICKING 
An efficient but time-consuming technique for hard-coated seed. 
consists of nicking the seed coat with a knife or fingernail clippers. 
Only a small nick is required. Care must be taken to avoid nicking the 
end of the seed where the germ is located. Tests indicate that this 
method leads to the best germination percentage but dematids also 
the greatest labour input. It is recommended therefore only for small 
quantities of seed. 

These methods work because they improve the water penetration 
of the seed which in turn stimulates germination. Other methods may W 
work as well. Some seeds however, do not respond well to any 
techniques. Melia %olkensii (Mukau-Kamba), a valuable tree of tne 

semi-arid areas east of Mt Kenya, does not germinate quickly or well 00 

no matter wh.c is done. Farmers feed the seed to goats, then burn 3 
them when they are dropped, soak them for a day or two and then 
sow them in an isolated spot in their compound and keep them wet. 
Afteraweek, orperhapsayearortwotheymaygerminate. Growing ,. 

trees is sometimes a matter of great patience!
 
Most species respond well to scarification and germinate quickly.
 

The normal length oftime is two weeks. Not all seed can or should be
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treated; untreated species have a broader range ofgermination times, 
(Whether or not a pre-treatment is recommended, the best type of 
pre-treatment, and a predicted period for germination are given in 

you know the young tree's potential production. Date palms require 
reproduction from suckers to be absolutely certain that the seven-year 
wait for quality fruit production will not be in vain. Root suckers and 

zn 
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the individual tree species profiles in this book for those which are 
known), 

cuttings are mo-e certain methods of reproduction and often these grow 
faster than those from seed. 

39 Do young trees grow only from seed? 
Though growing trees from seed is the most common technique, 
growing them from root suckers and cuttings is also of importance. 
Root suckers arc the primary means of reproducing banana plants. 
Young plants come up around the mother plant's basal roots and are 

There are two main disadvantages: first, transport especially of root 
suckers. is more difficult and expensive per plant. second, since they carry 
thesame genetic information, the offspringare equally susceptibleto the 
same diseases and problems as the parent tree. The advantages usually 
outweigh these problems. 

, 
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cut away for planting elsewhere. Some trees produce root suckers 
naturally. Ocoteausambarensis(camphor wood) has copious numbers 
of root suckers that come up after the parent tree is cut. 4 Melia A SIMPLE SOIL TEST 
volkensii mentioited above, also reproduces by root suckers with- 0 
out the tree being felled; just cut roots a few feet from the tree and 
leave the cut end exposed to the surface. These suckers grow far 
faster than seedlings since they are connected to an already deve-
loped root system. They can be cut and transplanted like bananas, 

Cuttings are an easy means of reproducing trees. A cutting is 
simply a section of a young branch-anywhere from 15cm to 2 

Quite iimply, soil is the top covering of earth in which plants 
grow. However ii is made up of so many different components 
that it is very hard for an untrained person to know exactly 
their soil type. Soil type may vary within just a very short 
distance. There are red soils, brown soils, black-cotton soils. 
sandy soils, white, stony soils and many more. Within these 

rn 
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metres in length-which has at least three nodes or buds. Perhaps 
you have witnessed the making of a fence using freshly cut logs 
complete with the bark. With certain species these sections sprout. ,..... 

there are variations in organic content (see mulch), acidity, 
salinity, nutrients and compaction, all ofwhich have an impact 
on plant giowth. (see glossary). 

ITo That is a cutting. The three basic components of soil are sand, silt andclay andtake a cutting, choose a healthy section of a parenttree. At thissoltpsaedfndruhybtertiofhseheeng­

stage the longer the better. Strip off the leaves to prevent moisture dients. There is a simple test one can do to determine basic soil 
loss through evapotranspiration, and then make a clean, slightly 
angled cut. Thin spindly ends can then be removed, for these grow 
poorly and cause moisture loss. Transport to the place you wish to 
plant or to the nursery. At this time you can cut the longer sections 
into three or more nodal lengths. Put the cuttinginto the soil at least 
two nodal lengths deep, with at least one exposed. Keep it watered 
until sprouting occurs and a root system has developed. (see p 92) 

Trees commonly propagated this way include many members of 
the euphorbia family and the moracea family (figs and mulbe'ry). A 
good clue is the presence of white latex sap. Other trees which 
reproduce this way are mentioned in the tree species section. 

. 
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type. Take a small amount of soil and moisten it until all the 
particles are wet, but not so much that it will drip or run off. 
Then pick up a handful and squeeze. Ifthe soil particles separ­
ate easily, with little or no stickiness, then you have a sandysoil. 
If all the particles stick and you can mould the soil into a 
desired shape, then it is a clay soil. If there is some tendency to 
stick, but small chucks fall off and you are unable to mould it 
then it is called a loamy soil. 

Soil colour and its response to the addition of water will 
usually give sufficient clues about type for most purposes. If 
there are nutrient deficiencies, however, then one must consult 

40 How do trees grown frocii root suckers or cuttings 
differ from those grown from seed? 

with a trained person or have a sample tested by a laboratory. 
The Kenya Soil Survey people do a thorough job of this. 

Trees grown in the above manner have exactly the same traits as the 
parent tree. This is very important for fruit producing species since (Thanks to Dr. P.K. Nair of ICRAF for the simple soil test.) 

4 Kenya Tre, and Shrubs 
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Code:
Learning Element 
Tree 	Seeds
Title: 


Occupational Area: GROWING TREES Nairobi 2

June 	 19834 

1) 	Once you have chosen the
 
tree species that you want
 

to grow, you need to get
 

the seeds for these trees.
 
You can either get the seeds
 

from groups, such as the
 
Forest Department, who are
 

already working with tree
 

seeds or you can collect
 

them yourself.
 

2) To get seeds from other
 

organisations you need " .
 
to visit or write them
 
and ask them for the 
seed types that you want. 
The types that you want 

may not be available, but \ N 
the people may know where
 

else you can try. The
 
best person to contact for
 

seeds is your local agric­

ulture or forestry extension
 
officer. If the seeds are
 

there you mray have to pay
 

for them.
 

3) It is easiest to collect the 

seeds yourself. This way 
you know the seeds are fresh, reetin seeds 

you will know where to get 
more when you need them, and 

it will not cost any money. 

The first thing you must. do 

is locate trees from which 
you can collect the seeds 

you want. A good-seed tree 

is one that is very tall and 
straight. Do not collect
 
from 	a short, c:-ooked, sick­
looking tree. It is always
 
best to collect from a tree
 

near the area where your
 

seedlings will be plantd. 

yes 	 no 
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SSM 8.2.3 ILO Tree Seeds p.3 

Learning Element Code: 

Title: Tree S Date of Issue: Page: 

Occupational Area: GROWING TRES Nairobi 
June 19811 

4-) You mu,;tt ow find out when 
to collect the seeds from 
the trtoe!;. iree species 
produce thei r seeds during 024 
different times of the year. d~ 
The tree ;ueis are ready 
for collection when they 

start to Iall from the tree 
naturally. This is when the 
seed or fruit is ripe or isstarting to dry up. You can 30 e ' 

O er 
find out whfen a specific tree 
produces it; seeds by asking 
a forestry officer, looking 
the information up in a book, 
asking the local people 
(especially the old people), 
or simply by watching the 
tree carefully yourself. 

5) Unce you have' found a good 
troe source' nolfthe seeds 
are reay to be picked, it 
is time to collect the seeds. 
The simplest way to collect the 
seeds directly off the tree or 
wait util 'ie seeds fall from 
the tree and pick them up one 
by one from the ground. fHowever, 
this does not work well for tree: 
with very .;iall seeds. 
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Code:Learning Element 
Title: Tree SeedsII) IIIIIII
 

Date of Issue: Page: 
NIajrobliOccupational Area: PLANTING TREES 

6) Another method of collecting
 
the seeds is to climb the tree 
and collect them directly. This
 
is a dangerous method. Much 
care must be taken to prevent 
falling and injuring yourself.
 
However, there are advantages
 
as well. If the seeds are
 
s!:vill and hard to collect, 
the seed, pod or fruit can be
 
collected just before th: ,' 
open so that they Qan be drie,1
 
later where the seeds can be
 
collected easily.
 

7) Another method is to use a lare 
sheet lol!, ,or tarp. The sheet(.s 
cnn be laid out under the tree 
or'der to catch the seeds. Then 
th tree can 1e dhaken and the 
sseis :ill fall down onto the 
cloth. Te seeds must be r.ady 
to fall for this method to worl. 
You nay have to climb the tree 
in cnrier to shake the branches. 
After shaking the tree, pick 
up the sheet by the corners ,in.' 
all the seeds will collect :1. 
th.v middle. 
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Learning Element Code: 

Title: Tree Seieds Date of Issue: Page: 

Occupational Area: 'JArPINc TPF-ro:: ,irobi 

6) Finally a last method to col eit 
;eed, which can be used in coP -
ination with a sheet or tarp, in 
to use long sticks or wires to 
knock or pull the seeds from tiv 
tree. A long pole can bIeuscJ 
to strike the fruit to knock 
the seeds down, or a hook cn 
be placed on the pole to pull 
on limbs, shake the limbs or 
to ruab the seeds or fruit:. 

Once the seeds have been 
collected they must be 
pro*cessed first. If the 
';ued!;are still insi !e or 

a fruit, pod or capsule, 
they must be taken out. 
This. muist be done by hind. 
Often, if the fruit, jud 
1:.-ipsule is left ii the 

-111 :1 Cel days they .1 1 
Idl":nll 'opent ip by ties!;­

relIonsinj the iO!O5 

tit*. coverintig over the 
ie very hard it. !i:i 

h v" t.o bu removed 1.:eil E 

a irlilmer . Oftell somr 
will have been dnamil,.,!lby 
::iocts, these seeis wi 11 
iiave a smal! hole inl l em 
,- i-, the insect W.eiL ill. 

P'lie:rLcecds should be 

tiev,'d ror hard, thea, 

the easier wily to 

fill Iad sees is tn p:lce 
S:-I. inl Water'I. 1., '" 

i'2dt ;ll t i .: I/'oai ,ee 

Q 
". 

will Sink to tHe bIoLt,:,. 
Tho balds.eed!;shoull ItN­

,. .,- . 

vln out. 1 . -
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SSM 8.2.3 ILO Tree Seeds p.6
 

Learning Element Code: 

r61 ii Title: Tree SeedsII Date of Issue: Page. 

Occupational Area: PLAI' Irii; wImEE.; iii robi 

10) For certain types of seeds 
they must be planted immediately 
or they begin to die. This is 

especially true of seeds from 

fruits such as oranges, avocadoes, 
kei-apple ard mangoes. In general, 
seeds that are soft and fleshy are 

ones that cannot be stored and thus 

must be planted immediatel.'. 

II) Most other seeds have a 

thick seed coat can be N, 

stored for longer periods 
or tir=e. 'hc-setype of 
seeds canialno be planted / 

' 
N. 

immediately and they ,ill 
still grow. If the seedt-, 

are to be stored, it is 
best that they are dried 
thoroughly. This insures [D 
that rhe seeds will last 

n long time in storage. 
To dry the sceds, set them _-____._._-._.._____.__ 

in the run for 2 to 3 days. lid 

'lake sure tho seeds are 

.wted for insect damag~ed 
.e,.ds before storage. 
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SSM 8.2.3 ILO Tree Seeds p.7 

Learning Element Code: 
II
 

T itle: e :;Tr.,,I 
Date of Issue: Page: 

Occupational Area: I'LAN-INIG TR:, Jnai 9ro.,i 

12) '1e seeds should be labelled Seed Label 
with inforinatiorn on species,
 
weiCht, when collected, where Cor'mbn .
 
collected and who collected
 

thien. Write a la,.i on a SaaIhi,
 
piece of paper rnd incliude Nae
 
it With the seeds. W1iht _
 

Da tt _______ 

Co 1ccfioLoc o.w . _________ 

Collector _______ 

Store the seeds with their
 
1]:bels in bags or h,;,en iin
 
It cral dry p1 t :
 
n,.itto keep them otut -I'the 

an,:itit tiviWitil :3 Kr.
 

Ull: it is tite to pl:u,
 
the seeds, soa.- types will
 
:equire pretreatment. I:"
 
lieseeds iior+very un,!tl1
 

or have a very thin coa-'
 
pre',treatmle.-at 0.oll d 1,3, 

:,
:;cessary a,ilhe :;:;
 
ie-an planted straight
 

:Il':Iy I/ •
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Learning Element 
~ Title: Tre e S eed s 

PLAI'1Occupational Area: 

15) Seeds that have thick seed 
coats or shells will need
 
sumtntype of pretreatment.
 
For large seeds with a 
very hard thick shell, the 
best. treatrment is to brea­
tie ,;h':ll and extract the 
kernel usinG a hammer or
 
stone. T7his is necessary 
for seeds from Podo and
 
Maadnn:i a nllt, for example. 
The seed should be broken 
ve- carefully so as not 
to damige the kernel inside. 
There should be planted 
immediately after cracking. 

16) For other seeds which are 
smqllec and have less of 
a thichI: 'ziat, there are 

htrc .,:;sjle metlods ef 
lu'e-tl, " -'nt . One, which 
ii simi , ir to the above 
ii!--th,-, ".i t.c bred;: the 
s 'ed c :0 -, that eater 

, i, i an J t l:e se -ed 
I e r.1;iih1sat; . cnn 

V-1 ,],-. .:, making a small 
be j; .':, 1".c .ieed coat 
*W.L:. a :: .',, scissors 
or o.h,-"fI'i-p implement. 
Only -. all is nutc di cat 

al. ,. uater to get it;. 
:ot it th, part o)t i. 

.:' p ..: ' eapsule. ThiL,
 
r rlv, -i'.t tle eye or the
 

' . i I will iiii Lhe,i't,:r :- ;!.. -ttlhe !,eeCj1 

. :.ial f !'.. planted. 

SSM 8.2.3 ILO Tree Seeds p.8
 

Code: 

D o I e: P ge
 

Date of Issue:
 

0 
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SSM 8.2.3 ILO Tree Seeds p.9
 

Code:Learning Element 
Title: Tree S;eeds 

Occupational Area: PI.A!T ' EI 

Date of Issue: 

'obi 

Page: 

Y() Another method xorthese see,!;. 
is to boil water, then pour 

it over the seeds ard let is 

sit for 5 to 10 minutes. 'h-r, 
add more water to cool the 

seeds down. This weakens t'l, 
thick seed coat so once n, i 

water can enter and the s*-­

will germinate. 

NI 

.-.­

18) The last and most commonly usee. 
method is to soak the seeds in 

regular water for 12 to 214hours 

before planting. This can be 

done along with the method 

described above for very tough 

seeds, i.e., soak the seeds 

in boiling water, cool them, 
then soak.overnight. 

,.,; 

..' ," " 

5 min. 

19) Now that the seeds have 

been pretreated, it is 

time to plant them in 

the :;ed beds. 

-
8-20 
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SSM 8.3.1 ILO Nursery Management and Record Keeping p.8
 

Learning Element Code: 

Title: Nursery Management axid Record Date of Issue:
 
Keeping Nairobi


Occupational Area: GROWING TREES July 98 4
 

11) When seeds are collected the - .Cv CMAg- 0.0.4s01 

following information should I. t P-..# "- -Is m
 
' %k A " 30%
be recorded : date. amount 


" 0... ,,i.
collected, where collected, 


name of species and who -ay, s. Jk 1. 
collected it. If a germination
 
test is done on the seeds this
 
should also be recorded. 

12) When seeds are planted in the 
seed beds and then pricked 

-

S 
-

h . 
out the following information 4 ,2-eit I-J*9 . Io" 
should be recorded : species ).$,43 J J 1U 2006 

planted, amount planted, date 
planted, date of germination, 
germination remarks, date of 
pricking out, total number 

pricked out. 
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Seeds 

CO 

0branches 


I 
Ccollection, 


NO MEANINGFUL tree planting programme can be achieved without due
 

consideration of seed procurement. 
Tree planting techniques must
 

of necessity start with seeds from which most tree species are
 

propagated. Perhaps it is fair to generalize that seed
 

procurement is a major problem in tree planting. The point here
 

is to discuss some relevant processes such as seed collection,
 

eatract ion, cleaning, storage, testing, viability, pretreatmen
 
and sowing. The majority of the important tree species produce
 

seeds and it is only in a few cases where a certain species

does not produce seeds, or it produces weak ones, that we turn to
 

vegetative propagations, in which case seed provision does not
 

play a significant part. Pcplar and Mfi;tgoenia species fall 
under this category of vegetative 'propagation.
 

SEED COLLECTION 

Seed collection is anarduous and expensive job and. indeed, one 
of the limiting factors in the whole process of seed management.
 
One should therefore collect only good quality seeds. In the
 

field one can cut open a seed if in doubt as to its quality. To
 

avoid rotting, seeds should be collected when ripe either from
 
seed orchards or ordinary trees.
 

Collection of seeds should be selective and timely. Many
 
trees have ripe seeds only for a short time. One may ciimb a tree 


and with a hook detach cones or fruits. Alternatively, seeds can 


be collected from the ground at the bottom of a tree after they
 
have fallen to 
the ground on their own or after seed bearing 


have been shaken.
 

It is wise not to mix seeds of different species during
 
otherwise subsequent treatment will present problems
 

because different species have different and important characte­
ristics such as:
 

a) Flesh pulp or other waste material;
 

b) viability; 


c) germinative capacity; 


d) pretreatment quality.
 

It Is also necessary to keep a record of what is being planted 

for future reference, especially where there is doubt as to the 

species ability to grow. 

ianp ces on 

fruits but for seeds 

In ho braneso 

-7-

CO 

• 

Figure 2: Seed Collection from trees 
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EXTRACTION OF SEEDS
 

There are basically three categories of seeds:
 

a) 	 Those in the flesh pulp of a fruit. The seeds must be
 
extracted by removing pulp and possibly drying the
 
seeds within the fruit. Uless this Is done the fruit
 
will ferment and the seeds might decay, thus losing
 
viability. ChZophora species. ,o .o species, and
 
Aleria coffra belong to this category.
 

b) 	 The indehiscent hard pods or capsules (dry fruit) which
 
dry with the seed enclosed. Seeds would not decay but
 
they should be extracted or the capsule cut at one end
 
to allow seed, to geminate. Pt.rvarp-c -,goZe -... Figure 3a: Seed drying using Solar Energy
 
Decli- species and Juniper-e procura belong to this
 
category.
 

c) The common deniscent pods from which seeds can be
 
extracted simply by thrashing, and others break out
 
automatically, as in the case of most legumes such
 
as Jacaranda. These are the true seeds.
 

Thepointtinnseed extraction isfthat seeds ,should be separated 	 7 
from their container before storing for planting purposes. In the
 

cas& of pulpy fruits, one can use water to reove pulp. such s in
 
the case of coffee. Fruits like those of A h 
 i u coffra are put In
 
a drum and then stirred to separate seeds fro fruit. The content Figure 3b: Seed extraction using Drum
 
is sifted through a wire mesh and waste is subsequently dried to
 
avoid rotting.
 

Some seeds in cones, as In the case of pines, are dried and
 
then thrashed. Cones cam also be rolled in a drum to extract the
 
seeds which can be removed by winnowing.
 

CLEANING
 

Mtostfseds,bwen extracted,contain some impurities either from
 
the fruit or from the vicinity of work. All these extra materials
 
not necessary for seed germination must be removed to reduce overall
 
weight and volume - a necessary consideration in costing for
 
subsequent handling of seeds. For the purpose of determining the
 
germination rate, impurities must be considered. Some pests cas 
also 	 be removed during the cleaning process. 

Figure 3c Seed extraction with wire meh. 



Wstart 


Yshould 


STORAGE
 

After cleaning the seeds, it is quite common to store them for use 
later or for distant transportation. Seeds should be stored in cool. 
dry containers in order to minimize seed metabolism. If an area is 
humid. same dehydrating substances should be used. Pine seeds, for 
example, should be dried to between 6% and 10$ moisture content and0
 
preferably kept In containers at between 3 - 5 C. Although some
 
seeds can be stored for long periods, especially in air-tight
 
containers, it is advisble to use seeds which have not been stored
 
for too long. The sbori- the storage period the higher the chances
 
of germination.
 

VIABILITY
 

Viability refers to the ability of seeds to germinate once planted.
 
Any seed will lose viability if stored for too long, since it is a 
living tissue and must respire, thus expending some energy stored
 
in the seed. For example, ChZorophora excela loses viability
 
within a year and Grevillea robusta, a favourite species in some 
agroforestry systems, must be planted immediately after harvesting. 
Other species which lose viability quickly are Khaya In Nigeria, 
Lovoa, Encandrophragma and Azadirachca species. 

Trees which lone viability easily must be planted without
 
delay. Synchronizing seeds to planting tine presents a challenge.
 
The chief problem is when the seeds ripen so quickly that planting
 
in the field will be difficult to synchronice. It is necessary to
 
ensure that z,sds sown in a nursery reach planting stage by the
 

of the rainy season. If the seeds must be sown ireediately
 
after ripening and if the planting and sowing of seeds cannot be
 
matched, it is best not to use that species. The species can only
 
succeed if some irrigation or presence of underground water can be
 
relied on.
 

For some of the seeds which lose viability quickly, refrigeration
 
be used if they have to be stored, and it might even be
 

effective to coat seeds with glue. For example Auracarias seeds
 
are difficult to germinate on a large scale (FAO). Also as a
 
general rule fatty or oily seeds are very perishable, retaining
 
their viability for a very short time.
 

Occasionally, one may not be sure whether seeds will germinate.
 
It is necessary tJ test their viability. One may even cut a seed
 
and tell whether It is fresh or not. Floating in water has also 
been used and in this cane sound seeds are heavy and will sink. 
while non-viable seeds are light and will float on water. A 

conclusive test is to germinate a sample of seeds and count
 
germination rate. If germination rate is too low the seeds should
 
not be used. It is a good precaution to sow only what will
 
germinate to avoid unnecessary cost and waste of time.
 

Co 
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How to prepare seed for storage: 
You should always aim to sow or dispatch your
seed as soon as you have acquired it. But
sometimes for different reasons you may need to
 
store the seed for future use. Remember that the
 
longer the seed is stored, the greater the
 
probability that it will lose its germination capacity.
 

Seed extraction: 
In most cases seed is collected while embedded in
 
ripe fleshy fruits, dried fruits, in pods or as single

.seeds. Proper extraction and cleaning of seed is of
 
vital importance in seed handling. Most seed
 
extraction requires pre-drying of the fruit. Others
 
may require pre-soaking in order to be able to 
 ."
extract the seea easily. Those that require Fill sack with dry pods and beat it like they do withsoaking are generally those borne in fleshy pulpy beans. (The threshing method).fruits or pods that have dried and are indehiscent.to 	 For pods that split on maturity, extraction is best Seed cleaning: 
done when pods are dry. 

00 -Always remove the damaged seed and all the 
immature light seeds. Remember that mature seed r 

• >stores 	 longer. 

4 1C1	 
0 0 

Use a pestle and mortar to thresh 
seeds which are strongly attached to 
the pods. V 

Wlnnowing of seeds 	 Using hands (manual) cc 



00 

Seed drying: 

There are many methods of seed drying but sun 
drying is the most common method used. Do not 
expose the seed directly to naked flames, 

= Seed storage:
I 

t4 	 Always remember that your seed will last longer 
when stored in a cool dry place. Seed that has 
dried and is kept in a cool dry place is usually not 

Protecting your seed from external agents of 
destruction is of paramount importance. Always 
store your seed in a secure place, that is burglar
proof, out of reach of insects, rodents and birds. If 
possible, paint the inner walls with residual insecti­
cides. 

Whenever you receive extra seed, always make 
sure it is properly cleaned before putting it into the 
store, otherwise, insects and fungi could easily 
appear in the store. 

Seed storage containers: 	 W 
ra 

Sealed containers: When seed has been dried 
properly it can then be put into a tin with a lid or into 
a plastic container that can be sealed. 

0~ 

~Metal boxes 	 ' 

Plastic container 



Points to remember when using sealed 
containers: 

a) Never seal-in moist seed. 
b) Use air tight containers 
c) Make sure that your container is clean. 
d) Open the seed containers only when necessary. 

e) It is advisable to fill the container with seed. 

w iW
Cob 

,Vv~.77A AEC 
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SSM 8.5.1 Abell and Armstrong p.12
 

SECTIOL4 NRl OFRATI0S
 

4.1. SEED COLLECTION AND TREATMKE 

Obtaining sufficient seed is often a problem for nurseries. The Forest 
Research Department at Muguga operate a seed collection and storage service 
but it is not able to cope with the large quantities and range of species 
required by rural nurseries. Nurseries will therefore have to attempt to collect 
locally the bulk of their seed requirements. For this reason it is a good 
idea to plant small plots of the main species in a near-br nursery ooipotmd to st 
as seed source as well as demonstrations (see Section 7). Trees grown for seed 
should be given plenty of space to encourage branching and early seed production. 
It is also a good idea to collect a surplus of easily available seeds so these 
can be exchanged for seds not available locally. 

4.11. Coileotion Techriues 

The first stage in seed collection is the selection of good movher trees. These 
should be healthy trees showing the desired characteristics (e.g straight with 
few branches for pole and timber prodution; heavy leaf or pod production for 
fodder; fast growth and ooppioing ability for fuelvood). This is important 
as offspring usually inherit the characteristics of the mother tree. Too often 
mother trees are selected foreas of collection (e.g. near nursery, having low 
branches) rather than good form. Conversely, it is bettor to collect from a 
number of trees, rather than Just one, so that some ganetio variation is 
maintained. The ideal situation would be to collect from ten healthy, well
 
formed trees but it is recognised that this is often not practicable. If the 
trees are growing on private land then permission should be obtained from the
 
owner before collection starts.
 

The actual method of collection depends on the species, but in all oases seed, 
fruit, cones or pods should not be collected until they are ripe or nearly no. 
Host species produce seed once or twice per year but some, in particular some 
Aoacia species, produce a good crop of seed only once every two or three years. 
With these a surplus should be collected during the 'need yearst for use 
during the lean years. The normal months of ripening of species in the E.M.I 
area are given in Table 2. 

The best way to collect most seed is to harvest the pods or fruit when they are
 
ripe but before they open or fall to the ground. This is especially so for 
species such as Cassia siamna, Cauarina opp, Eucalyptus app. end arevillea robucti 
which produce small, light seeds which disperse rapidly from the tree. Many 
large or hard - coated seeds and fruits can , however, be collected after they 
have fallen to the ground. e.g. Acrooarpus fraxinifoliusB, Balanitos aegyptinoa, 
Acacia spp. It is helpful to clear the ground below the tree of bushes, weeds 
and other debris.
 

Seeds and fruits should be collected quickly after they have fallen to reduce 
the likelihood of inseot or animal damage. With a few fruits such as Balanites 
aeg-ptinia and Melia volkensii which are ea,.n by fieep and Oats, often the 
easiest way to collect is to collect them from the droppings in the boma where
 
the animals are kept at night. This method has the dioadvantage that the mother
 
trees are not normally known.
 

Picking pods or fruits from tall trees obviously presents problems. Most 
nurseries are not likely to possess speoialised seed collecting equipment. A 
simple tool can, however, be made by lashing one arm of standard shears to a 
pole and operating the other arm with a length of string. In may oases pods, 
fruit or seed may be dislodged by shaking or hitting the branches e.g. Acaia 
senegal, Aoacia tortilis, Prosopis app. An inverted umbrella is a good 
receptacle for catching seeds, pods or fruits falling from a tree. If there 
are plenty of suitable mother trees in the area, then it may be worth felling a 
tree at the right time to facilitate seed collection. 
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SSM 8.5.1 Abell and Armstrong p.13
 

Good record. should be kept of the location and number of mother trees und the 
date of collection and clear labels attached to the seed container. This is
 
important because trees of the sa= species growing in different looations, or
 
provenanoes, often exhibit different genetic and physical oharateristic. 
Trees raised from a particular batch of seed may later be found to be superior
 
to other trees so it is important to know where the seed was collected so further 
collection can be made.
 

4.12 Extraction and Storages Ons pods, cones or fruit have been collected the
 
seeds have to be extracted and dried. Most pods and cones will open up after
 
being left to dry in the sun ( e.g. AoaioSppo, Cassia spp. ) Cupresaus luoitanioas
 
Leucana leucooephala, Pinus sppo. A simple raised drying rack can be constructed 
using wire mesh, This is better than laying the pods or cones on the ground an 
drying is quicker and the risk of animal or insect attck is reduced. Pods of 
some species ( e.g. Prosopis app., Tamarindus indiea ) do not open on drying. 
The seeds of these have to be laboriously extracted by hand, although they can be
 
extracted by feeding them to a goat and colleottug the oleared seed from the droppings. 

Species with soft, pulpy fnits such as Azadiraohta indioa, Melia azedaraoh, 
Vitex keniensis are cleaned by soaking in water for a day or two - often allowing 
fermentation to start. The pulp can then be scrubbed off.
 

After extraction .eeds should be sun dried for a further few days. This reduces 
the moisture contont and improves storage ability. Seeds should be stored in a 
oool, dry, rat-proof place, Metal or paper containers are bast. Polytheno bags 
can be used for moot hard coated seeds but tend to I sweat I especially if the
 
seed is not fully dried, and seeds can either rot to germinate in the bag.

Seeds prone to inseot bores attack such as Acacia tortili Tamarindus indies
 

" 
can be protected by mixing with an insecticide dust such as Mutano'. Care should 
be taken to avoid inhaling such dusts and to wash hands after handling. 

Most seeds ill store successfully for a year or two although germination ability
generally decreases with time, Some hard coated acacia ad pines can remain viable 
for over 10 years, A few speoies, normally those with a high oil content in the 
seed, lose their ability within a few weeks, no matter how good the storage. 
Examples are Azadiraohta indica. Vitex kniensis, Araudaria app, These should be 
sown as soon as obtained, 

40.3 Pre-germination Treatments: Many tree species partioularly those growing
 
in Arid and Semi-Arid zones have seeds with hard or thick skins or I seed coats
 
e.g. Acacia sppo, Parkinsonia aculeata, Prosopis app. These protect the seeds 
from the harsh environment but oonveraely, inhibit the uptake of water during
germination. This is an inconvenience in artificial propagation where quick and 
even germination is desirable. A number of pregermination treat.ments have been
 
found to improve germination with these hard coated seeds, These normally involve
 
heatin, soaking, cutting or exposing to acid in order to break or soften the seed
 
coat. In nature such conditions are provided by fire, ingestion by animals or
 
jumt the passage of time. Although quite sophisticated treatments such as bathing 
in asid, nicking with nail clippers have in gome cases been found to be the most 
effective, satisfactory germination of nearly all the speoies requiring treatment 
can be achieved by immersing in hot water, In this method, water is brought to 
the boil and the seeds immersed in it while boiling. Immediately the seeds are 
immerved the oontainer should be removed from the heat and the seeds left boalr!xg 
in the cooling water for one day, Remeber that once seeds have been treated in 
this way the germination process has started so they cannot be stored any longer 
and should be sown straight away. 

SSM 8-32 



TABLE 2 SEED INFOR(ATION FOR SPECIES USED IN E.[.I. AREA. 

SPECIES 

Acacia albida 

Acacia nilctica 

Acacia saligna 

Acacia senegal 

Acacia tortilis 

Acrocarpus framinifolix 
Msoaking 
rn 

Albizzia lebbek
______soaking 

Asadirhta indica 

Callistemon phoenicerum 

Cassia sigema 

Cassia spectabilis 

Caoasia aturtii 

Casuarina equisetifolia 

Corlia abyeinlica 

TIME OF COLLECTIC 

Not available locally 

Feb March!Aug. Sept. 
Seed year 

Not available locally 

Jan., Feb.,/July, Aug. 
Seed year 

July, AugL6t 

Nov., December 

Nut available locally 

April/Sept.,October 

Jan.,Fob.,Xarcb/August 

Dry Seasons 

Dry seaons 

Not available locally 

Dry seasons 

Dry seasons 

NO. OF VIAa3LE NO. OF SEE TO SOW PRED1MQJCICE THULTYMT 
SPEE PER KILO PER TUBE 

6,000 2 Boiling water + overniht
soaking 

5,000 3 Boiling water + overnight 
soaking. 

20,000 3 Boiling water + over iSht 
soaking 

5,000 - 10,00 2 Hone 

4,000 4 Boiling mter +
soaking 

overnight 

10,000 -30000 4 Boiling water + overnight C 

c 
5,000 2 Boiling water * overnight CA 

3,000 1 No treatment. Seeds must be 

fresh > 

20,000 10 Approx. None 

20,000 2 Old seed only - Boiling 

water 

10,000 2 None 

15,000 3 Boilig water + overnight_soskine '1 

300,000 10 Approx. NOne 0 

4,000 2 Ncr.,.. 

ad 



SPIES 

Croton mgaloca-pus 

Cupressus lusitanica 

Delonix regia 

Eucalyptus canelduleneis 

Euoalyptus globulus 

Sucalyptuo maulata 

Eucalyptus miorotheca 

Eucalyptus panicilata 

Eucalyptus sali na' 

Grevillea robusta 

Jacaranda imosaefolia 

Leuoasna leufocephala
4soaling 

Markhamia platycalyx 

Melia azedarach 

elia volkenaii 

ozus alba 
Pazrkinsonia aculeata 

Pinus patula 


Prosopia juliflorm 

TIME OF COT -TION 

Jan., eb. March 

27 ,Feb.,arcb/Aug.Sept., 

Jan.,Feb. arch 

Xarch 


Dry seasons 

Dry seasons 

Not available locally 

Jan. Feb. Oaxcb/JueJuly 

Dry aeaSno 

Jan., Feb, :arch 

MarhAprilAug. ,Sept., 

All year 

August 

M&yJue/Dec.,Jan. 

Wet seasons 

Not available locally 
Jan. /June 

Feb. ,Narch 

Not available locally 

I 


NO. 9F VIABIS NO. OF SEED3 TO SCd PRFGERMINATION TREAMEM 
S= VER KILO P VRTUBE z 

cc 
1,000 2 None 

30,000 -40,000 Not Acoo=ended Nonae 

1,000 2 Soak 3 hours in Cono. 
Sulphuric Acid 

150,000 10 Appro.. None 1­

70,000 10 Approx. None 

80,000 10 Approx. None > 

150,000-500,000 10 Approx. None 

100,000-350,000 10 Approx. None 
0 

500,000 10 Approx. None 

60,000 2 None 

50,000 None 

6,000 4 Boiling water + overnight @ 

50,000 2 None 

3,000 - 9,000 2 None -

150,000 - 450,000 Cutting prefered 
8000 3 -­oak cold water, for 

3 daye 
130,000 2 None 

10,000 - 18,000 3 Boiling water + overnight 

I soaking 



SPIST= 07 C0L=t.I'I NOQ. CF VIABLE bE 10 ? S=ED TO P!3GM=KIC0 THEAT2E 
PM ED SiO'P=R TMME 

Sohimi molls Jan., Feb. ,Maxoh 18,000 - 35,000 3 None 
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Small scale nursery management 

by Andreas Speich 
Rural ForestryAdviser, Nairobi 

1. 	 Organization Structure of Tree Nurseries: 

A tree nursery, like any other place of activity in the rural economy, is in one way or another 
situated in the 

- rural-ecological space, and in the
 
- rural society.
 

This situation may be named "the external organizational structure".
 

A tree nursery, like any oiher form of production organization has also its "inner structure" which
 
has various aspects, such as the 

-- social structure of the group of persons working in the nursery. 
- their participative attitudes in the tree-seedling production. 
- the structure of production planning, supply, supervision of work and (listrihtion f1ihe 

tree-seedling. 

Behind the theme of "Small Scale Nursery Management" seems to be a certain picture and tileide , 
of a certain external and internal structure of Tree Nurseries in Kenya, which may le expected to b (he 
"ideal" form of tree seedling production. 

2. 	 Why Nurseries? 

Rural Wood and Tree Development is a landuse and a form of rural production which is technically 
not very complicated. Growing tree-seedlings and rooting cuttings is a type of work which does not need 
any special skills, other than the general techniques of plant production. Every farmer can grow his own 
tree-seedlings, provided he has the proper: 

-	 know how, labour force 
-	 access to seed supply 
-	 access to water 

....and he wants to do it. 

Some important species for Rural Wood and Tree Development are propagated without passing 
through a nursery (e.g. Cashewnut). Transport of container-raised tree seedlings from the nursery to a 
farmer's planting site is economically very costly, even if no money is involved insuch transport. 

It could be a policy of Rural Wood and Tree Development to d!ssminate know-how and some of 
the facilities in order that (in the long term planning) the farmers become self producers of tree-seedlings. 
Who knows if the large number of trees, which have already been planted in the rural areas of Kenya, 
have ever passed through a nursery? 

The establishment and exploitation of tree nurseries however is a justified temporary measure in 
order to:­

- disseminate know-how of seedling production 
- produce rapidly a large number of seedlings 
- experience economic nursery techniques for various species 
- build a spirit of cooperation-among the interested persons, 

and provide the motivation for Rural Wood and Tree Development, 
through a physically established center of activities (nursery). 
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In the long run it may only be justified to have centralized tree nurseries for the following reasons: 

exceptionally difficult-to-raise tree species (and graftings of cultivars) 
no acces. to water for individual farmers nurseries 

- achieved experience by the rural pupulation, that a central or a community tree nurery Is a 
useful place for development and maintenance of community spirit In Rural Wood and Tree 
Development. 

- economic advantages in division of labour. 

3. The Economy of Tree Nurseries: 

Which external sructure and which internal structure, which size of a tree nursery is the best? Is 
the lowest cost-production of a tree nursery economically and also in terms of absolute values the best 
one? Let us avoid approaching this question in adeterministic, scientific manner. 

If we look at the question of the best tree nursery structure in apragmatic way, and if we take into 
consideration what v . said under 2 (Why Nurseries) the answer becomes quite obvious. (I have found 
this answer - in Kenya - while travelling from Lokochogio to Tveta. from Malindi to Homa Bay and 
from Busia to Loitokitok and having visited hundreds of tree nursiries of various structures). 

Of course tree nurseries shall be designed and structured according to the local conditions and 
according to the available resources and in order to serve the long term Rural Wood and Tree Develop­
ment best. In many cases I have found that certain elements contribute much to the success of antkrsery, 
although there are not many examples where such positive elements are in an optimum combination, 
but still there are. 

Let it be described by an example: 

A local leader has discussed the matters of Rural Wood and Tree Developmnent with some of his 
open-minded friends. The message has spread in asublocation that some of the respected persons would 
like to promote Rural Wood and Tree Development, and that they therefore plan to establish anursery. 
Accelerated by some external inputs (e.g. one skilled labourer from a FD.RAES nursery, the promise 
to supply a watering can, some seeds, etc.) the local leader calls for harambee work to prepare the 
nursery site. Some 100 persons are attending the first day. After two weeks, only ten persons remain 
interested to contribute their labour in the nursery. The local leader (encouraged by an external person) 
calls for a second effort of the population. fie succeeds to win the commitment of thirty individualh 
and of small, organized women groups. 

A local Rural Wood and Tree Development society is formed. A nursery labour roster is decided 
among the members. 50% to 707 of the trees which will be produced in the nursery will be at cost-free 
disposal of the society members; those who have worked the most get more tree-seedlings. The remaining 
trees will be sold to the local population at -/50 each. 

The revenue will be used for the further developme' of the water supply (serving the nursery and 
the nearby primary school). The FD confirms, that i skilled labourer (paid by FD) will continue t0 be 
seconded, at least part time, to the nursery. 

The nursery produces in the first year some 20,000 trees. More than one third are (ruit trees; less 
than 20% are Eucalypts and almost 50% are various indigenous trees, some are ornamentals. The nur­
sery does not produce cypress for fencing. All trees are grown in containers, most of them in empty 
school milk packs, others in tins and also in PVC tubes (suspplied from government). 

All activities, and the nursery stock is carefully recorded in aboo!:. According to the experiences 
of the first year, planning and timing of sowing and pricking out is improved. The preferred tree species 
are again discussed and contacts are established with friends in other areas who exchange tree-seeds, 
which are not found locally. 

After the tree planting campaign, the committee of the RWTD Society follows up the survival 
rate of tie planted trees, and elects a first prize winner. The womens group who has raised their tree. 
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seedlings in their own nursery beds, attached to the nursery,inaco-operative way,plant almost alltheir
 
trees in a community wood-lot. The nearby primary school includes RWTD in the practical work
 
programme. The school establishes a small nursery (4 trees for each child). Every child will take the trees

home and plant in the family's land. Other trees are planted by the children around the school. 

After the third year the enthusiasm for the tree-nursery flattens fdown. Only the womens group
continues their nursery, combined with vegetable gardens. The Rural Wood and Tree Development
Society decides that, instead of running one nursery, some of the active members should start their 
own private nursery near their homes. The main task of the Rural Wood and Tree Development Society

will be on an education level. The Society will continue 
 to elect annually prize winners for the best 
tree planting and for the best tree-seedling production. Also new tree species are introduced by external 
assistance through the society. 

This scenario may be a very economical process of reaching self-sufficiency in Rural Wood and TreeDevelopment. The cost of seedling production only is not the true scale whereby to measure the econo­
mic efficiency of the operation. But even in terms of seedling cost it is evident, that (e.g. government)
tree nurseries will not be able to produce containeraised seedlings for less than 1/- to 1.5 Shs. On theother hand, the cost for government or another organization to promote and monitor the minimal 
inputs of a self-help-group nursery (as described above) may not exceed - .20 to - . 40 shs. per tree 
seedling. 

4. Management of a Small Scale Nursery: 
For the success of a nursery serving Rural Wood and Tree Development, a few rules and guidelines,

beside proper nursery techniques and species selection, have to be respected: 
- The nursery has to be considered as a sector of the local Rural Wood and Tree Development


(RWTD). RWTD is not just tree-seedling production, but a socio-ecological programme.
 
- The nursery has to fit into the local socio-ecological space. Its location has to be accepted by


the majority of the involved population.

It must be technically suitable (soil, water, access, wind-proft.,ted, etc), and at a site of high

community communication intensity (many people pissing by).
 

-
 The local RWTD Programme and especially the RWTD Society and the group of persons in­
volved 
 in the nursery production should be based on a very clear organizational (internal)

structure: it must be very clear who is in charge of what, leadership isessential, the repartition

of contributions and benefits mht be clear from the beginning; the organizational structure
 
and the group of the active persons mu:,t remain open for expansion and transition into other
 
forms of activities.
 

- External inputs (physical, educational) are inmost cases needed over acertain period. The
 
extent and duration, especially of labour secondment, material supplies, etc.,
must be made
 
clear from the beginning with the local leaders, withou. .,-'ing unfullfillable future expecta­
tions. External inputs should always be connected with the request of proper record-taking

by the local RWTD committee.
 

- It is not possible to manage exclusively by external inputs and guidance a local RWTD Pro­
gramme. Although it is possible to produce kree-seedlings without local participation and to
 
distribute them, the survival rate of such trees will not be high!
 
Patiently built up local participation in a true and not over-ambitious self-help spirit is the
 
only key to successful RWTD.
 
Tree-seedlings which have been raised 
 by the owner of the future tree-are loved trees. They
 
may have a much higher chance to develop than trees given out free of cost,or sold at a cheap

price from a nursery which is not integrated socially and ecologically into the community.
 

- Know-why comes before know-how!
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Small scale nursery management 

by Andreas Speich, Wayne Teel and CyrusNdegwa 

The seedling nursery has been the focus of expansion of government tree-planting activities. These 
large-scale nurseries, with their use of industrial production technology and their three-tiered division 
of labour (the manager, his assistants and the labourers) differ markedly with the small-scale nursery 
which can be managed by one person with limited personnel and expenditure. In the small-scale nursery, 
there are generally no irrigation facilities, water pumps, storage facilities, fertilizer application, etc. 

The KENGO Kitui workshop aimed at improving the efficiency of these small-scale nurseries run 
by NGOs, self-help groups and individuals. Wayne Teel, working in Machakos District, Aridreas Speich 
from Forestry Department Headquarters, and Cyrus Ndegwa of E/DI outlined an approach to the 
effective establishment and management of a small nursery in the semi-arid lands. 

The following technical points were raised: 

1. Seiecticn of a Suitable Nursery Site 

The nursery site should be close to a water source if possible. Since soil erosion is a particularly 
bad problem in semi-arid zones, the nursery should rot be sited on too steep a slope. A supply of soil, 
sa.d and manure should be available nearby, and in order to avoid excessive transport of the seedlings, 
the nursery should be situated as close as possible to the planting site. Fencing for protection against 
grazing animals and any other improvements (e.g. construction of a dam) should be done before planting 
of the seeds. 

2. Water Sources: 

When planning a nursery site, it is necessary to locate it next to a water source, e.g. a river, spring, 
swamp, or dam. 

3. Planting the Seed Beds: 

The potting soil should be mixed at the nursery site. If good manure is available, there may not be 
any need for bringing in good top-soil especially for planting. Nursery beds measuring about Im x 3m in 
area can then be prepared. In the sunken-bed nursery, the seedlings are grown in containers which are 
set into a sunken area, about 4-6cm deep (see photo). This type of bed has the advantage of helping 
maintain a cooler temperature for the seedlings in a hot climate, thereby inhibiting the growth of fungus 
and reducing evaporation. The seeds must be planted in containers however, otherwise their root system 
will penetrate the soil and will be broken off when the seedlings are removed for transplanting. 

4. Containers for Planting: 

Closed-end polythene tubes, about 8cm in diameter and 20cm long, with drainage holes on the 
sides, are recommended for planting. If kept upright in the seed beds, the roots of the seedlings will not 
grow through the holes. The closed end helps conserve water and ensures better protection for the seed­
ling during transportation. 

Open-ended polythene tubes; although cheaper, are not advisable for the semi-arid nursery, since 
some of the root system may have to be cut off before the tube can be removed from the seedbed. 

Other seedling containers which can be used are tins and milk pockets, with about 8 holes for 
drainage poked in the bottom. If tetrapak milk packets are used, they should be washed with water, 
followed by old engine oil, to prevent attack by termites and fungi. 
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In Lamu, each farmer brings to the nursery an empty tin can inexchange for a seedling grown 
in a tin, thereby ensuring a steady supply of tins. 

5. Securing the Seeds: 

The seeds can be sown directly into the pots in the case of some species (Acacia, Prosopis,Leuca. 
ena. Croton,. etc). Two seeds can be planted per pot, then one of the seedlings later transplanted into 
another pot or discarded. 

6. Shade: 

Shade is essential for young seedlings in a hot climate, both for preventing water loss and exessive 
build.up of heat in the containers. Natural shade can be used ifthe seedbeds can be sited under a tree; 
Acacias are gool trees for this purpose. Otherwise, shade can be produced by erecting a wooden support 
on which sisal poles or grass can he laid. (see photos). The seedlings should be removed from the shade 
about 2 weeks before planting out. 

7. Preventing Attack by Pests and Disease: 

Cutworms are a prevalent problem in manured soil or soil with a high organic component. To rid 
manure of cutworms, the manure should be left to stand in water for 1-2 weeks, with daily stirring. The 
plants can then be fertilized with the liquid from this manure, rather than putting the manure itself in 
the potting containers. Biogas sludge can he treated in the same way as manure. An alternative method 
fcr controlling cutworm is by the application of a pesticide (e.g. Algocide) to the soil to kill larvae. 

If "damping off" (a fungal disease) is to be prevented, the seedbeds must be kept well-drained, and 
the seedlings protected from over-heating. The sand used in the potting soil mixture should be washed 
with water before use in order to remove the alkalinity, which promotes the growth of this fungus. If 
the damping off isa persistent problem, then a fungicide may have to be applied. 

The menace of rats can be avoided by maintaining a clean nursery. 
Termites are attracted to paper tetrapak potting containers, but this can be prevented by treating 

the paper with old engine oil, as described above. 

8. Preparing the Seedlings for Planting: 

Before the seedlings can be removed from the nursery, for planting, they must be "hardened off". 
In the senii-arid areas, this means that the seedling must get accustomed to a scarcity of water. This 
hardening off process is done by gradually decreasing the frequency of watering in the nursery, until 
eventually the seedlings are watered only when the soil in the container is almost dry. 

The seedlings must also adjust to intense sunlight, so about two weeks before transplanting, they 
should be taken out of the shade in the nursery and left o direct exposure to the sun. 

The workshop participants were of two minds about the need for root-pruning. If open-ended pots 
are used, the roots extending from the bottom of the tube must be cut off before the pot can be 
removed from the seedbed. Care must be taken not to damage the main tap root, howevcr, as it is 
essential for survival in a dry place. NGO's working in Turkana felt that itis good to use long tubes, but 
to transplant the seedlings before the roots reach the bottom of the pot. 

Top-pruning, especially of the leaves of broad-leafed trees, may help in their survival by reducing 
the leaf area exposed to the sun. This pruning should be done before transplanting. 

9. Record.Keeping: 

Andreas Speich emphasized the need for good record-keeping. A record of the rainfall, growth of 
the seedlings and survival rate is important if even a small nursery is to operate efficiently. Additionally, 
a record of labour (who is working each day) in the nursery should be made, so that those people who 
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work will get priority for the seedlings. In this way, a scheme of "trees fo; labour" can be devised. 
A suggested form for nursery record-keeping is included in the Appendix. 

10. Transport of Seedlings from the Nursery: 

The last step in the nursery operation, that of the transport of seedlings to the planting site, is 
unfortunately often the cause of failure of otherwise careful tree-planting efforts. Transportation of 
the seedlings is now often carelessly done, with bags being crammed into cars or lorries, or into carrying 
baskets, then left in the hot sun to wilt or dry up. For this reason, it is a good idea to site the nursery 
as close as possible to the planting site to avoid the hazards of a long journey. 

If seedlings must be transported, they should be thoroughly soaked with water at the nursery 
beforehand, and then re-watered immediately on reaching home. Seedlings should be planted as soon as 
possible after reachiig their destination. 

It was suggested by workshop participants that the nursery provide small boxes for 20 - 25 seed­
lings to ensure their safe transport by individual farmers. 

r" 

Workshop participants studyingnursery management at the Kitui Agroforestry Centre.Note the natural 
shade provided by the trees growing at the nursery site. 

Question: What if only saline water is available for watering? How can damage to the seedlings be 
prevented? 

Answer: If only saline water is used, the frequency of watering must be decreased in order to prevent 
the accumulation of salt in the potting container. The selecti .a, of halophytic (salt-loving) species like 
Casuarina and doum palm would also be a good idea. Try and discover which species in your area can 
tolerate salty conditions. 

Question: How does working in the nursery affect or interfere with a farmer's other responsibilities? 

Teel: Fortunately most of the major operations of the nursery can take place during the period of low 
activity for the farmers. The best time for planting trees is the same as the crop-planting season. The 
nursery should therefore be geared for tree-planting during the rainy seasons, which means the nursery 
preparations need to begin at least about two months befora the rains. Bag or pot filling need only take 
about 2 - 3 sessions. (About 5000 pots can be filled by 30 people working for 2 - 3days). Sowing the 
seeds needs another 2-3 sessions. 
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Question: Ilow zan our small .iursery ensure asteady supply of volunteers? 

Teel: Labour constraint is one of the biggest obstacles for a self-help or NGO nursery. One volunteer 
farmer can only properly handle about 50 trees per season. One way to encourage participation in the 
nursery is to instill a sense of ownership in the trees. The farmer's contribution to the nursery can be 
repaid by the seedlings they receive. 

Speich: Therefore it is important that the nursery is integrated into the local community. Self-help 
nurseries are the best for good management, since they are based on a joint ownership of the trees. 
This ownership or personal interest is the motivating force for concern for the survival of the trees. 

Question: Our group has very limited funds. How can we manage to start anursery? 

Gitundu: A small nursery does not really need much capital input. The soil, containers, etc., can all be 
locally provided. The seeds may be the only expense. Your nursery can even become a money-making 
scheme if you sell the seedlings you raise. 

Aozare: A water !upply may involve some expenditure. Check with the Ministry of Water Development 
to request agovernnent subsidy for awater source for the nursery. 

Question: How can a farmer go about establishing his own nursery on his shamba? 

Arnare: An individual nursery should be sited near the farmer's house, with close access to manure and 
kitchen waste matter. In this way, also, the children of the household will be able to help work in the 
nursery. The seedlings should be watered in the evening to help minimise the loss of water by evapora­
tion. Fencing is a must, for protection against goats. 

Seedlingsplaced in Sunken beds to help consd.-ve moisture. Sunken beds are suitable for arid areas. 
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SPECIES SELECTION
 

Before anything starts in the nursery one has 
to select
 
species appropriate to your area. 
 In almost all cases
 

trees which grow naturally near your community nako Iho 
best choice. 
 Often the use and value of these trees is
 

well-known, especially by older persons. 
 Usually each
 

tree has many uses. Exotic or imported trees may be
 

useful as well, but care must be taken before growing
 

these. 
 Often they become pests by reproducing too rapidly
 

since seeds are not eaten by local insects or birds. Or
 

sometimes they prove 
to be unsuitable to local conditions
 

and die before they reach a useful age. Local trees are
 

already known to be able to handle local conditions
 

and can provide homes for local birds and animals which
 

normally shun imported trees. 
 Local trees may grow slower
 

than exotics, but usually have wider uses and are more
 

beneficial to the local environment. Exotics can have their
 

place too, if wisely selected and used.
 

There are 
no hard and fast rules about establishing small
 

scale nurseries. 
 In fact it is best if a flexible approach
 

is adopted so as to remain responsive to local conditions.
 

The guidelines which follow are 
just thLt; suggestions which
 

can be altered if you find better ways. 
 Although there are
 
many things to consider when starting a nursery, the best
 

rule of thumb is to keep it simple. Many of tie topics which
 

follow can be considered in a different order as well. 
They
 
are presented in this form for convenience, iot because things
 

need to be done in this ordr.
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NURSERY SITE LOCATION
 

Three basic items are required for a good nursery; water,
 

soil and shade. Selecting a site means finding a place
 

with access to these three items. Water is a constant need,
 

especially in dry sunny climates. If the nursery is very
 

far from a consistant water source people get tired of
 

carrying it and do not do it as often as needed. The
 

closer your nursery site is to a good water source, the more
 

likely it will be watered well. Soil, which will be detailed
 

later, is a heavy item that often must be transported to the
 

site. If good soil is close by it reduces the labour input
 

for this part of the nursery. Lastly, shade must be con­

sidered. Young seedlings are burned easily by intense sun.
 

If your nursery is located under some trees, building shades
 

will not be necessary. So three things are to be looked at
 

in selecting a good nursery location; access to water,
 

proximity to-soil and possibilities for shade.
 

PROTECTION
 

Many things can damage young seedlings. Goats, sheep and
 

cattle may graze them off. Dik-dik, rabbits and ground
 

squirrels may damage or destroy them. At one nursery a
 

person backed his car over a seed bed. To prevent such
 

damage some sort of protection is needed. Usually a fence
 

already in place can be used. Sometimes one must be made.
 

One idea is to use thorn tree branches as a temporary fence
 

allowing living fence pla.its, like pencil euphorbia or
 

certain thorny shrubs, to grow up between the branches. If
 

resources are available a wire fence can be made. Whichever
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you choose, make sure you prevent entry of the animals
 

most likely to damage your young seedlings, as well as
 

people.
 

NURSERY SIZE
 

The area needed for your nursery depends, of course, on
 

the number of seedlings you wish to grow. It takes a lot
 

of labour to do a nursery and you should keep in mind how
 

many people can help and how much time each person can give.
 

Most work goes into four duties; building a fence (and shades
 

if needed), collecting and mixing soil, filling the pots
 

and planting the seeds. Watering usually involves just one
 

person for a short period each day. If you choose to ha "e
 

a nursery contaIning 5,000 seedlings it will take about 70
 

person - days to do all the work until seeds are planted.
 

A nursery of this size can fit into a space of 10 X 12 meters.
 

This includes space for mixing soil, allows for good maneuver­

ability between nursery beds as well as a space between the
 

fence and nursery beds. Variations can be easily made from
 

this according to the size of the nursery you wish to make.
 

(See the Nursery Plan Diagram).
 

SOIL MIXTURE
 

To assure fast growth of the seedlings in the nursery a
 

proper soil mixture is essential. Usually this involves a
 

mixture of 3 ingredients; topsoil, sand and manure. The
 

exact proportions vary according to the types of soil found
 

in the particualar area of your nursery. A common mix is
 

4 parts topsoil, I part said and 1 part manure. If the topsoil
 

is sandy and water soaks through quickly the sand component
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can be dropped. On the other hand, if 
the topsoil contains
 

a lot of clay more sand may be needed. A rich topsoil may
 

require no manure. A poor topsoil might require more.
 

Whatever your specific topsoil type, start by aiming for a
 

4: 1: 1: 
 mix and vary according to conditions.
 

TOPSOIL
 

The best topsoil is usually found under stands of indigenous
 

trees which seasonally loose their leaves. 
Often one can
 

find good topsoil by looking for specific trees. In the
 

Kenya highlands a tree called Dombeya always has high quality,
 

fertile soil under its canopy. Other locations may have
 

trees which would help you find good soil. Usually, govern­

ment or private nursery managers know where to look and it
 

would be wise to ask their advice.
 

Once you have found a good patch of soil, sweep off the
 

top layer of unbroken-down twigs and leaves and surface
 

vegetation. Take only the top 10 
to 20 cm of soil,
 

depending on its quality. 
Nurseries need considerable
 

amounts of soil, about five, 15 liter buckets for every
 

100 bags, so do not be afraid to collect a lot. Topsoil
 

should be brought to the nursery 1 or 2 months before use.
 

Sift it into a pile to remove larger sticks and stones, then
 

cover with a thick layer of grass and water it well. 
This
 

causes weed seeds to germinate and rot, reducing the amount
 

of weeding you will have to do in the nursery. Also, occasional
 

watering helps pre-moisten the soil and aids worms and
 

bacteria which act to make the soil more 
fertile. After a
 

month or more the soil will. be ready 
to mix.
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MANURE
 

Any manure used should be well rotted, sifted and checked
 

for beetle larva. Cow and goat manure is usually the best
 

These types rot quicker, provide good balanced nutrients
 

and carry less harmful bacteria. Sheep and camel manure
 

also work well. Chicken manure is so high in nitrogen that,
 

used too soon, it damages the young plants. Normally it
 

takes 3 months for cow or goat manure to rot properly.
 

As an alternative one can use a good compost. Compost
 

consists of manure, food scraps and peals, all mixed with
 

crop residues, then rotted and cured by turning once a week
 

over a few months. This makes a nutrient-rich, non-burning
 

fertilizer for your nursery seedlings.
 

SAND
 

Sand is added for one purpose; to improve drainage of your
 

soil mixture. It helps ensure that water reaches all pazts
 

of the pot and, at the same time, that excess water drains
 

out without waterlogging the seedling. A medium to coarse
 

grained construction sand works best. This can often be
 

found in local stream beds. Sand is not needed if the
 

topsoil you choose to use drains well already. This, too,
 

should be sifted to remove stones and other unwanted items.
 

Once your topsoil, manure and sand are piled in a convenient
 

corner of the nursery you are ready to mix. Put the decided
 

upon amounts of each ingredient in the pile and mix thoroughly
 

with a shovel. All the ingredients and the mixing area should
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be located in one corner of the nursery for easy access.
 

The pots can then be filled and placed in the nursery bed.
 

POTS
 

Nurseries which deal with large numbers of seedlings gene­

rally do not use pots. They select, instead, an open-rooted
 

system. On a small scale this is not practical as too many
 

seedlings are lost in transplanting or transporting. Pots
 

are bulkier and take more time to prepare, but have the
 

advantage of better protection of the seedling root system
 

and grant it a better chance of survival.
 

Many things can be used for pots; polythene bags, school
 

milk containers and used tins to name a few. Whichever you
 

choose, for your pots, there are two basic ways to use them;
 

open or closed ended. The advantages and disadvantages will
 

be discussed in turn.
 

Open-ended
 

This type of pot is basically a tube filled with soil. The
 

square school milk container with the bottom punched out
 

works well. So does a tin with both ends out. A roll of
 

polythene tubing which is cut into desired lengths is often
 

used in nurseries. The basic advantage of this method
 

occurs with watering; it is nearly impossible to waterlcq
 

open-ended pots. Also, if you choose to use polythene,
 

open-ended tubes are cheaper. With open-ended pots, however,
 

one must be careful to do iccasional root-pruning.
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Many tree species, especially those which do well in dry
 

areas, have roots which grow down very quickly. In fact,
 

in the plants' initial qrowth, more energy goes into
 

making a good root system than producing leaves or wood.
 

In open-ended pots the roots reach the bottom quickly.
 

If left to grow they can enter the soil under the pot, ot
 

if prevented from going down, even grow into other pots.
 

This can cause problems when transplanting. At one nursery
 

near Marigat in Kenya, there were a number of trees growing
 

where new pots should have been placed because nursery
 

workers failed to root prune and could not move the pots.
 

To root prune one must lift the pots about once a week to
 

break off lead roots penetrating the soil, or cut those
 

roots escaping the pot growing sideways. It is a simple
 

job, but somewhat time consuming. If your seedling bed is
 

lined (next section) the root pruning need only be done
 

about once a month.
 

Closed-ended
 

These types of pots have two major advantages over open­

ended types; they are easier to fill and one does not have
 

to root prune. However, some disadvantages also exist.
 

Water does not drain as well, so holes must be made in tin
 

bottoms or the sides of polythene bags. Roots, especially
 

those with a long tap-root, curl at the bottom and must be
 

straightened or snipped before transplanting. Also, it is
 

a bit harder co remove the seedling from the pot when trans­

planting, especially if you use tins. Even with these
 

disadvantages the closed-end pot can be left alone in the
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nursery longer than open-end and is choosen more frequently
 

as the system to use.
 

Pots can be of any shape and size, but the most versatile
 

are those small enough to handle easily yet still qive
 

the tree a good root system. The best size, on average,
 

is one about 8 cm in diameter and 20 cm high. For long
 

rooted trees a longer, narrower pot is fine. Small
 

seeded species, like Casuarina at the Coast, can be grown
 

in smaller pots. Choose the type easiest for you to get
 

which is convenient for growing and transplanting.
 

If you choose polythene bags there is a colour choice.
 

Black bags block the growth of algae but overheat, so must
 

be well shaded. White bags prevent some algae growth on
 

their sides and do not heat up, but they tend to get brittle
 

and crack sooner than the other two. Clear bags are most
 

readily available (in Kenya at least), but do nothin, to
 

stop algae growth. Any of these three types will work.
 

NURSERY BEDS
 

A 'bed' is simply a term for the place where you put your
 

pots. They can vary in size and shape according to prefer­

ence and nursery location. The plan diagram shows the
 

beds being 1 meter wide and 3 meters long. With pots of
 

8 cm diameter about 500 will fit in each bed. The width
 

and spacing between beds is designed to make watering easier.
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Beds are often sunk into the soil about 20 cm, the height
 

of a pot. This makes stacking the pots easier and prevents
 

outside pots from drying out faster than those 
near the
 

center.
 

The bottom of each nursery bed should be lined to prevent
 

escaping roots from penetrating the soil. This is especially
 

important when using open-ended pots. Lining with gravel,
 

plastic sheets or flat rock all work well.
 

If plastic pots are used, be sure 
to make them stand as
 

straight as possible. Angled stacking leads to poor watering
 

and angled transplanting. With tins or school milk con­

tainers the vertical problem is not so great. These normally
 

are not as 
long so the bed need not be dug as deep.
 

If your nursery has good shade, is quite flat and the pots
 

stand upright without problems you may have no need for a
 

nursery bed at all. The advantage of a bed is chiefly
 

organizational, stacking and in keeping the side pots 
from
 

drying out faster than pots nearer the center.
 

PRE-WATERING
 

Once your pots are filled and organized in the nursery as
 

you have planned, then pre-watering can start. Before
 

seeding, the soil in each bag should be well moistened
 

throughout. The time this takes depends on your soil
 

mixture permeability. The best way to do this is to water
 

the pots in small doses 3 to 4 times a day until the water
 

reaches the bottom of the pot. In some cases only one day
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of this is needed. After this water daily for about 1
 

week. This will make certain that all the soil is well
 

moistened. Also, any weed seeds not previously killed
 

in the soil pile will sprout here and can be removed when
 

putting tree seed in the pots.
 

PLANTING SEEDS
 

Every tree species has its own unique seed and every one
 

gets planted a slightly different way. In this guide
 

there is not room to suggest all the possible ways to plant
 

seed, so several rules and suggestions will be given using
 

some common Kenyan species as examples.
 

The first general rule concerns seed depth. The smaller
 

the seed the shallower you plant. Normally, planting a
 

seed 2 to 3 times as deep as its length works well. For
 

instance Acacia albida, a riverine tree of semi-arid areas,
 

has a seed slightly less than 1 cm. long. Planting 2 cm
 

deep is nearly perfect. Exceptions or-ur however Grevillea
 

robusta, planted in the highlands, has a seed about the same
 

length as Acacia albida, but it is very thin. Grevillea
 

is planted less than J cm deep.
 

Seed depth is important. Too deep and the seed might
 

germinate, but never break the soil's surface. Too shallow
 

and the young seedlings will be damaged when watering.
 

To ensure proper depth at planting make a devise that
 

can be marked to the proper length and move enough soil
 

out of the way to drop thu seed in. A fresh stick with
 

bark removed works very well.
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[ Learning Element 	 Code: 

Title: Selecting and Planning a Tree Date of Issue: Pae: 
Nursery Site Irob4 

Occupational Area: GROWING TREES Nairobi 

6, When making your nursery and 
need beds, the bees have to 


run East-West. This is to 
make sure that equal sunlight 
reaching all parts or the 
seedlings. 

The type of nursery beds 


you will use will depend 


pn the amount of rain the
 

area gets. In arid and
 
semi-arid areas sunken
 

beds will bc used, in
 
medium and high rainfall 


areas level or raised beds 

will be used. Your seed­
beds will be raised also.
 

A 100 square metre piece of 

land (10 metres by 10 metres)
 
is enough to produce 5,000
 

seedlings each planting 
season. A planting iseason 
is determined by the number
 
of rainy seasons an area 
gets. A piece of lend 20 
metres by 5 metres, or
 
a piece of land 12- mtres 
by 8 metres will also 
proauce tne same amoul,. 
of seedlings as the LO 
metres.by 30 metres. 

April 198~ 

('W~ 
1 

E 

a) 	 Sed (germination) bed
 

RAISED
 

b) Nursery beds (seedlings in tubes) 
RAISED 

SUNKEN
 

A 

IM 

2 

5m.
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Learning Element Code: 

Title: Building a Tree Nursery Dal* of Isue Page 

nb, Occupational Area: GROWING TREE Nairobi 41 6 

11. Soil used in your nursery 
h.s to be able to have 
Good drainage. The source 
of your soil should be close 
to your nursery site. You 
can use forest soil (top 5OIL. 
15 cm). If forest soil is 
not available you can make 
nursery soil by using the 
following items. 4shovels 
of locel soil, 2 shovels of 
sand and 1 shovel of cow 
manure. When making a large 
amount of nursery soil keep 
t,ho saame ratio 4 shovels of 
soil, 2 shovels of sand and 
1 shovel of cow manure, and 
example is 40 shovels of 
local soil, 20 shovels of SAI4D 
sand and 10 shovels of coy 
manure. In all cases the 
soil, sand and cow manure 
must be mixed well. 

+ 

MA14UM 
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Learning Element Code: 

Title: Planting Seeds and Farly Care 

of Seedlings 
Occupational Area: GROWIM TREES 

[ ate o! I 
DtofIssue: 

Nairobi 
may 198 

Pegs: 

4) After the seeds have been 
planted, water them right 
away. Afterwards watering 
must be done once a day un­
less it rains. In arid and 
semi-arid areas you ay have 
to water twice a day. You 
do this until the seedlings 
are transplanted or pricked 
out. When watering, use just 
enough water to keep the soil, 
moist until the next vater­
ing. Too much water can be 
harmful to the seedlings. 
Water in the early morning 

or later afternoon. Never 
water during the hotest part 
of the day. 

,~ 

... 

-

-

o 

e.). " 
%-

/ 

/ 

yes yes 
4IS 

5) 	 Most types of seeds will 
germinate in two to three 
weeks. However, nome typer 
of seeds will germinate in 
only a few days while others 
can take 2 tO 3 months or 
more. If you are not sure 

hay long it will take the 4A 
seeds you planted to germ­
inate .skyour local forestry 
officer.
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SECTION 3 

NUESERT LAYOUT AND CONSTRUCTION. 

This seotion deal with the wAY that a nursery should be laid out and the
Jobs involved in the oonstruotion phase.
 

3.1 Terrao i The first task in nursery oonstruction will be terracing if the 
general slope is more than 10 degreeso The aim should be to make the terracesa wide as the slope will allowo A single nursery bed on each terrace will slowthe rate of working and lead to ineffioiency* Terraces should be at least 5z wideto allow saffioient room for two beds to be laid out with adequate room for acoesspathso 
On steep sites the minimum terrace width should bo regarded to be about 2imo 

Following the levelling of the site all large stones should be set asideand the soil compressed prior to the construction of the nursery beds. 

After %he construction phase has been completed the ;ase banks shouldbe planned up with a suitable binding grass. The banks a-juld not be regardedas waste land but can be used for the multiplioation of iYodder grasses. 
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3.2 	 Seed Bedsi It should be made clear that infact seed beds are not always
 
necessary. When containerised stock is being raised it is more efficient if
 
seed is soer directly into the container itself, thereby eliminating the seed
 
bed stage. There isjhowever, a tendency in Kenya to still use seed beds and 

prick out ( transplant) the germinated eeealinrs to the container as a scond 
operation. The use of seed beds can only be recommended when seed is of doubtful 
viability, or is known to germinate irregularly or where Swaziland Beds or boxes 
are to be used instead of tubes. 

It is however sensible for every nursery to have a small seed bed so that
when doubtful seed is being used additional seed can be sown as an insurance 
against too many failures with direct sowing. 

The seed bed should b- surrounded by stone blocks and filled to a depth of about 
10cm with a very light loam soil. The soil must be freely draining and should 
contain a high percentage of sand ( i.e. 60-75%),
The practice of using wooden planks or poles to surround the seed bed should 
be discouraged unless the wood is first seasoned and well treated with a suitable 
preservative. Untreated wood will e.ioourage insect and fungal damage. 

To promote good drainage the soil can be laid on top of layer of crushed stone 
at least 5cm deep, The need for good drainage is to reduce the possibility

of damping-off ( fungus attack). 

3.3 	 Transplant Beds for tubed stock: The transplant bed for containerised stock 
can be nothing more than a levelled area of ground, on which the tubes can 
be set out in a block about lo3m wide and as long as desirable but usually 10-3m. 

It is important that localised hollows are avoided since if water is allowed
 
to collect then tubes will be waterlogged and growth and survival will suffer.
 
Ideally the base of the transplant bed should be compacted and given a very

slight camber ( i.e. like a road surface ). In nurseries subject to poor drainage 
either because of the nature of their soils or their position then it is worth 
building a raised bed of compacted stone and murram. 

-Supports for shade will be required in those nurseries located within the A.S.A.L. 
In the higher altitude nurseries the need for shade is less necessary. The shade
 
supports should be set about 50cm above the level of the tubes. A length of 
plain wire can be set to run around the perimeter of the bed at a height of 
aboui 5cm. This will ensure that the tubes are neatly arranged within the bed. 
A second wire is then attached near the top of the supports for attaching the 
shade material, Hessian cloth makes an Ldeal shade material though it is 
expensive and it can only be expected to last 2-3 years. For small nurseries, 
local material such as grass or bamboo, can be utilised, 

3.4 	 Swaziland Beds This type of transplant bed should only be used in the higher 
areas i.e. about 200m where rainfall is adequate for open root planting.

It has the advantage that the cost of containers is eliminated since the 
intention is to raise the seedling in a ball of earth.
 

The Swaziland Bed is laid out on levelled ground. A series of wooden planks
about 15cm in depth encloses the bed which should be made l-l.3m in width. 
The planks shouJd be postioned using wooden pegs and the base of the plank
should be raised 1-2cm above ground level to enable horizontal root pruning
to be carried out, The timber used should be treatoea to reduce pathogen build up.
The water soluble preservative are best for this since they are less phytotoxio.
If creosote has to be used, several weeks should be allowed for the timber to 
properly dry out after treatment.
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FIGRflE I NURSERY BEDS 

Ligbt, sandyv..• 
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- Concrete Blocks 

TRANSPLANT BED 
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Support wire for 

shade material 

to support 
tubes 

Compaoted base 

SWAZILAND BED Support wire 

Gap to allow horizontal 
root pruning 
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The beds should be filled firstly with a basal drainage layer of small stones
 
sunk 5cm below ground level. This overlaid with a 2om deep layer of unsieved
 
forest soil or loam. The remainder of the bed is then filled up with a suitable
 

rovwing medium* Since the same soil will be used for many seasons it is worthwhile
experimenting with the most suitable soil mixture. The ' Muguga Mixture ' was
mentioned iu section 2.3 but forest top soil will always be principal ingredient.
 

345 Access and Paths, When laying out the beds, thought should be given to 
access by vehicles so that soil can be centrally dumped and seedlings can be loaded.
Accese paths of about 50cm should be left between adjacent beds to allow for
 
tending operations.
 

There is a tendency in many nurseries to have unnecessarily wide paths
often combined with nursery beds that are les than im wide. This is a waste

of space and should be avoided. Even if land is not a limiting factor a nursery

that is too spread out will lead to workers having to walk further during tending

operations and additional pipes ull be required for the irrigation system.

It is therefore more efficient and economical to keep the nursery as compact as
 
is practical°
 

3.6 Nursery Buildings, The simple school or village nursery will not require 
any buildings providing a suitable room can be found to be utilised for a nursery
store. This should be a lockable room, suitably shelved for the storage of ohemiesla. 

Other building that might be required ares­

a) Pricking out shed
 

b) Nursery Headman's house
 

c) Watohmans house 

The pricking out shed is an open structure principally to provide shade for

seodlings when they are being transferred from the seed beds or boxes to tubeso
 

This structure is not always necessary if 
 direct sowing into tubes is the standard 
technique being used or if sufficient shade can be provided within the beds 
themselves following pricking out, Howevur such a shade structure is useful for
workers to rest out of the rain or hot sun and will be nsoeesary if fruit trees 
using grafted material are to be raised, A shed of about 4 x 8m would be adequate
for all but the largest nurseries. 

The pricking out shed is usually best located centrally within the nursery
to bm close to the seed and transplant beds. Housing should be kept out of the 
main working area. 

3o7 Irrigation Methods The method used for watering nursery stock will largely
depend on the size of the nursery and of course the financial resources available. 
The most sophisticated rouid be a high pressure sprinkler system, the simplest
the humblo watering can, or the smalleet nurseries a watering can is all that
is required but when production exceeds 50,000 a hose pipe fitted with a rose
attachment or connected to a sprinkler becomes essential, 

When water is being obtained under pressure, whether it is by gravity or 
a pump there are two alternatives, Either the water is stored in an elevated 
tank pri r to distribution through a series of stand pipes or it is delivered 
directly to the nursery beds. In the case of the later ;ethod it might be possible
to use a high pressure system such as oscillating sprinklers, whoreas with the
elevated tank pressure will be low - moderate, and the irrigation method must 
be suitably designedo 
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N F OA0%.MIETHCO 'E1ON1r 

This follow-up often takes the form of a second type of demonstration the 
method demonstration. Method demonstrations allow farmers to learn by doisf.
 
The extension agent physically demonstrates a practice - how to determine .
 
goat's age, for instance, by checking its teeth - and asks the farmer to try the
 
same practice herself. The agent watches and corrects the farmer until she can
 
do the practice properly, and then moves on to the next step of the
 
demonstration.
 

Only one topic is covered at a time in a method demo. Checking a goat's teeth
 
is one aspect of the topic: "Determining what--livestock to buy at an auction."
 
Goat buying and goat breeding are different topics. Each method demo is timed
 
to coincide with the operations farmers are involved iith in their individual
 
farming cycles. Planting demunstrations are conducted a week or two oefore
 

most farmers begin planting; weeding demonstrations are conducted just before
 
complete weeding operation,
the optimum time in a plant's growth cycle to do a 


Inthis way, a series of methoddemonstrations serve to span an entire growing
 

season and keep the extension agent Inclose contact with his clients.
 

method demo requires close attention to detail.
Being successful inconducting a 

The site and time of demonstration should be selected on the basis of audience
 

Shade, heat, and sight lines are three important considerations.
comfort. 

Materials for the demonstration should be locally available and arranged
 

conveniently for use in the demonstration. The best way to make sure that
 
written plan (see ILLUSTRATIONS and
nothing will be forgotten is to prepare a 


TOOLS). This may include the step by step sequence of the demo itself as well
 
Once the plan is
as lists of materials needed and major points to be covered. 


written, the extension agent needs-to rehearse the presentation in its entirety.
 

Only by actually walking through a demonstration can the agent be sure that
 

nothing has been left out.
 

When actually conducting the presentation, it is Important to encourage as much
 
Points at which farmers can be directly
farmer participation as possible. 


Other means of accomodating
involved should be indicated in the written plan. 

farmer learning styles are to continue to relate new material being presented to
 

farmer's previous experience and to carefully choose vocabulary with which the
 a 

farmer is already familiar. Some technical terms ma) prove very difficult to
 

A good way to check to make
translate without considerable thought beforehand. 

sure that the audience is following a presentation is to pose question, to
 

farmers at regular Intervals. The demonstrator can also repeat steps where
 

necessary. F nally, it is important for either the extension agent or one of
 

the farmers to summarize the main points of a presentation at its conclusion.
 

The ILLUSTRATIONS and TOOLS sections which follow can be supplemented by a
 

review of the adult learning principles and cross-cultural communication
 
techniques contained in other sections of this chapter.
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TOOL
 

Guidelines for planning and conducting an effective method demonstration:
 

1. 	Plan to denonstrate only one topic at a time.
 

2. 	Time demonstrations to correspond with farming operations
 
being carried out in the field.
 

3. 	Sequence method demos to span the entire farming cycle.
 
4. Consider ways to make the audience comfortable as they
 

view the demonstration.
 

5. 	Prepare a written plan for the demonstration including:
 

- a step by step sequence of what will
 
happen in the demonstration
 

- a list of materials needed
 

- a summary of major points covered in the
 
demo.
 

6. 	Incorporate participation of ftriers into the demonstration
 
whenever possible.
 

7. 	Choose analogies and vocabulary that will help the farmer
 
tie the new information to things she has already

experienced.
 

8. 	Check periodically throughout a demonstration to make sure
the audience is following the presentation by posing

questions to them.
 

9. 	Repeat steps where necessary.
 

10. 	 Make 
sure 	major points of the demonstration are summarized.
 

11. 
 Arrange for follow-up visits to farmers interested in trying
 
the new method.
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TOOL
 

A checklist for all types of demonstrations:
 

I. The subject:
 
Yes No
 

1. 	Is the farmer ready to use the improved practice
 
to be demonstrated?
 

2. 	Does he need the skill or practice?
 

3. 	Can he afford it?
 

4. 	Have you selected a title that appeals to him?
 

5. Have you planned to teach only one thing at a
 
time?
 

6. 	Have you collected all available information
 
on the subject?
 

7. 	Have you decided which language or vernacular
 
you will use?
 

8. 	Are you certain the practice or skill to be
 
taught is not too difficult for him to learn?
 

II. 	Plans made for che period before the meeting:
 

1. 	Have you arranged the time and date for your
 
meeting?
 

2. 	Have you arranged for the demonstration site?
 

3. Will each farmer who attends your demonstration
 
be able to see your actions?
 

4. 	Have you assembled all of the materials you
 
will be needing?
 

5. Are you planning your demonstrations to relate
 
to the farmer's experiences?
 

6. 	Have you practiced your demonstration until you
 
can do it to perfection?
 

7. 	Have you developed your demonstrtion using a
 
standard plan?
 

8. 	Did you write down each step?
 

9. 	Have you listed all of the key points?
 

10. 	Are your instructions written in a simple, under­
standable manner?
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Yes To
 

11. 	 Were signs and/or posters used to direct the farmers
 
to your demonstration?
 

III. 	 Plans made for the period during the meeting. Plan
 
before the meeting, check results after the meeting).
 

1. 	Did you present your demonstration with enthusiasm?
 

2. 	Did you act yourself?
 

3. 	Did you talk to your audience?
 

4. 	Was your demonstration explained to the farmers,
 
step-by-step?
 

5. 	Are you certain you were understood.
 

6. 	Did you allow time for questions from the audience?
 

7. 	Did you repeat steps when necessary?
 

8. 	Did you assist the slower persons when they fell
 
behind?
 

9. 	Were faster persons used to assist you?
 

10. 	 Were the important steps summarized at the
 
conclusion of your demonstrations?
 

11. 	 Were final questions encouraged?
 

12. 	 Was reference material handed out at the conclusion
 
of your demonstration?
 

13. 	 Were the farmers told where to get additional
 
advice?
 

14. 	 Was there a list made of attending farmers?
 

15. 	 Was your meeting held without conflict of other
 

meetings?
 

16. 	 Were photographs taken of activities at the meeting?
 

17. 	 Were records kept of the meeting for future use?.
 

18. 	 Were credit and recognition given to local farers
 
who contributed to your demonstration?
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IV. 	Plans made for the period following the meeting: 
 es o
 

1. When the farmers left the meeting, did they know
 
what to do on their own farm?
 

2. 	Were plans made for the next nueting?
 

3. Were they told what material? if any, would be
 
needed for the next meeting?
 

4. 	Were they told to be thinking of the problems

involved for the subject of the next meeting?
 

5. 	Was any publicity given to your meeting by the
 
press, news release or radio?
 

o Press
 

o News Release
 

o Radio
 

V. 	Plans made for the follow-up:
 

1. Have the farmers changed over to use of the new
 
practice that you demonstrated?
 

2. 	Will you provide additional assistance ifrequested? 

3. Have the farmers called on you for further assistance
 
in using your new practice?
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Useful infoemation: MAINTAINING SEEDLINGS IN A NURSERY 

In order to maintain a good nursery the following factors should be
 
considered.
 

1. 	Watering the nursery.
 
- most tree growers try to time the start of the rains so 
that the
 

seedlings are ready for planting out as the rains begin. 
Therefore,
 
the seedlings will be growing in the nursery during the dry season
 
and will need to be watered regularly.
 

- watering must be carried out in the early morning and in the evening
 
but not in the middle of the day. The seedlings will be damaged if
 
they are watered when it is very hot and sunny.
 

-
 do not overwater the nursery and make the soil waterlogged.
 
Overwatering can cause a disease called 'Damping Off'.
 
Waterlogging of the soil can cause poor root development and can
 
also kill the seedlings.
 

- it is best to use a watoring can to water the nursery because the
 
fine sprinkle of water will not damage the plants or disturb the
 
soil. Pouring water from a jerry can or bucket straight onto the
 
nursery must be avoided.
 

- a nursery measuring 3 metres by 1 metre will require about 20 litres
 
of water in the morning and another 20 litres in the evening.
 

2. 	Shading.
 
- the seedlings must be protected from strong sunlight for many months.
 

If they are not protected they will be scorched by the sun.
 
- after 2-3 months you can remove a small amount of the shade ­ no
 

more than 25% of the shading material on the roof of the frame.
 
-
 ensure thet the frame of the shade is kept in good condition.
 

3. 	Weeding.
 
-
 weeds 	should be removed because they compete with the seedlings
 

for - light
 
- water
 
- nutrients
 
- air
 

- weeds can also harbor pests and disease which may infest/infect the
 
tree seedlingn.
 

- the nursery should be watered before weeding is carried out so that
 
the soil is moist. If the soil is hard and dry the roots of the
 
tree seedlings may be disturbed as the weeds are pulled up.
 

- place the weeds in a compost pit.
 

4. Thinning out.
 
- when the seeds germinate you may find that they are growing very


close to each other. If they are too close they will compete for
 
air, light, nutrients and water.
 

- thin out at the same time as weeding.
 
-
 water 	the bed or pots before thinning out to avoid damaging the
 

roots 	of the seedlings which are to be left.
 
- thinning should be started one week after germination if possible. 
- remove unwanted seedlings by carefully pullitig them out. 

5. 	Soil pests.
 
- aphids can be controlled by ash.
 
- these can be a problem, particularly in the dry season.
 

SSM 9-43
 



SSM 9.6.2 ActionAid p.AAK/T/6a/5
 

- where cutworms, termites or white ants are found you should 
sprinkle ash (or Aldrin 25%) on the soil surface. 
If the seedlings are already traisplanted into pots you
should staid the pots on soil where ash has been sprinkled. 

6. 	Diseases.
 
- tree seedlings, particularly those of indigenous trees are seldom
 

attacked by diseases.
 
-	 where 'damping off' is serious you should reduce the amount of
 

water used, and thin out the affected plants.
 

7. 	Record keeping.
 
- update your existing records regularly.
 
-
 note further details such as root trimming, incidence of pest and
 

disease attack and dates of thinning and weeding.
 

8. Root trimming.
 
- the tap roots of tree seedlings can grnw quickly and will grow
 

very long. As a result they can grow into the soil underneath
 
the pot.
 

-	 to avoid this, move the pots regularly. Where there are long 
roots you should trim them back. This should be done every 4 
weeks. 
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Useful information: PRICKING OUT SEEDLINGS 

1. 	What do we mean by 'pricking out'?
 
Moving young tree seedlings from the germination bed to pots
 
(containers).
 

2. How long after sowing should the seedlings be pricked out?
 
When seedlings are 25-30cms tall or when they have 2 true leaves.
 
This will be at 2-3 weeks for fast growers a'd at 3-4 weeks for
 
slow growers.
 

3. At what time of day should we prick out?
 
Avoid pricking out in the middle of the day, because the heat will
 
cause the seedlings which have been transplanted to wilt.
 
The best time is late afternoon when the heat of the day has
 
reduced. (We can also prick out very early in the morning).
 

4. Why should we water the germination bed and pots before pricking out?
 
- to soften the soil in thd germination bed so that the stick can
 

easily penetrate the soil and so that the roots can be eased out
 
of the soil without breaking them.
 

-	 so that the seedlings can begin growing in the pots as soon as
 
possible after transplanting.
 

5. 	How do we prick out?
 
Do not hold the seedlings by the stem, because the stem is very
 
delicate and can easily be broken.or damaged. Instead, you should
 
hold the leaves of a plant when pricking out. (If a leaf is
 
accidentally damaged or broken off a new one will grow, but if the
 
stem breaks then the plant will die).
 
Use a sharp stick (about the thickness of a pencil) or your first
 
two fingers, by pushing into the soil to lift both soil and plant.
 
In this way you will minimise the damage.
 
(See the illustration).
 
Transfer the seedlings to a tin which has a little water in it.
 
By placing the seedlings in water you will reduce the shock of
 
transplanting and the chances of severe wilting.
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6. 	Why do we prick out seedlings?
 
If the seedlings are left in the germination bed until they are planted
 
out in the field their roots will have grown very long. The roots
 
would be badly damaged as they are pricked out. The reason for this is
 
that tree seedlings need to remain in the nursery a long time (a lot
 
longer than vegetable seedlings) 9o the root system has a long time to
 
develop. Therefore they should be transplanted into tubes or pots so
 
that the growth of the roots can be controlled.
 
Also, the germination bed contains very few nutrients. The pots are
 
filled with a mixture which contains all of the nutrients the growing
 
seedlings will need so that they will grow quickly.
 
When pricking out you will also be selecting the strongest and
 
healthiest seedlings.
 

7. How do we trim the long roots?
 
Lift the seedling by the leaves and using a sharp razor blade or knife,
 
nip off a quarter of the tap root and other secondary roots.
 

8. How do we plant the seedlings in the pots?
 
Use a stick (about a pencil thickness) and make a hole in the soil of
 
the same length as the tap root.
 
Hold the seedling by the leaves and hold it in the middle of the hole
 
at the same level as it was in the germination bed. Press the soil
 
back around the seedling.
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Useful information: HARDENING OFF
 

1. 	What do we mean by 'hardening off'?
 
It is the process of getting the tree seedlings used to the tougher
 
conditions they will meet in the field when planted out i.e strong
 
heat and rapid loss of water.
 

2. 	Why do we need to harden off?
 
- seedlings are protected from the harder conditions of the field
 

when they are in the nursery.
 
- when seedlings are exposed to field conditions abruptly, they
 

will wilt and may even die due to the excessive loss of water
 
caused by the direct sunlight.
 

-	 the process of hardening off makes the seedlings get used to
 
thp field conditions gradually.
 

3. 	How do we harden off?
 
The process should take about 4 weeks. It involves reducing the
 
amount of shading material and reducing the amount of water. These
 
are the stages:
 
1st week: - remove a little of the shade each day (only half
 

should be left by the end of the week).
 
- water only once per day.
 

2nd week: - remove a little of the shade each day (there should
 
be no shade left by the end of this week).
 

- water once per day.
 

3rd week: - stop watering unless it is very hot and dry.
 
4th week: - water once per day from 5 days before planting out.
 
Remember to trim any long roots well before planting out so that the
 
seedlings have time to recover from this operation.
 
Note: If seedlings have 'overgrown' in the nursery (i.e grown very
 
large) it may be best to remove a few leaves to reduce the rate at
 
which the water will evaporate from them.
 

4. When should we begin hardening off?
 
About 4 weeks before you aim to plant out the seedlings. Fast
 
growing plants will be ready in 3-4 months while slow growing
 
species will require 4-6 months in the nursery.
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2o2 Wter. Ar adequate perenial supply of gool water is clearly essential for 
riq nursbrij In the ASAL this is often the main factor that decides on a 
particular location for the nursery. The water requirement during the hotter 
month,, can be considcrable i.e. 30 litres per 1000 seedlings. A large water 
tank of 10,000 litres capacity can therefore be expected to serve for two days 
when watering 150,000 seedlings, If water is to be carried and applied by
 
watering can there is an obvious practioal limit to the distance of the nursery 
frem tha water supply. Ideally water must be available inside the nursery area 
itself and this is essential if production of more than 50,000 seedlings in 
anticipated.
 

The quality of the water is also important. Water should not be saline and 
it should be of neutral pH ( i.e. neither acid or alkaline ). This is especially 
iportant in the higher altitude nurseries uhere stock may be kept in the nursery 
for an extended period enabling a build up of a toxic level of Mate. 

Nurseries that are dependent on piped water on a shr basis are at a 
disadvantage in thai, water outs are inevitable from time to time, Exprerience 
has shown that whoever possible a nursery should have its own independent supply. 

Temporary storage is sensible for all but the -vry small nurseries. If 
pressure is sufficient then the water is best stored in 0.I. tanks elevated above 
the working area. When the pressure is insufficient and a pump is not available 
teen grousA level storage in cement lined tahks should be constructed especially 
if a regular supply can not be relied upon. The different irrigation methods 
available, and the time ard frequency of watering are discoussod in 4eztions 3,7 
and 4.41. 

2.3 Soils When seedlings are raised in some sort of container it must be realised 
that large quantities of soil are going to be required each season. Using polytbene 
tubes of lOom, layflat width and length 15cm. for example, about 1 ton of soil 
will be required for every 1,300 seedlings i.e. a full lorry would only be expected 
to supply enough soil for 9 - 10,000 seedlings. It is therefore important to 
be sure of a convenient soil source before any deoision is made on the location 
of a nursery, 

Basioally, the soil used should be a light, sandy loam. The final soil 
mixture should be light and freely draining but at '.he same tine cohesive, 
It must be sater retentive but at the same time not liable to puddling or develop 
an impervious skin when drying out. Humio top soil is certainlyr preferable, if 
not an acceptable mixture can often be made using a local clay soil mixed with 
river sand in the rough proportion of 50 50, Exprerimentation is neoessary 
for each individual nurseryo 

Where it is intended that seed will be sown into separate seed beds and then 
pricked into containers after germination, it should be realised that the soil 
required for the seed beds should be extremely light. Almost pure send will be 
adequate since the seed itself contains enough nutrient for germination and early 
growth. 

In the past the emphasis has tended to be on rather complex mixtures. 
The Mujuga mixture for example is composed of 5 parts of forest topsoil, 2 parts 
chopped peat, 1 part clay crumbs, 1 part of crushed stone and 1 part of rotted 
manure, Such complex mixtures are only possible vhan bare root stock are being 
produced and the same beds can be used over and over again. In the case of 
container stock it is oeldom possible to contemplate using more than two constituents 
for the final soil mixture. 

The inclusion of cst manure, if well rotted, is usually advantagaous but 
seldom practical except for the very small nurseries. The addition of inorganic 
fertiliser to the soil mixture is generally not reooended. It is seldom required 
and there is a danger of there being variable concentration, due to insufficient 
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If there should late., prove to be a nutrient deffioienoy then theapplioation of a suitable liquid fertilitsr is considered to be preferable,This is disoussed more fully in Section 4.44. The inolusion of inorganic fsrtillser
is possibly worthwhile in the case of citrus where IRM can be added at the rate 
of 2kg. per cubic metre of soil. 

Soil lH ( i.e. the degree of acidity ) is important. The soil mixture

should be slightly acid for mot species 
 with a PH of 5.0 - 5.50 Acidity andalkalinity are measured on a scale known as the pH soala On this Wale pH 7.0i taken to be neutral, pH 1 ­ 6.9 is acid and PH 7.1 - 14.0 is alkaline.Soils geerally fall within the range of PH 5.0 ( acid ) to PH 8.5 ( alkaline ).Soils in the more arid areas tend to be alkaline in which cane the addition of
flowers of smlphur or amonium sulphate might be necessary. 

2.4 Slope Excessively sloping sites ( i.e. more than 25 doegrees ) should beavoided since they will require extensive terracing if suffioient level beds are to be oonstructed. A sight elope throughout the nursery is however advantageoussince it ensures that there will be no problems with drainage. It is importantthat individual beds are as level as possible. Depressions within a nursery bed
will lead to excessive water collection causing problem with algea anI fungal
cutbrakn. 

Where a moderately sloping site is to be used terraces ef at leant 2Jm. are
required to ensure th.t there is adequate acoses around the nursery ted. 

Aspect is of little concern in Kenya sizs the pase of the sun is mostly
overhead for moat of the year. 

2.5 A0oes8 if a nusery is to ba really valuable to the local ocanity goodaooess is essential. A box of 50 seedlings is an extremely heavy and awkward
load and farmers can not be expected to struggle over a rough truck carryingtheir aseedlings. Idea'll the nursery should stand adjacent to a major track an at the same time be as close to the village oentre as possible. 

For the larger nurseries where soil has to be brought in by lorry good aooessis obviously essential, In practice the location of the nursery han to beooproism between 
a

the dictates of land and water avuilability on the one hand
and good access on the other. 
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4.2 SOIL COLLDETION
 

Soil collection can ba carried out at any time of the year when sufficient 
labour is available. The job will however be concentrated within the periods 
of November/Deoember and May/June at the start of the two nursery seasons. 

4.21 Soil Mixtures, The location of the nursery should have been selected with 

a knowledge of the available nursery soil. In practice the nursery will 
have to utilise soil collected from within a radius of 250 m. from the
 
nursery unless assistance from motor transportation can be expeocted. As was 
stated in Section 2.3 the ideal nursery soil for container stock is a light
 
clay loam. The soil must have sufficient adhesive qualities wher moist not 
to rm through the tube, but if it contains too muon clay then it will be 
umanageable and liable to cracking after drying out. The most oommon 
problem with murram soils of toe semi-arid areas is a tendency for a orust 
of hard impervious soil to develop at the top of the tube after severe. 
watering ( known as capping ). This problem can be reduced by the addition 
of sand. The actual proportion will be subject to trial and error but it 
will probably in the region of 1 part of river sand to I - 2 parts of the 
best available top soil. 

If forest top soil ( i.e. a dark loamy soil with a high content of organic 
matter ) can be made available it should be used either unmixed if 
sufficient quantities can be obtained otherwise diluted with the best available 
local top soil.
 

Sol destined for use in the seeds beds or seed boxes should be very light 
and river sand should be added to the locally available top soil to ensure 
that it is completely free draining. 

After dumping the soil within the nursery it should be sieved whilst dry by
shovelling it through a 5mm mesh to remove -toneso compacted lumps and 
vegetable matter. Mixing can be carried out at the same time. 

4,22 Inorganic and organio fertilisers: The use of well rotted cow manure has 

been advocated from time and although this might be advantageous in terms 
of resulting growth it is seldom practical except for the smallest nurseries. 
When it is available a ratio of 1 part/manure to 5 parts of local soil 
should be tried. Other organic additions such as chopped peat or well rotted 
compost will be valuable if the available soils have a poor water holding
capability. In some areas where the soils are extremely light and low in 
organic matter, it may be necessary for a special area to be assigned for 
the growing of a manure crop for coaposting. Suitable manure crops would 
be:- Desmodium ( green leaf and silver leaf ),beans ( i.e. greengram, lab lab) 
Leucaena and lunerne (Stvlosanthes guianensis ). It is important that when 
compost or organic manures are used that they are well rotted. The compost 
heap should be regularly turned and watered. 

Inorganic fertilieer can be added to the soil mixture if pact experience 
has shown the soil to be lacking in sufficient nutrients. The usual additive 
is an ?rK combined fortiliser ( Ratio about N 9oP 12sK9 ) at the rate of 
1-5 - 2kg fertiliser per cubic metre of soil, Local experimentation would 
would be necessary however. The important consideration if an organic 
fertiliser is to be mixed into the soil mix i that the mixing must be 
intensive. It is very easy to end up with a highly variable fortiliser 
concentration throughout tha mix. It is recomnonded that instead of using 
an NPK concentrate that any nutrient deficiencies be corrected at a later 
stage with a liquid fertiliser ( refer Section 4.44 for details ), 
The possible exception is when citrus trees are being raised. 

It should be noted that the soil mix for a seed bed would never be supplemented 
with organic or inorganic fertiliserv. The seed itself should contain 
sufficient nutrients to enable germintiou and early growth to develop, 
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Orgemio matter can be detr:mental to germination in that fungus attack 
will be encouraged. 

4.23 	Pesticides in the soil mixture# Termites can be a very serious problem 
within the ASAL and it is often advocated that the chemical Meldrin 
or aldrin be added to the soil mix. This is not reoommended, since these 
chemicals are extrenly poisonous Andit is inevitable that workers will 
be contaminated to some degree if it is mixed into the soil prior to pot 
filling. Where termites are a problem it is recommended that aldrin in 
the form of a wettable powder or a solution is watered intd tho beds 
after tube filling. This will minimise contact with the chemical. Rates 
of .pplioation are considered in Section 4-5. 

4.24 	 Soil Sterilisation Sterilisation of nurser soil is a treatment carried 
out principally to kill fungal pathogens and most insect pests - particularly 
nemotodes, eelworms and cutworms. It can have an effect on controlling
 
weed growth by killing some of the weed Gded present in the soil. 

Soil sterilisation ia not normally practiced in Kenyan nurseries and it is 
likely to be a treatment reserved for seed beds only. There are two types 
of treatment - heat and the .we of chemicals. The simplest and cheapest 
method of soil sterilination and the only method likely to be used in 
most extension nurseries is the heat treatment. The coil mix after sieving 
is placed in a 44 gallon drum and heated on an open fire for about 3 hovis. 
Tbis 'cooking' will effectively kill any fungal spores, insect pests 
and some weed seed, It is obviously & method only suitable for treating 
small quantities of soil and would be reserved for the seed buds or seed. 
boxes. 

Chemical axe available for soil steriliaation, formalin is the safest 
but the least effective, Others include methyl bromide and dazomet.
 
Methyl bromide is gas sold in pressuried containers.- It iL extremely 
effective Lut unfortunately it is a Oangerous chemical and its use can 
only be trusted to silled workers. Since it is a gas it is possible
 
to treat the beds of poly-thene tubes after tube filling. The beds are 
overed with heavy gauge polyLhene sheet and carefully asealed at the edges. 
A single container of kg of gas is nuffioient for the treatment of
 
3 - 5,000 tubes ( about Icu.m. of soil). Sowing can take place after 
24 hours, Dazomet is a granular chemical which is mixed with the soil, 
the soil is then wetted and covered with a poly-thene sheet and sealed. 
A gas (methyl isothiocyanate) is produced. Unlike methyl bromide 4 weeks 
must be left between removal of the gae sheet and eow ng. Since the 
granules need to bb incorporated within the soil. Dazomet is not so suitable 
for treatment after pot filling. It is however safer to use than methyl 
bromide. 

4.25 	 Types of Container: Following sieving and mixing of tLe soil ingredients 
the tubes or pots will need to be filled. The most common form of container 
is the polythene tube. Thic is a sleeve of pol-thene sheet open at 
both ends. It can be purchased either on the roll in which case it is 
cut to the desired length with a razor blade or it is obtained out to size. 

The size of tube used is important* If it is too large then it becomes
 
ertremely wasteful of coil and inconvenient to transport. If is is too
 
small, the root system may be of insufficient size to support the seedling
 
in the field - especially if rainfall is poor.
 

The most commonly used size is locm. wide by 15cm. long ( 4 x 6 inches). 
The width is the layflat size before filling. The size of the tube seems 
to be satisfactory for the ASAL for the majority of forest tree stock. 
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Useful Information. MAINTAINING SEEDLINGS IN A NURSERY 

In order to maintain a good nursery the following frctoro should te
 
considered.
 

1. Watering the nursery.
 
- most tree growers try to time the start of the rains so that the
 

seedlings are ready for planting out av the rains begin. There­
fore, the seedlings will be growing in the nursery during the dry
 
season and 4ill need to be watered regularly.
 

- watering must be carried out in the early morning and in the
 
evening but not in the middle of the day. The seedlings will be
 
damaged if they are watered when it is very hot and sunny.
 

- do not overwater the nursery and make the soil waterlogged.
 
Overwitering can cause a disease called 'Damping off'.
 
Wate[logging of the goil can cause poor root development and can
 
also kill the seedlings.
 

-	 it is best to use a waterinr can to water the nursery because the
 
fine sprinkle of watar will not damage the plants or disturb the
 
soil. Pouring water from a jerry can or bucket straight onto the
 
nursery must be avoided.
 

-	 a nursery measuring 3 metres by 1 metre will require about 20
 
litres of water in the morning and another 20 litr"s in the
 
eve.ing.
 

2. 	Shading. 
- the seedlings must be protected from strong sunlight for many 

months. If they are not protected they will be scorched by the 
sun. 

- after 2-3 rnonths you can remove a small amount of the nhade - no 
more than 251.of the shading material on the roof of the frame.
 

- ensure that the frame of the shade is kept in good condition.
 

3. 	Weeding.
 
- weeds should be removed because they compete with the seedlings
 

for - light
 
- water
 
- nutrients
 
- air
 

- weeds can also harbour pests and disease which may infest/infect
 
the tree seedlinns.
 

-	 the nursery should be watered before weeding is carried out so
 
that the soil ismoist. If the soil is hard and dry the roots
 
of the tree seedlings may be disturbed as the weeds are pulled
 
up.
 

-	 place the weeds in a compost pit.
 

4. 	Thinning out. 
when the seeds oerminate you may find that they are growing very 
close to each ovher. If they are too close they will compete for 
iir, light, nutrients and water. 

- thin out at the same time as weeding. 
- water the bed or pots before thinning out to avoid damaging the 

roots of the 3eedlings which are to be left.
 
- thinning should be started one week after germination if possible.
 
- remove unwanted seedlings by carefully pulling them out.
 

5. 	Soil pests.
 
- aphids can be controlled by ash.
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- these can be a problem, particularly in the dry season. 
- where cutworms, termites or white ants are found you should 

sprinkle ash (or Aldrin 25%) on the soil surface. 
If the seedlings are already transplanted into pots you 
should stand the pots on soil where ash ha., been sprinkled. 

6. 	Diseases.
 
- tree seedlings, particularly those of indigenous trees are rarely
 

attacked by diseases.
 
-	 where 'damping off' is serious you should reduce the amount of
 

water used, and thin out the affected plants.
 

7. 	Record keeping.
 
- update your existing records regularly.
 
- note fu Lher details such as root trimming, incidence of pe l end
 

disease attack and dates of thinning and weeding.
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Useful information. ROOT TRIMMING 

1. What is root trimming?
 
This is the cutting back of long routs of seedlings when still in
 
the nursery.
 

Z. Why is it important to root trim?
 
- Trimming of roots stimulates the growth of fibrous root system 

which are more ideal for feeding the seedlings while still in 
the nursery. 

- When you trim, you restrain the main tap root from growing deep 
into the soil and consequently kt the time of planting out, a 
neat seedling with its soil can he separated and planted. 

-	 Care~essness in root trimming leads to roots being badly bent
 
at planting.
 

3. low often should we trim?
 
The frequency of trimming depends on the types of seedlings you
 
are growing. Ideally, it is important to check your seedlings
 
every month and trim those seedlings with long roots.
 

4. 	How do we trim potted seedlings?
 
Using a sharp knife or a razor blade lift the potted seedlings
 
and cut off all the roots which' have over grown.
 
See diagram below.
 

5. How do we trim transplants/seedlings in a box?
 
Trimming is done by passing a fine wire below the box inwhich
 
seedlings are growing.
 
Some of the roots will be cut by the woire and the remaining roots
 
can be cut, or trimmed by lifting the box above the ground and
 
cutting/trimming the remaining roots using a sharp knife or a razor
 
blade.
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6. It is also impnrtant to make sure that roots that have overgrown to a
 
point beyond the edges of the box are also cut using a panga or a
 
sharp knife.
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Module 3 

Management of Biological Nitrogen 
Fixation 

es.n 2th especific 

Objective 

Readers qnd trainees will understand the 
concepts of specificity, infectivity and effectivity 
with respect to nitrogen-fixiog syni bionts for 
NF'Fs. They will be familiar %kith the basic 

components of inoculation technology and the 
methods for determining whether inoculation is 
needed. 

Background 

The capacity to fix nitrogen allows NFl's to 
grow and be highly productive in nitrogen poor 

grow
environm ents. Since the am ount of nitrogen 
ivailable to a tree species will pattially determine 
its biomass production, ont. goal of NFr 
management sh:ruld be to maximize the amrunt 
of nitrogen fixed by a paricular species. 
Hlowever, because nitrogen fixation by tr::cs is a 
symbiotic process, maximizing fixation requires 
consideration of th, host plant, microsymbiont 
and the environment in which the symbiosis will 
be expressed. Thus it is iriportant to determine if 
the symbiosis is operating maximally and if not 
what factors are limiting its expression. As in 
Session I the Rhizobium-tree legume symbiosis 
will be used as tire model system in tire following 
discussion. 

Rhizobial Characteristics 

Nitrogen fixation can be limited by many 
factors, amnrong thc most important of mhich is 
the lack of or inefficient perfoiniancc of the 
proper rhizobia bacteria i2 the environment 
where a NII tree is grown. Optinmizationi o the 
nitrogen fixing potential of a species can only be 
achieved when the ,most infctivC, CflcClivc and 
specific rhizobia for a paiticular host plant 
nodulat.s that lost pl;'nt. Ilfcctivity nicans the 
ability of a Rhizohuum bacteria to penetrate root 
cells and stiiulate nodule initiation. L-ffectivity 
r':frs to the rclative ability of a pirticitlar strain 
of rhizobia to fix nitrogen when ill association 
%i04 a particular hosi plant. Specificity rclers t) 
tle requircment of certain legui. slccies forstrains of Ihi/obia in oider to establish 

al active nitrogen fixing symbiosis. 
Rhizobia are rod-shaped bacleria that occur 

in iost soils (Figure 4). [He.,ir widespread 
occurreince in ialure is ilie reasoni why 
examining tlie rools ol nany spcics of NFlF's in 
tie licld will ftent reveal the plescinct of 
itodUals. II0WO Cr Al iii i I in t equally 
good at fixing nitrogen oil a particilair host 
species anrid rot all NIA's can hlini clcctive 
synbio..es with all riolihia. The key io 
optimiziiig the niltrogen-iixing svinll; ,sis by NI-i"'s 
is to ensure that Ihe lte is inlectcd with Ihc Imost
effective rliolia. 

Specificity of NFTs foi- Rhizohia 

Riiobia that itect NH's rccur in both 
getnera of tle Ilhi:ohpio:'. The geitus 
ldOobuiti is chraricteried by) fist-growing 
spec is t a p h.dm l y a st- r ate 

species that predolinantly Iirdulate tIciprate 
leguiitrms such as peas clover and aalli/Ob,, tI 
tiignu i te tidilt. Ic li il 

Ibadsrnuihn,: coirtains siirw-grwirg bactera 
that midulate silt!' temperate legumes lt 
pre"ominantly tropical sleci,.s icluding ios 

species of NFI's. 
ITraditiomally, temperate legurmes werethouirht thr be qu'spec'ihc in their rhizirinial

qtiNe 
r( quircincmits. Each species would ttidlltc witlr 
only oe :,petitr, oa R zfoinm. Tropical 
cguiIsi. On tle other hvd were found h)ieIo 
symbiosis with several or many species t 
lBrudyrhizobimn and so were regarded as 
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promiscuouis in their rhizobial requirements, 
Since Blraodvhizobiuo .vj. are found in most 
tropical soils and examination of the roots of 
NR,; in natural ecosyste ' s often revealed 
nodules, it was errineousl assumed that NIl's 
could as;s finSI ithe tiizohia needed to 
establlish an active symbiosis in any soil. Based 
on this evidence it was concluded that adding
rhizobia to ensure or foster the establishment of 
the nitrogen-fixing symbiosis was unnecessary. 

Recent evidence, however, has shown that 
some ,pecies are quite specific in their rhi i)ial 
req ir eenis, Leucaena Iiicocehala [eing the 
bcst example. Since tlie rhizobia required by
leucaena are not widely distributed, [ieing least 
numerous in acidic soils, nodulation and nitrogen
fixation by leuciena can lie poor or non-existent 
in a site unless the tree is supplied with the 
correct rhi.obia. Ai exaaple of this case is 
shos. in Figure 5 where adding a rhizohial strain 
specific for leucaena. TAI. 1145. at tlie nursery 
stage led to iicreased growth over that of the 
control tree,; that had received no rhizobia or of 
the trees that received i second. less effective 
strain. 

At the same time. (itiher species of NIPTs 
can nodulaie wit h the nailse rhizobia in a site but 
do not fix tntch nitrogen. These species are 
knowni as promiscuous ineffective species ()ale 
1i82). Their capaci!v to fix nitrogen ca l lie 
markedly increased by providing them with
hizohia that are more eflectis e nitrogen fixers 

than the native rhizohia. 

Jnfortinatelv little is known 
 ahrut the 

specificity of most leguminous NFll's. IHowever. 
since some legumirius NFTs exhiiit moderate 
and sorne marked specility fior a particular
inicrosynibiont. it would lie unwise toi conclude 
[bili tie presence of nodules il a species in a 
particular site mear.s that nitrogen fixation is 
opeiating at a riaxinuni and ino further 
impr cenrit could lie expected by introducing a 
different rhizobia. 

NFfs and Numbers of Microsymbionts 

From the above ,liscussiion it seems ohvious 
that if the species to be planted has specific
rhizobial requirements. then growth should be 
enhanced if that rhizobia is supplied in sites 
where it is ahsent from the native population. 
Ilowever. even promiscuous effective species
which form highly effective nitrogen fixing 

symbiosis with the native bacteria can often 
benefit and exhibit enhanced fixation if provided
with different rhizohia or increased numbers of a 
native s ran. This case is shown for Acacia 
pennatuia in Figure 6. Even though Acacia was 
ahle to effectively nodulate with the native 
rhizohia (the control in the figure) it douhed its 
growth when high numbers of a native strain 
isolated from the same soil in which tihe field trial 
was run was added to the nursery stock. 

This effect of nubnhers is based on the fact 
that maxiinizing the amount of nitrogen fixed by 
a !pecies not only requires that effective rhizohia 
are present but also that most of the nodules are 
foried by tire effective strain. Therefore. a 
second goal of tie mainagerient of nitrogen
fixation by NFI's should be to ensure that the 
most highly infective, effective and specific strain 
for a particular species forms the majonrity of 
nodules on a particular host plant by placing high
numhers of tile effective strain in tie immediate 
vicinity of the developing plant root. The effect 
thal increasing the numher of effective rhiilhia 
available to tire plant can have oi the number or 
nod!iles formed hy tie inoculant strain is shown 
in Figure 7. 

Inoculant Technology 

effective iilrogen-fixing rhizobia in tlie 
immediate vicinity of tie developing plant root is 
called inoculant technology. The basic 
components of tiis technology are: living
effective rhizohia, a suitable medium or carrier 
for tile rhizohii and a method for placing tlie 
carrier containing the rhizohia. or inoculant,
 
near tie plant root so that the majority of
 
nodules formed on tire 
 plant contain tihe 
inocularil strain. 

Carrier materials commonly used include 
powdered or granulated peat. sand and 
powdered coal. Because the production of
 
inoculants requires a microhiologist specially
trained in inoculant production and appropriate
 
production facilities, it is neither desirablefeasible for normost research institutic,ns or 
individuals involved in the study or utilization of 
nitrogen fixing trees to make their own 
inmculant. Fortunately. several commercial 
inoculaill companies and research institutes are 
able to provide inoculants for Niq's. in some 
cases free-of-charge (see Appendix for list of 
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species, and suppliers). For many NFT species, 
however, the basic research on host specificity 
and selection of effective rhizobia has not yet 
been conducted so inoculants for these species 
are not available, 

Determining the Need for Inoculant 

Although inoculation technology is 
relatively inexpensive and easy to use, it is an 
additional management practice and should 
therefore be utilized when it is likely to lead to 
increased yield. Particularly in cases where 
inoculant for aparticular tree species isdifficult 
to obtain, it is advisable to determine in advance 
whether inoculation is necessary and will result 
in enhanced growth. 

Determining the need '9 inoculaie can be 
done quite easily in a small pot experiment 
Basically, the experiment compares the growth
of inoculated trees to that of uninoculatedi trees 
and trees supplied with mineral nitrogen. The 
latter treatment is added to identif) whether 
nitrogen is a limiting nutrient in the test soil and 
to assess how effective the inoculant strain was in 
meeting the nitrogen requirements of the host. 

Summary 

goal of those plantingOne management 
NFTs should be to optimize nitrogen fixation by 
these species. Since rhizobia vary in their ability 
to infect the host plant (infectivity), optimizing 
nitrogen fixation requires placing large numbers 
of highly effective rhizobia in contact with roots 
of the tree so that the majority of nodules are 
formed by effective strains. The procedure of 
providing rhizobia for host plants is known as 
inoculation techr.ogy. However because the 
native rhizobia may be adequate to support good 
nitrogen fixation it is desirable to determine 
whether inoculation is necessary, 

A simple pot experiment can be conducted 
to determine whether inoculation will be 

beneficial. Methods for inoculating seed and 
names, of inoculant suppliers and species for 
which inoculants are available can be found in 
the appendices. If inoculant is available, it 
should always be used, since its use is not likely 
to depress production and may actually improve 
yields. 

Question and Exercises 

1. What is the goal of rhizobium inoculant
 
technology?
 

2. What is meant by species specificity?
 
3. fow can one determine if inoculation is
 
necessary'?
 
necessary?
 
4. What is meant by effectivity?
 

5. Why are high numbers of rhizobia applied in
 
inoculants?
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Figure Shapes of bacteria 

(1) coccus 
(2) Staphylococcus
 

(3) rod (e.g., Escherichia coli)
 
(4) Spirillum 
(5) Rhizobium cultured cell 
(6) Rbizobium bacteroid (e.g., Lers sp.) 

Figure 4. Shapes of bacteria. (From Somasegaran and Hoben 1985). 
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Figure S.	Mean heights of Leucaena leucocephala inoculated with Rhizobium strains TAI. 1145. 
and uninoculated controls growing in Xalapa, Mexico. (From Roskoski 1986h). 
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Figure 6. 	Mcain height of Araria pennatuda inoculated with Rizizohi strains 16. 14. and
uninoculatcd controls growing in Xalapa. Mexico. (From Roskoski 1986h). 

SSM 9-66
 



SSM 9,6.7 Roskowski p.43
 

10-	 85 % 95 450/ 

- /45
-0 / 

uC 8/
 
ZL B// 	 / 5% 

o 6/ 

j 55 

-) 	 ///
0 

I / " / 

I 2 3 4 5 6 
LOG NO. OF R. JAPONICJ4 

PER GRAM OF SOIL 
Fig. 1. Relationship between Inoculum size of R. Japon(cu

strains 110 (- ) and 138 (....) and soil R. japon(cu
population on the percentage (5%, 45%, 85%) nodules fornt 
on soybeans by the inoculum strain as calculated from muli 
ple regression ccuations. The horizontal and vertical lin 
denote the area investigated. 

Fignre 7. 	 Relationship between numbers of rhizobia in inoculant and number of nodules forined 
by the inoculant strain. (From Weaver and Fredrick 1974). 
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APPENDIX 
(From Soenasegaran and lichen 1985) 

SOURCE OF RIIIZOBIUAI STRAINS 

The Nin'AL Rhizohimn Germplasm 
Resource is a comprehensive collection of 
Rhizohiun for numerous legumes (tropical and 
tcmpcrate) and is maintained at the NifFAL 
Projcct. All strains citcd in the various exercises 
of this hook are available on written request 
addressed to: Curator, Rhizobium Germplasm 
Resource, University oif I lawfit, NirTAL Project 
and MIRC(EN. P.O. Box tt, Paia, I lawaii 96779. 
USA. 

The INILIT hizzoliunt strains are alts 
available. INLIT is an acronym for NiIf'AL's 
Inlernational Network of Legume Inoculation 

Dr. Carlos Batthyany 
Nilrosoil. Florida 622. 4 Piso 
Buenos Aires. ARGENTINA 

l)r. J. A. Thompson 
Australian Inoculants Research 

and control Service 
IHorticultural Research Station 
Gosford, N.S W. 2250 
AUSTRALIA 

I)r. R. A. Date 
CSIRO. l)iv. Tropical Crops 

and Pastures 
Mill Road, St. Lucia 
Queensland 41167 
AUSTRALIA 

Dr. F. Bergersen 
Microbiology Section 
CSIRO, Div of Plant Industry 
Canberra, ACT 26N)1 
AUSTRALIA 

Prof. J.R. Jardim Freire 
Rhizohium MIRCEN 
IPAGRO 
Caixa Postal 776 
9tXX)tl Porto Alegre Do Sul 
BRAZIL 

Trials in which response to Rhizobiumn 
inoculation on 18 species of economically
important legumes are being tested 
worldwide. A set of three effective and 
antigenically distinct strains of Rhizohium was 
selected for the INLIT. Because each set of 
three rhizobia recommended for each legume is 
antigenically distinct from one another, serolo­
gical methods of strain identification can be used 
to study competition, persistence and other 
ecological aspects. 

There are aiso other laboratories/ 
institutions which maintain collections of 
Rhizolin: 

Rhizobia for Tropical Legumes 

AIRCS Strains 

Rhizobia for Tropical Legumes 

Rhizobia for Clovers. Medics 
and other Temperate Species 

Rhizobia for Tropical Legumes 
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Dr. D.J. Hume 
Crop Science Dept.

IJniversity of Guelph

Guelph, Ontario NIG 2WI 
 Rhizobia for Pea, Lupin,
CANADA Alfalfa and Soybean 

Dr. M Dye
 
Soil Microbiology Dept.

Rothamsted Experimental Station Rhizobia for Clovers,

Harpenden, Herts. AL5 2JQ 
 Alfalfa, Peas Beans, and
UNITED KINGDOM other Temperate Legumes 

Plant Diseases Division 
U.S.I.R. 
Private Bag
Auckland, Rhizobia for Clovers,. Alfalfa,
NEW ZEALAND and Lupin 

Dr. H. Keyser/Dr. D.F. Weber 
USDA CCNFL
 
Bldg. 001 Rm 309 BARC-W
 
Beltsville, MD 20705 
 Rhizobia for Soybean and
USA Temperate Legumes 

More addresses of institution which have V.B.D. Skerman (ed.). World Data Center forRhizobium collections can be found in: Skinner, Microrganisms at the University of Queensland,F.A., E. Hamatova L:,d V.F. McGowan, 1983. Brisbane, Australia.
In: World catalog of Rhizobium collections. 
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Module 3 

Management of Biological Nitrogen 
Fixation 

Session 3: Field Application and Management of 
Symbiotic Nitrogen Fixation 

Objective 

Readers and trainees will be familiar with , 
the methods for inoculating nursery stock, the 
protocol for running a field trial to determine the 
effect of inoculation on yield, and the 
environmental constraints that may limit the 
expression of biological nitrogen fixation by
inoculated NFTs. 

Background 

Session I covered the basic biology of 
nitrogen fixation and its importance to NFs and 
the ecosystems in which they occur. It noted that 
since NFTs are likely to be grown without 
fertilizer amendments, enhancing the magnitude 
of biological nitrogen fixation by these species is 
not only desirable but might be essential for 
obtaining acceptable yields, 

Session 2 explained why although many
NFTs nodulate spontaneously with native soil 
rhizobia it is often beneficial to provide NFI 
species with large numbers of selected rhizobia in 
the, form of inoculants. Because inocuhnts, 
although quite inexpensive, may be difficult to 
obtain. However, the overriding management 
strategy suggested was to whenever possible use 
inoculants.
 

Inoculating Nursery Stock 

The simplest way to inoculate nursery 
stock is to inoculate the seeds prior to planting in 
dibble tubes or nursery containers using the 
method described in Appendix. Alterr.juel';. 
inoculant can be added to the nursery potting 
nix in quantities such that each growth unit 

containing one seedling will contain I x 10' (to 
the sixth power) rhizobial cells. A few seedlings 
should be checked for the presence of noWuleswith pink, red, orange or brownish, intei jors
prior to outplaoting. For bare-rooted stockprepare a slurry by mixing the inocutant with 
water: one volume inoculant to two volumes 
water. Dip seedlings or cuttings in slurry and
allow to soak for I minute or longer. Plant as 
soon as possible since ;he rhizobia will start to 

die off quickly. 

Determi Aing the Effect of Inoculating on 
Yield 

The pot experimpnt described in Appendix 
will indicate whether a positive inoculation 
response could occur in a given soil. 

lowever, because of its necessarily short 
duration, the pot experiment can only provide a 
rough estimate of the yield response likely to be 
obtained in the field. To quantify the effect of 
inoculation on yield a fiuld experiment should be 
conducted employing the same three treatments 
(inoculatcd, uninoculated ar iiinoculated with 
nitrogen fertilizer) used in the pot study.Aside from generating realistic data on 
effects of inoculation on yield, the fieldexperimant will also allow periodic sampling. 
This is advisable sine the effect of inoculation 
on tong-lived perenniaN, such as trees, may only 
be pronounced during the initial establishment 
and early growth stages. Unfortunately, whether 
already established trees can be successfully 
inoculated or whether it would be beneficial to 
periodically add inoculant to the soil following 
plnting is Unknown. 

The experimental protocol for thea field 
experiment is that used by the Nifl'AL Project in 
the International Legume Inoculation Trial 
(INLIT) Program. This protocol can be adapted 
to meet the needs and resources of the individual 
investigator. For example, plot size can be 
increased or only one management level used. 
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Environmental Effects 
Fixation by NFTs 

on Nitrogen can stress the plant to such a degree that 
nitrogen fixation ceases or in extreme cases
nodules are shed. Nodule shedding is normal in 

Little has been published on the effects of 
different environmental variables on symbiotic
nitrogen fixation by NFTs. Whi~e the following
generalities are based primarily on information 
generated by studies on leguminous crops, tey 
should also apply to tree legumes.

Once the seeds or nursery stock have been 

NFrs with a marked decido'is habit, for 
example, Erythrina sp. and Gligcidia sepium in 
Mexico. However nodule shedding by evergreen 
species may indicate a serious problem with the 
plant. 

Soil Factors. 
successfully inoculated the expression of BNF 
will be largely determined by the cnvironmen. 
Nitrogen fixation supplies only nitrogen to the 
tree. All other nutrients must be obtained fromthe oil Thsuestway o mximze itrgenthe soil. The surest way to maximize nitrogen 

Low pH, Calcium Le'el. ifigh l and Mn. 
Many leguminous NFls are sensitive to low pH 
ma y e n a re bysiigh t andpHprimarily when accompanied by high Al and Mnand low Ca levels. The classic example of this is 

fixation by NFTs is to grow healthy plants whose 
growth isnot limited by other nutritional facto.sor environmental stresses. 

Both biotic and abiotic factors can limit 
nitrogen fixation by NFTs. Among biotic factors 
are competition between the inoculant rhizobrs 
and native strains for nodulation ites,
andpetin sin forcorgaimo si,competition with oter microorganisms for soil 
nutrients and the abiuity of inoculant strain, to 
survive as free-living soil organisms. Several of 
these factors were briefly discussed in Session 2. 
Abiotic factors primarily include climatic and soilfactors. 

an a levehelasic eample o ts 
Leucae llucofeptala wih a grow ornodulate well, if at all, in soils with a p1- of 5.0 
or less. Since rhizobia are markedly more 
tolerant to high levels of Al, Mn and low'.Calcium it is assumed, although not proven, that 
the negative effect of these coditions on
nitrogen fixation is largely due to effects on thehost plant (FAO 1984). 

aedme ntuc h nof a dcan lead to good plant growth, nodulation and 
nitrogen fixation if the necessary rhizobia are 
presen o i dini n c essar rhough arepresent or supplied in inoculum. Although NFTsshow a range of tolerance to Ca, Al and Mn 

Climatic Factors 
stress, little is known about whether 
tole rant to acid soil conditions fix as 

NFTs 
much 

Temperature. In general, rhizobia are more 
sensitive to high temperatures than are their 
associated host plants. Exposing inoculated tree 
seeds to high temperatures for even a short time 
can result in bacteial death and reduced 
nodulation. If the tree species is to be direct 
seeded into very hot soil with a surface 
temperature of 35°C or greater, it is 
recommended that a deeper furrow than normal 
be prepared. The inoculant should be sprinkled 
into the furrow, covered with an inch of soil, the 
seeds sown on top of this soil layer, and then 
covered with another layer of soil. Alternately, 
the seeds may be inoculated and then coated 
with either lime or powdered rock phosphate.
This pelleting may help improve rhizobial 
survival under high temperatures. 

Moisture Stress. Generally rhizobia survive 
at soil moisture levels below the wilting point of 

nitrogen as species growing-in neutral or alkaline
soils. With a few notable exceptions crop and 
forage legumes that grow in acid soils have 
exhibited poor nodulation. For NFT species
tolerant to acid soils, such as Acacia mangium, 
acid soil tolerant rhizob;3 may .erequired. Such 
strains can be obtained from the NifTAL 
Project, University of Hawaii. 

Phosphorus, Sulfur and Potassium. 
Deficiencies in phosphorous, sulfur and 
po.assium affect the nitrogen fixing symbiosis by 
decreasing plant growth. Available information 
on the effect of these nutrients on BNF by NFls 
issparse but suggests that trees adequately 
supplied with these nutrients will optimally fix 
nitrogen. 

Nitrogen. The presence of high levels of 
nitrogen delays or inhibits nodulation. Legumes 
will preferentially use mineral nitrogen even if 
well nodulated. In this case the nodules remain 

the host plant. Similarly rhizobia can survive 
short periods of waterlogging. However either 
too much or too little H20 for even a short while 

inactive until the level of available nitrogen
decreases to a low level. Given these negative
effects it is generally not recommended to apply 
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nitrogen fertilizer to legumes if they are expected 
to fix nitrogen. However in the case of NFTs a 
benefit may be possible from the application of a 
small amount of nitrogen at the time of planting
for direct seeded species. Many of the species 
likely to bc direct seeded, for example Leucaena 
leucocephala, do not form nodules for the first 3 
to d weeks following germination. The addition 
of a small amount of nitrogen, for example 25 
kg/ha. could help increase early growth so that 
when nodulation does begin the plant has a 
rt-latively high photosynthetic capacity to support
vigorous fixation. 

It is also logical to assume that the longer 
the delay in the onset of nodulation the greater 
could be the benefit of adding starter nitrogen. 
However since little is known about when the 
majority of NFTs nodulate, it may be necessary 
to first obtain this information so that inhibitory 
levels of starter nitrogen are not applied, 

Micronutrients. The nitrogen fixation 
process requires molybdenum and iron. Without 
these elements fixation will not occur. Boron is 
involved in meristomatic activity of the plant and 
hence nodules will not form without it. Other 
micronutrients such as Zn, iron and cobalt are all 
needed for plant growth but affect nodulation 
only insolar as they enhance or depress plant 
production.

Fungicides, Pesticides, Herbicides. Fungi-
cides containing mercury, zinc, copper or lead 
are toxic to rhizobia. If direct seeding is to be 
used inoculant should be applied below the seeds 
in the furrow and covered over with soil so the 
seed and inoculant are not indirect contact. Less 
is known about the effects or pesticides or 
herbicides on rhizobia or the nitrogen fixing 
symbiosis but as a general precaution seed 
inoculation should be avoided for seeds that have 
been treated with any chemical agents. In this 
latter case adding inoculum to the furrows is 
preferable. 

Types of Management 

Presumable management activities such as 
pruning, spacing, and mixtures of species wilt 
affect nitrogen fixation by NFTs. For example, 
studies on Erythrina in Costa Rica have shown 
that pruning tiees leads first to nodule shedding 

followed by formation of new nodules. However 
little quantitative data exists to indicate whether 
these management techniques lead to 
significantly increased or decreased levels of 
nodulation or nitrogen fixation. 

Summary 

t. simple field experiment can be used to 
quantify the benefit of inoculation in terms of 
actual biomass/production values. The optimal
benefit from nitrogen fixation can only be 
achieved when tht plant is fixing as much 
nitrogen as possible. Since nitrogen fixation only 
supplies nitrogen to the plant all other essential 
nutrients should be surplied. Nitrogen fixation is 
likely to be highest when no other factors limit 
plant growth. The surest way to optimize 
nitrogen fixation once the correct rhizobia has 
been obtained is to grow ahealthy plant. 

Question and Exercises 

1. How much inculum is requred for one ha of 
direct seeded Leucaena? For 10,000 nursery
plants required to plant one ha of Leucaena at a 
I x I m spacing? 

2. How can nitrogen fertilizer benefit and 
inhibit fixation by NFTs? 

3. What are likely to be the major factors 
limiting nitrogen fixation in tropical soils? 

4. Why are nitrogen controls included in tle 
yield field trial? 

5. Given that a NFT fixes 100 kg N/ha/yr and 
the cost o. inoculating the trees is US $10, how 
much of an economic savings would you realize 
in your country, given the present cost of 
nitrogent tertilizer? 
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APPENDIX 

Protocol for determining the need 
to inoculate NFFs. 

A. Collecting preparing and potting field soil 
1. The ideal site for soil collection is the one 
where the field experiments will later be 
Londucted. 

2. Scrape away the top litter layer and with a 
steel spade or shovel randomly obtain soil from 
the top 20 cm. 
3. Place the soil on plastic sheets and mix 
thoroughly. 
4. Allow to air dry until soil can be passed 
through a 0.5 cm sieve to remove rocks and 
other debris, 

5. Soil may be amended at fertilizer rates 
equivalent to field practice but only the nitrogen 
control plants receive nitrogen equivalent to 50
kg/ha. 

6. Gravel or vermiculite may be added to 
improve drainage in heavy soils, 

7. Fill pot.r plastic bags having a diameter of 
2(-25 cm to within 3cm of the pot/bag rim with 
the prepared soil. 

Note. if bags are used they shoul" be tripled and 
drainage holes provided. 

B. Seed preparation and inoculatl,.2, 

I. Scarify seeds using methodology normally 
employed. 

2. The inoculation procedure involves coatirg 
the seeds with the inoculant containing the 
rhizobia immediately prior to planting. The use 
of asticking agent: 40% gum arabic solution, 5%soluionof mthy 50/ ofceluloe, soltiosolution of m~thyl cellulose, 15% solution of 
household sugar or honey is recommended to 
ensure that a sufficient quantity of inoculan! 
adheres to the seeds. 

3. '1he inoculum should be kept refrigerated 
before coating the seeds and should not be more 
than 6 months old to ensure that a high number 
of viable rhizobia is present. 

4. The amount o,' inoculant and sticker to use 
will depend on the size of the seeds. For 
leucaena use 10 g of inoculant containing at least 

10 !D9!U bacteria/gr and 3 ml of a 40% gum 
arabic solution for 50 g of seeds. These 
proportions will ensure at least I x 10 to the sixth 
power bacteria per seed. Variations in the 
seed/inoculant/sticking agent proportions may be 
necessary depending on seed size. For reference, 
one kg of giant Hawaiian leuaena seeds contains 
about 18,000 seeds. 
5. The scarified seeds -e placed in a relatively 
large clear plastic bag. The sticking agent isthen 
poured over them. Next the bg is inflated and 
swirled around to evenly coat the seeds with the 
sticker. The inoeulant powder is then added to 
the bag and the swirling repei,ted until the seeds are uniformly coated with the inoculant. Excess 
swirling will break down the coating and is not 
recommended. 
6. Seeds can be further pelleted'with lime or 
crushed rock phosphate if desired. The latter 
material ispreferred for acid-producing rhizobia, 
like that for leucaena. 
7. The coated seeds should then be emptied 
onto paper to air dry and then planted 

immediately or stored in the refrigerator for 
future planting. Caution should be taken not toexpose the inoculant to direct sunlight or 

excessive heat or drying. 

C. Planting the seeds and maintenance. 
1. Plant the uninoculated and nitrogen control 
pots with 6-8 seeds first (depending on seed 
size). Then plant the inoculated seeds. 
2. Plants are thinned to 2-4 per pot by snipping 
off the tops rather than pulling out the entire
sedig 

seedling. 
3. Six replications of each of three treatments: 
inoculate,, uninoculated and uninoculated plus 
nitrogen ft rtilizer arc required. 
4. Pots should be watered periodically to field 
capacity. 
5. Precautions against contaminating the 
uninoculated pots with soil from the inoculated 
pots is essential. Contamination can be greatly 
reduced by: watering gently to avoid splashing, 
placing the pots on mesh benches so any drips 
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from the pots fall on the floor, assigning watering D. Data collection and interpretationto a well-trained individual. In addition, pots . Sinceshould be set up in a randomized 	 biomass production is closelycomple t,,block 1 i c i m s r d ci n i l s ldesign but rot re-randomized thereafter to correlatedprevent contamination 	 with nitrogen availability, plant drythrough handling, matter including root and nodule bioinass are themost meaningful data to .,se in evaluating 
whether inoculation led to increased growth. 

2. Six outcomes are theoretically possible: 

Uninoc. Inoc. +N Significance
 

I poor poor 
 poor This indicated that nitrogen is not dominant factor 
limiting the production. 

2 poor poor good This result indicates that nitrogen is limiting
 
plant growth but that inoculant strain was not able
 
to effectively nodulate the host.
 

3 poor mod good This indicates that the symbiosis was 
established
 
but did not fix nitrogen optimally.
 

4 mod 
 mod good 	 This indicates that nitrogen is limiting and that the 
inoculant strain is not optimal but is equal to the 
moderately effective native population. 

5 mod good good This indicates N is limiting and that the inoculant
 
strain is better than the native population.
 

6 good good 
 good Inoculant strain and native population are equally
 
and highly effective.
 

Inoculation would be advised in 
 cases 3 and 5, unnecessary in case 6 and possibly worthwhile in 
cases 2 and 4 if better strains could be found. 

*Relative growth. 
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Learning Element 	 Code: 
Title: Nursery Management tuid Record Date of Issue: Page: 

Keeping

Occupational Area: GRO ING TREES Nairobi

July 198k
 

11) 	 When seeds are collected the [ 2 ID C740.ECO S 

following information should to. 51..4. A.# U.a 
be recorded : date, amount A ,- 1K, Mk f. 30. 

collected, where collected, 0 to M V. . 
name of species and who 	 4..45, 5 y J1 7 . J 
collected it. If a germination
 
test is done on the seeds this
 
should also be recorded.
 

12) When seeds are planted in the s e "D 111i.b 

seed beds and then pricked 
out the following information 
should be recorded : species af . 

,,r i,.,. 
,if.ai 

s,, ,-

31 

fro-. 
Ia. 

planted, amount planted, date 
planted, date of germination, 
germination remarks, date of 
pricking out, total number 
pricked out. 
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Learning Element Code; 

Title: Nursery Management and Record Keeping t Iu
IDateolt ssue: Page: 

Occupational Area: GROWING TRES Nairobi[ July 1984 

13) Diring the distribution period 
(rainy season), when people are 
taking the seedlings from the 
nursery, the following should 

J. 
tV.. 

04-
Sr_.--d 

=" 
c,-,A" 

_, 
%Auy 

be recorded : the name and 
address of the receiver, the 
species lie.takes and the number 
of each, the purpose for planting, 
the trees (fruits, ornamentals, 
hedge, woodfuel, etc.) and where 
they are to be planted. 

lI ) Finally, as part of the evaluation 
of your nurseries success, you 
should try to determine the 
survival rate of the trees that have 
left the nursery. This would be 
done one year after the distribution 
period. For a small local nursery 
you can go to the people who received 
the trees and count the number that.have 
lived. For a larger nursery, go back to 4 
th . distribution records and pick a 20% 
(I out of 5) sample of those who received 
trees. Contact these people by visits, 
letters or telephone and find out how 
many survived from as many people as you 
can contact. From the information you 
have collected, you can figure an estimate Aent 
of the survival rate of the trees from 1 ,,enl 
yuur nursery. 

_ 

3 

-

-

x 
5 

0 
O 

Percentage Number of trees still alive x 100 

Survival - Number of trees originally planted 
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USEFUL INFORMATION SHEET
 

Code: 	 AAK/GT/103a
 

Series: 	 Trees
 

Title: 	 RECORD KEEPING
 

Purpose: 	 To provide guidelines on how to keep records for tree
 
nurseries and planting projects and to explain why such
 
records are important.
 

1. Why do we keep records for our tree projects?
 
To provide us with information which will help us to develop arid
 
maintain good tree nurseries arid maintain planted out seedlings in
 
the field. Without these records the projects may riot be successful
 
for they help us to know our progress and to plan the work of keeping
 
our home areas well planted with trees. The records we keep should
 
also be useful to our friends and relatives who may want to start
 
tree nurseries or tree projects in their homes.
 

2. 	What do we need to keep in our tree project records?
 
A record will only be useful if it has all the information we want
 
to remember or the information any visitor would like to know even
 
in our absence. The more information the records contain the more
 
useful they are. Below are some of the information that we must
 
keep and how they will help us to improve, or monitor the progress
 
of our projects.
 

What we need to know Why we need to know
 

1. 	The variety or species - to determine which varieties/species are
 
of trees we plant, suited to our soils
 

- to establish which time in a season is beat
 
for planting/sowing the seeds of each
 
variety/species
 

- to help us know which varieties/species are 
suited to the different climates e.g
Berchemia discolors (Kisaya in Kikamba) 
prerers hot conditions whereas Ficus
 
natalensis (Kiumo inKikamba) prefers warm
 
and wet conditions.
 

2. 	Source of seed - to enable us collect more similar seed as
 
and when necessary
 

- to compare the performance of the plant at
 
our homes and at its original environment
 

- it makes itpossible for us to know if what
 
we have planted is from a good mother plant
 
or not,,which will in turn help us to decide
 
whether to get more seed from there or not.
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3. 	Collector of seed to be able to refer to the collector for some 
information which may not be in record e.g at 
what stage the seed was collected or whether 
the seed was collected from some part of the 
plant or from the ground. 

4. 	 Seed weight for future plant ing we carl know approximately 
how many seeds we call obtain from a certain 
weight of seed. 
if we know the average number of a particular 
seed per gram, we can find out about the 
moisture cortent i.e if we have very few seeds 
per gram it means the seed is still very wet 
arid if we have a lot more seeds per gram the 
seed is dry.
 

5. 	 *Seed viability - if we know when the seed was collected, it 
will let us know whether seed can be kept for 
long or not. Some seeds such as Grevillea 
species, spathodea nilotica (Nandi flame tree)
arid markamia species should not be kept for 

long while others such as croton megalocarpus 
can be stored for upto a year. 

- it may help us to know if the nursery bed was 
suitable or riot. tli a rough nursery bed where 
the right mixture is rot used the viability 
will be low. 

6. Whether the seeds - if seeds are to be stored for some time they 
were pre-treated should be treated with dawas so that they are 
before storage riot infested by pests. 

- if the seeds were not treated it may be wise 
to test with a few seeds before using a lot of 
labour on preparing a big nursery bed arid 
sowing all the seeds which will riot germinate 
due to insect damage. 

7. Whether seeds were - for future planting we shall knrmw if the seeds 
pre-treated before of a particular tree need pre-treatment or not. 
sowing - we shall know which treatment is suitable for 

the various seeds we want to plant. (see 
Lesson T/5a - Germination bed preparation arid 
sowing) 

-	 enables others to know whij seeds need pre­
treatment arid which method is appropriate for 
the particular seed. 

8. Date of sowing - it will help us to plan all other operations
 
e.g pricking 	out, transplanting etc. 

- we are able to tell fast growing and slow
 
growing trees.
 

-	 enables any of our visitors to know the age of 
trees at any 	time of their (trees') lives.
 

- if we know how long it takes the seeds to 
germinate, it will help us decide when to 
replant. 

*Viability: 	 The capability of the seeds to germinate. How much of the
 

planted seed actually germinates in time.
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9. Date of germinal ion - will hell) us determine early and late qermirnat­
iniq seed varieties/species.
 

- if seeds of a tree which usually germiiinle 
early germinate late ini our nursery it may help 
us find out what management problems therewere, 
it may also mean that something was wrong with 
our seed and therefore the plants will be weak 
or abnormal. 

- will enable us assess germination percentage. 

10. 	 Date of pricking out - for future nurseries itwill help us plan when 
to prick out various varieties/species. 

- will reninid us when to start root trimring. 
- if previOUs records are available it will help 

us plan when planting out should be done in 
various varieties/species. 

11. 	 Weeding - will help us know how frequently weeds occur,
 
this will help us in future to plan for labour
 
requirements for weeding.
 

-	 if we are in business it will help us calculate 
how much is spent on weeding.
 

12. 	 Hardening off - Lets any layman know how long each tree variety
 
takes to harden off.
 

-	 Enables us to have the tree seedlings planted 
out in time even in the absence of the nursery 
mail. 

13. 	 Root trimming - Will let us know which varieties/species need
 
their roots trimmed at what intervals as the
 
roots develop at different rates.
 

-	 enables us to know the number of times roots 
of each variety/species will need to be trimmed. 

- by counting and recording the number of seedl­
ings trimmed we shall plan for the number of 
seedlings to be planted out. 

14. 	 Date of planting out - for future projects we shall know how long it
 
takes from planting seed in a nursery bed to
 
planting out for different tree varieties/
 
species.
 

- we shall always know the ages of all trees and
 
can tell the fast or slow growing trees.
 

-	 by recording the number of planted out seedlings 
we can find out the percentage of the trees
 
that have taken off after some time. This will
 
help us determine management or environmental
 
problems in our projects and 	correct them in
 
future.
 

15. Nursery records Nursery records will be able to:
 
- indicate to you the seed species planted in a
 

particular plot
 
- Date planted
 
- Plot size
 
- Date when seeds germinated
 
- The percentage germination
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- Who planted 
- weight of seeds at planting 

- when you pricked out 
- when you weeded 
- when you started hardening off 

16. 	 Location of planting - will enable us make follow ups and supervise 
out the management of the trees
 

- performance of the trees in various locations
 
with 	same level of management will indicate 
the suitability or otherwise of the species/
 
variety to particular areas.
 

17. 	 Man power (labour) - helps us know whether there are enough people 
records to do all the work that should be done when it 

should be done. This will help us reduce or
 
increase the number of people working in our
 
future tree projects.
 

- since this is "ihc biggest expenditure in a 
tree projrct, calculuting what is paid to the 
workers will help us realise where our profits 
or losses are. This in turn will help us
 
decide whether to increase wages for better
 
performance or reduce them.
 

3. Hlow should we keep our trev'project records?
 
For ease of reference four charts shoutd be made to give as much
 
detail as possible. These include seeds record chart, nursery
 
record chart, manpower record chart and seedling distribution record
 
chart. On the next page you will find a guideline on how to make
 

these charts. Moredetails may be Found necessary in different areas.
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NAME OF NURSERY/PRO3ECT:
 

1. 	SEED (SPECIES) RECORD CHART 

SEED SPECIES SOURCE & LOCATION DATE COLLECE ED WHOCOL.ECTED WEIGHTOF SEED REMARKS 

2. NURSERY RECORD CHART
 

SEED DATE DATE DATE 
 WHO WT GERMINATION PERCENTAGE PRICKING ROOTSPECIES COLLECTED PRETREATEDPLANTED PLOT ANTE SEEDDATE GERMINATION - TRIMMINGWEEDING HARDENING OFT REMARKS
SIZE NUSER RON 	 T FRO TO 

3. KANPOWERRECORDS 

NAME OF WORKER REPORTING TIME DEPARTURE TIME WORKDON REMARKS 

to 

4. SEEDLINGDISTRIBUTION RECORDS > 
0 

DATESOWNIN DATE QUANTITY I•
 
SEEDLING SPECIES GEIN~ATI0., BED 
 PRICKED OUT HEIGHT TO WHOM LOCATION (AMOUNT) REMARKS 

P.
 

-%
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METHOD DEMONSTRATIONS
 

This follow-up often takes the form of a second type of demonstration the
 
method demonstration. Method demonstrations allow farmers to learn by doi.h,
 
The extension agent physically demonstrates a practice - how to determine h
 
goat's age, for instance, by checking its teeth - and asks the farmer to try the 
same practice herself. The agent watches and corrects the farmer until she can
 
do the practice properly, and then moves on to the next step of the
 
demonstration.
 

Only one topic is covered at a time in a method demo. Checking a goat's teeth
 
is one aspect of the topic: "Determining what livestock to buy at an auction."
 
Goat buying and goat breeding are different topics. Each method demo is timed
 
to coincide with the operations farmers are involve lith in their Individual
 
farming cycles. Planting demonstrations are conduc eo a week or two oe ore
 

most farmers begin planting; weeding demonstrations are conducted just before
 
cLmple te weeding operation,
the optimum time in a plant's growth cycle to do a 


In this way, a series of method demonstrations serve to span an entire growing
 
season and keep the extension agent inclose contact with his clients.
 

Being successful inconducting a method demo requires close attention to detail.
 
basis of audience
The site and time of demonstration should be selected on the: 


comfort. Shade, heat, and sight lines are three important considerations.
 
Materials for the demonstration should be locally available and arranged
 

conveniently for use in the demonstration. The best way to make sure that
 

be forgotten is to prepare a written plon (see ILLUSTRATIONS and
nothing will 

TOOLS). This may include the step by step sequence of the demo itself as well
 

as lists of materials needed and major points to be covered. 
Once the plan is
 

written, the extension agent needs to rehearse the presentation in its entirety.
 

Only by actually walking through a demonstration can the agent be sure that
 

nothing has been left out.
 

When actually conducting the presentation, it is important to encourage as much
 
Points at which farmers can be directly
farmer participation as possible. 


involved should be indicated in the written plan. Other means 
of accomodating
 

farmer learning styles are to continue to relate new material being presented to
 

a farmer's previous experience and to carefully choose vocabulary with which the
 

farmer is already familiar. Some technical ternis may prove very difficult to
 
A good way to check to make
translate without considerable thought beforehand. 


sure that the audience is following a presentation is to pose questions to
 

farmers at regular intervals. The demonstrator can also repeat steps where
 

necessary. Finally, it is important for either the extension agent or one of
 

the farmers to summarize the main points of a presentation at its conclusion.
 

The ILLUSTRATIONS and TOOLS sections which follow can be supplemented by a
 

review of the adult learning principles and cross-cultural communication
 

techniques contained in other sections of this chapter.
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Learning Element CoId: 
Title: Late Seedling Care Date of Issue: Page: 

Occupational Area: GROWING TREES Nairobi 
May 1984 

6) The container seedlings must 
be carried carefully. If they 
are being hand carried, a boxor basket should be used. 

Never carry the seedlings by 
their stems. If a vehicle 
or cart is being used, then 

it is best for the seedlings 
to be packed upright like theywere in thle nursery. Pack 

them tightly so that they 
will not be damaged when they 
are '-ing moved. 

7) When transporting bare root 
stock, remove the seedling 
gently from the soil. Be 
careful not to damage the 
roots. Place a wet piece of 
paper or cloth around the 
roots. If you are travelling 
a long distance make sure that 
the protective cloth or paper c l.ecoth 
is kept wet. Plant the seedl­
ings immediately uponat the site where you 

arriving
choose " 

fo- :Ilanting. Use alot of 
water wln watering the seedl 
ing for tLe first time. After, 

wards, wnt.!r daily until the i 
trees start to 
own (wihn they 

grow on their 
start to grow 

O ,.. 

again then their new root -
. 

system hns become established) 
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Learning Element Code: 

Title: Late Seedling CareJ 
Occupational Area: GROWING TREES 

Oate of Issue: 
D~~~NirobIsse 
Nairo
May I98 

Page: 
a 

8) Tell the people taking the 
seedlings how to plant the 
trees. If you have a handout 
on tree planting give it 
to them. It is important 
that the trees be planted 
the right way. 
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Lesson code: 	 AAK/T/14a
 

Series: 	 Trees.
 

Lesson title: 	 PREPARING PLANTING HOLES IN HIGH POTENTIAL AREAS.
 

Aim: 	 To enable trainees learn how and when to prepare planting
 
holes for planting out tree seedlings and to understand
 
why they are necessary.
 

What you will need for this lesson:
 

1. 	Site where the tree seedlings are to be planted
 
out 	i.e - flat land
 

- sloping land
 

2. 	10 jembes
 

3. 	10 pangas
 

4. 	40 litres of water
 

5. 10 sticks each 30cm long.
 

What to brief your assistants about:
 

1. How 	the holes should be dug
 

2. 	How to prepare microcatchments on flat and
 
sloping land
 

3. Why 	microcatchments are important.
 

SS 10-13
 



SSM 	10.2.3 ActionAid p.AAK/T/14a/2
 

The 	lesson.
 

There is no classroom sessicn to this lesson. Begin the lesson at the
 
site where holes are to be prepared and follow these steps:
 

1. 	Tell the trainees when we should start preparing planting holes.
 
Explain why.
 

2. 	Tell the trainees why we should prepare plantiog holes for planting
 
out our tree seedlings.
 
Explain why they are necessary.
 

3. 	Move with the trainees to a selected spot where holes are to be dug.
 
Tell them that the area should be cleared of all weeds.
 
Let them clear the area.
 

4. 	Tell the trainees what the planting holes should be like and why.
 
Show them a drawing of a planting hole.
 
Tell them the dimensions of the hole.
 

5. 	Let one trainee dig the planting hole.
 
Explaii to them why the top soil should be separated from the sub-soil.
 
Show them how to check the depth with the sticks.
 

6. 	Divide the trainees into pairs and provide each pair with a panga or
 
jembe.
 
Show each pair where they should dig their planting holes.
 
Explain to the groups why the seedliigs should be planted at least 4
 
metres away from each other.
 

7. 	Let the trainees dig the holes.
 

8. 	Tell the trainees what a microcatchment is.
 
Show them a picture of a micrtcatchment on flat ground and tell them
 
how big it should be.
 
Explain why they are important.
 

9. 	Show them how to construct a microcatchment around a planting hole.
 

10. 	 Let the trainees divide up into their teams and make a microcatchment
 
around tIe holes they have dug.
 
Check that they have done all of the work correctly.
 

11. 	 Move with the trainees to a site where the ground is sloping.
 
Ask the trainees how they can construct a microcatchment on sloping
 
land.
 
Discuss with them how the microcatchment should be made.
 

12. 	 Show the trainees how to mark out a a microcatchment on sloping land.
 
Explain why it is this shape.
 
Show the trainees how to dig the embankment.
 

13. 	 Let them practioe constructing embankments on holes dug on sloping
 
land.
 

14. 	 Tell the trainees that the holes should be watered before the tree
 
seedlings are planted out.
 
Explain why they should be watered.
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Fll them how much water should be poured into each hole and how often 
this should be done. 

1. 	let the trainees water the holes.
 
fell them to include this job in the duty roster for the 
tree 	nursery.
 

16. 	 Summarise the lesson by asking a number of questions including:
 
a. 
Why do we need to prepare planting holes before the time for
 

planting out?
 
h. When should we start preparing planting holes?
 
c. IHow deep should the holes be? 
d. Why should we construct basiis (microcatchments) around the holes?
 
e. Why should we water the holes.
 

17. 	 [ell the trainees their home assignments:
 
a. 	In show their families how to make planting holes and hasins 

(micrncatchments) and to explain why they are necessary.
b. In prepare their own planting holes at home.
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Useful Information.
 

1. 	When should we begin preparing planting holes?
 
2 weeks before planting out.
 

2. 	Why do we prepare planting holes before the time of planting out?
 
So that the soil can be moistened and softened. This is necessary
 
because hard dry soil will be bad for rapid root development.

Seedlings which are planted out into soil which is hard and dry
 
will not do well.
 

3. 	How do we prepare planting holes?
 
- clear an area of 60cms diameter around the place where you will
 

dig the hole.
 
-	 dig a hole 30cm deep. This hole should be about 30cms in
 

diameter. (Measure the depth with a 30cms stick).
 

TOP 	 79 A0-B 

DEPT14 

: 	 t4.......	 :
 .	 . . . . .... 

- as you dig, separate the top soil into one heap and the sub-soil 
into another heap. 

4. 	What is a microcatchment?
 
It is sometimes referred to as a~basin because its structure
 
resembles a basin . It is a small embankment which is constructed
 
around the planting hole. It is designed to hold enough rain or
 
irrigated waterfor use by the seedling instead of just running off
 
as 	surface water.
 

5. 	How,do we make the microcatchments ( basins )?
 
It depends whether the ground is flat or sloping.
 
a. 	on flat land.
 

mark out a circle of 30cms radius with the middle of the hole as
 
the centre.
 
Build an embankment of soil about 15cm high.
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. '.."' 	 .
 

HOLE 	 ... . 

EMBANKMENT 

.. , 	 . .
 . . . 

INI 

~,-. , .:. 

b. 	 on sloping land. 
Clear an area of grass/weeds on the lower-side of the point 
where the hole has been dug. The area cleared should be about 
45cms below the point where the hole has been dug. Using the 
grass and soil you have dug from the lower side or hole, build
 
an embankment 15cms high. The embankment should be made in the
 
shape of an arc. (see the diagram).
 

GRA55 

HOLE
 

seedlingsThe 	 embankment is 45cms away from the hole where the tree 
so that when it rains so much the seedling is not
will be planted 

water-logged. 
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RUSTIC TRANSIT
 

Plowing along the contour is an agricultural practice to aid
 
in erosion control. By plowing with the contour, soil erosion can
 
be reduced by as much as 501. Contour lines are genarally
 
incorporated with other erosion control measures such as strip

cropping, crop rotation, agroforestry, diversion ditches and
 
diversion terracing.
 

Diversion terraces are widely used in Africa to catch surface
 
run-off and allow its safe exit from the field. The terraces are
 
constructed along the contour at intervals down the slope. The
 
distance between terraces varies depending upon the slope of the
 
land. The terrace is raised to a height of 50 - 70 cm with a width
 
of 1 meter. The up slope side of the terrace has a channel 50cm
 
wide and 30cm deep which catches surface run-off. This channel has
 
a gradual slope of 0.25 - 0.50 percent off to one side of the field.
 
The channel should be covered with a low growing gras to reduce
 
erosion in the channel itself. The terraces should be vegetated

with bunch grass, trees or naturally covered by weeds.
 

Contours can be laid out using rustic or modern instruments.
 
Rustic instruments can be constructed easily and cheaply. Three
 
people are generally needed to lay out the contour lines. Using

rustic methods, about 4 - 6 ha/day can be marked as opposed to 15 ­
20 ha/day with a tripod surveyor's level. These figures vary

depending on the uniformity and slope of the land.
 

Laying out the Contours
 

The first step is to measure the slope of the field in
 
degrees or percent. The steepness of the slope will determine the
 
distance between terraces. The steeper the slope, the closer the
 
terraces; the less the gradient, the farther apart the terraces.
 
Slope can be measured using a protractor, abney level or surveyor's

level. The protractor will give degree slope while the latter
 
will be percent slope. Tables are available in most areas
 
which indicate terrace spacing in relation to slope and soil type.
 

After determining the slope and the terrace spacing, the marking
 
can be started. Start from the highest point in the field and
 
measure down the slope your calculated terrace interval to your

first point. It is important to always measure this distance
 
directly down the slope. This direction may not coincide down the
 
border of the field. If this distance is not measured directly

down the slope, the terraces will not have uniform distances
 
between them. This may mean starting f.om the middle of the field
 
(fig. 8 ) from point "A" and measuring down slope towards point "B".
 

Point "B" is the starting point. From here you mark the con­
tour towards the borders of the field.
 

When yo,! arrive at point "C", you measure to your next terrace
 
to point "D", directly downslope.
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0 

So'2 4 ­......... ­

(Fig. 8) field
 

Using the rustic instruments, points can be marked every 10
 
or 15 meters. The points are marked by driving a stake into the

ground. Using a surv4: Jr's level, points can be placed every 20 
- 25meters. 
A helpful way to measure these distances is to tie a light

wiight rope between the sighting instrument and the sight rod.
 

Once all the contours are marked, you will 
see that some status
 
may not be in line. It will be necessary to adjust some points in

order to have a smooth plow line. For example, a sharp "VM in the
 contour will cause water to collect and leak through the 
terrace.

It will also be harder for the farmer to plow his field.
 

The terraces can be constructed with a tractor, horse, oxen or

by hand. The tractor is most efficient because it can throw more

soil. When using animals, it is necessary to follow up with hoes to
 
raise the terrace and also deepen the channel in front.
 

The actual plowing is done by throwing soil toward the stakes on

both the uphill and downhill side. Two passes with a tractor on

each side are usually sufficient. Three or four passes with animals
 
on each side are recommended. The last pass with either method
 
should be on the uphill side to clean out the diversion channel.
 

Vegetation should be established as soon as possible. Bunch
 
grasses can be planted from cuttings or by seed. The grass in the

diversion channel can be seeded or 
left to natural weed growth.

Trees 
can also be planted on the terraces in conjunction with the
 
bunch grasses.
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SOME WAYS TO USE YOUR RUSTIC TRANSIT
 

You will be using this level to aid you in making contour level
 
terraces. These are for the protection of soil in crop fields.
 
This method is not recommended for over 13% slope.
 

Examples This is a Contour line.
 

(Fig. 9) 

You take the rustic transit and sight over the sight arm to the
 
mark on the sight pole (which is ten meters away in this example)
 

(Fig. 10)
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Some ways to use the rustic transit
 

You can also incorporate a drainage slope into the contour terraces.
 
This would be to disperse watur caught in the ditches of the contour
 
terraces. For example, you decide on 
.5% slope for drainage. For
 
every 1% slope at 10 meters distanco from sight pole to rustic level,
 
you mcve the mark on the sight pole up or down (depending which way

the slope runs). In this case, with .5% slope drainage at 10 meters
 
distance, you would move mark up or down 5 cm.
 

Fig. 11
 

For .5% slope, drain off channel, move sight line 5 cm every 10
 
meters between the two men (up or down depending on which way you
 
want the water to run).
 

You can control 50% of your erosion by running your rows of crops

along the contour line. The contour line does not need to be long.
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PIIRA 
SIGHT POLE 

(Fig. 12) 

RUSTIC LEVEL 

(Fig. 13) 

2m
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Mother Rustic Level that could be built.
 

Rustic Level: A-Frame
 

A rustic level is a tool that can be made of simple

materials, easy to use and simple to construct. The materials
 
can be anything that is readily available, such as lumber (1 X 2's
 
or 2 X 2's) or poles cut from local vegetation.
 

The dimensions do not have to be exact. The cross arm
 
should be placed about half-way up. The string with the end weight
 
should be hung from a nail placed in the juncture where the two
 
legs meet. Consideration should be given to bolting together all
 
pieces to facilitate easy transportation.
 

DIAGRAM OF RUSTIC LEVEL (Fig. 14) 

To calibrate the level, choose a semi-level spot of ground
 
and pound a couple of 6" - 8" stakes halfway into the soil at a
 
distance equal to the spread of the level's legs. Place the level
 
on the stakes and make a pencil mark where the plumb line comes to
 
rest. Then reverse the level and make a second mark. The level
 
mark is halfway between these marks.
 

To make contours along a hillside, simply put a stake at the
 
starting point. Then place one of the legs of the level on the
 
stake and the other in the direction you wish to travel. Then
 
move the latter leg up or down hill until the plumb line comes to
 
rest on the level line. Mark that spot and move on. Put one of
 
the legs on the stake you just placed.
 

Some information contained here is extracted from Soils, Crops,
 
and Fertilizer Use by David Leonard, Peace Corps RepiTR R-8.
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HILLSIDE TERRACE 

Definition: 
A hillside terracei a structure along thecontour. where a strip oflandis levelledfortree planting. Hillside :erraces are up to I metre wide and constructed at about
2-5 m vertical intervals. Hillside terraces are only applied if there is a strong 
necessity justifying their construction. 

Area of.-pplicabilit._ 
I. Agroclimatic Zones: 2. Local Situation: 

a) Slope Range: 
S0 to 1001-0 

Moist Dega b) Soil Range:
Moist and Dry Weyna Dega Only heavily degraded land 
All Kolla 

Specifications: 
- Cross-section: 

BRackslopen dry areas 
Riser with stones 

Upra1 1 n titrvca/
2-5 i 

- Hillside terraces are mainly used to prevent damage of flood below steep 

slopes.
- Thev are lined out along the contour, the vertical interval between two terraces

being 2-5 metres. 

Effects: 

Hllside terraces help to retain runoff and sediments on steep sloping land and toaccommodate tree seedlings to be planted on them. They are also effective onbadlands and in areas wtth low rainfall to conserve water. 

-

- -,. 

.. 

On these heavily degradedslopes,.hi' ide .erracesaermnecessary. Trees wereplanted just recently

while terrace construction ,as

Spacing between trees, 

done in the previous year to support sodformation around thepits.Y n and the verticalinterval between terraces also 2 in. The area between 
two terraces 1sundistubed and usedforforage production. 

Combinations: 
N%herever AREA CLOSURE produces the same results, and if TREE PLANT-INGot .. C!I ASIN is sufficient, no hillside terraces shall be constructed If 
degradation makes hillside terraces indispensable, combine with CUTOFF 
DRAIN and AREA CLOSURE, or mix with MICROBASIN. Add TREE
PLANTING. 

M~aterials.-
to 

Line levels, digging instruments, stones and as needed for combined measures. U 

Managementand Mfaintenance." 
Hillside terraces used for afforestation need little management except that TREEPLANTING has to be done carefully at the right location on the terrace (see figu­
re on the left page) and at the right time. Regular weeding around the seedlings tisupports their stabilization and growth. The Peasant Association is responsiblefor hillside terraces on afforestation land. It also organises the use of the grass­land betseen the terraces. 
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3.TREE PLANTING IN THE ARID AND SEMI-ARID LANDS BY USE OF MICRO-

CATCHMENTS: GENERAL CONSIDERATIONS
 

As the name suggests a micro-catchment is a small catchment area. 
The
 
catchment area is determined by the surrounding bunds and the run-off
 
is concentrated in one corner qf the micro-catchment (the lowest
 
point) for use, primarily for tree planting, but can also be utilized
 
for grass planting and even crops (eg. Sorghum and cow peas). Such
 
micro-catchments vary greatly in size depending on local rainfall,
 
slope and topographical conditions and can range from less than 25
 
sq.m. to 1,000 sq.m. (Evenari et. al.,1971).
 

In the Arid and semi-arid areas of Kenya (Kenya Eco-climatic zones IV-

VI; Pratt and Gwynne, 1977) with high ambient temperatures a variable
 
and sporadic rainfall (200mm to 600mm), establishment of trees using
 
traditional forestry practises can be risky. Mortality is often high
 
and soil erosion and run-off rates are often excessive. By using a
 
system of micro-catchments it is possioble to optimize the use of the
 
run-off for tree establishment and so reduce soil erosion.
 

Micro-catchments are used in different parts of the world to aid
 
in tree establishment in areas where it would otherwise be very
 
difficult. In Israel 
there are stands of trees established using 100
 
sq.m. microcatchments (or Negarim ) in areas where rainfall is as low
 
as 100mm per annum (Evenari et. al.1971).
 

Micro-catchments are one form of water harvesting that have a variable
 
catchment to cultivated area which depends primarily on the rainfall
 
(Pacey and Cullis, 1986). The basic principle of water harvesting is
 
to collect and impound run-off water after rainfall events. For micro­
catchments run-off 
 is trapped within the catchment at the lowest
 
point. Since micro-catchments are small structures, they are much more
 
versatile in use than other forms of water harvesting and can be
 
located anywhere provided the slope is less than 5% and 
 the soil
 
conditions are suitable. So since micro-catchments are so versatile in
 
use and placement, they can 
be used wh-re other forms of water
 
harvesting are not applicable. This will ir:lude:­

1).Very small 
areas unsuited to other types of water harvesting (eg.

around homes, schools, within settlements, areas which are not large
 
enough to be suited to other forms of water harvesting and areas where
 
extensive tree planting is being conducted).
 

2).Can be used on a large scale in the steeper areas (with a slope
 
ranging from 3% to 5% . Such areas can 
be quite extensive, but it
 
should be 
ensured that it is not going to compete with run-off for
 
other forms of water harvesting.
 

Micro-catchments are cheaper to construct since only small 
 terraces
 
are made between the catchments. Further micro-catchments are not so
 
topographically confined as compared to other 
forms of water
 
harvesting. The relative 
water harvest is greatnr because less
 
infilteration is lost to the catchment area (Evenari eh al., undated).
 
Low intensity rainfall 
can yield run-off in the micro-catchments where
 
there would be none in larger water harvesting structures (Evenari
 
et.al.,1971). 
Even saline soils can be used as such salinity with time
 
is leached out in the micro-catchments (Evenari et. al.,1971)
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The main use of micro-catchments for tree planting is to help in 
 the
 
critical stage of tree establishment 
(ie. from the time of planting to

when the tree is well established, which is for 
the first one to two

years). Two types of micro-catchments are discussed, 
 the triangular

micro-catchment for where trees are to be planted at 
a spacing greater

than 10 metres and the box type micro-catchment for where the tree

spacing is 
 10 metres. Both types of micro-catchment use the same
 
construction techniques and work norms they only 
differ in their
 
spacing.
 

The same construction principles can be used for 
different sized
 
micrc-catchments. In Turkana, Kenya the 10m x 10m 
 micro-catchments
 
have become the accepted norm, though 
 they are considered
 
overdesidnged to with
cope the irregular and variable rainfalls
 
(ranging from 200mm to about 400mm). 
 In wetter areas, ie. 400mm to
 
600mm micro-catchments of 
5m x 5m can be used.
 

4.VARIABLES THAT NEED TO BE TAKEN INTO ACCOUNT FOR 
rICRO-CATCHMENTS
 
4.1.Rainfall
 
Rainfall in 
the arid lands is very variable, from less than 200mm to
 
over 400 mm. 
Run-off from rainfall is also very variable and will
 
depend on soil type, soil 
cover and rainfall intensity. Generally the
 
more intense 
the rainfall the greater the run-off.With increased
 
rainfall the micro-catchments can made
be smaller, since the
 
catchments need not 
trap as much water after a rainfall event. If the
 
micro-catchment 
 is too large then the danger of localized water­
logging and structure damage is in-reased.
 

Table 4.a. (arapted after Pacy and Cullis, 
 1986) below shows some
 
examples of different micro-catchment sizes and other 
 within field
 
catchments related to rainfall 
and the catchment to cultivated ratio.
 

Table 4.a.
 

:Area :Rainfall ;Catchaent to :ticro-catch.ent~micro-catchnentSource i
 
:cultivated ratio~diaensions :dimensions i
 

:Baringo :488-6985.. 15
8:1 5 a :25 sq.@. !Barrow 1985 1 

Turkana :158-4088.. 5x5 a 1 25 sq.. i8:1 

ITurkana h151-488.. 11:1 181 a :[10sq... i I 

:Israel 818-1270a18:1 :11 X I@a 1101 sq.a. Shanon and I
:l3x 15s :225 sq.. Tadmor 1979 1
 
:Arizona,USA :308-688mm: 
 5:1 S IFangaeier191511 

:Arizona,USA 1158-186a..
12:1 
 M: IIorin and 

_ _ _ __ laHatlockIl75 I
 

(Adapted from Pacey and Cullis,1986)
 

4.2.Soil Type
 
Since micro-catchments depend on localized rainfall run-off from 
the
 
surrounding area, soil characteristics play a very important part. For
 
instance 
sandy soils drain water very easily, so there will be less
 
run-off after rain from such soils. While in other areas 
where the
 
soils are heavy, and clay loams there will 
be an increased amount of
 
run-off since the water can 
not easily drain into the soil.
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The ideal soils for micro-c.atchments are those which cap easily Lie.
 
the top layer of soil is very fine and caps over at the start of a
 
rainfall event, so preventing any further infiltration and
 
facilitating run-off) but with the lower layers being more free
 
draining as this will allow for the run-off water to infilterate more
 
quickly at the planting hole and so reduce the possibility of
 
localized waterlogging. Such soils include loams, and sandy loams.
 

However in many areas the ideal soil type will not be r ilized. In
 
some areas the soils are sandy but they cap and show reasonable run­
off to occur which will allow micor-catchments to be used there. In
 
other areas where the soils are more clayey in nature infiltration
 
will be slow and so care should be taken concerning the possibility of
 
waterlogging.
 

It is important that the soil be deep enough to store the run-off
 
water and allow for proper root development. In this respect shallow
 
soils should not be used. Some areas may have a superficial layer of
 
stones (erosion pavement). These areas, provided the soil is deep
 
enough, can easily be used for micro-catchments.
 

4.3.Siting
 
Micro-catchments should be used in areas where large scale tree
 
plantings are to be undertaken or where the area is too smRll for any
 
other form of water harvesting structure. Micro-catchments cannot be
 
used in all conditions. Sands cannot be used because there is no run­
off. While clayey soils do not allow for the water to soak in well and
 
this can cause the young trees to die from water-logging. Also the
 
water does not sink deep into the soil, instead it often spreads to
 
the sides. So in the dry season it will dry up.
 

The Ideal soil type is a sandy loam where, when it rains, the water
 
runs off the surface to the planting pit and then can soak into the
 
soil well. The soils should also be deep so that they can store the
 
water for the dry season. Shallow soils on top of rocks are not
 
suitable. Generally micro-catchments should be constructed on fairly
 
level land with a slope of no more than 5%. Though a slope of 2.5% is
 
a better ma>:imum.
 

5.CONSTRUCTION OF MICRO-CATCHMENTS FOR ESTABLISHMENT OF TREES
 
The following equipment is required to lay out micro-catchments:
 
a). Two pieces of wood at least 1.5m high. Both sticks should be of
 
the same length and have a notch at the same place to tie the string.
 
b). One Masons line level (the longer the level the better).
 
c). One bit of fine strong string 14 metres long (for micro-catchments
 
with a total area of 100 sq.m.). The String should be knotted in the
 
middle as this will be the place where the line level should be during
 
measurement.
 
d). One bit of string 20 metres long with a knot at the 10 metre mark.
 
This bit of string will be used to lay out the micro-catchment on the
 
ground in preparation for digging.
 

For 5m x 5m sized micro-catchments the measurements should be halved.
 

0&j
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b).Use of Line Level
 
If a field of micro-catchments is to be laid out then lay out 
should
start at the highest part of the field working down towards the lowest
 
part.

a). The string 14m long 
 should be tied to the notches of the two
wooden stands. The 
two wooden stands should be stood roughly an the
contour 
 with the string tight 
(this will mean that the wooden stands
are 14 metres apart). The Line level should be placed so that the knot
in th string lies directly above the mid point of 
the line level.
This will 
help make the readings more accurate.
 

b). To check whether 
 the two stands are level 
on the contour the
bubble 
should be in the middle of the line level. 
 If it is not then
 one or 
other stand should be moved up or down until 
the bubble is in
 
the middle of the contour.
 

c). Once the bubble is in the middle of the line level 
 then the two
stands 
 form two corners of the micro-catchment, 
and are on the same
 
level.
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Diagram 1:Layout of a Micro-catchment use a Line Level
 

a). Line Level and Stand
 

string 14 m long
 
%0m.- " String tied at 

line level b not at 7.00m exactly same 
in -middLe level an both 

.. Snm stands 

Wood tan4 w.'en level the 
bubble is- t'% the 

b) .fean. of HQasuring 

when mee ur~n3 Zi~ e. 

i-n the middle a-nd strin9 

5 h: 

Line level lying below 

knot in middle of 
string 14m long. 

C .How to Mrove stand up nd clown 

directio.c of slope/hill 

place one 
stand here 

• .41.4T. 
Other stand here 

Move stand up or dawn 

hill to get the bubble 
in the middle and so 
two points an the 
contour 

SSM 10-31
 



SSM 10.4.1 Barrow p.16
 

Diagram 2: Layout of Micro-catchment
 

Lowest paint
 

d). The lower corner can be identified by using the 20 metre bit of
 
string with a knot at the 10 metre point. A person should hold one end
 
of the string to one post(A). Another person should hold the other end
 
to the other post(B) while a third person takes the mid point where
 
the knot is and walks down hill from the two posts until the string
 
becomes tight. This will give you two sides of the micro-catchment
 
(which can be marked with a stick) as well as the lowest point of the
 
micro-catchment where the pit will be dug.
 

e).This can form a single 'V' Shaped mirco-catchment and is now ready
 
to be constructed. However if more micro-catchments are to be
 
constructed then:--


Diagram No.73:Layout of More microcatchments
 
a).Second Micro-catchment
 

A B C 	 move up & down until
 
bubble in the middle
 

With Micro-catchment at Point A and B laid out, the person at point A
 
moves to Point B, and the Person at point B moves to point C. At point
 
C the stand should be moved up and down until the bubble is in the
 
middle. Then Mark that point and lay the micro-catchment out. Then
 
Move on and mark out the next micro-catchment and so on. In this way
 
the first line of Micro-catchaments will be laid out. In order to
 
prevent breakage from run-off coming in either a terrace can be built
 
on the outer edge to take any run-off away or the first line of micro­
catchments can be built bigger (to a height of 40cm well compacted 
soil. 
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Diagram No.4 Second and Sub-sequent lines of Micro-catchments 
If the first line of micro-catchments have been laid out properly then 
tha Tioxt lina is relatively easy. 

Since points 1,2 and 3 should be on the contour(as they are t7. lowest
 
points of the micro-catchment), section (d) above should be repeated
 
to lay out the second line of micro-catchments.
 

< /
CthVti~cro- t 

s ides -~ it 

However this may not be totally accurate as the distances between 1, 2
 
and 3 may not be the same. So place the stands and move them up or
 
down the sides of the micro-catchment at point 1,2 or 2,3 until the
 
string is tight and the bubble of the line level is in the middle.
 
Then lay out the micro-catchment. In this way a field of micro­
catchments can be quickly laid out.
 

c). Micro-catchment construction
 
The planting pit acts as a borrow pit supplying soil for construction
 
of the bunds on either side of the pit in the micro-catchment.
 

Diagram No.5:Construction of Micro-catchment
 

soil from the pit
 
is used to construct
 
two sides of the Section x
 
m/c as shown
 

und of micro­
catchment
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Diagram 6.a:Section of Micro-catchment bund(Section XX of Diagram 5)
 

25cm wide at top
 

high
 

4 75cm 

wide at base
 

:Dimensions :10m x 10M :s5m x 5m micro-catchment: 
:dimensions of pit :2.5m : 2.5m x 0.4m deep:l.Om x 1.Om x 0.4m deep: 
:Volume of pit :2.5 cubic metres :0.4 cubic metres 
:Length of two bunds:10 metres x 2 bunds :5 metres by two bunds 
:Eund height :25 cm :15 cm 
:base width of bund :75 cm :50 cm 
:Top width of bund :25 cm :15cm 
:Volume of bund :2.49 cubic metres :0.36 cubic metres 

Note:
 
a).Ensure that the bunds are well compacted by stamping on it.
 
b).Only take the soil from the planting pit.
 
c).The bund should be the same height all round (le. 25cm)
 

Approximate Capacity of 10m )-10m micro-catchment to hold water
 
a).Capacity of pit...2.5 cubic metres or 2,500 litres.
 
b).Capacity of the micro-catchment assuming that it is roughly flat
 
will be .............. 25 cubic metres or 25,000 litres.
 
c). This gives a total capacity of 27.5 cubic metres or 27,500 litres.
 

Capacity of micro-catchment to hold water
 
Rainfall in mm Amount collected in micro-catchment
 
10 mm.......................... 1,000 litres
 
20 mm..........................2,000 litres
 
30 mm .......................... 3,000 litres
 
40 mm .......................... 4,000 litres
 
50 mm .......................... 5,000 litres
 
60 mm.......................... 6,000 litres
 
100 mm........................10,000 litres
 

Thus there is very little chance that thp micro-catchments will ever
 
be totally be filled with water even accounting for cumulative
 
rainfall over a period of a week. The micro-catchments are over
 
designed for the following reasons:
 
a).Great differences in soil types in different places
 
b).So that different designs do not have to be made for different
 
slopes and rainfall conditions. In future when micro-catchments have
 
proved themselves then changes may be made to the basic structure to
 
allow for differences in soil types, rainfall etc.
 
c). This design allows for rainfall over a number of days to be stored
 
in the catchment
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d).Where in the micro-catchment should the tree seedling be planted?
 

Diagram No.7:Where to Plant in the micro-Catchment
 
Diagram No.7a:Surface view of Micro-catchment
 

X%
 

\Vtcr a-cetchment k 

micro-catchmant
 

4-"-bundv (bankis 

w cro-catchmen k 

NII- plant tree here 

Diagram No.7b:Section view of micro-catchment (ie side view) from
 
Point XX
 

remove soil from here after
 
Lhe water has soaked in and plant
 

half way in micro-catchment
 

2 C111 

40cm 
pit -A 

a).Do not plant the tree seedling in the pit of the micro-catchment
 
as the young seedling may get water-logged and die.
 
b).Do not plant on top of the terrace as the young seedling may not
 
get enough'water.
 
c). Plant the seedlings when they are a good height. The seedlings
 
should be at least 20cm high before they are planted.
 
d).The seedling should be planted at the base of the bund in the
 
corner above the pit.
 
e).If for any reason no seedlings are available then lightly dig in or
 
throw in I to 2 gallons of goat manure. When it rains a lot of
 
seedlings will germinate which can then be thinned out later on.
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6. SMALL SEMI-CIRUCLAR BUNDS TO ENCOURAGE GROWTH OF YOUNG NATURALLY
 
OCCURING TREES.
 

In Turkana there are certain areas with very many young Acacia
 
tortilis trees which are often kept small by goats browsing an the
 
branches. There may be other young trees as well. If the amount of
 
water available to the young trees during the rains can be increased
 
then such trees will grow more quickly and so escape browsing.
 

This is quite simple to do. In this case it involves making a small
 
semi-circular contour bUnd around the young tree. The tips of the bund
 
should be on the contour. The semi-circular bund should have a radius
 
of about 3.25m (see diagrams below). The soil for the bund should be
 
scraped from the area within the semi-circular bund to a depth of
 
about 10cm. But care should be taken not to take soil from around the
 
base of the young tree. This soil will then form the bund which should
 
be 0.50 metres wide, and about 30 cm high remembering to compact the
 
soil (see diagram).
 

Such a system will provide i lot of extra water during the rainfall 
times and allow a greater quantitiy of water to be stored in the soil 
which will then encouragL the tree to grow quickly and establish 
itself out of goat reach. Excess water can drain away from the tips of 
the bund which are built on the contour. 

Each young tree will have to be laid out seperately as follows:
 
a).Site the young tree so as to be in the lowest point of the semi­
circular bund.
 
b).With two pieces of wood (as for micro-catchments) with a length of
 
string 6.5metres long, knotted in the middle (at 3.25m) and using the
 
line level find the the tips of the semi-circular bund so that they
 
are on the contour and the radius is 3.25. To measure the radius use
 
the middle of the string (at 3.25m) and the point I metre behind the
 
tree and use that as the place to lay-out the semi-circle.
 
c).Lay out the semi-circluar bund and construct.
 

Diagram:Surface view of Semi-circular bund around an young tree.
 

6.5m
 

approx. 10m aruund the sides 
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Diagram:Section view of Bund of Semi-circular bund
 

0.25m wide at top
 
0.30m high
 

. i at base 

Diagram:Layout of Semi-circular Bund 

slope of land 

A mid point at 3.25m 

B 

Find the slope of the land and then get the two stands on the contour
 
so that the point C is 3.25m from the centre of the string between A
 
and B. Use a piece of string and stick and draw a line connecting
 
points A,1B and C. Tkiis will form the semi-circular bund.
 

This section can be linked to watering(if necessary) and protection of
 
naturally growing young trees since in many parts of Turkana naturally
 
growing young trees occur that may be prevented from growing for one
 
reason or other, usually because they are being continually browsed by
 
goats. This is particularly so for Acacia tortilis, which occurs
 
frequently as a small apparently stunted very thorny small bush. Such
 
trees are not naturally small rather it is a reaction to:­

a). Lack of rainfall to allow for good growth
 
b). Continued browsing by goats, the thorns prevent the goats from
 
totally destroying the plant since they can only nibble at the tips.
 
c).Under favourable conditions, ie. in years of very good rainfall,
 
such trees can grow very quickly and grow out of goat reach so they
 
are no lonqer liahlm to de'-ru-tnn by browsing. This is because thcs 
I.r i1ave oA vLr y wel I e .Lifl :i-li r uoL system which allows the trm 
to grow very rapidly after good rains. 

Thus the young trees (for ex. Acacia tortilis, Acacia albida, Cordia 

sinensis and Salavadora persica) are potentially very usefull trees 

that with a little care could grow much more quickly. 
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TREE PLANTING 

Definition.-

Tree plantingforconservation is anactivit to imnprove the vettativecorerofthe.
ground, thereby reducing runoff and soil erosion and producing wood. Tree 
planting supports many other conservation activities if combined with them.Tre" planting by itself is a soil conservation measure because the tree roots stabi-lize the soil and the tree protects the ground from raindrop impact. 

. ra of~lpplicabilit. 
1. Agroclimatic Zones: 

All Wurch
All Dega 
All \Veyna Dega 

All Kolla 

Spoecificaion. 

2. Local Situation: 
a) Slope Range:4 

All 

b) Soil Range:
All except highly degraded land 

- Select planting site after consultation w ith the Peasant Association. Preparepits for planting, either on physical structures or simply along the contour
M (page 85): Each pit has a width of 25 cm. and a depth of 40 cm. Generall, they
W are spaced at 2 m and for eucalyptus trees at 5 m. 
X - In highly degraded areas, apply AREA CLOSURE for 1-2 years before plant­

ing. 
o Pits are kept open for 3-12 months before trees are planted in order to support


soil formation around them. 

In areas with two cropping seasons per year. plant trees during the first rains.
Plant drought-resistant species as early in the rainy season as possible. 

- For nursery development, collect direct information from existing nurseries as 
well as specific manuals (page 89). 

- Suitable tree species for different agroclimatic zones see page 90. - Transport of tree seedliitgs must be very careful. Put enough soil around roots.Check that the soil has sufficient moisture. Seedlings must be transported in
boxes, tins or other containers, 

Effects-
Tree planting by itself is conserving soil and water. Through pitting, only a mini-mum of soil is moved. Thus, the slope remains stable and resistent against ero-
sion. Especially in wet agroclimatic zones, tree planting does not need any addi-tional conservation measures. Trees provide close canopy improve infiltration of
moisture in the soil, provide mulch and organic matter, recycle nutrients and pro-vide high protein manure or animal feed. Besides. they produce wood and other
products for various uses. 

.. ' i," '-., 
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Trreplaotttt be i car ied ow onttsd ,at . he .1-rt to ther ght a a ca resabo 

Taep w'ell protectedtet swecarseedlings. Trees on lop


itlh e ret ith s ethe slope ro s. Pits ha e beenecar 
months earlier After rmovitng the plastic sack. tre seedlings areplanted by putting soft earth 
aroundeach..4 cutoffdrainprotects theieldfrom r-toffcomtngfrotm the groon-upforst above. 

retnldiro*.Pshaeenecvtdr ed i vted 

Cotr-bination. 
AREA CLOSURE is always combined with tree planting. HILLSIDE TER-
RACE is applied mainly on steep slopes of moist and dry areas. MICROBASINmainly on gentle to medium slopes in moist and dry areas. CUT AND CARRY 
for undergrowth vegetation. 

Materialsv 
Seeds or seedlings oftreespeciesareselectedaccordingtotherequirements ofthe
farmers. A small nursery can be established nearby if knowledge about seed 
preparation and raising of seedlings exists. Line leve, digging inmsruments. 

Management and.Maintenance: 
Tree planting has to be organised through the Peasant Association. which also
has the responsibility for community forests. Growing plants are observed forweed competition and insect damage. Fodder trees are alloswed to grow for two 
years without pruning. Maintain planted trees for at least 5 years until survival isensured. Irrigate during short drought periods. Completely exclude cattle from
planting site. Supervisior cf the growth of planted trees is organised by the 
Peasant Association. 

i,,.
 

x 
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MICROBASIN 

Definition: 
A inicrobasin is a small structure with the shape of halfor afall circle, e.xcavated

tobtain a small basin for planting a tree. Microbasins have sizes according zotheir designation to conserve water, being small in moist and large in dry agrocli­
matic zones. 

Area ofApplicability: 

1.Agroclimatic Zones: 

Moist Wurch 
Moist Dega 
Moist and Dry Weyna Dega 
All Kolla 

Specifications 

- Cross-section: 

foist 
a Mr-a " 

o S0-100gI mn 

o 
- Spacing/Placement: 

22-n 

Effects:~ 

. LocalSituation: 
a) Slope Range: 

All 

b) Soil Range: 
All except highly degraded land 

Dryareas
D 

.-- " tO cmCombinations"100cnm 

0 

Microbasins have multiple effects: In moist areas, they provide a small platform
forTREE PLANTING. In dry areas, theyare used to harvest water from a larger 
area (2-3 m diameter) on gentle slopes, sometimes with additional water collec­
tion ditches. Microbasins support soil formation through the movement of soil 
for construction. 

2 

'Of, I 

Attcrobcasinsareuoedfortreeplaning, in this drt area.Pits terr,dug in the centre of thetasin Jr op.
itmrnumuse of tored kater. Thefrnerplanisa tree alerremocing the plasticsack around theevots 
fthe seedling. So/t earth was prepared beside thepitto accommodate the seedling oiithe pt.Thenicrobasins wereprepared tn roo. al/avs one microbastin inthe lowerrowbetweenthe two 

microbasinsof the higher row. 

AREA CLOSURE iscombined %%ithmicrobasins, as is CUTOFF DRAIN below 
or within degraded forest land. Mixed with HILLSIDE TERRACE. they are usedas an economic means of water conservation. 

Mfaterials 

Digging instruments, line level, tree seedlings and as needed for combined 
measures. 

Managementand Maintenance: 

0lirobasins have to be carefully lined out on the slope with intermittent place­
ments for runoff control and proper spacing. Their size should be small in moist
(I m diameter), and large in dry areas (2m).After tree planting, microbasins needlittle maintenance. AREA CLOSURE must be organised by the Peasant Associa­
tion. 



SSM 10.6.1 ActionAid p.AAK/T/Ila/4
 

Useful information: PLAN4TING OUT 

1. What do we mean by 'planting out!
 
It is the transferring of seedlings from the tree nursery to the
 
field.
 

2. When do we plant out?
 
At the beginning of the rains. 
 The seedlings should be about
 
5 months old.
 

3. 	How do we plant out? 
- about one hour before planting out you should pour water into the 

holes upto one quarter of their depth

- cut and remove the pots of the 
tree seedlings Lc expose the blocks
of soil. Never plant tree seedlings with their pots because Chis


will prevent the roots expanding sideways.
 

- trim the long roots in necessary
 
- if the seedlings are overgrown you should pluck off a few leaves.This will reduce the stress caused to the seedlings by excessive 

evaporation of water from the leaves 
- place the seedlings into the raised side of the holes which youhave previously dug. The top of the block of soil in which the
seedling has been growing should be level with the ground level.
If the block is lower, then place some soil back in the bottom of
the hole to lift the seedling to the correct height. 
 If the block
Is too high you should dig the hole a little deeper.


(see the illustration).
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take 2 tins which are of the same diameter. Using a nail make
 
several holes in the base of the top tin. Then make 3 small holes
 
on the edge of the bottom surface of the lower tin. (The tops of
 
the tin should be removed completely).
 

place the two tins into the deeper side of the hole with the
 
3 holes of the bottom tin nearest to the seedling. The bottom of
 
the lower tin will be below the block of soil in which the
 
seedling is growing. This will encourage the tap root to
 
penetrate deep into 'he soil.
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make sure that the upper tin is about 5cms above ground level.
 
Fill in the hole with top soil and .hen pour water into the
 
tin.
 
(The tin should be raised above ground level to prevent soil rid
 
other materials failing into the tin and blocking the holes)
 
cover the tin with a stone or lid to reduce loss of water by

evaporation.
 

4. Why should we mulch?
 
By spreading dry gross or stones around the planter' out seedlings
 
we can reduce the evaporation of water from the surface of the soil.
 

5. How often should we water the planted out seedling?

Each seedling should be watered everyday by topping up the tins.
 

6. 	How else can we water?
 
By using a bottle.
 
The bottle should be buried into the soil so that only a quarter of
 
it remains about the surface.
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7. 	Why should the tins and bottles be so deep in the soil?
 
To ensure that the water is supplied deep in the soil. If the water
 
is deep the roots will go deep. If the water is poured on the soil
 
surface the roots will not penetrate deep down but grow near'the
 
surface. When this happens the seedlings will nct b2 able to resist
 
drought during a dry seoson because they have not developed roots down
 
to the lower levels in the soil where there is water.
 

S. 	Why should we make a small fence around each seedling? 
- to prevent animals eating them and destroying them 
- to prevent people and animals from treading otithem 
- to protect them from intense sunlight and to reduce evaporation of 

water.
 
Twigs, thorns and other materisiIs should be used to construct a
 
protective barrier around each tree seedling. 

offee can 

rootW -mndr& pipe 

.Fig.23) Can Collection 
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SSM 10.7.1 ILO Maintenance and Protection of Young Trees
 

Learning Element Code: 

Title: Maintenance and Protection of 
Youne Trees Oat* of Issue: Page: 

Occupational Area: GROWING TREh Nairobi 
May 1981s 

3) In arid and semi-arid areas, 
build a shade to protect the
 

tree from the sun burning 
the leaves. Using the
 
structure you made for pro­
tecting the tree, place grass
 
or leaves through the sticks
 
near the top of the structure.
 
Another method is to place
 
4 poles in a square around
 
the tree. Connect all sides
 
of the square with sticks.
 
Once this is done place
 
grass or leaves on top of
 
the sticks tying down the
 
ends. 
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Learning Element Code: 

, 
Title: rlaint~pnance 

Young Trees 
and rrotection or I I I I I I I I I 

Date of Issue: Page: 

q Occupational Area: GOWT110 TPF. Nai rnhi 
Fl~y l'flUh 

U) Until the tree becomes strong 
enough, you will have to weed 
around the tree. Otherwise 
the weeds will take water and 
food that the tree needs to 
survive. 

9) In tie of drought you will 
have to water the tree until 
it becomes established. You 
do not need to use fresh 

drinking water. You can use 
dirty water, such as water 
used after washing dishes and '..< 1*. 
hands. Do not use water with '\ 
chemicals in it or salt water. 

10) Sometimes people will damage 
trees. If you see someone 

damaging a tree, report him 
to the local forest officer, 

Chief or Police. It the 
damage is a broken branch or 
an open wound you can fix it, 
if it is not serious. With 
a broken branch, cut the 
branch as close to the tree 

trunk or larger branch, an 
possible. Use a pruning saw. 
Do not use a panga. The closer 
you cut the trunk or branch 
the better the wound will 
heal. With an open wound try 
and fill the wound with gum 
rtnin, a tar :'ihstnnce or 
.Jutt paint over the wound. 
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Learning Element 
Title: How and When to Plant a Tree 

Jj Occupational Area: GROWING TREES 

6) 	 Water the seedling by rilling 
the well you made with water. 

7) 	 Place sticks around the seedling 
forming a pyramid or a circle. A
 
ring 	of thorns can also be used.
 
This 	will protect the tree from 
animals eating the leaves and also
 
protect it rrom being stepped on
 
and trampled.
 

8) 	 When the tree is 3 feet tall 
or larger, place a stick in
 
the ground near the tree. Tie
 
a string or rope around the
 
stick and connect it to the
 
stem of the tree. This will
 
support the tree while it
 
is growing.
 

ILO How and When to Plant a Tree
 

Code 

Date of Issue: Page:
 

Nai robi
 
may 1984 
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Useful information: CARING FOR PLANTED OUT SEEDLINGS 

1. Why do we need to care for the seedlings we have planted out?
 
Because they are still young and vulnerable tot
 
- drought
 
- competition from weeds
 
- goats 	looking for something to eat.
 

2. Weeding.

You must begin weeding as sron as the weeds appear.

As you weed you Phould loosen the soil around the plants to a depth

of about 5cma. (This is paoticularly necessary if a hard crust or
pan of soil has formed over the soil surface). Loosening the soil

will allow the water to soak into the soil instead of running over
 
the surface.
 
Do not dig too deep or you will cut or damage the smaller roots of
 
the seedlings.
 

3. Microcatchments.
 
Unless the microcatchment is kept in good condition it will root be

effective in catching the water for the tree seedlings.

Make sure that the embankments are high enough and that any breaks
 
in it 	are repaired.
 

4. 	Compost.

Only apply compost after you hava wceded and loosened the top soil

around a seedling. 
The compost must be well rotted. Apply 2 big
handfuls (this will be 3 or 4 handful 
for children) around each

seedling. 
Place it in a ring around the tree seedling so that it
is about 5 or 6cms away from the stem, and then mix it into the
 
soil.
 
(Ifthe compost is in contact with the stem it may cause burning
 
or rotting).
 
(See the illustration).
 

Seedling
 

Compost 

0 0 

SSM 10-49 



SSM 10.7.2 ActionAid p.AAK/T/12a/5
 

5. 	Maintaining the individual protective fences.
 
The fence is needed until the tree seedlings are too tall for goats
 
to be able to reach the leaves.
 
Ensure that the sticks have not been removed.
 
Ensure that the sticks are taller then the seedlings.
 

6. 	Watering.
 
Continue watering once a day for the first one month.
 
After this water every other day and continue until the beginning
 
of the next rain season (inMarch).
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TREE MANAGEMENT GUIDELINES FOR SIAYA AGROFORESTRY INTERVENTIONS:
 
CARE-KENYA AGROFORESTRY EXTENSION PROJECT
 

Wnroduct on 

Tlhe following are general management guidelines for agroforestry
interventions currently being implemented in Siaya through CARE's
 
Aqroforestry Emtension Project. Tree management aspects of 
aqroforestry system development and improvement remain primarily

in the e:xprr i mert-al realm, as there has not yet been time to 
generate substantial experience. The following basic principles,
therefore, need to be applied to the use of these guidelines:
 
1. flexibility, and 2. farmLur determinism. 

ri other words, the project extension team should use the 
guidelines as material for generating, together with the farmer,
idens for developing the most opportune management strategy for a 
particular set of circumstances. In deciding upon specific
management strategies, the farmer should be allowed to take the 
lead, if he or she chooses to, and also to have the "last say" in
how a system will be developed and managed. Rely on farmer 
know how. (In Siaya, for example, farmers generally are quite
familiar witlh managing trees For poles, and about coppicing.) But 
provide the farmer food for thought and initiate the management
dialogue with the aid of the following material. 

!he Guidelines were developed as follows: Project Consultant,
1.. Duck, developed list of proposed/tried interventions and 
grouped them according to major feature and product components
(Auquist, 1985). Several project Field Officers then were inter­
viewed for their ideas and understanding about management
strategies t.o he applied with respect to the various interven­
tions. The corncensus of opinion on management writtenwas down,
and the Project Manager interviewed by the Consultant for 
substantiation and/or modi fication thereto. The Guidelines 
represent the product of these inputs. It is suggested that 
as ideas change and/or become more specific, the Management
Guidelines be modified accordingly so they remain up to date with 
project experience.
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Tree Management Guidelines for Respective Intervention Classi­
fications
 

I. 	Nitrogen-fixing trees in Alleys (densely planted tree rows
 
between rows of cereal crops) for Soil Fertility Improvement
 
and Firewood.
 

0~. 	 Diign~jf!t i ves 

1. To produce nitrogen-rich leaf litter as fertility 
improving mulch. 

2. To produce sticVkwood for woodfuel. 

D. 	 Manacietnent Str.ategiies 

1. 	Letucaena 1eUc.Cepha1 a
 

When Leucaena trees one year old, prune branches 
prior to onset of rains. Lay branches between crop rows. (Rain 
wi] I decompse leaf litter, so nitrogen reaches soil and is 
available to maize/sorghum when needed early in the growing 
cycle. ) 

The ne:'t season, cut Leucaena stem at height convenient to 
fo.rmrr (between hip and breast height). Used coppiced material as 
bt:e)
v . 

About two months inito growing season, when the cereal crop 
brqins flowering, may cut back coppiced material (regrowth) from 
LVOmCaena for additional biomass. (Feasibility of second cutting 
per season depends on soil and rainfall conditions, ie; how fast 
the Loucaena regenerates. In high potential areas four Leucaena 
cuttings per year is potentially feasible; in dryer areas fewer 
cuttings are possible.) 

2. 	 Sesbania sesban 

During second season after planting, prune lower 
branches about two weeks before the onset of the rains. Lay 
cuttincis hetweorn maize rows, and collect sticks for firewood 
after leaves have decomposed. Repeat for 2 to 4 seasons before 
tree expires, depending on growing conditions and tree perfor­
mance. After two to three years cut stem to the ground for 
fir ewood. 

3. 	 Sesbania arandi flora 

Manage generally as in No. 2. above. This Sesbania
 
species, however, grows in higher potential areas than sesban,
 
and has a longer life span. Manage, therefore, with considera­
tion to growth rate and longevity factors.
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41. 	Cal liandra_ calothyr sus
 

After first 
season cut tree stem for coppicing and use
cuttings as 
 suggested above. Continue harvesting and using

coppiced material each season. 
Multiple cuttings per season may

be possible as in No. 1, above.
 

5. 	 akmipayay
 

Markhamia is a relatively slow grower, and its leaves
require longer 
 to decompose than the relatively fast growing

species listed above. No management is applied until the second
 
or third 
 year. Then, have farmer experiment with pruning and

laying-in branches 
at various intervals after harvesting of
 
cereal crop.
 

II. 	 Dry Season Fodder Production With Woodfuel by-Product in
 
Border Plantings (inside eHisting fence), 
or Woodlots
 

A. 	 De'sign _bjecti 
.s
 

1. To produce livestock fodder supplement during dry

season; plant between 50cm and 2m spacing
 

2. To produce stickwood for woodfuel.
 

B. 	 Ianagqment Strategies 

I. 	 LeLtCaena leucocePtala 

After 
 two 	 to three seasons, depending on growth
rate, cut tree stem and 
use cuttings as fodder. 
 Allow to coppice

and 	 harvest 
 coppiced material when necessary throughout dry
 
seasons. Use browsed branches as wood-fuel.
 

111. Pole and Firewood Production from Windbreaks 

A. 	 DesignObjectives
 

1. 	To establish a single 
or double row windbreak to
 
protect cropland or homestead.
 

2. 	 To obtain poles for domestic use and/or sale.
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1. 	Cassi.a_Siatea.
 

F]ant trees 5Ocms to Im apart. After two years thin 
trees to 1-1.5m, usinq t hinninqs as poles and firewood. Allow 
remai ning trees to trow as windbreak. 

IV. Pole, Firewood Production and Shade
 

A. 	 Desi.qII!b0 ecti...ves 

1. 	 To provide shade for the homestead. 

2. 	 To provide poles and/or firewood.
 

D. 	 Mar aemen Strategies 

1I 	Cassia spqqtab!ilis 

PlanL. trees at about 2m espacement. Prune lower 
branches each season for firewood, and to encourage upward growth 
for poles. As upper canopy develops trim for desired level of 
shade production. If additional poles desired, cut tree stem and 
USE straight coppiceed material for poles. (On fertile soils, 
p,:)le3 from coppicing likely to be straight, on infertile soils 
Lhey are Ii ke y to be crouked.) 

V. 	 Border Plantings for Poles and Firewood
 

A. 	 Desi gpnO.b.jet ives 

I. 	 To produce poles for home building and/or cash. 

2. 	 To produce firewood for domestic use. 

D. aag nt Stra.t ie 

I. Cassia siamea 

Trees planted at 2m spacinq on border. After first
 
season, before rains, prune lower brancihes to encourage good
 

upward growth for poles. Continue each season, usings trimmings 
as firewood, until pole height has been achieved. Then harvest 
poles. If farmer wants to maintain live fence along border, 
encourage dense hedgerow plantings and thin the straight trees 
for poles. Cut less straight trees each season at fence height, 
and use coppiced material for firewood. (Where soil fertility is
 
poor, more substantial thinning required to obtain straight
 

poles.) 
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2. Calliandra calothvrsus
 

During second season, or when root system has been
 
firmly established, begin pruning lower branches for firewood,
 
and continue each season until desired height for poles is 
reached. 

VI. Border Plantings for Timber, Po es and Firewood
 

A. DegignObjeti ves 

1. To produce timber and/or poles for household use 
and/or cash.
 

2. To produce firewood for domestic use.
 

3. To establish or maintain productive farm or field
 
borders for demarcation. 

B. Management strategies 

I. Grevillea robusta
 

Plant at about 2m spacing along the border. Prune
 
lower branches when tree is about 1m high to encourage upward
 
growth for poles: do not cut branches that develop above 2m.
 
Cut trees for poles as required, or allow to develop into timber
 
trees.
 

2. MarIhamia_.p t a yx 

Plant at about 2m spacing along the border. Begin
pruning lower branches when trees Im to encourage upward growth. 
May experiment with cutting stem to coppice, using small coppiced 
material for firewood, and allowing one or two shoots to grow as
 
poles. Leave for timber trees unsuitable for poles.
 

3. Maesopsis emenii
 

This species is self-pruning to large ectent. Plant 
relatively densely; about Im. Thin out poles, leaving large tree 
every loir for timber. 

4. Terminalia brownii
 

When tree about a meter high prune lower branches for
 
good upward growth, using cuttings for firewood. Thin out good
 
oples and replant. Use remaining trees for timber.
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5. Casuar ina equisetiFolia 

'llhis species is essentially self-prUling. Ihin polesat desired hieqht and replant. Irees that appear inferior for
pnjes may be cut for firewood. 

VII. Cropland Plantings for Timber, Poles, Firewood and Mulch
 

A. Design jectji :ivqs 

I. To produce timber and/or poles for cash and/or
domestic use. 

2. To pro'Jut:e 'irewood for domestic use.
31. To improve soil fertility and structure, andtherefore crop yields, from nutrient-rici, tree litter. 

El. .. rigemen Stpr._atg ie.s 

1. All o f the trees listed in VI., above, may beplatiteid at wide spacuinqs throuqhoUt the cropland (3-10m or more,dependinc on the species, soil and rainfall conditions, andfarmer preference. Pruninq of lower branches to be done asirndi cated above for respective species, to encourage upwardqrn-.wth, and to obtain firewood. Shade effects of these species
should be minimal, but additional crown managmen may be desired,particula-ly iF closely spaced. Leaf litter may be alloweddt ci tpose ,Nhfere it -falls, 

to 
or may be collected and redistributed 

if desired.
 

VIII. 
Hedgerows for Fences, Fodder, Firewood, Poles and/or Fruit
 

n. Desigr!Ob j.ec t i v s 

1. To establish tiulti-purpose living fences to demar­cate and/or protect crop fields, grazing areas and/or homesteads. 
2. To produce fodder and firewood for domestic

poles and fruit for domestic use and/or sale. 
use; 

13. .t _ tE ggi.e.s 

I. Parkinsoriiaaculeata 

Plant in double rows at 30cm spacing, alternatingbutween rows. May also plant as single row. Just before planting,while seedlings still in nursery, cut off the growing tip to encourage lateral growth. After one season, weave branches
together to from dense natural fence. After two years cutbranches for -firewood. 
Allow goats to browse for pods. (Protec­tive outer fence not necessary as livestock do not like leavesexcept 
 under severe circumstances.) IF poles desired, allow atree to grow up every 2-4 meters. Maintain remaining trees athedqe height of farmer convenience, using trimmings for 
firewood.
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2. Trevetia aperu
 

Plant and manage as for Parkinsonia, above, excegt

does not provide fodder. Produces excellent, strong poles so
 
allow pole development every 2-3 meters. 

3. Pj-gppits hi lensis 

Plant and manage as for Parkinsonia, above. 

4. Acberia caffra
 

Plant and manage as for all species above, gIggpt

does not provide fodder or poles. Does produce fruit, so harvest
 
when ready.
 

IX. Soil Conservation and Fertility Improvement
 

A. DesignObjectives
 

1. To establish fast-growing, lateral rooting systems 
on terraces or cut-iff drains to hold exposed soil. 

2. To provide nitrogen-rich mulching material. 

B. ManageRt_stratEgM 

1. Eryttina excelsa 

Plant cuttings along terraces or in the ditch of
cut-off drain at I to 2m spacing. One year after planting cut 
back to 30cms to encourage lateral branching. Allow to grow to
 
1.5m, and prune to that height every soason. Use trimmings to
 
produce more cuttings, or leave un soil to decompose for benefi­
cial nitrogen effect. Collect remaining sticks for firewood.
 
If poles desired, allow one to grow up every 2m.
 

X. Improved Fodder Production from Existing Trees in Degraded
 
Grazing Land.
 

A. DesignObaective
 

To 1 .prove production of forage/browsing material from
 
existing trees and shrubs.
 

B. Management strategy 

Discuss with farmer which trees are forvaluable 

fodder. For identified trees, construct micro-catchments to
 
improve water penetration and retention capability, and thus to
 
promote faster growth. While trees young, protect from browsing

livestock with thorn fences. 
Prune lower branches to keep out of
 
livestock reach, and encourage upward growth.
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XI. Fruit Production
 

A. Design Obtjpctive
 

To produce fruit for household nutritional value and/or
 
cash sale.
 

2. Managemqnt Strategy
 

1. Passiflora.dulis (Passion fruit)
 

Plant seedlings about .i. from existing live or arti­
ficial fence. During first season after planting encourage
 
passion vines to climb along fence.
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Uaeful infnr.2tion: MAKING A LIVING FENCE 

1. Why should we make a living fence? 
-
 it is cheap because all of the materials which are used can
 

probably be found locally.
 
- a living fence will last for a very long time if It is
 

maintained properly. 
 (It does not cost any money to maintain it).
 
- it is stronger and will deter most of the domestic birds and
 

animals which destroy crops in the shamba.
 

2. 	[low do we mark out and plant the fence?
 
- The fence should run all around the shamba.
 

It should be a minimum of 90cms away from the edge of the crops
 
you are or will be growing. This apace will allow enough room
 
to:
 
- reduce the shading effect i.e the crops will have enough
 

sunlight.
 
-
 prevent the roots of the fence competing for plant rood and
 

water with the crops.

Remember when you mark out, 
to leave a gap for a gateway. This
 
gap should be about 90cms or 1 metre wide.
 
To do 	the marking out:
 
- place pegs in the 4 corners of the shamba so that the line 

of the fence will be at least 90cms away from the edge of 
the crops. (see diagram).

(If you have a wire fence around your shamba you should
 
mark out so that the living fence is outside of this by 90cms).
 

- place a series of sticks along each side of the shamba co that
 
they are in a straight line between the corner pegs.
 

-
 dig the soil alung the line of these sticks. The soil should
 
be dug to the depth of the jembe head and should be dug 15cms
 
each side of the line of sticks.
 

Line of fence._.,.-- -­

90 cms 

The crops 	 T
 

- tip one debe of boms manure along every 4 metres of the
 
cultivated strip. Then dig in boma manure.
 

- plant the sisal suckers every 60cms. You may find it easier
 
to break some sticks to 60cma length Lo use for spacing.
 

3. 	What material do we plant?
 
Sisal is probably one of the best plants we can use to make an
 
effective living fence because it makes a thick barrier at ground

level 	and the blades grow tall and are sharp.
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Also the rols or sisal plants do not spread sideways but grow 
downwards. Therefore the roots will not interfere with the crops 
which will be growing in the shamba. 
Other plants can be used. You should discuss the other plants you 
could use with the farmers in your area, and experiment to see which 
will do well as a living fence. 

SSM 10-60
 



SSM 10.8.2 ActionAid p.AAK/GA/8a/3
 

Useful information: MAINTAINING A LIVING FENCE 

1. 	Whnt do we mean by maintaining a living fence?
 
Maintaining a living fence means reducing the-growing parts of the
 
plant used to make the fence so that it remains effective but does
 
not compete with the crops. This includes, cutting the leaves,

branches or roots which are growing sideways. It also involves
 
replacing the dead plants.
 

2. Why is it important to maintain a living fence?
 
-	 To reduce the competition between the living fence and the 

enclosed crop for air, light, food and water. 
- To block all the, spaces which would allow creatures like
 

chicken, goats, sheep, cattle and man to enter the plot and
 
damage the crop.
 

- A regularly maintained fence will be easier to control than one
 
which becomes overgrown. It reduces the amount of labour
 
needed in the long term.
 

3. 	When should we maintain the fence?
 
At least every 6 months, nr when the leaves/blades/branches grow
 
more than 45cms away from the main stem. If they are more than
 
45cms long they may begin to interfere with the crop.

If any gaps are noticed they should be filled as soon as possible

because gaps will allow animals in.
 

4. 	 low do we maintain ihe fence?
 
- by cutting the blades/leaves/branches which have grown longer


than 30cms from the stem, especially those on the inside (crop
 
side) of the fence.
 

- by uprooting sucke:s which are growing on the inside of the
 
fence.
 

- by replanting suckers where there are gaps.
 
- by digging to the depth of the jembe head on the crop side
 

of 	the fence. 
 Dig about 3Jcms away from the stem. This will
 
cut 
the roots which would grow into the crop and interfere
 
with the crop yields.
 

Note: Place the trimmed blades/branches in the fencD to make the
 
fence stronger.
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4.6 7M HAN r 

Watering and weding 

in humid regions, if tree planting is done at the onset of the 
long rains after the rooting zone has been thoroughly wetted, no 
supplementary watering should be required. Young trees will, of 
course, benefit from any extra water they receive, especially
during the first dry season after planting. This extra water,
either from irrigation or hand-watering, should be regardod as a 
luxury. In agroforestry, it should not be planned as a necesaity. 

In the dry regions, on the other hand, watering is often required
to get the seedlings established; especially during the first dry 
season after planting. Watering should always be regarded,
however, as a temporary measure to help seedlings get
established. If watering is done, it is important to do it only 
once in a while with a good amount of water, rather than a small 
amount of water every day. This will help the tree to grow its' 
roots' deep into the soil. If small amounts of water are given 
every day, the tree roots will stay near the surface. This si not 
good for the long term survival of the tree. 
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Weeding of planted seedlings is absolutely essential until the
 
seedlings can no longer be overtopped by competing grasses and 
weeds. Failure to weed can also result in seriously stunted 
seedlings as the latter must compete with fast-growing weeds over 
soil moisture and nutrients. Unweeded seedlings are also 
vulnerable to indiscriminate grazing and gress cutting. 

Pruning and thbmi-ng 

Pruning is used primarily to produce knot-free wood and to reduce 
the growth of branches, especially if they overhang crops.

Kenyan farmers commonly prune cypress to about two-thirds its 
height. Pruning is essential with pines if useless knotty timber
 
is to be avoided. In general, pruning cuts should be clean and 2­
3 cm from the trunk to minimise the risk of infection and decay. 
'Thebranch should be cut from below first, then from the top to 
avoid collapse of the branch and stripping of the trunk's bark. 

F'ig. 9. Pruning of
 
trees is cutting the
 

- Iower branches. 
(Source: (7))
 

Thirxming is designed to remove weak or poorly formed trees and 
shoots, and to give fewer remaining trees more space and other 
resources to grow. Thinning of woodlots is often used to 
generate interim income (say, with poles), while the remaining
 
trees go on to a longer rotation (say, to timber size).
 

bfore tbniin_q after tinn;ng 

Fig. 10. The importance cf thinning. ( Source (1)) 

The trees or coppice shoots that need thinning in order to 
avoid gross inefficiencies will usually be fairly obvious to the 
small tree farmer. They will be dead, dying, deformed or 
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substantially thinner stems next to same-aged stems. On the 
farm, chinnings can always be used as firewood. Diseased trees 
should always be removed to prevent the spread of disease. 
Thinning is often used in agroforestry to reduce shade and root 
competition.
 

4.7 cIPPICIG 

Coppicing is vegetative regrowth from stumps of tree trunks
 
that have been cut back close to the ground. Man has long since 
taken advantage of the coppicing ability of many tree species for 
the main reason that i, saves having to plant a new tree after 
harvest. In the temperate zone, some trees have apparently been 
harvested innumerable times over centuries, always from the same 
stump (the so-called stool). In the tropics, the long-term 
coppicing behaviour of trees is not so well known. 

To begin with, agroforesters must be aware that not all 
species coppice. Among common species that do not copice are 
pines, cypress, infact most conifers coppice poorly. Also the
 
black wattle (Acacia mearnsii) coppices poorly. Others, such as
 
Eucalypts, Cassia siamea, Leucacnn, Calliandra, neem, and many 
indigenous Acacia spp. coppice very well. Grevillea coppices 
poorly. 

Trees are normally coppiced for the first time when they are
 
still young and vigourous. An old, weakened tree, especially one
 
wit/h damaged bark, do not coppice well. Trees grown industrially
 
on a coppice basis, for example eucalypts grown for poles and
 
firewood, are usually cut for the first time under the age of 10.
 

f rNI ST.VAP 

Fig.ll. Coppicing of trees. (Source (7))
 
Two basic considerations with coppicing are (1) stool height and
 

(2) how many coppice shoots should be retained.
 

Advice on stool height varies. In general, however, optimm stool
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heights 
seem to be in the range of 10-30 cm above ground level.
 
Cutting the trunk flush with the ground is to be avoided because 
of the high risk of fungal and other decay of the stumps.

Cutting the stool too high, say above 50 cm, is also inadvisable 
not only because it wastes wood but also because, for some 
physiological reason, coppicing vigour tends to decrease with 
height. High shoots are also prone to windthrow. Eucalypts
coppiced above 50 cm are a common sight on Kenyan farms, and they
often have a low productivity because they have been cut too 
high.
 

The basic rule with the stool cut is that it must be clean and 
angled that the cut surface can drain freely and the points of 
entry of decay organisms minimised (same as with branch pruning).
The cut is best done with a chainsaw or crosscut saw, but most 
farmers don't have such tools.
 

Coppice rotations for poles and firewood, notably with eucalypts, 
are generally in the 7-12 year range. In the early days of 
firewood production in Kenya, primarily for the railway, E
 
globllus and E. saligra used to be coppiced three times, 10 years
each rotation; stools apparently deteriorated at about age 30. 

With some fast-growing species, firewood for household use can be 
produced on rotations as short as 6-12 ionths. This applies to 
sch species as ILAi(nerv, Calliandra ai Sesbania. They have 

been known to prodice coppice shoots 3-5 m high and up to 7 cm in 
dinmeh, er in one year. The small poles used in this case are 
somet.imes called "fuelsticks". They are of a small size and 
therefore of the right size for the kitchen. 

When the time comes to replace a coppice stand, the stumps can 
be killed by debarking them completely. They can also be killed 
by cutting them back flush with the ground, and painting them 
with diesel oil.
 

A variation on the straight coppice stand is the coppice-with­
standards. The standards are those trees that are 
allowed to 
continue growing through the various rotations. This is done to 
produce some timber while most of the coppice growth is used for 
poles or firewood; it is also used to retain some seed trees.
 

4.8. P)UARIDIW 

Pollarding is the cutting branches in the top of a tree in order 
to harvest the branches and leaves, and in order to stimulate the 
regrowth of a new, often better-formed and more productive crown. 
Pollarding is often used with ornamental trees so at to promote
the growth of dense, vigorous and well-shaped crown. Pollarding
differs from ordinary pruning in that the latter is designed to 
remove unwanted branches (and thus prevent knot formation in 
trunk wood) below the crown. The idea with pollarding is also 
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to make the tree lose its leading shoot (so-called apical
dominance), and thus to promote multiple-stem growth at the top 
of the main trunk. 

Fig. 12. Pollarding t.rocs means cut.ting the top branches. 
( Source (7) 

In agroforestry, pollarding is usually used t.o produtce ,ltr'et or 
more nutritious fodder, to harvest, the branches, to produce poles 
and to reduce shade. 

From a forestry ;xi nt. of' view, the main concern with pol larding
is to retain a proportion of the crown so that the tree will not. 
only survive, hut also avoid being seriously weakeii(x. 'T1he crown 
with its leaves is, of course, the "food factory" of the tree,

and as such it. must. not. be disrupted or reduced to the point
where the rest of the tree is "starved". 

Photo 5. An example of pollarding in Eucalyptus (Source (12)) 

0 
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Good examples in Taita/Taveta of pollarding are cypress in the 
highlands and Melia volkensii (kirumbutu) in the lowlands.
 
In the Mt. Kenya region, pollarding of Grevi llea works very well. 
The tree is cut back when it produces too much shade, and when it 
demands too much moisture and nutrients in competition with crops
nearby. The farmer gets to harvest a good part of the tree. The 
cycle is repeated every few years and perhaps continued over 
several decades. The main trunk continues to grow, so at s 
point the farmer cuts it for use or sale as timber. In the 
meantime the farmer will have harvested fireo>od, poles and muilch 
without the expense and bother of replanting trees. In the Taita 
[fills this is not (yet) done.
 

PEST AND DISEASE (XIflK
 

Trees are attacked by insects and by viral and other disease,
 
just like any other plants. In small-scale farm forestry,
 
serious losses of trees to pests and diseases are fortunately
 
rare, particularly if indigenous species or a mix of species are
 
used. Diseases tend to affect mainly seedlings in nurseries or 
older, weaker trees. In Taita/Taveta farmers like to plant trees 
of the higher altitudes in the drier areas. Such trees are also 
weak and are easily attacked. 

Evnn where trees are planted in the right ecological environment, 
and where they are healthy and vigourous, they can easily be 
attacked in the juvenile stage by termites - termites are the 
major pest for trees throughout Kenya. The use of chemical 
pesticides is often not recoamendable: they are too costly and
 
they are dangerous. If termites persistently attack a tree 
nursery, it is recommended to protect the seedlings with woodash. 
Woodash repels the termites. The recipe is as follows: 

-establish a layer of woodash, some centimeters thick, where the 
seedbed will be located. 
-cover with a sheet of plastic if heavy rains are expected in the
 
area; this will protect the ash against washing out.
 

Ash miy be also used to protect seedlings after planting out, in 
which case it is put in the hole at the moment of planting. 
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