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INCREASING AGRICULTURAL FOOD PRODUCTION
THROUGH SELECTED TREE PLANTING TECHNIQUES

Background

The low level of agricultural production, per capita and
per hectare, remoins a primary constraint to overall economic
development in sub-Saharan Africa. Increasing agricultural
production is the primary goal of the Africa Bureau's Strateqic
Plan. Declines in cereals production are of particular
concern, requiring increasing grain imports to meet urban and
rural demand.

Policy veforms, including better prices for domestic food
crops and increased incentives for the private sector, will be
pursued in support of this goal. However policy reforms alone
will not be enough to increase production and productivity
unless deteriorating soils can be improved and water
availability enhanced.

It is generally agreed that deforestation is a principal
cause of deteriorating soil fertility and water 1o0ss in
sub-Saharan Africa. 1In turn, the principal cause of
deforestation is the clearing of woodlands to increase the area
available for food production, with fuelwood collection a large
additional but less siqgnificant reason. $o long as food
production and trees are in direct competition for the same
scarce land and water, %the deforestation--soil/water
deterioration spiral is likely to continue and farm systems
technical packages intended to remove soil and water
constraints will have limited effectiveness.

Civen this impasse and the central impor tance of food
production :in African and AID development goals, any evidence
that selected tree species and tree planting technigques could
significantly increase, rather than decrease, net food crop
production and productivity on small holder plots deserves
close and intensive exploration.

Claims have been made in a few research reports recently
brought tco the attention of the Office of Technical Resources
of the Africa Bureau that some tree planting techniques are
doing just that. This memorandum summirizes the information at
hand, including summaries and excerpts from some of the
reports, and describes the steps we are taking to verify the
claims. If the evidence can be substantiated, selected tree
planting techniques could provide a useful addition to
technical packages already being designed and tested in AID and
other donors' research and extension assistance to small holder
farming systems in Sub-Saharan Africa.



The Link Between Tree-Planting and Food Crop Production

Although a substantial body ot research has been conducted on
the influence of various tree species and planting techniques
on temperature, soil fertility, water tetention and related
soil nutrient phenomena, very few of these studies have
attompted to measure the net effect of such techniques on the
production of agriculiural food crops in real farming
situations in sub Saharan-Africa.

A recent quick review of the literature has surfaced six

studies in which measurements have been made of production of
selected food crops in tree-enhanced plots as compared with
control plots without trees. onne evaluation reported a net
increare of 23% in nillet on one site involving windbreaks in
Niger. Other studies reported increases in the general range of
10-15%, attributed to Acacia albida interplanting and water
conservation technigyueS, 1n sélected sites in Upper volta and
Senegal. Summaries and selected e¥cerpts are supplied in Ann€Xes
I and 1T,

The technigques involve the use of trees four Windbreaks, live
fencing and wide-spaced internlanting on farm land. These
Fechnigques reportedly increase water availability and improve
the quality of adjacent soils by: micro-climate modification;
green manuring from leaf litter, soil Sstructuring by root
penetration, bringing to the surface, via the long tap roots,
nutrients not otherwise tetrieved; slowing rain water runoff
directly as a dixking barrier; and facilitating percolation
through increased soil porocity.

The use of Acacia albida is reported in most of the studies.
This tree species 1s notable because of its seemingly
agro-forestry tailored characteristics: natural defoliation
during the rainy season, allowing uninterrupted crop production
under the tree canopy and furnishing nutrient and organic
matter at a crucial time. Other species are reportedly able to
perform some of the same functions. Microcatchment and contour
diking techniques associated with tree planting reinforce water
conservation effects. Low technology land preparaticon,
including plowing, is not impeded under these tree planting
patterns.

Given the central importance of low agricultural productivity
as a constraint to overall economic development in Africa, it
seems worthwhile to try to verify as soon as possible whether
such increases can in fact be widely achieved; if so, to refine
the technigues a.d add them to technical packages designed to
increase small farm holder crop production,



Actions Proposed

The Office of Technical Resources intends more systematically
to explore this link and the claimed diract benefits through
the foliowing steps:

1. This report will be forwarded to Agricultural and
other concerned officers in selected USAID Missions, together
with a requost (a) to identify and forwacrd any other existing
studies, formal or informal, AID-financed or otherwise, which
have attempted measurement of agricultural food crop production
in tree-assisted plots as compar=d with controls; (b) to
identify AID-supported or other existing agricultural projects
involving farms where tree planting may already have been
added, which could be made the subject of comparative crop
production tests during the coming cropping season; and (c)
provide description of cereals crcp mensuration methods already
being used in current farm systems research in the fleld.

References have been found to farm crop/tree plantiag
sites where crop yield tests could be instituted in several
countries, including Ctad, Camaroon, Kenya, Malawi, Niger,
Nigeria, Rwanda, Senegal, Somalia, Tanzania and Upper Volta., A
citation to these and persons who could be contacted for
additioral information is attacned as Annex [I.

2. Donor representatives on the CDA Agricultural Research
and Forestry/Fuelwood Committees, the IBRD, FAO, ICRAF, IITA,
ILCA and Peace Corps will also be contacted for similar
information.

3. An ad-hoc task force has been set up with
representatives from AID agriculture, rorestry and PVO programs .
to continue the literature search, review responses from the
field and make recommendations or additional action as seems
appropriate.

It should be noted that farm trees can provide incremental
benefits other than the cereals crop increases which have been
claimed. %or example, individual trees planted on farm sites
are said to provide twice as much volume in “ranch and mainstem
fuelwood supply as the same species provide when grown in
plantations; that lequminous trees provide substantial annual
fodder increments in leaves and pods for 1ivestock feeding
supplements; that coppicing and pollarding permit harvesting of
fuelwood and building poles, often eight o fifteen times
during the life of the tree without replant.ng, after which the
final cutting provides timber or major fuelwood supplies; and
that fruit and nut trees provide annual food cash i1ncome
supplements,



Thesrs claims can be or have been, tested in other studies.
purposes of this exercise, it is intended only to test the
claim that selected tree planting techniques can produce net
increases in cereal crops on the sawe hectare of land.

For



ANNEX I

List of Studies Reporting Quantitative Crop
Yields Related to Intercropping
With Selected Tree Species

Els Bognetteau-Verlinden, Study on Impact of Windbreaks in
Majjia Valley, Niger, February Y980, 77 Pp plus annexes.
An evaluation of a CARE-Niger Forest Service windbreak
project begun in the Majjia Valley in 1974, with first
planting of neem (Azadirachta indica) in 1975. The report
describes the project, the results and the methodology
used ko measure agricultural yields. Net increases in
millet yields of 23% were reported in the study, which was
conducted in 1979,

Direction des Eaux et Forets, Republic of Upper Volta, Secteur
de Restauration de Sols de Ouahigouya, 1965, 25 pp.
Experiments with Acadia albida interplanting are reported,
with 50% increases ‘n millet yields on land under acacia
tree canopy as compared with controls. It does not
provide information which would perimit averaqge per hectare
estimates for a regular farm plot.,

Peter Felker, State of the Ar‘: Acacia Albida as a
Complementary Permanent Intercrop with annual Crops, April
1978 (Grant No. AID/afr-Cc-1361) University of California,
Riversi.e, California, 133 PP. This overview identifies
and summarizes research and measurement methodologies to
date, including four assessments on comparative crop
yields for mil'2t and groundnuts in two sub-Saharan
African countri=s (Sarlin, 1963; [RHO, 1966, Charreau and
Vidal, 1965, Dancette and Poulain, 1969). 1Increased
millet yields under Acacia albida canopy were reported by
Charreau and vidal as 152% angd 104% higner than controls
in two tests in senegal. Dancette reported only 3%
increases in onc Senegal test. Sarlin reported millet
increases for an average of 29 sites in Upper Volta of
50%. The summaries do not indicate average per hectare
yields or density of planting. However the fields were
reportedly served by mature trees which crown at 10 meter
spacing.

Peter Wright, Project Aqro Forestier (OXFAM): Rapport de Fin
de Campagne 1982 au Yatenga, Haute Volta, March 1983, 74
pp, with tables. 1In this ptoject, which involved rock
lined contour diking techniques and associated tree
planting, increased millet and sorgum production averaging
10% in tests comparing 47 enhanzed plots with 48 controls
are reported, with vecy wide ranges in the individual plot
yields. The project area increased in re.oonse to smail




holder demands for technical aid in the techniques, from
an initial 6.6 hectares to 64 hectares in two years., (It
should be emphasized that the cereals Crop increases
reported in this study were correlated with the contour
dikes, not with the tree planting, although other
observers report that spontaneous tree growth had taken
place reinforcing the rock and soil dikes. The
measurement methodology is of interest and could be
reviewed in the process of choosing a cowmon research
protocol.,)



ANNEX II

Preliminary List Of Possible Sites For Testing

Comparative Crop Yielde With And Without Selective

CHAD

CAMEROON

KENYA

MALAWI

Tree Planting And Contact References

An Acacia albida program was begua by CARE, in 1976,
to encourage farmers to interplant these trees in
their fields in order to increase soil fertility and
agricultural production. 1In 1976, 1,500 hectares of
acacia were planted, with a survival rate of 40%. 1In
1977, 2,500 hectares were planted. By Octobar of 1978
the project had expanded to include nine nurseries
producing a total of 300,000 seedlings a year being
distributed and planted by 2,000 farmers. A
preliminary gtudy showed that the presence of Acacia
albida increased crop yields by 15%. Through-out
1976, 1977 and 1978 thete were four ot five PCVs
involved in the program. {Source: Peace Corns
Forestry Projects=Success and tailures December 1980;
See also, "Experience en Agro-Foresterije au Tchad," by
M. Koumbage Belyo, in vol 2 Background Papers,

Seminar on Agroforestry in The Sahel, 23 May to June
1983, Niamey, Niger, pp. 118 - 127).

As of 1980, a six year stand of windbreaks had tested
wind erosion control by Cassia siamea. (Source:
Reported by carl G. Wenner, Farm Management Bcanch,
Ministry of Adriculture, P. 0. Box 20028, Nairobi, in
Proceedings: Kenya National Seminar on Agro-Forestry,
12-22 November 1980.

Interplanting of trees and food Crops: is underway in
two projects in Machakos and Baringo Districts.
(Source: Reported by Mattias O. Were, Chief, Project
Manager and Evaluation Division, Ministry of
Agriculture, P.0., Box 30028, Nairobi, in Proceedings:
fenya National Seminar on Agro-Forestry, 12-22
November 1980, p.25.) ICRAF has undertaken on-farm
research in agro-forestry involving use of trees to
increase food crops at Kathama, Machakos District,
Two small farm holdings are subjects of study.
Hedgerow mulch farming with Leucaen leucocephala ang
Cassia Simea is being tested, (Source: ICRAF
Newsletter, March and May 1982, p.4).

Agroforestry practices where farmers have retained
legume trees in farm fields were observed by Gunnar
Paulsen during a field visit March 25, 1981, between
Kasungu and Lilongwe via Ntchisi and Dowa Districts,



NIGER

NIGERIA

Possible contact: Mr. F.J. Chakoloma, Project
Officer,Ntchisi RrppP.

It seems possible that comparative crop yield data
could be obtained from the monitoring system operating
under the Lilongwe Land Development Program (Source:
Reported by B. Kinsey, Director Overseas Development
Group, Uriversity of East Anglea, Norwich, England, in
FAO, Monitoring systems for agricultural and rural
development projects, Rome 1981, pp. 70-81. The

report provides selected recording forms which include
crop yields and presence of trees).

It may be noted that Malawi is both forestry
coordinator and conservatior coordinator for SADCC.,

A winter vegetable gardening project, sponsored by
Luthern World Relief, introduced live fencing

(Prosopis and local species) in twelve different Sites
in Niger beginning in 1979. (Source: Reported in
Weber and Hoskins, Agroforestry in the Sahel, Virginia
Polytechnic TInstitute, 1983, p. 31-2.)

An Acacia albida project was begun in early 1974 with
Peace Corps support, with the objective of assisting
in increasing crop yields. (Source: Peace Corps
Forestry Projects, op. cit, 1980).

As part of the Project Development Rural de Dosso,
beginning in 1981 an extensive Acacia albida project
has been undertaken, with the goal of natural
regeneration on 7,500 hectares, and man-made
plantations of 200 hectares. (Source: "Une
Experience Agro-forestier de Niger, Le Projet Gao de:
Dosso," by Aboubacer. 1Isser, in Vol. 2, Background
papers, Seminar on Aqroforestry in the Sahel; 23 May
to June 1983, Niamey Niger. pp. 111-117.)

The Shelterbelt Research Station, Kano,Kano State
acquires, and collates infofction on shelterbelts in
arid aad semi arid areas and could be a sotrce of
sites for testing. (Source: Reported by Federal
Ministry of Agriculture, Nigeria, at African Forestry
Commission, Sixth Session, Arusha, Tanzania, Sept.
12-16, 1983.)



RWANDA

SENEGAL

The International Institute for Tropical Agriculture,
Ibadan, Nigeria is reportedly testing "alley cropping"
of leucaena and maize. B.N. Okigobo, R. Lal,

A. Getahun, and G. Wilson will be able to supply
information on IITA crop yield tests, if available,

D. Bowers, of IITA is another expert who is interested

.in the use of agricultural tree Crops as a no-tillage

system to improve agricultural productivity,

A large scale German (GTZ) sponsored agro-forestry
project, started in 1969 in Nyabisindu, began in 1976
to develop a new farming system for small holdings in
which integration of trees building on indigenous
tree-agricultura’ crop systems, is a major componen®* .
There is wide participation .y local fa.mers in the
project area which s of 1981, included 4,000 hectares
under erosion control and 3,000 hectares improved to
assist in food crop production. A small research unit
was established in 1980 and it is possible comparative
cereals crop yields may already be available.

(Sour~e: “An Example of Agro-Forestry for Tropical
Mountain Areas, by F. Behmel and I. Neuman, in
Agro-rForestry in the African Humid Tropics

Proceedings from Ibadan Worksnop 27 April - 1 May
1381. UNU, 1982, pp. 92-98. See also "An Ecological
Approach to Farming"™ by Tim H. Zeuner, Nyabisindu
Rwanda Project DPirector, in Proceedings of Kenya
Seminar on Agro-forestry, 12-22 November 1980,
Nairobi.)

Since 1964, a program has been underway to protect
Acacia Albida seedlings on 11,000 hectares in Kebemer,
Mback; and Louga atea. A second project to establish
a 1,000 hcctare plantation near Diourbel has also been
started. (Source: M. El Hadji Sene, Director, Eaux
de foret, as reported Lo Peter Felker during field
krip to Senegal, November 1977. Felker also reported
that an FAO-financed project undertaken by the Eaux de
Foret tree seedling nursery in Rebemer, had planned to
plant about 1,000 hectares of Acacia altida in farmers
fields per year.)

A German-Senegales forestry project was begun in 197%
in the Ferlo Region in northern Senegal. Recent
developmeai. has focused on farm or community
activities on private farmlands planting Acacia



SOKALIA

TANZANIA

Ssenegal (or other species) at 10 X 10 spacing, with
interplanting of millet, ground peas and cowpeas.
(Source: Agroforestry in the West African Sahel,
BOSTID, National Research Council 1983, pp. 37-40,
citing H. ~J. von Maydell.)

Several areas are available for checking out the
impact of selected tree planting techniques in
relationship to cereals production in and around
refugee camps where agricultural and forestry projects
are being supported by USAID and other donors: Belet
Uen, the Gedo region, Quorioli and Jalalagsi.

Dr. E. M. Mnzava, Director of Forestry, meported that
the Forestry Department had undertaken comparative
tests interplanting trees (species unspecified)in
sites adjacent to control sites where no trees were
interplanted

A "doubling" of grain in the tree-inter-planted plots
was reported. (Source: USAILD consultant, (Dwight Swart
= Zendruber, personal communization Jan. 24, 1934.)
Existing land use practises in the Arusha-Moshi-Lushoto
region, are being studied by LCRAF in cooperation with
University of Dar-es-5alaam, Monorogro Campus. P.K.R.
Nair of ICRAF will have information.



ANNEX III

SELECTED REFERENCES

This section provides ercerpts from the research reports listed
in Annex I, to give readers who may not have access to the
originals an indication of the scope and methodology used. The
final selection, from a recent ICRAF report, discusses
situations in which it is beneficial to add trees to arable
crop fields and is included because of its description of the
factors contributing to "complementarity™, the phenomenon which
we believe deserves further investigation.

1. Els Boguetteau-vVerlinden, Study on Impact of Windbreaks
in Majjia valley, Niger, February 1960, 77 pp plus
annoxes,  (Excerpts)

2. Peter Felker, State of the Art: Acacia Albida as a
Complemertary Permanenc Intercrop with Annual Crops,
April 1978 (Grant No. AID/afr-C-1361) University of
California, Riverside, California, 133 pp.
(Excerpts)

3. Direction des LCauv et Forets, Republic of Upper Volta,
Secteur de Regtauration de Sols de OQuahigouya, 1965,

25 pp.

4. Peter Wright, Projet Agro Forestier (OXFAM): Rapport
de Fin de Campagne 1982 au Yatenga, Haute Volta,
March 1983, 24 pp. with tables.

B. Raintree, Bioeconomic Considerations in the
Design of Aqroforestiy Intercropping Systems,
International Councll for Research in Agroforestry,
Nairobi, Kenya, 18 pp. with tables, (n.d., but
appears to be 1982). (Excerpts)

[87]
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C. MAJJIA VALLEY REFORESTATION FROJECT

1. Final goals

-~ Increase and/or stabilize the agricultural income of
rural families in the Valles de la Majjia, arrondissement
Bouza by agricultursl land protection schemes against
wind-erosion and direct negative influences of wingd on
C¢rops and the distribution of trees for production.

- Improve the general ecological system of the area,
stimulate conservation efforts and improve the general
environmental situation through the protection of en-
dangered areas and the provision of tree seedlings for
planting in project areas and in private compounds,
public areas and private and public woodlots.

2. Realisations

The Majjia Valley Reforestation project was begun in 1974
through the combined efforés of the Niger Forestry Service
and CARE, after initial complaints of “armers about their
crops being damaged by heavy storms during the rainy season.

The first activity was extending the already exiating
nursery of the Forestry Service in Karaye, so that the
additional trees for the program could be produced. Since
that time the main activity has been the realisation of

the windbreak part of the program.

An intensive excension program is carried out each year
before the field activities start, in the villages that

will be tovched by the program the coming seascn. The
>xtension work is «._re by the Forestry Service with assistance
of the Extension Service.

The actual lay out of the windbreak system is decided upon
by the TForestry Service, who in trying to serve the general
interest of the villagers, cannot take into account possible

~14=
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wishes of individual farmers as far as the windbreaks are
concerned. The snace needed to vlant the windbreaks is claimed
by the Forestry Service, who can do so without indemnifying
the actual users of the land,

The windbreaks have been planted in the dire-tion NNW - SSE
(340°), starting in 1975 from the 'gebi! temporary riverbed
with coarse sand load) at Garadoumé (see Map 1), extending

1 km in the direction of the hills. From 1996 on the wind=-
breaks usually had a length of more than 1 km, depending on
the extension of the valuable agricultural land.

A windbreak consists of two rows of trees, mostly Neem
(Azadirachta indica; see appendix I, species description),
placed at 4 x 4 m intervals. The first two years the two

rows were planted in rectangular Spacing, from 1997 on a
triangular spacing. The intervals between the windbreaks

are in general 100 m, in some cases up to 125 m, which means
that every linear km of windbreaks equals a minimum of 10 ha
of protected agricultural land. '

In 1975 and 1976 both the rows in the wincbresks consisted
of Neem, except in some of the 'bas-~fonds' (lowest pvarts,
temporary inundated, heavy clay soils), where Acacia seyal
and also, with little Success, Frosopis juliflora have been
planted with double rows (see arpendix I),. -

In 1977 all windbreaks consisted of two rows of Neem, except
for two experimental lines of oné row Acacie scorpioides/

A. seyal (windward side) and one row of Neem.

In 1978 a greater number of windbreaks, especially in the
lower parts, consisted of one TOW A. scornioides and one

row of Neemn.

In 1979 this tendency was continued and besides that one

line was planted with Zucalyptus camaldulensis as an
exveriment in a temporarily inundsted area (see zappendix I),

The realisations are given in the following tzble:

-15~
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linear km number of trees planted
year |of double -

row wind- | total |Azadirachta|Acacia [Acacia|Prosopis|{Eucalypt.

breaks indica scorpi-seyal | juli=- camaldu-

oides flora lensis

1975 13 6,500 | 6,000 - 250 250 -
1976 20 10,000 | 10,000 - - - -
1977 20 10,000 | 9,500 250 250 - -
1978 20 10,000 | 7,000 3,000 - - -
1979 28 14,000 | 9,000 4,400 500 - 100
Total 101 50,500 | 41,500 7,650 (1,000 250 100

1

Roughly 90 % of the trees planted have survived.

There is a difference in the growth and health of the Neem:

on the sandy soils growth is good (197S-plantation are now

more or less closed =1d reach a height of 7 meters); on the

heavier soils (with stagnant groundwater during the rainy
geason) there have been more problems: growth is less and

the general appearance is sometimes a little yellowish.
The A. scorpioides and A. seyal do well, especially on these

heavier soils, though these species will never form tall

trees.

The total numbers of trees grown in the Ksrayé nursery for

the different years and activities are listed below:

number of trees produced for
year [windbreaks | live fencing | free distribution| total
1975 6,500 7,000 6,500 20,000
1976 10,000 15,C00 10,000 35,000
1977 10,000 8,000 12,000 30,000
1978 10,000 4,000 9,000 23,000
1979 14,000 | - 28,000 42,000
Total 50, 500 34,000 65,500 150,000

16~
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The other parts of the promram are more difficult ts
analyze than the windbreak-part, as very little is known

on what has been planted exactly where and when.

For the live fencing Prosoonis juliflora has been used.

This part of the program, however, has never been very
stccessfull, first of all because the farmers don't seen

to like live fencing. They do need fencing around their dry-
season gardens, but these gardens form part of their normal
arable land during the rainy season and the borders are not
necessarily the game. Also, the farmers don't like
Prosopis, as it is invading in their fields too easily

and has very painful thorms.

Whatever has been planted as live fencing has never been
maintained so it is not effective. This might be due to
lack of metivation and technical -ssistance. Anyway, people
still use their traditional fencing, being millet/sorghum
stalk fences and fences made from the residue of the cotton
plant.

The village woodlots, managed by the forestry service, do
very well. The woodlots have a surface of 1-3 ha and usually
consist of Neem, sometimes Prosopis juliflora or Acacia

‘scorpioides; the Neem-woodlots are surrounded by two rows

of Prosopis as live fencing.

The trees for free distribution are mostly A. indica, some
Prosopis and, in 1979, some eucalypts, baobabs (Adansonia
digitata) and cashew nuts (Anacardium occidentale).

Most of these trees are planted as shade trees in compounds,
market places, school yards, as individual trees in fields
or gardens, and more and more for production purvoses as

small privete woodlots.

Lit."e by little we see that the lMajjia valley is getting
a 'mreen' appearance by the combined efforts of the project,

-17-



L. Harvest_
Until now no harvesting has taken place in the windbreaks,
nor in the other kind of vlantationms.

Although almost no production figures are available, it

is ¥nown from experience with older Neem plantatiomns in

the region that harvestinz for poles (construction) can

take place in a 8 - 1G year rotation, leaving the Neem

for % to 4 rotations; after coppining two poles are left
growing on each trunk. Growth rates of an 8 year old

village woodlot near Taboye were estimaued to be 11 m /ha/yr,
of which 8m /ha/yr as poles and ’m /ha/yr as small size
wood/fire wood could be harvested.

m™he system of coppicing might also work very well in the
windbreaksystem, though care should be taken that not too
much is harvested at once, so that the protective rcle of

the windbreaks will never get lost.

Farvesting in the village woodlots and windbreaks will

be done by the Forestry Service. wbo will sell the poles

in tae area at reasonable prices. At the same time

consicersble amounts of fuelwood and other small size wood,

bv-products like fodder, tannin, fruits etc. are oproduced,

which are very badly needed in the area; these by-products
~18~
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are free for gathering by the villagers: small size wood
after harvesting by the Forestry Service, the rest during
the whole rotation.

Though the temptation seems to be great, until now no
appreciable illegal cutting of trees by the villagers
occurred.

Harvesting for poles, firewood or other purpose-wcod of
the live fencing and aistributed trees is done by the
owners, whenever they feel the need for it. In this case
no nermit from the Forestry Service is needed.

3, Future plans

As farmers in the longest protected area already claim

. to have higher yields from their fields, most of the
villages thst are not yet touched by the program are anxious
to see the windbreaks being plented in their grounds. The
feet that herewith a certair surface is taken out of
agricultural production seems to be accepted.

Therefore, for the coming years it is foreseen to extend

the windbreak program further down the valley until the
villagcs of Taboy€é and Tounfafi, in the same way as has

been done until this year.

The total number of linear km of windbresks to be planted
in the coming three years is planned to be 165 km, which
equals 1650 ha of protected agricultural land.

The species used will essentially be the same, though
greater emphasis is needed on Acacis scorpioides, Eucalyotus
camaldulensis or other species. The reason for this is that
large perts of the area to be covered now will be in
heavier csoils, temporarily inundated or at least with a

high groundwater table, where !leem certainly is not the

best choice.

The live fencing part of the program will gradually be
-1Y~
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diminished as fzrmers are not interested in this part of
the orogram; the trees that are still produced will be

used in the first place to fence new woodlot-areas (private
or public).

As people are getting more and more interested in growing
trees themself for their own wood-supply or 2s a cash-croo,
the producticn of trees for distribution to interested
veople will continue at a high rate. Neem end Eucalypt

will continue to be distributed as wood-production trees,
but also greater numbers of local, useful trees, for which
exists a big demand, will be grown in the nursery: for
example ‘cdansonia dizitata (baobab; kuka; leasves and fruits

are very much apnreciated food), Acacia scorvioides (bagarua;

pods for tanning), Zyvhaene thebaica (doum; goriba; leaves

for mats, edible fruits), Rorassus aethiorum (ronier; gigunya;

termite-proof voles for construction), Tamarindus indica
(tamarinier; tsamiya; edible fruits) and Moringa pterygosnerma

(zogala; edible leaves..
A problem with most of these trees is that growth is much
slower than Neem and Eucalypt, so that nrotection is needed

longer.

A second aursery is set up this year in Taboye in order to
increase tree production for the program in a decentralized

way.

Quantitatively, the plans for the years 19€0 - 1982 are
given below (CARE, Multi year plan, 1979):

=P (e
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Total production ~f trees in the nurseries Karayé and Taboye:

year windbreaks live fencing |other asctiwities! total

1980 22,500 10,000 17,500 50,000
1981 30,000 10,000 17,500 57,500
1982 20,00C 5,000 17,500 52,500
Total 82,500 25,000 52,500 160,000

2]~
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E. STUDY CN IMPACT CF WINDBREAKS IN THE MAJITA VALLEY

1. Introduction

Having the final goals of the project and the supposed effects
of windbreaks in mind, the rost relevant parameters for
evaluation of the effects of the windbreak System were
forrulated as:

1. Influe.cc of windbreaks on wind velocity: this being the
mcst importent factor for changes in the microclimate in
the protected area and therefore of zreat importance for
the reduction of wind-erosion and the growth of agricultural
crops. '

2. Influence of windbreaks on available soil moisture:
in a country where soil moisture is often a limiting factor
for plant growth, it is obviously important to know the
influence of windbreaks on this factor.

3. Influence of windbreaks on crop yields: increase in
income of the farmers by increased ¢rop yields being the
first short-term goal of the project, information on
this factor is very valuable.

To evaluate these influences, measurements were carried out
on each of the parameters during the rainy season of 1979;
wind measurements continued in the dry season 1979-1980.

To carry out the measurements a site was selected within
the windbreak lines which were planted in 1975 and are now
almost comoletely closied. A comparable control site was
chosen as close to 3¢ as possible, but outside the influence

of the windbreak system.

2. Descriotion of 1esearch site

The site within the windbreesk system of 1975 is located
1 km Westward of the villare of Garadoume. It is between the
fourth and fifth windbreak line nnd from 200 to 400 m North

-2-
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of the gebi (seascnal river). The cont. -1 site is located
at the same latitude but from 100 to 150 m South of the
gebi (see fig. 15 and 164,B).

Both windbreak lines are homogenous and well developed, with
a height of 7 meters, a crown of medium density and a denuded
stem of 1.5 m. Cne windbreak line consists of two rows of

neem (Azadirachta indica), planted in rectangular snacing of

4 x 4 m. The total width of one windbreak line is 8 m

(= vertical crown-projection). The distance between the two
lines concerned is 120 m or 17 times tree height (17h) from
inner trunk to inner trunk. The direction of the lines is
NNW-SSE. The prevailing wind-direction during the monsoon is
West, during the harmattan East.

V\:15%.000

fig.15 Lccation of research site
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The soil in the windbreak site, as well as the control site,
is an alluvial soil with a loam or clay loam layer in the
subsoil. This is covered by various layers of less heavier
materials, sandy loam or sandy clay loam mostly (see soil
texture profiles, app. II).

Derived from calcareous materials, these brown soils have
a pH of 7.5, a high CEC, and are well to moderntcly well
drained. No presence of sult or gypsum was observed. The
soil is relatively rich, although nitrogen content is lcw
(see chemical analysis, app. II).

The groundwater table varies between 4 and 9 meters, de-
pending on the season.

The fields within the selected sites belong to eight farmers.
All of them use their land for millet production under
traditional cropping methods: just before the rainy season
the fields are cleaned .f necessary; the farmer will seed
by hand with seeds out of his own harvest, preferably just
before or just after the first heavy rain, at a distance

of 75 x 75 cm. The first tillage is done with the hoe

about 4 weeks after germination, the second about 3 weeks
later. The grain can be harvested 14 weeks after germination.
The stalks are left on the field and will be cut afterwards
for construction of fences or left for grazing.

No rertilizer or additional manure -except for that of

the grazing animals- is used. No fallow and almost no crop
rotation exist.

%, Methudology

In the selected site within the windbreaks a line was
drawn perpendicular to the windbreaks. Along this line
all wind measurements were carried out at 5 points with
equal intervals.

Y
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Luring the rainy season (W-winds) measurem.nts were started
from 1h leeward of the western windbreek to 1h windward of
the eastern windbreak. During the harrattan, due to changing
wind direction (E-winds), measuremercs were taken 'u the
opposite direction:

windbreak 5 E D C B A windbreak 4
0] 7 23 60 86 113 120 meters
Oh 1h 5h 8.5ﬁ 12h 16h 17h  monsoon
17h 16h 12h 8.5h Sh 1h Oh harmattan

(see also fig. 16A). Control measurements were taken in
point 3 of the control site Z (see fig. 16B).

Wind measurements were carried out at two different heights:

-at 1w : During the time that there was no vegetation
or only low vegetation (until %0 cm).
This height was chosen as it is high enough
to disregard any surface roughness factors
and low enough to give an indication on the
erosive force of the wind.

~ at 2.5 m:: YWith all measurements. This neight was chosen
to give an indication of the influence of the
windbresks on the wind velocity on the theoretical
crop-height of millet, which was expecteda to be
2 - 2.5 m in the concerned area. However, it
arpeared that the nillet growth within the
windbreaks was favoured in such a way that it
reached a height of % - 3.5 m, which made it
impossible to continue measuremenus ot 2.5 m.

The wind measurements were made on days with ctable, strong
winds (more than 10 mph (= 4.4 m/s) at measuring heights),
in a direction more or less perpendicular to the windbreaks.

2=
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Wind measurements were carried out with a transportable
anemometer of a rotating tyve, connected to a meter giving
momentaneous readings in miles ver hour. Zvery measurement
consisted of the mean of 20 successive readings, taken
every 15 seconds. All these wind velocities were expressed
in % of the wind velocity in the control site at the same
height: the relative wind velocity.

Besides these wind reasurements, somwe general observations
were done on wind direction and wind velocity during the
mo:nsoon winds, during rainstorms and during the harmattan
winds. Cbservations were also done on the threshold-velocity
for wind-erosion.

- S e e e e e mn m me e e mm A emn mee e e e e o ——

In order to get 5 repetitions of so0il meisture measurements,
5 lines were drawn perpendicular to the windbrealks in the
selected site. Along all of these lines measurements on
available soil moisture were carried out at the same
distances from the windbreaks as used for the 'rind velocity
measurerzents during the rainy season, i.e.

windbreak 5 E D C B A windbreak 4
1h 5h 8.5h 12h (P

It should be noted that for microclimatic reasons during
the rainy season, windbreak 5 was the windward side, though
during the rains itself windbreak 4 was the windward side
(see algo fig. 154).

Control measurements were taken at 5 points in the control -
site (see fig. 16B).

In 211 of the measuring voints soil texture of the different
lavers over a depth of 90 cm was estimated cn the basis of
samrles analysed by the INRAN laboratory of scils

-7
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and soil texture profiles of ithe area were made.(see app. II).

Due to late arrival of the <quipment, the measurements
could only be effective from the 25th of July, which was
already halfway the rainy season. From this time until
September 21 (all crcos harvested), measurements were taken
on available soil moisture at three different deonths:

10, 40 and 82 cm.

The zone from O - 10 cm was considered to be mostly
influenced by evaporation. The zone from 10 - 40 cm was
supposed to be the depth at which an indication could be
found of the surplus water not used for evavorztion and
transpiration by the crops. At this same depth (80 cm)
possible influences of water consumption by the trees would
be noticeable.

Measuremen:s were carried out with a transportable Boyouccus.
moisture meter, comnected with permanently buried gypsum
blocks at the indicated depths.

The mean for 5 repetitions at a cerczin distance from the
windbreaks was taken and the resulting values of available
soil moisture at the different depths were etpressed as
percentage of the mean values of available soil moisture

in “he control site, thus giving the relative amount

of available soil moisture.

Rainfall data in the area were collected Jjust outside the
windbreaks (see appendix III). Though the total amount of
rainfall cen be considered normal, the rerartition was
certainly not rormal: August usually has a high rainfall-
figure, the rain falling constantly in small amounts.
However, during August 1979, when the mill t was in its
full growth, there was a three week period of drought.

—-28-~
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At the same points where soil moisture was measured

- 5 repetitions at each of the distances 1h, Sh, 8.5h, 12h
and 16h of the windbreaks and 5 control points (see fig.
16A, B) - plots were laid out of 10 x S m with the long
side parallel to the windbreaks. The plots “1h and 16h

were laid out in such a way that the side closest to the
windbreak was the vertical projection of the crowns.

In these plots observations were done on the mean height
of the millet caring the growing season and yields were
measured 2fter harvesting and drying of the grains. A
problem in interpretation arose from the fact that some

of the plots could not be seeded until the second rain.
However, no reasonable reduction factor could be found

for height growth and yields and the results were interpreted
as such.

Production figures of the millet were found by taking the
mean figure of the 5 repetitions and converting them to
kg/ha. The yields were compared by statistical analysis
of the results., For this purpose the res.lts were ordered
in groups of most comparable soils (see appendix II).

Some general observations were done during the growing
season on mechanical wind damage of the crops, crop growth
in the direct vicinity of the windbreaks and sensitivity
to drought.

At the end of the c¢rowing season three rootprofiles have

been made to get an idea of the root development of the crop.
Holes have been dug to a denth of 1m: in nlot 2A Jjust

windward of windbreak 4 (3m from trunk), in 2E just leeward

of windbreak 5 ( 3 m from trunk) and in plot 2C (see fig. 164).
Root development here was evaluated 'at the eye'.

~29.
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4. Results

3._I5ﬁlpgpge_o£ gigggpgags_qg E;gg_yg;gpitx

The wind direction during the rainy season ranged from SW to
WNW, but was predominantly W. Rains were accompanied by

NE to SE winds, with predominantly E storms. Luring the dry
season the wind direction ranged from ENE to ESE, but was
predominantly E.

The wind measurements during the dry season and the beginning
of the rainy seasor at 1 n height showed the following
nean relative wind velocities (see fig. 17 and appendix IV):

Cohtrol 1h | Sh [8.5h 72h | 16h | distance leeward from
windbreak
100 78 | 47 60 72 63 | relative wind velocity (%

T I . IR Y R S A

fig. 17 Relative wind velocity at 1 m height

Just leeward of the windbreak a relative high wind
velocity occurs, due to jetting through the leafless varts
of the stems. The area of minimum wind velocity therefore

~30-
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is found at a rather great distence behind the windbreak:

A gradual increase of wind velodity occurs further leeward
of the area with minimum velocity, until the windward
effects of the next windbreak start vlaying a role in

again reducing the wind velceity. The free wind velocity
will never be reached due to the combinated windward and

leeward effects of the successive wilndbreaks.

The wind measurements at the theoreticeal crop height of

2.5 m showed the followirg mean values of relative wind
velocity (see fig. 18 and appendix IV):

Control Th 5h 8.5k |12h |“46h |distance leeward
' from windbreak
100 38 |46 | 58 66 | 67 |relative wind
velocity(%)

fig. 18 Relative wind velocity at 2.5 m height

At this height wind reduction is maximal just leeward of
the windbreak. Further leewerd a gradual increase in wind

~31-
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velocity Occurs, until again the windward effects of the
next windbreak start plaing a role. Wind reduction just
windward of the next windbreak line does not seem to be
optimal due to turbulence.

conditions of soil, vegetative cover and aumidity, the
threshold velocity for wind erosion in tke unprotected
area was 10 mph (= 4,4 m/s) at 1 o height,

The harmattan winds usually reach free wind velocities

of 10 -~ 15 mph (= 4,4 - 6,6 m/s) at 1 m height. Thig

wind will be reduced inside the windbreak system to a
maximum of 78% at the sape height (7,8 -~ 11,7 mph = 3,4 -
5,1 m/s) arnd this windspeed only occurs over short distances.
Consequently, the threshold velocity “or wind erosion will
usually not be reached within the windbreak system.

With the highest velocities though, wind erosion in the
protected area might still be initiated in the Jjetting

area just leeward of the windbreaks or by the lifting up

of soil particles by passing cattle. dowever, avalanching
would only occur to a very limited extent due to decreasing
wind velocity after a short distance,and deposition of

soil particles will be the result.

This phenomena could easily be observed during the dry
season.

It is obvious that the windbreak system already orovides
an important orotection arainst wind erosion in the dry
season, though a definite improvenent could be made if
Jetting was stopped by creating a higher density of the
windbreaks near the ground.

In the beginning o7 the rainy seacon some wind erosion was
still observed in the unprotected area. Jowever, the new

32
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vegetative cover and higher soil humidity soon seemed to
provide an adequate protection against wind erosion.
Another important factor in this context is that wind
velocities generally are lower during the monsoon than
during the harmattan, although high momentary velocities
may occur with the Eastern winds accompanying the rainstorms
(20 - 35 mph = 9 - 15,5 m/s at 2,5 m height). During these
storms wind erosion occurs as long as the top-goil is dry
and not completely covered by vegetation.

Especially at the end of the growing season these storms
cause mechanical damage to the crops by layering,

_——————-.-————-——-——-————————-—-

The collected deta on available soil moisture during the
rainy season at the depths of 10, 40 and 80 cm are summarized
in appendix V, together with the correspvonding values 6f
relative available soil moisture in % of the value 1in the
control zone Z.

A graophical display of the first figures shows the following
tendencies (see fig. 19):

- At a depth of 10 cm the changes in available soil moisture
during the season are the most noticeavle: fast moistening
after rain, fast drying out due to evapotranspiration and
percolation.

- Large quantities of water are nesded tefore the demands
for evapotranspiration are met and surplus water is allowed
to a greater depth.

From a graphical display of the values of relctive available
soil moisture (see fig. 20) some conclusions were drawn
about the influence of windbreaks on this factor:

- As long as water-supplies are surficient, no significant
difference 1n available soil moisture occurs between the

—5%=
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protected and unprotected area up to a depth of 40 cm.
However, more surplus water is allowed to vercolate to

greater depth (80 cm) in the protected zone, or less water

is used for evapotranspiration.

~ As soon as water-supplies become scarce (from the fifth of

August to harvest), the voposite ovcuvurs. The available
soil moisture within the windbreaks is less than in the
unprotected area. However, the water seems to be used for
better crov growth (see also 4c¢).

-~ The plots A (during the rains at a distance 1h leeward of
the windbresks) are in general less humid than the others
due to interception of the rain by the windbreak.

- Water consumption by the windbreaks at a distance of “1h
on both sides of the windbreaks (plots A and E) does not

seem to influence the amount of available soil moisture in

the most imrortant rooting zone of the crop (10 - 40 cm).
Even at 80 cr a difference is hardly noticeable.
Considering also the fact that at 1h on both sides of the
windbreaks only few roots of the neem trees were found
(see also 4c) and those deeper than S0 - 60 cm, it can

be concluded that the neem windbreaks depend mostly on
water-supplies close to the trunk snd on the grcundwater-

table.

Yields of millet in the studied areas can be summarized as:

Control| 1h | Sh 8.5h 12h 16h mean
y/ E D C B A A-E
854 1106 | 1332 1043 1070 il 1099 (kg/ha)'l
100 130 156 122 125 111 129 | (%)
(see also appendix VI, croo yvields)

-5~
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Analysis of variaace of these results shows (see appendix VI)
that at a significance level of 5 % difference existed
between the 'treatments' (= distance to windbreaks), while

no difference existed between the 'blocks' (= most comparable
soils).

A t-test further showed that at a significance level of 10 %
the plots B, C, D and = had higher yields than Z, the control
‘area. D had significantly higher yields than all the other
vlots, while A, B, C and E did not differ among each other.

Seversl factors can be held responsable for the fact that

in plot A a0 significantly better results were found than

in the control zone:

- Luring the rains, these plots become 1h leeward of windbreak
4 and receive a reduced amount of water due to interception
of rain by the windbresk.

- During the rains, the plants at the edge of the plots get
damaged by the strong winds Jetting through the leafless
lower parts of the windbreak.

- Shadowing during the morning hours by the windbreak.

- As mentioned in 4b, water consumption of the trees does
not seem to play an important role next to the crown
projection of the windbreak lines.

Although wind protection at the theoretical crer height and
vegetative growth are maximal in the plots E, no maximal
croo yields are found here, for which the following ex=~
vlanations can be given:
- Reduced yields at the edge of the plots by influences
of the Western winds jetting through the leafless lower
varts of the windbreak.
- Shadowing during the afternocon hours.
- During the rainstorms, when the plcts E become 1h windward
of windbreak 5, mechanical damage to the millet occurs
due to a strong turbulence in tlhe eddying area just beiore
the windbreaks.

=35~
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The high yields in the plots D (5h) can be exvlained by

the fact that:

- Windreduction at this distance from the windbreak is high
at both 1 m height and at 2.5 m heicht, or optimal mrowing
conditions are guaranteed during all phases of vlant growth.

Yields of millet planted underneath the trees were zero,
as no generative growth was possible under these circum-
stances.

Although nc definite answer can be given, it is assumed that
the yields in both € and D would have been better if all
plots had been seeded after the first big rain.

The mean yield within the windbreaks, being 129 % of the
yield in the open, orly takes into consideration the yields
between the rows of trees. For a more realistic approach,

a correction has to be made for the fact that underneath

the trees, over a width of 8 m, no millet at all can be
produced. In this case, with a distance of 124 m between

the windbreaks, the surface Lost for agricultural producicion

per 100 m length of windbreak is _8 ¥ 100 = 0.06 = 6 %.
x 1
The total vield in the protected ~rea is therefore

129 % - 6 % = 12% % of the yield in the open.

The mean height of the millet during the growing season

is shown in fig. 21 and appendix VI,

It can clearly be seen that the mean height - and with it all
veretative growth - within the windbreaks is much better than
in the open. In the field it could be observed that not

only the mean height was better within the windbreaks, but
alsc that growth was meore equally here.

Wind recduction, and all climatic changes induced by this,
favour this better plant rrowth. This in turn offers a
possibility for higher yields. As shown before, water
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consumption increases with this higher plant growth, but
the wa*er is in this cases used in a more efficient way
than in the unprotected zone.

Contrary to extectations, height growth at a distsnce of
1h at both sides of the windbreaks (A and E) does not seem
to be negatively influenced by the windbreaks. Millet
planted underneath the trees, however, dces not develop at
all: several small-gsized leaves are formed tut no shooting
occurs. Yowever, almost directly next to the trees normal
height growth could be observed.

The most important zone of root develorment of the millet

(see appendix VI) avpeared to be 5 to 40 cm, atter this
gradually decreasing over the total depth of the profil (1 m).
Roots of the neem trees, at a distance of 2 m at both sides
of the stems in the windbreak, were found scarcely and

almost only deeper than S0 cm,

fig. 21 Mean height of millet during the growing season

=37=
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5. Conclusions

_The conclusions of the research undertaken in the area
protected by twc windbreaks, placed at a distance of 17h,
can be summarized as follows:

1., wind velocity inside the wiandbreak system, measured at
1 m height, is reduced to approximetely 45 - 3C % of the
free wind velocity, the minimum velocity occurring Sh
leeward of the windbreak, the maximur Jjust leeward of
the windbreak as a result of Jetting; a second raximum
occurs at 12h leewsrd of the windbreak.

2. Wind wvelocity inside the windbreak system, measured at
2.5 m height, is reduced to approximately 40 - 70 % of
the free wind velocity, the minimum velocity occurring
just leeward of the windbreak, the matimum from 12h to
16h leeward of it.

%z, Wind erosion is reduced considerably by the windbreaks,
but an improvement could be made by creating a2 high.r
density of the windbreaks near the grcund.

4. Soil moisture within the windbreak system is higher
then in the open during periods with a high water supply;
with a low water supply soil moisture within the windbreak
system is lower than in the open, but at the same tire a
better plant growth is achieved within the windbresk system.

5. Soil moisture is reduced at a distance of 1h leeward of
the windbreaks due to intercention of the rain.

6. Water ccnsumption by the windbreaks does not seem to
influence soil moisture in the most important rooting
zone of the croo.

7. Crov yields inside the windbreak system were found to be
429 % of those in the oven, rangeing from 111 % at a
distance 1€h leeward of the first windbreak to 156 % at
a distance Sh leeward of it; corrected for the lozs of
rroduction underneath the trees, the production in the

orotected area still reaches 123 % of thet in the open.

- 58~
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8. Underneath the neem trees no millet growth is possible
as soon as the canopy is closed.
9. Height growth of the millet is much better and much more
 equal at all sites inside the windbreak system than in
the oven.

6. Discussion

When the results found during the research on the influences
of the windbreaks in the Majjia Valley are compared with

the results found so far by other authors, as decribed in
vart D, the following can be noticed:

Wind reduction patterns as measured fall in *he range of
reductions to be expected, considering the fact that it is
dealt here with two succescsive windbrecks of moderate density,
oven near the ground.

The measurements at 1 m height show a much more unevenly
distributed pattern of wind reduction than those at 2.5 m
height; the relative high velocities 1h leeward of the
windbreaks are caused by the jetting of air through the
leafless narts of the stems as mentioned by Caborn (1957, 1¢60),
though in this case no wind velocities were measured higher
than the free wina velocity.

As with greater dictance leeward of the first windbreak,
relative wind velocities do not pass avpproximately 7C %,

it is clear that the successive windbreaks are placed close
enough to set an overlap of leeward and windward effects of
the successive windbreaks, which could be expected with a
distance of 17h in between them (Caborn, 1957; Guyot, 1064 ;
WMC, 1964),

Any nossible accumulative effects in the transition zone of
a series of shelterbelts (WMNC, 1964; Giffard, 1974) are not
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considered here, this being tor detailed within the scoope

of this research.

5 no measurements were done on wind-erosion, it only can
be said from general observations that a considerable

reduction of it is realized by the windbreaks. Looking at
the wind velocity patrterns at 7 m hei~ht, an improvement
could be made when a higher cdensity of the windbreaks was

realized near the ground.

The influence of the windbreaks on available soil moisture
appeared to ve different devending on the water supplies:
during a pcriod with hich water supply’a positive .influence
could be noticed, during a period with lower water supply

a nerative influence was found.

Comparing this with the results found by Guyot (10€4), &his
is understandable ags the first case reopresents’ humid
climatonlogical cornditions, when windbreaks infl.uacnc -
reduction of ETR thus leaving more available water urn.couched
in the protected area; the second case reopresents arid
climatological conditions, when windbreaks influence an
increase of ETR due to less wilting of the plants, causing

at the same time a higner plant productior.

Though with the neem windbreaks water consumoticn of the
trees did not seem to influence the amount of available
soil moisture adjacent to the windbreaks, this might be

different when trees are being used with a more superficial

root-sycstem.

Tt could be concluded that crop yields in all of the
protected area Were, to a bigger or lesser extent, positively
influenced by the windbreak . Care should be taken that the
figures are not ~eperalized too soon. CTOD vields may

differ considerably from year to vear and from place to

-40-
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place only because of the very unreliable rainfall.
Thoutgh most probably the influence of the windbreaks on
crop yields will remain positive, the relative increase
might differ under other rainfall conditions.

7. Recommendations

Though the tendencies found from the research undertaken
clearly justify continuation of the efforts to plant
windbreaks in the Majjia Valley, it should be noted that
more detailed research is needed to give any definite
conclusions on the impact of these windbreaks.

lore sophisticated equipment, especially for wind-measure-
ments, should be installed permanently at different distances
from the windbreaks and at different heights above ground-
level tn obtain more detailed information.

Measurements on soil moisture and crop yields should be
repeated during the cowming years in order to c¢.-: the
influences of the windbreaks during years with other
repartition of the rainfall.

In addition measurements on evaporation and quantitative
neasurements on soil flow due to wind-erosion might be
carried out to provide further valuable information on the
influence of the windbreaks.
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Tields orf millet grains in plots of 5 x 10 m2

Freduction de grains de il dans des varcelles de 5 x 10

(=S

'3lot no. field/Production !
! /50 o | rx/ha rean/moyenne | % of contr.Z i
| : (kg/ha) | % de contr.Z |
Bz 5.125 | 1025 | o
22 5.025 | 1C05 | , |
23 2,550 720 | as4 | 100 |
w5750 | 750
Z Z5 3.8C0 ; 760 |
j 14 5.150 1030
l! 24 +.550 910
f 34 3.550 70 qua 111
44 4.850 970
T 5.100 1020
| 13 5.300 1060
[ 23 & 5,850 1170

3B 5. 300 1060 1070 125

43 5.400 1080

58 4.900 380

1c* 6.150* | 1230"

2C 5.750 1150
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4c™ 4,350 a70*

sC= | 4,500 Sco*

D* | 5.2%0" | 1050* |

23 | 8.100 1620

7D I 7.700 1540 13322 156

D | 7,200 1460

50+ | w.950° | gsor

1= | 4.6C0 920

2= 5.80C 1160

3E 6.900 1380 1108 120

uE 4,650 930

SE 5.700 1140 * sown after 2nd rain
| semence apres Zze pluie | g~
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FOREWORD

Documents reviewed for "Acacia albida: State of the Art" were obtained

in numerous ways. A few useful cftaticns on Acacla albida and on Acacia

were obtained {rom computer searches on the following six data bases
using facilities provided by the University of California, Riverside (UCR)
library.

(1) Biosis Previews (Biological Abstracts and Biological Research

Index)

(2) National Technical Information Service

(3) CAIN - U.S. National Agricultural Library

(4) .Smithsonian Science Information Exchange, Inc.

(5) SCISEARCH - Science Citation Index

(6) CAB Abstracts ~ Commonwealth Agricultural Bureau

The holdings of the Moisture Utilization in Semi-arid Tropics (MUSAT:
sra) special collection at UCR provided several references. Many useful
documents were examined and photocopied at the Centre Techniques Forestier
Tropicale (CTFT) and Institute Recherche Agronomique Tropicale (IRAT) in
Nogent-sur-Marre, France. Additional materials were located in ORSTOMNM
holdings in Bondy, France and various other locations in Paris. At the
following organizations in Senegal, West Africa resource persounnel were
contacted and/or bibliographic holéings were examined: ORSTOM - Bel Air
Dakar; ORSTOM-HANN, Dakar; Laboratoire d’Eievage, Dakar; CNRF, Dakar;

Eaux et Foret, Dakar; IFAN, Dakar; FAO, Dakar; ICRISAT, Dakar; SODEVA,

Dakar and Thies; and CNRA, Bambey.

_44_
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Author: Charreau, C. and P. Vidal (1965)

Title: Influence de 1°Acacia albida Del sur le sol, nutrition
minerale ¢t rendements des mils Pennisetum au Senegal.

Source: Agron. Trop. 6=7 pp 660-~526

a) The purpose of this paper was to study the effects of A. albida

average millet yield per hill at the soil Saupiing site. Seven such
determinations were averaged for each of the three categories:
millet under the tree, millet at the proximity of tree coverage, and
millet outside the tree coverage. The results were then expressed ir
kg/ha assuming a planting density of 10,000 hills/ha.

2c) A mulriple range test rum at the Univers:ty of California,
Riverside, on the 7 yields under A. albida, the 6 yields in the
proximity of coverage, and the 7 yields avay from the tree indicated
that yields under and away from the tree were sigonificantly different
at the lZ_level. The yields just under the edge of the foliage were
not significantly different from either yields away from the tree or
under the tree at the 1% level. These stetistical analyses assume the
savpling was done eitiier in a representstive or random manner but
this was not -stated in the paper.

3b) The yield of peanuts was also measured under and awvay from

an Acacia albida on 100 m2 s§ized plots. The results were the pod

yield of peanuts decreased under A. albida (from 2,813 kg/ha to 1,839
kg/ha) while the straw yleld of the peanut increased (from 2,587 to
2,761 kg/ha) under 4. albida,

3c) The yields of peanuts in these experiments are rather high
(1.839 and 2,813 kg/ha) both awvay and under the A. albida compared
to normal pod yields of peanuts in Senegal (600-800 kg/ha). Because

of the high yields of vegetative matter in this experiment and the

fact that high N levels can depress the yield of reproductive struc-

47~
ture in plants, it appears as if a very high level of fertility under
Gang
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the A. albida was the cause of this low yield.1
d) There are many facets to this paper but the two main inescap-
able ones are: 1) under A albida there is a two fold statistically
significant increase of so0il nitrogen and organic matter 2which has
probably caused the observed increases in cation exchange capacity and
water holding capacity, 2) under A. albida there is a 2.5 fold scatis-
tically significant increase in mjllet yields. 3 Since cattle had been
excluded from this region for many years, it 1is unlikely that the
‘increased fertility 1is due to preferential deposition of fecal material
around the trees.
The fact that A. albida lowered the yield of peanuts is probably
due to a depressing effect of high fertility on pod yield, caused by
a long absence of cultivation beneath the trees. It is important to
realize that the depressed peanut yield (1800 kg/ha) is in this

instance double or triple what Senegalese farmers normally obtain.

Dr. Charreau has informed this reviewer that since the publication
of this paper he has discovered that peanut yield depression i3 quite
unccamon uncaer A. albida.

2 0
Please note that Charreau uses the notation /00 which 1is parts
per thousand not per hundred.

Dr. Charrvau has suygzested to this reviewer that-aot all trees
appear to have this remarkable fertilizing effect and that a population
study of trees having beneficial effects on yields might be of value.
(For furtner discussion of this point see Sarlin, 1963, and Dancette and
Poulatin, 1969.)

-48-
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Authcr: Dangette, C., and J. F. Poulain (1969)

Title: Influence of Acacia albida on pedoclimatic factors and
crop yields

Source: African Soils 14, 1-2, 143-184

a) The object of this Btudy was to evaluate the effect of A,
aibida in a long established traditional Senegalese farming setting on:
chemical and physical properties of soils; microclimate of crops;
responses of crops to normal fertilizar addition; and yleld of crops.
The major statistically significant results of the effects of the

Acacia albida were: the relative humidity under the Acacia albida is

higher than awvay from the tree; there is a reduction in the absolute

~

maximum temperature and an increase in the absolute ninimum temper-
ature under the A. albida; the soil humidity is greater under the

tree for the first 120 cm of s0il and less for deeper soil layers

—) )
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(than soils beyond A. albida foliage cover); the quantity of rain inter-
cepted by the soil under the A. albida 1s greater for rains of intensity
greater than l6mm/hr and less for rainfall of less than l6mm/hr than
soil without A. albida; there is a 40X increase in soil carbon and a 33%
increase in soil nitrogen under the A. albida; and there is an increase
in yield of 300 kg/ha cf peanuts (37X increase) and an increase of 480
kg/hia of sorghum (105% increase).

b) One of the most important assets of the experimental design of
this paper was the inclusion of a large number of trees (12) in a tradi-
tional Senegalese setting which had been farmed for many years. Five
3.6 x 9 m plots were made with each tree. Two of the plots (with and
without added fertilizer) were located under the cover of the tree and
three of the plots (no fertilizer and two levels of fertilizer) were
locuted outside the cover of the tree. TFor yield determinations the
center line of each plot consisting of 9 hills of sorghum were harvested.
The sorghum heights were also measured as a function of time and develop~-
mental stage. The soil analysis was carried out by Fechniques which have
been reviewed in other papers, e.g., Charreau and Vidal (1966) and
Rauwanski and Wickens (1969).

The following microclimatological experiments were conducted
on a single tree at the limits of the Centre National de Recherche
Acgronomique (CNRA), Bambey. The humidity analysis was done with
sheltered psychrometers during the month of July at various times
of the day with paired psychrometers 2 and |5 meters away from the tree
trunk. The temperature mecasurements were made using maximum and minimum

therwometers vver a throea week period at the start of the dry season

-0
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(late October) at two distances (one near the rrunk and tha other
outside the foliage limit). The soil moisture measurements were made
gravimetrically after sampling with an auger at three distances in four
directions from the tree before the rainy season began ana 9 days after
the end of the rainy season.

%ﬁe ralnfall was measured using vessels buried to one thire of

their Reight in 8 directions at 5 distances from the the Acacia ilbida

tree. This rainfall data was correlated with data taken at the neteor-
élogicai station (both the studied tree and the meterological station
wére on the gwounds of the CNRA, Bambey) on rainfall intensity and wind
direction.

c) Due to the extensive evperimental replication employed by these
authors they were able to obtain a good statistical evaluation of their
exﬁerimencs so that the results they report are valid. Their use of
what appears to be a random sample of 12 trees in a heav’ly farmed
area yields results which are more gencrally applicable than those of
other authors using single trees.

d) The major results of this paper are that in a population of A.
albida trees, the yields of peanuts increased by a rate of 300 kg/ha and
the yiélds of sorghum increaced by a rate of 475 kg/ha. This rate of
{ncrease occurs only under the A. albida tree and {t would be necessary
to have complete canopy cover in order to achieve tli:se increases over a

hectare.

-51~
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Author: Dugain, F. (1960)

Title: Rapport de Mission au Niger

Source: Centre de Pedologie de HANN-Dakar. iimeo, 22 pages.

a) The main purpose of this document was to report methods for
erosion control in Niger. An appendix is attached on the effect of

Acacia albida on soil chemical and physical parameters. The soils under

A, albjda waere found to be increased in organic matter by 2697 and in

nitrogen by 2312 as opposcd to L:eaB not under Acacia albida cover.

The soil wvater holding capacity was hLigher under the Acacia albida as

well as the plant nutrients, calcium, magnesium, potassium and phosphorus.

b) Dugain’s (19€0) method employed five Acacia albida trees.

_ Twenty five, 100 g sc any {9-10 cm) vere taken from a site under

each Acacia albida and from a site about 10 meters away from the limit

of coverage. It was not stated what method wis used for soil analysis,
but commoniy used simple soll analyses metfhods such as these are little
prone to crror. The results of the assay Are similar to that of Charreau
and Vidal (1966) and Dancette and Poulain (1969).

c) Staristical analysis of the data from the five trees was not
carried out since in no case was the nitrogen, organic matter, cation
exchange capacity, potassium, ~:i-ium and magnesium in any of the soils

away from the Acacia albida greater than the levels under the Acacid4 albida.

The Jrage values for the preceding chemical analyses under the tree were

several fold higher than found away from the tree.

d) While yleld weasurements under the tree were not carried out it

would indeed be surprising 1f soils under the five Acacia albida trees

vith several fold higher contents of plant nutrients than away from the =~52-
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Auchor: 1.R.H.0. Senegal (1966) (probably Gatreau)

Title: Essais sous kads

Source: IRHO Senegal rapport annual memeo. Station de Bambey, 19~29,

a) As Acacia albida was reputed to increase yields of peanuts, the

Senegalese government commissioned a research program to study the effect

of Acacia albida on the yield of peanuts. In 3 cases out of 5 Acacia albida

T

increased the peanyt yield on the test plots an average of 590 kg/ha but
in two cases a small decrease in yield (60 kg/ha) was observed under the

Acacia albida. The study concluded (in translation) "the effect of the

Acacia albida cover was benefirial for peanuts. It is not possible to

obtain the soil fertility level provided by Acacia albida with mineral

ferrilizer.,”

b) " The research method used 5 sites in which the yield of peanuts
was neasured under the trees and outside of the foliage cover. Two of
the sites located near Patar were 1 km apart, and each contained two trees

vith overlapping foiiage. Each of these sites had 28, 5.8 n? plots marked
-45- '
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out in perpendicular directions. Sixteen of these small plot3s were under
the cover of the folliage and 12 plots were exterlor to the foliage cover.

Near Marnane three more trees were chosen for study. Two of the
trees had 5 or 6 small plots under the tree and 8 small plots exterior to
the foliage cover. Under the third tree near Marnane the tup 2 cm of soil
was removed from a series of plots beneath the follage cover and placed
on plots just at the limit of the foliage cover to examine the relation-
ship between soil fertility and yield under A. albida.

On all 5 exnerimental sites fertilizer additions were made to deter-
nine if mineral fetilizers could replace yileld increases produced by A.
albida.

c) It is difficult to evaluate these experiments for several reasons.
First, it is difficult to gain an idea of an average effect of A. albida

trees as three of the five Acacia albida plots produced yield increases

of 590 kg/ha while 2 of the plots deprassed yield by 60 kg/ha.

Second, no statistlca' calculations were carried out to evaluate the
validity of yicld increases even though as many as 13 subplots were used
for yield detcrminations. Third, the significance of the experiment in
which soils were moved from sites close to the tree to areas near limit

of foliage cover is clouded by the fact that 2 out of 5 Acacia albida

sites depressed yield. It would secm that until A. albida yileld in~-
creases were demonstrated in all cases it would not be appropriate to
study cautal mechanisms for the yield increase.

Fourth, soils of high fertility have been known toMincr¢ase plant

vegetative growth at che expense of reproductive structures, e.g., pods

~H4=
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or grain. If A. albida’s natural capability to increase soil fertility
were combined with a fertility restoring long fallow, the soil under

A. albida could have a sufficiently high fertility to depress peanut pod
yields. In the dbsence of any description of past farming practices on
the involved sitws, it would not be possible to know what gerneral
fertility level could have been expected under the trees, and thus
wherher yield depressions were caused by overfertility. The rather high
pod yields . btained (1300 kg/ha) indicate the solls were far from in-
fertlle (Gillier, 1960).

d) Although the experiments are far from pericct, two useful facts
emerge. (1) while A. albida increaced the average peanut yield for all
trees, in some cases there was an actual yield depressica; (2) peanut
yleld depressions are associated vith A. albida on sites where peanut
ylelds are high (approximately 1300 kgsha) and yield depressions if
statistically significant are much smaller (60 kg/ha) than yield increases

(590 kg/ha) associated with A. albida on poor sites.
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(Note: See Also telection 3 for
Full geport)

Author: Sarlin (1963)

Title: Le Faidherbia albida (Acacia albida Del) a Ouahigouya

Source: limeo: Centre Technique Forestier Tropical, 36 pages.

a. This research examined the effect of Acacia albida on millet

yields and on soil fertility on numerous sites near Ouahigouva. For an
average of 29 sites on various topographies (crests of hills, slopes,

and low-lying areas) Acacia albida increased the unthreshed millet head

ylelds from 820 to 1,250 kg/ha.

b. Twenty-nine sites were established close to roads leaving
Ouahigouya in all directions. The sites were chosen to represent
crests of hills, slopes, and low-lying areas. Measurements were wod3

of Acacia albida’s trunk diameter, crown diameter and distance to the

nearest Acacia albida. The following soil parameters were also

measurdd: pH; organic matter; nitrogen content; carbon content; ex-
g

changeable calcium, magnesium and potassium; and total and assimilable

phosphate.

=0~
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The soil was sampled by staking out a Square 10 meters on a side.
Each corner and each side were sampled once and the middle of the square
was sampled rwice. Each of the above places was subsampled 10 times for
a total of 100 samnlings per Square. The yield of millet was also
measured in the above described Squares. For each Square under an
Acacia albida there was a control outside the Acacia albida cover. Corre-
lations vere attempted between most of the tree and soil parameters. An
equation-was derived to relate Acacia albida seedling death to number and
frequency of cattle steps,

c. The effort used to derive equations relating frequency of
cattle steps to A. albida seedling mortality and thus mature stand density
would have been better spent designing animal-proof protection devices,
Plots of the atterpted correlations between tree parameters and soi] para-
Beters have a great deal of Scatter and in view of the absence of a
Statistical asessment of their reliabilicy, they are of questionable
value,

The extensive number and replication of soil samples taken should
Pe sufficient to find any real differences between the control soil apg
the soil under Acacia albida. As the type of soil analyses are quite
Standard and as they were carried out at the CTFT lab near Paris one
~ould imagine they are reliable. Nevertheless, rhe data for the tree on
the cresc looks suspicious since the millet yleld under A. albida went
Sronm 300 kg/ha to 1,125 kg/ha, while the soil organic matter and nitrogen
content under A. albida went down when all other soil parameters remained
‘9e same, Similarly, in parcel 3 the vield under A. albida went downp
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by 900 kg/ha when soil analyses showed all soil parameters under the
tree to be more favorable. These strong inverse correlations between
yield and soil nutrient status are in conflict with data obtained

by Dancette and Poulain (1969) aad Charreau and Vidal (1965). This
reviewer would tend to support the conclusions of the latter workers.
It is this reviewer’s opinion that the results from the data in this
document are overextended.

d. Acacia albida increased the yield in 22 out of 29 cases, it had

no effect in 2 cases, and in 5 cases it decreased the yield. Wnile

A. albida does not always increase the millet yield there was an average
millet yield increase for all 29 trees of 430 kg/ha. Research is needed
to determine why the yield is depressed in some cases and what will be

required for A. albida to increase the yield 1in all cases.
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Il. SUMMARY

A. Effect of Acacia albida on crop yields

There are four original papers in which the effect of A. albida on
crop yleld was studied (Sarlin, 1963, Charreau and Vidal, 1965; IRHO, 1966;
and Dancgtte_and Poulain, 1969). 1In all four cases there was a valid
average yleld increase reported, but in cases where a large number of trees
were included there were a few A. albida trees under which crop yields
decreased. Sarlin (1963) reported an average millec Increase of 430 kg /ha,
Charreau and Vidal (1965) reported a 1,008 kg/ha increase for millec,
Dancette and Poulain (1969) reported yileld increases of 480 kg/ha for
sorghur and 300 kg/ha for peanuts, and IRHO (1966) reported an average
330 kg/ha yield increase for peanuts. For the siﬁgle case where Charreau
and Vidal (1965) measured peanut yields, they found a 974 kg/ha decrease.
(Charreau has informed this reviewer that very seldom is such the case
in Senegal.) The peanut yields were depressed oy the Acacia albida trees
to 1300 kg/ha in the TRHO (1966) study and to 1800 kg/ha in the Charreau
and Vidal (1965) scudy, and these “depressed yields" are much higher than
typical Senegalese peanut ylelds. For instance, CGillier (1960) lists
the following yields for different soil categories: (a) 320 kg/ha for a
completely infertile soil; (b) 620 kg/ha for the soil listed above after
three years of fallow and (c) 1535 kg/ha for a soil thoroughly enriched
in inorganic and organic nutrients. An example of an average peanut
vield would be the 810 kg/ha yleld observed by Dancette and Poulain

(1969) outside the foliage cover of A. albida crees.
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The peanut yield depressions reported by Charreau and Vidal (1965)
and IRHO (1966) are most readily explained if one considers " .. =xcessive
soill fertility can cause excessive vegetative growth at the expense of
reproductive growth (grain or pods). In the Charreau and Vidal (1965)
study, the peanut vegetative growth under A. albida was higher than
away from A. albida even though the grain yields were not. Since the
fields in the Charreau and Vidal study had not been in cultivation for
many years, it seems probable that the fertility was excessively high
under the peanuts. Ag¢ the past farming history of the LRHO (1966) sctudy
vas not discussed, it 1s not possible to ascertain whether a high
fertility level there might also have caused a 7ield decrease.

Yield decreases induced by nigh fertility are very unlikely to
occur on most Senegalese soils because they are farmed continuously
without fallow. For example, well-fertilized peanut fields with ylelds
of 1200 kg/ha when placed under continuous peanut culture, without
fertilization, have been ;eported by Gillier (1960) to yield 600 kg/ha
three years later. It seems reasorable that land vhich had heen under
continuous cultivation for many years would have a low fertility level
and its yields would be stimulated by A. albida. Dancette and
Poulain®s (1969) study which was conducteus in a natural farming setting
that had been under continuous cultivation for many years supports
this point of view. This reviewer would choose the Dancette and
Poulain study as the work which was both most representative of typilcal
farming situations and most thorough.

As an average figure, A. albida will increase peanut yields when

grown under atinuous cultivation by approximately 300 kg/ha but, Lf
=-60-
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peanut yields approach 1200 kg/ha, A. albida may have a slight yield=-
depressing effect. Yield depressing effects of A. albida on cereals
could also occur by incressing the soil fertility, but this is less
likely.to occur because millet, unlike peanuts, has no capacity to fix
nitrogen. Again, Dancette and Poulain’s data for millet yield increases

(480 kg/ha) are r—obably the most accurate and representative of a

typical farming situation. Acacia albida can be recommended without
reservetion in regione where peanut and millet yields are now 500 + 200

and where 900 + 200 kg/ha yields are desirable.

B. Effect of Acacia albida on soil properties

While only four articles have described A. albida’s effect on
yield, several other articles have reported A. albida’s effect on the
soil chemical, physical, and microbiological characteristics. These
additional articles are vy Dugain (1960), Wicxens (1966), Radwanski
«nd Wickens (19’ and Jung (1966, 1967). For total organic carbon
and total nitrogen, the following workers reported the following
increases: Dugain (1960) N~231%, C~269%; Dancette and Poulain (1969)
N-33%, C-40%; Radwanski and Wickens (1969) N-600%, C-200%; Charreau
and Vidal (1965) N~194X, C-192%, and Jung (1966) N-110%, C-91%. Many
of the above workers reported increased soil water holding capacity and
cation exchange capacity in soils under A. albida, which would be
expected as a direct consequence of a higher soil organic matter ron-
tent under A. albida. A soil with a higher cation exchange capacity

++ ++
1s iaportant because cations like Ca and Mg (which arise from
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decaying leaf litter) are held in greater concentration by the soil
where they can be absorbed by the plant. A sotl with higher water hold~
ing capacity will have more water ufter a rain availuble to the plant.
In addition to the study of the chemical and physical soil proper-
ties, Jung (1966 and 1967) compared scil microbiological changes undef
and away from A. albida trees. Under the A. albida he found clear
increases in invertase, dehydrogenase, asparaginase, and respiratory COZ'
Bacteria counts under und away from the tree were the same but under the
A. albida tree there was a marked increase in the fungl and actinomycete
population. In general, these latter organisms can degrade lignins and
plant cell walls more easily than bacteria so that soil under A. albida
could more quickly degrade leaf litter to release plant nutrients. The
combination of the higher enzyme activities, and fungi and actinomycete
populations were taken by Jung (1966, 1967) to indicate a general higher

level of microbial activity. In tha past, soils with active microflora

have been used to indicate areas of high fertilicy.

C. Causes for Acacia albida induced soil fertility

The causes for the fincreased fertility under the A. albida have
been a subject of controversy. From the A. albida data available,
this reviewer believes there is little alternative but to conclude
the higher fertility under A. albida is being driven by nitrogen

fixation by the Acacia albida. The reasons for this point of view

are as follows:
(1) Both Habish and Khairi (196F) and Jung (1967) have observed

-
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nodules on A. albida seedlings and have shown them to increase the
nitrogen content of greenhouse grewn pots when supplied a complete
nutrient solution minus nitrogen.

(2) Higher soil nitrogen and organic matter contents are not

found under the non-leguminous bush Guiera senegalensis (Jung, 1967)

or under the non-leguminous tree Balanites aegvptica (Wickens and

Radwanski, 1969) indicating that the trees are not scavenging nitrogen
from areas deep in the soll profile.

(3) The most compelling reason to believe A. albida is fixing
nitrogen results from an analysis of the nitrogen cycle. Assuming the
yleld of peanuts growing under A. albida to be 800 kg/ha and assuming
rhey contain about 3% nitrogen (18.75% protein), 24 kg/ha/yr of
nitrogen will be removed from the fields to be sold in the city. An
eQaluacion of the sources of fixed nitrogen coming intn the continuous
peanut culture under A. albida reveals: (a) nitrogen cannot arise
from weathering of any bedrock or parent material as nitrogen unlike
calcium or magnesium does not exist in these forms. If nitrogen were
obtained by A. albida deep in the soil profile, that nitrog.- cannot
be the result of parent material degradation and must have been fixed
at some point; (b) while peanuts can fix nitrogen, no nitrogen input
1s assumed to come from the peanuts since peanuts cannot sustain a
high soil nitrogen and organic matter content or a high yield without
A. albida; (c) no nitrogen is assumed to come from fertilizers;

(d) fixed nitrogen coming from the atmosphere being glxed in elec-~
trical atorzs a2 about 2 kg N/ha/yr (Paul et al, 1971); (¢) estimate:

of nitrogen fixed by free living nitrogen fixers are assumed to be
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less than ! kg/ha/yr (Paul et al, 1971). Therefore, one is left with

a deficit of 24 - 2 kg/ha from electrical storms - | kg/ha from free
living nitrogen fixers = 21 kg N/ha/yr coming from an as vet unidentified
source. This deficit will be even greater if all the peanut roots and
leaves are not returned to the scil, Cattle ard other animals cannot be
considered as a source of nitrogen to the cycle because they do not fix
.ltrogen but merely redistribute and transform fixed nitrogen from one
kind of protein to another (cattle can cause a loss of nitrogen to the
cycle if they eat plant products and L{f the cattle are sold in the city.)
Since the soil nitrogen content does not increase under the non-

leguminous trees balanites acgvptica and Guiera senegalensis, while it

does under A. albida, the most logical conclusion is that A. albida is
the source of the 21 kg N/ha/yr.

(4) The failure to observe nodules on A. albida seedlings in the

field can be explainid by an adverse effect of soil moisture stress on
nodulation. Habish’s (1970) study of moisture stress on Acacia nodula-
tion reports that at 7% soil moisture the number of nodules fo-med and
total pot nitropen was considerably less than at 15% soil moisture. At
the end of the dry scason, which is the end of A. albida’s normal growth
period, Dancette and Poulain (196Y) reported soil molsture contents

lower than 1.4% to a depth of 1.4 meters. Since in these soils 1.4%

soil moisture content Is th2 permanent wilting point (~15 bars ovr pF 4.2)
it is apparent that many young seedlings would have difficulty nodulating.

(5) There is a different explanation to account for the failure to

observe nudules on mature A. albida trees. Orchard and Darb (1956) when
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measuring nitrogen fixation on Acacia mollissima ig South Africa (they

found 200 + 45 kg N/ha/yr) reported that when Acacias were first estab-
lished on the very poor infertile, but moist soils, nodules were

abundant. Upon harvesting the Acacia mollissima every 8 years, they

noticed that nodules were very abundant in the first 8-year cycle,

less abundant in the second 3-year cycle, and even less abundant in the
third 8-year cycle when the soil nitrogen and organic nmatter content

was several fold higher. This decreasing nodule abundanée with increased
soil fertility could have been predicted from behavior in annual crops
where either nitrate or ammonia supplied to the plant causes an inmmediate
cessation of nitrogen fixation.

The absence of rodules on mature A. albida trees on soils with high
nitrogen and organic matter content is perhaps related to the high
accﬁmulated coil nitrogen wﬁich ca;ses nodulés to stop functicning and
being produced. Another possible reason why nodules are seldon observed

on mature A. albida trees is that they may be formed at tines c¢f the

year and at depths in the soil which have not yet been examined.

D. Concludingz remarks for A. albida soil fertilitv and crop vield

A, albida trees in their present unmanaged natural state can be
expected to increase peanut and millet ylelds in areas where the ylelds
are now 500 + 200 kg/ha to about 900 * 200 kg/ha when the trees reach
maturity. A concommitant 50~-100% increase in soil orgamic matter and
soil nitrogen content, a marked increase in soil micre’ fological

activity, and an increase in soil water hiolding capacity will also be
64—
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found beneath A. albida trees. The most plausible reason for the in-

crease in soil fertility and yields is nitrogen fixation by Acacia albida.

E. Acacia albida pod yields

The nmaximum pod yields on Acacia albida appear to develop very

slowly. Hongonierma (1976) reports that A. albida trees in the University
of Dakar gardens first bore pods at eight years of age. Lemaitre (1954)
reports "pod production begins when the A. albida trunk is 20 cm (7.8")

in dianmceer, is maximum when the crown {s large, and averaged over a
period of years there are differences in pod production by various trees."
The age of Lemaitre’s 20 cm diameter tree can be calculated as Mariaux
(19606) has determined A. albida diamerer growth rates range from 0.61 to
2.9 cm/year. By using the average figure of 1.75 cm/vear, a 20 cm
diameter tree would begin pod production at about eleven years of age.

For twenty A. albida trees, thirty years of age, Lemaitre reports the
average pod productivity to be 6 ts 8 kg/tree, but he states an exceptional
tree might produce 40 kg. Assuning an average of 100 trees/ha, Lemalitre
suggested a hectare should yield from 600 to 800 kg pods/ha.

These tree pod yield values are much lower than the values of 125
kg/trce and 135 kg/tree reported by Jung (1967), and Wickens (1966)
respectively. This yield discrepancy is perhaps attributable to the
younger age (30 years) of Lemaitre’s trees. Using Jung’s (1967) lowest
pod yield density of 3000 kg/ha and assuming it came from the youngest
(30 years old) and smallest trece (surface area of 98 mz) a tree pod yield

S -
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of 29 kg can be calculated. Thus Jung’s (lYo$) data from his estimated
thirty year old tree (29 kg/tree) is approximately fourfold higher than
the 6 to 8 kg/tree average for 20 A. albida trees thirty years of age
reported by Lemaitre.

Only Jung’s (1967) procedure is described in sufficient detail to
permit evaluation of his method, but unfortunately this method appears
to have a serious limitation to predict total tree pod yield since only

two 2 m2

sampling nets were used per tree, for an average projected
canopy cover of 231 2.

The tree pod yield data is further complicated by calculations and
assumptions required to arrive at pod production/hectare. Jung (1967)
assumed 43 trees/ha to arrive at a maximum Fod yield of 5400 kg/ha. As
discussed in the review of Jung’s (1967) paper, this tree density {s four
timés higher than naturally occurs in the area (Jung, 1969), but A. albida
densities of 43 trees/ha have been reported in the Sudan (Wickens and
Radwanski, 1969). The low estimate of A. albida pod yield can be deter~
mined using a moderate A. albida density (13 trees/ha) with the low pod
yields of Lemaitre (7 kg/30~year old tree) to obtain a yield of 105 kg/ha.
Thus A. albida pod yields, fron the data presented, can be calculated to
range from 105 kg/ha to 5400 kg/ha.

In the absence of any description of Wickens’ (1906 procedure to
Deasure pod yield, and in view of the sharply contrasting tree pod yield
data of Lemaitre (1954) and Jung (1967), average pod yields per tree

[

and average pod yields per hectare must be considered unknown.
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F. A. albida pod feeding value

Proximate analyses of the pods and sceds of A. albida have been
reported by Gwynne (1969) to be: 10-13% protein for entire pods, 26~28%
protein for seeds only, and 43-59% nitrogen free extract (carbohydrate)
and by Wickens (1963) to be in the range: 10.6-15.5% protein for the
entire pods, 277 protein for seeds only, and 44 to 58% nitrogen free
extract {(carbohydrates).

As discussed specificaliy for that paper Boudet and Riviere (1948)
have performed chemical analyses on A. ulbida pods but it is not clear
how these chemical values relate to proximate analyses defined by Lnglish
and American workers. From the chemical analyses Boudet and Riviere

(1963) estimate that A. albida pods have 77% of the available energy of

an equal weight of barley. By applying a proteln digestability co-
efficient derived from alfalfa hay to the A. albida pod crude protein
percentages, boudet and Riviere (1968) arrive at a forage unit stated to
be applicable to cattle. The use of an alfalfa-derived protein digest-
ability coefficient to assess A. albida pod prorein is extremely question=-
able for the following reasons: (1) Wickens (1706) has demonstrated that
L€ A. albida seeds arce fed to a gteer 66Z of the seeds pass intact and
undigested through the animal’s rumen; (2) the presence of fiber, sucrose,
and uonknown plant metabolites could adversely affect the protein digest-
ability. This reviewer believes Boudet and Riviere’s (1968) International
forage unit concept Is at present not applicable to A.~albida pods.

A uscful breeding tool for the selection of high protein A. albida

pods will be the fact that A. albida seed to pod weight ratio varied from
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1:2.6 to 1:7.7 (Wickens, 1966). Since the seeds contain 26% protein
while the pods alone only contain 137 protein (Vickens, 1969), selecrion
for high protein can be done initially by selecting for pods with high

seed contents.

G. (Cultural aspects of Acacia albida

1. Seed germination “echniques

Three basic techniques used to break seed dormancy in A. albida are:
(1) soaking in acid; (2) mechanical scarification, and (3) boiling water
treatments. Lemaitre (1954) obtained the vptimum acid-induced germination
rate of 77% by soaking in sulfuric acid fer 5 minutes. Wickens (1966)
compared seven boiling water treatments ranging from 0 to 3 minutes with
mechanical seed scarification. Wickens found that boiling the seeds did
not enhance germination over the control and it took 85 days to reach 90
percent germination for boiled and control seeds. In contrast the nicked
secds reached 87 to 97 percent germination in 10 days. Thus nicked seeds
have better germination than sulfuric acid-treated seeds, which are nmuch
better than boiled seeds. Mechanical shaking devices have been used in
the past to scarify hard-co. . ted seeds and might profitably be employed

with A. albida.

2. Growth rate

Dianmeter growth rates are reported by Mariaux to range from 0.6l to
2.9 cm annually, by Wickens to be 1.59 + 0.59 cm annu;ily, and by Anon
(1906) to range from 0.31 to 2.9 cm annually. With the use of metal

dendrometer bunds, A. albida diameter growth was shown to be fast from
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~ovenber to July and very slow from August until November (Anon, 1966).

»+rt of the reason for the large range can be attributed to site varia-

biliey (Mariaux, 1966), but this reviewer believes a major part of this

variability can
to realize that
diameter prowth
rate represents

the use of good

be 1ttributed to genetic differences. It is important
total stem growth is prbportional to the square of the
rate, and therefore a five fold range in diameter growth
a twenty-five fold range in stem volume growth. With

nursery techniques, and with vegetative cuttings from

fast-growing trees a 2 cm/year diameter growth rate would be a reasonable

aoal.

Less work has been reported on A. albida height growth with only

Anon (1966) reporting an average annual height growth for 8 trees to be

92 ¢m with a 50 to 160 cm range. Flowering of A. albida has been re-

porterd at scven years of age and pod formation at eight years of age

(Hongonierma, 1976).
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LE FAIDHERBIA ALBRIDA

Exigeances vis & vis du sol - Généralités

I1 apparaft & prem.ére vue que pour le Faidherbvia,
l'exigeance en eau est primordiale, pour les raisons suivantes :

- La période végétative coincide avec la saison séche ;
L'arbre forme ses feuilles (en partie), ses fleurs et ses
fruits en 1l'abscince de toute pluie.

- A cette époque la consommation en eau du végétal est accrue
du fait de la température élevée, de la trés forte insola-
tion et de l'action desséchante de 1'harmattan extrémement
sec.

C'est dans le sol que le Faidherbia doit puiser d'une
fagon continue 1l'eau qui lui est nécessaire.

On a peu de renseisnements sur 1'importance de ces besoins,
on peut cependant, penser que seuls les nols retenant de l'eau
en quantité abdbondante pendant toute la saison soche seront
capables d'assurer la végétation du Faidherbia pendant cette
période,

Ces conditions seront favorisdes par les dispositions
naturelles suivantes :

- une protection superficielle garantissant 1'économie en eau,
protection réalisée par une granulométrie grossiere sur

plusieurs décimétres

- ensuite, une profondeur de sol agsez importante, nous dirons
"plusieurs métres"



= Ou bien une nappe phréatique suffisamment proclke en saison

seche pour que les racines puissent s'y alimenter

Les

observations faites sur le-terrain, 2n Haute-Volta

ou ailleurs, scmblent confirmer ce point de vue,

I1 convient de faire remarquer que si ces conditions

favorisent 1'alimentation en eau du Paidherbia, elles ne

semblent

1 -

as favoriser la régénération.
>

La nappe est tris proche de la surface du gol,

Il n'y a généralement pas de Faidherbia sur les sols
hydromorphces, csur les argiles fes bas fonds,

Par contre, il pcut y avoir des peuplements denses

de gros sujets ct régénération naturelle sur des sols
& engorgement temporaire pendant les pluies, la nappe
¢tant 4 quelques métres do profondeur en saison séche

(Bossomnorc, Hautc-Volta)

La navpe ent proche ou assesz proche de la surface du
sol : entrc 1 et 10 mitres.

I1 semble que cette situation représente la station
la plus favoralle, l¢ sol dtant acsecs grossier en
surface, plucs {in en profondeur.

La et ion et copendiant assez honne que si

la nappe atteind, on oodvon tiche, les preniers mdtres.

La nappe est 4 une profondeur de plus de 10 métres,
Les veuplenents de¢ Faidherbia peuvent exister, moins
densecs, moinn rrosn, _

La répénération naturelle est de plus, treés aléatoire

dans cec cars,

La nappe étant tres profonde, les peuplements de
Faidherbia sont rares ou inexistants, des sujets
isolés peuvent persister,
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INFLUENCE DU SOL

Les sols accidentés, en relief, surtout s'ils sont rocheux
ou imperméables sont pénétrés par bien moins d'eau que les
précipitations pluviales, et n'ont que dec rares Faidherbia ou
pas du tout. _

(Argiles de Filingué, granites de Zinder, grés de Gouré au
Niger ; collines latéritiques du Yatcnga en Hautc-Volta),

Par contre, 1l'cau rassemblée dans les dépressions, sous
des sols sableux profonds, favorise les peuplements de Faidher-
bia (Route de Filingué & Dosso au Niger ; pays Dogon au Mali),

Sur les sols de dunes fixées, les Paidherbia sont fré-
quents et gros dans les creux, rares et chétifs sur les pentes

et les sommets des dunes.

FERTILITE DU S0L

-On peut distinguer :

I - Sols favorables -
Sols argileo-limeneux des bas fonds dvu Yatenga ;
Sols argileux zur roches vertes & Kaya
Sols sableux profonds de Myrriah au Niger ;

Sols de sables fins des creux de vieilles dunes, au Niger.

IT - Sols moyens -
sabtles argileux de colluvionnement

sols gravillonnaires non cuirassés

carapaces démantelion,

III - Sols défavorables -
cuirasses latéritiques
collines ferruigineuses
sanles sur grés ou pranites acides
sables lessivés sur pente

sommets de dunes & sable grossier lessivé
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Pour chacun de ces sols, les plantesc indicatrices sont,
e autres, respectivement :

Andropogon (rayanus
Panicum maximum

Berinicetum pédicillatum
Cenchrus ciliaris
Eragrostis tremula
Shenefeldia gracilis

Leptadenia spartium
Aristida Adscensionis
Aristida sp.

Loudetia togoensis

Le meilleur indicateur dtant évidemment le Paidherbia

méne.
Il semble que la fertilité influe, dans 1'ordre indiqué

- la régénération naturelle
- la vitesse de croissance
- la taille mexinw: atteinte

- la denmin’ Arsz veuplements

On devince ure relation entre les diamctres des Faidher-
observeés ot les baren dehangeables Ca, Mp dans le wsol,
la correlation qui doit cxister peut difficilement &tre

e évidence, de fagon wfire, en effet

V5

- 11 faudrait rapporter la fertilité 2 l'accroissement

annuel, ¢t ron au dignttre d'artres d'figes irés divers,

Age inconnu.
I1 n'y a pas de ecernens d'accroissement Dbien visible

voir fisurc ci-contre

- 11 faudrait 4liminer 1l'interférence de 1l'action de 1la
nappe phréatique.
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ACTIONS HUMAINFS

La culture

La culture est favorable au Faidherbia, surtout si elle
est pratiquée plusieurs années. Les plants rescapés sont suf-
fisamment gros pour &tre épargnés par les facons culturales

suivantes.

Par contre, une trop longue jachére augmente la concurrence
des autres espeéces,
Il y a donc un cycle cultural optimum, dont la durée n'est pas

connue.,

I1 faut également tenir compte de la prise de conscience
de 1l'importance du Faidherbia qui existe, & des degrés trés
divers, chez les cultivateurs et leur fait quelquefois res-
pecter les jeunes cemis.

Ltabsence de culture, donc 1l'absence des binages qui
supprime 1'Zconomie en eau du sol, ent défavorable, de méme
que la culfure intencive, qui multiplic les chances de destruc-

vion des jounes comie.

L'élevare

L'élevage contribue & diffuser les graines, mais aussi,

s'il est trop intense, & détruire les semis.

~ L'élevage est un facteur favorable,
- L'intensification de 1'élevage e¢st un facteur défavorable.

Nous pouvoni en donner la preuve par 1l'exemple suivant.
] T I

Au début de la saison siche, deux iroupes de 50 semis ou

rejets de Faidherbias ont ét¢é repérés :
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1'un & TANGAYE, sol ferrugineux tropical faiblement lessivé,
profond
culture de mil
bonne terre,
BETAIL abondant

1l'autre route de MOPTI, sol de carapace latéritique
inculte
mauvaise terre,
peu de betail

On a noté chaque semaine les pertes, en distinguant les semis
détruits par le bétail, et ceux ayant séché,

A TANGAYE :

1 : :

2 s+ + + + + + + :

3 '+ + + F A+ F + F F + 4+ + + + 4 43 :

1/ Début décenbre : 50 cemis (100 it 1'ha.) 23,5 cm de haut en
moyenne

2/ Déxul janvier : 12 meurent (bétail) 1 siche +_ 17,5 cm
3/ Début février : 24 meurent (bétail) 7 séchent : 22,5 cm

Restent © sujets de 41 centimetres

RCUTE DB IOFTI

F i S
HE S I R I o

AN PO —

1/ Début décembre : 50 =semis (100 A 1'Ha.) 28,5 cm de haut en
moyenne

2/ Début janvier : 5 meurent (bétail) 1 séche : 21 cnm

3/ Début Février : 3% meurent (bétail) 1 seche : 19 cn

Restent 40 sujets de 30,5 centimétres

CONCLUSION ¢ La prisence du bétail a renversé la situation :

En bon sol, en deux mois seulement, 90 % des semis ont dis-

paru alors qu'en mauvais sol il en reste encore 80 %.
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OBSERVATIONS sur une

PLANTATION de FAIDHERBIA

Il o'agit de Faidherbias plantés en Juillet 1959 &
Ouahigouya, au début de la saison des pluies.

En Février 1960, en pleine saison seche, la situation

est la suivante

1 - Sur sol graveleux avec, & 20 ou 30 centimdtres de

profondeur, un horizon concretionnéd (carapace ou

cuirasse)

Végétation : buissons de Guiera, pelouse de Loudetia

sol nu par places.

+

2 - Sur gol ferrugincux

sable fin, profond,

a plus de 1 métre,

+ o+
[ 4

+'}'+¢+++o
o +

e e +

«
L] + * + [ + . . Ld

Les plants sont figurés

& e 2 o e o
-
. o o e e

falblement lessivé,

e 4+ a o

beige, de

avec nappe phréatique temporaire

o o+ o+ o+

L] . L) [ ] +
. + + + . . . + 4+ ] +
[ ] +

+ existant

manquant

la proportion de survie, dés la premiére saison séche, est

done : 1 - de 3 % sur sol plus ou moins cuirassé

2 - de 40 % sur sol beige profond.

A 1'8ge de 3 ans, la plantation n'a pas beaucoup changé

en ce qui concerne ces proportions.

Sur sol cuirassé, 1'élimination est presque totale, alors

qQu'il y a une forte proportion de plants sur sol beige profond.
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A 1'4ge de 4 ans, on peut distinguer :

sur sol graveleux mince, 20 centimétres de profondeur,
reposant sur cuirasse compacte :
sur 2 ou 300 plants au départ, il n'y a qu'un seul sur-
vivant :
- 20 centimé®tres de haut
- en feuilles pendant la saison des pluies
~ & 10 centimdtres de profondeur son pivot tire-
bouchonné au niveau de 1a cuirasse, se continue
avec une section tros réduite, dans une fissure
rencontrée ou créée par la racine
~ profondeur de la racine : 20 centimdtres plus
les radicelles détruites & l'arrachage.

En sol graveleux, de 30 centimétres de profondeur, repo-
sant sur carapace compacte, relativement friable par pla-
ces : )
Il ¥y a quelques rares survivants dont 1'un a été examiné
=~ 30 centimeétres de haut
-~ en feuilles pendant la saison des pluies
- un pivot vertical, plus vigoureux que le précédent.

En sol sablo-argileux profond.
Les sujets sont nombreux, certaines lignes n'ont presque
pas de manquants, d'autres sont trés dégarnises,
Un sujet.moyen a été examiné :
- un metre de hauteur
- Défeuillé cn saison des pluies
- plusieurs gros pivots descendant directement 2
plus de 1 métre de profondeur (jusqu'a 1la nappe)
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Conclusion

En raison de son mode de vie particulier, le Faidherbis
exige des sols profonds, permettant aux racines une descente
facile dans les horizons encore pourvus d'eau, pendant une
partie de la langue saison sé&che,

I1 y a quelques Paidherbia sur carapace et méma sur
cuirasse. On doit leg considérer comme les exceptions d'in-
nombrables échecs de semis naturels, exceptions dues proba-
blement & la présence fortuite d'une fissure au lieu de
germination de la graine,
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ETUDE SUR L!'INFLUENCE
du ‘FAIDHERBIA ALBIDA
sur la fertilité du sol

Cette étude est le fruit d'observations effectuées,
dans la région de OUAHIGOUYA principalement, aux €poques
suivantes

- Février (comptages en saison séche)

- Ao0t (parcelles d'observation en milieu coutumier)

- Septembre (mesures de rendements)

Les 1nalyses ont été exécutées par le laboratoire de
pédologie de la SOGREAH & Grenoble, et le rapport établi au
Centre Technique Forestier Tropical & Nogent sur Marne (Seine).

Les parcelles d'observation en milieu coutumier, ont été

choisies en s'inspirant des principes suivants

1 - Situation dans le secteur de restauration des sols,
aussi dispersées que possible, tout en étant tres
accessibles (& proximité d'une route).

46 emplacements ont €té choisis sur les routes de :
MOPTI, SOHODENE, RAMDOLLA, ZIGA, OUAGADOUGOU,
SISSAMBA, TOUGAN, BOSSOMNORE, TANGAYE.

2 - Répétition des parcelles en fonction de la variation
des types géomorphologiques, c.oisis comme étant
caractéristiques
Démes, latérites, bas de pente, bas fonds.

3 -~ Recherche, au méme emplacement, ou dans une proximité
de quelques mdtres, de modes de cwltures différents,

a4 savoir
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- culture traditionnelle sans aucun apport : c'est
le témoin

- culture gous Faidherbia
-~ culture plus évoluée avec fumure, c'est-a-dire...
a) soit un narcage e troupeau seul

b) soit une fumure, apportée généralement en po-
quets, au moment des semis

¢) soit une fumure naturelle, autre,

d) soit un paillage, généralement sans fumure.
Le maté:riel d'observation est donc & priori hétéro-
géne au départ, mais c'est celul du secteur.

4 -~ Notation du maximum d'informations qu'il était pos-
sible de recueillir sur la pacelle, avec dans tous
les cas, pour lc Faidherbia, le relevé de :

—~ diamétre du trone
-~ diamétre du houppier

- distance 4du sujet au Faidherbia le plus voisin
(pour den quentionn d'abri de bétail en saison
séche),

5 ~ Pixation précise de la parcelle de 1 are.

6 - Prise d'échantillons en coins, sur les cftée et 2 au
centre ; 10 prises par échantillon ; 104 échantillons.

7 - Mesure : du rendement en mil (en épis, puis en grains
aprés pilonnage).

Analyses du sol p H
- Matiére orgarique totale
- Azote (rapport C/N)
- Humidité équivalente
-~ Calcium et Magnésium échangeables
- Potassium échangeable
- Phosphore assimilable (Truog)
- Phosphore total

Malgré 1l'extraordinaire hétérogénéité de ce matériel,
les résultats sont trés positifs sur bien des points, gréce
au couplage des observations avec un témoin juxtaposé, et au
repérage des objets permettant de rechercher des relations
4 différents points de vue.

-85~



ANALYSES DE S0LS sous FAIDHERBIA & TEMOINS

PARCELLE Rt. T T N C/N Hu | CaMg K Truog | P205
- DOE
1 Té: 0in 3 5,6 0,90 | 0,73 7 6 3,0 10,15 7 610
1 Faidherbia 40 cm, 6 m 11,250 5,6 0,77 | 0,66 7 18 3,0 0,2 7 620
LATERITES
20 Ténoin 4,3 5,2 1,80 | 0,94 9 16 6,4 |0,18 13 410
20 Faidherbia 90 cm 20 m | 24,5 6,4 1,10 | 1,01 6 14 4,6 10,29 37 510
45 Téaoin 5,5 5,6 0,% | 0,66 8 13,51 2,6 0,20 8 460
45 Faidh, 40 cn. 13 m 1 5,1 1,20 | 0,63 1 13,50 2,6 |0,21 8 400
15 Témoin 10,200 6,1 1,10 | 0,70 8 ,5) 64 |03 13 230
15 Faidh, 30 cn 5n 15,500 6,6 1,3 | 0,7 10 1 45 | 0,34 28 280
40 Témoin 12 6 1,00 | 0,77 8 17 3 0,32 40 980
40 Faidh, 40 cn, 11 n 15,5 6 i,70 | 0,91 1 18 3,5 0,45 28 940
36 Ténoin 12 7 1,70 | 0,91 11 20 5,6 | 0,47 10 | 1520
36 Faidh, 65 ¢en, 19 n 20 6,4 1,5 | 90,98 9 19 5,3 | 0,46 13 700
41 Ténoin 13,500 6,7 1,10 | 0,87 7 20 g 0,46 20 960
ki ter Faidherbia 13,500 1 0,83 0,59 8 13 b,5 0,28 13 930
8 Ténoin 14,250 6 0,83 | 0,8 6 16 3,7 | 0,4k 14 450
8 Faidh, 30 ¢n, 7 n 26,125 6,4 0,95 | 1,05 5 9 4,2 | 0,60 16 610
BAS DE PENTE
W4 Ténoin 7 6,8 1,30 | 0,73 10 12,5 5,8 0,43 130 | 760
4 Faidh, 10 ¢, 16 m 13,5 6,9 1,60 | 0,9 10 15 7,0 0,60 350 | 2150
23 Témoin 8,500 5,6 1,20 | 0,8 8 12 2,6 10,20 33 | 420
23 Faidh, 50 ¢, 10 n 19 6,5 0,85 | 0,52 70 95| 3,2 0,3 39 | 315
19 Ténoin 9,700 5,3 0,40 | 0,21 1 1,50 2,4 [0,%0 3 65
19 Faidh, 40 cn. 6 n 10,000 6, 0,63 | 0,52 7 85| 3 0,15 67 | 130
28 Ténoin 10,500 6,1 0,47 | 0,31 9 7 1,8 0,2 5 | 116
26 Faidh, 65 cm. 20 n 16,250 5,7 0,7 | 0,49 9 65( 1,9 |0,21 15 17
1€ Ténoin 10,5 5,9 1,00 | o,m 1 9 15 b6 10,17 1% | 130
16 Faidh, 40 cn. 6 n 33 7,2 0,83 | 0,52 9, 9 54 |0, 8 | 185
52 Térofn 1 6,2 0,65 | 0,56 7 m5] 1,9 |o,53 5 65
42 Faidh, 65 co. 15 n 30 6,6 1,3 | 1,05 12 8 5,8 | 0,69 5 | 233
6 Ténoin 12 5,7 0,78 | 0,5 9 Q 58 | 0,2 b | 48
6 Faidh. 40 cm, 5 n 6,200 5,8 0,80 | 0,56 8 17 6,4 | 0,3 8 | 42




ANALYSES DE SOLS sous FAIDHERBIA & TEMOINS

PARCELLE Rt. pH Ho N CIN Hy Callg K [Truog |P205.
Suite,
BAS DE PENTE
25 Témoin 12,500 6,2 1,5 0,70 13 14 3,8 0,25 1 470
25 Faidherbia 45 ¢m, 10 m 15 b 0,:0 0,35 13 8,5 3,3 0,29 38 400
17 Témoin 15,300 59 0,44 0,31 8 7,5 2,7 0,16 A 120
17 Faidh, 130 ¢m, 256 m 45,100 6,6 0,89 0,56 9 7,5 3,3 0,38 15 192
31 Témoin 20,125 6,4 1,10 0,66 10 N 3,7 0,48 13 320
31 Faidh, 30 cm,b m 22,750 6,3 1,20 0,66 10 1,5 3,8 0,58 26 480
3 Témoin 20,500 58 0,58 0,59 7 11,5 3 0,20 19 560
3 Faidh, 20 em, 3 1 1 6,3 1,00 0,71 8 12,5 5,4 0,46 49 800
BAS FONDS

39 Témein 3,500 ) 0,85 0,56 9 12,5 2,6 0,27 4 212
36 Faidh, 40 cm, 12 m 12,500 6,4 0,85 0,td 10 10 k] 0,42 8 220
46 Témoin 9 5,6 0,33 0,28 1 b 1,6 0,23 2 110
46 Ter Faidherbia 16,500 ) 0,78 0,49 9 1,5 4,2 0,48 5 248
38 Témoin " ) 0,56 0,56 6 19 b 0,25 3 152
36 Faidherbia 14 6,6 1,00 0,70 8 15 5 0,35 7 285
18 Témoin 1 6,1 0,73 0,42 10 1 2,4 0,13 5 120
18 Faidh, 50 c¢p, 6 15,5 5,9 0,66 0,42 9 9 1,3 0,18 5 100
[4 Témoin 13,200 6 2,00 1,01 11 25 8,8 0,29 5 430
14 Faidh, 60 cn, 10 18 62 | 260 | 1,20 | 2 |22 o | 0,3 7| ko
29 Témoin 14,250 6,3 0,57 0,35 9 7 2,2 0,27 i ]
29 Faidh, 65 ¢m, 20 m 13 6,4 0,80 0,49 9 8,5 3,0 0,50 15 110
35 Témoin 14,500 6,4 1,20 0,49 14 18 5,3 0,41 9 268
35 Fzidherbia 7,500 6,8 1,00 0,70 9 16 4,8 0,60 12 282
30 Témoin 14,500 6,8 0,12 0,63 7 1 1,7 0,40 17 148
308155 cm, 14 m 14,600 6,4 1,10 0,70 g 10 4,6 0,45 16 200
30t2 90 cm, 26 m 16,250 6,5 0,65 0,35 N 1,5 2,6 0,40 8 100
3013 125 ¢m, 30 m 12,500 6,3 0,84 0,56 q ol 3,0 0,47 22 134
13 Témoin 18,500 59 2,00 1,0 12 24 9 0,28 4 460
13 Faidh, 78 cm, 16 m 15,200 6,1 2,70 1,40 N 24 11,2 0,45 8 590
9 Témoin 19,500 6,2 1,30 0,91 8 18 5,4 0,37 5 400
5 Faidh, 90 ¢n, 17 m 26,500 6,3 1,30 1,01 8 12 4,8 0,63 8 365

{37 -
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NOTE EXPLICATIVE

Rendement de la parcelle, rapporté & une surface de

un hectare, et exprimé er quintaux d'épis de mil non
battues (un quintal d'épis fournit en moyenne 0,7 quin-
tal de grain, aprés battage).

Potentiel hydrogene ; réaction du sol en unités pH, 1la
neutralité se situant & pH 7.

Matiere organique totale du sol, pour céht, obtenue
par le dosage du Carbone total, et la multiplication
par le frcteur conventionnel 1,72

Azote total du sol, pour mille.
Rapport carbone/azote.

Humidité équivalerte du sol, mesurée & la centrifu-
geuse (eau retenue par le sol aprés centrifugation
d'un échantillon de sol 'saturé d'eau).

Calcium et Magnésium échangeables exprimés en milli-
équivalents pour 100 srammes de col.

Potacsium échangeable, exprimé en milli-équivalents
pour 100 grammes de sol,

Acide phosphorique assimilable déterminé par la méthode
du Prof. TRUOG, exprimé en parties de P2 05 par million.

Acide phosphorique total, exprimé en parties de P2 05
par million.
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- AUGMENTATION des RENDEMENTS en MIL

Sous le FAIDHERBIA ALBIDA

INFLUENCE du TYPE de SOL

INFLUENCE du DIAMETRE du FAILHERBIA
INFLUENCE de L'ESPACEMENT des FAIDHERBIAS
PEUPLEMENTS JLUNES ET ANCIENS



A " RENDEMENTS EN MIL
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AUGMENTATION des RENDEMENTS en MIL
Sous le FAIDHERBIA ALBIDA

INFLUENCE du TYPE de SOL

Les rendements sont augmentds sensiblement, d'autant
plus que le sol est pauvre & l'origine (latérites des hauteurs).

Dans les vallées, ou bas fonds, 1'augmentation est moins
sensible et ceci peut avoir plusieurs causes
des sols, mé&me sous Faidherbia.
- lessivage par les eaux des nappes qui convergent dans
les fonds,

L'augmentation moyenne de rendement par rappd}t au
témoin est de 50 %.

\ . Sous .
Témoin Paidherbig | Augmentation
D6me : 1 échantillon 3 11,250 +
Latérite 7 -"- 10,2 18 + 78 %
Bas de pente 11 " 12,5 20,6 + 64 %
Bas fonds 10 " 12,9 15,3 + 18 %
. Moyenne 29 échan-~ 11,77 17,9 + 50 %
tillons
Rendement en grain 8,2 12,5 -
(ax/ha)
Figure ci-contre : (Témoin .

(Sous Mnidherbia  +
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ACCROISSEMENT des RENDEMENTS en MIL sous les

FATDHERBIAS et DIAMETRE de CEUX-CI

Tl y a une assez bonne corrélation entre 1l'augmentation
des rendements mesurés sous Faidherbia, par comparaison
avec le rendement du Témoin voisin, hors Faidherbia, d'une
part, et le diame¢tre de l'arbre, d'autre part.

Ceci n'a rien d'étonnant : le Faidherbia enrichit le sol
par l'apport de ses feuilles principalement, et celles-ci
sont en quantité d'autant plus grande que le Faidherbia est
plus développé.

Une relation .nalogue peut &tre observée si on remplace
le diamétre du tronc par celui du houppier

On observe de fortes variations, mais, en moyenne :
les rendements sont accrus d'autant plus que le Faidherbdia
est plus gros.



quintaux

A R \ FAIDHERB i AS

Rendemants en N$)
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ACCROISSEMENT des RENDEMENTS én Mil sous
FAIDHERBIA c¢t ESPACEMENT de CEUX~CI

On a souvent avancé que la fertilité relative observée
sous Faidherbia était due & la fumure apportée par le bétail
en saison seéche.

A cette épogue la chaleur est grande, et presque tous
les arbres sont défeuillés, A 1'exception du Faidherbia, et
le bétail, chévres surtout, ct moutons, se réfugie pendant
de longues heures du jour sous cet ombrage.

51 1'augmentation des rendements sous Faidherbia était
due principalement au stationnement du bétail en saison

stche, on pourrait observer ceci

—- Paible accroissement de la fertilité¢, donc des rende-
ments, la ou les FPaidherbias sont trés rapprochés
dans les vallées, par suite de la "dilution" du bétail
qui a le choix de 1'ombre, le couvert étant souvent

presque continu.

- Fort accroisscment rclatif des rendements pour les
Faidherbias isolés qui représentent pour le bétail un
p8le d'ombre attractif sans concurrence voisine.

C'est pour cela que les distances au Paidherbia le plus
voisin ont été notdes.

I1 n'y a pas de relation nette, bien que puissec se dis-
cerner une tendance a l'alignement avec inclinaison négative
faible.

CONCLUSION : Il n'y a pas de relation nette cntre 1'augmen-
tarion relative de la fertilité zous les Faidherbias,et 1l'es-

pacemert de ceux-~ci,
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SCL SOUS FAIDHERBIA
(COIMPARE AU TENOIN)

FAIDHERBIA R p__ 4 N0 N H Ca__ Mg K TRUOG | P _TOTAL
- + - + - + - + - + - + - + - +
18,250 - + 0,13 t 0,07} + -~ 12 - + - 3,091 -1+ 10 Ddne
20 - 20,2 1,2 10,30 | + 10,00 | 2 [ efnst s | - Jom| -qa |- | 100
45 - 5,5 - 10,1} - {0,2410,03) « wle ] = v |- 0,0 =] s f60 | e
15 = 5,3 - 015 - 0120 - 0)07 0’5 t 159 t - 0,02 - 15 - 50
40 - 3,5 - - 10,01 - {0, -1 - tos | - fo,2l2) s {40 |
- 8 0,6 | + 20| - |0,07 1T 1+10,31 + , ' -1 3 B2 R
41 - - 1o |o,211 + 0,28) + 7o a5 e [ 0,8] e 90 - | 2
g8 - 10 -~ los | - o012 - {02 v - J0,5 0 -~ |0,16] -{32 | - | 160 | Latérite
bh - 6,5 - 10,1 | - [0304f - 10,2 - l,5 - |2 - o7 -2 | - 1390
23 - 10,5 - 10,9 {0,351 + [0,32} ¢+ 2,50+ | - 10,8 - 10,19 ~| 6 [104] +
19 - 0)3 - 0)9 - 0123 - 0)31 - i = 0)6 - 0;05 - | 64 - 65
28 - 6,250 0,4 | + S V2 S S VI T 1157 O ISR T B R M N O BV IO I
16 ~ 22,50 - {n3 for | (0,18 e 6 1+ - {08 - 0,9 -3 |- | 5%
42 ~ 19 o4 - (o650 - 089 1 35+ - {29 - |06 |20 | - [ 17
6 |- 58] - | 0,1 - {002} - (0,02 -8 | - [ 1,61 - (0,000 4 o S0
52,5 0,20 + 10,0 | + [0,35] ¢+ 5,50+ 10,51 + | ~ (0,06 ~|25 | 701 +
17 =30 - 1o | - 10,85 - 10,25 S O I I (T A 22 S I I
M- 2,9 0,11 + - 10,0 -+ - lo,5] - Lo - o,0) <[5 | - | 160 | Bas de
3 (=95 -~ 105 | - |0,32] - |0,8 i . - 0,26 ~f30 ] - o0 | pente
39 « § - fos | - | e {0,007 50~ Joe ] - o5 -F - 8
L6 - 1,5 ok | - 10851 - [0, ~ 55 - {2,610 - (0,50 -3 |- |18
38 -3 - 10,6 | - |om ] -0, . - 40,10] - & | - 3
| 8- 4,5 0,2 + 0,071 + - + 2 v 1,0 + - 0,05y ~| » 20 +
b - by - 10,2 ] - [060] - [0,28 - |2 1,61 - |00 - 21 - |0
- 1 -~ e ! - o3 - top S CIS TR 0 S NN 2 I I N B
35 ?_7“ - Lok ] 0,26] S VS T 2 PO NS EPRE PR NP0 I A A B A U
0 - o4 | - e |0 U PR VRN PR S VN % B VA B I
130~ 3,31 - 10,2 N S R U ~ P - o2 - oy - u ) - | 130 Bas
5 - 1 - | 0,1 - | )1 6 b {06 4 ~ 10,260 -] 3] 35 + [fonds
206,00 1,9 | 9,8 | 2,09] 6,16 | 1,603,5 | 4,9] 51,4 [19.7 {0,191 3,75 16 {595 | 1243|3143
17 ~1,hd 25 ~0,19 -16
190 47,9 43,77 2,17 | 2 '8 13,52 |u579
Fay 6,50x 0,27 0,13 0,005 | -1 0,30 0,11 13 50




VARIATIONS du RENDEMENT
et des ELEMENTS ETUDILS

En comparant les parcelles sous Faidhertia et la par-
celle témoin correspondante en ce qui concerne les rendements
et la quantité d'éiéments étudids, on neut observer selon
le cas :
- une variation du rendement et de 1'¢lément en accord
c'est-a-dire dans le mére sens
~ une variation en désaccord, c'est-aAdire en sens contraire.

1 1'un des termes ne varie pas il y a indifférence

Nous avons ainsi

Variations du rendement
en fonction den variationn de certains éléments
(¢9 comparaisonga)

LLEMENT ACCORD IIDIFFERENT |DESACCORD
X échangeable 21 2 6
P2C5 assimilable 19 5 5
v H 15 4 10
matizre organique 15 4 1
Lzote 15 4 10
Ca + Il €cnaageables 15 4 10
P205 total 15 2 12
Humidité dquivalente 8 6 15
123 31 7

Ltaccord est assez marqué pour le phosphore assimilable
et le potassium échangeable. Il est moins net pour le pH, la
matiére organigue et l'azote, et pour le calcium et magnésium
échangeables.
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ANALYSES des SOLS

des PARCELLES sous FATIDYERBIA
et des PARCELLES EMOINS

ETUDE des DIFFERENCES CBSERVEES
Sous Faidherbia et hors Faidherbia

En ce qui concerne

- Le rendement R
- Le pH
- La matizre organique totale
du sol /o)
- L'azote total du sol N
-~ Le rapprort C/N
- Les bases échangeables Ca + Mg
- Le potassium échangeable K
- Le phosphore assimilable (TRUOG)
-~ Le phosphore total P2 05 Total

(tableau ci-contre)



Un tel peuplement représente

- une rente de : (100 kilogs de mil & 25 F,) 2.500 F.CFA
- ou encore un capital, travaillant & 5%, de 50.000 F.CFA
I1 faut au moins 20 ans pour constituer un tel peuple-
ment, Pendant ce temps, c'est une somme de 18.000 Frs,
qui empruntée & 5 % aura pris une valeur de 50.000 Frs.
Ctest donc une somme de 18.000 Frs.CFA que l'on pour-
rait consacrer a un hectare & reboiser en Faidherbia,
dans ces hypotheéses.

Anticipant sur ces applications, nous pensons qutil
convient de tempérer l'optimisme que pourrait créer cet en-
semble d!amélicrations en moyenne TOUTES POSITIVES.

En effet, la multiplication du Faidherbia exige une
attente de 20 ans au moins, des moyens, ua choix Jjudicieux
des sols et une protection efiicace coantre le bétail.

Nous pensons des & présent que les chances de réussite
sont incomparatlement supérieures dans les bons sols pourvus
de Maicherbia cue dans les mauvais qui en ont peu ou pas du
touv, Autrement ditv

"I1 faut mettre du rfaidherbia 1la ol il y en a déja".

Ce n'est pas un paradoxe ; les parcs couvrent seulcment
5 & 30 % du sol, 20 % étant déja une trés bonne moyenne qu'til
est poss? le de dépasser puisque des couverts continus ne
sont pas exceptionnels.

I1 serait donc plus judicieux d'envisager un passage de

5 & 30 % du couvert en zone trés favorable, ce qui condui-
rait & une rente de 1 quintal de¢ mil par hectare et par an,
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COMPARAISON des

DIFFERENTS TYPES de SOL

En ce qui concerne : La TENEUR EN QUELQUES ELEMENTS

1 = Sous Faidherbia

2 - Hors Faidherbia

Les analyses de sols ont été groupés par éléments, et

par principaux types de positions, & savoir :

TYPES de POSITIONS

ELEMENTS

_ géomorphologiques
~ Matidre organique totale Db6me
- Azote total Latérite
- Calcium + Magnésium échangeables Bas de pente
- Potassium €changeable Bas fond

Phosphore assimilable

La matiére orcanique totale est exprimée en pour cent.
L'azote est exprimée pour mille

Calcium et Magnésium ; Potassium échangeables
sont exprimés en milli-équivalents pour 100 8q

Le Phosphore assimilable est exprimé en parties}par
million. '
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POSITION Sous DIFFERENCE
scororeHoLogiove | CLEMENT FAIDHERBIA TEROIN Absolue Relative
DOES pH 5,6 5,6 0 0
(1 échantillon) ,

Matfdre organique 0,1 0,90 - 0,13 - g
Azota 0,66 0,73 - 0,09 -~ 121
Ca + Mg éch, 3 3 0 0
K éch, 0,24 0,15 + 0,09 ¢ K01
P2 05 ass, 7 7 0 ]
LATERITES oH 6,35 6,1 v 0,25
(7 échantillons) Matidre orounique 1,22 1,15 + 0,07 + 6%
f2ote 0,85 0,81 + 0,04 + 51
Ca + Mg éch, 4,2 5,2 -1 - 201
K éch, 0,31 0,34 v 0,03 + 104
P, O ass. 33 17 16 -+ 9017
BAS de PENTE ol 6,31 6,0 0,37
(10 behantiTlons) 1 ongenine 0,04 0,87 v 0,07 ¢ B
S20te 0,55 0,56 + 0,07 v 129
Ca + Mz Sch, L3 3,3 + 1 + 0%
¥ éch, 9,40 0,27 + 0,13 + 50%
P2 05 ass, 65 22 + 40 + 180 £
| BAS FONDS pH 6,3 0,1 0,18
N 1,25 1,03 ¢ 0,22 e N1
haote 0,75 0,62 ¢ 0,13 v 20
Ca + Mg éch, 5,1 4,5 + 0,6 +
K éch, 0,k 0,29 + 0,15 v 50 %
P2 05 ass, 90 61 29 L7 %
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La premiére positici n'est pas & retenir : il y a,
sur d8me, un seul échantillon.

Les différences constatées pour les quelques €éléments
étudiés en comparani leur quantité sous Faidherbia et dans
la parcelle témoin, sont d'autant plus nettes que 1'on passe
des Le“4rites aux bas de pentes, puls aux bas fonds, c'est-
d-dire lorsque l'on passe des situations en relief aux situa-
tions de vallées.

Les différences relatives augmentent régulidrement,
dans l'ensemble de fagon trés nette :

|
Laterites Bas de pente Bas fonds Moyenne
Pour 1a matidre organigue 6% 19 219 133
Pour 1'azote 5% 1% 3 20 4 1§
Pour le Ca + Mg échangeable (dvminution) 0% 1,3% 1%
Pour e K échangeable 107 5 % 5% 58 %
Pour P2 (]5 assimilable 90 ¢ 200 £ 50 % 130 %

I1 semble donc que les effets du Faidherbia sur le
sol soient p.us importants en valeur relative pour les sols
de vallée, ou ces arbres sont d'ailleurs plus vigoureux et
plus répandus que sur les sols cuirassés ou soumis & 1'éro-
sion des parties plus hautes.
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CONCLUSION

Mous avons constaté que le Faidherbia :

- Protége le sol par son ombre et le défend contre
1'érosion éolienne, en saison sé&che, fournit un
abri au bétail.

- Augmente les rendements de 50 % sous son couvert.,
Ce couvert étant en moyenne dans un bon peuplement
de 20 % les rendements sont augmentés de 10 % environ.

~ Permet de nourrir 1/10e. de t&te de gros bétail sup-
plémentaire par hectare, par l'apport de ses gousses
et le surplus des tiges de mil paturées cn saison
séche,
Une faible charge de 1 t&te sur 10 hectares passe
y oy b oo :1 téte sur 5 hectares.

10 10 5

- Contribue au passage du systéme de la culture itiné-
rante ou avec jachéere, & celui de la culture continue,

- Apporte, par sc.a étude comparée, des précisions sur
les exigeances de la culture du mil et les facteurs
sur lesjuels il faudra agir pour augmenter les rende-

ments.

-~ Une simple indication peut 8tre donnée sur la renta-
tilité d'une "opération Faidherbia™
Les rendements sont augmentés de 8 a 12 guintaux,
soit 4 quintaux de mil par hectare sous un couvert
continu de Faidherbia, et seulement de 1 quintal
si le couvert n'est que de 25 %, ce qui est plus fréquent.
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sans travail ni apport supplémentaire, que de multiplier
sur des sols latériques des essais voués & un échec presque

certain.
Une telle opération exigerait des moyens suffisante,

emploi de grillages "yrsus", une discipline trés stricte
de culture ¢t de parcage.

EN CONCLUSION,

Le Faidherbia a droit & toute la sollicitude des
cultivateurs et des pouvoirs publics. .

I1 pourrait &tre multiplié avec des moyens et dans le
cadre d'une organisation disciplinée.

TDans 1'état actuel 11 ne peut devenir le cheval de

bataille du développement de 1l'agriculture, d'autres procédés
étant immédiatement plus efficaces.
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JNTRODUCTION

La campagne de 1982 était la guatriéme et derniére année
des expériences sur 1'ubilité des techniques de la récolte et
1'exploitat on des eaux d'écoulement & but agricole et forestier
dans le milieu rural du Yatenga. Les expériences et observations
s'intéressaient surtout au raffinement des techniques direc-
tement liées a 1l'exploitation et a la conservation des eaux,
"irsl que des techniques agricoles qui s'y associaient, Un accent
était mis sur 1'utilité du "niveau 3 eau" dans 1a construction
des diguettes sur courbe de nive.u, qui s'avéraient le plus
efficace dans ce domaine.

L'association des arbres & 1l'expleitation agricole a
été renforcée par 1'établissement des pépiniéres villageoises
et des observations sur le semis direct des plantes. Des
observations sur l'influence des diguettes sur la croissance
des arbres ont été faites aussi.

Ce rapport =e termine avec des conclusions qui prennent
en considération les expériences de cette annéde duns 1'élabo-
ration d'un programme de vulgarisation pour la campagne de 1983;?

PLUVIOMETRIE
La pluviométrie décadaire regue sur sept lncalités du

P

Yateuga est - présentée sur tableau 1 en annexe. Elle peut 8tre
caractérisée comme médiocre 4 travers la région.

Le début de la saiscn était marqué par treés peu de piuies
insuffisantes pour effectuer 1la semence. knsuite la fin de 1la
salson voyait des sécheresses marquées : a Ouahigouya dix Jjours
ont passé7§§gt milimétres de pluie au mois d'AoQv, ainsi que
six millimétres pour la premiére décade de Septembre. Durant ces
périodes une forte insolation produisait des températures montant
jusqu'a 40° C, La saison a sensiblement pris fin avec la pluie
du 16 Septembre. Une légére reprise en Octobre &dtait trop tard.

La pluvicmétrie totale de la saison a été classée par
rapport & 34 arnmées de donndes de 1'ASECNA de Ouahigouya. Cette
analyse indique qu'une pluviométrie saisoni*re de moins de
450 mm arriverait moins de trois fois tous les cent ans.,

Cing Sur nos sept stations pluviomdétriques ont eu cn dessous

. -10Y-
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AMINAGEMENT DES CHAMFS
OBJECTIFS

construction des diguettes sur courbe de niveay lorsque cela est
entrepris par un bPaysan. Une réflexion sur les méthodes appro-
priées pour l'extension de son utilisation était maintenue

le long de 1a saison. D'autre part on a continué des observations
sur le fonctionnement des diguettes ainsi que les techniques
Culturelles qui s'assoclent a 1l'exploitatisnr des eaux de
rulssellement,

SITES

o Le projet a eu des interventions dans les trois secteurs
de Séguénéga,,Gourcy et Ouvahigouya. A Séguénéga on travaillait
Sur les champs accidentés de Kalsaka, sur un sol latéritique
gravillonneux et reu profond. Aux Secteurs de Ouahigouya et
Gourcy on se trouvait sur des clairiéres (anciens champs
abandonnés) et sur des champs ayant subitune érosion hydrique.
Ils se situaient habituellement en*re les senmets gravillonneux
des collines (source d'écoulement) et les champs de basg de

" pente, Un recensement des sites au secteur de Ouahigouya
indiquait que sur 7 champs, environ 60 % étaient sur des
clairiéres, et 40 % sur des Jachéres ou Champs cultivés.

Vu 1'intér8t porté aux clairiéres de 1a part des
explnitants, il est clair que leur valeur agricole n'échappe
Pas au paysan, malgre 1l'aspect visuel d'une slairiére. Pour
mieux comprendre ces sols, une analyse est présentée au
tableau 6 en annexe.

Etant de texture Jimono-argileuseL ils présentent wune capacité
de rétention en eay assez €levée ; 3 copdition d'améliorer
1'infiltration. Un pPaysan affirme qu'une culture sur ce sal peut
Passer les périodes de secheresse plus facilement que sur
d'autres sols,
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METHODES

L'intervention du projet, en forme de conseil technique,
avait lieu des fois sur le champ  commun d'un groupement, mais
le plus souvent il s'agissait d'un champ individuel. Les
propriétaires étaient néanmoins dec membres d'un groupement
dans la plupart des cas.

Durant la période de Janvier & Mai le personnel du
projet ainsi que les agents de 1'0.R.D. essayaient ce passer
une fois par semaine ou toutwsles deux semaines dans le champ
de chacun jusqu'd ce que le travail soit achevé. Ce rythme
était difficile a maintenir sur tous les sites. On se retrouvait
ainsi & Kalsaka tous les deux mois,

Lors des rencontres on Taisait d'abord des démonstrations
avec le niveau & eau et ensuite observait 1'utilisation du
niveau aux mains des paysens. On encourageait les paysans
a garder le niveau chez eux et de 1'utiliser sans notre
présence,

On a porté des conseils sur la constructisn des
diguettes, dont deux pointsétaient 3 souligner : une diguette
en cailloux, pour exploiter les eaux dfécoulement, doit &tre
renforcée¢avec de la terre pour mieux retenir l'eau ;
une diguette ainsi construite doit prévoir un réseau de
passages d'eau. Ces passages peuvent étre
ouverts (ailes), ou fermés (déversoir en cailloux),

La pierre était de loin 1le matériau de préférence pour
la constructien des dignettes, A défaut de cela certains
faisaient recours 3 d'autres matériaux traditionnels (pailles
et tiges) ; dt'autres faisaient en terre. Ces derniers sont plus
fragiles, surtout quand on s'attend a exploiter les eaux’
d'écoulement.

On conseillait un labour avant de semer, mais cela était
rarement fait, soit par manque de matériel, soit par la
difficulté du sol (clairiére). -

Sur les clairiéres, si un labour n'était pas possible,
il fallait d'autres traitements avant de semer pour s'attendre
a une récolte. Sans traitement deux problémes se pnsaient -

ol
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soit la densité du sol emp&chait le dévelnppement du systéme
racinaire, soit 1'infiltration se limitait au long des
diguettes (surtout lorsque les diguettes étaient en tiges ou en
pailles, ou n'étaient pas trés hautes), )

Alors, soit on effectuait}gﬁi‘tn?gﬁiiay représentant un
trou de 15 & 40 c¢m de large et 5 & 15 cm de profondeur a la
place de chaque poquet, soit on mettait de la matieére organique
(paille ou fumier) sur 1la surface du sol. Tous les deux
traitements diminuent 1'écoulement de surface, mais la matiere
orpanique a l'avantage de fertiliser le sol ainsi que d'aug-
menter la porosité gréce a l'activité des termites qui y sont
attirés. Ce dernier peut 8tre trés important pour la réclamation
d'un terrain Jdégradé,

RECULTATS

A notre avis 1'utilité du niveau a eau dans les mains

des paysans est sana question. Bien sQr i1l ¥y a des gens qui
“4pprennent moins vite que d'autres, ou qui sont moins motivés
d'entreprendre un travail sans assistance, mais la plupart des
participants ont compris comment.1l'utiliser. Environ un quart
ont pu travailler sans assistance apreés huelques sessions de
pratique.

Les superficies aménagées par les divers participants
dans les secteurs de Ouahigouya et Gourcy sont présentées au
tableau 2 en annexe. Elles représentent en tout environ 64 Ha,
sur les deux secteurs.

Au tableau 3 de 1'annexe on-trouve une estimation
des récoltes en céréales d'un certain nombre de sites. Les
récoltes ont été mesurées sur des carrés de rendement de
100 m2. Le rendement moyen sur 1le chanp aménagé était 495Kg/Ha,
Le témoin avait 450 Kg/Ha, pour mil-sorgho.

A Kalsaka on n'y a pas placé de carré, mais les
participants ont affirmé que les diguettes sur ceurbe de
niveau sont supérieures aux anciennes du type traditionnel.
Ils citent une meilleure distribution ue 1'eau dans le champ
avec les nouvelles diguettes.
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DISCUSSION

Lors des observations sur 1'utilisation du niveau &
eau, on a constaté qu'une compréhension du "comment l'utiliser"
n'implique pas une compréhension du "pourquoi 1'utiliser".
Cette hypothése était sugéré par des paysans qui, apreés avoir
appris comment 1l'utiliser, sont retournés au champ et ont
continué & travailler sans le niveau. Si c'est ainsi il faut
suggérer une meilleure pédagogie pour démontrer la différence
entre les diguettes traditionnelles et les diguettes sur
courbe de niveau.

La prépondérence des interventior.s sur champs indivi-
duels n'étzit ni arbitraire ni calculée, maiz le résultat
de certaines réalités que présentait le milieu d'intervention.
L'T.P.D., dans une étude de milieu au Yatenga 1/ remargue que
"1'extréme hétérogénité du milieu, tant physique guae socio-
économique, confirme 1la non-validité des solutions 'passe
partout'...". Alors, lorsqu'on recherche une¢ unité physigue
et s.iciale suffisamm-at uniforme pour entreprendre up 4
aménagement on se retrouve trés vite devant l'exploiEant et sa
parcelle. En fait, i1 semble que le milieu social est de loin
le plus hétérogéne lorsqu'il s'agit de se réurir pour une
activité de groure ; surtout parce que tout le monde ne peut
pas bénéficier de la méme manidre. On avance 1'hypothese,
qu'avec la désintégration de la famille (1'unité de production
et consommation) en des parties de plus en plus petites, il
deviendra de plus en plus difficile de réunir les gens autour
d'un travail. En ce qui concerne 1'aménagement du territoire on
voit trois possibilités de réunir les gens : surtout sur les
champs communs (par exemple des groupements), et ~nur la ‘
iormation.

eeelunn

1/ T.P.D./AOS, 1982. Developpement - Sociétd rurale et auvo-

promotion paysanne en zone Soudano-sahélienne - e cas du
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Pour réunir un groupe qui peut travailler sur un terrain qui
dépasse une parcelle, il faut que chaque sarticipant ait sa
parcelle dahs las limites du terrain choisi, et que chaque
parcelle comprise soit aménagée dans une méme opération.
"'erganisation nécessaire pour ce dernier, si elle ne dépasse
P la capacité d'un pay.wn, depasse largement la capacité

du projet. Lorsque le moment du travail coIncide au moment des
lravaux champétres, ce qui est le cas pour l'entretien, les
problzmes d'équité et d'organisation deviennent autant plus
£1£Uus pour un travail de groupe.

Le rendement en céréale, sur témoin et parcelle
emtnagée, a 8té influencé par plusieurs facteurs. Ceux-ci
ctaient Printipalement : 1la position relative du témoin par
rapport a la parcelle, la date de semence, l'utilisation de 1a
matiere organique, et la préparation du sol.

Pour le secteur de Ouahigouya, ol environ 60 % des
parcelles recensées se situaient sur des clairieres, le
t moin se trouvait toujours sur un sol supérieur & 1la parcelle,
L'explication est que la clairiére est un sol squelettique, et
ne peut pas &tre cultivé sans un aménagement. Alors, le témoin
placé aux mdmes conditions que la parcelle aménagée n'aura pas
de récclte dans ces circonstances. On a préféré mettre les
témoins dans 'in champ valable, m@me si les conditions pour un
vrai iémoin n'étaient pas respectées,

La dépendance du rendement sur la date de semence
était quantifide Far une analyse de régression, L'analyse perte
sur les resultats de 18 carrés de rendement pour lesquels en
retenait la date de semence et qui étaient entretenus correc-
tement. Cet échantillconnage comprena‘t 14 parcelles aménagées
et 4 ‘émoins.

L'analyse, présentée sur page & 1l'annexe montre
qu'un r-terd de 10 jour' sur la date de semence .,eprésentait une
baisse de 100 Kg/Ha sur la recolte. Le coefficient de
corrélation (r) était important : ~-0,76. Cela veut dire que
malgré tous les autres facteurs limitants sur la récolte, une
tres grande partie du succeés ou ¢chec peut 8tre attribuéde tout
simplement & la date de semence.
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Alors, 1l'amélioration de la récolte qui peut étre
entratnée par l'utilisation d'un systéme de récolte des eaux
de ruissellement ne se basera peut-8tre pas sur un meilleur
régime d'eau au sein de la saison, mais plutft sur son poten=
tiel de prolonger la saison de culture. Une étude .£e sur
ordinateur par 1l'auteur a indiqué que la saison peut étre
prolongée par 10 a 15 Jjours en exploitant les eauX d'écoulement.
L'expérience indique que cela peut étre encore trés conservateur:
3 Gourga on a semé un champ, aménagé sur une clairiere, durant
la premiére décade de Mai en '81 et '82. Les champs avoisinants
étaient semés au mois de Juin. Ce cas est cité pour démontrer’
le potentiel, car 1a plupart des paysans qui ont fait des
aménagements n'ont pas, jusqu'a présent, reconnu ou exploité
ce potentiel.

L'importance de la matiere organique et la préparation
du sol était remarju é sur certains sites en particulier. On -

parlera de cela plus loin dans les études de cas.

Y
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<TUDES DE CAS

S'il est vrai qu'une association des thémes techniques
est impératif pour escompter une bonne récolte sur un champ

quelconque, il est encore plus impératif sur un champ aménagé.
I1 faut un certzin minimum d'effort d'abord pour 1'aménagement,
et encore pour le mettre en valeur. Pour illustrer ce fait, et
souligner des points qui ne doivent pas &tre négligés, on
présentera trois études de cas. Ils porteront sur 1'importance de
la matiere organique, l'entretien, le choix des cultures et la
qualité des diguettes.

1. Loubre

Ce site se situe sur une clairiére tout juste aux bords
d'un bas-fond. Lors des grandes crues il subit des inondations
sur la partie pres du marigot. La pente est environ 1 %.

L'aménagement était fait en cailloux par un g,;roupement.
Par manque de pluie 1a semernsea s*g;%;faite tard eanuillet, sans
application d'engrais ou fumier. Avec 1l'exception d'une petite
partie du champ, la levée du sorgho était un échec, et les
quelques plantes qui restaient ne dépas%aient pas 30 cm de
hauteur en moyenne. L'exception était le lieu ou étajent
entreposée:z des tiges de mil, en cas de besoin pour la censtruc-
tion des diguettes. Lors de la semence elles ont été éparpillées
sur le sol. Sur cette partie la densité du sorgho ainsi que son
hauteur et la formation des épis etaient trés respectables. Un
carré de rendement n'y était pas placé.

Une analyse des sols sur la partie paillée et hors site
est présentée au tableau 6 de 1'annexe. On constate que la tenwur
en matiere organique a bien sOr augmenté sur la partie paillée
de 75 %. Mais plus important est le changement du pPH que 1la
matiére organique a entrainé. A travers le tableau on constate
que le pH est tr2s bas sur tous les sols de clairiére : 4,9 en
moyenne. Une telle acidité assure que le peu de nutriments
contenus dans le sol ne seront pas disponibles aux plantes.

Le rapport azote/pH, étant un indice de la fertilité, était
évalué en rapport avec des3fésultats de 1'ORSTOM. L'amélioration

du pH de 4,8 hors site, & 6,6 sous paillage entrafnera une -116-
amélioration de Aanv rlaccac v Ta Fortilitd + Aa Ndmlie haell A



- 9 =

En conclusion alors on avance 1l'hypothése que le sol
d'une clairiére est souvent trop acide pour rendre ses éléments
disponibles aux cultures. Dans ce cas un apport de matiére
organique semble avoir une contribution trés importante en dehors
de ses autres vsrtues telles que l'apport de fertilité directe et
1'amélioration de la structure du sol.

2. Gourga
Ce site, aménagé par un individu, se situe sur 1a partie
avale d'une trés grande clairiere, L'analyse du sol est présentée
au tableau 6, L'aménagement était fait avec des tiges de mil
placées en quadrillage- contre 1l'écoulement. Dans l'espace de
trois ans les tiges ont cédé leur place en faveur des bandes
de végétations qui maintiennent le sol et diminue 1'écoulement,
La saison de '81 a démontré le potentiel du site, avec
un rendement atteingnant 700 Kg/Ha sur le carré de rendement.
Par contre la récolte de cette campagne a baissé de 50 % ;
dd partiellement & une pluviométrie médiocre, mais aussi par »
un manque d'entretien., Le champ a été envahi par les mauvaiiﬁﬁ .
herbes dés la premiére pluie. Pourtant égtte condition aurait/8tre
évitée, car les mauvaises herbes provenaient des bandes enherbdes
dans le champ. Il lui aurait fallu tout simplement couper les
herbes avant qu'elles montent en graine 1'année précédente. I1 a
tenté plut8t les brQler en saison seche, ce qui détruisait ses
bandes de végétation (qui ancraient son champ contre 1'eau) mais
qQui a eu trop peu d'effet sur les graines, déja eéparpillées.
3. Kao

Ce siie se situe également sur une clairiére dont 1'ana-
lyse du sol figure dans le tableau 6 de 1'annexe. L'aménagement
était fait en cailloux par un groupement et a vu deux sajisons de
culture. La premiére année a démontré le potentiel de ce site ot
type d'aménagement. En effet, des rendements de 1250 Kg/Ha en riz
paddy et sorgho dépassaient toute expectation. Cette année rien
n'a été -écolté, en dehors de quelques legons.,

~117~
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La raison se trouve dans deux fautes de la stratégie
de la campagne. Premierement, en voulant agrandir le site
on ajoute une nouvelle diguette du c8té amont du champ.
Cette diguette éteit mal orientée, alors, au lieu de capturer
les eaux d'écoulement, elle les versait a cbté du champ.
Cette situation a été découvertie et corrigée en mi-juillet.
La deuxictme fautle restait dans le choix des cultures. On a
décid® de semer du riz pluvial en espérant répéter la
réussite de 1'an passé. Mais avec la date de semence déja
en retard a cause de la nouvelle diguette mal placée, et la
rupture de la pluie en début Septembre, on voit en revanche

que le choix du sorgho était indiqué.

L'experience de ce site résume alors la valeur d'un
amenagement qui vise sur l'exploitation des écoulements de
l1'eau,l'importance de bien orienter les diguettes sur courbe
de niveau, ainsi que de bien choisir les cultures,

Plus généralement, ces trcis études de cas démontrent que
la té@che n'est pas finie avec la construction des diguettes :
il faut un ensemble des stratégies et pratiques culturelles

pour obtenir le rendement maximum.

eoifeas

-118~



PEPINIERES VILLAGEOISES

L'objectif des pépiniéres villageolses était de
décentraliser la production des plantes forestidéres en établis-
sant des pépiniéres au scin des villages ; auto-gérées et
auto-financées. Cela aurait servi surtout 3 sensibiliser et
responsabiliser le paysan, et ensuite de produire les
especes désirées ol et quand elles ©nt en besoin.

Le projet a eu des interventions dans sept villages
dans les secteurs de Gourcy et Quahigouya. Le fait gqu'on
utilise le mot "intervention" indiqgue qu'elles ne sont pas
encore ni auto-gérées ni auto-financées., Dans ce sens le projet
a fourni gratuitement des pots plastiques a tous les villages.

Des arrosoirs ont été fournis dans la plupart des cas, aingi que
deux barriques dans deux villages ol le problime de 1'eau se posait.
Pour wendre l'cpération plus indépendante d'une subvention, -
certains villages ont vendu des plantes de surplus au projet

"Bois de villages", qui servaient pour des plantations dans
d'autres villages. '

Les sept pépinieres ont produit environ 4000 plantes en
neuf especes, des neems et nérés étant environ la moitié de la
production. Celle-la est détaillée au tableau 4 de 1'annexe.

Une toxité apparesmment due & l'utilisation d'un fumier
mal-décomposé a rendu la levée des plantes dans les pots difficile
pour trois villages. Une tenacité de la part du paysan a repeté
la semence Jjusqu'ad ce que ce probléme soit passé. La réussité en
général a été trés proportionnelle 3 1'enthousiasme de chaque
groupe.

La possibilité de rendre ces opérations indépendantes
est contrainte surtout par les frais et la disponibilité des pots
plastiques. Autrement les responsabililés semblent compleétement
au niveau du paysan. On citera 1'existence de quelques individus
qui prodi sent des ncems et nérés A racine nue pour leur

propres besoins, sans assistance.
eoe/unn ~119-
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F X ERIENCES SUR PLANTATION

L'hypothése que des diguettes en forme de croissant de
lune pourraient améliorer la productivité de plantations a été
testée par des obserservations sur la croissance des arbres dans
la plantation villageoise de Rikou.\Cette plantation a regu un
Aménagement avec des diguettes en Juin '81.

Le site est sur une pente de 2 3 5 %. Le sol est gra-
villonneux et dénué & 1'exception de quelques arbuster Le sol
est de 30 a 50 cm de profondeur et 1l'infiltration est de 1'ordre
de quelques centimétres & 1'heure.

La plantation, faite avec des neems en 1980, était divisde
selon le protocole en guatre parties : trois traitements avec
différentes dimensions de diguettes, et un témoin. Les diguettes
en forme de demi-cercles, entouraient le cdté aval des pieds
d'arbres. Le rayon de la diguette ainsi que l'écart entre 1l'a.bre
et la diguette ont été variés selon le traitement. Les plus
grandes diguettes avaient un rayon de 5,5 m ainsi qu'urn écart de
1,5m. Les plus pelites étaient de 0,75m de rayon et d'écart.

Les traitements et leurs résultats sont détaillés au tableau 5
de 1'annexec.

Une année d'observations (Juin '81 & Juin '82) démontre
gue la croissance est liée plut8t i 1'écart entre la diguette
et l'arbre qu'aux dimensions de la diguette elle-méme. Les
arbres se situant & grand décart de la diguette n'ont vu aucun
avantage en croissance bien que leurs diguettes retenaient le
plus d'eau. Les diguettes plus serrées a 1'arbre ont doublé la

croissance de leurs arbres par rapport au témoin.
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I1 est trés intéressant de remarquer que la croissance
était sensiblement ¢égale sur témoin et traité pendant la
saison des pluies. Mais d'Octobre a Juin les traités continuaient
a pousser, plus m&me qu'en saison des pluies !. Ceci peut &tre
dd & deux causes. Peut-&tre les traités avaient un plus grand
stock d'eau en réserve durant cette période, ou plus probablement
ils gagnaient leur avantage en exploitant mieux 1'écoulement
occasionné par les petites pluies au début de la saison.
Toutefois, la plupart de leur croissance se faisait au mois
de Mai et Juin, le moment des petites pluies violentes,
capables de faire un bon écoulement. .

Finalement, la mortalité des arbres semblerPavoir
baissé de 14 % sur témoir 33 % sur deux des trois traitements.
Le traitement & grand écart n'a vu aucun avantage sur ce point
non plus.

I1 faut néanmoins interpreter ces résultats avec
prudence, car d'autres conditions de sols et espaces
pourraient changer tous les rapports.

/ i =12]1-
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REVEGETATION PAR SEMIS-DIRECT

Des observations sur le semis direct des arbres et
arbustes étaient mendes sur quelques champs, L'avantage de ces
voles serait de diminuer la main d'oeuvre nécessaire pour
l'établissement des arbres et arbustes dans les champs ou
ailleurs. I1 sera plus important pour les espéces qui ont moins
de valeur directe, mais qQui servent a maintenir et enrichir le
sol, i.e. les arbustes.

La revégétation naturelle, telle qu'on observe au long
des diguettes un peu partout, indique que le Sclerocarya birrea,

Lannea acidz et Combretum sp. sont tous tres facile a établir

de cette mamiére. Des densités qui s'approchent & une hale
vive ont été observées sur des anciennes diguettes 3
Kalsaka, composdes surtout de ces espéces.

En ce qui concerne le semis artificiel des arbres,
on ne connait gque deux individus qui le pratiquent pour 1le
moment. 1
Ils se trouvent a Gourga et Touya, tous les deux ayant semé
des nérés avec succds dans leurs champs. Le nombre d'arbres
est encore petit, mais il pourrait s'augmenter dans le temps.

.../...' —122"'
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CONCLUSIONSE

Les points signifiants relevés de cette campagne

étaient les suivants :

1.

S O

L'exploitation des eaux d'écoulement, qui a donné une
récolte en mil/sorgho de 495 kg/Ha 1/ sur une saison sinis-
tre et sur des sols souvent "incultivables", semble donner
urecertaine assurance contre la sécheresse ainsi que des
possibilités de réclamer des sols.

Cela semblerait d@, au moins pairtiellement, au potentiel

de semer jusqu'a un mois plus t8t sur les champs

aménagés. Cet avar-age peut &tre analogure pour la croissance
des arbres. .

La matieére organique est trés importante pour la réclamation
des terres dégradées. '

La prépondérance des initiatives individuelles doit &tre
prises en considération dans la vulgarisation. .
Le niveau a eau est approprié aux ¢oncditions du milieu
rural, mais les avantages des diguéttes sur courbe de niveau
doivent &tre démontrés visiblement pour que le paysan
comprerne son utilité.

L'associaticn de la végéiation vivace (arbres et

arbustes) a l'exploitation agricole doit 8tre renforcée

par la sensibilisation et des démonstrations.

ceefees | ~123-

1/ Rendement moyen sur 47 carres de rendement.



PERSPECTIVES D'AVENIR

En Septembre 1382 une deuxiéme phase d'activités a
été démarrée avec, comme objectif, la définition d'un schéma
pédagogique pour 1'auto-promotion des techniques acgquises
sur les années passées.

La nécessité de crtte phase était déduit de 1'enthou-
siasme des nombreux paysans qui commengaient & aménager leurs
champs avec ou sans notre collaboration. La nécessité d'une
anto-promotion ressortait du fait que les animateurs, toujours
d'un nombre limité, seront un goulot d'étranglement tant que le
paysan n'est pas amené a se responsabiliser de ses problemes
et de la nécessité de sa participation 4 toute solution y
compris sa formation.

Dans la lumieére de quatre ans d'expériences, on propose -
de commencer d'abord avec une formation a l'intention de tout
paysan déja concerné par le projet, pour améliorer et harmoniser
leur connaissance. Ces paysans serviront éventuellement comme
des noyaux pour aider les animateurs dans la formation des
nouveaux., Le but final pourrait &tre la formation de plusieurs
personnes dans chaque groupement, voire chaque quartier de
chaque village intéressé.

Le formation continuera de mettre un accent sur des
techniques qui permettent une exploitation des eaux d'écoulement
13 ou c'est possible.

La formation sera mieux faite dans un temps concentré
(2 2 3 jours). Cela permettra l'utilisation des méthodes pédagogi-
ques qui nécessitent des groupes et alors donnera des avantages
déchelle sur le nombre de personnes qu'on peut former dans un délai
donné. )

La formation encouragera et méme nécessitera 1l'entre-
aide en forme de petits groupes (3 a 6 personnes), qui semble
raisonnable en terme d'entre-aide au niveau des exploitations.

L'utilisation des images pédagogiques sera faitepour ~124-

démentrer la nécessité d'associer les arbres & 1l'exploitation



Chaque session de formation se terminera avet une auto-
critique. A la fin de la saison une évaluation des résultats
permettra un raffinement du schéma pédagogique a poursuivre
par le projet et/ou d'autres organismes ainsi que les paysans

eux-memes.

/SYNNEXES
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1. Tableau 1. Pluviométrie décadaire 1982.
2. Tableau 2. Inventaire des aménagements.
3. Tableau 3. Rendement sur sites et témains.
Analyse de .irgression.
5. Tableau 4. Production d'arbres en pépiniere villageoise

6. Tableau 5. Influence des diguettes en forme de
croissant de lune sur la croissance des
neems en plantation.

7. Tableau 6. Analyse des sols sur trois sites de
clairiere.
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INVENTAIRE DES AMENAGEMENTS
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TABLEAU 3 RENDEMENT SUR SITES ET TEMOINS
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TABLEAU 4
PRODUCTION D'ARBRES EN PEPINIERE VILLAGEOISE
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SBELECTION ol 5: Drcerpts

BIOECONOMIC CONSITERATIONS IN THE DES: N OF AGROFORESTRY INTERCROPPING
_ SYSTEMS

J.B. Raintres’
Internationsl Council for Research in Agrofcrestry

SUMMARY

The productivity of multipurpose azvoforestry systems

cannot be assesped on the basis of couventional measurcs

of productivity in monocultural fields. Indices such

as Land Equivalent Ratioc, developad for arsble inter-
cropping systems, will prove useful in the development

of improved agroforestry-based land usa systems, but

the ultimate unit of evaluation in agroforastry is the
anterprise, not the ficld. Even the most sophisticated
index of yiald per unit of land will be tha most relsvant
index of productivity only where land is the limiting
production factor. The relationship between trees aud

their understcrey intercrops - n ba compatitive, comple~
montary, cupplementary or some composite of thase relation-
ships; which of these predominates in a given intercropping
gystem dapends not only on the genotyp2, number and espacemsat
of components, but also ¢n which growth factors are limiting
for the respective components under realistic field conditions.
4n analysis of interactional effects indicates that certain
highly promisiug egroforestry cowplementarities are signifi-
cant only under low-input production conditions. This
suggests that ¢ number of synergistic intercropping potentiale
in agroforastry will remain seriously undardeveloped if agro-
forestry research rotains the traditional experiment station
orientation to production conditions characteristic of "high
access” farmers, rather than concentrating on the low-input
conditions typical of the majority of farmers and potamtial
agroforestry technology adopters in devaloping countries,
Following a discussion of bioeconowmic considerations involved
in deciding when it is alvantageous to add trees to arable
crop fialds, the main bioceconomic principlaes for a decision
on the optimum number of trees are presentad. Bugating
techniques are discussed gnd an {llustration ia given of the
use of linear programming ms z practical biloeconomic dasign
tool in agroforestry.

1 Ths author wishse to express his appresiation to The
Rockafeller Poundation Soclal Scianos and Agriculture
Pellowship Program for support of work leading to this
paper at IITA and ICRAP and also to the Soaial Science
Research Council for support of post-dootoral study in
tres orop horticulture and forestry at Oregon Stats Uni-
pered ty
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BICBONOMIC OONSIIERATIONS IN THE INGIGN OF AGROFORESTRY INTERCROPPING
SYSTEMS

J.B. Raintres
ICRAF

Bloeconamics, that branch of the disma) ecience which deals most directly
with biological procmssses, has an important role to play in the design of
yesearch on agroforestry intercropping systems. In ordar to understand
the nature of this rxole it 1s inportant to distingulsh betwesn biocsconcmic
ard sociosconomic aims and methods. For purposes of this paper, they may
be differentiated most simply on spistemological gromds: if sociosconomic
dimensicas of agroforsstry intercropping systems are not taken into account,
roserociwss will have no way of knowing whether the techrologies they
develop will have eny relevance to the resource endommsmts, production
constraints, ani endwee requirements of potential users. On the other
hand, if blosconomdc considerations are ignored, agroforsstry ressarchars
will have no way of assessing the econamic significancs of interesting
plant combinations, interactions, and cultural menipuiations. Concerned
with the middle ground between determinants of techniczl feasibility and
determinants of socioceconamic adoptability, bioceconamic considerations
inpinge directly on the conduct of plant aspects research in agroforestry.

The elementary biceconomic thought is that the figure of merit, whem
evaluating the productivity of agroforestry systems, is mot the per hectare
biological yleld per se, but soms traneform of that figure which takes
account cf its ret valus to ths producer. A full and adequate discussion
of all of ths considexations involved in dsfining the preciee nature of
that vedus-eccounting function for even a simple real-world productioa
situation is beyond the &cope of this brief contribution. This paper

will only ecrztch the surface of bioeconcmic concerns in agroforestry,

but it will nttenpt to make somp headway toward a bloeconamic perspective
on the evaluation of competitiva, complementury, and supplementary relation-
ships among potential agrofarestry intercrops, particularly as they affect
asegssmeut of optimm productivity under realistic fisld conditioms. Al-
though, we will not progress very far toward the goal in this paper, the
wltimte aim is to dewvelop prectical biceconamic measures and procedures
which will eventually contribute to our ability to give reasonably optimal
answers to tbhe basic agroforestry design questions: 'What trees?'" 'How
many?' and "What arrangements?' (Buxley, 1£81).

~135-
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RETURNS TO LAND

In agroforestry, production and conservation are two sides of the same
coin. The concept of Sustainable land-use systams is baesic to almost
avery definition of agroforestry, Consequently, the development of
objective indicators of "sustalnability s vigii oo ihe agenda of

research needed to develop adequate evaluation and design methods for
agroforestry systems. Bioeconamic methods will play an important role

in operationalizing this concept, but at the morrent there is little to
report. (me bioceconomically significant factor, however, is that con-
servation benefits in themselves are seldom viewer as sufficient incentives
for adoption of new technology. Farmmers the worldl over respond favourably
% dneovations in conservation technology only if ‘they entail fdditional
short-run economic incentives. In advanced econanies this often takes

the form of government subsidies on designated land-tse practices. In
agroforestry systems for developing countries, adoption incentives wili
probably take the form of econamic "byproducts” (Raintree, 1980). If this
is sc, then it becomes imperative for agroforestry researchars to identify
and develop multi-product components and intercropping systems. ’

Cne imrediate cansequence of the multi-product nature of agroforestry
production systems is that their productivity cannot be assessed by
conventional measures of the per ha ylelds of the separate crops taken
individunlly. This is true for the simple reason that, altbough the
yields of the individual intercrops my be depressed relative to their
yields in monocultures, the total production of the field may be higher
than what is obtainable when the individusl crops are grown side by side
as sole crops on the same smount of land. '

Land Equivalent Ratio

The concept of Iand Fquivalent Ratio (LER) has been developed to denl with
this aspect of non-agroforestry intercropping (IRRI 1974, 1975; Trenbath
1976; Wiley 1979) and is equally applicable to agroforestry systems.
Assuning equivalent levels of management, IER may be defined as the
relative land area under sole crops that is required to produce the
yields achieved by intercropping (Willey, 1978). When LER is experi-
mentally assessed on the basis of uniform planting density of both
Intercrop and sole crops, the resulting LER figure isl‘quivgl‘ént to
the Relative Yield Tcal (RYT) of de Wit and van den Bergh (1965).

~1%6-
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When intercropping gives a yleld advantage, however, the total optimm
intercrop density may be higher than that of either cole crop optimam
(Willey, 1978). It has heen suggested, therefore, that calculaticns of

IER and other indices of yleld advantage should be made on the basis of
optimun, rather than constant, density in arder not to distort the true
practical potential of intercropping (Ruxley and Maingu, 1878). In any
caps, the practice of intercropping 18 assimsed to be beneficinl whsn

LER> 1, of nsutral vrlus when IR = 1, and detrimsmtal to vields when
IER < 1. IERs of as much ag 1.8 have bsen reported for traditions] farmeas'
fields (Norman, 1973) ard wp to 2.0 for experimeatal plots (Andrews and
Kassam, 1878). The measure should prove useful in egroforestry applications,
provialng same additionsl means is used to assess differences in duration
of the production psriocd.

WHEN IS IT BENEFICIAL 7O ADD TREES TO ARABLE CROP FIELIS?

It is often tacitly assimsd, even by proponents of agroforestry, that the
addition of a tres component to a field crop situation will almost always
decrease the yield of the field crop, although the additional tree crop
pmdmtioamyoffmtthiedecm&etogivannovaralllm>l. The
assunption that undsrstorey arable crop compoments in mixed agroforestry
systems will suffer from associntion with trees is usunlly based on the
notion that the {ress, being tho dominant partmer in ths association, will
ccmpete with understorey crops, particularly for light, and that as a
result of this competition the arable crop yieids will be dopressed. There
is little doubt that evolution bas conferred a campetitive advantage on
trees In the form of their greater stature, but whether, in the contexts
of particular agroforestry pmdixction systems, they are always competitive
with understorey crops and whether, being compstitive, they always reduce
net yields, are questions which require closer analysis.

This cype of problem has been given a general treatment in economics by
means of Production Possibility Curves. Under the assunption of fixed
resources (the isoresource condition), production possibility curves show
whathappenstothequntityofeachoftmpmcmctswbenmmmesm
transfered from one to the other. In this case the rescurcvo in question
is land. Comventional econamic analysis is usually content to deal with
land as & unitary quantity on a par with the other main Troduction factors,

labour and capital. For purposes of biceconanic analysis, however, it is
Tﬁ?—



-4 -

necessary to disaggregate this production factor and recognize that ''land"
implies access to variable amounts of a whole set of associated plant
growth factors, including light, (I)z, nutrients and moisture.

As shown in Figure 1, there are three general relationships possible
between two products under isoresource conditions: competition, complementa-
rity and supplementarity. Which of the three relationships obtain between
procducis or corponents in an agroforestry association depends upon a nunber
of complex inieractional factors discussed in greater depth in other
contributions to this conference. I would like to suggest, howeve . that
amcng the most lmportant factors are: 1) the genotypes involwved, 2) the
proportion and arrangement of trees in the mixture, and 3) which plant
growth factors are lim{ting for the respective camponents under rield
conditicns. Actual production possibility curves for specific cambinations
will often bo some camposite of the three general relationshups (Figure 2).

Supplementarity

Two products are supplementary if the production of one can be increassed
with neither an increase or decrease in the other, i.e. tke outputs are
essentinlly independent within the range of supplementarity. An example

in sgroforestry is multistorey intercroppipg with coconuts (Nair,. 1979).
Providing that 1light is not normmlly the limiting factor for the under—
storey crops when grown as sole crops on farmers' fields, the presence

of tall, well-spaced, mature coconuts will have little effect on crop
yield. Nutrients or moisture will normally be more limiting than light
under smallholder conditiocns outside of the continuously mmid tropics,

and coconut palms offer only localized competition for these growth factors.

Another possible example of supplezﬁantarity in agroforestry is that of
sorginm under Parkia clappertoniana in farmed parkland of the guinea
savanaa in NMigeria (Pullan, 1974). Farmers in this zone say that the
sorginm yield under naturally occurring locust bean trees is no different
fram that of the surrounding fields. They report that the plants grow
taller in the shaded, more fertile environment under the tree, but no
change in grain yield is observed. If the observation is valid, perhaps
the reported supplarentarity is the net result or mixed competitive and
complementary interactions which cancel each other out on balance. But
even thovgh the light intensity of the savanna enviromment is high, it

is reascaable to suppose that at same density of Parkia trees light would
13%8—
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become limdting and sorghum yields would be noticeably depressed. Consider—
ing the economic value of the locust beans themselves, which local Zarmers
collect oud sell for more than three times the price of soybeans, it would
be interesting tc have some exact data on these interactions. Perhops
other contributions to this conference will shed light co the subject.

Complementarity

Two products are complementary if increasing the production of cae results
in a corresponding increase in the other. mebynmnearlyclmicmmmls
of complemsntarity in agroforestry is that of Acaoia albida with millet,
sorghum, or groundmuts. Due to the peculiar reverse lear habit of this
unusual tres legums, the shading effects are conveniently witbdeawn during
theminysaasonwh&ntbeminmpaamintbeﬂem, leaving anly the
beneticial effects of improved soil fertility and woisture regime. Conse-
quantly, the tree stends in a net conmplemantary relationship to the undar-
storey arable crop.

The bensfits of A. albida are fairly well documented (Felker, 1978) and
more research 1s w<er way, but how representative is this unique tres of
the potential for complementary agroforestry associstions? I suggest that
our gwareness of complemsntarity in agroforestry ims just begiming, although
we alveady have quite a few examples from among the tree legumss. It has
besn fairly well established that what A. albida doss automtically for the
fertility status of associated soils can also be echieved, with appropriate
inputs of labour and management, by oiher tree iegumes such as Leucaena
leuoocsphala, Cajanus cajan, Glirieidia sepiun and Tephrosia oandida (CIAT,
1977, 1878; IITA, 1979, 1980; Benge, 1979; Wilsou and Kang, 1280; Rachie,
1881; Wilson and Raintree, 1981). Several other troe legunes have been
suggested for trial (Raintree, 1980; Rachie, 1881) in 'WHxed" or "zouai"
agroforestry systems (Huxley, 1881).

Lest it be thought that complementarity in mixed agroforestry systems cun
anly bs achieved in the absence of canopy prunning by Aeaoia albida, ose
hastens to add the example fram Western Rajasthan of incressed yieids of
arable ciops and range grasses under Progopis cineraria (Menn and
Shankarsarayan, 1980). Also, lest it be assumsd that yleld improving
fertility increases are only achieved by leguninous or other nitrogen
fixing trees such es Alnug, one must cite the practices of farmers in

population-pressured areas of Eastern Nigeria of planting and managing
...]_3{-)..
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Acioa ba:teri for its value as a "nutrient purp'' amidst bhallow-moted
crops on leached soils (Ckigbo and lal, 1979).

A pecrch for exemples of complementary relationships amnong agroforestry
Intercrops quickly leads one to the comclusion that interactional effects
sxe important in dstermining which growth factors are limiting and, there-
fore, which plants are complementary in a given envircoment. Of particular
biceccnomic significance are the interactions between soil fertility and
other growth factors. I will try to illustrate the nature of the bio-
eccnaic concerns with two exanples.

Felker et. ql. (1880) bave recently reviewed the literature on the effects
of soll fertility status ca water-use efficiency and drawn same interesting
conclusicns on agroforestry potentials in seml-arid ecosystems. The basic
eifect vas established by Hanks ond Tanner (1952) in their experiments on
water-use officliency of field crops on fertilized and unfertilized Wisoonsin
goils. These experiments showed thet, while water might be limiting crop
yilelds, the piamass increase per unit of water is lower at lower fartility
levels. 1o thelr two-year field trisl, water-use efficiencies for maize
and oats on fertilized plots averaged 143% and 175% higher, respectively,
then on the wnfertilized control plots. In a later range fertilization
sl:ud& in Montane Wight and Black, (1979) discovered a yield platean of

1250 kg/ha for the unferti’ized plots which was present in both the
wettest end driest years, suggesting that water was not limiting plant
productivity above this level. The fertilized plots showed an average

10 yesr increase of 120% over umfertilized rangeland. Felker et. «l.
(1980) estimated natural nitrogen inputs to semi-arid ecosystems and
campared them with data cn water use efficiency. Their analysis indicates
that plant productivity in the sami-arid zone may be 10 times more limited
by nitrcgen than by available moisture.

The second exmmple relates to the effects of shade in mixed intercropping
gystems at different levels of fertility. All of the exanples considered
so far of camplementarity between {irees and their understorey intercrops
refer to situations in which the tree canopies are either light, waeonal
or heavily prunned. These examples do little to question the common
assurption that shading per 88 is always in same measure detrimeatal to
understorey crops. The tendency in recent years to remove the traditional
shade trees from coffee, cocoa, and tea plantations has lent credemce to
—140)—
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the genernl impression that shade is never, in itself, beneficial.

In a2 more critical light, however, 1t becomss obvious that the issue is
dependent on a mumber of factors that can be quite complex in their
interaction (Willey, 1875). From their investigations on the effects
of artificial shade on cocoa ylelds in Trinided, Murray and Nichols
(1825 ; seported that in plantations fertilized with adequate smounts

of NPK the highest yields were obtained in full sunlight, but that
unfertilized plantations of low nutrient status gave thoir highest
yields under shede. Cooparable expserimsnts with tes in north-~east
Indin, showed o similor interaction betwsen light and nitroger lsvel
(Wight, 1858). In the cass of coffes, workers have concludsd thet where
soil fertility is low and adequate fortilizer cannot be addad, shading
may be desirable in order to prevent periodic over-bearing and die-back
(Haxdy, 1982; Muxley, 1870; Fernie, 1970). The function o shading in
this cage i5 to regulate yield to a level which is sustainable on the
basis 09 inherent soil fertility (Willey, 1975).

These two exnmples are bioeconomically significant bscouss they relate

to two of the most limiting and ubiquitous constraints on swellholder
production in the tropics, low eoil fertility and imadsquate supolius

of mineral fertilizer. In both exmmples the conventicnal wiedom, 1.e.

that moisture i3 the most limiting factor in dry regions and that shade

is always detrimental to understorey crops, is overturnod in situations
where 501l fertility is low and adequate amounts of mineral fertilizer
cannot be added. But these are presisely the conditioms which charaoterisze
emallholder pr-duction in most dsveloping oowntries. The assumption that
moisture is mest limiting or thmt shade always reduces yields of undsr—
storey crops could only be made in the cootet of the production conditions
enjoyed by research stations and 8 select group of "high-access fammers
(Roling, 1880) wherein all otherwise more limiting producticn factors are
routinely topped up to optimal levels by inputs from outsule the system.
The assumptiocn is that the 'best" farmers will do the sems.

#h, but there is the rub. In the strange world cutside the agricultural
lsboratory, ths inputs are not always available,at least not in sufficient
quantity to reach the majority of farmers. In many cases the econauics
of fertilizer use are questionable (Raintree and Turay, 1980), but ewve.
where government subsidies have reduced faxmgrie yertilizer coits to

—141-
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economic levels, the infrastructure to deliver them in adequate supply is
often simply not there. The supply situaticn in Nigeria, a country which
2 2 exceptionally good foreign exchange balance and which maintains
fertilizer subsidies of more then 80% (Knipscheer, 1979; Menz, 1980), is
perhaps more tyoicel than we like to admit. An analysis (Raintree, 1980b)
of data from the British Overseas Development Ministry's Central Nigeria
Project Farming Systemss Survey (Cosden, 1978) shows 100% of the survey
villinres revorting lack of imputs generally and 95% reporting Zqok of

Fertilinar specifically us major producticn constraints.

The zemeral ccnclusicn to be dravm fran these examples is that, while
the potentinl for coplementarlty between compenenis of well designed
agroforestry systays would appear to be quile pronising, unless agro-
forestry vesenrch s designed with realistic field conditions in mind,
thig polential is Uikely to remedin seriously underdeveloped.

Compet.iticn

Two products are carpetitive if incresasing the production of one results
in a cdecrease in the productlon of the other, glven a fixed level of
resources. Tie products of trees and associate arakle crops which are
lirdted by the samwe factors, which draw these factors from the sane
pools, snd which have no carcvensating interactions, will stand in a
relationship of neot competition. Does this mean that intercropping
would be uneconcmic? Not necessarily, sinee the total productivity of
the association might still be higher in terms of LER or (4/ha than the
monoculturnl elternative. The only competitive situation waich can be
ruled out immediately on biological grounds is one in which the components
are mutually trhiditing, or amcnsalistic. As long as one camponent is
benefitted by the association, there is the econcmic possibility that a
higher [ER may be aochieved by intercropping.

It is an economic trulsm that th rational, profit-maximdzing producer will
always operate in the regicn of dirdnishing returns. 1In the present
context this means in the region of competition cn the production possi-
bilities curve. As explained in the next section, the level ol campetition
which is appropriate and desirable depends upon the relative prices of the
products and the rate at which they substitute for each other in the
prodwction proces:. Examples of ocompetitive relatiomships among agro—
._]_42._
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