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Thia compilation is the result of a Training Course on Forest Nursery and Establish
ment Techniques for African Savannas which was to have been held in Kaduna, Nigeria, from 
16 Febru.ry to 21 March 1976 at the invitation of the Govel'DJIIent of Nigeria with funds made 
available from both the Dani.m, international Development Agency (DANIDA} and the Forest 
Research Inatitute of Nigeria..!!. The ca.trse was planned in collaboration with the Forest 
Reaearoh Institute and the Food and Agriculture Organization of the United Nations (FAO) 
and was to have been held in conjuction with the ~pcsium on Savanna Afforestation 
orpnized by the Forest Research Institute, with part of the training course l'WUling jointly 
with the aymposilDI. Regrettably, the closing of Nigeria's international borders in response 
to political disturbances in the count17 forced cancellation of the training course. The 
~poaillll was held aa scheduled but with reduced participation. 

The training course was to have been the latest in a series financed by DANIDA on 
aspects of forest plantation establishment with emphasis on tree improvement and seed 
handli!:g. Previous ooursea in the aeries vera held in Denmark ( 1966) and Kenya ( 1973} on 
forest tree improvellent and in Thailand ( 1975) on forest seed collection and handling. 

Although it was not possible to realize at leasi t•~ ~f the main p~rpo~~~ ~f th~ 
training course - to provide demonstration of good nursery and plantation establishment 
techniques in savanna Africa and to facilitate the interchange of ideas and experience 
between francophone and anglophone participants - it was thought that reproduction and 
diatribution of the lecture notes and papers prepared for the training course and symposium 
would be useful. This report (printed both in English and French) therefore, contains a 
set of lecture notea prepared in advance of the training course, the principal symposium 
papers and the c01mtry statements contributed by "would-be" course participants. As lecture 
notes were planned to complement, but not duplicate, material in Tree Planting Practices in 
African Savazmas (FAO Forestry Development Paper No. 19 by M..v. Laurie, 1974)., readers may 
wiah to refer to that FAO book for further information on a given subject. One part of the 
syapoaium was devoted to the presentation of a number of 13hort case studies on aspects of 
planting pine, neem and eucalypts in the Nigerian savanna. Only the summaries of these 
ca11e studies are reproduced here; the full texts are available from the Forest Research 
Institute in Ibadan. A few lectures and papers have been shortened for inclusion in this 
report, especially in cases where duplication occurred. The order of presentation here 
departs frCXR that planned for the symposium and training course, in that all papers on a 
given subject are together. 

Permission from the Forest Research Institute of Nigeria to publish papers prepared 
for the ~poaium on Savanna Afforestation is gratefully acknowledged. Thanks are also due 
to that orsanization, and especially its staff at the Savanna Forestry Research Station in 
&uaaru, for the ~ local arrangements and preparations made for the training course and 
to the forest departments of Kaduna, Kano and North East states for similar assistance in 
providing for the planned stutQ- tours. The support of the FAO/UNDP forestry project in 
Saaaru, the UNDP offices in Kaduna and Lagos and the FAO Senior Agricultural Adviser was 
invaluable and is most gratefully recognized. Appreciation is also extended to the many 
authors of s,ymposium papers and training course lecture notes for their efforts. Finally, 
regrets are offered to the training course participants who were inconvenienced and 
disappointed by the unavoidable cancellation of the course. 

1/ then the Federal Department of Forest Research. 
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By the judicious selection of exotic 
specios for the planting sites available 
and the application of intensive cultural 
techniques, savannas can be converted to 
fast-growing forest plantations, such as 
this 8""'.Year old stand of Euca].yptus 
cloeziana at Afa.ka, Nigeria. 

The natural savanna woodlands are 
sparsely stoCked, low yielding and made 
up of specie~ of poor stem form, 
illustrated here b,y Ua~aca togoensis 
and Isoberlinia ~ in the northern 
Guinea savanna. 
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DEFIDTIO:&, CLASSIFICATION AlfD EXTmT OF AFRICAN SAV.AlmA jJ 

C.F.A~ Onoc}l.iil 
Oni tah~~ Nigeria 

COlJTEBTS 

Figure 1a Map of West African vegetation zones 

DEFI:&ITIO:& 

2 

5 
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8 

The word •savanna• is from the Spanish zavana or cavana and is thought to have Carib 
or1g1n. It meana a grassy plain with scattered trees and in particular refers to such 
plains in tropical and wbtropical regions. The tem iB used also for a tract of level 
land covered with low veptation or rmy large area of tropical or subtropical grassland 
covered in part with trees and apin;y shrubs. 

Richarda (1952) gives the following definition, and remarks on the probable ecolo
gical status of savannaa. 

"SaTazma is a n•e applied to plant communi ties of varied physiognomy and status 
found over a wide range of climatic condi tiona; some are aeral stages, others are 
certainly stable climaxes. Savanna on which trees are dominant (with or without a 
continuous ground-cover of grasses) m~zy be a climatic climax, but MallY types of 
savanna should be regarded as fire-climaxes ••••• Open savannas with trees growing 
scattered or in occasional clumps, and treeless grasslands m~zy arise by the de
gradation of the forest or savanna woodland by excessive cultivation or burning 
but in some caaes they are probably edaphic climaxes due to local soil conditions 
unfavourable to the growth of trees. The nature of the factors responsible is un
certain but one which probably operates in some cases ia seasonal waterlogging 
altemating with dry conditions during the rest of the year. There is little 
support for the view that lowland tropical grasslands are ever a climatic climax 
in equilibriliD with a •tropical graaaland climate'; grassland therefore should 
not be regarded u occupying a place in the natural climatic ecotone from 
tropical rain forest to desert." 

Schimper (1903) gives the following definitions: 

"Savanna forest is more or leas leafless during the dry season, rarely ever
green, is xerophiloua in character, usually, often much leas than 20 m high, 

1/ Paper tor SYJipoSiliD on Savanna Afforestation 
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park-like, very poor in underwood, lianea and epiphytes, rich in terrestrial herbs, 
especial~ graaaea." 

"Thorn forest, as regards foliage aud average height, resembles t~avazma forest, 
but is more xerophiloue, is very rlch in underwood and in slender-at811111led lianes, 
poor in terrestrial herbs, especially in grasses, and usually has no epiphytes. 
Th"rn plmts are alw&NS plentiful." 

Used loosely and in the African context the tem m&\Y cover an arra.y of types of tropi
cal vegetation, ranging from the re.!.~tivcly dry to the aemi-a.rid, whic~~ lte bet\.:·e~u the 
tropical rain forests of tha aquatorial region and the deserts to the north and "'" the south. 
These consist of a wide variety of trauaition types ranging from woodland savanna, including 
the ao-oalled derived savanna (Kea.y 1959) 1 to the semi-arid steppe with scattered trees, 
conaiating mostly of species of Acacia. This belt extends from near the equator to latitude 
25 to 30 degrees north and south. 

A distinguishing climatic feature of the savanna is the distinct dry season. The 
ra1nfall cycle reau.lts from the poleward shift of the global wind belts in thtt summer and 
their equatorward shift in the winter. A sa~ climate has one or more months with less 
than 60 mm (2.4 ina) of rainfall. The climate is wam with a short summer rainy season 
and a dry winter. In areas of neavy rainfall there ia a season of up to 1 000 to 1 500 mm 
(4<. to 60 inches) of rainfall J.llterrupted by a distinct dry season. 

The general appearance of the savanna ia Ob.e of rolling plains, and the ve~"t!!:!::!.~:::. i: 
tc;.!! ~.~.Qiiii ilith. acai;lienui. i;reea. T'ne i;ree cover .L:,w~; ~tween the one extreme of a closed 
canopy near the border with the rain forest and where there has been little human inter
ference, and the other extreme of very open grassland with dwarf trees (or even with very 
few trees) dotted all over the landacape. The latter occurs at the edge of the desert and 
where excaaaive cultivation or extensive burning or heavy grazing has resulted in the dis
appearance of the original tree cover. 

The grass grows to a great height, 1.5 to 4.5 metres (5 to 15 ft) in some places, 
particularly where the giant elephant grass (Pennisetum puxpureum) grows in the wet season. 
At the other extreme the graaa is very short reaching up to a height of 30 em (12 inches). 

In order to combat the effects of the long hot dry season, savanna vegetation has 
developed a number of adaptations: the deciduous habit, leathery leaves, thick or corky 
barks, 1ihe thorn habit, small leaves, cactus nature and the developnent of storage systems, 
long sud extensive root systems, and so on. 

Several floriaitic types are easily recognised, such as the Daniellia - Parkia1 the 
Daniellia - uymenocardia - Lophira and Combretum woodlands which are characteristic of 
certain areas in Central Africa, the stretches of Acacia woodlands covering vast areas in 
West, East and Central Africa; also the Hyphaene palm savannas, and the Boraasua savanna 
which is associated with seasonally flooded ait~s. 

CLASSIFICATION 

While it ma.y not be true to &8\Y that there are aa many classifications as there are 
workers in the field, the literature on African vegetation is replete with systems of 
claaaification and of names used by individual workers for the various types of vegetation 
encountered (Kuchler 1970). Moat often different names are applied to the same type. This 
ia, of course, inevitable in view of the vast area involved in the stuci3", the general lack 
of communica1iion and consultation between workers, the large number of habitats and life 
forma encountered in the field and the determination of each worker to map what he con
aider• are clearly distinct and discrete types in his area of operation, even though this 
mq be a ver,y •all and irrelevant type in the context of the whole continent. The situ
ation ia also bedevilled by the lack of a generally accepted criterion for classification. 
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Individual authors have used the climate, the soil, the general geographical location, the 
pbysiogn~ of the vegetation and the pbyto-chorologica.l divisions (Phillips 1959, Monod 
1957, Xe~ 1956). 

In Nigeria, this problem has for some time been resolved by the acceptance by most 
wrkers of the classification proposed by A.P.D. Jones and R.W.J. Keay (Jones 1945, Jones 
and Keay 1946, Xe~ 1953). In this clusification, the Nigerian savanna is arranged a.s 
followa (from south to north) (see Figure 1 )I 

Derived Savanna 

Southern Guinea Savanna 

Northern Guinea Savarma. 

Sudan Savuma 

Sahel SaVBDD& 

This is in line with the olaaaification adopted by French workers in the neighbouring 
countries of West Africa. 

Recent workers in Nigeria have rightly questioned the validity of the basis of this 
claasifioation, and consequently a new classification baaed on the recommendations of the 
Scientific Council for Africa South of the Sahara. (c.s.A.) Specialist Meeting on Phyto
geography in YBDgBIIlbi (c.s.A. 1956, Boughey 1957) and on the Association pur i•Etude 
ta.xonomique de la Flore d'Afrique tropica.le (A.E.T.F.A.T.) Vegetation Map of' lf!';t:'.~ (K'}~ 
et al 195Hj Dali 'baau &liopi;eci. Dy Uharter (1970) for the new Vegetation Map of Nigeria, 
WiiiOh is included in the National Atlas of Nigeria. 

The aims of the Yangambi meeting were: 

1 • "to establish a coaunon terminology for all African ph;ytogeographers"; 

2. "to limit this terminology to African vegetation only", and 

3. "to exclude from African nomenclature some of the terms used in other 
countries of the world which illustrate various types of vegetation the 
homology o:f which is not proven". 

The meeting accepted the proposal "to illustrate, particularly by profile diagrams, the 
description o:f the Tarioua types of vegetation or plant communi ties". It concluded that in 
the interests o:f a co-ordination which was highly desirable, there vas a need :for essentially 
physiognomic defini tiona o:f the various types o:f vegetation. It therefore recommended the 
adoption o:f a broad system o:f classification based on this principle, but left the use of 
intermediar,y physiognomic terms corresponding to the various recognisable transitions in 
the field and the designation of certain very particular formations to the initiative of 
the phytogeographers, according to local conditions. 

Two main groups of vegetation fonnations were recognised, namely: 

1. Closed Forest Formations, including "Thickets", the latter being described as 
"Shrubby vegetation, evergreen or deciduous, usually more or less impenetrable 
often in clumps, with graas stratum absent or discontinuous" (Some thickets, 
like the Combretum micranthum thicket, come within our definition of savanna.). 

2. Mixed Forest-Grassland Fonnations and Grassland Formations. 

The latter is the subject of this Symposium. There are :four primary subdivisions: 

1. "Woodland", defined as open :forest; tree stratum deciduous consisting o:f small 
or medium-sized trees with the crowns more or leas touching, the canopy remaining 
light; grass stratum sometimes sparse or mixed with other herbaceous and suf:fru
tescent vegetation. 
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2. "Sa'hiiiJ&•, defined u to:maaUona ot gruaea at leut dO em high, to:maing a 
oominuou lqer daaliu:ting a lower riratull; uaually burnt a:rmua.lly, leaves of 
gruaea flat, bual azul cauline; woo~ plaDta uiiUally present. Thia; is au.b
cli.vided intoa 

(a) SaVBDD& woodlaD.d1 hariug treea aDd ahru.bs with l.i.ght CBI10py; 

(b) 'free savanna with scattered tree a and shrubs; 

(c) Shrub sa't'IIDDIL; 

(d) Grus Ba'VILDIUL, in which treea and shrubs are generally absent. 

3. "Steppe", defined aa open herbaceous vegetation sometimes with wood.v plants, 
UBU&lly not burnt, perennial grasses usually less than 8o an high, widely spaced; 
leaves of gruaea narrow, rolled or folded, mainly basal, annual plants very 
etten abundant between the perennials. This is also subdivided into: 

(a) Tree and/or shrub steppe with trees (mostly anall) present; 

(b) Dwarf' shrub steppe; 

(c) Suoou.lent steppe; 

(d) Grus and/or herb steppe in which trees and shrubs are virtually absent. 

4. "Grusland", aub-cli vid.ed into: 

(a) Aquatic grassland; 

(b) Herb namp; 

(c) High montme grassland. 

Following this meeting, KeBiY' and other authors (1958) published ''Vegetation Map of 
Africa South of the Tropic of Cancer" on behalf of L 'Association pour 1' Etude Ta.:xonomique 
de la Flore d'Afrique Tropicale (A.E.T.F.A.T.) with the assistance of Unesco, which is the 
basis of the vegetation map given in Tree Planting Practices in African Savannas_ (Laurie, 
1974). Altogether 35 types in 19 broad groups are recognised of which the following come 
within our definition of savanna.& 

A. a. Forest - savanna mosaic 

9· Coastal forest - savanna mosaic 

B. 10. Dry deciduous forest (with savanna.}: with 

abundant Ba.ikiaea plurijue 

11. Dry deciduous forest (with savaDna): 

Madagascar types 

c. 12. Thickets: Itigi types 

13. Thickets: Madagascar types 

14. Thickets: Ethiopian 8¥ergreen types 

D. 16. Undifferentiated: relatively moist types 

17. Northern areaar with abundant Isoberlinia ~ and .! • tomentoaa 

18. South-eastern areu: with abundant Bra.ch.yategia and 

Jul borna.rd.ia 

19. South -western areas (principally on Kalahari sand): with 

abundant J!rachyategia, Julberna.rdia, Cryptosepalum psuedota.xua, 
Guibourtia ooleosperma and areas of steppe (type No. 24). 



E. 20. Uncl:i.:f'ferentiated: relatively dry typea 

21 • Ethiopian types 

22. With alnmdaDt Colophoapemum mopane 

F. 23. Madagucar grua savRDDa and graas steppe 

24. Graaa ateppe on ICalahari sand 

G. 25. Wooded steppe with abundant Acacia and COIIIDiphora 

26. Grua ateppe with thick clumps: weatem Uganda type 

27. Grus steppe: Luanda type 

I. 28. Karoo IIU.cculent steppe 

J. 29. Subd.esert steppe& Karoo shrub a;nd grass 

30. Subd.eaert steppe a tranai tional and mixed Karoo 

31. Subdeaert steppe: tropical types 
. 

To these m~ be added the following: 

Montane grassland, Sub-tropir.al ~~~!=~ =~ 
O!ftenanthera bamboo thickets. 

A second edition of the A.E.T.F.A.T. map designed to incorporate the criticisms and 
revisions of the first edition ia in preparation (White, in preaa). An interim report 
(White 1974) indicates that there are now 60 mapping units (as against 35 in the earlier 
edition). These have been reduced to 14 in the report, of which the following represent 
the savarma types: 

6. Broadleaved woodland and wooded grassland; 

1. Thom (Acacia) woodland, wooded grassland and semideaert vegetation; 

8. Karoo-Nami b semi desert shru.bland; 

9. Grassland. 

To thia mii\Y be added& 

Deciduous thicket. 

Savanna vegetation occupies a vast area in Africa. According to Shantz and Marbut 
(1923), the comparative areas occupied by the three main types of vegetation are: 

Area Area 
(Square mi lea) (Square kilometres) Percentage 

Forest 2 056 700 5 326 853 18.4 

Grassland 4 736 400 12 267 276 42.3 

Desert 4 406 900 11 413 871 39.3 

Total land surface (without lakes 
md excluding Madagascar) 11 200 000 29 ooa ooo 100.0 
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In West Africa, the sa'VUI'l& belt sweeps from Mauritania, Senegal and G1111bia in the 
west through Mali, paris of northern Guinefr Ivory Cout, Ghana, Togo and Benin, Upper Volta, 
Biger, the northern four-fifths of Bigeria.!l, Chad and northern Cameroon, continues into the 
Sudan and. through the greater part of the Eastern Horn (Ethiopia, Afars and Issas, Somalia 
and Soootra). It then wheels south to the three Eut African countries of Kenya, Uganda 
and Tanzania and therea.fter turna to the west to Rwanda, Burundi, Zaire (surrounding the 
central forest block) and Gabon (15% of the 8\U'f'aoe area). Further south it fans out to 
Angola, Zambia, Malawi, Mozambique, Rhodesia, Botswana, Namibia and northern parts o~ 
South Africa. It occurs too ill the territories of Lesotho and Swaziland aa grassland, 
thorn uvuma md mixed. tree savanna. Much o:t the island of Madagascar is covered vi th 
grass savanna. md graas, md thioketa, perhaps u a reBU.lt ot severe degradation of the 
forest by cultivation and burning. · 

It ia not possible, nor indeed ia it desirable, in a paper of this length to describe 
in any detail all the savamJ.a types in all countries in which they occur. Bu.t, perhaps as 
a suitable conclusion to this paper, the new classification adopted by Charter (1970) tor 
Bipria's savaDDa vegetation is shown in the table below against the well-established 
classification by Ke., and other authors. 

Table 1 

Charter Ke8iY and Jones Rosevear (1953) 
and other authors 

Foreat-aa~ mosaic Derived savanna -
Mixed Leguminous wooded savarma 

a. with Atzelia atricana Southern Guinea Guinea savanna 
savazma 

b. vi th Isoberlinia ~ and Northern Guinea Guinea savanna 
!_. tomentosa Savamta 

c. with Bu.rkea atri oana -ditto- -ditto-

d. with all the species above -ditto- -ditto-

Mixed Combretaoeoua woodlands with 
Combretum nigricans or AnogeiiiWI Sudan savaDD& Sudan savanna 
leiocarpus 

Mixed Acacia woodland with - -
Acacia senepl 

Undifferentiated wooded savanna Sudan savanna Sub-Sudan savanna 
of Cl9iY'ton (1957 
and other authors 

Woocled tropical steppe Sahel savanna Sahel savanna 

Plateau grass savaDDa 
grass savarma) 

(sub-montane Montane vegetation -

1/ The aotual e:rlent of the savuma in lligeria is 86.4% ot the land surface (Anon. 1974) 
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IBTRODJCTION 

The interaction of climatic, edaphic and biotic influences largely results in the 
distribution and characteristics of various vegetation types in West Africa as in other 
parts of the world. As a result of this, broad vegetation zones more or less coincide with 
climatic zones. Localized variation, often due to corresponding localized physical features, 
however, are sometimes found to occur within these broad zones. 

As West Africa lies a~ost entirely within the tropics, the climate is often classi
fied as tropical. In the tropics, climatic changes throughout the year are much more 
dependent on rainfall than on radiation, which shows only minor variations during the year; 
thus the year is divided into rainy and dry seasons. 

GENERAL CAUSES OF 'l.HE WEST AFRICAN CLIMATE 

Climate changes from place to place in West Africa as a result of the seasonal effect 
of three main factors: air masses, ocean currents and altitude. The most widespread 
features are the tropical continental and tropical (or equatorial) maritime air masses 
which alternate seasonally over the West African land mass. 

The effect of the tropical continental air mass is more predominant from September to 
February. It spreads southwards from the Sahara to about 50Jf latitude, causing the hot, 
dry weather which characterises most of West Africa during this time of year. It is often 
accompanied by the dry north-easterly wind known as harmattan. 

The tropical maritime air mass is predominantly active over much of West Africa from 
March to August extending northwards to about 210Jl latitude. Associated with it are the 
rain-bearing southwesterly winds. 

These two air masses are separated by a zone known as the intertropical front (some
times referred to as intertropical disccntinui ty or intertropical convergence zone). From 

· March onwards, the position of the intertropical front moves northwards allowing tropical 
maritime air to penetrate far inland. From about September it moves southwards toward the 
equator and the drier continental air spreads southwards across the West African land mass. 

This a.ltema.ting northward and southward movement of the intertropical front is 
largely responsible for the orientation of the climatic and vegetation zones in an almost 
latitudinal pattern in West Africa. 

Ocean currents largely contribute toward the dry weather conditions which partly 
reault in the coastal saV&DDa of eastern Ghana, Togo and the Republic of Benin (:formerly 
Dahomey). Cool ocean currents of uncertain origin occur in the middle of the year off 
these coasts thereb,y cooling sea and air temperatures and restricting convection. In 
addition to the effects of the ocean currents, the relief features of the Guinea Highlands, 
Cape Three Points, the Mampong Scarp and the Akwapim-Togo Mountains cause the rain-bearing 
southwesterlies to lose their moisture on the highlands, so becoming dry westerlies. 

Similarly, the occurrence of monsoonal and mountain grassland along the latitudinal 
belts of Guinea and Sudan savarma in Senegal and Guinea are due to the effects of the Fouta 
Djallon Mountains. The Joe Plateau has a similar effect on the occurrence of derived 
savanna vegetation on its southwestern slopes. 
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GEIERlL CHABA.C'l'ERISTICS OF ~T AFRICAB CLIJU.TE 

Rainfall 

In the tropics rainfall is the most vi tal element in the climate as the natural vege
tation largely depends upon its quantity (and especi8.l.ly its eff'ecti veness), its degree of 
certainty, its length and how it falls. Figures 1 and 2 show the general picture of the 
aimua.l rainfall. The very heavy rainfall of the southwestern coast and the Cameroon 
Hiplanda is evident. The low rainfall of central Ivory Coast, eastern Ghana and Top are 
also clear. Apart fr• these contrasting features along the West African coast, annual 
rainfall decreases rep.l.arly norihwarda fr011 the coast, both in amount and duration. There 
is a sauth to north spread in the l:leginning of the ra~ season and a corresponding north 
to south retreat at the end. For this reason the rainy season gets progressively Shorter 
further north in the area. 

The rainfall is extremely variable in amount, in time of onset and cessation as well 
as regime. This variability is greatest in the .interior. 

Temperature 

Because of its situation in the tropics, there is the general belief, especially 
among non-Atricans, that temperatures in West Africa are exceedingly high throughout the 
year. This is more o:rten an exaggeration. The very high temperatures characteristic of 
maDy months in the lowland parts of similar latitudes in East Africa and India are. attained 
in West Africa only in or near the desert for short periods of the year. 

On the whole, average temperatures in West Africa are lower than the world average 
for similar latitud.es in the northern hemisphere during winter, during the rains in the 
south and almost all year round in Senegal, the coast line of eastern Ghana and Togo, and 
in highland areas. On the other hand, temperatures are higher than the world average for 
similar latitudes in April, July and October. 

A very common feature of the temperature condi tiona in West Africa is the diurnal and 
seasonal range of variation. There is a gradually increasing range from the Guinea coast 
northward and a sharper increase from the Senegal coast inland. The greatest ranges occur 
during the change of seasons. 

Sunshine 

Because West Africa is situated in the tropics, night and cl.a3 lengths are almost 
alw~s equal. For this reason sunshine seldom exceeds twelve hours. During the wet season, 
clouds and ~arly morning mist often obscure the sunshine, while during the dr,y season, the 
sun is often obscured by dust - haze. As a result of this, the recorded sunshine is often 
reduced. Table 1 shove representative figures of mean daily sunshine in hours for Freetown 
(Sierra Leone) and Kumasi (Ghana). · 

Relative Humidity 

High relative humidity is common in rainy areas and during the rainy seasons. During 
the dry season, relative humidity drops considerably. Table 2 shows mean percentage rela
tive humidity in January and July for some places on the coast and in the interior. 

CLIMATE OF THE GUINEA SAVANBA 
.. 

The map on ~ 8 Bho1s the ~a,.tation zones of West Africa. The Guinea savanna lies 
roushl.7 between latitudes 7 and 9 30'N and occurs to the north of the lowland rain forest 
except for the southern portions of Ghana, Togo and the Republic of Benin where it extends 
southward to the Atlantic coast. The southern and northern portions of this vegetation zone 
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show some differences in structure and floristic composition which are consistent enough 
to subdivide it into southern and northern Guinea savanna. The climatic differences between 
the southern and northern portions of the Guinea savanna, however, are more a degree of 
severity of condi tiona rather than of kind. 

Accra - Togo Dry Coastal Savanna 

Some of the reasons for the occurrence of this type of vegetation in this area have 
alre~ been mentioned. 

The rainfall pattern for this southward extension of the Guinea savanna is similar to 
that of the lowland rain forest, but the monthly and yearly totals are low. The coastal 
fringe between Elmina and Grand Popo has an average annual rai:nf'all of below 35 inches 
(875 DID). The number of rain ~s are few and there are only two or three months in the 
year vi th more than 4 inches ( 100 mm) of rainfall. 

Relative humidity is only a little lower than in the rain forest zone. Temperatures 
are generally a little higher than in the rain forest zone except from July to September 
when they are much cooler for reaaons·alre~ mentioned above. 

Table 3 shows average monthly maximlDD and minimum temperatures and rainfall for Accra 
(GhaDa) and Lome (Togo). . 

Southern Guinea Savllllll& 

This zone lies roughlY between latitudes 7°30' and 9~ and extends from Nigeria to 
Guinea. 

Temperatures are moderately high vi th a wide diurnal variation in the dry season 
w}t· ,;.11 lasts about four to five months. Then follows a rainy season of about seven to eight 
months with lower temperatures and less variation. 

Relative humidity varies between 50 and So% but is generally below 7CJ/o at 9.00 a.m. 
during the dry season. Ta~le 3 shows mean monthly maximum and minimum temperatures and 
rainfall for same principal towns vi thin the zone. 

In Nigeria, total aunual rainfall in this belt ranges from 'about 40 to 50 inches 
(1 050-1 250 mm), with two peaks. The raiJl.Y season begins in early March and reaches its 
first peak in M83'. Rainfall then declines till July and increases again at about August 
to reach a second peak in September before declining sharply to an end in October/November. 
Because their timing varies from year to year, the peaks are often not evident from average 
figu.rea (e.g. Table 3 ). 

• ' 
In Lokoja (Nigeria), mean maximum temperatures range from about 960p1 (36°C) in 

February,/llarch to about 850p (2~C) duri~ July to September, while mean minimum temperatures 
range fl'Oil about 760p (24°C) in February/March to about 660p1 (19°C) in November to January. 
Corresponcling figures for Mokwa (Niga.ria) are: mean maximum temperatures 1oo0p (38°C) in 
Feb1'11&17,/llarch to 860p (3ooc) in July to September, while mean minimum temperatures vary 
from about 76"F (24°C) in March to about 6o0p (16°C) in December and January. 

At Kokwa, although mean daily relative humidity during the dry season ranges between 
10 and 3<>%, humidity often drops sharply during the d83' to below 2<>% by early afternoon. 

Northern Guinea Savanna 

The northern Guinea saVBDDa extends from about 9°30'N to about 11°N latitude in 
lligeria, 120W in Upper Volta md 130U turther west. 
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XuillWD diurnal variation in temperature occurs in the dry season, with less variation 
during the wet season (see Table 3). At Afaka (near Kaduna, Nigeria), mean maximum tempera
tures range from about 100o.F (38°C) during February to April to about 780Ji' (260c) in July 
to Aug11at. Mean minimum temperatures range from about 74~ (23oc) in April to about S80F 
(140C) during November to January. 

The rainfall pattern in this zone is generally of a single peak. Armual total rain
fall in this zone ranges from about 40 to 55 inches (1 000 - 1 375 mm). The dry season 
lasts about 5 to 6 months (October/November to March) with a rainy season of six to seven 
months (April to October). The rains increase in frequency and amount from April, reaching 
a peak in August/September and then decline sharply to an end in October. 

Mean relative humidity is in the range of 45 - 35% during the dry season months. 
Humidity figures of below 2o% are common in early afternoon from November to January. 

Jos Plateau 

The Jos Plateau within the Guinea savazma is regarded as a highland varient of the 
northern Guinea savanna (Harrison Church, 1968) and, because of its altitude, temperatures 
are generally lower. Table 3 shows mean monthly maximum and minimum temperatures as well 
as rainfall for Jos (Nigeria). 

The rainfall pattern on the plateau is similar to that of the northern Guinea, but at 
the southwestern edge of the plateau, annual rainfall is generally higher. Average annual 
rainfall for Miango (Jos Plateau) and Nimbia {southwest of the plateau) are about 55 inches 
(1 375 mm) and 70 inches (1 750 mm) respectively. 

At Miango, diurnal variation of temperature is small compared to typical northern 
Guinea savanna. Mean maximum temperatures vary from about 94cr (330C) during February to 
April to about 7Bcr (25°C) in July to September. Mean minimum temperatures are generally 
about 66o.r (19°C) from March to May, dropping to about 56cr (13°C) during December and 
January. 

Mean relative humidity is generally above So% during the height of the rains from 
July to September and drops to below 3o% during December to February. 

CLIMATE OF '!HE SUDAN SAVAIDJA 

This vegetation zone lies north of the northern Guinea savanna and extends between 
approximately 11° and 13~ latitude in its southern limit and between 120 and 14~ in its 
northern limit. It includes the southern interior of Senegal, interior Gambia, central 
Mali, most of Upper Volta and most of the extreme northern parts of Nigeria. 

In comparison with the northern Guinea savanna, rainfall is less - about 22-40 inches 
(550 - 1 000 mm) annually. The rains fall for five to six months followed by a dry season 
of six to seven months. The rainfall is much more variable than in the northern Guinea 
saYamla. Table 3 shows mean monthly temperatures and rainfall for some principal towns in 
the Sudan savazma.. 

Sokoto and Katsina in Nigeria have an average annual rainfall of about 29 inches 
(725 mm) each; Kano receives about 34 inches (850 mm). The rainy season starts in May, 
with the amount and frequency of the rains increasing steadily to a peak in August or 
September before declining rapidly to an end in October. 

Mean maximum temperatures in both localities are about 102°F (39°C) in April and M~. 
During this period, temperatures of 106°F (41oc) are often attained during the d~.0 At the 
height of the rains during July to September, maximum temperatures average about 88 F {31°C). 
Me8D ~ trperaturea are lowest d11ring the aonths of December and January averaging 
ab~t 54

0
F (12 C) but often dropping below 50°F {10°C). Minimum temperatures rise to about 

75
0
F (24

0
C) in April and MSiY just before the onset of the rainy season and drop to about 

10 F {21 c) at the peak of the rains. 
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SOliE DIPLICATIO:RS OF CLDIA.TIC COBDITIO:RS FOR 
SAVADA .Aii'FURESTATIOll 

The rains begin first in the southern portion and progress northward, while their 
cessation begins first in the north and progresses southward, resulting in the relative 
shortness of the rainy season in the north compared to the south. 

North of about latitude 7°30'll, total annual precipitation becomes progressively leas 
than annual evapotranspiration. This means that all areas above this latitude are deficient 
in moisture on an annual basis. This deficit increases with latitude. The difference be
tween the commencement of the rains around Lokoja and Katsina is about three months and the 
length of the rain;y season about 200 and 100 dqs respectively (Kowal and Knabe, 1972). 

Forest plantation establishment in the northern savanna zones would therefore require 
more drought ~ species which can sufficiently establish themselves during the compara
tively short rainy season to be able to survive the long dry season. It appears that the 
southern Guinea and possibly the southernmost parts of the northern Guinea savanna zones 
could support a greater number of plantation species than the Sudan and Sahel zones because 
of the comparatively less critical moisture conditions. 

Irrespective of how favourable moisture and light conditions Mfl\Y' be, plant growth 
ceases when the temperature of the environment either exceeds a certain maximum or falls 
below a certain minimum value. Between these maximum and minimum values, there is usually 
an optimum range. It is important to distiDglliSh between air and soil temperatures in 
considering the effect of temperature on plant growth. Equally important is the fact that 
plants differ in their adaptation to ranges of temperature regi:nes. 

While many BDDUal and biennial agricultural crops have been classified into cold 
season and hot season crops on the basis of their adaptability to different temperatures 
(Kowal and Knabe, 1972), there has not been any such classification for forest trees. 

Unsuitability of air or soil temperatures during the whole or part of the growing 
season mfJ\Y' be a decisive factor in the success or failure of exotic or indigenous species 
as plantation candidates in the savanna zones of West Africa. Air temperature conditions 
have never been found too drastic to limit plant growth in the savanna areas. 

Table 4 shows mean monthly soil temperatures at three principal towns in the savanna 
zones of Nigeria. Too high soil temperatures m~ inhibit proper root development and 
gronn. Consistently high soil temperatures at places such as Mokwa mCI\Y militate against 
successfUl development of mycorrhizae for good growth of pines in spite of its low latitude 
and annual rainfall compared to places like Afaka. 

Other factors of the environment such as dqlength and sunshine and values of potential 
photoa,ynthesis computed from them have been estimated to be adequate for plant growth in 
the savanna zones. SuccessfUl afforestation in the savanna zones of West Africa, therefore, 
will depend on the proper selection of plantation species which are sufficiently adapted to 
utilize the very limited soil Moisture (and sometimes the very low levels of nutrients) for 
maximum dry matter production under the prevailing environmental conditions. 
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TA:BLE 1 

MEAlf DAILY SUBSHIBE (HOURS) FOR 
FREE'roWIJ (SIERRA LEDBE) ABD ICUMASI (GIWlAl 

Jan I Feb I Mar I Apr Mq June July Aug Sept Oct 

Freetown (Average 12~1-20} 

8.1 8.2 1.1 1.0 ' 6.3 5-3 2.8 2.2 4.0 6.2 
% maximum possible 

69 69 64 57 50 I 42 I 22 16 33 52 

Kumasi (6° ~3'N1 1° 37'W} Average of 2 leara 

3.9 I 4.3 I 4.8 I 5.0 I 3.7 I 2.0 I 1.1 0.9 2.3 3.9 

TABLE 2 

MEAN RELATIVE HUMIDITY (%) IH JANUARY AND JULY 
IB WEST AFRICA 

January 
a.m. p.m. 

Monsoon and Guinea Coaats 

Conakr.y (9° 31'N, 13° 43'W) 85 71 
Accra (5o31'N, oo 12'W) 82 84 
Port~ovo (6° 30'B, 2° 37'W) 90 11 

Interior 
Timbuktu (16° 47'N, 3° w) 39 29 
Bamako (12° 39'N, 7° 58'W) 50 27 
Beyla (8° 41'N, 8° 39'W) 68 31 
Natitingou (100 16'1N, 10 23'E) 43 22 

----

Bov Dec Ammal. 
Mean 

6.6 7.0 5-9 

56 60 49 

! 

4.6 3.9 ' 3.4 
i 

~ ...... 

July 
a.m. p.m. 

92 85 
85 85 
89 85 

68 46 
89 lJ 94 
81 75 
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'l'Am.E 3 

IU.XIIlUII AID KU!IlUil TEKPERA.TURES DD RAIBPALL. II WEST APRICAll SAVOIA 

Ja Peb liar Apr lla,y' Jun July Aug Sept Oct IOT Dec · Kean Tot. .lim. 
llax a: llin Bain 
'!'ell Op 

85.6 
13.8 

28.6 

83.8 

I 30.8 
72.5 

93-5 
70.7 

42.9 

92.0 

I 48.5 
72.5 

0 3'W 
,1186.2185.1186,8189.5191.21')0.81 91.6 

70.8 69.6 69.6 69.5 69.1 66.0 58.0 67.3 
9-7 11.7 13.6 13.4 6.6 1.3 0.4 66.3 

11°12'B 0 1 •w 
91.21 7.01 5·5187.8193.0 195.2194.61 93.6 

I 46.4 
71.0 69.6 69.3 68.8 69.3 66.8 62.0 67.6 
4.8 9.8 12.0 8.5 2.5 0.7 0 

Jo• Plateau 

82.2 

I 56.3 
61.9 

87.31 88.81 90.01 95.21 93.01 95-7 71.5 72.2 71.5 63.4 59.4 67.9 
12.0 s.s 3.2 0.1 0 39.6 

85.61 88.21 92.01 94.01 91.01 94.0 71.1 71.3 71.6 67.0 63.8 70.8 
13.7 8.1 1.7 0.6 0 44-0 

89.31 92.4,100.1,101.81 97.61 98.7 70.4 7~0 71.6 66.2 59-6 68.7 
12.4 5.1 0.5 0 0 33.6 

85.1 88.0 93.5 f2.5 87.1 91.6 
69.6 69.4 68.1 61.6 56.9 66.6 

3.6 



TABLE 4 

MEAll MONTHLY SOIL TEMPERATURE (°F) 
IN THE SAVANNA ZONES OF NIGERIA 

Station 1 Jan I Feb I Mar Apr M~ June July 

Monthlz mean earth temJi:!erature at 1 ft 

Molal a 83.4 88.2 94.0 93-5 90.5 86.3 83.9 
Samaru 14-1 78.3 84.2 86.8 85.5 81.9 79.6 
Gus au 76.1 81.8 36.9 89.6 89.4 85.1 81.2 

Monthly mean earth temJi:!erature at §; ft 

Mokwa 84.7 86.5 90.7 92.6 91.0 88.6 86.2 
Samaru 17.9 78.8 82.0 84.9 85.4 83.6 81.8 

Gus au 81.0 82.6 85.5 88.6 89.5 88.4 85.1 

~~ 

Aug Sept Oct Nov Dec 

82.7 82.9 84.5 85.9 84.3 
78.1 79.2 80.2 77-4 75.1 
80.3 81.5 82.4 80.7 78.4 

I 
84.6 84.2 84.7 85.7 85.4 

_. 
\0 

80.2 80.3 81.2 80.4 78.6 
83.2 83.1 83.7 83.8 82.8 
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IJTROWCTIOli 

The term West Africa is COIIIDonly used in referring to countries lqing east of and 
along the Atlantic coast of continental Africa. In: this paper West Africa will include 
(Pugh aDd Perry, 1960) Mauritania, Senegal, Gambia, Guinea-Bissau, Guinea, Sierra Leone, 
Liberia, Ivory Coast, Ghana, Togo, Benin, Jlali, Niger, Upper Volta and Nigeria. These 
countries lie between tha latitude 5~ and the Tropic of Cancer and cover about 2 200 miles 
from east to west and 1 200 miles from north to south with a total area of 2 333 041 square 
miles. The 10-inch iaobyet where the denai ty of population is about 2 persona per square 
mile is more or leas the northern boundary of the Sudan zone and of West Africa. 

Cltmate is a very strong and active factor affecting soil formation as well as plant 
growth in West Africa. Ita effect on the soil is shown directly in rock weathering, 
leaching of bases, soil developnent and indirectly by ita influence on the nature of 
vegetation. 

Rainfall distribution in West Africa is fairly constant. Rains are caused by two 
main movements of air masses - a dry continental air mass to the north and a moist body of 
tropical maritime air to the south. 

The latter brings rain which produces the wet sud dry seasons, whilst the former 
brings in the cold, dry air from the north which is called hannattan. North of latitude 8° 
or 90W there is only a single wet season with a single peak and followed by a long dry 
season. South of this latitude there are two distinct rain,y seasons with double peaks, 
namely April-July and October-Bovember. 

In the savazma areas, average annual rainfall is generally less than 1 150 mm; the 
ran.ge would be from 510 mm to 1 150 mm. Potential evapotranspiration ranges from 1 270 mm 
to 1 520 mm (50 to 60 inches) a year (Ahn, 1970) •. This creates a general deficit of soil 
moisture throughout the zone. The findings at Afaka Forest Reserve (Samie, 1973) showed 
that the 1 360 mm (54 inches) of rainfall in 1969 provided an ample supply of available 
soil moisture to grow plantation trees in this area. It was also reported that regions 
with less than 380 mm of rainfall are unlikely to support natural forests (USDA, 1938) 
and areas with less than 760 mm do not readily allow economic production of timber. Heavy 
and concentrated rainfall effects leaching of weathered materials in the profile. The 
amo1mt of rain infiltrating into the soil depends upon its intensity, vegetation cover, 
slope of land, soil moisture content, soil texture and compactness and time of d.q. Less 
rainfall and sparse vegetation with warm temperatures allow less percolation in the soils 
of the northern parts of the savannas than in the high rainfall, high forest belt of the 
southern parts of West Africa. Slow and even rainfall permits the water to penetrate into 
the soil, whereas a sudden downpour creates runoff and also causes soil erosion. Due to 
this difference in amo1mt of rainfall between the northern and the southern parts of West 
Africa, (see Rainfall map, page 16). leaching also varies, being great where the rainfall 
is heavy so that the tendenqy of the soil reaction would be slightl~ alkaline to neutral 
in the northern part and acidic toward the southern part (Ahn 1 1970). 

GEX>LOGY 

West African geology consists mainly of three known classes of rock formations. The 
first two are crystalline rocks,or i~eous (granite) and metamorphic (gneiss and quartzites), 
which are the oldest (pre-Cambrian) (see Map 1) and together these are commonly called rocks 
of the Basement Complex. Less extensive are the younger sedimentary rocks which cover most 

1/ A more detailed discussion on climate is.presented in the preceding paper 
by M.A. Ogigirigi. 
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of the Niger River valley and western parts of Senegal and Guinea. The very much older 
sedimentary rocks {sandstones) are found mainly in the Northern areas of the Ivory Coast 
and Guinea. Most of these sedimentary rocks also rest on the Basement Complex sometimes at 
very great depths. Some of the old rocks weathered very slowly or were resistant to erosion 
with the result that they form the upland features of the Guinea Highlands, the Atakora 
Ranges, the Jos Plateau, the Fouta Djallon and the Adamawa Highlands. Most rocks on the 
Basement Complex are less resistant to erosion and subsequently levelled the lands almost 
to wide plains, known by some authors as peneplains. Widely scattered over the peneplains 
are isolated hills in the form of domes made up mainly of granite. They are commonly bare 
or covered by very thin soils or gravels and stones and are known as insolbergs. Rocks of 
the Basement Complex produce poor soils as the minerals composing them are very resistant 
to weathering and contain very low reserves of weatherable minerals. Upon cropping, the 
soil fertility is soon depleted. Through traditional experience the farmers have learned 
that in order to produce good crops it is better to abandon the· farms for a while and settle 
in another virgin area. Five or more years later when native vegetation has been re
established in the abandoned area, farmers will clear and farm again. This is the basis of 
what is known as "shifting cultivation". 

Volcanic rocks are located in the area around Mambilla, south of Potiskum, on the 
Jos Plateau and to a small extent in Senegal. Soils fonned from this rock are generally 
much more fertile than those from the Basement Complex, as the content of weatherable 
minerals is high. 

SOILS I GENERAL 

The depth of soil that can be formed depends upon the factors affecting soil forma
tion. The texture as well as the fertility of a soil depends principally upon the factors 
affecting roCk weathering. 

The breaking of rocks into fine particles is accomplished by either a mechanical or 
chemical process, or by both. Where temperature is high and rainfall is low as in the 
northern parts of West Africa, rock weathering is mainly by mechanical means and thus pro
duces coarse textured soils which are usually of low fertility. But towards the southern 
parts, rainfall becomes progressively greater and rock weathering gradually changes to 
chemical means producing fine textured soils. The rock minerals change into more soluble 
fo:nns thus producing more fertile soils. In the drier areas, the savanna vegetation (grass 
and trees) dominatea, but in the much wetter areas, high forest becomes dominant. In 
~neral, the volume of vegetation in savanna areas is less than that in the forest areas 
(Ahn, 1970). Trees tend to extract nutrients from the soils at much greater depths than 
grasses. Due to seasonal burning in the savarmas, large amounts of organic matter and soil 
nutrients are lost. Burning is not frequent in high forest areas and the nutrients in the 
top soils are greater than in savanna soils. From 15 an and deeper the amount of nutrients 
in the horizons is practically the same for both savanna and high forest soils. 

SOIL CHEMICAL PROPERTIES 

The chemical aspects of West African savanna soils were discussed in detail by Nye 
and Greenland (1960), Ahn (1970) and Jones (1973). The following discussions will be 
limited to the chemical characteristics of the soil that were found to influence the 
establishment and growth of exotic tree species. 

Organic Matter and Nitrogen 

Ma~~j West African savanna soils are low in organic matter and nitrogen. This is 
caused primarily by the effects of environmental factors and human interference on vege
tative growth. Usually i:n undisturbed soils, the level of organic matter builds up to a 
limit governed by the type and production of vegetative materials. 
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'fable 1 shows amounts of soil carbon rmd nitrogen for some si tea in the aavaml8. areas 
of West Africa. At Yambawa in Sudrm savanna, for e%8mple, the average contents of carbon 
and nitrogen were 0.22 rmd 0.022 percent, respectively; whereas corresponding merm values 
of 0.98 and 0.058 percent were recorded at Afaka. in the northern Guinea savcuma.. A striking 
feature of organic matter rmd nitrogen in savamJa soils is the aimilari ty in their distri
bution to vegetation patterns. 'l'hia is basically so, as the vegetation serves as a medium 
through which other factors that influence organic matter level express themselves. 

Site 

Ghrma.!/ 

Ivory Coast.:!/ 

Upper Niger 

Afaka, Nigeria 

Mokwa, lligeria 

Yambawa, Nigeria 

Hadejia, Nigeria 

TABLE 1 

CARB>N AND NITROGEN CON'fEN'l'S OF SOME SURFACE 
WEST AFRICAll SAVANNA SOILS 

Rainfall No. 
pH %£ (mm) Samples 

1 143 9 6.0 0.44 
1 780 5 4.6 1.15 

381 10 6.2 0.23 
1 245 24 5-9 0.98 
1 118 19 6.3 0.88 

762 5 5-9 0.22 
610 3 6.0 0.23 

.:!/ Data quoted by Bye and Greenland ( 1960) • 

%w c/N 

0.034 12.9 
0.063 18.3 
0.022 10.5 
0.58 16.8 
0.060 14.6 
0.022 10.0 
0.021 10.9 

Jones {1973) has shown that the two major factors governing the amount of carbon and 
nitrogen in well drained West African savanna soils are cl£ey" content and a moisture factor 
measured by the length of the wet season. Recently, Kadeba (1975) showed strong significant 
correlation between organic matter and mean annual rainfall for some sites in the savanna 
zone for Nigeria. The effect of latitudinal position on organic matter level was also 
demonstrated. There was a decrease of 0.40 and 0.03 percent, respectively, in soil carbon 
and nitrogen contents per degree latitude to the north. Not only does quantity of organic 
matter in the soil vary with environmental conditions, but also the quality. Work done on 
savanna soils showed the C/N ratio decreases with decreasing rainfall, in keeping with the 
findings that the degree of humification of organic matter increases with dryness of 
climate (Duchaufour and Dommergues, 1963; Jones, 1973). 

Burning, cultivation and grazing are common features of peasant agriculture in West 
Africa. The degrading effects of these practices on soil organic matter and nitrogen have 
been demonstrated {Jenkins, 1964; Moore, 1960; Nye and Greenland, 1960; Jones, 1971; 
Jones 1973). The suppression of nitrogen mineralization by annual early burning was docu
mented in a study at Afaka in northern Guinea savanna (Kadeba, 1973). 

Available data provide evidence of the influence of soil parent material on soil 
organic matter. This is expected, in as much as parent material determines soil texture. 
In a region of predominantly sandy soils, the influence of cl~ on soil fertility and hence 
on vegetative growth could be considerable. 

Phosphorus 

Phosphorus is one of the primary ele~ents limiting the growth of forest trees in 
aavamta areas of West Africa. Most savanna soils have less than 100 ppn total P. Little 
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concentration of phosphorus occurs through vegetative cycling and spectacular responses to 
applied P have been observed in several areas (Nye and Greenland, 1960 ). 

The data of Ipinmidun (1973) shown below provide information on the levels of total 
and organic P that could be met on some sites in the Nigerian savanna region. 

Location Soil Category Organ~) P 
{ppm TC~~;{ 

Azare Juvenile soil on 
I 

aeolian sand 10.6 37.6 

Mokwa Undifferentiated 
ferrisol and lithosol 25.3 73.6 

Ochanja Ferrallitic 39.8 82.2 

Many West African studies have shown that values of organic P constitutes a signifi
cant propotion of total P (Omotosho, 1971; Acquaye, 1963; Friend and Birch, 1960). It 
has also been suggested that input from organic P through mineralization to available P 
could be comparatively large in these highly weathered soils. 

The deficiency of P in savanna soils is often attributed to the occurrence of 
relatively large amounts of free Fe and Al oxides that lead to strong P adsorption. This 
m~ be true in certain instances as in volcanic soils. Most tropical soils possess oxides 
that are highly crystalline, of low surface area and hence they fix small amounts of 
applied P. Low addition of P fertilizers will maintain satisfactory P concentration in the 
soil solution. Residual effects of phosphate ~ve significant correlation with crop yield 
on such soils in a field experiment in Samaru {Ipinmidun, 1973 ). 

In ferruginous and other soils of West Africa, the amounts of 'active' oxides and 
their participation in phosphate sorption m~ depend on the organic matter content of the 
soil and hence the depth of sampling. Juo and Maduakor (1974) found that a surface and 
subsurface Funtua soil in the Guinea savanna, required 96 and 456 kg/ha of P respectively 
to maintain an equilibrium soil solution of 0.2 ppm P. 

Exchange~ble Nutrients and CEC 

The most important parameter determining the cation exchange capacity (CEC) of savanna 
surface soils is the soil organic matter content. In the Guinea savanna, it has been 
estimated that between 60 and 85 percent of the cation exchange surface is provided by the 
organic matter (Kadeba and Benjaminsen, 1975); the CEC of organic matter was calculated as 
lying between 282 to 322 mEq/100g. In the subsoil it is the mineral fraction of the soil 
that makes significant contribution to the CEC. In keeping with the kaolinitic nature of 
the clay as well as the low organic matter level, the CEC of the soils are generally low, 
often less than 10 mEq/100g. 

The levels of the exchangeable cations are determined primarily by the kind of soil 
parent material. Soils derived from Basement Complex contained between 0.35 and 3. 99 per
cent total K compared with 0.06 and 0.11 percent total~ for soils derived from sandstone 
(Wild, 1971). Except in sandy soils, cation deficiency is not a serious problem under the 
non-intensive farming conditions which prevail over most of the savanna region of West 
Africa. Moreover, because of the low CEC, the percentage saturation of the exchange 
complex by the individual cations is relatively high and this might be a favourable factor 
in their availability. 
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Micronutrient a 

There is limited evidence of the effects of micronutrients on growth of exotic tree 
species in the savanna zone of West Africa. In Nigeria, the die-back of eucalypts has been 
associated with boron deficiency. At Samaru, hot-water-soluble boron, which is used as an 
index of availability, ranges from 0.03 to 0.13 ppm with a mean value of 0.076 ppm. There 
is evidence that sulphur and molybdenum levels are often marginal for groundnuts. 

SOIL CLASSIFICATION 

As a consequence of the different factors of weathering and soil formation, a large 
number of different types of soil were produced. To study these different kinds of soil 
individually is impossible and it is, therefore, necessar,y to classify them into units -
each unit with soils of similar characteristics. A system of broad classification of soils 
was developed by Pugh and Perr,y (1960) in which the soils in West Africa were classed into 
four groups as follows: 

Northern sandy soils. These generally cover the Sahel and part of the Sudan zones. 
Vegetation is mainly grass with a few low trees. The area is used mainly for pasture. 
The sandy materials are usually blown by wind during the dr,y season. 

Zone of lateritic soils. The soils in most of this area are poor and clearing of new 
lands often exposes the soil to laterite formations thus extending the areas of poor 
soil. Soil erosion is also common and fertilizers are needed to produce economical 
crops. 

~atorial forest soils. High forests are found in this zone of high rainfall and 
humidity. Soil is less eroded and is highly desirable for agriculture. This forma
tion is found in the lower parts of the Guinea zone. 

Coastal swamp soils. The soils in this class are mostly mud and sand mixed with 
organic matter and are usually saturated with brackish water. Vegetation is mostly 
mangrove. When properly washed and drained., the soil can be used for farming. 

Another more precise and technical classification was prepared by D'Hoore (1964). A 
similar soil classification was also prepared by Unesco and FAO, but in as much as the 
soil map published in FAO Forestr,y Development Paper No. 19 (FAO, 1974) is the one based on 
D1Hoore, the authors decided to use this and to describe the soil units based on D'Hoore's 
report on the Explanator,y Monograph No. 93 dated 1964. In this system, the different soil 
units were classified into main groups according to their developing genetic criteria. 

The soil map presented in this paper is a reproduction of that published in FAO 
Forestr,y Development Paper No. 19. Only soil units covering the Sudan and Guinea zones of 
West Africa are included in the following discussions. The soil units numbered in figures, 
correspond to those in the legend on the soil map. 

Raw Mineral Soils 

The tenn "soil" may scarcely be applied under this group. The environmental condi
tions encountered here are so unfavourable to biological activities that living processes 
and the pedogenesis they promote are lacking almost completely. These are "pre-soils", or 
soils near zero time in soil formation. The raw mineral "soils" a.re of particular import
ance because of the enormous surface they cover, specially in the northern parts of West 
Africa. 
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1. Desert Soils, Undifferentiated 

Definition. This includes all loose materials, mostly sandy and submitted to desert 
conditions. Associated with this are also desert pavements that are transported and some 
halomorphic soils, which are not differentiated. 

Distribution. Found mainly in the Sahel or north of the Sudan zone of West Africa. 

Value for forest~. At present these soils do not have much value for forest~y. 
However, with irrigation they can be made to support some species of trees intended for 
fuel or posts. The soil needs application of abundant organic matter to increase water 
holding capacity. · 

Weakly Developed Soils 

Soils in this group are classified with the order entisols (USDA 7th Approximation, 
except for the sub-desert soils that belong to aridisols). These soils have a low level of 
profile development reflected in a ver,r weak differentiation of horizons. Factors contribu
ting to their poor development are: 

a) Parent materials low in alterable or transferable minerals and 

b) Erosion processes that remove loose superficial l~yers as soon as they are 
formed, either due to strong relief, intense winds or rainfall, or by all of the 
these factors. 

6. Skeletal Soils, Mostly Rock Debris with Pockets of Soils 

Definition. Soils with very weak differentiation of genetic horizon, containing 
coarse elements and having solid rock within a depth of 30 em. 

Distribution. Found mainly in the high-lands as well as widely distributed among 
other soil units, especially within the ferruginous tropical soils. 

Value for forestry• Generally low. This soil requires erosion control measures, 
such as contour trenching, planting on the contour and application of fertilizers, to raise 
the level of fertility. This soil can be used for reforestation of shallow rooted trees 
or trees whose roots can penetrate the plinthite layer. 

1. Weakly Developed Soils on Young Allevium, Often Halomorphic or Hydromorphic 

Definition. Deposition is still proceeding intermittently in these soils and they 
are characterized by a great heterogeneity. They differ not only from one spot to another 
but also after a flood, as reflected by the stratifications in the profile. Moreover, the 
age of the deposits is not the same throughout. It is mapped as complexes. 

In the most recently deposited soils, humic horizons are often lacking whereas the 
gley horizon is barely discernible, but on older formations covered by vegetation there 
are humic horizons, showing structural development and a gley horizon becomes perceptible. 

Distribution. This soil unit although not very extensive, is well distributed. It 
~ be found under ever,y climate near bodies of water which fluctuate periodically. 

Value for forest;r. The forestry potential is influenced largely by the composition 
of the sediments and the type of climate. Alluvial plains often comprise the soils with 
the highest potential for planting. It is seldom that these favoured soils make up all of 
the alluvial deposits. Hence detailed soil mapping prior to reclamation is always useful. 
Areas with deep and moderate textured soils, however, will support good growth of trees -
provided there is sufficient moisture available. 



13. Lithomorphic Soils with Dark Non-Kaolinitic Cl!fSr Developed on Calcareous and Basic 
Isneous Rocks, but as a Rule not in the Humid Areas 

Definition. These lithosols on a calcareous crust may still be forming and are a 
product of present day soil formation. They are found on loose sediments, generally in 
association with brown soils of arid and semi-arid tropical regions and in areas with flat 
or slightly undulating relief. A thin layer of brown to red aeolian sand overlays a 
calcareous crust of variable thickness. The pH is neutral to slightly alkaline. In the 
clay fraction illite and montmorillonite are the dominant minerals. Of course, these soils 
may be considered lithosols only in so far as the loose overlying layer is sufficiently 
thin (30 om). 

Distribution. This formation is limited to the relatively arid regions situated near 
the border of the desert or in the northern part of Senegal. In North Africa its presence 
seems linked to calcareous bedrock. 

Value for forestE[• These soils have a certain potential for forestry. In North 
Africa they often car~· vineyards and also may be used for extensive grazing. Their use 
for forestry may be a problem due to insufficient rainfall in the area. Irrigation may 
help. 

Brown and Reddish-Brown Soils of Arid and Semi-Arid Regions 

The brown or reddish soils are darkened by organic matter in the greater part of the 
profile under steppe vegetation, are without an A2 horizon, but have a textural structural 
or colour B horizon. The reserve of weatherable minerals in the soils is often consider
able but this depends on the composition of the parent material. Ordinarily they contain 
appreciable quantities of clay minerals with 2:1 lattice. The cation exchange capacity of 
the mineral complex,which is medium to high, is more than 50 percent saturated in horizons 
B and C and often contains free carbonates. These soils are situated between the desert 
areas and the equatorial region. 

12. Brown Soils of the Arid and Semi-arid Tropical Regions, Generally with Highly 
Saturated Non-Kaolinitic Clay Complex 

Definition. These soils are formed under a hot dr,y climate where annual rainfall 
rarely exceeds 500 mm. They are often formed on aeolian deposits where the climate is 
rather more humid and the parent rock rich in bases. Impeded external drainage seems to 
favour their development. 

Although the total organic matter content is low (less than 1%) it is well distributed 
throughout the profile. The French classification subdivides the group "sols bruns sub
airdes" into two subgroups: the brown soils proper and the red brow~ eoils. The latter 
differ from the former in that they are generally developed on sandy parent materials, have 
a greater thickness, generally do not contain any free carbonate, are lower in organic 
matter and are neutral to weakly acid. It is necessar,y to bring in climatic variations and 
chronological successions to explain their present co-existence. 

Distribution. Parent materials are not only of aeolian sand deposits that border the 
desert regions but also weathered sandstones or paleopedological mantle material as well. 

Value for forest;r. Generally, these soils are not suitable for forestry due to low 
rainfall, but under irrigation they may be able to produce early maturing trees. Gultiva
tion tends to deteriorate the good structure and permeability of the soil. Addition of 
organic matter should be maintained but excessive irrigation should be avoided as this 
could induce more destruction of the structure and cause the soil to become compacted. 
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Vertisols and Similar Soils 

Vertisols are important in view of the possibilities for agriculture. African 
vertisols have all of the morphological characteristics of true vertisols but the clay 
fraction is rather lower in expandable minerals and consists more of amorphous gels, than 
those defined under the u.s.D.A. 7th Approximation. 

Vertisols are subdivided into (1) lithomorphic vertisols and (2) vertisols of 
topographic depressions. Each subdivision is related to distinct geomorphological features 
that can be mapped readily and correspond respectively to the usterts and aquerts of the 
USDA 7th Approximation. 

14. Soils with Dark Non-Kaolinitic Clays Confined to Topographic Depressions: Occurring 
in Semi-Arid Areas with a Marked Seasonal Distribution of Rainfall 

Definition. These soils are found in topographic depressions with poor external and 
internal drainage. They seem to develop under climates where potential evaporation is high 
during part of the year and on parent materials (often sediments) of enriched insoluble 
constituents derived directly or indirectly from surrounding higher land. Accordingly, 
they are more commonly associated with soils having sodic, calcic or gypsic horizons than 
are the vertisols of lithomorphic origin. The reserve of weatherable minerals is often 
high. The clay fraction usually consists mainly of 2:1 lattice clays, especially the 
montmorillonite and mixed layer clay minerals. The cation exchange capacity of the complex 
is high and is generally more than 50 percent saturated, mostly with bivalent cations 
(normal ammonium acetate at pH 7). 

Distribution. These soils are found only in areas under conditions of relatively 
well marked seasonal drought: three months of dr,y season and a mean annual rainfall of 
1 000 mm or less. The Sudan depressions are probably the largest expanse of these soils 
in the world. 

Value of forestry. Their topographic situation frequently associates them with 
calcimorphic or halomorphic formations and impedes drainage and desalinization. After 
drainage, these soils may be used to grow trees with high water requirements like Eucalyptus 
robusta. In the Sudan zone trees like Acacia nilotica, !• seyal, !• albida and !• Senegal 
m~ be tried. 

Ferruginous Tropical Soils (Fersiallitic Soils) 

These are soils with an ABC profile; some have an A2 horizon and a textural B horizon 
showing uniform or a weakly prismatic structure. There is a frequently observed marked 
separation of free iron oxides, which may either be leached out of the profile or preciP
itated within the profile in the form of nodules or concretions. The reserve of weatherable 
minerals is appreciable. The silt/clay ratio is generally above 0.15. The clay is mostly 
kaolinitic but often contains smAll amounts of 2:1 lattice clays. Gibbsite is generally 
absent. The Si02/Al203 ratio is near 2 or slightly higher, while the Si02/R203 ratio is 
always below 2. The cation exchange capacity of the mineral complex is low but higher than 
that of ferrisols and ferrallitic soils having comparable {granulometric) clay contents. 
The cation saturation of the B horizon generally exceeds 40 percent (normal ammonium 
acetate at pH7). 

As compared to the ferrallitic soils that often overlay weathered layers several 
metres thick, the ferruginous tropical soil profiles are seldom thicker than 250 em. The 
thickness of the altered layers that separate them from the fresh rock is always less than 
100 em over cr,ystalline acid rocks. 

Colours are duller than those of ferrallitic soils and fall in the 100 YR and 7.5 YR 
range, exceptionally in the 5YR range. There is generally a difference of 2 to 3 points in 
value and chroma between colour of wet and dry soil. Most ferruginous tropical soils would 
fall under the ultustalf. 



-~-

Their high content of alterable ferruginous minerala m~ give rise to important 
liberations of iron and frequently to formation of iron crusts at slight depth. Moreover, 
like all but the most permeable of the ferruginous tropical soils, they are ver,y vulnerable 
to erosion. 

Definition. Unlike other ferruginous tropical soils, the one on sandy parent material 
does not have a textural B horizon. In other words, leaching is not a dominant factor. 
Rainfall usually ranges from 500 to 1 200 mm. The reserve of weatherable minerals is often 
appreciable and clay is mostly the kaolinitic type. Soil drainage and depth to the 
plinthite l~er are the principal characteristics of this soil unit. 

Distribution. The distribution of this soil is zonal, generally covering the Sudan 
zone and the northern parts of the Guinea zone. 

Value for forestry• This soil is generally used for planting of many species of 
Eucalyptus and some species of pines. Although relatively poor, the land is suitable for 
mechanized farming and gives good response to fertilizers. Better response to fertilizers 
is achieved by increasing the organic matter content of the soil. In spite of the low 
rainfall in the area, soil erosion needs attention. 

16. Ferruginous (Fersiallitic) Tropical Soils: on Miscellaneous Rocks. 

Definition. Because of the high quartz content of their parent materials, these soils 
are generally lighter than those of the other units. Since they contain less iron they 
are less frequently iron crusted, but their leaching may be important and often leads to 
a textural B horizon. 

Distribution. On the map this unit reflects the frequent outcrops of more or less 
basic veins that traverse the pre-Cambrian Basement Complex and the post-Cambrian sediments 
that cover it locally. In climatic zones more humid than those favourable to the formation 
of ferruginous tropical soils, such outcrops give rise to ferrisols or ferrallitic soils, 
where the dominant colour is red, on rocks rich in ferromagnesian minerals. These soils 
are specially dominant in the Guinea zones. 

Value for forestry• Low to average. These very erodible soils should be used with 
care. The little rainfall limits the species of trees that can be planted, Eucalypts and 
neem were found. to be doing well. 

Ferri sols 

Like the eutrophic brown soils of tropical regions, the ferrisols are a transitional 
group which are evolving under a hot a~d humid climate and whose normal development is 
retarded compared with that of neighbouring soils. In the case of the ferrisols, this is 
effected mainly by surface erosion which forces the profile to develop in depth at the 
expense ~f less weathered parent material. The ferrisols, just as the eutrophic brown 
soils of tropical regions, are distinguished from neighbouring soils by their better 
structure, their higher biological activity and, therefore, by their higher fertility. 
More widespread than the eutrophic brown soils of tropical regions, they also developed 
under more humid climates. 
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17. Ferri sols: Cla.y Complex Almost Entirely Kaolinite and Oxides j Less than 5Cf% 
Saturated. Low Mineral Reserve. Confined to Humid and Semi- umid Areas 

Definition. Ferrisols have a profile closely resembling that of ferrallitic soils, 
often having a structural B horizon with aggregates having glossy surfaces. These coatings 
are not always evident when a profile has become dr,y. They are not necessarily coatings of 
clay but may be due to the presence of mixed alumino-silica gels. The reserves of weath
erable minerals are generally low but may exceed 10 percent of the 50-250 micron fraction. 

The clay fraction consists almost entirely of kaolinite, free iron oxides and 
amorphous gels, sometimes with small quantities of 2:1 lattice clays and gibbsite. The 
Si02/Al203 ratio is near 2, mostly slight1y below 2. The cation exchange capacity of the 
(granulometric) clay fraction of the B horizon generally exceeds 15 mEq per 100g and is 
intermediate between that of ferr..tginous tropical soils and that of ferralli tic soils 
sensu stricto. The saturation of the B and C horizons is less th~n 50 percent (normal 
ammonium acetate at pH7). 

As for their place in the USDA 7th Approximation, the absence of oxic horizons 
requires that they be classified provisionally among the ultisols, although certain objec
tions might be raised to the truly argillic nature of their B horizon. 

Distribution. In the equatorial zone these soils are generally found at altitudes 
higher than 1 600 m, such as on the Joe Plateau, and in Sierra Leone and Liberia. 

Value for forest • Although these soils are higher in plant nutrients than ferralli
tic soils sensu stricto), they appear to be relatively poor soils as compared to the 
eutrophic browil' soils of tropical regions ~1hich have developed on similar parent materials. 
When climate, landform and altitude permit, they are suitable for most trees like teak, 
Gmelina and pines. 

Ferrallitic Soils (Sensu Stricto) 

On the African continent ferrallitic soils cover approximately 5 338 000 km2 or more 
than 18 percent of the total surface. Consequently, the ferrallitic soils are the most 
extensive group of soil units in Africa. (Less homogeneous desert detritus, with 
5 913 000 km2, can hardly be considered soil.) Ferrallitic soils reflect the final stages 
of weathering and leaching, wherein only the least mobile and least weatherable constitu
ents remain and where even kaolinite may become altered. 

Notwithstanding their apparently zonal distribution, a major part of these soils is 
not exclusively the result of present d~ soil formation. Many are polygenetic, i.e. recent 
soils developed in old weathered l~ers that have undergone ferrallitic pedogenesis and 
which have remained in place or have been reworked and redistributed according to the new 
relief of the rejuvenated landscapes. Such ferrallitic mantles are most frequent in inter
tropical Africa, Where they persisted due to the flatness of the major part of the conti
nental massif. 

The subdivision that has been maintained is a compromise among the different systems 
of classification that were in use in Africa at the time when the partial maps were 
established. It is baaed on criteria that at first glance m~ appear somewhat ill-assorted 
and Where colour occupies a paramount place. 

20. Ferrallitic Soils: on Miscellaneous Rocks 

Definition. These are soils that are often deep, whose horizons are only slightly 
differentiated with diffuse or gradual transitions, but sometimes having an A2 or textural 
B horizon. This B horizon m~ have slight structure in the more cl~ey profiles but the 
aggregates do not show clearly developed glossy surfaces as are described for the ferrisols. 
The structural elements are often very fine subangular blocky peds, more or less coherent 
and forming a very friable, porous mass. There is little or no reserve of weatherable 
minerals. 
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The silt/clay ratio (20/2 microns) is generally less than 0.25 in horizons B and c. 
Clay minerals are predominantly of the 1a1 lattice type and are mostly associated with large 
quantities of iron oxides. Although they are generally associated with hydrated oxides of 
aluminum, gibbsite, one of the cr,ystalline forms, is not an essential constituent, though 
it is frequently present. The Si02/Al203 ratio is sometimes near 2 but usually below. The 
cation exchange capacity of the (granulometric) cl~ fraction is generally below 20 mEq per 
100g and the level of saturation in horizons A and B is generally below 40 percent (normal 
ammonium acetate at pH7). It must be noted that this definition is slightly more restric
tive than that of the French classification. In the USDA classification, 7th Approximation, 
certain ferrallitic soils could be ranged among the oxisols, but the absence of oxic 
horizons excludes many others which tend toward the ultisols. 

Distribution. This element is as equally well distributed to the north as to the 
south of the equator but the total surface occupied is much less than that under yellowish
brown ferralli tic sandy soils, even though both units cover similar geological formation~ 

Value for forestry• The low fertility level of these soils varies with their clay 
content {20 - 6o%), with the nature of the rock from which they are directly or indirectly 
derived, with the present-day climate that ranges from per-humid to sub-humid and with the 
vegetation the climate has induced. 

Due to their low base saturation, the quantity of bases that must be added to increase 
yields significantly often is rather high and under current circumstances, often prohibi
tive. 

Their value for forestr.y is comparable to that of yellowish-brown ferrallitic soils 
on loose sandy sediments. Trial planting of species of trees which have ver.y low nutrient 
requirements is recommended. Casual observations showed Gmelina as a promising species. 

~romorphic Soils 

22. H3dromo~hic Soils, Temporarily or Permanently Waterlogged 

Definition. These are soils, other than vertisols and similar soils, whose develop
ment and characteristics (presence of gley and/or pseudo-gley in at least one of their 
horizons) are influenced by permanent or seasonal waterlogging. Some of these soils have 
a. relatively high level of cation saturation. 

Distribution. From the climatic point of view, distribution of these soils is not as 
extensive as that of the juvenile soils on riverine and lacustrine alluvium with which they 
are most frequently associated. In more arid regions, hydromorphy is replaced by halan~. 

"Value for forestry. Several of these soils have relatively little value for forestr.y 
especially those that are waterlogged either temporarily or seasonally. Their reclamation 
may necessitate control of the water level. However, some species of trees like Eucalyptus 
robusta may be tried. 

' 

SUMMARY AND CONCLUSIONS 

Two main problems confronting afforestation in West Africa are (1) climate and 
(2) soils. The effeot of climate is shown both by its influence on the growth of trees and 
by its influence on soil formation. 

The different kinds of parent materials and living organisms acted upon by the 
different elements of climate resulted in the formation of different kinds of soils. To 
be able to study diligently all these kinds of soils would first require a systematic 
classification so that similar soils need~g similar treatments or management could be 
grouped together. 
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The ferruginous tropical soils are the most widely encountered soils in the Sudan and 
Guinea zones of West Africa as the rainfall (500 to 1 200 mm per year) and a well separated 
dr,r and wet season seemed to favour their formation. Many pilot plantation trials of 
different species o~ eucalypts and pines (!• caribaea and !• oocarpa) have given very good 
results when grown lll the Guinea zones. 

The soils north of the ferrugineous tropical soils are the largest in extent in West 
Africa but, having very little rainfall (less than 500 mm per year), produce scanty 
vegetation. They also have ver.r little value for forestry. Trees like Azadirachta indica 
seemed to be favoured north of the 500 mm isoyeth, but lately, Acacia senegal, A. albida, 
!:- seyal and A. nilotica are becoming important trees in this ~rea; !• senegal-for its gum 
arabic and !• nilotica for its tanning material. 

South of the ferruginous tropical soils, rainfall becomes much heavier, vegetation 
much thicker and both crops and tree production much higher. In this area, teak and 
Gmelina are more adaptable, and in the much elevated areas, pines are promising. 

The best soils in West Africa are those developed from volcanic rocks (newer basalt) 
but are of very limited extent. Teak, Gmelina and pines have shown very good results. 

In relation to chemical ~roperties the soils most suited to plantation development 
are those in which there is a) sufficient depth of soil above the parent rock and 
b) a sufficient amount, and in proper proportions, of mineral nutrient elements. Few 
sites meet these criteria. Quite a good number of the various species of eucalypts being 
tried in the afforestation programme will thrive w~ll on sites with marginal fertility if 
the problem of die-back caused by boron deficiency is rectified. Pinus species need an 
adequate level of phosphate for successful establishment in the fi~ Because of the 
acute phosphorus deficiency of most savanna soils, application of phosphate fertilizer to 
pines has become a standard practice both in the nursery and in the field. Significant 
responses to nitrogen are obtained if P deficiency is first corrected. Apart from N, P and 
B, incidence of other deficiencies have not been detected or described for the various tree 
species being tried. 

REFERENCES 

Acquaye, D.K. 'Some significance of organic phosphorus in th~ phosphorus nitrogen of cocoa 
1963 in Ghana. 1 Plant and Soil 19, 65-80. 

Ahn, P.M. 
1970 

•West Africa Agriculture: 
Press. 

I.West African Soils.• 3rd Edition, Oxfoord University 

Alexander, L.T. and Cady, J.G. 'Genesis and hardening of laterite soils.' United States 
1962 Department of Agriculture. Soil Conservation Service Tech. Bull., 1232. 

Annual Report. Savanna Forestry Research Station, Samaru, Zaria. Min. of Agric. and 
1970 Natural Resources. 1969/70. 

Barrera, A. and Amujo, s.J. Report on the semi-detailed soil survey of the Afaka Forest 
1969 Reserve, North Central State, Nigeria. Ibadan, Federal Department of Forestry 

Research in co-operation with the Savanna Forestry Research Station, Samaru, 
Zaria. 

Barrera, A. 'The use of soil survey in assessing sites for forestry potentials in some 
1971 areas of the northern states in Nigeria.• Rome, FAO Technical Report 5, 

ro:SF/NIR 16. 

Barrera, A. 'Soil Survey of Yambawa Fuel Plantation.' Kano State. Savanna Forestry 
1973 Research Station, Federal Department of Forest Research, Samaru, Zaria. 



-33-

Boughey, A.S. 'The physiognomic delimitation of West African types.' Hour. West African 
1957 Sci. Assoc. 3:No. 2. 

Cl~on, w.n. 'A preliminar,y survey of soil and vegetation in northern Nigeria.' Min. of 
1957 Agric. Northern Nigeria. Not Published. 

D1Hoore, J.L. La carte des sols d'Afrique au 1/5 000 000. Lagos, Commission de coop,ration 
1964 technique en Afrique. Publication No. 93. 

Duchaufour, P. and Dommergues, Y. 'A study of the humic compounds of some tropical and 
1963 subtropical soils.• African Soils 8, 25-39. 

FAD. •Guidelines for soil profile description.• Soil Survey and Fertility Branch. 
Rome. 

FAD. •Definition of Soil Units for the Soil Map and the World.' FAO and Unesco of 
1968 the United Nations. 

FAO. •Savanna Forestr,y Research Station, Nigeria. Silviculture and Mensuration, 
1974 based on the work of J.K. Jackson.• FO:SF/NIR 16. Technical Report No. 7. 

FAD. 'Tree planting practices in African savanna•, by M.V. Laurie. Rome. FAO Forestry 
1974 Development Paper No. 19. 

Friend, M.T. and Birch, J.F. 'Phosphate responses in relation to soil tests and organic 
1960 phosphorus.• J. Agric. Sci. Camb. 54, 341-347. 

Higgins, G.M. and Mould, A.w.s. 'Progress of Soil Survey in Northern Nigeria.' Proc. of 
1959 the Third Inter-African Soil Conference. Dalaba, 1. 

Ipinmidun, W.B. 'Comparison of some methods for determining organic phosphorus in some 
1973 Nigerian soils.' Soil Sci 115, 324-325. 

Jackson, J.K. and Ojo, G.o.A. 'Productivity of natural woodland and plantations in the 
1973 savanna zones of Nigeria.' Research Paper No. 20. Federal Department of Forest 

Research, Ibadan. 

Jenkins, R.N. 'The effect of different cultural treatments on the normal annual cycle of 
1964 variation in the ammonia- and nitrate- nitrogen contents of the soil.' In 

Proceedings Nig. For. Conf. Kaduna, Nigeria. 

Jones, M.J. 'The maintenance of soil organic matter under continuous cultivation at 
1971 Samaru.• J. Agric. Sci. 77, 473-82. 

Jones, M.J. 'The organic matter contents of the savanna soils of West Africa.' J. Soil 
1973 Sci. 24, 42-53. 

Juo, A.S.R. and Maduakor, H.O. 'Phosphate sorption of some Nigerian soils and its effect on 
1974 cation exchange capacity.' Comm. Soil Sci. Plant Analysis 5, 479-497. 

Kadeba, o. 
1973 

Kadeba, o. 
1975 

'Effects of management practices on soil carbon, nitrogen and nitrogen 
availability in the Northern Guinea savanna.• Paper presented at Nig. For. 
Conf. Enugu, Nigeria. 

'Organic matter and nitrogen status of some soils from the savanna zone of 
Nigeria.' In Press. 



-34-

Kadeba, o. and Benjaminsen, J.N. 'Contribution of organic matter and clay to the cation 
1975 exchange capacity of soils in the savanna zone of Nigeria.' Comm. Soil Sci. 

Plant Analysis. In Press. 

Moore, A.W. 'The influence of annual burning on a soil in the derived savanna zone of 
1960 Nigeria.' 7th Int. Gong. Soil Sci. Trans. IV, 257-264. 

Nye, P.H. and Greenland, D.J. 'The soil under shifting cultivation.• Tech. Commun. 51, 
1960 Comm. Bur. Soils, Harpenden. 

Omotosho, T.I. 'Organic Phosphate Contents of some cacao growing soils of southern 
1971 Nigeria.' Soil Sci. 1121 195-199. 

Pugh, J.G. and Perr,y, A.E. 'A short geography of West Africa.' University of London Press 
1960 Ltd. , London. 

Samie, A.G.A. 'Contribution of rainfall to the moisture storage in some soils at the 
1973 Afaka Forest Reserve, North Central State.' Fed. Rep. of Nigerian Research 

Paper No. 25. 

USDA. 
1938 

Wild, A. 
1971 

'Soils and Men.' Yearbook of Agriculture. United States Government Printing 
Office. 

1 The potassium status of soils in the savanna zone of Nigeria.' Experimental 
Agriculture 7(3):257-270. 



2o0 L I /"I~- \._ 2 - I \.. .. I \ 
. 

i1 ~ 
4 I 

e 
§ 

15°1<' ' '\'.\J 1 ~./'l V::-f v \ I _j"-.. '\ L._V -1 
t::: 
~ 

s 
~ 

5 '·~,......- "-~ -~ I § 
ft 

10°1- '~ r , 1 "c:---Y ~ i 
$ 
t::: 5 jllloo 

5 I ~ 
I 

50 

15° 10° 50 00 50 10° 

lfl Primary (Igneous) liJ Quaternary (Recent deposition) 

fil Secondary (Sedimentary) f5J Basement Complex 

51 Tertiary (Metamorphic) fJJ Basic Rocks 



-36-

llap 2 - IIAP OF SOIL GBOUPS Dl WEST AFRICA J/ 
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L§7 Skeletal soils moat~ debris with pockets of soils. 
Li7 Weak~ developed soils on young alluvium often halomorphic or hydromorphic. 

fJI1 Brown soils of the arid and semi-arid tropical regions. 

. ·- . . .. 

. 
• 
' 

lJiJ Lithomorphic soils ·•ith dark non-kaolinitic cllll"s• 
Li!7 Soils of dark non-kaolinitic cl~a confined to topographic depressions in semi-arid areas. 

lJ!1 Ferruginous (fersiallitic) tropical soils on sandy parent material. 

LI§7 Ferruginous (reraiallitic) tropical soils on miscellaneous rocks. 

[JjJ Ferrisolaa clay complex allloat entirely kaolinitic and oxides less than 50% saturated. 

~ Ferrallitic soils: on miscellaneous rocks. 
f1iJ lf1'drCDorphic soils, temporarily or pel"'l8llently water logged. 

1/ For greater detail and other regions, see Lauri~ (1974). 
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CLIMATES 

Backgroun.d 

The climate classification most commonly used in French-speaking Africa is the one 
established by Aubr,ville and discussed by him in particular in the texts Climates, For8ts 
et D'sertification de l'Afrigue Tropical (Aubr,ville, 1949) and Flore Foresti\re Soudano
GUiD6enne {Aubrlville1 1950). These climates are described only schematically in Tree 
Planting Practices in African Savannas (FAO, 1974). ----

The principal biological factor is rainfall and, in particular, the duration of the 
dry season and or the true rainy season. This factor is represented by an "index of rainy 
seasons" or rainfall index which covers three sets of figures: 

a) the first gives the number of very rainy months (:;>100 mmh 

b) the third gives the number of ecologically dry months (< 30 mm); 

c) the second, usually the smallest, is that for the intermediary months, neither 
dry nor wet. 

This rainfall index supplements the information on rainfall, i.e. the average annual 
rainfall expressed in mm. 

The next most important factor after rainfall is the saturation deficit and its 
fluctuation over the year. Unfortunately only very few weather stations record atmospheric 
hygrometric measurements. 

Finally, average temperatures, whether annual or monthly, are of only secondary 
significance in making climatic divisions within the geographic area in question. 

Five main types of climate have been defined for tropical Africa: 

- the humid tropics; 
-the semi-humid tropics, of which the Sudan-Guinea zone is typical; 
- the Sahel-Sudan; 
- the Sahel-Sahara; 
- the Sahara. 

It is only the last three types of climate that are of interest to us here. 

Sahel-Sudan Climate 

This is a characteristic type of climate in Africa. It occurs in a long strip roughly 
paralleling the equator from Senegal to the mountains of Ethiopia. It is definitely con
tinental and does not reach the seas. On the west, the Sahel-Sudan gives way to maritime 
climates that may be considered as variants (e.g. the Sahel climate of Senegal and the lower 
Casamance climate). 

The area stretches 3 to 4o, its limits being slightly inclined on the parallels with 
its northern limit in Senegal at 16° N latitude and at the Nile, 12° or 13° N latitude. 

Temperature 

Average annual temperature: 26° to 31.5° 
Average maximum monthly temperature: 30.5° to 36.5° 
Average minimum monthly temperature: 240 to 28.20 

Minima: in January and August 
Absolute maximum: in April~ 
Relative maximum: in October 
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Rainfall 

Rainfall index: 400 to 1 200 mm, almost always less than 1 000 mm 
Rainy season: short to very short with 2 to 4 very rainy months; maximum in Aug,ust 
Dry season: severe with 6 to 8 dry months, more rarely 5 
Ra~ season index: 

2- 2- 8 
3 - 1 - 8 
2- 3- 7 

3 - 2 - 7 
4- 1 - 7 
2-4-6 

Sahel-Senegal Climate 

3- 3- 6 
4- 2- 6 
4- 3- 5 

This is a transition climate between the marine trade winds climate of the coast of 
Senegal and the Sahel-Sudan continental climate. 

Temperature 

The temperature regime is similar to the Sahel-Sudan. 

Average annual temperature: 26.5° to 28.3° 
Average maximum monthly temperature: 29° to 320 
Average minimum monthly temperature: 230 to 23.8° 

Rainfall 

Rainfall index: 500 to 900 mm 
Ra~ season: short, running June to October with three very ra~ months 
Ra~ season index: 3 - 2 - 7 

Guinea-Lower Casamance Climate 

This is a maritime subzone climate of the Sahel-Sudan occurring in Gambia, lower 
Casamance, Guinea-Bissau. 

Temperature 

Average annual tempertaure: 25.2° to 
Average maximum monthly temperature: 
Average minimum monthly temperature: 

26.3° 
26.5° to 27.8° 
23.2° to 24.6° 

Absolute minimum: in January 
Relat~ve minimum: in August {contrary to the maritime Guinea climate) 

Rainfall 

Rainfall index: 1 200 to 1 750 mm 
Rainy season index: 4 - 1 - 7 or 5 - 0 - 7 

Sahel-Senega.l Coastal Climate 

This is an exceptional climate due to two influences: the fresh North Atlantic trade 
winds during much of the year, and the Guinean monsoons for a short part of the year. This 
climate prevails only on a narrow coastal strip of Senegal. 
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Temperature 

This climate is IDilOh cooler than the Sahel-Sudan at the same latitudes. 

Average annual temperatlU'e: 23.7° to 25° 
Average maximum monthly temperature: 28.4° 
Average minimum monthly temperature: 200 to 21.60 

Rainfall 

Rainfall index: 400 to 550 mm 
Rainy season indexs 2 - 1 - 9; 2 - 2 - 8; 2 - 3 - 1 

Sahel-Sahara Climate 

This is a subdesert climate, transitional between the Sahel-Sudan and Sahara climates. 
It occurs across a broad strip of Africa running from Mauritania to the Red Sea along the 
southern fringes of the Sahara. 

Temperature 

Average annual temperature: 24.5° to 28.5° 
Average ma.xinrum monthly temperature: 29.5° to 330 
Average minimum monthly temperature: 18.5° to 21° 

Absolute mininnun: 
Absolute maximum: 

in Januar,y, sometimes a second minimum in August 
in May/June 

Rainfall 

Rainfall index: 200 to 400 nun, maximum in August 
Rainy season index: 

0 - 1 - 11 
0- 3- 9 
0-4-8 

1-0""' 11 
1 - 2 - ~ 
1 - 3 -

Sahara Climate 

1 - 1 - 10 
2 - 1 - 9 

The 200 mm isohyet is conventionally considered the limit of the Sahara. 

Temperature 

Average annual temperature: 27.5° to 29° 
Average maximum monthly temperature: 32.5° to 36.50 
Average minimum monthly temperature: 16° to 22.2° 

Excessive maxilllllDl: 
Absolute minimum: 
Relative minimum: 
Relative maximum: 

Rainfall 

in June 
in January 
sometimes, in August 
in September and October 

Rainfall index: 200 mm 
Rainy season index: 0 - 0 - 12; 0 - 1 - 11; 0 - 2 - 1 0; 0 - 3 - 9 
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CLIMATIC CHANGES 

Geological-Scale Fluctuations in Climate 

During the Quaternar,r period and, especially the Pleistocene epoch, the whole world 
underwent extremely severe changes in climate and in Africa, as it has been possible to 
demonstrate, there were three major rainy ages: the Ka.gu.~rien, Kamasien and Gamblien. 
These wet ages lasted far longer than the arid ones between. 

In the Gamblien age, between the VIII and III millennium B.c., the Sahara was par
ticularly wet. Between 8000 and 6000 B.c~, it sheltered an equatorial type fauna that 
attracted many hunters. From 6000 to 3000 B.c., a Neolithic civilization flourished in the 
Sahara (Adrar des Iforas, A!r, Tibesti) while T&l~re, Niger, this "desert in the desert" 1 
was then a large lake that became a vast marsh toward 3000 B.c. 

Between 3000 and 2500 B.c. , there was a brusque change of climate in which it turned 
dr,r, so that the population moved toward the south along the valleys (in particular the 
Azawak: wadi). 

A considerable mass of humanity, therefore, migrated between the 12th and the 15th 
parallels from 2500 to 500 B.c. 

The discoveries of geologists and students of prehistor,y are corroborated by the 
presence of plant species that were able to survive locally although their ecological 
environment is now much further south. Although these species also went along with the 
general withdrawal, it was possible for them to retain a hold on certain sites. Aubr~ville 
mentions several of these species, namely: 

- .Anogeissus schimperii, found in an area ertending from north of Tahoua, Niger, 
along certain marsheE and streams although with some difficulty there; regeneration 
is not easy; 

- Celtis integrifolia; 
- Daniellia oliveri; and 
- the tamarind, the regeneration of which is becoming more and more rare. 

Other species that can be included perhaps are: Diospyros mespiliformis, Mitragzna 
intermis. 

From these observations, it might be concluded that what happened was an encroachment 
of the desert during geological ages, leaving behind a few islands of vegetation to the 
south, but can it also be concluded that at p~qsent the desert is still encroaching on 
other land? Certainly not because, inversely, there are vestiges of an advance of the 
desert further southward. For instance, throughout the Sahel one finds traces of many sand 
dunes that once were moving and are now fixed; the most notable examples are in the Ferlo, 
in Senegal, but there are also some in Mali, Upper Volta and Niger, if even only in the 
immediate vicinity of Niamey. It is often surprising, too, to find in the Sudan species of 
definitely Sahel affini t~, such as the numerous acacia (Acacia gourmensis down to the border 
of Ghana and Upper Volta) and Balanites aegyptiaca, that is found as far south as Parakou 
in Benin. It is possible to attribUte this to transport of the seed by livestock, but it 
is also not impossible that these ~ constitute vestiges of a more pronounced thrust of 
the Sahara than at the present time. 

The above analysis, therefore, does not explain the current desertification in Africa 
so it is necessar,r to consider present-d~ changes in its climate. 
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Present...Da.y Changes in Climate 

Studying such changes of climate means essentially considering fluctuation in annual 
rainfall over several years. In certain localities marked fluctuationa occur from one year 
to another. For instance, following are the fluctuations recorded at Niamey between 1948 
and 19521 

1948 
1949 
1950 
1951 
1952 

657.5 nun 
357.5 nun 
596.5 nun 
566.0 nun 
900.5 mm 

Under these circumstances, it is 1.mderstandable that it is hazardous to draw con
clusions from fluctuations over only a few years. For instance, in the period 1961-1970 
the average rainfall from 1961 to 1965 at Niamey wa.s 657.3 nun as compared with only 589.6 mm 
from 1966 to 1970, because of which the "prophets of doom'' scream about "rapid conversion 
of the land into desert". 

Investigating whether a. change in rainfall pattern could be proven, meteorological 
data were consulted from stations set up in Niger since 1932, or before that, 13 stations 
in all, and the average rainfall for the n/2 first years and the n/2 last years were 
established. (When the number of data. is uneven, the middle year was counted as belonging 
half in the first and half in the second halves). Following are the results, out off as 
of 1970. 

Average Rainfall 
Place Number of (mm) Maximum Minimum 

Readings R{~orded R<:fed 1st half 2nd half mm) 

Agad\s 48 157.3• 168.6 288.2 39.7 
:Bilma. 48 19.1 18.1 63.5 0 
Dogon...Doutchi 46 647.3 586.7 1 011.6 358.6 
Dosso 36 701.2 658.8 1 048.0 433.1 
Filingu~ 39 483.0 670.5 878.3 284.4 
Ga.ya 36 831.5 887.5 1 108.1 655.7 
Ma.radi 39 617.5 623.0 928.1 362.3 
Nguigmi 47 186.6 242.5 472.4 40.9 
Niamey Ville 50 594.2 603.9 900.5 308.8 
Sey 46 674·5 660.8 957.1 341.9 
Tahoua. 47 366.2 446.5 611.1 208.6 
Tillab8ry 47 483.8 506.8 746.1 265.9 
Zinder 49 528.8 511.7 8oo.3 230.3 

Great caution must be used in handling these figures as it is certain that not all 
these readings were made with all the necessary care. Furthermore, annual 
fluctuations are such, and the amplitude of the fluctuation is so great,that we would be 
deluding ourselves in the thinking that it is possible to draw conclusions based on a 
maximum of fifty years of observations. 

From these figures one might be led to conclude that there is a trend toward rehumidi
fication (8 stations out of 13 give figures showing that rainfall is on the increase). We 
would not, however, go as far as to s~ that and merely conclude that the meteorological 
statistics now available to us are not reliable enough and above all that they cover too 
short a period for us to be able to make any pronouncement on the present evolution of the 
climate. 
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In any oase the above figures show at least that, if there is any change, it is 
extremely slow and definitely do,es not explain the rapid desertification that is occurring 
at present. So other reasons for this conversion into desert than a change in climate have 
to be sought. 

Finally, certain periods seem to be definitely drier than others, although the 
periodicity of the change is far from clear. 

Our conclusions are, therefore, identical to those of Aubr~ville in 1936: to date 
there is nothing to prove any trend toward a permanent change in climate. It would, 
however, be extremely valuable to pursue such research in depth because rainfall is far 
from being the most important factor: rainfall distribution and the duration of the rainy 
season are equally usefUl factors for both agronomists and foresters. 

CHOICE OF FOREST TREE SP.roiES IN RELATION TO CLIMATE 

AND DIFFERENT SOIL TYPES 

The Climate 

Laurie (FAO, 1974) identifies various species now in use for reforestation in the 
various climatic zones in the savanna. 

Soil Types 

It is not the intention here to go into the details of soil science, but as far as 
is known to the author, no serious statistical survey has been made which would enable us 
to answer the following question accurately and objectively: "What soil type is particular~ 
suited to a certain species?" Or conversely, "What species will give the best results on 
a certain type of soil'?'' 

In order to conduct trials along these lines, it is necessar,y to have several 
ferent kinds of terrain (often difficult to find) and to do replicated planting all 
the same season and with the same techniques, with the risk that rainfall may var,y. 
a trial is to be conducted in Upper Volta in 1976. 

dif
during 

Such 

What foresters know in this field is therefore somewhat subjective, though nonethe
less valuable. 

ProdRotion at&nde 

The goal of the Upper Volta project is to obtain the maximum yield of timber per unit 
area, essentially to supply the town of Ouagadougou. with fuel wood and poles, it being 
understood that this should be done in the context of maximum profitability. If the 
production goal is taken to be the prime one, obviously the best yields will be obtained on 
fertile farmland. For this, the land capability maps drawn up in the past cannot be 
accepted. In fact, usually after a soil science/morphology- survey the land is classified 
as follows: 

- the most fertile soils are defined as suited for farming; 
- bottomlands, generally flooded during the crop-growing season, are defined as 

suited for grazing (i.e., as grasslands); 
- soils which from a glance are seen to be unfertile (definitely granite or lateritic 

hardpan) are classified as land unsuited for growing anything - whether agricultural 
crops, forest trees or grass; 

-whatever land remains is divided up somewhat arbitrarily between land suited for 
growing of forest trees, grassland or as suited only for forest trees. 
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Such a classification is useless because ae t~r as concerns foresters the most 
fertile, rich soils should be those suited for growing crops--whether they be agricultural, 
forest or forage and fodder crops. On the other hand, soils defined in the past as sui ted 
for growing grass or forest trees are not generally, with some exceptions, really cropland. 

Proper management would consist of intensive utilization of fertile land for all 
three purposes - agricultural, forest , and forage or fodder crops - entailing a dividing 
up of the land for these various purposes. As for the rest of the land it could be managed 
on an extensive basis, natural forests being put under management with regular felling 
cycles. 

Choice of Species in Relation to Soils {Below the Boo mm Isohyet) 

The species mentioned here are all capable of producing a great deal of wood. The 
better the soil is, the more they will produce, and the poorer the soil, the less. 

Eucalyptus camaldulensis. From the site comparisons, it appears that it is possible 
to grow EQoallitus oamaldulensis almost everywhere. As a matter of fact this is an 
astonishingly plastic" or adaptable species and is the one that will certainly be used for 
most plantations. 

It must nevertheless be stated that this species is here at the ecological limit of 
its range and in this sense can be said not to be a suitable species, even though its use 
is still recommended. 

It actually has a ver,y short life span and begins to die when it reaches six or seven 
years of age so, in fact, the plantations are cut only shortly before they would naturally 
disappear. 

Gmelina arborea. This species has been imported from the East Indies, the specimens · 
of foreign provenance being adapted to a rainfall on the order of from 1 000 to 1 300 mm. 
Its use under the 800 mm isohyet, therefore, takes it beyond its normal range, but it is 
still a. good, usable species. Still,soils that conserve water best should be reserved for 
it, whereas muddy bottom-lands where it does not flourish should be avoided. 

A~irachta indica. Neem is an astonishingly adaptable species that flourishes down 
to the 400 mm isohyet. Probably its preferred area is around 800 mm. Sometimes neem will 
regenerate underneath its own stands in this zone, this being an excellent sign of good 
adaptation. 

From the standpoint of soils, best conditions are achieved with a light soil, with 
the water table at a depth of 1.5 - 2.5 m, although these are rather exceptional conditions. 
The plasticity of the species is however such that no soil is excluded except those that are 
extremely heavy which are to be avoided. 

Cassia siamea. This species, like neem, gives good results within a rainfall range 
as extreme as from 500 mm to 1 500 mm. 

However the parallel stops there because, contrary to what is true of neem, it is 
more demanding as regards soils, requiring for good growth a rich, deep a.nd neither too 
light or too heavy soil. Consequently, both poorly and excessively drained soils should be 
avoided for this species and hydromorphio brown soils sought. 

Aubnville, 
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IB'l'B.ODUC'l'IO!f 

Species 'trials started in the savanna areu of Nigeria about 60 years ago in reapoue 
to 'the peculiar circUJIIIItances of the area. The natural aavanna woodlands are sparsely 
stocked and low ;yielding (Jackson and Ojo, 1970) and, more often than not, have suffered 
from overcutting in the put. Bear the larger tovns and centres of population 'tree 
growth haa virtually disappeared leading to acute local shortages of wood. The result of 
this was the introduction of a few species such as Azadirachta indica A. Juas (neem), 
Dalbergiasissoo,Omelina arboreaL. and Tectona grandis L.f. (teak). The fuel plantations 
&ro'UJld such towns .. Sokoto, Xat&ina, llguru, Hadeija, Maiduguri etc. are a testimony to 
the efforts of the early foresters. 

It was not, however, 'UJltil 1959 that a comprehensive programme of species 'trials was 
started; provenance trials are even more recent, the first having been established in 1964. 
Abou-t 130 species have been tried so far including a few indigenous species, about 20 
"tropical 11 pines and 60 eucalypts. 

Km'HODOLOGY 

The primar,y objective of the species trial is to teat plants of identical seed 
origin and nurser,y trea-tment simultaneously on sites covering a range of different climatic 
conditions 'UJlder identical cultivation and maintenance regimes. 3 

Savanna vegetation occurs in 17 of the 19 states of Nigeria and covers about 85 
percent of the land area- about 800 000 square kilometres (300 000 square miles). 
Ecologists recognize four different zones, namely the Southam Guinea, Northern Guinea, 
Sudan and the Sahel (Ke!Q', 1955). In addition to then four true savanna zones, a 
transition zone along the border vi th the rain forests, the derived savanna, is distinguished. 
These zones correspond well vi th climate - increasing length of the dr,y season from south 
to north, and decreasing mean annual rainfall fro·m south to north. 

It was, therefore, recognised from the start that all the forest reserves could not 
be covered at the same time and that representative sites would have to be chosen. It 
was also 'UJlderstood that the trials should be on the best sites available for afforesta
tion. Initially only one or two sites in each vegetation zone were selected and all the 
seedlings were raised in a central nurser,y 'UJlder close supervision. Later planting was 
expanded to about 50 other sites. This necessitated the raising of plants in several 
widely scattered nurseries with consequent poorer supervision. The value of the extra 
information obtained from these sites was diminished because the planting stock was not 
uniform. In addition, care and maintenance also varied because supervision was inadequate. 
It became obvious that the number of si tea had to bl' limited to one or two vi thin each 
vegetation belt. This led to the development of the present experimental areas in 
Yambawa, Afaka1 Mokwa, Miango and Nimbia. 

PROCEDURE 

The procedure used which has been fully described b,y Kemp (1969), consists of 
three stages, namelys (a) elimination trials; (b) growth trials and (c) plantation 
trials. 
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Species Elimination Trials 

~eat started aa nine tree plots with a randomised block design and four replications 
but with a provision to include one large plot, of 36 trees, of each species in each trial. 
The !.dea vu to maintain the larger plots as arboreta after the final assessment of the 
trials at the end of the second dry season. High mortality of moat species led to the 
plot size being increased to 25 trees and the discontinuation of the larger arboreta plots. 

Normal plantation f!!s:pacement of 1.8 m·x 1.8 m (6:f't x 6:f't) was used initially but 
this vaa changed to 0.9 tu Dtt x 3rt) in 1962 to reduce maintenuce costs and the possibi
lity of site variation within each trial. 

Certain criticisms have been levelled against this stage of the species trials. 

(a) The degree of replication is said to be unnecessary to distinguish such gross 
differences in survival and growth as the experiments were designed to reveal; in fact, 
statistical analysis of the results was never made. 

While it is true that statistical analysis was not necessary to distinguish gross 
differences in survival and growth, the soil condi tiona of the savanna, Which vary 
greatly over short distances, make replication very important. 

(b) Two years were found to be insufficient to assess potentialities, even of 
aurvi val in some cases. 

This is a justified criticism, and in practice the length of trial was increased 
to four years because some species are slow starters While others ~ show early promise. 
'ftlis caused other difficulties as very vigorously growing species tended to suppress those 
growing in adjacent plots. The answer to this ~ be to increase the espacement to 
between 5ft- 6:f't (1.5 m- 1.7 m). 

(c) The trees were not planted under normal field conditions e.g. large espacements 
with mechanised weedinga. 

This criticism is unjustified as there was no plantation technique in use when the 
trials began and equipment for cultivation was not available to forestry personnel. The 
plantation technique, including mechanisation, was developed using some of the species 
chosen at the beginning of the species elimination trials. In any case, species that 
were chosen grow better under mechanical cultivation than under hand cultivation 
(Iyamabo and Ojo, 1971). lloreover, Nigerian results agree very closely with those from 
other parts of the world in that no species that failed here has succeeded in any similar 
area of the world. One can, therefore, conclude that no species was lost through this 
method of maintenance. 

(d) That the plots were virtually useless for other work after their original 
purpose had been fulfilled; i.e. Whether this stage is in fact necessary if it is to be 
followed b,y a second stage of replicated trials with individual 100 tree plots. 

The elimination trials were not designed to do more than eliminate useless species. 
The second stage ia meant to yield all the other information that m"' be required of the 
chosen species. T.he time lag in obtaining these data (2-4 years) if the species elimina
tion trials had been larger is more than compensated for by the reduction in coats and 
apace. It muat be remembered that only about a quarter to half of the species reach the 
second atap and if the trials are repeated for two or three years in succession, management 
of the experimental areas will be difficult because of the "empty" plots. 

T.he authors, therefore, recoiDUlend that ( 1) this stage be retained in species 
introduction, vi th replication or vi thout depending on soil variability on the si tea on 



on lllhich affore•tation b envi•a.pd and (2) that Bp&eins be detel'llined 'b;y' exiatiD.s techno
log and facili tie• of the countr.y Jllllld.ng the introduction. Por exuple, if lipria were 
to tr,r new •pecie• in the •avanna areu, they wuld probab17 be planted at 2.8 • x 2.8 m 
(9ft x 9ft), about 0.4 ha ( 1 acre) in size at a corner of the yearly plantation•• 

Specie• Growth Trial• 

The•• are usually of randomised block or latin square desip with four replications, 
and were originally spaced 1.8 11 x 1.8 m (6tt x 6ft). When mechanical cul-tivation vas 
introduced, spacing vas increased to 2.7 m lt 2.7 m (9ft lt 9ft) or 2.7 m lt 1.8 m (9ft x 6ft) 
depending on whether cultivation waa to be in one or two directions. The trials are 
assessed throughout the entire rotation of the species. 

Plantation Trials 

This, the third stage, consists of unreplicated plots at normal spacing comprising 
an area of 0.4 to 2 ha or more. Ideally this stage should be reserved for species that 
have passed through the growth trial stage; in practice species that perform satisfactorily 
in growth trials for five ;yoctars are considered qualified. 

The objective is to obtain quantitative data on crop performance under plantation 
conditions, in addition to supplying information on problema encountered in planting on a 
larger scale than small trial plots. They also provide material for fUrther experimental 
wrk, such aa thinning and pruning trials. Assessments follow usual "sample plot" procedure. 

REUL'l'S 

Some species emerged through the three stages and todq form the basis for the 
reforestation in the savanna areas. To this extent, the procedure adopted could be said 
to have fulfilled ita purpose. Although some species tried and rejected might be found to 
be more promising if certain improved techniques were used (e.g. mechanical cultivation, 
application of boron to eucalypts, and of phosphates to pines), it ill believed that no 
species of improtance has been missed. 

Detailed results were published b,y Kemp (1969); Appendix 1 shows a list of species 
that were used in the trials. The results mq be summarised as follows. 

Sudan Zone 

More than 40 species have been tested but results have been alsost entirely negative 
and no species has yet proved equal to the performance of neem (Azadirachta indica) on si tea 
favourable to it. Eucalyptus microtheca has consistently showed high survival and satis
factory growth; its main defect being poor stem form. !:. camaldulensis 1 Katherine 
provenance, shows promise. !.:. tesselaris has shown high survival, but its rate of height 
and diameter growth is poor. An interesting feature of this zone is the success of 
indigenous species. Such apecies include Acacia albida, ~ senega1 and ~ nilotica which 
are planted for specialised products such as fodder and shade during the dry season, gum 
arabic and tannin materials, respectively. 

Northern Guinea Zone 

T.be most encouraging progress has been achieved here. Thirty six species, of which 
20 were eucalypts, reached the species growth trial stage and about 15 of these qualified 
for the plantation trial stap. Among these are E!m!! caribaea, ~ oocarpa1 ~ merkusii, 
f.:. keaiza, Eucalyptus camaldulensia, !:. tereticornia, !!, ci trio dora, ~ "salisna" {hybrid), 
!:. cloeziana, !:. J)UI!Otata, .!!, propinqua •. 
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Of imporiance here is tha lesson learnt from ihe early success of some species which 
later failed. 'l'h.ese "early starters" include J.crocarpua fra.xinifolius, lbcabptus 
pilularis, !:. robuata, J.lbizia lebbek and Callitria intratropica. If the various stages 
of trials had not been sone through before a choice waa made for plantation work in this 
zone, any of these species could have qualified but would have resulted in a collosal waste 
of fUnds some years later. 

Southern Guinea Zone and Derived Savanna 

Generally the results of these zones correspond with those of the Northern Guinea 
Zone with the exception of the pines for which a successfUl establishement technique has 
not been found. It is probable that pine plantations will not be possible h~r' until a 
sui table mycorrhiza (that can survive hish temperatures) haa been introduced 11. In this 
zone, however, teak and Gmelina are the current plantation species. 

On the Jos Plateau, 1 300 m (4 000 tt), species which have shown promise include 
~ caribaea, .f!. kesiya, .f!. oocarpa and .f!. mer.k:usii. The list of eucalypts is as for 
ihe Northern Guinea Zone. 

At the still hisher altitude of the Jlambilla Plateau, 2 000 m (over 6 000 tt), 
Pinua patula and l:., mer.k:uaii ahov promise. Cupressua luai tanica grows well in this area. 
lhcalye:ua Eandis (probably a eybrid, but not the same as the eybrid grown on the low
lands which was introduced about 30 years aso from .Bamenda, Cameroons, gives the beat 
growth of the Eucalzptua species tried so far. Growth of a few scattered trees of Eucalyptus 
pobulua suggests that trials of this and other eucalypts which prefer cooler climates 
would be worth-while. 

PROV!NJ.NCE TRIALS 

Some of the earlier species trials included 1110re than one provenance of a species 
and from these and other trials it vas clear that provenance vas very important in some 
species, especially those vi th vide geographical natural diatri bution. Provenance trials 
are, therefore, a logical stage after the species trials. Systematic provenance trials of 
Eucalrptua camal.dulentis bep.n in 1967, and of pines in 1968. They have since been 
mended to Eucal:retut tereticornis t !:. ci triodora, !!.. e:andia t !:. sali sna, !!. decaisneana t 
!:. !:!'!!!1 !:. cloeziana, ~ caribaea, l:., oocarpa, f.=. kesiya, f!. merkusii and Teotona 
ll'&ndis. 

Most of thete are replications of international trials with seed supplied by the 
Commonwealth Forestry Institute J Oxford (Pinus oari baea and f.!. oocarpa), Forestry Research 
Institute, Canberra, Auatrali& lP• keaiyaJ;COmiU de la Recherche Forestillre MISditerra-
nhne (!:, camaldulensie). - · 

A full account of the results of the E. camaldulensia provenance trials has been 
given (Jack:Gon and Ojo, 1973). ihe importarl results area 

1. The markedly superior growth of the Petford provenance in the Guinea Zone. 

2. Good survival of the Katherine provenance in the Sudan Zone and its generally 
sood performance in the other zones, except in the Sahel Zone. 

j} See also the ariicle by Jlomoh, Odeyinde ~d Gbadegesin eni;i tled "The role of mycorrhiza 
in afforestation - the Nigeriu experience, page 100. 
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3. General auperiori t7 of pro-venu.cea troa the norihern &UIIIler rainfall areas of 
Autralia, spin with the uception of the Sahel Zone, u.d the Lake J.lbacut7a 
provenu.ce. 

4. '!he -very great illproveaent in vol\11le production which can be obtained b7 uaing 
the beat provenance. At Afalra the ratio of the volumes of the beat and wont 
provenanoea is 3.4 to 1. 

Preliminary reaul ta of the piue provenance trials have been published ( Ojo and Sha.do 1 

1973). '!1le results were aWIIIII&l'iaed u follows 

(i) That Pinu caribaea var. hondurenais is to be preferred to the other varieties 
and th&i""ielhe (formerly Britiab Bonduru) and Guatemala are likely the best 
seed sources. 

(ii) That l!!!!. oocarpa. gives better growth than !.• caribaea and that the only source 
of seed that should be ruled out at the moment is the Maican provenance 
because of its poor stem form (on the Jos Plateau) and low ;yield on the lowland. 

(iii) That E.!!!!!! kesiya and ~ merkuaii are likely to remain "second atrins-• 
species in Nigerian forestry. 
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APPDIDIX 1 

List of Species Used in the Speciea ~~~ 

Acacia cyanophylla Eucalyptus cladocalyx 
Acrocarpus fraxinifolius E. cloeziana 
Albisia falcataria E. corymbosa 
A. lebbek E. ere bra 
Arauoaria cunninghamii E. deglupta 
Aatronium urundeuva E. faatiga:ta 
Azadirachta indica E. gomphocephala 
Baikiaea plurijuga E. gran dis 
Callitris endlioheri E. hemiphloia 
c. huegelii E. interte:x.ta 
c. intratropica E. kirtoniana (hyb.) 
c. robuata E. laevopinea 
Cassia aiamea E. leuco:z:ylon 
Cedrela odorata E. maculata 
Ceratonia siliqua E. marginata 
Chlorophora regia E. melliodora 
Cr,yptomeria japonica E. micrantha 
Cupreaaus arizonica E. microcorya 
c. lindleyi E. micro theca 
c. lusitanica E. obliqua 
Dalbergia latifolia E. oocidentalis 
D. aissoo E. oleo sa 
Eucalyptus alba E. paniculata 
E. albens E. patens 
E. aatringens E. pilularis 
E. bicolor E. polycarpa 
E. blakelyi E. propinqua 
E. bleeaeri E. punctata 
E. bridgesiana E. robuata 
E. calo~lla E. rudis 
E. camaldulenat. E. aaligna 
E. campanulata E. aalmonophloia 
E. citriodora E. aidero:z:ylon 
E. ci triodora :x. E. torelliana E. tereticornis 



Eucalyptus teretioornis (JI¥sore) 

E. teretioornis (Zanzibar) 

E. tessellaris 

E. tetrodonta 

E. torelliana 

E. transoontinentalis 

E. viminalis 

E. vandoo 

E. wool lsi ana 

Kelaleuca leucadendron 

Pinus ~aoahuite 

P. oanariensis 

P. caribaea. 

P. douglasiana 

P. elliottii 

P. enge lma.nnii 

P. halepensis 
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P. baiJ& 

P. leiophylla 

P. luchuenais 

P. lla&Boniana 

P. michoacana 

P. montezumae 

P. oooarpa 

P. palustris 

P. patula 

P. pseudostrobus 

P. radiata 

P. sabinian& 

P. taivanensis 

P. teocote 

Widdringtonia cupressoides 

w. schwartzii 

Although ear~ trials with~ kesiya 
were promising, with the Philippine 
provenance shown here giving best results, 
the species as a whole has not performed 
well in Nigeria below 1 200 m elevation 
where development is apparently hindered 
by high temperature. Even at higher 
elevations, growth has not been as good 
as .!!!, oocarpa or .f.!. cari baea. 
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Provenance trials are the logical continuation of the process of selection that 
began with the species elimination trials, and the methodology involved is essential~ 
similar. However, one fundamental difference exists that affects all stages of provenance 
research froa exploration and seed collection to field trials and evaluation. Whereas in 
species trials we tr,y to determine accurately the comparative values of populations which 
we know to be genetically different, provenance research is concerned with differences 
which at the wtset can only be surm!sed. One of its functions is therefore to establish 
whether real differences exist between the populations, as well as to determine their 
o•parative value for particular uses in variws environments. 



-54-

Definition of the Tera "ProveD&D.ce" 

There have been several published definitiona of p!Oven&noe (see Jones and :Burley, 
19731 tor a review) but in thia lecture the word aeana the place in which an.y stand of tree 
is grgwipg or refers to the seed derived. from those trees. For an indigenous stand the 
provenance il!· also the origin but tor a non-indigenous stand the origin is the Jlace from 
which th e,~d or lants were ori nal introduced. These usages are in acco ance nth 
the 0 definitions and are now widely accepted. 

PL.A:N11ING PROVENANCE TRIAIB 

Well designed comparative experiments are needed to determine genetic differences 
between populations. The principles governing the location, design, replication and 
management are the same as in species trials but the need for careful control at all stages 
is even greater. Therefore, thfl need for written control plans must be emphasised, showing 
clearly the objectives, the expected duration, the methods and the resources to be employed 
in the experiment. Since representative seed collections for provenance research are more 
difficult to obtain than single samples of a species, and ~ necessitate special collecting 
expeditions, planning of provenance trials must start several years in advance of their 
actual establishment in the field. 

Phasing of Trials 

Three successive phases of provenance trials are commonly recommended (,!•.6• Burley, 
1969; Kleinschmit, 1974). The first range-wide phase is intended to investigate the extent 
and pattern of inherent variation between populations (provenances) and may reveal broad 
regions which are either suitable or unsuitable as seed sources for a given area of intro
duction. This phase is analagous to the species elimination trial, but the number of pro
venances ~ be large or small depending on the extent of the natural range and the varia
bility of the species and its environments within the range. The number included should 
not be less than five and 10 to 30 widely separated sources are recommended (Lines, 1967). 
Large plots are no~ needed as the duration of the. trial is normally not more than half 
rotation age. These trials may be located on two or three of the major site types. 

In the second phase a restricted number of provenances are tested for a longer 
period, usually up to a full rotation, on all the important site types. These trials must 
be designed to reveal relatively small differences between provenances. Larger plots are 
needed, to provide sufficient trees for reliable estimation of population differences 
throughout the life of the trial, and to minimise the effect of tree ~o tree differences. 

Finally, the provenance proving phase, often with only one or two provenances, 
requires large replicated plots, capable of accommodating mensuration studies, management 
trials and wood quality evaluation. 

Design of Trials 

Even in the first stage of provenance trials, it is essential to use valid statisti
cal designs that will reveal significant differences between populations at a given level 
of precision (.!,•.6• for height measurements, a difference of rjfo of the mean). It is also 
important to estimate the variability within each provenance, particularly for stem form 
and branching habit. In savanna conditions, it is desirable to maintain the trials long 
enough to test the security of different populations against severe drought, particUlarly 
if the moisture storage capacity of the soil, or effective rooting depth, are limited. 

jJ ollV'n 0 ~~ • rganization for Economic Co-operation and Development 
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In auoh oases, important differences between provenances ~ only become apparent after 
several years. For all these purposes, it is preferable to use square plots of several 
trees, in replicated, randomised designs. When the number of provenances in a trial is 
very large, single-tree plots ~ sometimes be considered. However, they are complicated 
to 1~ out and the risk of contusion is very great if accidental errors occur in plot 
labelling. They also hinder the assessment of intra-provenance variability. 

The most widely used design is the Randomised Complete Block ( RCB) • This has the 
advantage over tully randomised designs that it does not demand such uniform site conditions 
throughout the trial and can accommodate differences of treatment between blocks. However, 
if very large numbers of provenances (!,•.&• 16 or more) are included, the large size of the 
blocks increases the danger of site differences within bloCks. In such cases, the use of 
an incomplete bloCk design may be indicated., in which each block contains fewer than the 
total number of plots. These designs are complex and the analyses are best undertaken on 
an electronic computer. The lattice designs have the advantage that they can be analysed 
as an RCB if necessary, although with some loss of information. For fUrther details and 
examples see Cochran and Cox ( 1966) or Burley ( 1976) • 

Choice of Provenances 

Attempts to match environmental conditions (!,•.!• latitude, altitude, rainfall distri
bution, temperature, soil type) between the source area and the site of introduction, by 
homoclimal comparisons, are not always auccesstul. The necessary information may be lacking 
or unreliable. Moreover, natural distribution may reflect past climatic, geological or 
historical occurrences rather than present conditons. Special attention may be given to 
marginal sites, near the edge of the ecological or geographical range. For savanna 
afforestation the secu.ri ty of the crop against infrequent years of very severe drought may 
be important and marginal populations which have been subjected to such condi tiona are 
likely to be more resistant as a result of past selection pressures. 

Very rarely is the seed user able to collect the seed personally. He must, therefore, 
ensure that his objectives are clearly understood and if necessar,y detail the desired 
method of sampling and the provision of all information (climate, soil, vegetation, history, 
methods of collection, eta.) needed to interpret the results of studies and experiments 
based on the material collected. 

For provenance research, it is desirable to sample as tully as possible the range of 
potentially valuable genetic variation within the population. In the absence of any 
estimate of population variances, this means collecting from relatively large numbers of 
trees- Callaham (1964) suggested 25-50 trees in heterogeneous populations- well spaced to 
a;ord closely related neighbours (half-sibs). It is best to collect only in a year of 
abundant seed production. The selection of better than average phenotypes is not recommenied. 
For some purposes, it is preferable to keep seed of each tree separate and to preserve the 
identity of each parent tree, but for most provenance trials this is not essential and 
often not possible. 

For further information on seed collection see !.•.&• Kemp ( 1976) and Turnbull ( 1975) • 

CONDUCTmG PROVENANCE TRIALS 

Nurser;y Practices 

The primary concerns are ( i) to maintain the identity and integri t.v.: of each prov
enance at all stages and ( ii) to ensure uniform treatment so that results are truly 
comparable. Differences in nursery stoCk resulting from different treatments can persist 
into the field and may be detectable several years later. To some extent these two aims 
conflict, since it is easier to avoid accidental mixing or wrong labelling of provenances 
if each is kept in one discrete block with physical barriers between. On the other hand 
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to gurd against UDknown muser,y effects it is preferable to use the sue replicated, 
ra.ndomiaed desisns that will later be employed in the field trial. Condi tiona within each 
replication should be as uniform as possible and sowing should be done one replication at 
a time. Pricki~out &Dd tranaplating are two operations during which the danger of mixing 
different provenances is high. This danger can be lessened by carefUl attention to 
labelling and by moving only the seedlings of one provenance, in each replication, at one 
time. The position of the provenances within each replication should be re-randomised when 
pricki~out or transplanting. 

Culling of poor or deformed plants is permissible in accordance with normal ~mraery 
practice, but the ~mmber of plants oulled of each provenance should be recorded. Edge 
effects in transplant beds or in blocks of pot plants are common and if possible, the outer 
one or two rows should be regarded as ~rd. rows and not used in the inner assessment plots 
of the field trials. If, due to shortage of stock, it is necessar,y to use such plants, or 
those that would normally be culled, their field positions should be recorded. 

lluraeq records of germination, survival and growth at successive stages in the 
IDlr&ery m11st be metioulously maintained. Additional assessments to reveal differences 
between provenances should also be made whenever possible, such as the ~mmber, length and 
colour of cotyledons, length of hypocotyl and phenological observations, .2.•.&• production of 
secondary needles in pines or mature leaves in eucalypts. It is sufficient to make such 
observations and measurements on random samples of perhaps 20 seedlings in each plot. Where 
facilities are readily available, comparative studies of different provenances in controlled 
environments (growth cabinets or phytotrons) may reveal differences in physiological 
response to drought, for example, which could be significant for savanna afforestation. 
Biochemical studies ~ also be helpfUl in revealing differences between populations, based 
on characters which are under more direct genetic control than such production variables 
as height and diameter (Lever and Burley, 1974). The value of such studies lies not only 
in their contribution to biosystematics, but also in the possible indications they 1J1a3' give 
of later performance in the field. They also help to prevent or reveal errors in identi
fication, if consistent differences between provenances at this stage are established. 

Field Trials 

The main principles involved in selection of representative sites for trials, 
collection of site data, the use of valid experimental designs and carefUl labelling and 
recording, are the same as those applied to species trials. However, because all species 
included in provenance trials have already been shown to be sufficiently well adapted to 
the local environment to make them potential plantation species, we are concerned not with 
gross differences, such as very high mortality, but with subtler differences of growth and 
form. For this reason even greater care is needed in all aspects of design and execution. 
This applies particularly to plot labelling and recording, since it is usually much more 
difficult to recognise different provenances than different species. 

To minimise possible errors due to differential effects of weed growth on different 
parts of the experimental site, complete removal of competing vegetation prior to planting 
is recommended, followed by a very high standard of subsequent weedings and cultivations. 
The use of insecticides, or fertilisers, ~ also be recommended in certain circumstances, 
if uniform treatment throughout the experiment can be assured. Generally larger plots are 
used in provenance trials than in the equivalent stage of species trials, to minimise the 
effects of tree to tree differences, and to provide sufficient trees for reliable estimation 
of population differences throughout the life of the trial. The recommended size of the 
inner assessment plot is 25 trees, with a surround of one or two guard rows. Recommended 
spacing between trees is 3 x 3m as a general rule. 
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Information from species trials ~ be available that can be used to calculate the 
desirable number of replications, in order to achieve a certain probability of obtaining 
a significant result (see Cochran and Cox, 1966). In practice some compromise is usually 
reaChed between the degree of precision desired in detecting differences and the practical 
limitations imposed by the site, the availability of planting stock and so forth. However, 
it ~ sometimes be preferable to reduce the plot size, or to use a complex design such as 
a lattice, to maintain the required precision. 

Field Assessment and Records 

The principles in regard to method· and frequency of measurement of survival, height, 
diameter and volume production are the same as in species trials, although the degree of 
precision demanded m~ be greater. In addition to these basic data, ver,y often conside~ 
ationa of tree form assume greater importance at the provenance trial stage. The problem 
of ensuring uniform standards of assessment of such characters is usually met by a standard 
scoring system, such as is employed in tree breeding. (See .2.•.!• Hans, 1972). For assess
ment of branch characters a standard assessment point for all trees is needed ( .2.•.&• half 
total height). Number of branches per whorl, and mean branch angle may be measured directl;y 
and branch size ~ be related to the diameter of the bole at that point. Burley, 21 !!r 
(1975) give fUrther information on uniform standards of assessment. 

When provenances are grown in ~~fferent environments not only the comparative rates 
of growth ~ var,y, but the patterns of growth and wood formation may also change, as a 
result of e;enotYpelenvironment interactions. It is important when comparing provenances 
to take into account possible differences in wood quality, such as might arise from 
different patterns of latewood formation, or overall density, since these might materially 
affect the value of the product for certain end uses. Studies to detect differences 
between populations ~ include detailed examination of leaf or needle-morphology, 
cytological characteristics or biochemical products (see Lever and Burley, 1974). 

The use of standard forms to record measurements and observations is strongly 
recommended. For design and analysis of experiments and specimen forms for records and 
calculations, see Burley ( 1976). 

INTERNATIONAL COOPERATION 

Provenance research requires well documented seed of known origin and for this 
Special collecting expeditions are USilally required. The same expedition can collect seed 
for use in a number of trials in different countries and this can have advantages not only 
in reducing the cost that would otherwise be involved in several separate expeditions, but 
also in making seed for provenance research available to countries that could not otherwise 
obtain it. Where the country of origin has the staff and other resources to undertake 
exploration and collection, it may extend the activities as a form of aid overseas, as in 
the case of Australia, where substantial quantities of seed of many eucalypts are stored 
and tested at the Australian Government's seed bank in Canberra and samples are made freely 
available for research in other countries. Elsewhere, where local resources are inadequate, 
bilateral aid programmes of countries outside the region concerned have financed similar 
seed collections, such as the work of the DanishjFAO Forest Tree Seed Centre in s.E. Asia, 
or of the CoiiiDonwealth Forestr,y Institute, in Central America (Kemp !! _!!, 1972). These 
activities are coordinated through FAO ( 1974a) which has prepared proposals for an inte
grated Global Programme (FAO, 1974b). 

These international programmes have the further advantage that it is possible to 
compare the performance of the same provenance on a wide range of sites in~ different 
countries and thereby to gai~ a better understanding of the plasticity of the population 
and ita site requirements. This ~ help in predicting performance on other sites where 
trials have not been established. In order to make such comparisons possible, centralised 
systems ot data storage and retrieval are needed (Burley, !! !l_, 1973). By this means also 
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results or trials, or of more detailed laborator,y studies, ~ be made more widely and 
readily available, to assist the interpretation or local experiments and the choice of 
provenances for plantation establishment, or for further trials. The greatest amount of 
information possible is needed in order to identify precisely the pattern of phenotl~ic and 
genetic variation. International programmes m~ also provide the basis for effective 
conservation of genetic resources and for fUture tree improvement through selection and 
breeding. 
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Tree Planting Practices in African Savannas~ (FAO, 1974a) discusses the present and 
future requirements for forest products in the savanna region of Africa. Certain trends 
relevant to seed procurement emerge in spite of the difficulties in making such forecasts. 
Dtle to expected increases in population and living standards and in the development of wood
based industries, wood consUl'•ption is estimated to increase from 29'% for fuelwood to 185% 
for paper and paperboard in the period 1960-1975. Such a rise in consumption cannot be met 
from the existing low productive savanna woodland; the establishment of plantations, there
fore, becomes a necessity. 

The nert questions that arise are what species m~ be the most sui table under varying 
conditions and purposes and what areas are required for fulfilling the stipulated demand. 
A number of species and provenances have already been tested and those moat widely planted 
are listed and described in the above mentioned FAO publication on African savannas (see, 
tor instance, Chapter 7). A good deal of testing, however, still remains. In most circum
stances, experience from species testing has shown that exotics are superior to indigenous 
species with respect to ease of establishment, growth and utilization. This results in the 
problem of having to import seed, or the long term process of developing seed production 
locally. 

Documentation, General 

The importance of tracing promising plantinga back to their origins, irrespective of 
their status as Slllall-acale or large-scale plantings, has been recognized for quite a long 
time in forestry and has led to the formation of control systems for seed and plant transfer. 
Where more deliberate action has been taken to establish improved seed sources, including 
selective breeding and the formation of seed orchards, the control system has developed 
into certification schemes. 

In the savuma region, the problema in these respects do not differ from those of 
t•perate regions, but they mq be more pronounced as the procurement of seed for some time 
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to cOIIle vi.ll be largely dependent on import. One oharaoteririic of aeed import ia that it 
involves cooperation between countries; it is, therefore, of great importance that inter
national asreementa be reached on the term• md documentation of collections. Such an 
intel'Jlational system preaupposes the developnent c-f national or local control systems, and 
in order to disouas the coordination of these we shall need to look briefly at the principal 
aspects of seed collection and documentation. 

Seed Procurement, General 

The considerable role that seed import ma.Y pla.Y, u indicated above, baa certain 
implication& which MliY' decisively affect the procurement and production of seed. Problema 
connected with the importation of tree seed ma.Y comprise: 

1. Inadequate resources in :f'unds, manpower and organization for seed collection 
in the 2.!1 countries; 

2. Lack of accessible seed stand& and seed production ueu, especially of desired 
origins; 

3. Lack of reliable data about the aeed origin and the collection method; 

4. Riakll of reduction in quality of seed, i.e. reduced germination capacity due 
to transport; and. 

5,• Restrictiona on the export of seed in bulk quanti ties imposed in several 
countries. 

In addition to these problema there are those which are specific to individual species. 
They ma.Y comprise periodicity in seed production, short viability, low seed production, 
difficulty of access to specified stands or eootypes, etc. 

In general it is easier to obtain small quantities of seed for experimental purposes 
either through intel'Jlational seed centres or by exchange of seed. However, because of the 
difficulties and restrictions in getting bulk imports of desired species and provenances, 
it is necesaar,y to seriously contemplate how to produce seed locally as soon as a seed 
source has shown promise. 

SEED COLLEXJTION 

Two things make it relevant to discuss seed collection in connection with tree planting 
practices in African savannas. The first is the general trend for countries i:D. the savanna 
region to build up their own seed production and thus free themselves of the dependency on 
import; the second is that a better understanding of the various operations applied in 
other regions with tradition and knowledge of seed collection ma.Y help to make one's own 
collections more efficient in a shorter time. Therefore, we shall briefly consider the more 
important and principal aspects of seed collection. The subject is extensive, as is evident 
from the report of a recent training course on seed collection and handling in Thailand 
(FAO, 1975a). It is recommended to consult the report of that training course for details 
on the principles and techniques of seed collection and handling, especially ae concerns 
tropical tree apecies. 

When discussing seed collection in general terms, it is convenient to ask: "~", 
"~" and "~" to collect. 
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Where to collect locally will mainly depend on the extent of trials with exotic 
speciei&iid the length of time they have been conducted. Indigenous species in the savanna 
regiona are so far only uaed on a very limited scale. Looking at table 9, page 78-79 of 
Tree Planting Practices in African Savannas, it appears that out of 35 species only 6 ma.v 
be conaidered indigenous to parts of the savanna region. It is natural to start collection 
of a species as soon as it has shown itself promising. This has been done in many instances, 
sometimes with remarkably good results (e.g. teak, gmelina, southern u.s.A. pines, Cupressus 
sp.), but sometimes also with disappointing effects perhaps showing up only a fairly long 
time later. 

A common case is collection from an early introduction of a species with very vague 
or inaccurate information about origin and which often was planted at only one or two places 
in small plots (!acre or 0.2 ha) without replications. Here the problem is that the seed 
to be used is from a single, very small population of trees, which perhaps has shown promise 
in only a limited number of the varied environments in which it is to be planted. The un
certainty concerns the genetic effect of using a small population, perhaps from a restricted 
location, for improvement purposes and the adaptability of the offspring to conditions 
differing from the test site. Although good results have been obtained by using seed from 
~oh amall introductions, it is advisable to carefully select seed sources or to collect 
seed from stands which have a broader basis for selection and more precision in testing. 
From a technical point of view, seed collection in excessively small units, say below 2-3 ha, 
is generally less satisfactory. Cost of collection is relatively high and the seed may be 
of lower quality due to insufficient interpollination. See Keiding (1975a) for details on 
seed stands and Jones and Burley (1973) for information about the genetic implication. 

To improve seed collection possibilities within the shortest possible time in areas 
relying on exotics, it has been recommended, and I believe also practised, to establish 
larger blocks of certain provenances beside the actual provenance trials. The purpose of 
this is to have lar~r units rea.d;y as seed sources, as soon as the results from provenance 
testing become available. Such blocks of provenances may also serve the purpose of con
servation ex ai tu if the sources of origin are threatened in one way or another. A valuable 
reference material for this very important aspect of seed collection is "The Methodology of 
Conservation of Forest Genetic Resources" (FAO, 1975b). 

Concerning "where" to collect, circumstances vary considerably within the savanna 
region, from having very little choice of sources locally to having selected seed stands 
and seed orchards. Procurement of seed is very often an act of balance between getting 
sufficient quantities of seed and getting seed of satisfactory genetic quality. Thus, 
which 80urces to use and how to utilize them should be closely coordinated with tree 
improvement programmes. This applies to all stages of seed procurement from importation to 
selection of seed stands and establishment of seed orchards. As it is not possible to cover 
the broad subject of the relation between seed procurement and tree improvement in the 
present paper, reference is made to more thorough treatments of the various aspects involved 
aa given in the Report on the FAO/DANIDA Training Course on Forest Seed Collection and 
Handling (FAO, 1975a) and by Guldager (1974). 

"When" to collect ia a matter of timing in respect of age and season. When planning 
seed coiieOtions it is essential to know at what age the individual tree species can be 
expected to reach sexual maturity, their possible periodicity in flowering and fruiting, 
and at what time of the year the seed collection is best carried out. For the more 
important economic species such as pines, teak, Gmelina arborea and eucalypts, plus a 
number of other species, a fair amount of knowledge about flowering biology has been 
accumulated. Still, fairly large variations m&iY occur within a species depending on 
origin (provenance) and the environments to which it ma;y have been introduced. In some 
cues flowering and fruiting starts at a younger age in exotic environments than in the 
natural habitat, e.g. teak in Trinidad and certain areas of West Africa, while other exotic 
atends hardly produce any viable seeds at all, e.g. some tropical pines in Malaysia. Still 
other species may change their mode of flowering from being distributed more or less evenly 
throughout the year to becoming seasonal, e.g. ~ merkusii on Java. It is, therefore, 
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important to observe and register the flowering and fruiting habi"t of species, especially 
exotica, under local conditions. Such studies of the reproductive biology are also neces
sary to build-up and improve seed production, aa they m~ help to determine the size and 
scope of seed production units, treatment of seed stands, seed handling and storage, etc. 
Even individual trees show variation in seed production which m~ be of some concern for 
the composition of seed orcharda (see Keiding, 1975b). 

Closely related to flowering and fruiting habits is the physiological quality of the 
seed which, among several factors, is also influenced by the right time and method of col
lection. Within the collection period of a certain species there is usually an optimum 
period in which the quality of the seed is beat. Teak seed. in Th&i.la."ld, for example, mey 
be collected over 3 months: Februar,y~pril, but the month of March is normally the beat, 
while the first and early fall in February often baa a certain portion of immature seeds. 
Similarly, it can be of great importance to collect pine cones when they have reached just 
the right stage of maturity, indicated usually by the colour of the cone scales. Pinus 
merkusii ia particularly aenaitive to the timing of seed collection which ia further-compli
cated by the variation in ripening of cones between localitiea, between trees and even within 
trees. 

Although the majority of species being used in the savanna region have more or less 
seasonal frui tbearing correlated with the change between wet and dry seasons, there m~ be 
fluctuations between years. It is often advantageous to make a survey and an assessment of 
the coming aeed harvest well ahead of the actual collection in order to determine the best 
time for collecting and the size of the oro~ to expect. Again, for further information, 
reference is made to the report on the FAO(DANIDA Training Course on Forest Seed Collection 
and Handling (FAO, 1975a). 

Finally in respect of "how", the subject of collection techniques has been repo~d on 
and described for many different situations. Naturally, the techniques vary according to 
the scale of collection, tree species and their economic importance, funds available, 
organization, etc. and they represent all stages from highly mechanized equipment requiring 
very little manpower, such as tree shakers, to climbing with or without ladders and to 
picking of seed from the ground with many collectors involved. It is not possible here to 
discuss the merit of the different methods and how to apply them under different circum
stances, but it m~ be useful to briefly consider some of the more general aspects. Techni
cally speaking, seed collection should aim at getting the largest possible quantity of seed 
in the best conditions, i.e. the highest possible physiological quality as efficiently and 
economically as possible. For the majority of species, the fruits have to be taken on the 
tnes, which usually implies climbing. This requires a certain skill and training a1d ma_y 
become fairly technical, involving ladders of different kinds, safety and other equipment. 
In highly developed seed production areas such as special seed stands and seed orchards of 
easy access, tractors with elevating platforms or tree shakers may be considered. As in 
nearly all circumstances it is important to utilize selected seed sources continuously, the 
frui tbearing portion of the tree should not be damaged. '!'he practice of collecting fruits 
or cones from felled trees or by lopping large branches should generally be avoided unless 
the atand(a) are due for felling anyhow or it is the only possibility left because of lack 
of climbers. The handling of fruits and seed in the field and their transport also influence 
the quality of seed. If cones are packed tight in big bags they make "take heat", especially 
if they are picked a little too early. Similarly, fruits of Gmelina ma_y be difficult to 
store if the pulp is allowed to ferment for too long a time. 

To get a seed collection programme to function properly a certain amount of specialized 
knowledge and technical skill is required, combined with good coordination of the various 
operations involved. In many countries, therefore, it may be advantageous to establish 
seed centres or seed handling stations where all seed collection and seed handling are con
centrated. Such seed centres may contain seed extraction machines, such as drying kilns 
for coniferous species, and equipment for cleaning, dewinging and grading the seed. Further 
facilities for seed testing, i.e. tests of germination capacity and moisture content, plus 
adequate store rooms ahould be available. · It is also necessary to properly register all 
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operations comected with seed handling and seed distribution. Depending on the magnitude 
of seed collection and the funds available, equipment m~ be more or less refined, but a 
:t&irly great flexibility can be exercised; often rather simple arrangements m~ work satis
factorily. For consultation regarding the establishment of seed centres see, for instance, 
Guldager (1974) and the previously mentioned FAO/DANIDA training course report (FAO, 1975a). 

CERTIFICATION 

The importance of obtaining seed from the right sources and of good quality has been 
stressed several times already. Another question which needs to be discussed is how the 
consumer can be assured of receiving the seed he wants or, if he does not know exactly what 
to request, how he m~ be provided with intelligible information to help him in his 
selection. For this purpose,certifioation schemes have been introduced in several countries 
and regions. Certification in relation to forest trees is defined as follows (Matthews, 
19641 ex Barner, 1974a): 

"The object of certification of tree seed and plants is to maintain and 
make available to the practising forester sources of seed, plants and other 
propagating materials of superior provenances and cultivars so grown and 
distributed as to ensure the genetic identity and high quality of the seeds 
and plants." 

"Genetic identity11 is a key-word in connection with certification and the reasons why 
so much attention is given to this concept are very aptly summarized by Barber (1969, ex 
Barner, 1974a): 

"Exact control of genetic identity of reproductive material is necessary 
if success is to be achieved in tree breeding and in forestation programs. We 
should seek the goal of using only reproductive material with known genetic 
identity. However, the precision with which we identifY material will vary 
according to the species, location, and final use. 

"The tree breeder must have complete knowledge of the source of the germ 
plasm with which he works. It is particularly important that the identity 
of each tree be maintained so that the breeder can consider the risks of any 
adverse traits associated with the mating of related individuals. As progenies 
are produced and grown, the breeder must be able to trace the pedigree record 
of each individual in order to locate parents contributing certain charac
teristics, either desirable or undesirable, and he must be able to duplicate 
all of his crosses as needed. The breeder has the responsibility to catalogue 
his material and to identity accurately all material exchanged or released 
for use. 

"The :forester should know what source or strain will best meet his needs, 
and he must know the exact source of material used in establishing plantations 
and in regenerating stands if he is to provide optimum management, as knowledge 
or the genetic identity of the material used is necessary for planning proper 
spacing and culture. For example, since the use of a disease-resistant strain 
will result in leas mortality and fewer defects, the manager may either use 
wider spacing or undertake more frequent thinning. Reports of substantial geno
type euvironment interaction indicate that tree breeders can develop cultivars 
that will respond favourably to differences in site quality and culture. Where 
seed or seedlings of the proper source are not immediately available it ma,y 
be economically feasible to del83' planting :for a year or more." 

If a certification scheme is to be successfUlly established, it is necessary to con
aider all parties involved in the procurement of seed and reproductive material, including 
commercial seed dealers and nurserymen, state agencies for seed collection and plant pro
duction, research institutes and consumers. In ad.di tion, the scheme must be backed by 
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legialation. National certification achemea are operating in many countries, but a few 
regional ones have alao been establiahed(e.g. Borth America). Aa aeed and, to aome extent, 
plants or parts of plants are moving across state boundaries, the need for internationally 
applicable rules has been felt for some time. Aa a consequence of this and on the recom
menda~ion of the World Consultation on Forest Tree Improvement in 1963, work was initiated 
by the Organization for Economic Cooperation and Developnent (OECD) that year. Four years 
later, in 1967, the OECD certification scheme was finally implemented. Amendments were made 
in 1970 and 1974 (OECD, 1974). 

This scheme ia baaed on voluntary participation by members of the organization, but 
is open to other states which are members of the United Nations. Thus the OECD scheme ia 
the first of ita kind which aims at world-wide application. For a detailed description of 
the scheme, its background and definitions of terms, see Barner (1974&). There are,of 
course,many problems involved in getting such a scheme to function for so many different 
conditions. However, a very usefUl framework ia available from which a better control of 
genetic identities m~ be obtained and thereby some safeguard against gross mistakes. 

A few main points of the scheme are outlined in the following: 

If a certification scheme is contemplated, the necessary funds must be allocated and, 
therefore, authorities controlling the finance have to be convinced about the justification 
of the scheme. To quote Barner (1974a) the best approach is "to furnish estimates of the 
real losses caused by sustained carelessness rather than those of costs and benefits of 
initiating long-term breeding programmes". 

To implement a comprehensive scheme the following elements should be considered 
(Barner, 1974a): 

''Planning 

1. Preparation of maps showing distribution of important species, 

2. Delimitation of regions of provenance of these species, 

3. Delimitation of major regions of afforestation and reforestation and 

4. Estimation of supply and demand of seed and plants; 

Implementation 

5. Organization and management, 

6. Classification and approval of sources, 

1. Recommendations for choice of provenances and transfer of reproductive material, 

B. Production and control procedure, 

9. Data recording and documentation and 

10. Marketing of reproductive material." 

Items 1 and 2 have special reference to countries or regions with extensive areas of 
species covering different ecological conditions. The direction and distance of seed 
transfer m~ be of considerable importance. 

"Organization Rlld management" (item 5) concerns the appointment of various groups of 
responsible authorities such as: 1) a designated authority or management committee, 2) an 
advisory group, 3) a working group on approval of sources and 4) inspectors. 

Item 6 is a broad and fundamental subject in connec~~on with the development of the 
scheme (Barner, 1974b). Basically the sources m~ be classified according to an increasing 
degree of selection: 
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a) regions of provenance 

b) stands 

c) seed produ~tion areas 

d) individual trees 

e) seed orchards. 

Approval of the sources according to some minimum requirements should be the responsi
bility of the working group on approval of sources, mentioned above. A national list of 
these sources must be made in which the most necessary information is r~oorded, such as: 
Latin name, identification (reference no. or letter), location, origin, ecological conditions 
and test results. Definition of classes and prescriptions for the recording of information 
are given b,y Barner (1974b). It should be emphasized that the nationallist does not neces
sarily comprise all the types of sources stated above, as they simply m~ not be present, 
but allowance should be made for extending the list as new sources become productive. 
Another important aspect of setting up a national list is its applicability in an inter
national context. 

A further developnent of the approval of sources is the 11recommendations" (item 7) of 
them for either general or specific utilization. Very often seed sources are approved on 
the basis of the performance or phenotypic appearance of the seed trees without, or with 
very limited, testing of the offspring. Recommendations must be based on tests, but as 
these take time and seed has to be produced, it is necessary to make use of seed sources 
which are not yet tested. Certification schemes, therefore, distinguish between tested 
or untested material within each class of approved sources. For species which have a wide 
geographic distribution, it m~ be appropriate to give directives for the transfer of seed 
both in respect of altitude and in latitude and to delineate planting zones and regions. 
The establishment and the developnent of a certification scheme, therefore, should take 
place in close co-operation with research, especially in the field of tree improvement. 

A certification scheme should furthermore contain rules for "production and control 
procedures" (item 8). Barner (1974a) has given the rules and minimum requirements applied 
b,y the OECD-acheme which ensure that the material produced from the approved sources of 
different categories is of the right identity and has been treated correctly, when it reaches 
its destination. The rules prescribe how inspections should be carried out in forests, 
plantations and nurseries and how the material should be labelled and packed. "Data 
recording and documentation" (item 9) are of course necessary elements of the control 
measures. Each seed lot,for instance, will have to be furnished with a standard set of 
recorda comprising detailed identification, year of collection, quantities of fruit/cones 
collected and seed extracted, storage and quality of seed. In addition, records should be 
kept of handling in nurseries, and reference made to institutes (organizations) and persons 
responsible for the execution of the different operations (see Barner, 1974a). When the 
designated authority is satisfied that all operations have been made in strict accordance 
with the directives, certification will be issued. 

Although the description above is just a brief outline of a certification scheme in 
operation, it m~ give the impression of a fairly cumbersome system with a heavy load of 
bureaucracy or papers. True, a scheme which has to cater to so many interests will require 
a good deal of checking and registration. Bnt it has also provided a clarification of the 
many concepts and terms which are used in connection with collection, handling and testing 
of seed, and thus given an international basis for the procurement and control of seed. It 
should be stressed that the OECD scheme has been developed with particular consideration 
given to circumstances in temperate regions of the Northern Hemisphere. Therefore, before 
implementing the rules and directives to tropical conditions the scheme should be critically 
examined and altered where rules do not apply, which m~ mean simplification. Referring to 
the purpose of certification as defined by Matthews (1964), the scheme should make available 
seed from the beat sources, properly identified genetically, and of the highest possible 
pb;yaiologioal quality. Aa explained above, this necessitates control and registration, but 
it m~ be appropriate to warn against a too elaborate control system if the result becomes 
either a hindrance to the provision of seed o~ a temptation to evade the system. 
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lftBODJCTIOI 

The illlporbaoe ot aee4 in 1f1JY toreat plantation progriUEle oma.ot be over-emphallize4 
.. aeecl h a by el•ent in plant pro4uotion. A prerequisite in uy pluting progrUIDa is 
llll .. nre4 npply of •••4 (11'.&0, 1955). UIIU&lly, the icleal thing woul4 be to sow aee4 in 
the field or nuraery .. aoon .. it ia collected. However, in view of the great clemuda for 
aeecl by la.rp-11oale plantation progrlllllllaa, thia ia not alwqa possible ao aeed muat be col
lected. in acl'Yal'lce and atored. The aim, howenr, ahould be to store seed for .. short a time 
u4 .. perfectly u poaaible in orcler to elliiUre minimum loss of genninative energy. 

Baldwin (1942) defined storage aa the preaervation of seed from the time of collection 
or extraction until it is cleaired that it shall germinate. From a physiological point of 
view, however, the atorap period also includea the time on the plant between maturity and 
harvest, where weathering is often a serioua factor. Detailed aapecta of physiological con
aideratiou involved in atorap will be given leas treatment in this lecture; emphasis in
stead will be on the practical aspects ot seed preservation from the time of collecting to 
sowing. 

PREPARATION OF SEEDS :roR SIJORAGE 

TrllllBportation of Fruita 

Seeda require transportation from their sources of collection to their destination 
for extraction and cleaning before storage. When fruita or cones are collected they should 
not be clelivered to the processing centres in such air-tight containers that air circula
tion ia prevented. On the other hand, cloth bags should not be of nch open weave that 
aeeda oan eaoape during transportation. To prevent "heating'' and mould in wann weather, 

·the collected seed should not be piled closely in a confined apace, and they should be 
delivered for extraction as soon aa possible. It is advisable to move bags about daily to 
provide sufficient aeration. 

Seed Extraction 

After collecting cones or other fruits, a very important stage in seed handling is 
the extraction and cleaning of seed. Generally, cones and several other types of fruita 
require pre-drying to facilitate extraction of the seeds. On the other hand, some fruita 
require a period of soaking in water before seeda oan be released for eaay extraction. 
Whether drying or soaking tn water is required, great care is needed during the operation 
in order to ensure minimum injury to the seeda. 

Mechanical devices have been developed for the extraction of seed, but in Nigeria 
aDd many other developing countries, seed extraction is still done by hand. In either 
oaae, be it manual or mechanical extraction, the techniques vary with the species. 

Seed Cleaning 

There is wrua.lly the practical problem of inadvertently collecting immature fruita 
during harvesting. This ia because not all the fruits of a given crop mature at the same 
time, and since it is not usually economical to harvest each seed or fruit as it matures 
by repeatedly going over the crop, immature seeda are often harvested along with mature 
ones. Since immature seeda are low in viability and have a shorter longevity than mature 
seeda, they are less desirable for storage and should therefore be removed during cleaning. 

When a aeed lot ia harvested, it contains trash, broken seeds and light seeds which 
should be separated from the sound seed before storage. However for some species, such as 
moat eucalypts, it ia not practical to separate sound seed from the smallest impurities 
(e.g. unfertilized or aborted ovules called "chaff"). Alao, as more and more evidence 
.indicates that the seeda of greateat longevity in a given seed lot are those with the 
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greatest density, it is desirable that only seeds of high density should be kept for long 
storage (Harrington, 1972). Proper oleaning procedures for seeds are well covered in the 
handbook by Hannond .!1 .!:! ( 1968). 

Effects of Extraction and Cleaning Treatments 

Haack (1909) states that the first pre-requisite for successful storage is good 
extraction and cleaning. Seed cleaning can be damaging to seeds, especially dry seeds. 
Damaged or weakened seeds will not keep well in storage; therefore, it is of vi tal importance 
to exercise maximum care during extraction and cleaning to avoid injury to the seeds. Seeds 
which have been injured by abrasive dewinging and scarification, or weakened by wetting, 
fluctuating temperatures, or other influences never regain their original vigour. 

Methods of Seed Drying 

When seed moisture content after harvesting and cleaning is too high for storage, 
the seeds muat be dried. Harrington (1972) describes the following three ways of drying 
seed. 

Sun-Drying 

Seeds can be dried by spreading them on to the ground, on a paved surface or on a 
canvas for sun-drying. This method, however, fails during rainy or highly hl.Dnid periods. 
Also, seed germination capacity can be decreased if the days are extremely hot. 

Use of Ambient Air 

Seeds can be placed in a bin or other container through which ambient air is blown. 
Suoh drying is inexpensive, but is effective only as long as the relative humidity of the 
air is lower than the equilibril.Dn moisture content of the seeds. If the relative humidity 
of the air exceeds equilibrium moisture, the seeds will gain moisture. Also, if the seeds 
are not dried fast enough, storage :fungi will invade the seeds, thereby reducing longevity. 

Use of Heated Air 

This method is most conunonly used. The temperature of the drying air is heated to 
increase the moisture gradient between the moist seeds and the hot air, thus drying the 
seeds faster. However, excessively high temperatures and rapid drying can be harmful and 
may seriously diminish seed vigour or even ld.ll the seeds outright. The maximum safe 
drying temperatures will var,y depending on the species. 

PRINCIPLE5 OF SEED S'IDRAGE 

Reasons for Storage 

The main reasons for storage of tree seeds can be summarised as follows (FAO, 1955): 

(i) to preserve seeds under conditions that best retain genninative energy 
during the interval between collection and time of sowing; 

(ii) to protect seeds from damage by rodents, birds, insects and other 
enemies; and 

(iii) to preserve quantities of seed collected during years of heavy seed to 
furnish a supply during years of little or no crop. 
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Tecbniguea of Storing Seed 

'free aeed.a are o011111only Btored under one of the following cond.i tiona as deacri bed 
by Baldwin ( 1942): 

( 1) Dry and cold storage, aimulating condi tiona in the cone or dry fruit on 
the tree; or 

(2) Moist and cold storage, aimulating condition• in the forest litter and humus. 

D~ and Cold Storage 

All aeed.a oan be kept longer at low temperatures than at high temperatures, since 
respiration and chemical procesaes are retarded. Cold dry storage involves the control of 
temperature, moisture, and to some extent light, atmospheric cond.i tiona (pressure, gases) 
and other environmental factors (Baldwin, 1942). Generally, it haa been established that 
fluctuation of factors, especially temperature and/or moisture, has adverse effects on aeed 
under storage w 

Moist and Cold Storage 

Large heavy seeds are best preserved in cold moist storage. Prevention o:f mould and 
maintenance o:f moisture m~ be obtained by mixing the seeds thoroughly with clean, moist 
aphagnum moss. Damp sand, peat, sawdust, cork, or ground charcoal have also been used 
successfully (FAO, 1955). 

Factors Influencing Storage 

Although species di:ffer markedly in their storage requirements, the same factors are 
involved for all. Many of the factors which in:fluence the longevity of seed in storage 
include: 

(a) type of aeed; each species differs from every other in its capacity for 
retaining viability; 

(b) stage of maturity at collection; 

(c) prestorage treatment including extraction and cleaning operation; 

(d) viability and moisture content when stored; 

(e) air temperature, humidity and o:x;ygen pressure during storage; 

(f) degree of infection by fungi and bacteria before and during storage; 

(g) light; since light may occasionally act as a stimulant of vital activity, 
if not germination, it is generally believed that seed retain their viability 
better in darkness (Baldwin, 1942); and 

(h) pressure. Low atmospheric pressure is apparently favourable for retention 
of viability. Most of the effectiveness is probably due to reduction in the 
partial pressure of oxygen (Baldwin, 1942). 

The complexities of the interrelationships among these various factors notwithstanding, 
a few generalizations provide guidelines in sustaining seed viability (Holmes and Buszewicz, 
1958 and Roberts, 1972 as given by Stein et al, 1974): 

"(i) Fully ripened seeds will retain viability longer than seeds collected when 
immature. 

(ii) Seeds of high initial viability will store better than those with low 
initial viability. 
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(iii) Seeds with hard, impemeable seed coats will retain viability longer than 
those with soft permeable seed coats. 

(iv) Undamaged seeds will retain viability better in storage than seeds physically 
damaged during collection or processing. 

(v) At low moisture content or low temperature, the adverse activities of insecta 
and diseases are effective~ slowed or stopped. 

(vi) Fluctuations in temperature or moisture are less "fa-vourable Llw1 constant 
condi tiona. 

(vii) For many species, the lower the temperature and the lower the seed moisture 
content, the longer the period of viability." 

Proper storage should, in fact, begin with sound seed. Given seed that is mature, 
high~ viable, and undamaged, its life span will hinge primarily on species characteristics 
and the temperature and humidity conditions prevailing during storage. Obviously, seedlots 
known to contain damaged, immature or low viability seed should be scheduled for earliest 
use and the beat seed should be retained for long-tem storage (Stein et al, 1974). 

Temperature and Storage 

One of the major environmental factors affecting seed longevity is storage temperature. 
Generally speaking, all seeds keep better at relative~ low temperatures than at high. In 
other words, the cooler the temperature the more slowly seed vitality declines. This rule 
continues to app~ even at temperatures below freezing. 

It is a known fact that temperature fluctuations are more unfavourable to keeping 
qualities than an even temperature. 

Just as with high relative humidity, high temperatures are conducive to the activity 
of micro-organims, especially insecta. At 5°C and below, insecta become inactive. There
fore, besides retaining seed viability, low temperature storage automatically prevents or 
controls insect damage. 

The role of high temperature in speeding seed deterioration is not fully known. It 
is generally assumed that the high seed respiration at high temperatures is related in some 
~to rapid loss in gemination. In spite of this assumption, it is quite obvious that 
the cauae of death is not depletion of stored foods (Harrington, 1972). The effect of 
temperature on seed longevity still remains a fertile field for future research. 

Seed Moisture Content 

Seed moisture content is one of the two main factors influencing seed longevity. 
Generally, the higher the seed moisture content the more rapid is the decrease in gemina
tion capacity. But, at extremely low moisture contents of seeds, a slight increase in the 
rate of loss in germination occurs. 

Low moisture content is favourable for keeping seed viability since it operates to 
suspend vital processes. This applies particularly to seeds which can be dried safely. 

Seed moisture content is probably more important than temperature in its influence on 
keeping qualities and rather more difficult to control. It is hard to measure or detemine 
accurately without laboratory teats. Standard methods of detemining moisture contents of 
seed are described in the ISTA Rules and Regulations (ISTA, 1966 and 1974). 

Problema of storing seed of high moisture content. The problems of maintaining via
bility increase with seed moisture content. Harrington (1972) came to the following con
cluaionsl 
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{a) When seed moisture is above 40-60 percent, germination will occur; 
(b) When it is 18-20 percent, heating m8iY occur; 

{c) When it is 12-14 peroen.t, multiplication of mioro-organ.i811ls will reeult; and 

(d) When it is 8-9 percent, insecta become active and reproduce. 

Thus the problema of high seed moisture content include germination during storage, 
fungal attack and insect attack. In a.dcli tion, there is a serious longevity - halving effect 
with each one percent increase in seed moisture. 

Critical moisture content levels• !t ia important to note that critical moisture 
content levels for seeds of moat genera have not been worked out, but a range between 5-12 
percent haa been recommended for moat species which can be dried. It is also important to 
note that even though low moisture increases longevity, over-drying can also be ha.nntul, 
often leading to complete death of the seed. 

Nonnally, seeds are stored with a moisture content low enough so that gemination, 
with resulting death of seed, will not occur during storage. 

Methods of controlling moisture content. Moisture content in seeds can be controlled 
in many WB3'S; these include: 

(i) Air-drying in the sun, or in a wa:nn room, or in a seed extraction shed. This 
ia the safest and the most aimple. 

(ii) Oven-drying. This is of'ten not economical, and great care is required to avoid 
over-drying. 

{iii) Use of desioanta, e.g. calcium oxide, charcoal, and silica gel beads. These 
are very effective and harmless to seeds if used in the right proportions. 

(iv) Other chemical solutions have also been.effectively used. However, great care 
is needed in using any chemical for regulating humidity and seed moisture content 
since the chemical may directly affect the seed or cause excessive reduction in 
moisture content. 

Moisture content and control of insect and microflora. Insects and fungi are usually 
held in check by dr.Y, near-freezing or sub-freezing storage of seed, but in moist storage 
at cool temperatures, pre-storage fumigation m~ be necessary (Holmesand Buszewicz, 1958). 

At seed moisture contents of 12-20 percent, the activity of micro-organisms, particu
larly fungi, can be great. The higher the moisture content in this range the more rapid 
is the growth of organians and the greater is the danger that they will destroy the capacity 
of seeds for gemination. Storage fungi are mostly species of Aspergillus and Penicillium, 
which are ubiquitous on deca;ying organic matter. 

Since it is almost impossible to keep seeds free of storage fungi, the easiest and 
beat alternative is to keep seeds dry - in equilibrium with a relative humidity of 65% or 
drier. Under such conditions, these organisms cannot damage seeds (Harrington, 1972). 

At seed moisture contents below 8-~, little or no insect activity occurs and insect 
reproduction will not take place. If seed moisture content is maintained below 8%, and th~ 
storage ia completely sealed ao that respiration reduces the oxygen content below 14%, in
aeots cannot survive in the seed (Harrington, 1972). 
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CONSTRUCTION OF SEED S'!URAGE FACILITIE.5 

Certainly, the longevity of seed in storage is intimately related to its storage 
facility. There must be protection against theft, rodents, birds, insects, and fungi that 
might enter the storage and destroy the seed from outside. There must also be adequate 
control of temperature and relative humidity to minimize biochemical destruction of the seed. 

Protection Against Theft, Rodents, Birds and Insects 

A good seed storage unit should have no windows and only one door, thus minimizing 
the chances of theft. The door should be sealed properly against rodents and insects, and 
looked when the storage is not in use. Care must be taken not to let in rodents through 
the door when loads of seed are being brought in or taken out. 

Wooden construction is leas desirable than brick, stone, concrete or metal. When 
wooden constructions are used, the foundation should be of stone or concrete and should 
erlend three feet ( 1 m) above the ground. There should be a lip around the building at a 
height of 3 feet (1 m) extending out 6 inches (15 em). Such a construction makes entrance 
by rodents through the walla virtually impossible as long as the foundation remains un
cracked. 

Storage insects can even be more damaging than rodents and usually constitute a 
greater problem in the tropics than in temperate countries. Construction of the floor, 
walls and ceiling of the storage should be such that no cracks exist which can harbour 
insecta. Plaster, inlllllation and plywood, properly applied, can minimize cracks. Venti
lation openings should be screene against insects. All openings, such as electric conduits, 
ventilation openings and doors, should be thoroughly sealed. A yearly painting of the 
interior with a residual insecticide will further minimize the possibility of insect infesta
tion. 

Sanitation 

Sanitation, both inside and outside the building,is very important. Discarded 
seed and cleanings should be hauled aw~ and not dumped just outside the door and left to 
harbour storage insecta. 

Fumigation 

Once the seed storage ia completely free of insects, the most serious source of re
infestation is infested seed which is brought in. Seed m~ be brought in from the field 
already infested or it m~ be transferred from an infested storage. Such infestation is 
controlled by fumigation. 

Rather than fumigate the whole storage, it ia advisable to have a fumigation room, 
with its own door on the outside, or to fumigate the seed on a concrete slab under a tar
paulin. It is only after fumigation that the seed should be brought into the storage area. 

It ia important to note that fumigation (particularly repeated fumigation) m~ 
seriously reduce vigour and even geminative capacity of seeds. This is particularly true 
of seeds with high moisture con~l;enta. Seeds with moisture content greater than 14% should 
be dried to below this value before fumigation. 

High temperatures also increase damage to seeds by fumigants. Therefore, fumigation 
is only used with entering seed. However, when a storage unit containing much seed does 
become infested, then fumigation is neceaaar,y. 

I 
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Temperature Control 

Temperature ia one of the two moat important factors influencing seed longevity. 
The lower the temperature the longer aeeda maintain their germinative capacity. Temperature 
control ma.Y be achieved by ventilation, inaulation and refrigeration. These methods are 
not mutually exclusive and are normally used to aupplement each other. 

In tropical countries,refrigeration is necessary to keep storage temperatures below 
the usual ambient tempe: ·atures for long-term storage of seed. 

Moisture Control 

Experience has shown that refrigeration alone is not sufficient for seed storage. 
Hence,refrigeration storage is used in combination with dehumidification or with sealing 
the dried seeds in moisture-proof containers before they are placed in refrigerated storage. 
This is the technique principally adopted in Nigeria. 

If seeds are dried to safe moisture levels and then stored scaled in moisture
vapourproof containers, the low moisture content of the seed will be maintained even under 
storage conditions of high relative humidity. Seeds sealed in such containers and stored 
in cold storage can keep their germinative capacity for long periods. 

Use of Desiccants 

Since moisture-proof containers are difficult to open and reseal, they are not use
ful for plant breeders and seed control officials, who must store many small samples that 
must be readily accessible. Such samples could be stored in a dehumidified,refrigerated 
room. Such rooms sre in use though they are very expensive. Also in many areas of the 
world, electricity is often unreliable, so refrigeration and dehumidification m~ not alw~s 
work. An alternative is to store seed samples in metal boxes with gasketted snap-on lids, 
with desiccants (e.g. silica gel) enclosed with the seed samples. 

Silica gel is available with all or some of the granules treated with cobalt chloride, 
which makes the silica gel turn from blue to pink at about 45% relative humidity. A quantity 
of silica gel is enclosed with the seed in the metal box in the ratio of 1:10. When the 
indicator granules turn pink, the silica gel is removed, reactivated by drying in an oven 
at 175°C, cooled in a sealed container, and returned to the metal box. Thus, the seeds are 
kept below equilibrium with 45% relative humidity, a moisture content desirable for several 
years of storage in a temperature range of 20 to 25oc. 

In addition to easy accessibility, the metal box or such other container has other 
advantages: 

(i) It is rodent and insect-proof as well as moisture-proof; 

(ii) The boxes which are not very expensive are easily stacked on shelves 
in a small area; 

(iii) Also, seeds in equilibrium with 45% RH will not be damaged by stored 
fungi; 

(iv) The only care required is periodic inspection to malt~ sure the indicator 
silica gel remains blue. 

Effects of Airtight/Sealed Storage 

Haack (1909), by carefully controlled experiments, showed that while airtight con
tainers cannot wholly prevent deterioration of seed with storage, they help prolong life 
oonaiderably. 
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It is now believed that the main virtue of sealed storage is not only to preserve 
the moisture content, but also to prevent contamination by fungi and possibly other enemies 
(Baldwin, 1942). It is of vital importance to ensure that seed is dried to optimal moisture 
content level before being sealed, otherwise, sealing will serve only to prolong an un
favourable condition, resulting in deterioration. 

Choice of Containers 

Several types of storage containers have already been mentioned. The important factor 
in the choice of containers is primarily the degree of sealing required. 

Most large-scale storage of seeds is done in tightly-closed containers. Such con
tainers slow down but do not entirely stop gas exchange between the contents of the container 
and the air within the storage facility. Obviously, the more contrast there is between 
inside and outside, the greater the need for minimising exchange. Other factors to consider 
in the choice of the best container for a given use were listed by Stein et al (1974) as 
follows: 

"(i) When seed requires further drying in storage, do not use a tight-closing con
tainer because enclosing excess moisture is harmful to the seed (Barton, 1961). 

{ii) Use a tight-closing container if gain in mosi ture content can be damaging and 
relative humidity in the storage facility is high. 

(iii) Containers and seed can quickly gather unwanted condensation when brought 
out of cold or subfreezing storage. Wanning to room temperature is recom
mended before opening a. container brought out of such etorage. 

{iv) Four to 10 mil polythylene bags will exclude or retain moisture but still 
allow exchange of oxygen and carbon dioxide with air outside. Such exchange 
may be beneficial or harmful depending on the species. 

(v) A container that is easy to open and close is desirable when quantities of 
seed are likely to be added or removed repeatedly. Open only when necessary 
to minimize temperature and relative humidity fluctuations. Alternatively, 
store seeds in small containers, so that the entire content can be stored or 
emptied at once. 

{vi) Fill containers completely to ensure minimum exchange of moisture between the 
seed and the entrapped air. 

(vii) When seed moisture content or relative humidity is high, the container must 
be made of moisture resistant material. 

{viii) When seeds are fragile and easily damaged, a rigid-walled container should 

(ix) 

(x) 

be used. Moisture-proof plastic bags are often used as liners for rigid con
tainers. 

Choose a container shape and stacking arrangement which facilitates uniform 
temperature and aeration throughout the storage facility. 

Some containers m8iY be of substances that are harmful to tree and shrub seeds 
(Barton, 1954). Unproven containers should be tested for toxi ty." 
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Any seed storage programme, whether tor commercial seed or ge:ma-plum seed, need& 
to have a seed testing programme as well. The storer of commercial seed needs to know 
which lots will begin to deteriorate moat rapidly so he can sell them first. Also, the 
director of a ge:ma-pl&BIII storage must be able to ascertain when to 11grow out" a seed lot 
before it is seriously reduced in germination capacity or even completely lost (Harrington, 
1972). 

The various ki.nda of seed testing and the procedures are described in the Inter
national Seed Testing Association (ISTA) rules and reg11lations ( 1966 and 197 4) • Among other 
testa, it is important that every seedlot should be gemination-tested when it is received 
tor storage, so that the seed quality is recorded. Subsequent periodic tests should be 
made to detect deterioration. It deterioration occurs, storage conditions should be checked 
to discover the reason and corrective measures taken (Harrington, 1972). 

PACKING AND TRANSPORT OF SEED 

Packing tor Shipment 

Experience has shown that loss ot viability has been traced to exposure to high 
temperatures and varying humidity in transit. Some seeds require preservation in dry con
ditions, others moist. 

The type of packaging selected tor a seed shipment will depend on the nature of the 
seed, quantity to be shipped, time in transit, mode ot transport, and expected weather con
ditions. The following helpfUl practices are recommended by Stein ~ (1974): 

(i) Double-wrap the seed. Enclose ·~he seed container in a sturdJr, preferably 
rigid, outer container. 

(ii) Small or moderate size containers generally withstand shipment better than 
large containers. 

(iii) Fill containers completely to minimize air content and jostling ot seeds 
during shipment. 

(iv) Seal in plastic, toil, or moisture-resistant kraft bags or in rigid containers 
such as vials, plastic bottles or tins. 

( v) Seeds requiring high moisture should be mixed in moistened fine sphagnum moss, 
peat or sawdust and placed in water-resistant containers. 

(vi) For some species, a chemical germination inhibitor m~ be added to the 
moistened medium (Barton 1961). 

(vii) Large, moist seeds can be sealed individually with paraffin or latex. 

(viii) All packages should bear a good identifying label on the innermost covering 
and another one within the container. 

(ix) For long distances, shipment of sensitive seeds by air is desirable. 
Hermetically sealed containers m~ explode at high altitudes. 

(x) Seed packages should permit ready opening and reclosing if destined for 
export to a country requiring fumigation. 
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Transportation of Seed 

In addition to transportation from field to storage, seeds also undergo transporta
tion between storages, as well as from storage to the planting site. All these involve 
periods of storage during which deterioration can be serious. It is important to note that at 
all stages of transportation, the principles of good storage apply equally. Steps must be 
taken to avoid high and fluctuating temperatures and adverse humidity which are the major 
causes of loss of via.bili ty. 

, With adequate packing and carefully planned shipment, most lots should arrive at 
their destinations in good condition. It is wise to send adequate instructions on post
shipment care with each lot. 

Baldwin, 
1942 

Barton, 
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Barton, 
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H.I. 

L.v. 

L.V. 
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Tree improvement implies, generally speaking, all the activities based on utilizing 
~ne genetic potential of the species. ~n~s means that between and ~un~n species there is 
variation that we can use to our advantage. Variation is the result of interaction between 
the en~~ronment ~~d irJlerited ~~lities cf tree populations &~d indi~~du&ls. L~ other 
words, it matters a good deal bow we treat a particular population silviculturally and what 
kind of site it is planted on. Tree improvement ~ be applied in different circumstances 
and at varying degrees of intensity ranging from the conservation of gene resources and 
species and provenance trials to seed orchard establishment, controlled crossings and 
progeny trials. 

A prerequisite for a tree improvement programme is plantation forest;y. As soon 
as seed is collected and plants are raised and artificially cultivated, there is a chance 
to select and improve. ~~us, it is convenient to consider tree improvement in relation 
to afforestation and reforestation programmes. It is obvious that tree improvement is 
particularly relevant to savanna conditions as all forest establishments will have to rely 

.on planting, and to a large extent with introduced species. 

I 

I 
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Tree improveman"li, wul in a more narrow sense tree breed1ng, or select1ve breeding, 
involves various stages of selection, beginning at the species and population level and 
ending with individuals, if we use the logical sequence. Species and provenance selection 
have already been discussed; we shall therefore turn to selection of superior single trees. 

Phenotypic Selection and Environment 

Any selection of individual trees is a phenotypic selection as we cannot separate 
the influence of the environment and the genotype without progeny trials. At more advanced 
stages of tree breeding, where single trees are selected in replicated experiments, the 
selection becomes increasingly "genotypic", but the most common situation is probably 
the selection of plus trees or superior phenotypes in natural stands or plantations in 
order to initiate an improvement programme. 

The relationship between the three concepts, phenotype, genotype and environment, 
is expressed in the well-known equation: 

Phenotype • genotype + environment 

The breeder's interest lies in securing the good genotypes, i.e. the trees that 
irrespective of environmental influences perform well or better than average. Such trees 
will possess a favourable genetic constitution, and they will, when grouped together, 
change the gene frequencies in a positive direction. 

The phenotypes are selected on the basis of a number of characters whose superiority 
should usually be equal to or better than a certain, fixed percentage above the population 
mean. Instead of the population mean, a representative portion of the population is 
often used for comparison. This ~ be the four or five nearest dominant trees. 

Which selection procedure to follow will have -to be decided for the individual 
breeding programme, as each species and local market will have different requirements. 
Some guidelines on Which method to follow m~ be attained by examining the relative 
importance of the individual characters in utilization or economic return. If a grading 
system {characters weighted) is employed, as for instance in the Texas FOrest Service, 
U.S.A., the composite evaluation of the individual tree m8i}" be expressed as: total 
score • height score + diameter score + form score. In the allocation of a point score 
for a given characteristic, three factors have to be taken into account: (1) the amount 
of superiority of the trait, (2) the strength of inheritance of the trait, and (3) the 
economic worth of this superiority. 

The number and type of characters used for selection vary of course, but some of 
the most common are listed below: 

1. 
2. 
3. 
4. 
5· 
6. 
1· 
B. 
9. 
10. 

Superior height growth 
Superior diameter growth 
Good pruning ability 
Straisht, no crook or spiral bole 
Flat (• wide) branch angle 
Narrow, compact, well-formed crown 
Disease resistance 
Insect resistance 
Drought resistance 
Wood characteristics 

Of the three factors to be considered before employing a grading system, the first 
can be measured, but the other two ~ be much more difficult to estimate. The strength 
of inheritance of the trait (2) for instance is only possible to assess after progeny 
testing i.e. in the course of the breeding work for which we have to select material. 
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Therefore in the initial phases of a breed1ng PJ.vg;:";. ...... '! it may be advisable to use a selec
tion procedure for individual trees which only registers the neoeasar,y lnformation without 
weighting. What is actually "neoeaaar,y" 11183" be difficult to foresee so there is an unde~ 
standable tendency to work out more elaborate plus tree record forms than is really justi
fiable. A measure of how much is reasonable to register can be obtained from breeding 
programmes which have been in operation for some time and from actual usage in the field. 
From the former it mq be seen how much and to what purpose the data have been used and 
from the latter whether the forms and descriptions are practical to handle. 

A measure of the intensity of selection is the selection differential, which is the 
difference between the mean of the selected trees and the mean of the population from which 
they are selected (see Fig. 1). As mentioned above, the mean of the whole population m~ 
be replaced by the mean of the four to five nearest, dominant trees. The reason for doing 
this ia ~-tly the difficulty or impoa~ibility of measuring the whole stand, especially in 
natural mixed forests, and partly that a better basis fc~ comparison is probably obtaL~ed 
as the nearest trees are more likely to have been exposed to the same environmental 
influences as the potential plus-tree. The comparison trees should be found within a 
radius of 25 to 50 m from the plus-tree. 

Selection Intensity 

Diagrams show how the selection differential, S, depends on the 
proportion of the population selected, and on the variability of 
the character. All the individuals in the stippled areas, beyond 
the points of truncation, are selected, The axes are marked in 
hypothetical units of measurement. 

(al (b 
(c 

50% selected; standard deviation 2 units: 
20% selected; standard deviation 2 units: 
2o% selected; standard deviation 1 unit: 

~'ig. From D.S. Falconer ( 1960) 

s .. 1.6 units 
8.:2.8 units 
s-1.4 units 

The "effect" of selection is termed response (R) or genetic gain ( 6 G), and it 
will be seen that in addition to the selection intensity the response is also affected by 
heritability. If the aame selection intensity is applied to two characters with different 
heritabilities, the one with the lowest heritability will give the smallest response. 

Vegetative Propagation 

A technical problem which ~y no means should be ignored is the ease with which the 
different species may be propagated vegetatively. In several cases the development of 
a suitable method of grafting, budding or cutting has been decisive for the progress of 
breedin~. The patch-budding method, for instance, gave rise to the intensive breeding of 
rubber {~ brasiliensis) and was later used for large-scale establishment of clonal 
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plantations. The same method with certain modification has made breeding of teak feasible. 
and it seems suitable for some other troplcal h.arU.w-ucd= e.l3 well. T'nus the development of · 
techniques for vegetative propagation is an indispensable part of individual tree selection. 

Progeny Testing 

The purpose of progeny testing in the traditional sense is "to assess the genotype 
of an individual or the performance of a parent by a study of its progeny under controlled 
conditions". Progeny testing was first introduced by Gregor Mendel about 100 years ago, 
so it is an old stor,y. 

Testing of progenies is also a means of estimating genetic parameters such as 
variances of different kinds (phenotypic, genotypic, additive and interaction between them), 
breeding value, combin;.ng ability, heritability etc. The latter, which ma;y be termed 
;;strength of inheritance", is of great impurta.&&ce for our selection work, as indicated 
above under selection of individuals. 

Types of Progeny 

The type of the progenies, among other things, determines how much information may 
be retrieved from the trials. Distinction is made between two main groups: half-sibs 
and full-sibs. 

Half-sibs 

Half-sibs comprise individuals deriving from one mother tree or one mother clone 
pollinated by the surrounding trees. Thus only the female parent is known. Many progeny 
trials are composed of half-sib families, a family being the group of trees with a common 
mother. 

Full-sibs 

In full-sib families both parents are known, as in the case with controlled crosses. 
More information can be obtained from such trials than from trials with half-sibs because 
an estimate of genetic variance can be made for both the female and male partners. 

SEED STANDS 

The following defini tiona are adopted in accordance with the OEI:D 1/ scheme: 

Stand: "A population of trees possessing sufficient uniformity in composition 1 
constitlit'IOn and arrangement to be distinguished from adjacent populations". 

A stand may be classified as plus, almost plus, normal or minus. 

Seed stand, seed production area: "A plus stand that is generally UP-graded and 
and opened by removal of undesirable trees and then cultured for early and abundant seed 
production" (Snyder, 1972 and Barner, 1974). 

1/ OECD • Organization for EConomic Co-operation and Development 
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ihe objectives of forming seed production areas, or aeed stands, are, according to 
Matthews ( 1964) t~: 

1. produce seed of improved inherent quality by selecting and favouring seed trees 
which are vigorous, straight stemmed and heal thy and produce wood of good 
quality; 

2. concentrate seed collection into a few specially treated parts of the forest, 
thus making seed collection easier to organize and control; 

3. improve the germinative energy and germinative capacity of the seed collected. 

Age 1 Area and Developnent of Stand 

The stand m>.lSt be old enough to have proved its value in various reepecta and it 
should be in a good stage of flowering and seed production, and not too old to allow seed 
to be collected for a reasonable number of years ahead. 

In special cases, however, it is justifiable to select younger stands, if they are 
showing great promise. It is recommended to register such stands as candi tate seed stands 
for later inspections. See Barner (1974). 

Seed stands should be of sufficient area, which normally means not less than 5 ha, 
in order to produce enough seed to be worth collecting and also to avoid possible risks 
in collecting from very small populations. 

Isolation 

Isolation from inferior sources is very important. In wind-pollinated tree species 
such as most conifers, proper isolation can be quite difficult to obtain, while insect
pollinated species like teak and rubber are easier to handle. If the seed stand is 
surrounded by undesirable pollination sources, contamination m~ be avoided or at least 
reduced b,y using isolation belts or filters either of the same or other species. 

Treatment of Seed Stands 

According to the definitions used earlier, a seed stand or seed production area is 
distinguished from a seed source by the treatments given to it in order to promote seed 
production. 

Such treatments ~ comprise: 

1. Removal of inferior trees to improve the genetic quality of the seed. 

2. Thinnings to give the seed trees better spacing in order to improve conditions 
for flowering and seed production. 

3. Removal of undergrowth to facilitate seed collection. 

4. Application of fertilizers to improve seed production and seed quality (technical). 

5· Proper demarcation of the seed stand. 

6. Various other treatments, such as pruning and application of insecticides to 
protect flowers and fruits. 
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Seed Orchard Approach 

Stated briefly, the seed orchard method involves selection of superior individuals 
(within a large, satisfactory population or one known to be of superior provenance) and 
transference of their genes in the form of clones or seedling progeny into an area which 
is isolated from undesirable sources of pollen contamination, and where the object of 
management is efficient seed production. This procedure may or- may not be taken further 
to include the development of new improved orchards. 

Thus a tree seed orchard is a planted stand that is located, designed, established, 
composed, and managed to produce a reliable supply of genetically definable seed for 
y~poses of forest management. 

This description of the seed orchard breeding procedure and the above definition of 
a seed orchard do not imply a static strategy in which all worthwhile gains will accrue 
from the first orchard. In fact, a tree breeding programme should be dynamic, the objective 
being to continuously u~grade the genetic quality of the unit which produces the seed 
for reforestation (the seed orchard) by adding to the existing orchard or creating new 
orchards with improved clones of families. 

Clonal vs. Seedling Orchards 

Seed orchards may be established with clones (grafted ramets or rooted cuttings) or 
seedlings of selected trees. An entire double issue of the journal Silvae Genetica ( 1964) .1 

was devoted to discussions of seedling and clonal seed orchards (Toda., 1964); reference 
can be made to the several papers therein and a more recent and brief resum~ of Kellison 
( 1969) for details of arguments for and against each of these types of orchards. Suffice 
it to sq that, as regards the breeding of tropical coniferous species, a recent survey 
b.Y Nikles (1973) showed that only seven orchards of about eight,y seed orchards established 
by countries surveyed were seedling seed orchards. 

Benefits or Gains 

A comparison of seed orchard offspring of P. radiata (30 clones) with that from 
commercial sources showed after 3! years an improvement of 16 percent in height growth 
and 20 percent in diameter, both characters of fairly low heritability. The experiment 
was conducted in Australia and reported by Griffin ( 1969). Hybrid seed orchards for larch 
(~ decidua x leptolepis) have constantly given offspring with a 10 - 30 percent increase 
in vigour plus improved form and resistance to canker when compared with the respective 
species in Denmark. In rubber (Hevea brasiliensis), where seed orchard development has 
reached an advanced stage, offspring are yielding 4-5 times as much latex as the base 
populations from which breeding started {Keiding, 1972). 

Porterfield (1974), as quoted by Zobel (1974), had analysed the heritabilities of 
different qualities and worked out the gains that might be expected. In relation to the 
economic considerations of seed orchards his results were as follows: 

"1. Total volume gains from seed orchard seed over unimproved plantations varied 
from 12 to 14 percent for unrogued seed orchards in the tree-improvement pro
grammes assessed. Additionally, there was a gain of 5 percent for specific 
gravity, while bole straightness and crown improvement were in excess of 5 
percent. Volume gains of more than 20 percent are quite possible by increasing 
roguing intensity and intensifYing wild-stand selection intensities. 
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2. The profitability of a tree improvement programme is closely related to seed 
yields from the orchard. The beat ganetic atock i~ ~f n~ ~:!~~ ~•til a~tiicien~ 
seeds are collected and planted- the more seeds, the more acres that can be 
planted with superior seedlings. Porterfield' a at~ illustrates the extreme 
importance of ma:dmizing seed yields from orchards by use of the best parent 
trees, fertilization, irrigation and peat control. Only 8 po1Dlds of seed per 
acre per yea.r in the seed orchard (after age 10) are necessary to break even for 
seed which produces seedlinSB 10 percent genetically superior in volume, at an 
eight percent rate of return; however, each po1Dld of this kind of seed has a 
present value of S 116 and every effort should be made to obtain maximum seed 
yields." 

There exists a wealth of literature on the subject of forest tree improvement 
extending from the basic principles of quantitative genetics to very practicable descriptions 
of techniques and applications of tree breeding. For those who want to broaden their 
knowledge of this complex of subjects, a few of the more recent publications, mainly of 
relevance to tropical conditions or because of their general treatment of the topics, have 
been given below. 
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1973 

Burley, J. &: 
Nikles, D.G. ( eds.) 
1972 

Falconer, n.s. 
1960 

F.A.O. 
1963 

F.A.O. 
1969 

F.A.O. 
1970 

F.A.O. 
1913 

F.A.O. 
1975 

Faulkner, R. ( ed.) 
1975 

Classification of sources for procurement of forest reproductive 
material. Report on the FAO/DANIDA Training Course on Forest 
Tree Improvement, Kenya, 1973. Rome, FAO. 

Tropical provenance and progeny research and international 
cooperation. Oxford, U.K., Commonwealth Forestry Institute. 

Selection and breeding to improve some tropical conifers, 
2 Vola. Oxford, U.K., Commonwealth Forestry Institute. 
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The production by the forest nursery of a sufficient. number of plants of the right 
size and adequate qu&li ty at the right time is an importan~ factor in successful plantation 
establishment. The first step towards the achievement of this is to have a properly-sited 
well-designed nursery with an efficient system of irrigation. Good nursery techniques, 
however skilfUlly applied, can rarely make up for a badly sited or badly designed nursery 
or one with an unsatisfactory system of irrigation. It must be remembered, however, that 
without a good nurseryman even the best-designed nursery is unlikely to produce good stock. 

CHOOSING A NURSERY SITE 

The decision must first be made whether the programme can best be met by having a large 
central nursery or several scattered small ones. Where communications are inadequate or 
transport facilities not available there is no alternative to a number of smaller nurseries. 
When there is a choice, one has to consider the relative economics of the two systems as 
well as several technical factors : 

(a) The cost per plant of mass production in a large nursery is likely to be 
much lower but the cost of transport f~om such a nursery to the planting 
sites is bound to be higher. There may be a labour transport and subsis
tence cost to be considered in the case of remote smaller nurseries. 

(b) The total capital cost of establishing several small nurseries has to be 
balanced against that of establishing the large central nursery. Equipment 
in the small nurseries will be simpler and the housing and related facilities 
of poorer quality but the total labour force will be higher and many items 
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~ have to be duplicated. 

(c) In a large rmrsery you have the advantage of being able to concentrate 
your skilled supervisory staff, you can provide more sophisticated 
equipment and you can provide better facilities for your staff and 
labour. The supply of materials and the repair and maintenance of 
equipaent are easier to organise. 

(d) When you have a series of small :rmrseries, then you have the advantage 
of being able to isolate disease outbreaks and limit their effects on 
total production. The overall effect of equipment breakdowns will be 
less, and it will usually be easier to obtain the neces~ary quantities 
of soil and water. 

(e) The ef'fect on the mrsery plants of transporting them long dista.ncEH! 
from a central nursery over rough roads must be taken into consideration. 
Plants can suffer from wind-burn if not protected, but even with 
adequate protection deaths can occur as the result of the breakage of 
fine roots by continual vibration. 

Each nursery site should be on well-drained level ground. Where well-drained land is 
not available, then a slight slope is desirable but care is needed to see that erosion does 
not develop. A system of surface irrigation dependent on gravity flow m~ also demand the 
use of a sloping site. A mid-slope position to allow cold air to drain away is preferable 
and one has to avoid the temptation to choose a topographically unsuitable site such as a 
valley bottom or stream bank in order to facilitate the supply of water. 

The nursery must of course be situated where an adequate and suitable supply of water 
can be provided (not forgetting domestic demands) and it must be situated as near as 
possible to a source of suitable soil or of the major constituents of whatever soil mix 
may be used (balancing the cost of tranaport of soil against the cost of transport of the 
planting stock). 

Shelter is very important and unless the site is naturally sheltered a wind-break 
against the prevailing wind will have to be established. Hedges should also be 
established around the nursery, with gaps for cold air drainage, and in large rmrseries 
internal hedges may be helptul provided they do not interfere with transport and work flow. 
In short-term nurseries artificial screens can take the place of hedges and wind-breaks and 
are likely to be needed in the early stages of a long-term nursery before the hadges and 
wind-breaks are tully established. 

Air pollution has to be taken into account in the vicinity of industrial plants. 
Sulphur dioxide can he•~ adverse effects at considerable distances under certain 
atmospheric conditions. This has already proved a serious problem in one nursery on the 
Zambian Copperbelt. 

The presence of existing labour accommodation and related facilities and existing road 
access may be a further factor to be taken into consideration in the final choice of a site. 

PI..AmiiNG THE l'IDRSERY LAYOUT 

It is convenie:t£1. for both planning and operational purposes to divide a rmrsery into 
blocks, sections and beds: 

(a) The bed is the basic unit, and the term 'bed! includes an area where 
boxes or plant containers are laid out when in use, in addition to the 
obvious structural formation used as a seed-bed or transplant bed. 
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{b) 'fhe section Jlight conaist of' u.ything :f'roa two to eight beds and is the 
UD1 t which will be subjected to the same 'treataent at the same tirae. 

(c) The block is merely a group of' a convenient DQmber of' sections which will 
V&rY' aocording to the ground lqout of the DIU'seey. A block must always 
have space for a road through the centre, along the long axis preferably, 
so that truck off-loading or loading can take place from both aides. 

A seed bed or transplant bed should be not more than 1 metre in internal width for 
comfortable working but st~ut beds in which containers or boxes are stacked ~ be 
up to 1 .2 metres wide, the actual width preferably being arranged to take a round DWDber of 
containers. Bed leDgth is a atter of scale of operations and space available. The length 
of' standing-out beds should be arranged to take a round nnmber of containers, as this sim
plifies counting and organisation. It is usually not convenient to have &rfJ' beds longer 
than 10 metre~ or lateral aceess is impeded. The orientation of seed beds should ideally 
be East~est to avoid ~ooroh. 

Seed beds would normally be in separate blocks from the transplant and standi~ut 
beds but should not be remote from them. 

The total number of' beds and sections required has to be calculated from the planned 
plantation programme taking account of culls, an allowance for blanking, and a safety 
margin. Allowance also has to be made for future expansion in the case of lollg'-term 
mu'Series. It llllSt also be remembered that where plants have to remain in the nu.rseey 
for over a year, additional bed space will be required. 

Facilities for shading~ have to be allowed for, but the precise form of these, as 
of the bed structures themselves, will depend on the types of bed, the techniques employed 
and the materials available locally. Where root pruning by means of a wire is standard 
practice, the design of the shade supports and other bed features must allow for this. 

In the overall design and the layout of sections, blocks and beds, vehicle access and 
vehicle flow must receive considerable attention. A width of 5 metres should be allowed for 
a single track road. There llllst be adequate turning space, am there should be no necessity 
for reversing or other ground-churning manoeuvres. Any water draining from the beds over 
the surface should be led away from roads to avoid the development of soft patches. 

The paths between the beds amst be wide enough to take whatever hand-trucks, trolleys 
or barrows are used. One metre width is usually ample (see sketch 1). 

The layout should be such as to enable a "flow" system of working to be employed 
(see e%8mple in Sketch 2) and should enable the handling of soil, containers and 
other material to be kept to the minimWD. 

The type of irrigation system in use will also affect the specific l~out. Examples 
of the layout of parts of actual nurseries in zambia are given on the diagrams (sketches 1-3) 
to illustrate this. 

In nurseries where soil has to be mixed with fertiliser or other ingredients, or where 
the soil is to be sterilised in 'clamps', then a section of the nursery has to be set aside 
for this. If the soil is to go into containers, then a further space immediately adjacent 
to the mixing/sterilising area will have to be set aside for the filling operation. In 
nurseries where soil is used without &Qy admixture or where sterilisation is either not done 
at all or done in the pots in situ, then these special areas will not be required as the soil 
will be offloaded directly in the bed areas. Where such areas are required they must be 
located with work flow and minimum handling and within-nursery transport in mind (sketch 3). 

In areas where mycorrhizal inoculation is expected to be necessary, it is usefUl in a 
long-term nursery to have a special ~corrhizal bed where pines are kept growing. The soil 
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with which the bed is starte~ eh~~l~ be brought from an established pine stand, but it can 
be kept topped up thereafter with ordinary woodland soil. 

In long-term nurseries, it is alw~s as well to allow extra space in any case, to allow 
not only for unforeseen expansion but also for changes in technique and experimentation with 
new techniques. 

In addition to covered storage for barrows, containers and other equipment, special 
storage has to be provided for fertilisers, insecticides, fungicides and other chemicals. 
This latter should be conveniently located in the nursery where possible to minimise hand
ling of dangerous materials. 

Some provision should be made for the recording of meteorological data,in particular 
maximum and minimum temperatures and humidity. 

WATER SUPPLY HERUIREMENTS 

It is important to estimate the quantity of water which will be required. Where a 
domestic supply is also required the water source at its lowest level must be able to 
yield not only the peak requirement for the plants but also the peak domestic demand. 

The nursery requirements obviously vary enormously according to local conditions and 
the type of stock being raised. Where there is no local experience on which to base an 
estimate then rough calculations can be made on the basis of evapot~anspiration rates (see 
Appendix 6 of Laurie, 1974). Figures on which to base domestic demand estimates will 
usually be obtainable locally. 

WATER QUALITY 

The water should be relatively free from silt and other undissolved solids and the 
content of dissolved salts must also be low. pH should normally be not more than 7. It is 
not possible to be absolutely dogmatic about the limits of these factors, however, as 
different species and different soils react differently and the cultural practices em
ployed will also affect the tolerance of the plants. Laurie (in Chapter 11 and Appendix 6) 
suggests limits which could be used as a guide until local knowledge has accumulated. 

WATER SUPPLY INSTALLATIONS 

Water may be delivered to the nursery by gravity feed, hydraulic rams or pumps. 
Details are given in Appendix 6 of Laurie. 

When the irrigation is done by hand-held watering cans or knapsack sprayers or when it 
is a system of surface irrigation, then storage can be at ground level. It is, however, 
still essential to have storage, especially when the water source (a well, for example) 
cannot supply high peak flows over a short period although perfectly capable of supplying 
the required quantit~ per day. A common way of calculating the storage capacity required 
is to take the peak daily requirement, allowing for future expansion, and then to double it. 

For hand watering by hose-pipe and spray rose and for all systems of overhead sprinkler 
irrigation, overhead storage is needed. A head of at least 10 metres when the tank is half 
full is needed in order to give the pressure required to produce small droplets. One should 
not rely upon continuous pumping against a closed valve to produce the required pressure. 

Where domestic water is supplied from the same source, the domestic main must be 
separate from the nursery main so that varying domestic demands do not cause a fluctuation 
ot pressure in the irrigation system. If a completely separate system can be provided 
then so much the better. 
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Wherever pumping is involved it is advisable to have a standby pump. If this is not 
feasible, the storage capacity should be further increased to cover breakdown periods. 

Wh~tever irrigation system m~ be in use, the water has to be distributed to various 
points in the nursery by a series of either stationary or portable lines. Details of the 
various alternatives are described in App~ndix 6 of Laurie. 

Silt traps should be installed and a means of flushing out the system provided wherever 
sprinkler i~rigation is in use. 

IRRIGATION METHODS 

Hand watering with cans fitted with a spr~-rose or with knapsack mist sprayers is the 
obvious method for small nurseries (s~, up to 10,000 plants). An adequate number of 
filling-points must be provided. 

Hand watering with hose-fitted with a spray-rose can be used in small nurseries where 
the necessary head of water can be provided. This method can of course cope with larger 
nurseries but suffers from the same defect as the other hand methods in that uniformity 
of coverage is difficult to achieve. It is necessary to provide plenty of stand-pipes for 
this method, s~ one at each end of each block. 

~~rface irrigation can be applied to large nurseries bu~ it i~ ~~t a method v~ry w~ae!y 
used. A good deal of skill is required in laying out such a system though it is comparative
ly inexpensive to operate. It is moreover difficult to control the amounts of water 
supplied and it is inefficient in water use. Fertilisers, insecticides and fUngicides 
which cannot be used in sprinkler systems can be introduced with the water in surface 
systems but this al$0 tends to be wastefUl and difficult to control. 

The ideal system for large nurseries is overhead sprinkler irrigation. A large 
number of systems are available but they can all be classed as either rotary sprinklers, 
nozzle lines, or perforated pipes. Rotary systems tend to produce larger Cr.oplets than 
the other two and owing to the shape of their spray pattern it i~:~ more difficult to arrange 
uniform coverage. They are however more tolerant of small particles in the water and so 
less liable to blockages. Nozzle lines are easier to maintain than perforated pipes. Both 
give a good uniform coverage. 

No sprinkler system is perfect, however, and it is often found in practice that some ,. 
supplementary hand watering is required, particularly in turbulent conditions. 

Whenever a sprinkler system is being designed it is helpfUl to obtain expert advice 
before a final decision is made. Potential suppliers of equipment should be consulted and 
shvald be given very fUll information about the requirements. This should include: 

(i) Area to be covered 
(ii) Frequency, strength and direction of wind 

(iii) Maximum permissible droplet size 
(iv) Required rate of delivery per square metre of bed 

(v) Pressure available 
(vi) Size of main pipe from storage tank 

(the last two where water supply already installed) 

If you cannot get advice then at least get hold of the makers' manuals and study them 
before ordering the equipment. 

Laurie, M.V. 
1974 
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Two comraating hypotheaes have been put forward for plam-raising in the pa.rticularl7 
difficult conditions of the Sahel: 

1. Great care should be taken to raiPe vigorous plams in the beat narsery 
conditions so that they can grow rapidl7 during the first rainy season 
and survive the following dry season. 

2. Nursery plams should not be given special care in the narsery, in order 
that they become used to the difficult conditions which they will 
experience in the field and in order that only the most resistant indi
viduals survive to be plam ed. 

In order to settle this question, trials were conducted in Niamey (Niger) in 1971 
involving the following nursery treatments: 

~: 

S 1 - compost 
S2 - blaok earth and sand 
S3 -sand 

Fert i Users: 

F1 - no fertili•er application 
F2 - 2 g fertilizer applied per pot 
F3 - 4 g fertilizer applied per pot 



WateriDfl 

W1 - limited watering 
W2 - averap watering 
W3 - heav,r watering 
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Thus, by ta~orial combination, 27 different treatments were given. The test species 
s~l~oted was Eucalye'us camaldulensis 8298. 

3 
These pl~a were plauted o~ in tbe field in Jul7 1971 in a cUbic lattice design 

{3 f,r86otmenta), 25 plants per plot, s:r-ced 3 x 3 m, with thre~ replication". 

Starting with the first season, important differences in rate of growth were dis
tinguishable, depending on the types of soil - S1, S2 or 53 and on the amounts of fertilizer 
applied, F3, F2 or F1. 5o clear difference was revealed as rep.rds res'l!lts due to different 
rates of watering. 

The conclusion was that good treatllellt ot plants in the nvsery is desirable because 
it helps the "take-off'" of plants out in the field and guarantees better growth and better 
rate of take. 

Anot;her experiment of the same kind, but in which the plants were :followed only 
tbroqh the nursery stage, was undertaken in 1975 at Ouas&doqou (Upper Volta). The test 
species was Eucalyptus oa.aldulensi9 and the trial involved seven different treatments 
using mixtures of sand, earih, aD'Ill"e (cow-dung) and compost in different proportions as 
follows a 

1. 1/4 anura 
2. 1/10 •nure 

1/4 tloi.Dd 
3/10 sand 

.1/2 earth 
6/10 e&rih 

3· 1/4 compost 
4• 1/10 compost 
5· 
6. 
1· 

1/4 sand 
3/10 sand 
1/2 sand 

sand 

The resul1is as of 14 Jul;r 1975 were as follows: 

Treatment ~ of live p~a heigh1 reached 
m) 

avera'( c!)ight 

1 70 0 .. 927 66.2 

2 85 1.044 61.4 

3 100 1.604 80.2 

4 95 1.433 75.4 

5 100 1.213 60.65 

6 100 1.250 62.5 

1 100 1.162 58.1 

1/2 earth 
6/10 earth 
1/2 earth 
1 earth 

The beat reaul'h were obtained with the llixture: 1/4 compost, 1/4 sa.nd a.nd Y2 earth. 
A definite depressive effect was not;ed when ma.nure (cow-dung) was used, an effect which needs 
to be discussed, because there is "manure" and "manlll"e". 

uide trOll the conclusion that it is worthwhile to provide good treatment of' plants 
in the nursery, these results still refer to local sites and it would be necessvy to 
determine the beat llirlvea for use on ot;her sites, and to determine what are ·the possibili
ties of o~aining local supplies of pot;ting media. 
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The poida in the diaouaaion ot aoil ~tins mi.xhrea in 'l'ree PlauUnc PraaUoes in 
African Savamaas (PA.O, 1974) are 'Valid aa broad Jll'inoiplea; that is, the soil should be 
relativeJ.7 lisht and cohesive, and have good -.ter r.tention oapa.city and a high orp:nic 
and aineral •tter oouhm. The )ractical forester llll11R never forget, h.JWever, that these 
are only pneral Jll'inoiples and his skill oo:naists entirely in working om wilich lli%tve 
ot •terials available to him is moat approJll"iate tor each site. 

GROWDIG SEEDLiliGS IN lfORSUlT BEDS VS. POl'S 

Pla.n1;s traditionally used for torelltation purpoaes in the Sahel - Sudan sone are 
usually vown in seed beds, vis: nee11 (.badirachta indica), cassia (Cassia siamea), and 
pelina (gmelina arborea). Since this simple method baa proved satisfactory, no further 
experimentation has been done. still it should be noted that potted plants have better 
chances ot pod "take" than those set out with bare roots. this being all the more true 
the harsher conditions are. By -.y of illustration, following are the survival 
:rates tor neem 6 aodha after pla:nting in a trial conducted in lfiger in 1972 (total &DDual 
rainfall only 281 •) • 

Plant a srovn in: Date of plaut ing Survi 'Val rate 
in the field 

pots 5/11/71 88 

'DOts 
.. J _- 1- -

4/ JUf (I 8i 
pots 4/12/71 80 

pots 5/1/72 77 
beds 4/12/71 35 
pots 19/2/72 34 
beds 5/1/72 31 

beds 16/11/71 29 

beds 5/10/71 20 

beds 5/11/71 17 

T!:.e results are l&rlicularly clear. They were obtained during an extremely dry year. 
When rainfall is more abund&n~ these differences diminish; and when rainfall is on the order 
ot 500 •• no sharp differences are found between the field survival rates of plants ori~ 
inally grown in pots and those grown in beds and planted bare-rooted. Below the 800 mm 
isobyet, it is therefore nor•l to plar.t neem, Gmelina, Cassia, and Dalberpa with bare 
roots. It ia, however, not impossible - a.nd this is a •tter for discussion - that one 
would be quickly led to advise the planting of euoalyph bare-rooted. 

USE OF POI'S 

The use of plastic (polythene) ~a ia now very oOJIIlllon in the arid paris of Africa.. 
The 11&111&1 Tree Planting Practices in African Sa'V&nnaB (FAO, 1974) dwells a great deal on 
this point. 

In some cases the use of' sall pots, which is often advised and certainly makes for 
ap]reoiable savings in transportation coats, uy lead to the production of sickly and 
pnerally too a-.11 plants. '!'he pots which we feel combine ma.ximum advantaps for many 
species have the following speoificationss 



Heish'f;: 
Diaa-'er: 
Thickness: 
Color: 
Holes: 

- 96-

20 to 25 om 
10 om 
40 microns 
prefvably black 
approxill&tely 10, the highest at 13 om from the seam. 

Particular emphasis should be laid on the need to cut a-.y the bottom of the pot at 
planting time in order to elimiDate curled roots at the bottom of the pot, which are a 
problem for many species. The plastic sheath obviously also has to be carefully removed; 
this point can stand repetition because all too often bad plantings are the result of car
less methods used in remOving the plastic pots. 

Ol'Hl!.'R erHODS OF RAISING PWTS 

As there has been previous discussion on the growing of pl.ants in beds, coveraga 
here will be confined to the use of cuttings and direct sowing. 

Growing of Shoot Cllttinp 

It is necessary to stress the great hopes vested in the growing of genetically 
selected !BD&bJ!tus clones, mist prOJB&atecl from shoot cllttings. The People's Republic 
of Congo has acc'WIIUl.&ted valULble experience in this field and it was intended that its 
research prcgr&IEle would lead to industrial plantations of Euoaly'Dtus clones (which have 
jiVA-::U.jia .au--u_, 'Uwwn riarieli). 

Quite aside from the progl"&mme of genetic improvement of plants, which goes beyond 
the scope of this report, the multiplication phases compl"ise: 

- selection of plus trees from uong improved species; 
- possible multiplication by grafting; 
- felling the grafted trees (above the graft) or plus trees to produce coppice 

sprouts; 
- taking cuttings from among the sprouts (with consideration of the position 

along the branch); 
- determining what kind of soil is suitable for striking cuttings (very well-

drained, inert soil like gravels); 
-definition of mist; 
- hormonal treatment ; 
- pricking out of rooted cuttings; 
- possible establishment of clone banks for industrial-scale production of 

cuttings or for other research purposes (controlled hybridization, eto.) 

Aa reprds the using of Eucalyptus cuttings for planting, note that the techniques 
devised in the Congo are rather local in character; they are not suitable for use either 
in Tunisia, where other techniques have been worked out, or in Niger, where after 4 years 
of such trials the project was abandoned. 

Direct Sowing 

Mention should also be made of forestation by meiAJls of direct sowing in the field, 
but in the savanna this method i8 useful only in very special oases (e.g. Anacardiwn and 
Acacia senesel) as described by Laurie (FAO, 1974). 

FA.O 
1974 

Tree planting practices in African savannas, by x.v. Laurie. FAO Forestry 
Developmem Paper Bo. 19. Rome. 
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Other lectures are dealing with sowing, soil mixtures, irrigation and protection, so 
the subjects to be considered now are shading, sheltering, weeding, root pruning, grading 
and packing. 

The notes which follow refer mainly to plants raised in polypots as this is the most 
conunon practice in savanna regions. 

SHADE AND SHELTER 

The use of shade in forest nurseries is a matter of considerable difference of op1n1on 
among foresters. In }klaysia for pines, seedbeds are shaded with a dense shade made from 
palm leaves, and after the seedlings are pricked out, a high shade is used for another 
three weeks (Paul, 1972). However in northern Thailand, where conditions are more severe 
than in Malaysia, shading pines after pricking out is only recommended during }kroh and 
April, the hottest time of the year, and then only for three days after pricking (Granhof, 
1974). In Sana.ru, Nigeria, seedlings were usually unshaded though there was some mortality 
from overheating in the outside rows of blocks of polypots, and one experiment did show 
increased height growth of pine seedlings when these were grown under shade. Unfortunately 
the perforna.nce of the shaded and unshaded seedlings in the field was untested. Shading is 
needed for small seedlings sown in boxes or trays, but for pricked out seedlings, or 
seedlings raised by direct sowing into containers, shade, if needed at all, should be 
removed one to three weeks after sowing or pricking out. 
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A :11umber of different materials can be used for shade. For seed trays a building with 
a tra.nf!Jluoent corrugated perplex roof such as is used in SaDB.ru, liigeria, is very suitable 
thou~ expensive. A special type of shade cloth, known as "Sarlon" is used in Malaysia for 
t:'!."""...nsplant beds in the form of high shade about 2 m above the ground; the DBterial used in 
)klaysia trans!!lits about 50 Pf'1' cent of the light falling on it, but this shade cloth can 
also be obtained in other shade intensities from 30% to 95%• White cotton cloth has been 
used in Thailand. Often only partial shade is needed; this can be nade from la.!;hs, or 
bamboos, or com stalks, separated so as to give about half shade. It is possible to 
fasten these together with wire or cord to form rolls. This enables the shade to be 
rolled up during the early morning and later afternoon, and also to be rolled up while the 
plants are being irrigated by spray lines or sprinklers. 

In areas exposed to drying winds, such as the harDBttan of northern Nigeria, prov1s1on 
of shelter in the form of screens of mats or coarse cloth round the nursery is desirable. 
A hedge or windbreak of closely planted trees would serve the same purpose. Such shelter 
not only reduces the desiccating effect of the wind, but also by reducing the effect of 
wind on spray irrigation, gives a more regular irrigation pattern. 

Small seedlings sometimes need protection against heavy rains occurring at the begin
ning of the rainy season. Light cloth or polythene sheeting can be used for this. 

Further information on nurse~- shade and shelter can be found in Laurie (1974). 

WEEDING 

Hand weeding is still the commonest method in African savanna nurseries, but in Zambia 
the wee:lkiller 11Gramoxone" is used. This might well result in considerable savings in cost 
(see Laurie, 1974, pp. 126-127). Fumigation of the soil before the seed is sown can greatly 
reduce the number of weed seeds in the soil; a full description of the method, using methyl 
bromide, is given in Appendix 5 to Laurie's paper. Weeds on paths etc. can be controlled by 
the use of a flame gun. 

ROOT PllJNING 

If plants are grown in containers the roots will tend to emerge from the drainage 
holes into the soil beneath. ':·he prupose of root pruning is to prevent this happening, as 
otherwise a long tap root is formed. The simplest method of root pruning is by lifting 
the pots and breaking off the roots; an improvement, when doing this, is to cut the roots 
with a sharp knife. Another method is to draw a piano wire between the bases of the pots 
and the soil. The method of air pruning, in which the plants are raised above the soil 
surface, so that when the roots emerge they are killed by exposure to the air, is described 
in Laurie, p. 98, where there are also descriptions of other pruning methods. Methods of 
root-pruning in boxes, and in undercut beds, are described on p. 94· 

GRADING 

About one month before the beginning of the planting season the plants should be 
graded and arranged in groups with the plants of approximately even size, while at the same 
time culls are discarded. Culls are plants which are excessively stunted, forked, or 
otherwise abnorml. They may also include oversized pla.nts. If planting is to extend over 
two or three months the large plants should be planted first, and the rest as they success
ively attain a size large enough for planting. Otherwise an attempt may be made to attain 
more uniformity of size by reducing water to the larger plants, and increasing that to the 
smaller plants, and also possibly by application of :ertilizers to the smaller plants. 
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Holding back smaller plants until they become big enough for planting has certain 
drawbacks, as these plants nay be genetically inferior, o·,· have been so checked in the 
nursery that subsequent growth in the field is poor. It is better to try to spread out 
sowing da~ea so that plants come to the right size at the time they should be planted out. 

The question of the best s:i.ze of plants to use is a natter of some controversy, and 
little experimental work appears to have been done on this. There is some discussion of 
this in laurie, p. 99· It nay be that a much greater range of sizes can be planted satis
factorily than is commo:r.~.i thought. Certainly in Thailand excellent results have been 
obtained from one year olJ. ~ kesi~ seedlings 30-40 em high, though there the standard 
size is 15-20 om. In India also Eucalyptus plants over 1 m ta.ll are sometimes used. 

Factors influencing the optimum cize of plants include the size of the cont~iner, the 
severity of the climate, and the ~Mount of competition by grass and ~eeds. Another factor 
which should be considered is that lP.rge plants will be more expensive to transport, and 
more likely to be danaged in the process. 

PACKING AND TRANSPORT 

Packing of container-raised seedlings presents few problews. They are merely put in 
trays, and are loaded into vehicles. Wooden trays are sometimes used, but these are 
heavy, a.nU. t::-..;;2 nade of wire mesh are preferable. A simple tzay of wire mes~ has been 
designed in Thailand, oapa.ble of holding 20 to 25 seedlings. These are provided with a 
spacer, so two or three tiers can be carried. This type of tray was designed so that it 
could be used in conjunction with a carrying frame, so that a labourer can carry two full 
trays on his back. This is very useful in mountainous country, where plants often have to 
be carried fairly long distances by human transport. 

It is important that the containers should be packed tightly, so that they cannot 
move. lashing a rope over the containers is sotnetimes advisal.>le, when carrying--distances 
are long. The vehicle carrying the plants should be provided with a tarpaulin shade, and 
should travel at a moderate speed. 

Bare-rooted plants should ha.ve the roots puddled in mud, and "-'9 packed in bundles of 
50 or so in a large polythene bag. 

Teak stumps are very easy to transport. Trials in Thailand have shown that pJAnts 
stumped to about 2 om stem and 15 em root, with all side-roots removed, can be stored in 
boxes or trenches filled with dry sand for several months without losing their viability. 
St•.1111ps are thus prepared in llhrch or April, for pla.."lting in June. 

Granhof, J.J. 
1974 

laurie, M. V. 
'1974 

Paul, D.K. 
1972 

Nursery technique as practised in the Pine project. Thai/ 
Danish Pine Project. 1969-1974• Bangkok. 

Tree planting practices in African savannas. Fl\0 Forestry 
Development PaperNo. 19. Rome. FAO. 

A Handbook of nursery practice for ~ caribaea var. 
hondurensis and other oonfiers in West llhlaysia. UNDP/FAO 
FU: SF/MAL 12. Working paper no. 19. Kuala Lumpur. 
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IBTRODUC'l'IOB 

There are several recorda in different parts of the worldwhich show that uotic pines 
usually fail to establish unless sui table JQ"COrrhbal fungi have been imported for inocula
tion purposes (Mikola, 1973). This statement is also true for Nigeria where it has been 
shown that pine plantations cannot be established unless the seedlings have been infected 
by fi\YCOrrhizal fungi. 

According to Redhead ( 1974), the first record of introduction of pine into Nigeria 
vas in 1925 when~ longifolia Boxb. was introduced into the country from India. 

This and several other introductions in the following decade failed apparently 
because no fi\YCOrrhiza wae supplied. Acco1•ding to Madu ( 1967), E.:. halepensis Mill. and 
!:._ canariensia Smith were tried in Baraguta nursery, Jos, in 1950 while E.:. oocar:pa was 
also sown in the nursery in 1951· In 1952 they were inoculated with soils collected from 
pine stands in Oxford and flown to lH.geria. These seedlinga were planted out in Vom in 
1954 without any visible evidence of L"'VCorrhizal infection. Also in 19541 !:., patula 
Schiede & Deppe and P. radiata D. Don aeed from South Africa vas sown and inoculated with 
soil collected from !;: patula stand in Bamenda, Cameroons. These seedlinga were also 
planted in Vom in 1954· The set of 1954 plantings in Vom were the first successful pines 
__ .:. __ .3 .:...- '-T.:--.-:.
.&.~DCJ\1. .. u •••ew .... -. 

Redhead (1974) quoting other unpublished records indicated that soil and fine root 
material vas brought from Bdola Hill, Zambia, in 1959 and used to inoculate P. insularis 
and !!_ kesiya. These and other one year old seedlings of E.:. cari baea, !:._ patula, and 
P. radiata previously inoculated with fi\YCOrrhiza soil and root material collected from 
Vom and Naraguta were planted out in Mianso in 1961. 

Since the establishement of the Miango plots, infected soil collected from there has 
been the normal source of inoculum for pines raised for plantation establishments in other 
parts of Nigeria. It is not very clear which of.the original sources of inoculum succeeded 
but it is probably either the one from Zambia or the Cameroons or both. 

Attempts to study ~corrhizae, technically, in Nigeria were initiated by Olatoye 
( 1966) who made some general observations on mycorrhizae of pines at Ibadan. He also 
noted that soil inoculum collected from under pines at Vom, Naraguta and Bamenda were 
suitable for inoculation purposes. Mikola (1968) visited Nigeria among other countries to 
study the importance of mycorrhiza in afforestation. He made a number of valuable 
recommendations for future work. Momoh ( 1970) noted that temperature and aeration probably 
pl~ed vital roles in mycorrhizal establishments. Later on he synthesized mycorrhiza of 
f!!!!!!. oocarpa., using pure culture of Rhizopern luteolus. The seedlings so raised were 
successfully grown in the field (Momoh, 1975 

Redhead (1974) carried out a number of studies on mycorrhizae in Nigeria, including 
some ectotrophic associations. Ekwebelam (1973) as well as Odeyinde and Ekwebelam (1974) 
also made some attempts to study mycorrhizae in Nigeria. They worked with pure cultures 
of mycorrhizae forming fungi with limited degrees of success. They found that Genoriz 
(a mixture of different species of Boletus) and Coenococcum graniforme promoted better 
growth of E.:. caribaea than the other fungi they worked with. 

Despite these various studies, the normal practice of raising pines in Nigeria is 
still b,y using soil inoculum collected from established pine plantations. 
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&~A.~ OF SUCCEESI!S AND FAILURES 

With the curr mt technique of using soil inoculum collected from under old pine 
plantations for -the inoculation of seedlings, a reasonable degree of success has been 
aChieved in the country. Pines have been successfully grown on the Jos Plateau (elevation 
1 200 metres), Mambilla Plateau (average elevation of about 1 600 metres) and Obudu Cattle 
Ranch Plateau (about 1 600 - 1 700 metres). Pines have also been grown fairly successfully 
at lower elevations in Afaka (600 metres) and Ibadan (about 180 metres). In tile case of 
Ibadan, there are only 3-4 rainless months while in some other· localities such as the 
Jos Plateau or Afaka, the rainless period can be of 4-6 months duration. 

In most places where pines grow well the best ones are ~ cari baea and f=. 
oocarpa.. 

In some localities such as Bida and Mokwa (elevation of about 14()...160 metres and 
about 4-5 rainless months), pines have almost al~s failed to grow successfully even 
after a successful ~corrhizal infection of the seedlings in the nursery. The reasons 
for this are not yet completely known but it is suspected that certain soil factors and 
the soil temperatures in particular might be a major factor. 

The sporocarps of Rhizopoaon luteolus have been found in some plantations in the 
country (at elevation~ above 3~ ::e-t:::.-e:). L:.'~c:::.-~-tc:cy e-tudies of cultures raised from 
such sporocarps showed the optimum growth of this fungus on Hagem agar as 2j°C. !::. 
culture the fungus was incapable of growing above 34°C (Momoh, 1970). It is also known 
that the temperatures of the soil near the surface can sometimes be as high or even higher 
than 34°C. When the temperature remains high in the desiccated soil over a prolonged 
period in the dry season, it is not impossible that this might lead to the death of 
mycorrhizae and subsequent failure of the pines. 

In nurseries situated in dry areas of the colUltr,y such as Samaru, Zaria, it is 
common to see dead inactive ~corrhiza on the sides of polythene bags facing the sun (in 
a block of bags) while the mycorrhiza remains active on the opposite side of the same 
bag. 

PROSPECTS OF PISOLI~S TINCTORIUS 

Redhead was the first to import Pisolithus tinctorius (Pera.) Coker & Couch into 
Nigeria. He gpt his cultures from Dr. Zak in Oreson, u.s.A. He tried to inoculate 
seedlings with this and other pure cultures of IJ\YCOrrhizae fungi but did not get any 
infection. In his report, he (Redhead, 1974) noted that "None of the pines showed any 
sisn of ~corrhizal development" after 4 months. Redhead however gave some cultures to 
Ekwebelam who indicated that he had some successful inoculations (Ekwebelam, 1973). Since 
Ekwebelam worked with many fungi under a closely packed situation, it was not clear if the 
reported success with some of the cultures was not due to contamination from others. 

Nevertheless, P. tinctorius is known to be a very gpod mycorrhizal former in some 
hot zones of U.S.A., especially in Georgia. Both cultures and sporocarps of this fungus 
were therefore imported into Nigeria for further trials in the areas where other fungi 
like Rhizopo!hn luteolus initially introduced into Nigeria through soil inoculum had 
failed. Momo and Gbadegesin ( 1975) have described the introduction of this fungus and 
the successful initial experiments carried out with it. Successfully inoculated seedlings 
of ~ oocarpa. were planted out in the field at Miangi:), Afaka, Mokwa, Bida and 
Ejidosari. So far, the inoculated seedlings have continued to grow quite well. The 
fungllB i8 also being inoculated onto E.=. caribaea for similar and more extensive trials. 
Eventually, it is hoped that "JII1'corrhizal banks" of P. tinotorius will be available to 
all pine growers in the country. -
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It is clear that P. tinctorius has great proapec~a in Nigeria. In culture it has 
ita optimum growth at 306c and continues to grow at 42 c, while other known m;,yoorrhizae 
fungi in Nigeria are inoapabl8 or growing at ~s high temperature. For example, !!, 
luteolus has an optimum of 23 C and dies at 34 c. The rate of growth of seedlings inocul.
ted with P. tinctorius is very much faster than what has been achieved with any other 
mycorrhizil fungi tried in Samaru. The fungus also forms sporocarps very readily (Momoh 
and Qbadegesin, 1975). Thus large quantities of pure forms of i.aoculum could be readily 
obtained through spore inoculation. 

FUTURE LINES OF RESEARCH 

In his studies Redhead ( 1968a & b) discovered that some indigenous Nigerian forest 
trees have ectotropb.ic JI\YCOrrhizae which is the type folmd in pines. These were Afzelia 
~~ !!_ africana, Bracl!ystegia eurzcoma and Ua:paca togoensis. This fact suggests that 
there might be naturally existing fungi in Nigeria that might be capable of forming 
m;,ycorrhiza with pines. Further studies in this respect are desirable. If suitable pine 
JI\YCOrrhiza I\mgi are found in natural savanna lands, a new dimension might be introduced 
into pine inoculation problems. 

The current success of Pisoli thus tinctorius will be pursued with vigour. The fungus 
will be introduced into various localities on a wider scale so that its inoculum can be 
available to all pine growers in Nigeria and probably elsewhere. The seedlings of pines 
already inoculated with P. tinctorius and planted out in the field will be assessed from 
time to time and more field trials will be set up. 

'l'IOOHNIQUES OF COLLIOO'l'ION AND INOCULATION 

In the interest of pine growers, broad guide lines on JI\YCOrrhiza collection and 
inoculation will now be given. Further details can be found in earlier publications 
(Momoh, 1970, and Momoh, 1974). 

Most foresters, tend to collect their inoculum from under old pine stands. This is 
very practical. However, in areas with pronounced dry season, as is normally the case in 
savanna areas, the mycorrhiza in the soil may not be active all the year round especially 
at lower elevations. The inactive phase ie the dry season wn_ich is also the usual nursery 
season. It is, therefore, necessary to carefully inspect the proposed site of collection 
to ensure that the mycorrhiza collected for nursery inoculation is taken from an area where 
the mycorrhiza is in its active phase. 

The mycorrhiza soil should be used as soon as possible after collection. The soil 
inoculum should not be allowed to dry out before use. Inoculation can be done by mixing 
mycorrhiza soil with the sowing mixture or by introducing a pinch of the inoculum into 
close proximity of the roots of the seedlings. 

Since excessive temperature can be detrimental to many mycorrhizal fungi,light shading 
might be necessary in very hot areas. It must however be remembered that excessive shading 
can lead to etiolation of the seedlings. 

Technically, pure culture inoculations are the best. They are however laborious 
and are normally limited to scientific research. Nevertheless, pure culture inoculations 
~an be used to establish mycorrhizal banks of desirable fungi. 

I 
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CONCLUSION 

After some initial failures, pines were successfUlly introduced into Nigeria in 1954 
after neceasar,r ~oorrhizal inoculations. There are now some promising stands of pines, 
especially E!. oaribaea and!:_ oocarpa, in different parts of Nigeria. Pisolithua 
tinctoriua appears to be a very promising fungus for the areas where pine growth is still 
difficult as a result of ~oorrhizal failures. 

All pine growers in tropical savannas are advised to always ensure that their seedlings 
are well inoculated with sui table myoorrhizae before they are planted out in the field. 
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This lecture will deal mainly with results from experiments in nursery methods at 
the Savanna Forestry Research Station at Samaru, Nigeria. Nursery research formed a 
relatively small part of the programme, as satisfactory techniques for raising most of the 
important species had been found before the establishment of the station. These included 
the use of polythene bags for raising seedlings, the incorporation of dieldrin dust in the 
potting mixture to prevent termite attack on Eucalyptus, and the te.chnique of pregermina
ting seeds, especially of pines, in a mixture of sand and vermiculite. However, this is 
not to SS\Y that more research into nursery methods would not be desirable. Although the 
methods used are successful in producing satisfactory planting stock, it is certainly 
possible that even better and cheaper methods could be found. 

1/ Paper for Symposium on Savanna Afforestation 
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The main experiments undertaken were on container size, soil potting mixtures, and the 
effect of shading and different methods of inoculation by JD,Jcorrhizal flmgi. 

CONTAINER SIZE 

The standard polythene bag used in northern Nigeria when full had a length of 25 em 
and a circumference of the same length, and weighed, when full, about 1 800 g. Obviously, 
considerable savings in the amount of soil needed in the nursery, in nursery space, in road 
transport of seedlings, and in handling seedlings in the field could be obtained if smaller 
pots were ussd. Thus a number of experiments were undertaken to compare survival and growth 
in the field of plants raised in containers of different sizes. Results are given in 
Table 1; both survival and height were recorded nine months after planting. 

In the Eu.cal:yptus trials, the smaller bags had little effect on survival, but caused 
some reduction in growth, Which could possibly be tolerated. In the pine trials the 
smallest bags caused lower survival and growth, but there were no significant differences 
between plants raised in the t...o other sizes. 

Thus for pines 15 x 25 em bags are satisfactory, but not the smaller ones, in the 
condi tiona of Afaka. This will save about 40 percent in weight. The smallest bags would 
give a much greater saving, as they are only 22 percent &a heavy as the largest ones. 
Such bags are, in fact, used in Zambia but the conditions are not as severe there as in 
Nigeria. Under more severe conditions than those at Afaka, larger bags might be desirable. 

POTTING MIXTURl!E 

Different combinations of potting mixtures and fertilizers have been experimented 
with for Eucalyptus camaldulensis,E. g:randis hybrid, a.'l.d ~ caribaea. A full account 
is given in Jackson .!1..!:!. (1971). Some of the more important results are given below. 

FOr eucalypts three rooting media were tried: .river sand, sand mixed with rotted 
cow dung, and sand mixed with lo&nzy' top soil from Mairabo Forest near Zaria, both of the 
last two in the proportion of three parts sand to two parts of the other constituent. For 
both Eucalyptus species, tested germination was best in the sand and cow dung mixture, 
though there were indications that the cow dung increased mortality in~ grandis hybrid 
seedlings, though not enough to offset the better germination. E. camaldulensis showed 
little difference in germination between the sand, and the sand ~~d soil mixtures, but 
germination of.!:_ grandis was slightly better in the sand. 

Subsequent height growth of both species was best in the mixture of sand and cow dung, 
and worst in the sand only. In the sand, growth was very poor indeed unless, in addition 
to phosphate, at least 0.9 gm of nitrogen per seedling were added to the potting mixture. 

The effect of phosphate was tested in only one experiment. At the rate of 3 kg of 
superphosphate per cubic metre of mixture, or 0.3 g of phosphorus per seedling, it 
increased the height growth of the seedlings from between two to four times, depending on 
what other nutrients were present. In other experiments this quantity of superphosphate 
was added as a standard procedure. 

There was also a very pronounced response to nitrogen, whether in the form of urea, 
or of hoof and horn flakes. At a level of 0.3 gm of phosphate per plant, each additional 
gramme of nitrogen increased height growth of 96-d.ay old E. camaldulensis seedlings by n.s em. -
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The most rapid growth of eucalypt seedlings was obtained from a mixture of two parts 
of rotted cow dung, and three of sand, to which superphosphate at the rate of 3 kgjm3 and 
fertilizer at the rate equivalent to 700 g of nitrogen per m3 was added. However, in 90 
days this produced seedlings 50 em high, which are probably over the optimum size for 
planting. Indeed, if cow dung is used in the potting mixture, satisfactory growth of 
seedlings can be obtained without additional nitrogen fertilizer. In the soil and sand 
mixture used, about 500 g per m3 of nitrogen equivalent would need to be added. Sand 
alone, even with the addition of fertilizers, gave generally poor results. 

~ caribaea differed considerably from the eucalypts in its responses, especially 
to nitrogen. There were two experiments. The first compared di_fferent mixtures of sand 
and topsoil in proportions of 5:0, 4:1, 3:2 and 2:3 respectively, combined with the 
addition of urea, at 0, 1 and 2 kgjm3 and superphosphate at o, 1 and 2 kg/m3. The topsoil 
had a cl~ content of 16 percent, a nitrogen content of 1.16 percent and a phosphorus 
content of 75 ppm. Survival was best in the 4:1 and 3:2 soil mixtures, but the mean height 
of survivors was much the same in all mixtures, except in the sand without soil, where 
it was markedly lower. Two kg of urea per m3 significantly increased mortality from 
an average of 14 percent to an average of 32 percent but the slight increase by 1 kg/m3 
was not statistically significant. Urea had negligible effects on the height growth of the 
seedlings. Superphosphate increased the mean height of 6-month old seedlings from 10.2 
to 17.7 em, except i~ the pure sand, where effects were negligible: 1 kg of superphospate 
per m3 was as effective as 2 kg. The superphosphate, except in the sand, increased the 
percentage of seedlings with ~corrhiza visible to the bare eye from 33 to 66 percent. 
There was also better ~corrhiza production in the 4:1 and 3:2 sand-soil mixtures, than 
in the pure sand or the 3:2 mixture. When no phosphate was added, over 60 percent of the 
seedlings were stunted and with yellowish needles, and even with the phosphate 35 percent 
of the seedlings grown in pure sand were of this type. In the other mixtures the number 
of these stunted seedlings was neglegible. 

The second experiment compared the effects of using topsoil (as above), compost, 
and cow dung in the potting mixture, at the ratio of 3 parts of sand to 2 of the other 
constituent, together with addition of urea at o, 0.25, 0.5 and 0.75 kgjm3. In this 
experiment 1 kg of superphosphate per m3 of mixture was used throughout. The only 
significant effect was that the use of cow dung increased seedling mortality, and reduced 
height growth and the numbers of seedlings with ~corrhiza. Urea had negligible effects 
at all levels tried. 

Thus pines showed great benefits from phosphate, but 1 kgjm3 was sufficient. Added 
nitrogen {at least in the form of urea) had negligible effects at lower levels, and was 
harmful at higher levels. Cow dung also contained some substance injurious to pines. 

The harmful effects of urea on pines were also found in plantation experiments, 
where it greatly increased mortality. Thus a suitable mixture for pines would be sand 
and topsoil in the proportions of 4: 1 or 3:2, and as sand is easier to obtain than forest 
topsoil the former proportions would be preferable. One kg of superphosphate {or its 
equivalent in phosphorus) should be added per m3 of mixture, but no nitrogenous fertilizer 
is necessary or desirable. 

SHADING AND MYCORBHIZA INOCUlATION 

In general it has been found at Samaru that satisfactory nursery seedlings can be 
raised without artificial shade, though some mortality of the outmost seedlings in a block 
has been caused by insolation and heating of the black polythene bags. However an experi
ment was designed to compare the effect of shade, and of different methods of inoculation 
with mycorrhizal fungi, on~ oocarpa seedlings in 1970. 

Shade was provided by guinea com (Sorgb.um) stalks tied in a roll, in two ~a, one 
with the stalks 88 close together as possible, and the other with them separated to give 
half shade. No shade was the third treatment. Eight and a half months after pricking 
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out percentage survival in full ahade was 80, in half shade 82, and in the open 71. The 
differences were not aisnificant statistically, but the teat, baaed on only four degrees of 
freedom, was not very sensitive. Mean heights of surviving seedlings at the same age 
were 24.1, 24.0, 16.1-cm respectively, showing highly significant effects from shade. 

JVcorrhizal inoculation was effected in the following W83SI use of roots and soils 
from bags containing 1 year old seedlings of pine, chopped up and added to the potting 
mi:rlure, at two months before the time the seedlings were pricked out, immediately before 
pricking out, and 45 ~s after pricking out (three treatments); use of topsoil from a 
Pinus caribaea plantation immediately before pricking out, and 45 ~s after pricking out 
(two treatments); and no inoculation. Use of the forest topsoil either before pricking out 
or 45 ~s after, produced the best height growth, but mycorrhizal developnent was slightly 
better when the topsoil was added before pricking out. It is also much simpler to mix 
the topsoil with the potting mixture, than to apply it to individual seedlings in bags, so 
this method would be preferred on economic grounds. 

CONCLUSIONS 

It is obvious that this research has only touched on a few aspects of nursery 
production, and even in the subject most studied, potting mixtures, considerably more 
could be done, in particular to find the cheapest satisfactory potting mixture. This 
might differ at different localities. other important factors, at present little studied, 
include watering regimes; use of soil fumigants to control fungi and weeds, and herbicides 
to control the latter; and the optimum size of planting stock in relation to bag size, 
baaed on performance in plantations. Another aspect of nursery work needing study is how 
to organize and manage nurseries so that seedlings can be produced as economically as 
possible. 
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TABLE 1 

GROWTH IN PLA:tlT.A.TIO:tl OF SEEDLINGS RAISED IN DIFFEmBT SIZES OF BAGS 

Species Year Size of bags, em least I 
25 % 25 15 % 25 15 % 16 

significant I 
difference 

Survival Mean Survival Mean Survival Mean Mean 
;eercent heiQ!t ;eercent heiQ!t ;eercent hei5!!t heiet 

.2!! em em em -
Eucalyptus camaldulensis 1966 94 220 96 208 91 202 + 10.1 -
E. camaldulensis 1967 100 203 100 176 91 145 ! 14.8 _. 

0 

I 

Pinus cari baea 1971 91 42 86 39 75 30 + 6.4 -
P. oocarpa 1971 85 47 86 49 78 42 + 6.7 - --~~ 

In the size of bags, the first figure is the length, the second the circumference 



Sand: 
Sand: 
Sand: 
Sand: 
Sand: 
Sand: 
Sand: 
Sand: 

TABLE 2 

EFFEVT OF POTTING MIXTO'RES AND FDiTILIZERS ON GROW'm OF EDCALYPTUS CAMALDULUfSIS SEEDLINIJS 

Pottins; Mirture Added Fertilizer 
eZseedlins 

Sand Nil 
Sand Urea 1.3 
Sand Super 2.9 
Sand Super 3.0 
Sand BF 1.3, Super 2.9 
Sand Urea.1.3, Super 2.9 
Sand Urea 1.3, Super 3.0 
Sand Urea 1.3, HF 1.3, Super 2.9 

Sand: Soil 3:2 Super 2 •. 9 
Sand: Soil 3:2 HF 1.3., Super 2.9 
Sand: Soil 3:2 Urea 1.3, Super 2.9 
Sand: Soil 3:2 Urea 1.3, HF 1.3, Super 2.9 

Cowdung 3:2 Sq,.."'l' 2.9 
Cowdung 3:2 HF 1.3, Super 2.9 
Cowdung 3:2 Urea 1.3, Super 2.9 
Cowdung 3:2 HF 1.3, Urea 1.3, Super 2.9 
Cowdung 4:3 Nil 
Cowdung 4:3 Urea 1.3 
Cowdung 4:3 Super 3.0 
Cow dung 4:3 Urea 1.3, Super 3.0 

Combined results from two experiments. 

HF = Hoof and hornflakes 

Super = Single superphosphate 

Nutrients E!r Elant1 S Age when 
N p measured, .2!z! 

0 0 96 
0.7 0 96 
0 0.3 90 
0 0.3 96 
0.2 0.3 90 
0.7 0.3 90 
0.7 0.3 96 
0.9 0.3 90 
0.7 0.3 90 
0.9 0.3 90 
1.4 0.3 90 
1.6 0.3 90 
2.1 0.4 90 
2.3 0.4 90 
2.8 0.4 90 
3.0 0.4 90 
4·5 0.25 96 
5·2 0.25 96 
4·5 0.55 96 
5·3 0.55 96 

-··-- --

Mem heiet 
.2!!! 

5.1 
3.8 
3.2 

15.5 
1.8 
6.0 

15.0 
15.5 
10.1 
33·4 
22.4 
35·9 
31·3 
37.8 
37.0 
48.0 
2).1 
31·5 
50·3 
80.3 

I 
I 

I 

I 

..... ..... ..... 
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Afforestation in West Africa is confronted by two important problems involving ( 1) the 
soil and (2) the climaie. In this paper only soil will be dealt with although climate, 
which is intricately associated, will be mentioned as it affects the soil. 

Soil critically affects the growth of trees, and good growth requires that the soil 
be in such condition as to favor go0d !'Oot development. rt'he seven important soil factors 
that affect development of tree root systems a.re: ( 1) dept.h 1 (2) texture, (3) str;u.cture 
and consistency, (4) moisture, (5) aeration, (6) soil fertility and (7) toxic substance8. 
An ideal soil fJr the proper development of roots of trees, therefore, should: 

- be deep enough to serve as anchorage for the trees and allow for the 
storage of sufficient soil moisture; 

- have favourable texture, structure and consistency so that roots are able 
to absorb the needed moisture, nutrients and air; 

-have moisture in an available form throughout the ;rear; 

- be well aerated (Aeration is correlated to soil texture, struotur>;1 

consistency and depth of water table. Proper aeration is important in 
the metabolism of the plants and also prevents t.he formation of toxic 
substances in the soil.); 
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-be fertile (A fertile soil has the ability to provide the proper 
compounds in the required amounts and in the correct balance for the 
growth of plants when other environmental conditions are favc:Jrable); and 

- low in toxic substances (Any layer of toxic substances wi 11 limit soi 1 
depth by preventing the roots from developing downwards through the 
toxic layer.). 

In the Gtdnea zones of West Africa, the two princiJ,al limitations in soils affecting 
tree growth are: ( 1) soil depth and (2} soil drainage. In the Sudan zone, they are 
( 1) availability of soil moist\U"e and (2) soil text'I.U"e. 

Soil conditions, however, vary tremendously from one place to another due to differ
ences in climate and living organisms acting on the different kinds of parent materials. 
Some soils are very shallow and others are very deep;· some are very compact and hard, others 
are friable; some are high in fertility, others are low; some are very wet and others are 
dry, etc. Forest trees also vary in their soil requirements. One has either to choose the 
kinds of trees to suit the soil or to a certain extent, change soil conditions to suit the 
requirements of the trees. 

The scope of this J8.per is to show the procedures used in determining soil conditions 
in the field tl~t will serve as a guide in selecting sites for afforestation. 

ESSENTIAL REQUIREMENTS 

Site selection for afforestation purposes involves soil surveys, i.e. the study of 
<30ils in the field. Equipment both for the office and for the field is needed (see 
Appendix 1). Prior to field work, aerial photographs (stereoscopic pairs), maps and refer
ences covering the area under study for afforestation should be obtained. If aerial photo
graphs are not available, the soil surveyor has to make the base map himself. Needless to 
say, the aerial photographs should be of very good quality. Geological, topographical, 
:physical, climatic and vegetation maps covering the area for soil survey are important 
prereqUisites. References involving the geology, climate, geography, agriculture and 
forestry of the area of study, or nearby areas are also needed. 

PROCEDURE OF SOIL SURVEYS 

Depending on the objectives, soil surveys can be classified as detailed, semi-detailed 
or 1•econnsissance. For site selection, a. semi-detailed soil survey is required; this calls 
for mapping of soil units on a selected scale from 1:20,000 to 1:50,000 (see Appendix 2). 
The soil units used in mapping are series, types and phases. 

The field work starts by examining the soils along the roads; later traverses are ma.de 
from several points along the roads. The characteristics of the soil profiles are studied 
in as many places as required using, as much as possible, the hydraulic powered soil corer 
mounted at the rear of a Land Rover truck. When the land Rover cannot be used due to lack 
of accessibility, the soils ar~ examined with the use of an hand auger. Pits one metre 
square by 1.5 m~es deep are dug for the detailed description of a. representative profile 
of each soil unit. One aide of the pit facing the light is cleaned to show the horizons 
or layers. The boundaries of the different horizons are marked and their depths measured, 
The FAO Guidelines for Soil Profile Description (FAO, 1968) are used as the basis for 
describing the colour, texture, structure, consistence, pores, inclusions, presence of 
roots and reaction of soil in each horizon of the profile. The Munsell Colour Chart is 
used to describe soil colours in wet and dry conditions. The finger feel method is used in 
the field to determine soil texture, plasticity and stickiness. ·'The soil reaction is de
termined using colour indicators (Chlorophenol red for soils with reactions between pH 5·2 
and pH 6.8 and Thymol blue for soils with reactions between pH 6.0 and pH ?.6). 
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Whenever possible, ~he soils below 150 om depth are also examined with the soil auger. 
Soil samples from each of the horizons studied are taken for mechanical and chemical 
analysis. Additional composite samples are also taken at random all over the area for 
fertility ~nalysis. 

The trees, shrubs and grasses growing around the area of each pit described are 
identified. Likewise, other physical characteristics of the area such as relief, slope 
of the land, class of drainage, degree of soil erosion, stoniness, depth of water tanle, 
land forms, and a.nima.l activities are also noted. Prepared forms (see Appendix 3) for this 
purpose are used and the items recorded on the spot. The use of such forms prevents the 
possibility of some features of the land being overlooked. 

Soils with similar characteristics in profile development and external conditions are 
classified as a soil series and are given a geographical name. Lokoja, Afaka, Okene and 
Osara are some of the soil series described in the Guinea Zone. When the textural class 
of the A horizon is added to the series name, together they are called the soil type. In 
the case of the Lokoja soil series, thP. texture of the A horizon is loamy sand, thus, the 
soil type is Lokoja lcamy sand. Sometimes within an area of a soil type, minor differences 
in characteristics may exist which are important only in soil management. This may b~ a 
variation either in soil depth, erosion, drainage, slope, or stoniness. In such a case, a 
phase of the soil type is recognised, rather than separating such an area into another soil 
series. Thus, in the case of Lokoja loamy sand, some areas with relatively shallower soils 
than is normal for the Lokoja series, are named Lokoja loamy sand, shallow phase. 

The delineation of the boundaries of the soil series, typeo and phases are made 
directly on the aerial photograph using a wax coloured pencil. The lines made by this 
type of pencil can be erased with a medium type eraser. If it is desired to keep the face 
of the aerial photograph olean, an overlay is placed on the aerial photograph. The overlay 
has one matte surface where the soil data can be written on with a pencil or crayon. 
Boundaries of terraces, depressions, ironstone hills, eroded areas, inselbergs and escarp
ments are determined from stereoscopic study. Soil boundaries can also be determined on 
the photograph from the differences in tones of the vegetation, density of vegetation and 
colour tones of the soils. All soil information on the aerial photographs is transferred 
to the soil base map with the use of a Grant Projector. 

The base map becomes the draft of the soil map and this is given to a. draftsman to 
make into final form for reproduction. The area of each soil mapping unit is determined 
and their relative extent ilil computed. 

SUITABILITY CLASSES FOR TREE PLANTING 

The characteristics of each of the soil units mapped are further classified by group
ing into capability classes soil units with similar characteristics or suitability for 
plant growth and similar responses to treatment or soil management. There are five land 
capability classes defined for agriculture in Nigeria. These have been broadly related to 
pla.ntability or suitability classes for tree plantations as follows: 

I. Very suitable: This includes land with deep and well drained soil where roots of trees 
can grow well down through the profile. The supply of soil moisture is adequate for normal 
growth. There is no impediment to mechanization. Trees adapted to the area respond very 
well to ordinary soil conservation practices. 

II. Moderate suitable: This class includes; (1) land with moderately deep soil with 
good drainage; land with deep soil that is moderately well drained; and (3) land whose 
supply of soil moisture is somewhat limited for normal growth of trees. There may be a few 
impediments to root growth in the soil profile, such as slight salinity, but mechanization 
is possible. Simple soil conservation practices are needed. 
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III. Fairly suitable: This class includes; ( 1) land with moderately deep to shallow soil 
but well dralned; {2) land with poorly drained but deep soils; and (3) land where the 
supply of soil moisture is often times a critical factor. Few species of trees are adapt
able to the area., and the soil may be moderately affected by salinity. Mechanization is 
somewhat restricted due to some physical obstacles. Intensi.ve soil conservation practices 
are needed. 

IV. Poorly suitable: This class includes; ( 1) land with shallow but well drained soils; 
(2) very poorly drained but with deep soils; (3) land with extreme climatic conditions; 
(4) land where mechanization is very difficult due to obstructions like boulders; (5) land 
with very hard and compacted soils; and (6) land whose soils are very se~erely eroded. 
Soils in the profile may be highly saline or alkaline, thereby adversely affecting the 
growth of many tree species. The choice of trees for planting in this class is very limited. 

V. Not suitable: This class includes; ( 1) land with very shallow or skeletal soils 
where the bedrocks are near or exposed on the surface; and (2) land with extremes of mois
ture conditions (too wet or too dry). Mechanization or planting of trees i_s not recommended. 

The suitability classes are determined from data on both the physical and chemical 
analyses of the soil units, taking into consideration the local climate. In classifying 
soils for plantability or suitability for trees, the soil surveyor should bear in mind that 
what constitutes a very suitable soil, cognizant of olimate, should favour root development. 
He must then find out what constitutes the principal limitation and the intensity of the 
limitation on the use of the land being classified and from this select its place in the 
suitability classification. 

Rainfall of the area should be considered when one determines effective soil depth. 
Under similar rainfall conditions, site quality generally increases with soil depth. A 
100 om soil depth with 1,270 mm of rainfall may be just as good a site as another with 
deeper soil receiving less rainfall. With restricted growing season rainfall (1,000 mm), 
a suitable soil depth is over 2 metres (Samie, 1973). 

Plinthite, which is a very common characteristic of savanna soils, is often a limiting 
factor in soil depth, but the roots of some species of trees like Eucalyptus l!:Opincma can 
penetrate 120 om of dense plinthite. On the other hand, roots of Isoberlinia doka bend 
horizontally upon encountering the plinthite layer. Effective soil depth also-v&ries 
depending upon soil textures, kind of clay mineral in the profile and the bulk density of 
the plinthite layer. An average bulk density of savanna soils is (surface soil) 1.55 g/cc; 
those with 2.05 g/cc are impenetrable by roots of most species (Samie, 1973). 

Soil fertility is another factor in site quality. Based on the results of chemical 
analysis, roots of endemic trees concentrate their growth in the upper part of the solum 
where soil fertility ].s much higher than the C horizon. This is generally true where the 
texture of the C horizon is coarse sand, as found in the Ejidoga.ri Forest Reserve, Nigeria.. 

Soil drainage is another limiting factor in tree growth. Preliminary studies on a. 
soil catena at the Afaka Forest Reser-,e planted to Pinus caribaea, showed it to be progres
sively affected as drainage became poorer. However0'ilthe case of Eucalyptus citriodora, 
!· saligna. and §• tereticornis, these trees do not seem to be affected by seasonal drainage 
impediments. 

Eroded soils, iron stone outcrops and soil depth (effective depth) directly affect 
tree growth. Again, the preliminary studies made in the 1971 pilot plantation at the Afaka. 
Forest Reserve on a 4-year old E. oamaldulensis showed an average height of 9.8 metres on 
the non-eroded soil, and an average height of 6.5 metres on the eroded parts of the plot. 
Similarly, in the case of !• grandis, the presence of ironstones affected their height 
growth by 2 metres over those where ironstones were not present. 
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Also in a soil catena at the Afaka. Fores'\ Reserve, growth of _§. saligna during the 
first year •;as adversely affected by difference in soil depth (thickness of soil horizons). 
However, h appears that after subsequent years (3rd year) growth difference b'3came gradu
ally less significant. In this case, effective depth is more important than soil horizon 
depths as a site quality factor. 

FAO 
1968 
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Plinthite can be a limiting factor for tree growth, 
especial~ when in4urate4 and near the soil surface. 
Some species, however, are able to penetrate the 
plinthi'i:e and draw water from beneath. Here Euoalntus 
cloeziana roots pass through a 10 om thick plinthite 
lqer about 60 em below the surface. 
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Appendix 1 
OFFICE AND FIELD !Q.UIPMENT FOR SOIL SURVEYS 

Offioe Equipment 

1. Stereoscope. This can be either the scanning or the mirror type but large enough to 
examine the full view of a 23 x 23 om aerial photograph. This machine is essential in 
studying the physical features of the aerial photograph as it will reveal the landscape 
in its tri-dimensional features. 

2. Pantograph (mechanical). Used for enlarging or reducing maps. 

3. Projector. Similar in use to the pantograph above, this is used generally for en
larging the features from aerial photographs to the scale of the desired map. This equip
ment, however, :PI'oduces some distortion in the size of image, being a natural physical 
characteristic of the lenses. This distortion can be corrected by proper manipulation of 
the machine. 

4· Planimeter. An instrument used to determine areas on maps. It registers the number 
of square units (usually squa.re centimetres), so that by correlation with the scale of the 
map, the area of any soil unit can be determined. 

Field Equipment 

1. Soil auger. This is used to examine soils below the surface of the ground. It is 
usually provided with extensions and is able to dig down to 3 metres. There are various 
types to suit different soil conditions. 

2. Spade. To dig soil profile pit or to get soil samples. 

3. Bronton compass with attached clinometer. The former to determine directions and the 
latter slope of the land. 

4· Munsell Colour Chart with supplements for use in the tropics. 

5· Geological hammer, with one prong chisel-shaped. Used to break rocks for examination, 
to break hard pans or for sampling small lumps of soil. 

6. Soil testing kit for pH. The reactions of most soils in West Africa range from pH 3.5 
to pH 8.5, pH 5.0 to pH 6.5 being the most common. 

7• Trowel. This will be used to sample soils, especially in the profile. 

8. Broad blade knife. To examine and mark on faces of soil profiles. 

9· A 3-metre steel tape measure. To measure depth of horizons. 

10. Plastic bottle with spout. To moisten soils with water for examination with fingers. 

11. Hydraulic-powered soil coring machine. 
can save much of the surveyor's energy. It 
as there are extension rods. It can thrust 
an undisturbed soil profile sample. 

(Optional). This is a versatile machine which 
can bore holes with augers to any depth as long 
a steel coring tube through soft soil to get 

12. Vehicle. For movement of personnel and to carry equipment, supplies and soil samples. 
A four-wheel-drive vehicle is preferable. If there is a hydraulic powered coring machine 
this has to be mounted on a piok-up truck. This vehicle should also be of four-wheel 
drive and provided with power take-off. 

13. Soil sample bags, either cloth or plastic. 



Scale 

1: 5,000 

1: 10,000 

1: 20,000 

1: 25,000 

1: 50,000 

Comparison of Sampling Density, Rate of Progress and Scale of Systematic Soil Survey 

(with some use of air-photo interpretation) 

Area Density fJ 
Kinds of Survey Represented Samplin~1 

2 Approx. Average?! 
2by (0.5 samples/em Rate of Progr-ess 

(1cm of map) of map) (per 20 day month) 

Very detailed 0.25 ha 1/0.5 ha 500 ha 

Very detailed 1.25 ha 1/2 ha 800 ha 

Detailed 4.0 ha 1/8 ha 1,250 ha 

Detailed 6.25 ha 1/12.5 ha 1,500 ha 

Semi-detailed 25.0 ha 1/50 ha 75 km
2 

1: 100,000 Reconnaissance 1 km2 1/2 km2 200 km2 

1. Figures represent an average of sampling density over the entire area of the map; 
{acceptable sampling density usually ranges between 0.25 and 1.0 samples/cm2 of 
map on this basis.) 

2. Figures given represent approximate averages from the wide range of progress ra·tes 
experienced in actual surveys. 

~ 

_.. _.. 
(XI 

I 
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Appendix 3. 

SOIL PROFILE DESCRIPTION 

Unit Profile No. Date 

Classification 

Location 

Vegetation 

Elevation I Rainfall 

Physiography 

Slope and Aspect Relief 

lorainage Permeability 

Moisture Gr. Water 

~oot Distribution 

Remarks 

Hori- Depth Colour Texture Struc- Conais-
Pores Inclu- pH Bound-

zon ture tence sions ary 
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LAND CLEARING AND SITE PREPARATION 

D. E. Greenwod 
Division Qf Pbrest Research 

Kitwe, Zambia 

~e objectives of ground preparation in savanna conditions are summarised·in 
Chapter 9 of Laurie (1974). The choice of methods b.y which to achieve them will depend 
on local condi tiona and on the results of local research and user trials. 

The factors to be considered in choosing between hand and mechanical methods are 
also stated in Laurie but an additional factor which has arisen fairly recently is the 
rapid rise in the price of 1\tels and oils - a rise which seems likely to continue. This 
seriously affects the relative cost of mechanical operations, not only directly, b.y 
increasing the cost of carrying out the operations but also indirectly, by increasing the 
cost of the machines themselves, their spares and their transportation. In some countries 
the cost of labour is also rising, but usually not nearly enough to maintain the relative 
costs of hand and mechanical operations. 

Where the supply of labour is inadequate, or the time available is too short, for 
hand methods to be practicable, there appears to be little alternative to mechanical 
methods of clearing. In view of the alreaQy enormous and still rising costs, however, 
further thoupt needs to be given to the situation. Several appmaches are possible. 

(a) Recoup some of the costs of the clearing by making another use of the land before 
raising trees on it: 

(i) 

(ii) 

(iii) 

utilise the standing timber before clearing takes place or after knoc~ 
down e.g. producing veneers from selected stems, chipping or pulping, 
producing charcoal efficiently on a large scsl.e in kilns (these processes 
also affect the clearing costs, mostly favourably); 

hire the land out to a conunercial farmer for the production of agricul
tural crops for one or two years (strict contract condi tiona necessary) i 

produce agricul tursl. crops on the land using paid forestry labour. 

The practical, technical and economic aspects of these schemes need careful 
study; field trials, and in some cases research, are essential. 

(b) Devise cheaper methods of doing the present job: 

(i) Use lifhter maohine;r 

Whether ·this is practicable or not depends very much on the density of 
the bush and the average size of trees to be dealt with. If the bush is 
lisht enoush then lishter machinery can be used. Not only is this 
cheaper to operate on the clearing process itself but such machinery can 
be economically used on other forestry jobs during the remainder of the 
year, thus reducing the capital costs to be charged to the land-clearing. 
The Nimbia project described by Laurie ( 1974) has shown that the job can 
be done, but careful supervision and skilled operators are essential. 
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It oazmot be too strongly emphaaised, however, that were the tree cover 
is heav, calling for machines such 88 Caterpillar »-7' a and ~'a, then 
it ia no econo& to t17 to "make do" vi th lighter maohineJ.7. At best, 
you will end up vi th greater expense owing to dell\fs and breakages; at 
worst, you IIIIQ" find yourself with broken machine17 and the job unfinished • 

. 
(ii) Use new tzpes of machine;r 

Machines such 88 the ~dra-stumper and Tree Ertractor, 11hioh are mounted 
on 11heeled "tractors and are said to be able "to pull up "the whole "tree by 
the roots, have recently been publicised and demonstrated. The published 
resul "ts of the demonstrations have been diftioul "t to assess owing to lack 
ot data about the trees oonoemed and the time taken. The only demonstra
tion in Zambia so far convinced the audience that the machine vas not 
likely to be of interest to the Industrial Plantations Project. It was 
"too slow and did not appear able to cope with trees of the size we are 
usually dealing with. I"t might be of use to have around, however, for 
cleaning up operations and might even have a use in small-scale clearing 
operations in areas of light woodland. 

(c) Eliminate parts of "the present job. 

(i) 

(ii) 

(iii) 

The windrowing could be eliminated to a large extent if more charcoal 
were made or if the wood could be chipped (as alreadf mentioned this could 
also bring in revenue to help PI\Y tor the knocki-down). To do "the job 
within "the season, however, charcoal would have "to be made in kilns. 

Altematively, the knocked-down timber, instead of being windrowed could 
be left in situ and bumed in "the late dry season. Two such bums would 
be necess&J.7, however, and there might still be a difficulty in getting 
"the larger logs to bum. On many soils a heavy growth of H.ypa.rrhenia 
and Loude"tia species can also arise. 

Omit "the ploughing, research in Zambia has shown that this ploughing 
is not strictly necessary. However, the maintenance of the crop in a 
olean-weeded condition during the first year is necessar,y, and if the 
land has not been ploughed "the first-year weeding will be much more 
expensive. So "these coats have to be balanced against each other, not 
forgetting the possible saving in capital investment in heavy ploughs. 

(d) Re-examine the need for the present complete clearing of the land. 

(1) Methods of ground preparation Which were written off as failures in the 
early days of exotic plantation silviculture migbt now be modified to 
produce a viable plantation. New factors favouring this include the 
ability to produce high quality nurser,y stock, the development of chemical 
methods of bush killing and weeding, and the development of stwnp..jump 
plougbs and harrows. 

(ii) Research in several directions is in progress or planned in Zambia, but 
the applicabilit.f of results elsewhere can only be determined by local 
trials and coatings. Successful establishment is not the only consi
deration - the overall effect on growth rates will influence the final 
cost of the plantation. The saving on land clearing has to be balanced 
against a possibly longer rotation and other incidental costs. 
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The essentials of the various methods of clearing by hand and by machine are 
described b,y.Laurie (1974) and do not need to be repeated here. If hand methods are 
used, then getting the job done is a straightforward matter of organisation and administra
tion. If mechanical methods are to be used, then the situation is more complicated (quite 
apart from the considerations discussed above, decisions on which have to awai. t the results 
of field trials and research). This is particularly the case where the woodland is heavy 
and demands the use of heavy machinery which is expensive enough when in use but most 
uneconomic if lying idle a large part of the year. 

Zambia's Industrial Plantations Project has been luc~ in the past in having in the 
country a contractor with the necessar,y heavy equipment and wi~h a lot of experience. This 
is nov changing in Zambia and ~ never be the case in other countries. In such cases then, 
several courses of action ~ be possible. 

(a) 

(b) 

(c) 

join forces with another gpvernment agency which already does land-clearing 
for agriculture and/or road making. The addition of a forestry contract 
could help to make their operations profitable. 

encourage private enterprise with some sort of initial loan or subsidy to set 
up a land clearing unit, the gpvernment support involving some form of contractual 
obligation to undertake gpvernment' s clearing program.rne. The promotion of one 
large company on Which gpvernment then becomes dependent has many drawbacks. It 
~ be better to support several smaller enterprises which could each do part of 
the work. This has many advantages but is only practicable if the total land
clearing work required is large. 

acquire a land-clearing unit for the plantation project. This is not likely 
to be undertaken since to make it viable, it m~ be necessar,y to hire out the 
unit for other land-clearing or road-making projects. 

Whatever methods of land-clearing mq be chosen from these currently known to be 
effective, the operation will take a fairly high proportion of the costs of plantation 
establishment in savanna areas. Nevertheless, the growth rates attainable are such 
that in countries where the demand for timber is high, local supplies inadequate and 
imports increasingly expensive, plantation-grown timbers will still be able to compete 
in the market at a price which gives a reasonable rate of return on the investment. 
Furthermore, preliminary results in Zambia at least show that it ~ yet be possible to 
devise other methods of clearing which will reduce the overall cost. 

Laurie, M.V. 
1974 
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DErffiTIOBS 

In relation to land. clearing operatiou the following terms and abbreviations are 
uaed in the text: 

(i) 

(ii) 

(iii) 

"Operating time" (O.T.) for a tractor unit operation ia the total working 
time in minutes per specific area or unit, and ia calculated by adding 
working, minor atop and turning times. 

"Basal area" (B.\.) of' a tree is the area of' the croaa section of' the stem 
at breast height (b.h.), or at 127 an (4 tt 3 in) above ground level. 
The basal area ot a crop or vegetation type ia the sum of' the croaa sectional 
areas of' ita oouti tuent tree a and ia otten expressed as the total basal 
area per unU land area (e.g. square metre• per hectare, m2/ha). 

In relation to coatiDgB, decimal currency baaed on the Bigeria Baira (•) 
wu introduced w.e.f'. 1 J811U&17 1973 and ia uaed in the text. Rate of' 
exchange aa at 1 October 1975 vas: 

•1 (:flaira) • US 11.626 

.0.615 - us 11.00 

Il'.rRO:WOTIOll 

LIIDd. clearing in the savanna region requires the removal of' the natural woo~ vegeta
tion cover tor a apecitio purpose. Aa the removal ot woo~ vegetation constitutes a major 
ecological ohmp, it ia essential to carefully aurvey and plan the uae of' a:ny aite, ao 
that only those areas which will be adequately developed within a reasonable time are 
cleared. L&Dd liable to erode should be neither cleared nor cultivated without planning 
adequate meaaurea to prevent soil damage. In forestry, the main reason tor land clearing 
ia to remove woo~ material which would obatru.ct or hinder aite preparation cultivation. 
Except tor a tew •all and special aitea, noceaatul establishment of forestry plantations 
in the aavazma region requires olean weeding (FAO, 1974; Iyamabo and Ojo, 1971). Main
taining clean weeding regimes, except on a minor aoale or where taungya ia possible, 
necessitates a high input ot mechanical cultivation. For efficient mechanised weeding, land 
should be tree ot all aurf'ace woo~ vegetation and of' all roots ancl atumpa to the maximum 
clspth of' penetration ot the weeding implements. To achieve thia atate requires the stumping 
ot all standing trees and the diapoaal of all atumpa, roots and other woo~ debris f'rCIIl the 
aite. · 

For generally •all-scale plutation developnent, land clearing using labour ancl hancl 
toola ia the oldest and moat ccaaon method in Bigeria. Initial studies of' land clearing 
costa tor a raage ot aitea indicated that they were aome 30 to 7o% of total establishment 
coat, which represents a major initial investment. An early mechanised knockdown trial 
using crawler tractors and an anchor chain waa completed at Afaka in the northern Guinea 
•one in Dec•ber 1965. !'he trial, which took place aome two months after the end of' the 
raiu, shoved up aome ot the initial problema ot tractor operation but indicated that 
chaining waa poaaible and. that fUrther investigation should be considered. Further mech&Di
ae4 clearing 11114 prep&T&tion work vaa recorded by Barrot (1968 and 1970) at :flimbia in 1968, 
where ewn with a high level ot mechanisation, lud preparation costa comprised 5o% of 
establishment coata. He &lao noted. that there wae little difference between hand or 
meohar1iaed. clearing coats at that time. Since that exercise, however, labour ooata have 
riaa 34o.' mel tractor operating coats 4~ to 1oo%, a trend. that Barrot forecast although 
it ia unlibly he mticipatecl the actual pace ot increase. Land clearing ia not tifficult, 
«ina adequate labour or suitable tractor power, but the .rea requiring elucidation relates 
to that methocl or combiaation ot methocla, which will give the beat reaulta under specified 
oolldi tiou. 



- 125-

LDD CLI:UIIO .liD PIU!P.&Rl'l'IOI OPERl'l'IOIS 

Lud. preparatioa for pla:taticma in the broa4 ae1111e oouina of the following main 
operatiou (J.lla Ul4 .AlDrada, 1974; Caterpillar Traotor Co., 1970a): 

i) Stumping or mechaniaed knockiown 
ii) WiDd.roving or hand piling 
iii) Clelllling up 
i y) llurlliDg 
•) Lqing out 
Yi) PreplantiJag cultivation. 

Such activitiea aa cleBDiDg up, burning and l¢ng out have not u yet been atudied 
in detail. !'here ia, howenr~ a conaiderable rage of technique• tor carr,ying out the other 
operatiou 811U11lerated. 'l'he following are the main methoda atudied for plantation denlop
ment in Iigeria. 

Stumping ia mainly by cuual labour; the main toolB are the native hoe and axe. The 
operation involve• e:z:cavation, cutting of root• and felling of the main treea. Mechaz:daed 
bockd.own 111q be by aingle tractor or by a chaining unit. In the aingle tractor technique 
a crawler tractor ueea a bulldozer blade to puBh over atanding tree a. There ia little or 
no digging of aoil. The method ia adequate bu.t capable of improvement. Chaining employe 
two or three heavy crawler tractors vi th front mounted blade• or rake a and a heavy 1111chor 
chain rear-hi tohed between two or the tractora. The chaining tractora advance in parallel 
15 to 25 m apart depending on the deui ty of the buah, aDd the trailed chain pulle clown a 
nathe of treea behind the tractora. In heavy buah the third, or back-up, tractor, equipped 
with a tree etinger, aupporta the forward. tractors by puahing over any large treee which 
hold up the chain. In efficient operations the impact of the chain e:rlracta a high pro
portion of the main and lateral root a. 

If the atuJaped or knocked clown treee caJmot be aold as :firewood or procesaed aa char
coal, then it ia necesaary to windrow or pile thia woo4 debris on site tor burning. Wind
roving of the debris into linear heaps, commonly 40 to 50 Ill apart, ia uaually done by crawler 
tract on equipped vi th front end rake•. In undulating terrain the windrows are usually 
ai ted roughly on the contour. Hand piling neoeaai tatea cutting the debria into manageable 
billet• and packing theae into tight pile• or heaps tor burning. 

Cleaning up can be defined ae an operation following windrowing or burning in which 
u.y atumpa, roota or other woo~ debria which remain in or on the soil, are gleaned from 
the area end added to the windrows or are heaped aeparately. Burning of the debria ia a 
atr&ightforward activity requiring only consideration of timing relative to season and time 
of~. 

'l'he operation of aurnying, pegging and beaconing the plantation lqout including 
road8, ridea and compartmentation ia deaignated lqing-out. 

Pre-pl1111ting cultivation consiata of two main activities: pioneer ploughing and 
harrowing. PloUBhing following clearing is deaignated a pioneer operation because it 
involna bremng-in l&Dd tor the firat time. Such newly cleared sites are much harsher 
and more difficult to cultivate than developed agricultural land. A ploughing depth of 
23 an ia probably just adequate, but a depth of 30 an or more ia preferable. Heavy duty 
barrow ploUShs and oo~ntional mounted disc plougha allow satisfactory ploughing cultiva
tion. 'l'he object of pre-pl1111ting harrowing ia to create a favourable environment for 
plaating, which it ahould immediately precede. Such harrowing creates a tilth whic:h 
facilitates planting and tenda to level the l1111cl. By clearing the area of all weeda and 
vegetation there ia creater latitude in plamU.ng aubaequent weeding and the nwnber of firat 
aeaeon weediDP ahould be reduced. Thia cultivation requirea only 15 an penetration and the 
operation can be effectively e:z:ecuted by a range of heavy and light harrows. Timeliness ia 
often of greater consequence than economic efficiency in these cultivationa. 
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DVIRODl!BTAL FACit>BS: CLIMA.TE Atm VEGm'ATIOJl 

'!'hare are m~ variables which affect land dearing and preparation inveriiga.tiona 
ad vi thout numerous replicatione it ia difficult to meaaure the effect o:r, or allow for, 
n.oh factora u soil, topograpb;y, labour or operator efficiency. The two main environ
mental variables to which work muat be related are climate and vesetation (Allan and .Akvad.a, 
1974&). 

Climate atf'ecta m~ facets of land preparation. Dry season mttchta.'\"i.aed knockdown 
tandll to reiiUl t in llUDleroua above-ground tree breakages and the subsequent removal of broken 
atumpa em be 1111 expensi va operation. All iuveatigation in northern Guinea savanna to re
lata tree breakages to raiDf'all, indicated that after some 100 mm of rain had fallen at the 
beginning of the raina, brea.ka&ea ceued. to be significant. At the end of the rains after 
the last aigDificant recorded rain, there remains some twenty ~s when effective knoclalom 
tree of breabpa ia poaai bla. Hmd stumping output a also tend to be greater during the 
raina when excavation is euier in 11.oiet aoila; this factor also haa a aipficant effect 
on adequate ploughing mel penetration. RaiDf'all and temperature affect the timing of wind
row bumi.ng. Climate ia critical to the whole laud clearing and preparation cycle, aud the 
tollov:i.Dg ia an outline of the sequence of operations, assuming that land cleared during 
one vat season will be plmtad up at the begiJm:ing of the u:rl. 

Season 

Start of rains after 
100 liD recorded. 

20 daiYa after end of 
raina 

&1d of dry season 

Start of raina after 
100 DD recorded. 

Operation Relevant month at 
Afaka Forest Reserve 

C01111ence knoclalown or stumping. early June 
Windrowing, clea:Ding-up and 
ploughing between vind.rova mq also 
begin during this period. 

Stop knockdown. Complete vindrovillg. mid Jlovember 
Cle1111 up between vindrova. 

Barn oft vill.drowa. March 

Complete ploughing. Harrow before April/Ka;y 
plmting. 

CCIIIIIlence pluting. Commence knock- early June 
down and ploughing for following 
year' a planting area. 

'l'ha tirat column indicates the timing of operationa relative to rainfall for 8Zf3 part 
of the BipriaD aavana aud the third column simply couvert• this data to calendar months, 
ill tht. inatUlce, for .Af'aka i'oreat Ret!lsrve, but aimilar converaiona could be ma.cl.e for any 
other station with adequate raiDf'all recorda. 

In the aavaDD&1 deui ty of wood;y' vegetation ia variable not only between climatic 
zonaa 'but even within a zone or ecological type. The density or volume, including the main 
root ayatem of vegetation, iB the tutor critical to land clearing prod.ucti,rity. Outputs 
expreaaed. as tiae per unit area (ainutea/hectare) do not give wtficient inc'Lication of true 
pertormaDce unl••• the veptation in the area ia markedly unifom in denai ty. Accurate 
detel'lllinl'-tiOD. of volume ia difficult mel time conauming. Iuveatigations, however, have 
llhCVD baaal area (B.A., expreeaecl in a2) to be a uaefUJ., aacl relatively easy to d.etemine, 
UDit tor aaaauring productivity or cCIIparing efficiency between different types and deuitiea 
of bush conr. .la laD4 clearing recorda are built up az~,cl given basal area per hectare, 
averase tree heilbt aDd type of vegetation for a particular area, it ehould be possible to 
cive aD eatillaUon of the rate ot productivity for a particular clearing technique. 
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J'ollcndDC etucliee ot put recol'U uad ourrent methob of 11111.4 oleariJlg aDd prepara
tiOJl up to 1971, a nbeequat ••riee of trial• ad. iDnBtigatiou Vall eet up to clete:rmiae 
the relatin etticieaq of a ranp of 11ethou. !heae triab ~overed. knockdown, •tuapiq, 
vill4rcnfiq, pioaeer plOIJping •4 pre-plaatiq harrovillr,. 

':l'o utemiae the oe~~paratin eOOilaDio• of the va:ri01111 methou inveetigated, coet• 
have beaD applied.. '.rhe buie of ooetiJlg ie i.Jldioated iD Appendix A and in greater utail 
in Allaa a4 Jaoboa (1972), Allaa (1973a a4 1973b) and. PAO (1965). The oorie are valid 
tor oaapari•oa, 'but where more rele'VUlt 4ata i• available, noh figure• mq be ted into 
co•t oaloulatiaa to make the renlt more meaniDCfg.l to local ooaditiou. The ooete are 
ballell OD reuODably efficient goyel'Dilent operatioa ooete ezcludi.Dg IIUliiB8lleDt overheU. 
or equi111ent mo..aent chargee; to ue the !lata tor oaaaeroial type operatiou, estimate• 
tor iDnranoe, lioeuiq &D4 proti t margiu woulll aeell to be ad4e4. The fact that all ·ooete 
are hietorio ie particularly evi.4ent in the pre•ent illf'lationary era. To render the 
evaluatiGJlll o•parable ad up to date, all oo•t• in the te:rl have been recalculated on the 
bu:LB ot 1975 labour rate• anll machiae coete in Hipria. In relation to tractor•, thie coat 
ooaoept lloe• DOt allow tor the tact that 1975 equiJIIent teDCla to be more powerf'u.l wi. th 
creator production potential thaD put moclela. Labour coatraot rates have been doubled on 
the buie ot the 1~ riae in direct labour ratea 'but thie mq not prove to be the cue in 
praotice. The main object of the•e coet evaluatiOD.B i• to indicate mmapment options ami 
proviu a reuOD&ble bue tor plan»i ng &DCl 'buclptiD.g. 

I'Dockdown and Stumping 

A DUmber of moolaloWD md atumping iuveetigatiou were set up& 

(a) In the northem Guinea zone 

(i) 

(ii) 

fo evaluate hand Bt'Wilping 811d Bingle tractor kJlookdolm. 
(Alla all Jackeon, 1972; Allarl and .Akwada, 1913); 

To naluate chaining and eingle tractor knockd.own (Allm, 1973a; 
Allan mil Akwada, 1974&; Sava.DD& Forestry Re•earoh Station, no date); 

(iii) To evaluate a range of equiPDent for mechtmiaed knockdown (Allan 
and Jaolaloa, 1972; .111m, 1973a; Allan an~ .Ak:wada, 1974& and 1974b) and 

(b) In the aouthem Guinea zone 

(i) To evaluate chaining and contract hand clearing in heavier bu.eh 
condi tiou (.&.11m and .Ak:wada, 1974b). 

Table 1 •e~• out coete and operating time• (O.T.) per hectare and per square metre 
of bual area (m B.A.) for a aelected raDBe of trials. 

In ohaiuiq, trial 1 at a 'IUlit ooet of »0.47/m2 repreaente a high level of efficiency, 
whereu trial 2 with uaakilled operators and lese eervioeable tractors gave poorer efficiency. 
A reuonable oo•t efficiency would be in the order of »0.62/m2• Trial 3 attempted to lower 
power rage Uld oori by using lipter tractors. Excessively wet condi tiona at the time of 
thi• trial caueed flotation 1111.4 traction diffioultiea, which adversely affected the reaulte. 
The trial ehowed that a lighter chaining 'IUli t could clear the bu.eh but that there wa.tJ no 
aavi.Dg in oo•t• the trial requires repeating under more favourable climatic condi tiona. 
Trial 4 took place in heavier aouthem Guinea vegetation wi. th average basal area 27% greater 
ad average tree height 5~ more than that of the first trial in northern Guinea vegetation. 
The trial wu of medim efficiency and the unit co•t of JJ0.99/m2 compares with the average 
of that of the first two trial• if a factor of 1.5 ia applied to allow for the greater 
volume of woo~ debria. All of theae renlts compare favourably with the introductory 1965 
trial, where the animated unit co•t would be in the order of 1'3.30/m2• 
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Sigle 'l'raotor I'Dockd.ovJl 

The aillgle tractor lalockdovn triala 5, 6 mel 1 gave comparable reeulta with variatione 
ma:i.Jlly attributable to dif'f'erencea in operator efficiency; an anticipated averap coat 
ef'f'iciency would be •1.50. Trial 8 ueiDg a larger tractor reduced coet etticiency by 2~, 
iDclicatiDg that by the nature of' the operation the a4di tional power could only affect coat 
efficiency advereely. Berrot'a 1968 triala gave figures of' •26 to •101/ha but are not 
directly comparable u d.euity of' vegetation 11811 not calculated. The general quality of' 
atump extraction vu high. 

Band Stumpi!g 

2'1'rial 9 ahoved that haDcl at"!Dping in norihem Guinea vegetation required 7.7 man~• 
perm or 65 man-cle¥a per hectare with 1111 average baaal area of' 6.55 m2/ha. The work waa 
hard •4 the Ull8k:i.lled labour f'oUDd. it arcluoua azul tiriDg. The toola uaed were IAequate to 
the aki.l~ o'f' the operators but by no meaa ideal for the job. The unit coat efficiency of' 
•14.66/m could be conaidered average. '!'rial 10 with a coat ef'ticiency of' •22.86/m2 in 
southern Guinea ngetation, ia comparable with the previous trial if' the factor of' 1.5 ia 
again applied. 

When comparing the mechlllliaed techniques vi th huld riumpiDg in the northern Guinea 
zone, it ia obvious that chaining ia the aoat etf'icient, the unit coat being 4.2% that of' 
hand labour and aingle tractor knockdown 10.~ of' haDe! labour. Similarly, in the southern 
Guinea, chaining coata are only aome 4.3~ of' hand stumping coats. Expreaaed u area per 
unit coat, the aame data iDdicatea that f'or the coat of' clearing 1 ha by hand, 10 ha mllif be 
cleared by aiDgle tractor or 27 ha by chaining in light aavazma.; the ratio ia 1 : 23 ha in 
aouthern aavazma. It ahould alao be noted that mechanised operationa tend to extract a 
greater volUJDe of' root and the general quality of' stumping ia greater than hancl operationa. 

'l'heae f'igarea iDclicate the coet efficiency o'f' options open to management and f'ar a 
particular project ahould be related to acale mel timelineaa of' operation. To justify the 
setting up of a chaining un1 t, there would have to be a large acale clearing progr.-e tor 
a DUIIlber of' yeara. EnD very larp progr-ea cm be done by hmd labour, but (1) the 
labour mel aupeniaion muat be available when required ancl (2) the aocial benefit of' pro
viding •plo;yJ~ent haa to be weighed acainat the coat benefit of' usiag more economic alterna
tives. Por ...:Ller aoale progra.aea, when the ooata of' moving equ:ipne:rat are conaid.ered, 
the~ are occaaiona when had or aiagle tmotor cleariDg Jallif prove the leaa e::rpeui ve 
altemati vee. 

Ti.Jiely c•pletioa of' cleariag ia illport•t u it atf'ecta wch nbaequent operatiou 
u vinArowiDg, plonpiag and plmtiag. It haa been obaerncl that pl•ting u early aa 
poaaible in the raina improve• ami expedite• eatabliahlaent. tiaaelineaa in cleariDg depends 
on the rate of' productivity, which ia itaelf' depenclent on available world.Dg t"ime mel the 
reaouroea vhioh ca be applied to the work. For e::r.ample, f'l'CIII '!'able 1 the f'olloviDg produc
tivity ratea prov:Lcle a buia f'or cleter~~i:raiag optiou on how work might be completed relative 
to time and reaourcea: 

In • anrap 6.5 hour worki:rag clllif in norihem Guinea aaTIIDDa 

(1) 

(ii) 

(iii) 

65 labourers cm at1ap 1 ha; or 

a 65 horaeponr oravler tractor ca k.nookdolm 2.95 ha when a 25~ 
tille loaa ia allowed f'or reat acl11ainteuanoe; or 

a obai:raing Ullit ca Jr::raoclalo1111 33.2 ha when allowing a aillilar 25% 
Uae loaa. 

Siailar f'iga.rea om be rell4ily caloulated f'or other operatio:raa u4 zoua. It ahould 
lHt aoted that the aeohaiaed. operaUODal 4q aq readily be e%teJI4e4 whilst llaintaining a 
po4 rate of procluotiTiV; whereu buill labour PJ'(Hluctivit;y tenda to fall off' when the aol'llal 
work perio4 ia extenclecl. 
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Windrowing and Hand Piling 

The aerie a of wind.rovi:ng trials, which used a range of available equipaent, under
lined the 8Uperiority of the front aDd rake over the bulldozer blade (Allan and Jackaon, 
1972; Allan and Jkvada, 1974b). The front end rake cauaea little soil disturbance and con
sequently wi.Jldron contain leas aoil and burn more freely. In the heavier aavuma bush an 
investigation waa aet up to ccmpare the efficiency of linear vindrowa or irregular heaps. 
In the latter, the debris i8 stacked round the larger trees, theoretically reducing the 
volUIIle of debris to be moved. l:ny difference in coat efficiency vaa negligible, although 
on the credit aide the heaps appeared more tightly packed tor burning, whilst on the debit 
aide cultivation in the irregular pattern created by heaping waa difficult but ia reaclily 
feasible between winclrowa (Allan and Akwada, 1974b). The general optimum spacing tor wind
ron waa 50 m apart. 

'fable 2 recorda the rates and ooata tor selected windrowing and hand piling trials. 
In lighter aavuma, trials 1 aDd 2 using different makes ot traotor, record. similar re8Ulta 
and illdicate aD average UDi t coat ot »1 • 44/m2. Trial 3 showed that in thia vegetation, 
inoreued tractor power did not improve coat efficiency. In the heavier southern Guinea 
vagetation using a heav tractor, ihe increased volume of debris, aa would be aDticipated, 
increased the unit coat to »1.98/m • 

In all cases mechanised windrowing waa considerably more coat efficient thaD hand 
stacking and aeohaDiaed costa were between 9.~ to 11.7% of corresponding h8Dd coats in 
different d.ensi tiea of ngetation. Thua, tor the coat ot atacld ng 1 ha by hand, aome 8 or 
12 ha mq be windrowed by tractor iB the southern or northern Guinea zones, reapectively. 

Pre...,lanting Cul ti vationa 

Total cultivation by hmd labour is poaaible in auall scale plots, but obael"V'ations 
indicate that cctata are ao high and, perhaps of greater importance, the quality of cultiva
tion ia ao poor as to preclude large scale baud cultivation aa a reasonable possibility. 
Trials han ahown that oxen mq be 8Ucceaaf'lllly used to cultivate Ball scale plantations 
but the practical developnent of oxen power tor plantation cultivation would take oonsider
able application and time. The main practical cultivation alternatives lie in different 
types 8Dd powers ot tractor 8114 a r8Dge of ploughs and barron. Table 3 records unit costa 
(»7ha) tor a selected uumber ot ploughing and harrowing trials. Some of the productivitiea 
recorcled are averages frcm e:densive investigations (Allan, 1913b; SaV81Dl& Forestry Research 
Station, no elate). 

With reference to pioneer ploughing, trials 1 8Dd 2 using medium wheeled tractors ahow 
considerably different productivitiea, which mo.v be attributed mainly to variability of 
operators and of aoil conditions. The average unit coat ia •10.55/ha. Trials 3 to 6 employed 
crawler tractors and heavy duty Rome disc harrow ploughs. Trial 4 waa a ak:i.lled operation 
with a hip level of efficiency and ia directly ocmparable with trial 6, where efficiency 
wu leaa aDd the tractor waa at the limit ot ita power pulling the TACH 12-30 plough; perhape 
an average unit coat between »11 and »14/ha would be readily attainable in practice and 
would leave acme room tor improvement. Trial 5 illuetratea once again that additional power 
doea no·c necessarily yield greater coat ett"ioiency, with the unit coat at »21.56 being more 
than double that ot the comparable trial 4. 

The wheeled traotor/diao combinations are slightly more cost efficient than the crurler 
units, but quality and depth of cultivation ia leas. In the heavier ploughing units the 
TACH 12-30 harrow gave the beat penetration and effectively severed a:ay remaining roots or 
atumpa. Although the heav,r duty harrow plough giVes a quite dit.rerent cultivation from that 
o:t a diao plough, re8Ulta have shown that this type of' aoil working is generally adequate 
tor plantations. For larger scale ploughing operations a 70 to 80 horsepower crawler tractor 
with the matching TACH harrow is recommended. A 1111.all trial employing a large 100 hp wheeled 
tractor aa power unit to a 1MR harrow, showed this to be a teaai ble ploughing unit and further 
trials are recommended. 
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When pioneer ploughing hu been adequately' c•pletecl and the lad b largely tree 
of all i.Japecliments, then pre-plantiDC harrowing iB a straightforward operation. Trials 7 
and 8 in Table 3, at some .S.17/ha, recorcl similar unit coats for different harrows of 
2.1m cultivation wiclth. There is DO sreat difference between these implements although the 
34/20 hu proftd slightly more clurable in practice. Both harrows by adjustment am1. reduc
tion i:n :number of discs can be adapted for inter-row weeding. Trial 9, using the K/F 28 
harrow with a 3 m cultiYatio:n width and a unit coat of »3.57/ha,is economically efficient 
IIJld gifts a high rate of prod.uctivi ty offerinc an acceptable option where the scale of 
operation justifies having an implement specifically for harrowing. Similar observationa, 
relatift to scale, apply to the trial 10 pulverising harrow 'l'OW 40/24 which produced quite 
the beat tilth or seed bed; indeecl the cultivation was eo good as to require the greatest 
care in Ulling this implement in areu liable to erosion. 

With reference to rates of productivity during a 75% effective 6.5 hour working da.Y, 
the 3 diao plough would cultivate 2.4 ha and the heav,y TACH harrow plo~ between 2.9 md 
5.0 ha; pre-cultivation harrowing rates ve:ey between 3.2 ha for the 34/20 and 8.0 ha for 
the TCW 40/24 harrow. 

i) 

ii) 

iii) 

COlfCLUSIOBS 

There is a well established need for plantation development in the Nigerian savanna 
(Allan and Ojo, 1974). The need to accelerate this development continues to require 
stu4y and. iuveatigations to ascertain the more efficient techniques for main opera
tions and. to provide a SO\Uld base for plantatio:n planning and budgeting. 

Initial plantation development generally requires the clearing of the indigenous bush 
and cultivation of the soil prior to planting. Land clearing operatio118 are not 
particularly difficult but require care:f'ul forward planning; firstly, to ensure that 
only suitable land is cleared and, secondly, to euure a timely sequence of operations. 
With inf'ol.11lation on vegetation density and rainfall for a particular area, the pre
paration of a sound calendar of operations is the basis of good planning. 

The coated results of a aeries of iuveatigationa to determine the efficiency of 
different techniques for clearing and cultivation indicated that: 

a) Chaining coat efficiency is leas thaD 5% that of the coat of comparative 
hand stumping operations; 

b) Similarly, single tractor knockdown is Ohly some 1o% of hand operations; 

c) Mechanised windrowing costs are only 9 to 12'% of comparative hand piling coats; 

d) The mechanised clearing operation• offer fast rates of productivity and the 
possibility of expediting development; 

e) Pioneer ploughing with a light agricultural tractor and mounted disc plough 
unit is 4 to 32% more cost efficient than uaing heavier crawler lUli ts. The 
heavier crawler diao harrow plough unit, however, improves the quality of culti
vation and can double the rate of output; 

f) For pre-planting harrowing, the unit coat for the most efficient implement is 
only aome 43% that of the least efficient unit coat recorded and the heavier 
crawler unit cultivates at more than double the rate of the lightest agri
cultural units. 

The reaul ts from these trial a indicate aome ot the options open to management, but 
decisions require conaideration of the reaourcea a.vailable, the scale of operation 
aDd the period during which the work ha8 to be completed. 
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i v) For large aoale pluaiiatiou, aeohuiaecl operatiou have con.iclerable advantage over 
other leaa eoOD•io altemativea. Due oouicleraticm., however, JII'Ut be giftn to "am• 
ot the conriraillta to ettioiat meohaiation which are 0011111011 in a llUIIlber ot devel
oping oountriea (Oreeae, 1974). Such problema ~~~.q be lack ot spare parts, ahorta&e 
of llld.llecl operator•, poor aerrloing facilitiea azul lack of incentives. Unless these 
probleaa are eliminated by the pluming and provision of an adequate iDf'raatructure, 
auoceasf'a.l mechanisation ia unlikely to eventuate. 

v) If the conaiclerable economic advantage• of mechaniaation over atumptng and hand 
piling could be ipored1 then meohaniaa.tion ot au.ch operations might be aeen &8 
eruillg an opportunity tor large aoale employment. Theae economic advantage• cazmot 
be ipored, however, and the applic!,;tion of selective mechanisation to a marginal, 
labour intenaity project m~ firatly make the project economically tea.aible ancl, 
aeconclly, the application of budget aavinga coulcl allow the undertaking to be accel
erated or expanded. It ia suggested. that a sOlllldly baaed, selective, mechaniaed 
plantation project will, in the longer tenn, provide more pe:nnanent direct employment, 
u well u indirect employment in prooeaaing industries than a marginally economic 
labour intenaive undertaking (OluwuBIJJDi, 1975). 
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Indigenous vegetation such as this Isoberlinia doka in 
the northern Guinea savanna must be cleared a~--;rior 
to plantation establishment. Mechanised clearing with 
two crawler tractors and an anchor chain is the most 
cost-efficient method for these conditions. 



- 133-

APPErmiX J. 

BASIS OF OOSTII'G TRAC'.roRS, ~UIPXE2fl' AliD 
LABlUR OPERA.TIOBS Ill LU1D CLEA.RII'G Aim PRl!PJ.RATIOll 

Costing Crawler Tractors and Matched Equipnent 

The coating method is mainly baaed on F'J.O Forestry Equipnent llotes C 14-56 (FAO, 1965). 
Operating rates per hour are baaed on costa to !ligerian Goverunent a&enciea aa at 1975. 

The basis of tractor coat calculations 

I Estimated irreducible costa are based on the nlDilber of hours assuming: 

a) Annual interest at 6~ averaged and 

b) Garaging coat at 50.02 per hour. 

Insurance and road tax are omitted as Government equipnent is free from auch charges. 

II Estimated depreciation and repair costa are based on the estimated operating hours 
(H) in the lifetime of the tractor {standard life). Standard life spans of 10 000 
hours over 8 years have been asswned for crawler tractors and 5 000 hours over 5.6 
years for wheeled tractors. 

a) Depreciation is calculated on the straight line method by dividing the net 
1975 purchase price of the tractor (A) by the estimated life in hours or A. 
Scrap value is taken as nil. ii 

b) Estimated coat per operating hour for repairs is expressed as a fraction (r) of 
the depreciation per operating hour. Based on experience, the index of 1.0 is 
used for standard li vea. 

III Tractor coats directly incurred when working are taken as follows: 

a) Coat per operating hour for diesel oil consumption is based on average per
fonnance figures, diesel being coated at 50.46 per gallon; 

b) Coat for lubrication is also baaed on handbook data (Caterpillar Tractor Co., 
1970b) and current costa for materials; 

c) Additional cost for maintenance and cleaning is estimated as 50.10 and can be 
considered a non operative coat against the tractor operator. 

IV Wages and associated expenditure are baaed as follows: 

a) Wages per hour of machine operators are baaed on the Federal Tractor Driver 
1975 award at the top of the scale, i.e. ll3.75 per 6.5 hour daiY· Allowing that 
only 75% of time will be operational and assuming that total hours should be 
charged to tractor work, this gives an hourly operating rate of 50.77. It is 
further asaumed that when a tractor driver is on other work his time will be 
charged to auch work; 

b) Estimated expenditure for pension, paid holidaiYa and sick P83" is taken at1 15% 
of IV a) i.e. 50.12. Estimated hourly tractor and implement costs are detailed 
in Table 4. 

V Implements are coated as per tractor calculations under items I and II. 
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Coating Labour Operations 

The costa for hancl labour stumping are baaed on actual 1975 rates assessed as 
follo1111: 

a) Daily labour is baaed on a baaic 1l2.02 per man~ with working hours of' 
7 hours per dair Mo~ to Thuradair, 5 hours on Frida;r and 6 hours on Satur~ 
giving a total of 39 houra and an average of 6.5 hours per d.q over a six dair 
week. .ln allowance of 1o% to reflect leave ancl public holida;ra and other 
benefits makes the total coat of labour per man da;r.1l2.22; 

b) The coat of hand tools ha8 been excluded. 



TABLE 1 

l!STIXA'l'ED 1975 DOCDOWI RATE .DD COS'l'S II BIGERIA 

Operation aDd. EquipaeDt Ret Year ot Coat/hr 0.'1'./ha Coat 1 ha O.T./ri 
Iio. Trial (Jl) (mina) (I) (US S) B.A. {aiu) 

Knoclaiown ChaiDiy 

2 :z: 180 hp craJilera and chain 1 1972 37.88 7.19 4o53 7.36 0.75 
2 :z: 180 hp craJilera and chain 2 1974 37.88 9.42 5-94 9·65 1.20 
2 :z: 125 hp crawlers and chain 

and 1 :z: 85 hp craJiler 3 1974 32.10 23.00 12.30 20.00 2.58 
2 :z: 180 hp crawlera and chain 

aDd 1 :z: 65 hp crawler 4 1913 46.10 15.77 12.11 19.69 1.~,3 

Sjngle Tractor ICnoclaloWD 

1 :z: 65 hp crawler 5 1971 8.05 114.6 15.37 24.99 11.93 
1 :z: 65 hp crawler 6 1972 8.05 81.26 10.90 11.72 10.10 
1 :z: 65 hp crawler 7 1974 8.05 102.60 13.76 22.87 11.39 
1 :z: 125 hp crawler 8 1974 11.71 79.62 15-54 25.26 9.76 

Hmd. S'tall,2i!!& 

Direct r.and labour 9 1971 - - 145.41 236.43 -
Contract haz1d labour 10 1913 - - 276.00 448~ 78 -

- - - ·-- -·-·- ----·-- ' - -- - -- ---··---

Coat I 1lB.A. 
(I) (US SJ 

0.47 0.76 

0.75 1.22 

1.38 2.24 

0.99 1.60 

1.60 2.60 

1.35 2.19 
1.52 2.47 
1.90 3.08 

14.66 23.84 
22.86 37.17 

Cliaatic 1 

ZOIUI 

I 
I.Gui.aea 

I • 
I 
I 

• I 

S.Gui.Dea 

I 

I.Quiaea : 

• I 

• I 
I 

• 
I 

• 
S.Guiaea 
- - ---

~ 

w 
VI 



'fABLE 2 

ESTIK!'l'ED 1975 WIIDROWIJJG RATES AID COSTS Ill BIGERIA 

Year of Coat/hr Co•t 1 ha Zone, Operation aDd. Equipment o.T./ha Trial <•> {Jf) {US $) 

Northam Guinea Zone 

1 x 65 hp crawler tractor 1 1971 8.05 79.56 10.67 17.34 

1 x 65 hp crawler tractor 2 1971 a.o5 102.50 13.75 22.35 

1 x 90 hp crawler tractor 3 1971 11.71 94.o8 18.36 29.85 

Contract hand labour 4 1971 - - 148.00 240.65 

Southern Guinea Zone 

1 x 180 hp crawler tractor 5 1973 18.71 76.93 23.99 39.00 

Direct hand labour 6 1973 - - 204.00 331.70 

O.'f./ri Cori 
B.A. (miu} {Jf) 

4 

11.01 1.47 

10.55 1.41 

9.56 1.86 

- 15.60 

6.36 1~98 

- 16.90 

I 2 
II B.A. 
{US $) 

2.39 

2.29 

3.02 

25.36 

3.21 

27.47 

...... 
\..oJ 
0\ 

I 
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'fABLE 3 

1!STIJI1TED 1975 OOS'l'S li'OR PRE-PLUI'fDG CUllJ.'IVATIOB 

Operation Equi111ent and Ref. Jlo. Year of Con/hr O.T./ha con ha 
Tr-.i.al8 (Jr) (mina) (Jr} (USS} 

Pioneer Plougbig: 

1 x wheeled tractor 50 hp 1 1972 5.23 139.10 12.12 19.70 
with 3 diac ploush 

1 x wheeled tractor 50 hp 2 1971 5-23 103.02 8.98 14.60 
with 3 diao plough 

1 x 65 hp crawler vi th 3 1972 10.21 72.61 12.35 20.08 
Reze 'DIR 10-30 diac harrow 

1 x 70 hp crawler with 4 1972 10.72 57.98 10.35 16.82 
Rome TACH 12-30 

1 x 180 hp crawler vi th 5 1972 23.18 55.81 21.56 35.05 
Rome 'fRH 16-30 

1 x 65 hp crawler vi th 6 1974 10.72 102.18 18.25 29.67 
Rome TACH 12-30 

Pre=2lanting Harrowi.Dg r 

1 wheele4 tractor 50 hp 7 1972 5.41 91.62 8.26 13.43 
with M/F 34/20 harrow 

1 wheeled tractor 50 hp 8 1972 5·49 88.41 8.09 13.15 
with H/R 35/70 harrow 

1 wheeled tractor 50 hp 
vi th M/F 28/26 harrow 

9 1974 5-53 38.82 3.57 5.80 

1 x or1111ler 70 hp vi th 
Rome TCW 40/24 harrow 

10 1972 11.87 36.78 7.27 11.82 



TABLE 4 

Ea!DrATED OPER!.TUG COS! PER HOUR FOR SELEC!ED lllOOBAIIC.lL !RUIPDft 

!Ill 
Coat per hour in Ia:ira 

Iachille e:a4/ 
J:l td 

..-1 • Irrehcible Coata Working Coata Operatora '!otal 

1 J 
~ 
0 

or Equi)Dent j:: ... 1: Depre- I &ira ·rl ~ 8 ~ In- cia- Re- Clean-
(Hours) (Hours) (I air a) tereat Garage tion pa:ira Fuel Lub. ing Wapa Other 

180 hp I 
crawler tractor 1 250 10 000 63 350 1.52 0.02 6.33 6.33 3.28 0.24 0.10 0.17 0.12 18.71 

65-70 hp 
cra~~ler tractor 1 250 10 000 25 500 0.61 . 0.02 2.55 2.55 1.21 0.12 0.10 o.n 0.12 8.051 

50 hp 
wheeled tractor 900 5 000 6 000 0.22 0.01 1.32 1.32 0.37 0.08 0.10 0.17 0.12 4.31 

..... 
~ 
I 

heavy hty disc 
harrow 34/16 400 2 000 858 0.06 0.01 0.43 0.43 - - - - - 0.93 

anchor chain 1 250 10 000 2 850 0.07 - 0.29 0.10 - - - - - 0.46 
I..-- --- - -
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This discussion is based on Chapter 12 of Tree Planting Practices in African 
Savannas (FAO, 1914); the following notes ~upplement the relevant sections, 

SPACING AND PEGGING 

Spa.cing 

Recommended spacings in savanna have usually been determined from silvicultural in
vestigations largely based on rates of growth and form, but they can influence plantation 
p:-ofitability. The costs of planting, beating up, weeding, pruning, harvesting and yield 
a.re affected by spacing. 

The closer the plant spacing, the greater the number of plants and the larger the 
actual planting input required per unit area.. Both these factors can considerably increase 
planting costs. With a. larger number of plants per hectare, however, losses become less 
critical and it may be possible to dispense with beating up, whereas at wider spacing 
ma.king good any losses could be essential. The closer the initial plant sp;~.cing the earlier 
canopy closures can be anticipated and this in turn affects the duration of the weeding 
regime. The supiJl'ession of ground vegetation by canopy closure also reduces fire hazard. 
Wider spacing is likely to induce heavier branching with consequent higher pruning coats, 
but on the other hand there a.re fewer trees to be p:-uned. Plantation revenue is dependent 
on the voluoe and timing of production; apa.cing obviously can influence both factors. 
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If it is assumed that plantation weeding will be mechanised, then the first constraint 
is that the spacing must be sufficient to allow a tractor and implement between the planted 
trees. Specialised small or narrow tractors are not a reasonable possibility at this point 
in time so use is made of the normal agricultural type tractor which requires a minimum 
spacing of 2.8 m. Accepting this constraint, the main objectives in selecting a spacing 
are to achieve an economic establishment and to close canopy (or take over the site) as 
early as possible. 

Planting may be on the square allowing mechanised weeding in two directions at right 
angles, on the diagonal or with reduced spacing in the lines allowing mechanised interrow 
weeding in one direction only. Table 1 gives some coat indications of the effect of spacing 
on establishment costs for the following options: 

Option 1. Planting eucalypts on the square at 3m x 3m (1111 plants per ha) 
wi'f;h one year's spot weeding and two way mechanised intvrow weeding. 

Option 2. Planting eucalypts in lines at 3 m x 1.5 m (2222 plants per ha) 
with one year's line weeding and one way mechanised interrow weeding. 

Table 1 

Indicative Establishment Costs 

Costs per hectare 

Operation 

Option 1 Option 2 

ll uss ll us$ 

Planting stock 33.33 53.99 66.66 107.98 

Planting 7.26 11.76 14.50 23.49 

Hand spot weeding x 4 24.00 38.88 - -
Hand line weeding x 4 - - 60.00 97.20 

Mechanised irrterrow (a) (b) 
weeding 19.80 32.07 13.20 21.]8 

Total 84.39 136.70 154.36 250.05 

(a) 6 mechanical weedings, 3 in each direction at ll 3·31/ha 

(b) 4 mechanical weedings, all in one direction at ll 3·31/ha 
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In this e:mmple, by reducing the spacing from 3 m x 3 m to 3 m x 1.5 m the selected 
first year costs are increased by some 8,3%. The benefits of closer spacing such as elimin
ation of bea~ing up and increased selectivity for thinning should also be quantified. 

The optimum spacing clearly depends on a number of factors that do not allow general 
conclusions to be drawn. In the first instance, it is often necessary to choose that 
spacing which within the given environment and with the available knowledge and resources 
will generally meet the objectives, whilst research gives consideration to the effect of 
otiler variations in spacing and their interaction with other factors. 

Having decided on spacing, the marking for planting by ~gs has to be related to the 
plantation and compartment layout. In undulating country it may be necessary to use con
tour planting, but in savanna the general pattern is square or rectangular. Marking for 
pla.ming ma.y be done by tractor with a tool-bar and tines, bul; this requires a. skilled 
operator; pegging by hand is more commonly the method used. Pegging may range from marking 
each individual pl.a.nting spot to pegging squa.res and subsequently using marked chains to 
indicate planting spots in the squares. At 3 m x 3 m spacing the former method rP.quires 
1111 pegsJha and the la.tt er slightly under 3 pegs/ha. 

Pe8Bing Squares Method 

Assume a plant spacing of 3 m x 3 m on clean harrowed ground with a ready supply of 
6 pegs. The pegging is based on 60 m2. (The length of the sides of the squares must be 
a multiple of the plant spacing.) 

Equipnent Prismatic com:r;ass or right angled prism, 
2 mallets or hammers 
Pegs (allow 3 per ha~, a.nd 
1 x 60 m ohain. 

Manpower 1 supervisor and a minimum of 4 labourers consisting of 
2 chainmen, 2 carrying pegs and mallets. 

Method. From the starting point, lay out and peg an exact 60 m2 using 
the prismatic compass or optical square. From these pegs lay 
out two base lines at right angles with pegs at 60 m ).ntervals. 
From the init~al square using the chain sight in the corners 
of other 60 m , until the entire area is squared. 

OutpUts 

It is important to carry out periodic checks to ensure that pegs 
are eJIJiLct ly 60 :: ap!:l.l't. The chain should be checked for stretch
ing during the exercise. When pegging, it is important firstly 
to leave a margin around the compartment for weeding and secondly, 
at compartment ends with stretches of less than 60 m, pegs should 
be put in at the multiple of 3 m that can be fitted in. 

Nigeria 4 to 5 .o ha./hr clear areas. 
Zambia 2.25 ba/hr in areas with anthills. 

PLANTING 

Timing of Planting 

Planting should be completed early in the rains in as short a time as possible, to 
allow the trees to beoome well established prior to the severe dry season. The importance 
of timely and good. quality planting should be stt'essed. The Zambian method of commencing 
planting when the soil is moist to 30 em is a good rule of thumb. 
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Kowal ( 1975) worked out planting dates based on the start of the rains according 
to the following definitions: 

{a) 

(b) 

the first ten day period (decade) during the year having at least 
one inch of rainfall with subsequent two decades of at least half 
evapotranspiration {calculated by Penman's formula using a 25 % 
reflection co-efficient) 

the ten day period during which the cumulative annual rainfall is 
at least 100 mm, with falls of less than 10 mm in any decade 
excluded. 

The following are Nigerian samples. 

Table 2 

Start of rainy season for selected stations in northern Nigeria 

date of start of rains 
Station Estimated Target 

method (a) method (b) Planting Date 

average latesJ/ average latest2/ 

Sokoto 7 June 29 June 22 June 10 July 1 July 

Ma.iduguri 22 May 14 June 5 June 23 June 14 June 

Sa.m:~.ru 12 May 4 .June 26 May 14 June 5 June 

Kaduna 4 May 26 May 17 May 5 June 26 May 

)} The latest likely date of the start of the rains at a confidence limit 1:9; i.e. only 
once in 20 years is the start of the rains likely to be later than the dates. 

Such data give a p~nning date for planting and for such associated operations as ground 
preparation and nursery production. For plantation pll\nting, the object should be to 
complete the planting programme within a period of four weeks from the starting date. 

The effect of timely planting is related to and can affect the results of such other 
factors as fertiliser application, weeding regimes and consequent growth, but measuring 
such interactions is not easy. Research into this aspect has been done in savanna agricul
ture and for maize it was found (Baker, 1975) that planting at the optimum time gave some 
50% to 84 % increased yield over planting one month later under specific conditions. 
Similar trends could bg anticipated with plantation crops. 

Transport of Plants 

One of the important factors related to transport and distribution is the weight of 
full plant-carrying boxes; trials in Nigeria used the following types: 
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Table 3 

Weight of plant-carrying boxes and different types of polypots 

Weight empty 

Type of Box 

Wire tray 
41 X 29 X 10 

Wooden boxes 
39 X 24 X 10 

Metal boxes 
41 X 28 X 5 

large pots: 
Medium pots: 

{kg) 

em 1.10 

em 1.53 

om 2.00 

25 om x 1·5 om diameter 
15 om x 7.5 em diameter 

Weight full Weight full 
with 15 with 15 

large pots medium pots 
{kg) {kg) 

28.5 14·7 

29-3 15.1 

29.60 15.6 

The weight of over 28 kg of the boxes with large pots proved to be a strain for li:f't ing 
and carrying during a working day. The wire basket with medium pots proved the more success
ful in use. For drier areas where larger pots are essential the use of smaller boxes 
holding 9 or 10 plants should be considered. 

Planting Method 

When using polypots, the plant and its growing medium a.re transferred to the field, 
and as long as the plant has been hardened-off there is no severe shook in changing the 
environment. Mechanised planting is possible, but the well organised use of labour is 
generally preferable in savanna areas. The adequate and timely distribution of plants to 
the site is of critical importance to planting efficiency. 

Planting comprises the following activities: 

Pitting, 
Distribution of plants on site 1 

Planting. 

By pre-plantingha.rrowing and using specific hand tools it is possible to combine these 
separate activities so that they are mainly carried out as a single operation by one man. 
This type of combined operation can considerably improve productivity. 
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but requirements and productivity can be readily recalculated and measured when these 
assumptions are varied. In describing this planting method the following assumptions are 
made: 

(a) that the land has been harrowed and pegged in 60 m squares; 

(b) plant spacing is 3m x 3 m;and 

(c) tru.t mediwn sized polypots i5 em hig~h by 7.5 em diameter ace 
used; and that there is an adequate supply of full ~lanting 
trays on site. 

Equipment: 

Manpower: 

Method: 

Output: 

60 m planting chain with 3 m tags, 
300 to 600 plant-carrying trays of 15 polypot cap:~.city, 
19 planting trowels with spares, and 
a tractor with plant-carrying trailer. 

1 supervisor, 1 tractor driver, 27 labourers consisting 
of 2 chainmen, 19 planters and 6 distributors. 

Distribute plants for line planting 20 seedlings at each 
peg. Using chain and 20 planters, plant in parallel lines 
60 m apart. When this line planting is complete, just 
over one twentieth of the a.-rea is covered~ These plants 
serve as narkers for full planting carried out at right 
angles to and betweeP the planted lines. 

Between marker trees on the base line, and at each inter
val of 16 trees, lay out 19 full planting boxes 3m apart. 
To start planting, the chain is placed between the ba.se 
line tree markers to indicate the 3 m planting spots where 
planters with trowels pit and plant. The chain i3 advanced 
3 m to the next markers and the process is repeated. After 
planting 15 trees each, the empty trays are discarded and 
full ones are picked up by each planter and the planting 
operation is continued to the end of the a.rea. Empty trays 
are collected and full trays are distributed in advance of 
the planting gang. Stretching of the chain is possible 
and requires checking. 

8.5 to 9·5 ha./day initial instructional trials in Nigeria. 
15 to 16 ha/day based on standard times for Zambia using 
mini pots. 

Except at higher altitudes or in areas where moisture is plentiful, it is generally 
better to start plantation development with a clean weeding r-egime, whilst research deter
mines what degree of tolerance to weeds the selected species might have. It is of equal 
importance to clean weed species trials and early research plots, as the presence of weeds 
often affects or negates the results obtained. Under most conditions, even outside the 
savanna region, olean weeding will produce faster growth and increased yields, but it is 
necessary to have some indication that the value of the increased growth is greater than 
the cost of the weeding inputs. It is of consequence to maintain a weeding cycle that does 
not allow the weed cover to become heavily established, as heavy weed is often difficult 
and extremely costly to eliminate. 

-~ 
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The main methods or combinations of methods of eliminating weeds are hand, mechan
ised or chemical weeding. 

Complete Hand Weeding 

Hand weeding in savanna. implies cultivation of the soil by hoe or a similar imple
ment. Scraping only severs roots and can Pl'Oduce undesirable soil capping. Cutting back 
of weeds generally stimulates growth and does not reduce competition for soil moisture 
(Chapman, 1973) • 

The main constraints to hand weeding, particularly in large scale operations, are 
the size and cost of the labour inputs. Zambian data indicate that in very light weed 
cover weeding takes 7.2 man-days per ha, and that in heavier weed this rises to 25 ma.n
da.ys/ha. Task weeding in heavy grass in Nigeria required 32 ma.n-days/ha. Assuming 1000 ha. 
and that it is necessary to carry out a heavy weeding every 5 weeks, the figures indicate 
that a. labour force of between 800 and 1100 men is required during the weeding season. At 
1975 rates each weeding would cost i 55 (S89) to i 70 ($113) per hectare. In general, hand 
weeding seldom produces as intense a cultivation as mechanised cultivation. 

Mechanised Weeding 

Mechanised weeding covers only the interrow area and requires supplementary hand 
weeding of the area adjacent to the trees left uncultivated in the mechanised operation 
(Baker, 1975). To avoid damaging the plantation crop, initial mechanised weeding should 
be kept fully 30 to 45 em from the trees, and as the crop grows this distance should be 
increased. Interrow weeding may be by oxen or tractor power. 

When evaluating different types of mechanised equipment the comparative unit measure 
is the "cultivated plantation hectare" (C.P. ha), which is a measure of the area effectively 
cultivated excluding the area to be supplementary hand weeded, i.e. one C.P. ha is 
10 000 m2 (length x width) of effectively cultivated plantation land. For management pur
poses, however, the "gross plantation hectare" is the unit measure used and refers to a 
hectare of trees i.e. when the number of trees including blanks treated equals the number 
of trees per ha planted, the area is a G.P. ha. The G.P. ha includes the area to be hand 
weeded, but that actual area will vary with the width of the implement used for the inter
row weeding. 

Investigations employing oxen with Ariana spring tine cultivators have indicated 
the feasibility of interrow weeding with this combination in the Nigerian northern Guinea/ 
Sudan zones (Allan, 1972; Makin-Taylor, 1974). A two oxen team averaged some 94 to 141 min 
to weed a G.P. hectare, which in a 4 to 6 hour day indicates outputs of 2 to 3 ha. On the 
assumption that costs will have doubled since 1971, costs per ha would be of the order of 
li 3 (S4.80) to i 4 {$6.40). (The capital cost of the oxen will have more than doubled 
during the period, but the salvage, or meat, value wi 11 have risen in slightly more than 
compensatory fashion.) The setting up of oxen units requires considerable application and 
training and has not so far been implemented at other than the investigatory level. 

A number of trials to eval~te a range of weeding implements have been carried out 
in Nigeria and Zambia (Allan, 1973; Deveria, 1972; Forestry Department Zambia, 1971). 
Columna 7 and 8 of Table 4 indicate the gr-eater cost efficiency of harrows compared to 
rotavators, and of the harrows the M/F 34/16 is marginally the best. Similar conclusions 
were reached in Zambia. The average trial output of the medium wheeled tractor and harrow 
is indicated as 1.58 G.P. ha/hr (column 3) but for practical purposes a standard time would 
be of the order of 1.0 to 1.2 G.P. ha/hr. mechanised interrow weeding may be done in one 
direction with supplementary line weeding, or in two directions at right angles with supple
mentary spot weeding. Referring back to Table 1 shows that a complete weeding in one 
direction would cost i 18.30 (S29.65) whereas spot weeding and two mechanised weedings at 
right angles would cost i 12.60 {$20.41); and the cost difference over a season is 67 %. 
These a.re not directly com}:al'able because the two-way \'leading gives double cultivation to 
60% of the area and, as Deveria (1972) points out, cross cultivation can put a strain on 
the tract or and implement • 



Table 4 

Estimated 1975 cost per unit area for mechanised interrow weeding 

Operating Cost2f O.T.YperJ/ Cost/G.P. ha O.T. per41-~ost/C.P.· ha 

Tractor & Implement per hr G.P. ha c.P. ha 
(i) (min) (i) (l us) (min) (») (S us) 

M/F 165 + M/F 34/16 
harrow 5.24 37.75 3.29 5·33 45·30 3.96 6.41 

M/F 165 +Howard 1.52 m 
rotavator 5·79 42.50 4.10 6.64 69.66 6.72 10.88 

M/F 165 + Ransome HR 
35 harrow 5.67 42.73 4·04 6.54 51.27 4·84 7.84 

M/F 165 + Ransome HR 
29 harrow 5.02 38.66 3.23 5·23 49.87 4-17 6.75 

1/ 1973 costs updated to 1975. Tractor costs increased by 78 %and implements by 29 %· 

y O.T. (operating time) for a tractor unit operation is the total working time in minutes per specific areaor unit, 
and is calculated by adding working, minor stop and turning times. 

J/ G.P. ha = "gross plantation hectare",refers to a hectare of plantation trees. For post planting mechanised 
weeding, when the number of trees including blanks treated is equal to the number of trees per hectare at time of 
planting, this is a unit G.P. ha. 

ty' C.P. ha = "cultivated plantation hectare". In a plantation, when the area cultivated, a.s calculated by length 
times breadth in metres effectively cultivated is 10 000 m2, this is a unit C.P. ha. (In a weeding operation 
this excludes the area to be hand weeded.) 

..... 
~ 
0\ 
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Considerable studies of supplementary hand spot weeding have been completed in 
Zambia. (Forestry Department Zambia., 1971). The vegetative weed cover is assessed by the 
number of hoe strokes required to weed around each tree as: 

Extra. light 
Light 
Mediwn 
Heavy 

- less than 10 hoe strokes 
- 10/20 hoe strokes 
- 20/30 hoe strokes 
- 30 or more hoe strokes per spot. 

Table 5 

Standard times and outputs for spot weeding 

Weed Cover 

Item &: Unit Extra Light Mediwn 
light 

St~'>.nda.rd time in 
minutes 0.28 0.38 0-55 

Time per ha in 
minutes (3m x 3m) 311 422 611 

Output in man-days/ 
ha.* 1.25 0.92 0.60 

* taken as a Nigerian 6.5 hour man-day. 

Heavy 

0.96 

1067 

0-36 

The data. in Table 5 are based on Zambian work study (F·orestry Department Zambia, 
1971) but initial studies in Nigeria indicate that with adequate supervision and some 
allowance for higher temperatures similar outputs could be anticipated. Estimated line 
weeding outputs can be readily calculated from this data.. Spot weeding costs would vary 
from i 1.76 ($2.85) per ha in sparse weed to i 6.11 ($9.90) in heavy weed cover. 

Chemical Weedin~ 

The use of herbicides or a.rboricides have been curtailed in many countries, due in 
some measure to fear of the danger in using such chemicals, in particular health hazards 
to operators and adverse ecological effects. Many of the dangers have been exaggerated 
(see Dost !i !!, 1975, on 2, 4, 5 - T and T.C.D.D.) but discussions have become emotional, 
and though clearance investigations have been run and proved it is not always easy to 
change public opinion. It is vital, therefore, to make a careful study of the background 
information and correct usage of any chemical weedicide before introduction into planta
tion practice (Barring, 1974). 

The main reasons for trying out chemical weeding are: 

!i) .. ) 
~~i) 

(iv) 

where labour is in short supply, 
where present weeding methods are inefficient, 
where the land is liable to erosion, or where rocks or 
outcrops preclude mechanised weeding, 
as a supplement to hand or mechanical weeding. 
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There is a need for an extensive research programme which would offer an opportunity for 
co-ordinated work between savanna countries. Use should be made of agricultural results 
as many of. the problems are common to both disciplines, One basic silvicultural question 
is whether chemical weeding will give the same benefits in growth and yield as have been 
observed from cultivation weeding. 
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FEATURES OF CHJ!ICICAL WEED CONTROL 

A.dvantaes 

1. Risk of erosion reduced through the mulching effect; 
2. Generally specific to one type of weed and 
3. Effects generally longer lasting than mechanical methods. 

Disadvantages 

1. Generally (but not alw~s) more costly than mechanical weeding; 
2. Timing of application is usually important; 
3. Large quantities of diluent must be carried into the field (but this is being 

overcome by ultra low volume applications) and 
4. T•lxici ty. 

NURSERY WEED CONTROL 

Sterile Seed Bed Technique 

Using paraquat (trade name Gramo.xone), the beds are r.Jade up before transplanting and 
watered to encourage the weeds to germinate before they a.r~ spr~ed. Paraquat is an overall 
herbicide that kills all green tissue. It is not translocated to the roots; therefore the 
weeds must be young (no more than 5 em high). 

Rate: 1 litre produot/ha. Can also be used on nursery paths. 
Cost: Approximately 110.20 (about U.S.$0.32) per 30 x 1 m bed; generally cheaper than 

hand weeding. 
Toxicity: Very high if ingested, but quickly inactivated in most soils. 

Fumigation 

Methyl bromide is used. It kills weed seeds and pathogens, but also kills nitrifying 
ba.oteria; therefore a soluble fertilizer must be used. It is applied in gaseo\'.S form before 
transplanting. 

Toxicity: Very high. 

WEED CONTROL IN THE Em'ABLI ffiMEN'l' PHASE 

Dala~n 

Dalapon is specific to grasses. Best kill is when the grasses are freshly shooting, 
It can be mixed with 2,4-D to control broadleaved weeds as well. 

Rate: 6 - 10 kg active ingredient/ha in 100 litres water. 
Cost: About )115/ha (about U.S. $24/ha) 
Toxioi t.y: Low. 

Triazine a 

Simazine, atrazine, etc. , act on emerging seedlings principally through root uptake. 
Some of the newer formulations are more soluble and also act through the leaf, but generally 
good soil ~· :paration is necessary to remove the existing vegetation. Triazines give overall 
weed control v~ most species except maize (physiological seleotiYity). 

Rate: 1 - 3 kg active ingredient per ha. 
Cost: About 1115/ha (about u.s. $24/ha) 
Toxicity: Low. 
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WOODY WEEDS 

Although most savanna plantations will be established by complete clearing, some woody 
weeds m~ still arise from roots or seed. The usual chemicals for their control are 2,4-D 
and 2,4,5-T or more recently, picloram. They mey kill through foliar or bark spra;ys, but 
they ma;y also aff,:nt many of the species (especially broadleaves) used in savruma afforesta
tion. 

Where stumping has not been done, coppicing mey be prevented by these chemicals, or 
ammonium sulphamate or sodium arsenite. The last is very poisonous. Generally, chemicals 
diluted in oil give better bark penetration. 

f1IEI'HODS OF APPLICA'l'ION 

1. Hand. Knapsack spr~rer, often with guards to prevent drift. Chea.p to buy, but 
slow (l- 2 ha per da;y). 

2. 'l'ractor. 
Dangers of drift. 

Faster, but ground may be too wet at the best time for application. 
5 - 10 ha per day. 

3. Aeroplane. Very fast, but need runways and support facilities close at hand. 
Independent of soil condition. Considerable dangers of drift. 100 ha + per da.v. 

FURTHER lNliURlllA'l'ION 

A useful source of further infonnation on chemical weed control is the Heed Control 
Handbook. The full references to this are: 

Fryer, J.D. & Evans, S.A. Weed Control Handbook. 
1970 

Vol. I Principles. Blackwell, Oxford. 

Fryer, J.D. & ll1akepeace, R.J. l~eed Control Handbook. Vol. II Recommendations. Blackwell, 
1972 Oxford. 
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INTRODUCTION 

It is only in the last two or three decades that the use of fertilizers 

1')3 
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in forest plantations has become widespread. Before that it was assumed that the expense 
of fertilizers was too great if they were used for a relatively slow-maturing crop like 
forest trees. Nowadays it is realized that if the diminishing area of land available for 
forestry is to meet the needs of a world population which is both increasing in numbers 
and demanding a higher standard of living, this land must be managed to produce the 
maximum economic yield. This is being achieved by improved cultural practices, selection 
and breeding of higher yielding trees, and, in appropriate circumstances, by the use of 
fertilizers. 
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There are two main situations in which fertilizers are needed, though there are 
borderline cases between the two. The first is where a species of tree cannot be grown 
satisfactorily on certain sites without the use of fertilizers. Examples are eucalypts, 
which need boron on many African savanna sites, and pines, which will not grow satisfactorily 
on some Nigerian soils without added phosphate. Here the choice is simple: apply fertilizer, 
or do not grow these species on such sites. The second case is where fairly satisfactory 
plantations can be established without the use of fertilizers, but where the yield is 
increased if they are applied. In this case the decision is an economic one; do the increased 
yields compensate for the extra cost, compounded appropriately? 

The work of the Savanna Forestry Research Station in Nigeria included a series of 
experiments on the use of fertilizers in plantations. These are covered in fair detail 
by Jackson (1974). Work elsewhere in the savanna region of Africa is dealt with by Laurie 
(1974) PP• 37, 104-105. 

ESTIMATION OF FERTILIZER NEED 

A number of techniques are available for estimating the need for fertilizers. 
Shortage of certain plant nutrients will show up in visual symptoms, such as discoloration 
and deformation of leaves and stems. With experience it is often possible to know which 
nutrient is lacking, but even if this can be done with some certainty the amount of the 
nutrient required :;o correct the deficiency is unknown. Frequently, also, plants show no 
outward signs of r.utrient deficiency, but still give greatly increased yields if fertilizers 
are applied. 

Soil analys1.s is useful to give an indication of what additional nutrients are 
likely to be needed. It can be misleading, however, as certain nutrients may be present 
in abundance, and ;;·et be unavailable to plants. An example is certain soils on the Marnbilla 
Plateau, which hav~ a high phosphorus content; yet trees on these soils show a marked 
response to phosphate fertilizers. Also different species of trees vary in their nutrient 
requirements, and a soil which has adequate supplies for one species may have insufficient 
for another. 

Studies of nutrient content of plant tissues can be valuable, but before they can 
be used the levels of nutrients found need to be calibrated against those found in trees 
of known health and growth rate so that optimum levels can be determined. 

Pot experiments can give valuable indications of likely nutrient deficiencies, but 
it is rarely possible to extrapolate directly from the results of such experiments to field 
practice. For one thing the volume of soil available in a pot is much less than the 
volume available to the roots of a growing tree. 

Thus the basis of estimation of fertilizer needs must eventually be field experiments. 
When these have been established, results of soil and tissue analysis can be correlated 
with them, and used for further estimations. 

In field experiments, factorial designs with nutrients at, if possible, at least 
three levels each, are to be preferred. This method not only shows what nutrients are 
needed, but also enables the optimum levels of each to be estimated. Unfortunately the 
large areas needed for field trials of fertilizers in forestry often preclude the use of 
more than three levels of SQ3 three nutrients in a single trial. 
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RmPONSE OF DIFF!RENT SPIOOIES TO F.EBTILIZERS 

Eucalypts 

Boron deficiency is a common cause of poor growth of eucalypts in many parts of the 
savanna region of Africa. It was first described from Zambia by Savory (1962). Its 
symptoms are distortion and discoloration of the leaves, followed by dieback of the 
leading shoot; this dL1back lll8¥ be repeated for several years, Wltil in the end all that 
is left is a densely br&~ching bush. In less severe cases repeated dieback causes the 
stem to become crooked, reducing its value. 

The remedy is to apply fertilizer borate (14 percent B) soon after planting. In 
Nigeria. 5o-60 g per tree has been fo\Uld to be adequate, but in Zambia "at least 57 g 
are required on shallow soils in low rainfall areas, and 144 g on the deep sands or in 
areas of high rainfall" (Laurie, 1974). 

Caution must be used in applying borate to very sandy soils of low buffering 
capacity, as in these conditions boron toxicity is very likely. Considerable damage 
was caused to Eucalyptus trials in the area north of Kano by application of borate. In 
such circumstances very light doses, repeated a number of times, should be tried. 

Eucalypts generally also respond to other fertilizers, especially phosphate, but 
quite often to nitrogen as well. There is also quite often a strong interaction, in 
that nitrogen without phosphate has little effect, and to some extent vice versa, but 
when the two are combined the effect is much greater. Particularly with nitrogenous 
fertilizers, too much can be as harmful as too little. 

Tables 1-3 give some results fl~m fertili~er trials on eucalypts in Nigeria to 
illustrate some of these points. 

In Zambia, Laurie (1974) reports that standard practice is to apply an NPK 
fertilizer, with the proportions of 11:22:11, at the rate of 57 g per plant. This is 
equivalent to 14 g of urea (or 35 g ammonium sulphate), 70 g of superphosphates, and 
about 12 g of muriate of potash (KCL) per tree. 

In Nigeria phosphate has been found to be the most commonly limiting nutrient, and 
on many soils it is essential to add phosphatic fertilizers to obtain satisfactory 
survival and growth. Phosphate-deficient pines are typically stunted, with little 
branching, and needles which tend to turn brown at the tips. These are very similar to 
the symptoms of ~corrhiza deficiency, and it is possible that the effect of the phosphate 
acts through stimulating ~corrhiza development. 

The effect of nitrogenous fertilizers is much less, and some forms have been found 
to be injurious, especially urea. For examples see Tables 4 and 5· At Mokwa, even with 
the phosphate, growth is unsatisfactory, but the striking difference in mortality should 
be noted. 

Boron deficiency has been recorded from pines in various parts of Africa, but so 
far there are no records of trials in the savanna region. 
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Teak ( Tectona grandia) 

In Nigeria, on sood sites, the general effect of applying fertilizers to teak has 
been an improvement in growth during the first three or four years, after which the 
unfertilized plots caught up with the rest. On poor sites fertilizers had a marked effect, 
but even with their use growth was unsatisfactory; growth of fertilized trees was poor, 
that of unfertilized trees even poorer. 

As teak is a relatively slow growing species, considerable increases in growth would 
be required to cover the cost of the fertilizer if compounded to the end of the rotation. 

Gmelina arborea 

Results from trials in Nigeria showed a considerable variation from site to site. 
In some cases there was a response to urea but not to superphosphate, and in others the 
reverse, while elsewhere there was a marked interaction between the two. The proportions 
which, on the whole, gave the best results, were N:P2o5 5:4, when the nitrogen was applied 
as urea. In one group of trials ·this combination conS1derably increased height growth in 
the first year, but caused a marked colour change in the leaves, the lamina turning bright 
yellow while the veins and a narrow strip along them remained bright green. This is 
presumably due to a trace element deficiency, and is an example of how, when one limiting 
factor is removed, the effects of others m~ become apparent. 

Neem (Azadirachta indica) 

Some trials were made north of Kano on a very poor sandy site. Although nitrogen 
and phosphate stimulated growth during the first two years, this increased growth was not 
maintained, and it was clear that the main obstacles to good growth were the very poor 
physical conditions of the site, a very freely draining, almost pure, sand. Some 
encouraging results were obtained during the first two years by incorporating animal 
manure in the planting holes at the time of planting. 

TYPES OF Fl!R'l'ILIZERS 

There are many types of commercial fertilizers on the market, and often the decision 
on which one to use will depend on what is available locally. A large proportion of the 
cost of fertilizers is freight. If a certain fertilizer is widely used in a country it is 
likely to be imported by the ship load (if not manufactured locally), and will be much 
cheaper than if a load of a few tons is specially imported. This effect of freight costs 
also means that, in countries remote from a port or source of manufacture, highly concen
trated fertilizers m~ be considerably cheaper in use than less concentrated ones. For 
instance it m~ be cheaper to use triple superphosphate (45 percent P205) than single 
superphosphate (18 percent), although the initial cost of the former is higher. 

The nutrient content of commercial fertilizers is usually expressed as percentage 
nitrogen, percentage phosphorus pentoxide (P20) or its equivalent, and percentage 
potassium oxide (K2o) or its equivalent in potassium. (P2o~ contains 42 percent P, and 
K20 contains 70 percent K). Thus a compound fertilizer witn the formula 11:22:11 will 
contain the equivalent of 110 g nitrogen, 220 g phosphorus pentoxide 1 and 110 g of potassium 
oxide per kg. This allows the cost of the nutrients in different fertilizers to be 
compared. 

Sometimes local sources of fertilizers can be located. For instance in the north 
of Thailand locally produced rock phosphate costs 167 per ton, with 25 percent P205, 
while superphosphate (18 percent P2o5) costs about S270 per ton. Per unit of phosphorus 
the superphosphate costs over 5 times as much as the rock phosphate. 
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Rock phosphate is a "slow release" fertilizer, in that its phosphate is only converted 
into a form usable by plants over several years (though it can be released more quickly if 
the finely ground rock phosphate is mixed with sulphur). '!his is sometimes an advantage 
for forest trees, and in different parts of the world other slow release fertilizers as 
sources of nitrogen, boron, and other elements, are being experimented with quite widely, 
though little has been done in the savanna zone in Africa. 

Some fertilizers have side effects Which may be harmful. The harmful effects of 
urea on pines have been already mentioned. Ammonium sulphate if used over a number of 
years increases the acidity of the soil; this might not be important for som~ species of 
trees, but can be harmful to agricultural crops. Not harmful, but in somo circumstances 
beneficial, is the fact that superphosphate contains a high percentage of sulphur in the 
form of calcium sulphate; sulphur is known to be deficient in some savanna soils. 

MEr.HOD OF APPLICATION OF FERTILIZERS 

The simplest method of application is to apply the fertilizer in two small patches 
on each side of the tree, 15-30 em from the stem, and hoe it in. (If the plantation is 
mechanically cultivated by disc harrow, the harrow will turn the fertilizer in during 
weeding operations). Especially with borate and potassium chloride, care should be 
taken that the fertilizer does not come in direct contact with the foliage of the tree. 

The fertilizer should be applied a few weeks after planting, preferably during a 
relatively dry period, if this is possible. 
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TABLE 1 

EFF!XlT OF FERTILIZERS ON liiJCALYP.ruS C.AM.ALDULEHSIS 
PLANTED 1967 AT KABAMA, ZARIA. ASSESSED SEPTDmER 1972 

MEAN BASAL AREA m2 /ha 

:Borate 

Superphosphate 0 28 g 57 g 

0 6.7 8.4 10.4 

57 g 9·2 9.1 11.9 

113 g 8.5 10.5 10.6 

Mean 8.2 11.0 

Least significant difference means within table Z 2.25 
Least significant difference marginal means:!: 1.30 

No significant effects from urea in this experiment 

TABLE 2 

EFFDJT OF FERTILIZERS ON liiJCALYPTUS CITRIODORA 
PLANTED 1965 AT MAIRABO, ZARIA. ASSESSED SEPTDmER 1969 

MEAN BASAL AREA m2 /ha 

Ammonium Sulphate 

Superphosphate 0 113 g 227 g! 
0 4·9 4.9 5·3 

113 g 5·6 8.0 5·5 
227 g 6.7 11.5 6.7 

Mean 8.2 

Least significant difference means within table :!: 2.98 

Least significant difference marginal means ! 1.72 

No borate added. No effect from potassium chloride 

I 
Mean 

Mean 
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TABLE 3 

EFFJOOT OF FERTILIZERS ON EDCALYPTUS TERE'l'ICOBNIS 
PLANTED 1971 AT AFAKA. ASSESSED MARCH 1972 

MEAN HEIGHT em 

Ammonium Sulphate 

Superphosphate 0 100 g 200 g 

0 158 190 152 
100 g 171 189 191 

200 g 172 212 207 

Mean 167 197 

Least significant difference means within table! 32 

Least significant difference marginal means ! 18 

TABLE A 

EFFJOOT OF DIFFERENT FORMS OF NITROGEN ON PINUS C.ARIBAEA 
AT AFAKA. PLANTED JULY 1969, MEASURED MARCH 1972 

Phosphate absent Phosphate present Mean 

Mean Mean 
Nitrogen Deaths height Deaths height Deaths 
fertilizer % m % m % 

Nil 12 1.17 6 2.45 9 
Urea 30 1.04 33 2.45 31 

Ammonium 16 1.10 5 2.77 10 
sulphate 

Nitrochalk 34 1.14 5 2.62 20 

Mean 23 1.11 12 2.57 18 

Least significant difference of 2 mean heights in table ! 0.29 m 

Mean 

167 

184 

197 

-------·--, 

Height 
m 

1.81 

1-74 

1-94 

1.88 

1.84 
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TABLE 5 

EFFJOOT OF SUPERPHOSPHATE ON GROWTH OF PINUS CARI:BAEA 
AT MOKWA PLANTED 1969. ASSESSED SPRING 1972 

Superphosphate, g/tree 

0 

100 

200 

Least significant 
difference 

Soil Series 

Kulfo sandy loam Ta.kumah loamy sand 
.. 

percent 
survivors 

12 

71 

66 

mean percent mean 
height, survivors height, 

m m 

1.1 21 81 

1.9 50 1.0 

1.8 52 1.5 

!0.48 :!: 0.49 
·-----

Boron deficiency is a common cause 
of poor growth of eucalypts in many 
savanna soils, and without addition 
of borate fertilizers plantations 
such as this Eucalyptus tereticornis 
(three years old and beginning to 
close canopy) at Afaka, Nigeria, 
would not be possible. 
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Emphasis in this paper will be on village woodlots and the role of Acacia albida and 
!• senegal in Sahel-zone forestry. 

ESTABLISHMENT OF VILLAGE WOODLOTS 

A village woodlot is a small area, usually less than 5 hectares in size, to be planted 
to trees by villagers with the technical assistance of the forest service. 

Arousing Public Consciousness 

The first step in creating a village woodlot is to interest the local population by 
explaining the intended goals, how they will be expected to participate, and who will own 
the woodlot (as a rule it is the village). For an operation of rather large scope, this 
phase calla for the participation of administrative cadre, the customary chiefs, forest 
agents and rural extension officers. 
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Site Selection 

The problems of selecting a site is particularly difficult because successful estab
lishment of woodlots can only be accomplished on farmland, whereas the villages naturally 
prefer to donate only poor land for woodlots. It is absolutely necessary to refuse such 
land and to seek a compromise, even being prepared to use a smaller plot of land than 
initially anticipated. 

Land Clearing 

Clearing of l~~d for village woodlots is done by hand. The following steps are usually 
followed (unless the land had been cultivated previously): 

1) felling of all trees on the plot; 

2) extraction of stwnps; and 

3) removal of roots and cutting up into stares. 

Obviously, the time required for clearing will depend on the type of vegetation. On 
savanna sites moderately densely covered with Combretaceae and below the 600 mm isohyet, 
roughly 85 man~s per ha will be required. 

Pegging Out 

It is not absolutely necessary that staking out be highly accurate, but trees should 
be spaced approximately 4 m apart. It is, therefore, advisable that this operation be done 
under the supervision of a forester. 

Soil Working 

In establishing village woodlots, it is best to work the soil manually, as there is 
no justification for the use of machinery for small-scale operations; furthermore, a 
purpose of establishing these woodlots is to involve the villagers in the operation. 

Two types of tasks have to be done: 

1) initial ploughing of the entire area for the sole purpose of improving the 
catchment of the first rains; this should be done with traditional farm implements; 

2) digging of holes on the land where the plantation is to be set out. 

Many trials of manual soil working have been conducted in the Sahel in order 
out which techniques are most effective. In particular, techniques devised for the 
zones of North Africa (mounding, ridging, etc) were t~sted and did not prove good. 
is a brief description of one such trial: 

Place of trial: Niger 
Total annual rainfall: 281 mm 
Treatments, corresponding to five soil working techniques: 

A. control plot {holes of pot size) 

B. digging of holes 60 x 60 x 80 em 

C. digging of holes 40 x 40 x 40 em 

D. burrowing 

E. furrowing and ridging 

to find 
arid 
Following 

Design: 1 species of tree, 250 replications, or 1250 plants spaced 3.50 x 3.50 m apart. 
Species used: Eucalyptus camaldulensis 8411 
Date of planting: 11 and 12 July 1972 
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Results by end of November 1972: given in table below. 

TREA'IMENT A B c D E 

Percent survival 86.8 96.4 93.6 59.2 79.6 

Height (em) of live 
plants 104 117 109 105 106 

From this trial, as well as others, the following conclusion is drawn: In arid zones 
the best results are obtained by the method of lar,ge holes ("grand potet"). 

The cost and time involved in digging holes vary greatly depending on the kinds of 
soil. On soils of average difficulty, from 10 to 25 holes of 60 x 60 x 60 em dimensions 
can be dug by one man per d~. The holes are then immediately filled in; it not being 
necessary to wait for the first rains. 

Fishbone Water Catchment Pattern 

In the arid zone most of the water that falls on the plot has to infiltrate into the 
soil; losses due to runoff must be reduced to a minimum. It is also advisable, if possible, 
to concentrate the water around the plants, as this can especially help them withstand a 
drought period. To that end a so-called "fishbone" pattern or design has been worked out. 
On sloping ground (no matter how slight the slope) a slight ridging 10 em high is required 
below the plants, forming for each plant a curved water retention basin. Two furrow-drains 
for each basin lead off to two other basins below. In a quincunx plantation pattern, one 
obtains the following design: 

~~~~~~~ 

1\1\1\1\1\1\/ 

This has proven to be a perfectly efficient design, as it effectively concentrates the 
water around the plants. 

Measurements have been taken in such an arrangement to determine the soil water content 
around the plants and between two plants. The following average figures were obtained one 
month after the end of the rainy season: 
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soil water content around the plant: 4.92% 
between two plants: 4.11% 

These notable differences are maintained for up to 6 months following the end of the rains. 

Construction of the fishbone pattern is done entirely by hand and requires only a few 
man~s: 15 to 20 per hectare. However, careful instructions m~ need to be given before 
the work is started. 

Fencing 

For any plantation in the arid zone, fencing is absolutely essential and, indeed, is 
decisive for success. Where there is no fencing or if the fencing is poorly made or not 
kept up, livestock quickly penetrate and can ruin the plantation within a few hours. 

There are several possible types of fencing, including barbed wire, grillwork and 
live hedges. The simplest and most rustic type, requiring no investment of funds, is the 
11zeriba". By zeriba is meant an entanglement of spiny or thorny branches kept erect by 
wooden stakes. If well made, it is tully efficient as a fence but it has to be kept in good 
condition. About 180 man-hours are required to erect a 1 000 m long zeriba. 

Planting 

Although termite damage in the arid zone is generally rather limited and termites are 
often incorrectly blamed, as they often appear to devour deadwood of plants of the previous 
season, whenever possible it is necessary to give the soil an anti-termite treatment, 
usually with dieldrin, prior to planting. In such cases, the technical assistance service 
must be called on to help. 

An absolute rule is that planting must be done after the rains have started. From 
experience it is known that this is generally around 15 July in the Sahel. It is alw~s 
too risky to plant in June and it is too late to plant in August, the best planting season 
being, in at least 90 cases out of 1001 between 15 and 30 July. 

In the arid zone it is alw~s necessary to set out potted plants (see also paper 
entitled "Soil mixtures 1 use of containers and other methods of plant raising" 1 page ) • 
Depending on the nature of the soil, one should use either neem (Azadirachta indica), 
Cassia siamea, Prosopis chilensis, Parkinsonia aculeata or certain African acac1as 
(A. nilotica var. 8danson1i 1 A. seyal, A. nilotica var. nilotica, A. tortilis, etc.). 
These plants will be furnished by the nearest forest treeilli'rSery.- Planting is an easy 
task but it m~ require certain preliminary explanation (especially regarding the cutting 
aw~ of the bottom of the pot). It is relatively rapid, requiring a maximum of 8 man-d~s 
per ha. 

Maintenance 

Unfortunately it often happens in the Sahel that plantations set out under good con
ditions are not well maintained, usually for lack of funds or follow-up of the operation. 
~en if such plantations are not ravaged by fire, their growth is very poor because of the 
tremendous competition from grasses, causing the forest trees to suffer and die for lack of 
water for which they are obliged to compete. 

During the fj.rst year after the plantation is set out maintenance work has to be done 
twice - once during the rainy season before the grasses go to seed, that is in the second 
half of August, and again at the end of the rainy season, during the first half of October. 
The maintenance work done at the end of the rainy season needs to be repeated in the second 
and third years. In subsequent years such maintenance seems desirable but is not absolutely 
essential. Maintenance is done with traditional farm implements (the hoe or 'daba' and 
'hilaire' in particular). 
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ACACIA ALBIDA 

Acacia albid& has many local names -it is called 'gao' by the Haoussas, 'cadde' by 
the Wolofs, 'balanza' by the Bambaras, 1 zaanga' by the Mossis and 1 tchaski' by the Peuls. 
It is a conunon tree in many farming areas of the Sahel-sudan zone. 

It is a valuable tree for farmers because it enriches the soil and, being decidious, 
loses its leaves during the rainy season so that it does not interfere with crops. This 
characteristic has long been recognized and it deserves the name of "miracle tree" given it. 

The following sections on A. albida will provide some s~ccinct information,in annotated 
outline form, which shows the value of this species and indicates planting costs ir1 French
speaking arid countries of Africa. 

Acacia albida and the Farmer 

Research in Senegal by I.R.A.T. demonstrated the beneficial effect of Acacia aluida 
on soils. Increases in soil properties under !• albida were: 

7% - clalf content 
134% - assimilable phosphorus 

6o% - total carbon content 
43% - equivalent moisture, consequently, water retention capacity 

10o% - total nitrogen 
10o% - exchangeable calcium content 

7o% - exchangeable magnesium content 

In Niger1 0.R.S.T.O.M. measurements showed that the increase in the contents of certain 
minerals in soils under Acacia albida corresponds to the following quantities of fertilizers 
and soil amendments: 

synthetic fertilizer 
potassium chloride 
bicalcium phosphate 
dolomite 
lime 

- 50 to 60 t/ha (300 kg of organic nitrogen) 
- 50 kg/ha (24 kg of potassium) 
- 80 kg/ha (31 kg of soluble P205 and 25 kg of Ca) 
- 125 kg/ha (15 kg of Mg and 25 kg of Ga) 
- 100 kg/ha (43 kg of Ca) 

The reasons for the beneficial effect of !• albida on the soil are the following: 

1. very active decomposition of leaves when crops are starting to sprout; 

2. fertilization by livestock which finds shade under the acacia; 

3. diminution of dessication by wind, and of evapotranspiration during the dry 
season, as well as of leaching by rain, and of fluctuations in temperature 
at all seasons; 

4. possibility of fixing atmospheric nitrogen; 

5. bringing fertilizing elements up to the surface from very deep in the soil 
(in relation with point 1). 

The fertilizing and improving action of A. albida on soils is beneficial to crops. 
In experimental plots of I.R.A.T. in Senegal mean yields of millet were: 

a. 600 kg not under !• albida (traditional millet growing); 

b. 1 000 kg at a distance of 5 m from !• albida stems and 

c. 1 700 kg at less than 5 m from the tree. 
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Planting under A. albida it is possible to obtain millet yields three times greater 
than those in open fields were there are no Acacia. 

Acacia albida and Stockraising 

A. albida is valuable as forage and fodder crop. The leaves are edible and assimilable. 
As regards protein content, they provide an excellent forage or fodder. 

As for the pods, a yield of from 400 to 600 kg may be obtained from a stand of 60 
acacias per ha, equivalent to the fodder consumed between two over-wintering periods. 

Planting 

The planting of one hectare of Acacia albida at the rate of 100 stems spaced 10 x 10m 
apart, preferably in quincunx, costs about 30 000 CFA francs. Spacing of 1~ x 10 m is opti
mum. Even when reduced to 50 trees per hectare due to gaps, failure to t?ke, natural 
selection or artificial thinning, the trees still cover the soil, yet without interfering 
with the use of draught animals in crop farming. 

Operation 

Raising of 100 nursery plants in polyethylene wrappings 

Marking out the plantation are~soil preparation and 
staking out 

10 man-days at a rate of 400 CFAF /man-day 

2 man-days at a rate of 600 CFAF /man-day 

Transporting of nursery plants to the plantation grounds, and 
distribution on the ground (using an all-purpose vehicle) 

Actual planting 

3 man-da,ys at a rate of 400 CFAF /man-day 

Small implements 

Surveillance and protection against livestock 

1st year 
2nd year 
3rd year 

These costs are distributed as follows: 

1st year 
2nd year 
3rd year 

21 000 CFA F 
5 000 Cl<'A F 
4 000 CFA F 

'IDTAL 

Cost (C:B'A F) 

3 500 

4 000* 

1 200 

5 100 

200* 

000 

5 000* 
5 000* 
4 000* 

30 OOC CFA F 

* These prices may possibly be reduced if, as is desirable, the local population 
is directly involved in the operation (bonuses awarded for good plant survival). 
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ACACIA SENJroAL 

As for Acacia albida, it would be possible to discuss !• senegal, the gum-tree, at 
great length. Here only certain ideas will be expressed relative to the various possibili
ties for its use offered foresters in the Sahel - that is, the establishment of groves of 
gum-trees. 

Organization of Gum Gathering 

Nomadic, pastoral peoples generally collect gum, provided a market for it exists. 
To illustrate, little more than 20 years ago the production of gum in a country like Chad 
was insignificant, certainly less than 100 tons per year. Then in the geographic departments 
of Ouaddai and Biltine a publicity campaign was launched and an agency was set up to pur
chase the gum at a price fixed annually. This caused a considerable increase in the annual 
production in Chad, to about 2 000 tons in the years 1965 to 1968. 

Since then there has been a spectacular decline in the production of gum in Chad, now 
running from 200 to 300 tons annually. Certainly the drought in recent years was largely 
responsible for this decline but it was accelerated by the almost complete stoppage of 
publicity and a purchase pr:i.ce that offered no incentive whatsoever; in fact, a good portion 
of the gum produced had to be sold in the Sudan. 

Wherever natural stands of gum trees exist, the first step to be taken is therefore 
to make the population aware of the value of this commodity, to be followed by organization 
of the market and setting of good incentive prices. 

Safeguarding Natural Stands 

The gum-tree is a pioneer species that gains a foothold on abandoned land, especially 
former cropland. Gum-trees grow in virtually pure, even-aged stands 3lld start to produce 
at about five years of age, continuing up to 25 years of age; they then grow old and die 
off at from 40 to 50 years of age. As a rule, no.na+.ural regeneration occurs under gum
trees. Consequently where there were gum-trees in full production, around the years 1940 
to 1950, there are now dying stands on land which bear no other trees. This is what was 
observed during a study tour on the gum-tree in 1972 in Niger, in the 'manga' country, 
where the only large stands of gum-trees that were seen were outside classified forests. 

Spots where regeneration is occuring, sometimes large one~, do appear almost every 
year on abandoned land. These regeneration spots will turn into future gum-tree stands but 
they are exposed to three hazards, especially during the first 3 years, namely: fire, live
stock browsing and renewed crop growing. 

It seems that a wellthought out gum-tree policy should have among its goals, and 
before any planting work is undertaken, the safeguarding of such naturally regenerated 
stands. Also forest laws should give foresters the authority to protect young gum-tree 
stands discovered in this way so long as they continue to produce. This solution, \<Ird ch is 
being developed in Niger, seems far preferable to establishment of man-made stands. 

Man-made Gum-tree Stands 

The planting of potted gum-trees om land that has been worked is easy from the techni
cal standpoint but a heresy in economic terms because of the high cost of working the soil 
and planting. 

It was thought that it would be possible to establish man-made gum-tree stands by 
direct seeding after harrowing of the soil. This is technically possible but definitely 
raises the question of protection. However, from results obtained with the gum-tree project 
now underway in Chad in the Chari Baguirmi (a European Development Fund - EDF project), 
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this is a technically feasible solution only if the soil is harrowed after the first rains. 
It appears that it is impossible to work large arQas by machines because they can be used 
for only 15 ~· to one month, it being necessary to have a rainfall potential of 250 mm 
after seeding. Such a solution is therefore only possible if done by the local farmers, 
as in the Sudanese system. 

The Sudanese System 

The Sudan supplies 80 to 9o% of the world market for gum, this being due to the fact 
that the gum-tree is inclua.ed in the pormal crop rotation. In that part of the Sudan where 
gum-trees are grown, the farmers practice ·;he following rotation: 4 to 5 years of millet 
growing and about 20 years of gum-trees. !'he soils are appropriate for this purpose. Gum
trees are grown and gum collected by farmers; this makes possible the practice of tapping 
the trees, a practice which is almost impossible to develop in countries where nomadism is 
usual, nomads not being gum gatherers. 

It is in those parts of the Sahel where there is a settled farm population and which 
lie within the natural range of the gum-tree and in its production area, that thia solution 
is advisable. The matter of production area is particularly important because the gum-tree 
yields little or no gum wh9n it grows OWJ. sites which get too much water (500 nun). Apparently 
the trial development of gum-~rees in Asa~le, Chad, failed to take this particular aspect of 
the ecology of the gum-tree into account. 
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Irrigated forestry plantations have been established in the drier parts of Asia for 
IIBllY years; the famous Oha.nga lange. plantations in the Punjab were begun in 1866. In the 
savanna region of Africa, on the other hand, there has been relatively little development 
of irrigated plantations. The most important area in which they have been established is 
in the Gezira. area of the Republic of the Sudan. This paper, therefore, will begin with a 
description of the plantations in the Gezira, and then go on to discuss some more general 
problems of irrigated plantations. 

THE SUDAN Gl!ZIRA 

The Sudan Gezira is a vast plain, of alluvial origin, lying between the Blue Nile and 
the White Nile south of I<hartoum. The rainfall ranges from about 150 mm near I<hartoum to 
about 550 nun in the south. The soils are mostly dark cracking clays, or vertisols, with a. 
high pH (over 8.5), and high clay content. During the dry season they are divided into a 
network of deep and wide cracks. When the soil is moist these close, and further penetra
tion of water into the soil becomes very slow, so much so that no matter how much water is 
applied to the surface of the soil, moisture movement below two or three metres is 
negligible. The original vegetation was probably mainly open grassland in the north, 
Acacia mellifera scrub in the centre, and open Acacia ~-Balanites aemtia.ca woodland 
in the south. 



- 169 -

The Gezira Irrigation Scheme came into being in the years immediately following the 
First World War. It was based on the cultivation of long'-staple cotton as a cash crop and 
sorghum as a subsistence crop for the farmers. The scheme was originally a partnership 
between the Sudan Government, the tenant farmers, and a private company, the Sudan 
Plantations Syndicate, who shared the proceeds of the cotton crop in the ratio of 40 per 
oent, 40 per cent, and 20 per cent respectively. Other crops, including the sorghum, 
were entirely the property of the tenant farmers. '!he Government constructed the dam at 
Sennar and the najor irrigation works, and lBS responsible for supplying the irrigation 
water; the company took care of technical supervision of agriculture in the field, and of 
marketing the ootton crop; and the tenant farmers provided the RBnpower. A few years 
before The Sudan attained indepencl.ence in 1955, the Government bought out the Sudan 
Plantations Syndicate whose functions were then taken over by a quasi-Government organiza
tion, the Sudan Gezira Board. 

The amount of water whioh could be used in the Gezira. was regulated by the Nile water 
agreement with Egypt. This has since been amended several times, but originally allowed 
free use of water between August and December, when the Blue Nile wa.s in flood; between 
January and ftl.rch water use was restricted to the amount which could be stored in the 
Sennar reservoir; while from lthrch onwa.rds water supplies were severely restricted to the 
drinking water needs of stock and people, and very limited irrigation of orchards and 
other perennial crops. 

In the early years of the Gezira scheme the Sudan Plantations Syndicate was st.rongly 
opposed to the establishment of forestry plantations, on the ostensible grounds that the 
trees might harbour cotton pests. However in the mid-1930's it wa.s possible to begin 
irrigated plantations on a small scale, partly on land allotted for resettlement of the 
people who were moved from their homes when the Jebel Aulia dam wa.s established on the 
White Nile (to help regulate water supplies in Egypt), and partly on land nanaged by a 
smaller company, the Ka.ssala Cotton Company. This company ha.d been formed to grow cotton 
in the Gash delta, near Ka.ssala., but local opposition prevented this and they were given a 
concession in the Gezira. area instead, on similar terms to those enjoyed by the Sudan 
Plantations Syndicate. After the formation of the Sudan Gezira. Board irrigated plantations 
were extended to other parts of the Gezira. · 

The original irrigated plantations were of two types, village woodlots on a very snall 
scale to provide firewood and small timber for individual villages, and larger areas of 
plantation, usually on land relatively unsuitable for cotton. The village wood lots were 
on the whole a failure, as it was difficult to protect these small scattered areas, 
especially from the depredations of goats and other domestic livestock. The other areas 
were more successful. 

A number of species were tried initially including neem (Azadi:ra.chta indica), aunt 
(Acacia nilotica), sissoo (Dalbergia sissoo) and various eucalypts. Sunt was disliked as 
it provided a refuge for grain-eatmg birds, and neem wa.s susceptible to moderate salinity. 
Sissoo never did very well. The most promising species was found to be EucalYJ)tus 
miorotheca F.V. Mull. (including E. coolabah Blakely and Jacobs). This is a species 
occurring near seasonal water-courses m dry regions of Australia. Its form is not very 
good, and, for a eucalypt, its growth rate is not very rapid; however it has the supreme 
advantage of being able to withstand the long, hot period between r.krch and August when no 
irrigation water is available and there is very little rainfall. 

Originally the Eucal.;p>tus seedlings were raised in metal containers 25 em long by 
7.5 em in diameter, nade from old petrol tins. They were slit u.p one side, and provided 
with tabs so that they could be removed when the seedlings were planted and re-used. 
Nowadays these containers have been replaced by polythene tubes. The potting mixture was 
river silt mixed with sand, and the seed was sown direct into the tu.bes. No anti-termite 
treatment was used. 
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Before planting, the ana was ploughed with a very large plough to produce a series of 
low ridges, separated by channels, the ridges being 2.4 to 2.7 metres apart, and 60 om to 
1 m vertically from crest to hollow. The plantations were irrigated by letting water into 
the channels between the ridges. 

In theory the plantations were irrigated at 15 day intervals from August to Mu-ch. In 
practice this was not often attained. During periods of water shortage cotton and other 
crops had priority, and so one or more waterings might be missed at times of high water 
dell81ld, particularly in September and October. On the other hand, the plantations were 
often used as dumping grounds for surplus water and some suffered from waterlogg!0· • Thus 
increment rates have been very uneven, ranging from just over one to nearly 10 ift3 ha/y_ear. 
A good· avenage yield from fairly regularly watered plantations would be about 6 /ha/year 
for first rotation trees, with about 25 per cent more from subsequent coppice rotations. 
The normal rotation is 8 years for the first rotation, and 6 years for subsequent coppice 
rotations. 

LATER DEVELOPMENTS IN THE SUDAN 

In the early 1960's work was begun on the establishment of an irrigated "Green Belt" 
to the south of the city of Khartoum. The first part was irrigated by purified effluent 
from the recently installed Khartoum sewage works; later extensions received their water 
from a canal. In this area year-round watering was possible, and thus a muoh wider range 
of species could be grown. Among the more promising are Conooarpus lancifolius, Eucalyptus 
camaldulensis, and !• teretioornis (especially the ~sore provenanceJ. 

The Khartoum Green Belt included some areas of very saline soils, and there were 
doubts on how these would behave under irrigation. However, in the early stages at any 
rate, although there was considerable deposition of salt at the soil surface in some 
places, it was still possible to grow satisfactory tree crops. 

SOME GENERAL ASPECTS OF IRmGATED PLANTATIONS 

Water Requirements 

Water needs will vary with the climate, the type of soil, the species of tree to be 
grown, and the method of application. Obviously in hot, dry climtes where there is a. 
high rate of potential evapo-transpiration the amount of water needed will also be high. 
A very permeable soil, which allows much of the water applied to percolate to beyond the 
rooting depth of the trees, will need more water than a less permeable soil; in permeable 
soils there will also be greater losses in canals, unless these are lined. Drought tolerant 
species will need less water than more mesophytio species. Water requirements can be 
reduced by special methods of application (see below). 

In the Sudan Gezira reasonable growth of Eucalyptus miorotheca has been obtained from 
the application of about 1100 mm of extra water, by irrigation per year, but Foggie (1967) 
considers about 1100 mm is necessary to obtain optimum growth. In the Central Gezira the 
total amount of water received, including rainfall, would be abo"~ 1550 and 2050 mm 
respectively. In Pakistan the optimum water requirements of five year old Dalbergia sissoo 
were estimated at 1200 mm, but rates as high as nearly 2000 mm were applied (Siddiqui, 
1967). In Iraq, GUl9ur and Nouri ( 1975) estimte water application in existing plantations 
at between 200 and 800 mm annuallr, but suggest that optimum water rtlquirements might be 
considerably higher (1200-1360 mm). All this data is from furrow irrigation. 
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Quality of Water 

The ·lower the salt-content of the water, the more suitable it is for irrigation. In 
this respect the Sudan Gezira ia fortunate, in that the Blue Nile water has a low salt 
content and is of high quality. However in other countries, especially Kuwait and Abu 
Dhabi, water of a fairly high salt-content has been successfully used for irrigating tree 
crops. If saline water is used, larger quantities must be supplied, to leach the salts to 
depths where they will be harmless to the threes {Wormald, undated). 

METHODS OF APPLICATION OF WATER 

The most common method is by furrows, either ve~ large furrows as used in the Sudan 
plantations, or in smaller trenches for instance 30 em deep, as in Pakistan. In the 
Khartoum Green Belt, where iurrowe 2m wide by 60 em deep were used, Bosshard (1966) 
found some advantages in applying water to every second or third furrow only once the 
trees had established their root systems {one year or more after initial planting). The 
use of very large furrows, as in the Sudan, will tend to increase losses of water by 
evaporation. 

Flood irrigation, of level land, has generally been found to be impracticable for 
tree crops, as it is very difficult to obtain uniform d_stribution of water using this 
method. 

Of more sophisticated methods of irrigation, rotating sprinklers were used at Malam 
Fatori on the shores of Lake Chad in Nigeria, to establish a provenance trial of 
Eucalyptus camaldulensis. This was on a permeable lacustrine sand, and irrigation was 
applied for one year only, until it was considered that the tree roots had reached the 
water table. Over most of the area results were ve~ good, the trees of the best 
provenance producing an average of 87 m3/ha (solid volume) at the age of 4 years. On a 
small area of slightly higher ground, more distant from the lake, growth was poorer and 
there were some deaths from drought. This method, although needing a fairly heavy capital 
outlay, is worth considering in areas where there is a high water table, and only 
temporary irrigation is needed. 

Drip irrigation, developed originally for fruit trees, has been used for establishing 
forest plantations in Abu Dhabi (Wormald. undated) and experimentally in Pakistan (Sheikh 
and ~srur, 1972). In Abu Dhabi.the wat~r is pumPed from- wells to a- control head ~d 
filter. From the control head it is piped through polyvinyl chloride laterals 10-15 mm in 
diameter, which are provided with nozzles at intervals. These nozzles are designed so 
that, provided a constant pressure is maintained in the drip lines, a fixed quantity of 
water per hour is delivered through each nozzle. One nozzle serves each tree. This is 
again a method requiring a high capital outlay, but is the most economical in the use of 
water: in the experiments in Pakistan, drip irrigation used only 22 percent as much water 
as trench irrigation, and 15 percent as much as flood irrigation. 

Here it is impossible to genere.lize. The use of Eucalyptus microtheca. in the Sudan 
Gezire. was dictated by the peculiar circumstances th,ere, in the soil type and in the times 
at which water was available. For most other areas it is probable that better species can 
be found. Some further references to choice of species for irrigated plantations, and on 
irrigated plantations generally may be found in Laurie (1974) pp. 44-47, 49, 52, 114-115, 
and 141. 
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The term shelterbelts will be used to embrace live hedges and windbreaks. This 
paper is confined to arid tropical Africa. 

LIVE HEDGE:3 

General Remarks 

From experience in recent years one can make some very positive statements on certain 
points pertaining to the growing of live hedges in the Sahel-Sudan zone, viz: 

a) Any planted stand not protected during the first three years of life is doomed 
i;o failUl'eo 

b) No live hedges are absolutely impenetrable to livestock, particularly goats, 
either because of failed spots or because the lower portion of plant stems 
become more or less bare in time. 

c) Not even barbed wire fences will keep livestock out; a common sight is goats 
forcing their way on the run into areas protected with five rows of barbed wire£ 
Fencing of this type moreover never resists the assault of large animals very 
long {by large animals is meant cows, camels, antelopes, giraffes, etc.). 

d) The combination of live hedges plus barbed wire fencing provides almost complete 
protection against invasion of protected areas by animals. From the above it 
follows that live hedges should be planted inside enclosed areas up against the 
fencing which delimits them. 

Tree Species that can be Used 

The main reason for planting live hedges is to protect certain areas against 
intrusion by animals. The species to be used must therefore form a continuous shield that 
is difficult for animals to break through because of entanglement of branches and/or the 
presence of thorns or prickles. The species used should be of limited height and pruning, 
clipping or cutting should be possible. 

If it is possible to make a choice between severa.l species, other possible u~:es of 
live hedges should be looked into, namely, supplying forage or fodder, or producing edible 
seed, nuts or fruit. 

Pro so pis 

Prosopis juliflora (= f• chilensis), or mesquite, is a spiny deep-rooted tree or shrub 
of southwestern USA, Mexico, Venezuela, Peru and Colon.bia. This is the species most commonly 
used as live hedges due to its rapid growth, ease of producing nursery stock, the high rate 
of "take" on appropriate soils and its ease of clipping. Disadvantages are its small 
spines, which make it not entirely impenetrable, and its tendency to shoot up in height so 
that frequent topping is necessary. · 

~· Prosopis seeds number from 20 000 to 35 000 per kg. Fruiting occurs around 
the month of March. When old seeds are used it is necessary to dip them in ~iling water 
and then let them cool for 24 hours before sowing. 

Additional uses. Prosopis is also used for fuelwood and stakes bearing inscriptions. 
T.he leaves yield an excellent forage or fodder and their shoots are relished by animals. 
There are 0.70 forage units per gross kg containing 75 grams of digestible protein per gross 
kg. The dry matter yield per hectare may amount, in irrigated plantationsp to twelve tons 
per year. 
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§2!!• Prosopis adapts well to many types uf soil e:;;:cspt thoss that ai-If:: i;wo sandy or 
in bottomland& so wet as to asphixiate it. 

Acacias 

There are about 24 species of Acacia in Africa but only a few of them have been 
experimented with as live hedges. 

Acacia nilotica var. adansonii. This species is particularly well adapted to arid 
lands and can also grow fairly well on sandy soils. Its rate of growth, although less than 
that of Prosopis is fairly rapid. The size (from 6 to 10 em) of its very hard, straight 
white thorns makes it a species that is highly recommendable as a live hedge. 

Seeds are collected in December in stands along watercourses and near stagnant ponds. 
The seed has to be scarified in boiling water before being sown. It is sown directly in 
pots in March, with an 80 percent germination rate. 

Acacia seyal. This Acacia is usually grown on loam or sandy-clay soils that are 
flooded during the rainy season. Sometimes however it is found on hill crests that remain 
dry all year round, so there could be several races. When grown as live hedges it gives 
good results, and this is probably also true of its close relative, Acacia ehrenbergiana, 
which is suited to drier soils. 

Acacia ataxacantha. We have had only limited experience with this sarmentous or 
rambling species which, because of the intertwining of its branches and its big thorns, 
should be excellent for live hedges. The plants are easily grown in nurseries but we have 
always found that when it was planted out in the field the "take" was not good. We do 
know of one instance of a successful planting of a live hedge of this species. 

Parkinsonia aculeata 

This sarmentous bush has terrible thorns, but if not pruned quickly it tends to 
become barren at the base. This species succeeds better on heavy than on sandy soils. 
Paradoxically, the finest specimens that we know of are found at far northern latitutes 
(Agad~z, Niger, 17°N) with a rainfall of 150 mm. 

The seeds have to be emersed in boiling water prior to sowing. The seeds are 
gathered from November to February and sown in pots or in beds from January to February. 
When plant.' :1g in pots care has to be taken to move them occasionally because of the taproot 
which tends to grow out of the pot quickly. 

Ziziphus 

There are in the Sahel several species of Ziziphus, the most common being~ 
mauritiana and mucronate.. The seeds have to be sown in pots because pricking out :is a 
very delicate matter. Sowing is done toward mid-February. Raising in nurseries and 
plantation is easy, and the live hedges are particularly thick and inextricable, although 
once they have been set out in plantations growth is rather slow. 

Bauhinia refescens 

This species produces one of the best live hedges we know of. There is virtually 
no problem with it in the nursery (sowing is done in January or February) and it adapts 
well to a wide range of soil types. Take is not always excellent however. 
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Planting of Live Hedges 

Planting should be done as soon as the rainy season starts, usually about 15 July. 
A good live hedge consists of two, or even better three, rows of plants spaced 80 em apart 
in quincunx formation. Prior to planting subsoiling should be done or else 50-cm deep 
trenches should be dug and re-filled. Topping the plants in the nursery (cutting 5 em from 
the top when the plants have reached a height of about 20 em) favours the growth of low 
branches. 

WINDBREAKS 

There are two wind regimes in the continental Sahel - dry season winds and rainy 
season winds. The harmattan dry season wind blows very regularly each morning from about 
9 to 13 hours from November to March. It is a hot, dry wind usually from the northeast. 
Rainy season winds are much more regular and may blow in real squalls from May to 
September, generally from the south or southwest. 

Windbreaks aligned in the NW to SE direction will therefore be of maximum effectiveness 
against either the harmattan .or the rainy season winds. 

Effect of the Wind 

Winds affect both soil and vegetation in several ways: 

a) by causing soil erosion; 

b) by mechanical impact on vegetation; and 

c) by affecting evapotranspiration. 

Windbreaks 

Here we shall discuss only live windbreaks consisting of trees or bushes or even 
simple rows of annuals such as millet, sorghum and certain grasses (Pennisetum purpureum). 

Windbreaks as Mechanical Obstacles 

A windbreak separates two zones: the windward one, that is, the one on the side from 
which the wind blows, and the leeward one, that is, the one on the side where the wind 
passes. As a rule it is said that a windbreak protects a distance up to its own height on 
the windward side and up to 10 to 12 times its height on the leeward side. 

The effectiveness of the windbreak depends on its permeability. Low permeability 
lessens the speed of the wind but because it creates turbulence, the protected area is 
smaller. Optimum permeability is that with 40 to 50 percent of space (i.e. 50 to 60 percent 
density of vegetation). Gaps in the hedge are particularly dangerous because the wind 
rushes violently into them; therefore, windbreaks must be continuous. The thickness of 
windbreaks is of little importance and1 provided that there are no gaps in theory, a single 
row of trees suffices. 

Windbreaks should be at least 12 times as long as they are tall in order to eliminate 
turbulence along the sides. 
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Maximum ·protection is afforded when the windbreak runs perpendicular to the direction 
in which the wind blows,so it is ver.v imoortant befo~P ~1~nt.in~ windbreaks to make a thorough 
study u£ local w1nds and make a graphic representation showing the relative strength of the 
winds blowing from different directions. 

The length of the protected zone (10 to 12 times the height of the windbreak) is 
lessened as the speed of the wind increases so it is almost al~s necessary to plant 
several parallel successive rows in order to protect large areas~ Optimum spacing between 
rows is from 10 to 20 times the height of the windbreak. Closer spacing increases air 
turbulence and diminishes the effectiveness of the system. 

Effect of Windbreaks on Microclimate 

Windbreaks in addition to presenting mechanical obstacles also affect the microclimate, 
and the importance of this is no less great than that of reducing wind speed. Generally 
speaking, windbreakE d~ini~h svapotranspiration. Experiments conducted in the USSR in 
1953 enable certain authors to state that water losses due to evaporation are reduced by 
at least 20 percent in the shelter of windbreaks. This reduction of evapotranspiration 
leads to increased photosynthesis in the vegetation, the stomata remaining open for a 
longer part of the day. In arid zones, however, windbreaks cause increased evapotranspi
ration due, in particular, to the fact that they themselves evaporate large quantities of 
water; to compensate for this water deficit it is necessary to irrigate. 

On the other hand, as a rule windbreaks even out extremes of temperature, ra1s1ng 
the lowest temperatures and lowering the highest, which helps provide better growing 
conditions for vegetation. 

The result of these changes in microclimate is markedly increased yields of the 
protected crops. 

Yields decrease slightly in close vicinity to windbreaks due to the effect of 
shading and to competition of the plant roots, but this competition occurs only on a strip 
of land not more than half the height of the windbreak in width while yields of cereal 
grains on the entire plot may be increased by as much as 40 percent. This increase is 
higher in dry climates with plants whose roots do not penetrate deep, such as prairie 
grasses. 

Summing up, windbreaks are always beneficial to crops not only because of the pro
tection they afford against the mechanical impact of the wind but also due to their 
influence upon the microclimate due to a marked increase in photosynthesis of the plants 
that is translated into a higher crop yields. In arid zones the use of windbreaks should 
however be confined to protection of irrigated districts. 

Planting of Windbreaks 

The most usual type of windbreak consists of one or several rows of trees. 
Theoretically, one row should suffice because windbreak width is to little importance, 
but it is always possible that several trees will die leaving a gap which spoils the 
effectiveness of the entire windbreak. Furthermore, when the trees are cut it is necessary 
to be able to leave at least one row standing in order for the windbreak to continue to 
perform its function. Finally, young trees are better protected against violent winds if 
planted more thickly. Experience has shown that the most effective windbreaks are those 
consisting of at least four rows of trees, that is, those from 10 to 12 m wide. 

If the windbreak reached 10 m in height and protects a strip of land 12 times that 
height, windbreaks 10 m wide should be set out every 120 m. The maximum i.liTlOunt of land 
that they occupy with their roots is 20m (10m for the windbreak proper plus 5 m of roots 
extending on either side), all together 16 percent of the cropland. This seems to be a 
reasonable proportion considering that crop yields may be increased by as much as 40 percent 
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because of the combined mechanical and physiological effect of windbreaks on the vegetation; 
but it is beat not to exceed this size of windbreak. 

The species used for windbreaks should insofar as possible have the following 
characteristics: adequate height, rapid growth, evergreen foliage, compact form, limited 
root competit~on and resistance to windfall and wind breakage. 

Planting should not be too close in order to allow sufficient air permeation of the 
windbreaks. Trees should therefore be spaced not less than 1.50 m apart. 

For the rest, the manner of soil preparation and planting are the same as those in 
conventional reforestation work (subsoiling or digging of holes 50 x 50 x 60 em). However, 
since in this case what one is dealing with are row plantations usually cutting across 
grassland or cropland where animals are allowed to pasture on stubble or straw, special 
attention should be paid to the protection of crops or plantations, lest the success of the 
operation be jeopardized. To that end it may be advantageous to plant thorny vegetation 
along the edges of the windbreaks to protect forest tree species from livestock. 

Finallf, no matter what species is used, the correct planting dates must be respected 
( cf Prosopis). 

Maintenance of the windbreaks is indispensable in order to: 

a) make sure that the;y remain continuous (obviously replacement of any failed 
trees is necessar.y) and 

b) prevent them from becoming too thick and consequently absolutely impervious to 
wind; the branches therefore have to be clipped or trimmed frequently. 

It is best not to top the trees, since the size of the protected zone depends on the 
height of the windbreak. 

ENVIRONMENTAL :roRESTRY 

Under this heading one could discuss planting of woodlots inside or around the large 
towns of the Sahel and even the growing of ornamental trees. We shall not elaborate on 
these points, however, except possibly during the discussion, considering it preferable 
here to speak of the role of trees in sand dune fixation, a very important matter for 
maritime countries. Senegal, for instance, is at present taking new steps along these 
lines. 

Formation and Development of Sand Dunes 

Whenever regular violent winds blow over vast expanses of sandy desert, sand dunes 
are formed. There are continental dunes, particularly in the Sahara, but more often such 
dunes are formed along the sea coast, on the sandy shores at sea level swept by regular 
wir,ds (in Africa and Madagascar, usually the trade winds). 

When sand dunes are not covered with vegetation or when, for any reason whatsoever, 
whether it be repeated passages over the land, pasturing or grazing of herds and flocks, or 
cropping, whatever vegetation once covered them has been destroyed, they start to move in 
the direction of the wind at a speed which may attain as much as 10 m per year. When this 
happens they cover everything as they move along - crops, plantations, roads and railways 
and sometimes even houses and villages; all the inhabitants can do is to abandon land 
invaded by moving sand dunes. 

To prevent this from happening and in order to protect engineering works and crops 
against being covered with sand, the vegetative cover has either to be established or 
re-established, this being the most effective protection against soil erosion. However, 
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in order to establish vegetatio~ on moving sand dunes, it is necessary first of all to fix 
them using techniques that are both delicate and c~~tly: 

Sand Dune Fixation Techniques 

One technique for fixing coastal sand dunes was devised in Europe in the last century; 
it can be applied without great change in Africa and Madagascar except of course as regards 
the plant species to be used. 

The first operation consists of constructing as close as possible to the sea an 
artificial sand dune, called the coastal cordon, in order to s~op the piling up of more 
sand on the dunes. The way to start is by erecting along the coast a 0.75 to 1 m high 
wattle fencing; this wattle fencing is composed of wooden stakes driven into the sand and 
tied together by branches sufficiently closely matted to form an obstacle to the sand 
blown against it by the wind. The grains of sand pile up behind this palisade and when the 
little hill thus fot~ed reaches a height of 0.50 to 0.75 m, a second wattle fencing is 
built up on top of it and so on until one has a dune of a slope and of a height such that 
it is impossible for the sand to be blown up over it. For a 30 to 40 percent slope this 
equilibrium soil profile is reached in 2 or 3 years. If the sea coast runs obliquely to 
the direction of the prevailing winds, it is necessary in addition to construct transversal 
spurs that will prevent the formation of "whistle holes" into which the wind penetrates. 

It then is possible to fix the sand dunes behind the coastal cordon by planting 
either slips or seed of plant species that provide good ground cover and are able to 
withstand being at least partly buried in sand. Ammophila arenaria, which is very useful 
in Europe and North Africa, does not give good results on the sand dunes south of the 
Sahara or in Madagascar. There one must preferably use local, rapid-growth species with 
creeping roots which make it possible to get a hold on the sand quickly; in Madagascar the 
best is a plant of the Convolvulaceae family, Ipomea pescaprae, which sprouts very easily 
and quickly covers the soil. Certain grass species can also be tried under the same 
conditions, namely Sporobolus spicatus, Aristida stipoides, Panicum turgidum. Sand dune 
fixation trials have also been conducted in the Adamaoua (Northern Cameroon} with Stylosanthes 
gracilis, Melinis tenuissima, Digitaria unifolozi, Cynodon dactylon and Pennisetum. 

Such vegetation has a threefold purpose: the aerial portions act as a windbreak at 
ground level; the debris consisting of leaves, stems, pods etc. provides a dead cover which, 
as it decomposes, enriches the sand with humus; and, finally, the creeping roots hold the 
sand and help stabilize the dunes. 

Despite the rapidity of growth of the plants used for sand dune fixation it sometimes 
happens that the seeds or the slips are either exposed by the wind or buried in sand, so 
in regions where the winds are particularly violent it is necessary to keep the sand down 
by means of cover materials before undertaking any sowing or planting of slips. The 
materials used are generally plant debris- branches, palm leaves, etc., gathered in the 
nearest groves or woods. Since several tons are required per hectare, their transport 
often involves a difficult problem and consi~erably increases cost prices of such fixation 
work. 

On the areas most exposed to wind it is also possible to do some dense checkering, 
that is setting out squares of wattle fencing dug into the sand. Obviously plants will 
grow much better if protected by such wattle fencing than without. 

Planting of Sand Dunes with Trees 

Along the sea coast and inland up to about 200 m usually only grasses and certain 
bushes will grow. Tree growth is badly slowed by wind, fog and drift; furthermore the 
first rows of the plantations are scorched by the sea winds. Nevertheless certain species 
are fairly r~sistant and can be used for planting, this being the ultimate purpose of the 
o.peration. 
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The species most commonly used are: 

a) Arborescent species 

Acacia cyanoph,ylla, !.• ataxancantha 

Casuarina equisetifolia (filao) 

Prosopis africana and f• juliflora 

Eucalyptus spp.; E. camaldulensis 

b) Bush species 

Opuntia 

Euphorbia balsaminifera 

Atriplex halimus 

Gymnosporia senegalensis 

Solanum sp. ( tsingivy of Madagascar) 

It is necessary to set out fairly large, nursery-grown plants very close together, 
that is to say 1 x 1 m on the side exposed to the wind and 2 x 2 m on the sheltered side. 
Such planting is customarily done at the onset of the rainy season. 

In arid climates, it is much more difficult to plant trees on sand dunes already 
colonized by grass vegetation than on barren sand dunes because of the considerable 
competition of the roots for water and because the presence of already well developed root 
systems hampers the "take" of young plants.· It is therefore preferable to plant the trees 
at the same time as the grass vegetation; this always gives a definitely better take. 

Plantations must be well maintained, as always in the tropics; this must be done by 
hand to avoid having machinery criss-cross the sand dunes. In fact as a rule, all traffic 
on sand dunes must be prohibited and especially all movement of livestock, as this again 
destroys the vegetation, the sand then becomes mobile and the dunes begin their march once 
again. If it is absolutely necessary to allow livestock to cross the sand dunes, they 
should do so by routes marked ahead of time where constant surveillance is practised. These 
routes should, as much as possible, run obliquely to the slope and to the direction of the 
winds; they should be protected and delimited on either side by hedges of bushes, whether 
thorny or not, viz: Euphorbia balsaminifera1 Opuntia, Fagara xanthoxloides and Acacia 
ataxacantha. 
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The Mambilla Plateau, situated on the eastern border of Nigeria and at the southern 
extremity of the North-Eastern State, forms part of the Cameroon Highlands geographically 
and is an extension of such. The plateau occupies an are&. of approximately 1 500 square 
miles (388 500 hectares) with a high proportion of it topog.·aphically gently undulating to 
steep slopes. Afforestation started in the early 1940's with introductions from the 
Cameroon Republic (Fox,1973), and continued on a local moderate scale until 1962 when the 
Mambilla Afforestation Scheme was first started under the First National Development Plan. 
This plan has been enlarged through successive plans, and a Hillside Afforestation Scheme 
has also been added to the present Forestry Development Programme, which was initially in
troduced in the Second National Plan 1970-74• 

I..and use allocation on such a potentially productive area results genera'!.:'..~· in for
estry being given the steepest slopes. Although there is a need for the afforestation of 
the steep slopes, there is also a need for large scale mechanised plantations which require 
relatively gently sloping areas. A large part of the government and local authority affor
estation programme, however, has been confined to the steep, eroded hill slopes, and has been 
implemented mainly by manual means. At present sufficient information is available on 
species and techniques to embark on a larger scale programme, either by mechanical means on 
the flatter areas, or by manual means on the steeper, eroded slopes. 

1/ Paper for Symposium on Savanna Afforestation 
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Th.:; aHHud.e ui i;he main si;~a\#n;; en !l..ambilh ;,-a.des from 1 524 m to some 1 981 m. 
The a.nnua.l ra.infa.ll at Gembu is 1 981 mm with some slight variations over the rest of the 
plateau. The mean monthly temperature is probably 85°F (Kemp, 1969) and minimum monthly 
tempera.ttn'es are generally around 50°F. There is a heav.r cattle population in the area and 
the soils are subject to over grazing and annual burning and consequently there are signs 
of accelerated erosion in some of the steeper a.rea.s. These steeper sites for afforestation 
are, therefore, shallow highly acidic lithosols with a silt loam texture and free drainage, 
developed under a temperate, high rainfall climate. 

§LP,ECIES/GROWTH/PROVENANCE TRIALS 

Provenance trials can indicate the best species/provenance for a particular site. 

Replicated species elimination trials of pines and eucalypts were started on the 
plateau in 1966 at Maisanari, Nguroje and Gembu. Of all the Eucalyptus species/provenances 
tested in the programme, none is as successful as the long established Eucalyptus gz:andis 
hybrid. Of the pines, .!:• caribaea, E• kesiya and .E· ooca.rp:~: were selected for further 
testing after the initial elimination trials. The results of a species elimination trial 
at Nguroje, planted in 1966 on basalt soils, Number SM2/66/1 is as follows: 

Table 1 

Mean height and survival of coniferous species trials planted in 1966 

Mean height (m) after 3urvi val % after 
Species Origin 32 months 46 months 32 months 46 months 

Cupressus lusitanica Bussa co 3.8 5-0 93 93 

Pinus ayacahui te Mexico 1 .1 2.0 86 83 

P. ca.ribaea Belize 2.2 3.6 90 30 
P. kesiya Philippines ~.1 5.1 97 96 
P. massoniana Hong Kong 2.6 4.0 100 100 
P. montezumae Mexico 0.1 0.6 36 25 
P. ooca.rpa. (I. 1136) Mexico 0.7 1.8 56 44 
P. ooca.rpa. (I. 1157) Belize 4-3 6.3 97 97 
P. pseudoatrobus Mexico 1.0 2.1 89 85 
P. teocote Mexico 0.8 2.9 80 72 

Species ~owth trials commenced in 1967 with mainly four pine species which were 
planted in four large replicated blocks per species and at the normal plantation espacement 
of 3 m by 3 m. Further development of species/provenance testing was limited by the avail
ability of seed, and thanks must be recorded to the Federal Department of Forestry, Ibadan, 
Nigeria and to the Commonwealth Forestry Institute, Oxford, U.K. who provided all of the 
seed for the further trials. 
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Table 2; Su.'rn:'.=-y cf m<~:a.n height, maximum height and survival, 
% of 4 year old !• ca.ribaea and !• kesiyar 
pr.-ovena.nce trial, Maisama.ri, Mambilla. 

Basalt Site Basement Site 

Species Origin Mean Maximum Sln'viva.l Mean Maximwn Sln'vival 
ht (m) ht (m) % ht (m) ht (m) % 

caribaea Gt. Abaco, 
Bahanas 2.7 5·5 99 3·3 8.6 93 

II Cuba. 1.8 6.4 93 2.4 8.6 A1 
VI 

It Puerto Cabezas, 
Nicaragua 3.1 6.4 95 3·2 7·5 80 

keaiya Baw Luang, 
Thailand 3.6 4-9 96 4-6 7o2 89 

" Dala.t, 
s. Vietnam 6.3 9.0 98 5·7 9·4 95 

It Rangoon, 
Burma 3·9 5·6 95 3-8 7-0 93 

" Khasi Hills, 
Assam 4-9 7.2 96 4·5 7-0 93 

" Philippines 3.1 6.7 78 - - -

Table 3: Summa.ry of mean height, maximwn height and survival% of 
3 year old ~· ooca.rp1 provenance trial, Nguroje, Mambilla. 

Mean Maximwn Survival 
Provenance ht (m) ht (m) % 

K1 1/70 Nica.ragua/Camelias 4.7 6.4 96 

K7 7/70 Honduras/San Marcos 3.2 5·4 94 

K9 9/70 Guaternala/Canas ).6 5 .1 97 

K34 3/71 Guat emala./Buca.ral 2.8 4.6 95 

K35 4/71 Honduras/Angeles 3·5 5·6 98 

K36 5/71 Honduras/ Zamorano 3.6 5·7 96 

Oxon I.2326 Guatemala/El Lobo ).8 6.2 100 

K44 27/71 Nicaragua/Rafael 4-9 7.2 99 
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Two provenanoe tri::=.lii of E• ca.ri-oaea. and f• kesiya. were planteCl. on ~i-• ..:. ;;;oil~ rlerived 
from basalt and granite at Maisamari in 1971. In 1972, 113 g of superphosphate was applied 
to each plant and after 4 years, f.• kesiya from Dala.t, South Vietnam, was dominant on both 
sites. The mean height on the granite soils was 5. 7 m and on the basalt soils 6-3 m. For 
the trial results see Table 2. 

A !• oocare provenance trial was planted at Nguroje in 1972 on a soil derived from 
basalt. After three years, the provenance from Rafael, Nicaragu;a., was superior with mean 
and maximum heights respectively of 4·9 and 7.2 m, whereas the poorest provenance was one 
from Guatemala with mean and maximum heights respectively of 2.8 and 4.6 m. Both Nicaraguan 
provenances were superior to the rest. For full results see Table 3· In any plantation 
development programme it is essential that selected seed shoulabe available in commercial 
quantity and that a 1\)cal pr-ogramme be designed and implemented to produce future seed 
requirements. 

FERTILIZER TRIALS 

In 1966, McComb, Ojo and Jackson ( 1970) conducted a l.a.bora.tory experiment of the 
'Fertilizer Response of !• gr:andia gr-own in a basaltic soil from the Ma.mbilla. Plateau•. 
The results suggested that it would be virtually impossible to grow !• grandis from seed on 
subsoil exposed by erosion, unless fertilizers were appli9d. Phosphate was indicated as 
the principal limiting element, but boron was also indicated as being necessary. 

Also in 1966, Jackson (1973) conducted experiments with borate and superphosphate 
on !• grandis at Maisa.ma.ri, Nguroje, on fairly level sites derived from basalt and at Gembu 
on an eroded steep slope derived from granite. At Gembu the fertilizers were l:i.flplied to 
a two year old plantation which had been beaten up in the year prior to the application of 
the fertilizer. Borate was applied ato, 57 a.nd 113 g per tree al"ct. single superphosphate at 
O, 85 and 170 g psr tree. At Gembu 113 g of borate gave a response but not 57 g. The in
crease due to superphosphate was not significant. Generally, the application reduced ter
minal shoot die-ba.ok and leaf disoolouration, thus improving the health and shape of the 
crown and hastening canopy closure. 

In 1972, Fox conducted three experiments a.t Maisamari on steep, shallow soils derived 
from granite. In the first trial in a fairly steep part of the P. 71 compartment 1 approxi
mately 123 kg/hectare eaoh of borate, borate and superphosphate and borate and sulphate of 
amonia. were applied by a rear tractor mounted mechanical spreader. There wa.s a. significant 
difference between the untreated and treated areas. There appears to be no difference be
tween the formulations and the implication is to use the least costly treatment. The results 
are shown below in Table 4. 

Treatment 

Borate & 

Table 4: Correllatio~ of height gro~~h of !• grandl1 
hybrid and fertilizer applications 1972. 

Heights (m) 

On application 13/7/72 11/73 

superphosphate 1 .1 5·2 

Borate & ammonium sulphate o.8 4.6 

Borate o.8 5.1 

Nil 0.9 1.9 

10/74 

8.3 

8.0 

8.6 

2.9 
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In trial 2, in the P. 72 oom~•ulil&&~, a!!i.'!lonium sulphate and single superpho~p!-.a.te 
were applied by hand around the trees and below gt-ound level at 0, 114 and 228 g per tree 
and borate at three levels of 0,57 and 114 g per tree in a single replicated experiment on 
a poor soil in a steep rooky area.. Sixteen months after application the greatest responses 
were: 

Treatment 

Mean height 
increase (m) 

1.2 

After 27 months, there appears to be a substantial response to N, although there is little 
difference between the two rates. There is some, though rather less, evidence of a positive 
effect o:f applying B. There is also some difference between plots receiving no P and. those 
treated with 114 and 228 g per tree. 

In trial 3, boron was applied at two levels and in two forms as a. gt-anula.r fertilizer 
in a drill below ground level and as a foliar spray. All plots also received 114 g of 
single superphosphate. Twenty-seven months after application there were few statistically 
significant differences, although there was an indication that granular borate around the 
tree may be more lastingly beneficial than the foliar spray. 

Generally, any fertilizer application should be done in the year of planting and as 
soon as possible at'ter planting to accelerate height growth, crown development and canopy 
closure. Hand application, preferably into the soil, is all that is possible on the steep 
slopes. Whereas on the gentler slopes, mechanical application is possible. 

SITE PLANNING AND LAYOUT 

Once suitable BPf':Cies and techniques have been evolved for the site through species, 
fertilizer and other tr·ials, then the acquisition of larger sites can commence. Sufficient 
land must be obtained above and below the steep slopes for afforestation. Abcve the steep 
slopes, land must be obtained for roadways for access, plant distribution at the time of 
planting and for extraction of produce whenever necessary. Sufficient land must also be 
obtained above the slopes to arrest the surface flow of water down the slope by la!ld use 
techniques and to promote gt-ound water percolation. Contour ploughing and contour bunding 
are useful controls. Below the slopes, land is required for access at the time of planting 
and throughout; the life of the plantation to the time of exploitation. 

The average slopes normally allow ready upper and lower access. However, on longer 
slopes, roads will be required at intervals along the contours. These roads are normally 
pu:l; in by mechanical means before planting st!A.l'ts while visibility in layout is easiest. 
The gradients should be enough to alll"'w for the extraction of the produce throughout the 
life of the plantation. Natural features should be used where available, especially in the 
siting of the joining roads. From experience, it is of great advantage to have a road 
system throughout; the plantation from the very start rather than making the roads when re
quired, often through young plantations. 

Some site grading is occasionally required on the over-hanging slopes and this should 
be done before planting starts to allow the site to resettle and to reduce site disturbance 
down the slope. Fencing against animals should be done as soon as possible and before 
planting on the current year's planting site. On Ma.mbilla, use is made of natural features 
wnere possible and the steep sided streams make excellent boundaries where fencing is un
necessary. It is generally cheaper to fence the entire area initially than to fence only 
current planting areas. However, on the Mambilla Pl.a.teau it is good policy to allow cattle 
to graze over unplanted areas so long as they are attended by a. herdsman. It is also good 
for public relations since the herdsmen see forestry ::~.a an acquisitiO!l of land lost to the 



- 186-

original cattle owners. Cattle are useful in controlling the grass growth, redw:;i::g both 
the fire hazard and the amount of cultivation required prior to planting. They also con
tribute manure to the site. They should be at all times controlled and kept out of the 
plantation areas and off the steepest slopes. 

Fencing and the exclusion of animals allow for the rapid recovery of the site if fire 
is also excluded, but is only a temporary solution, since degradation will follow when cattle 
are again allowed to utilise the site. A more permanent solution is to put the area under 
forestry with maintenance of canop,y for the maximum period under the chosen silvicultural 
system. 

Nurseries should be sited within the plantation area and near to water. On long 
slopes over several kilometres it may be better to use temporary nurseries for each year's 
planting as long e.s water and la.bow are a.1;aila.ble nearby. For eucalypts, a three month 
nursery season from early March to early June is adequate for potted stock. After germina
tion in March much of the watering is from precipitation, since the rainy season normally 
starts in April. 

Labour shortage can be a mucb mora serious problem, since hillside afforestation on 
Mambilla is a very labour intensive ~peration. It is worth trying to encourage labour to 
settle close to plantation developments since transport and labour· availability are con
straints to such developments. At present most of the availaole labour reside in larger 
towns and villages and only limited numbers are available in more remote areas. The cattle 
owners do not generally contribute to the labour force, only the Ma.mbilla farmers. 

PLANTATION ESTABLISHMENT 

Nl.U"sery techniques for Eucalypt; us spp. are based on Fis~!wick ( 1966) with modifications 
to the semi-temperate climate of the area. Local humus and soils are used together with 
fertilizers and dieldrin in the pl~ting mixture to produce strong trees of 0.3 m in height, 
balanced in root and shoot growth, with a reservoir of nutrients in the pot at planting time 
to encourage initial establishment. Tall plants are a disadvantage on the plateau due to 
the strong winds and occasionally have to be cut back after planting. For pine seedlings, 
an addition of ammonium sulphate and superphosphate to the potting mixture is recommended, 
but urea and potassium have been found to have harmful or negative effects. 

Site clearance, either mechanical or manual, of the grass cover normally occurs in 
April when fire can be used carefully to reduce the heavy grass. If fire happens to enter 
the area earlier, then grass regrowth can form a heavy sward by the time of site cultivation. 
It is, therefore, best to leave the clearing as late as possible to reduce the amount of 
labour involved. On the steep slopes, the site clearing should be done along the contour 
using heavy hoes to upturn the turf placing roots uppermost to dry in the hot sun. On 
gentler slopes, complete cultivation is carried out, but on the steep slopes cultivation is 
restricted to minimum contour lines about 3 metres apart. It should be noted, however, that 
grass not killed during the pre- or post-planting operation will survive throughout the ro
tation and responds as soon as the canopy is opened. Since grass is the main retardant to 
eucalypts, the question of the duration and periodicity of cultivation for ::~uccessful estab
lishment is a matter of experience. 

The problems of plant distribution vary with the degree of slope, but mechanical 
means should be used to convey the pots as near as possible to the planting site. On the 
steep slopes, much on site distribution has to be manual. Th~ seedlings are planted at 
about 3 m by 3 m and the whole of the pot is removed. Normally, the holes are prepared by 
a separate labour force and only a few labourers actually do the pot removal and planting. 
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Approximately 4 weeks after planting, fertilizer can be applied to the plants. The 
area should be weeded first to reduce the competition for rooting space and available nutri
ents and then the fertilizer is applied manually in a slit belo'·"' the surface, or by mechani
cal techniques on flatter sites. Afterwards, the area should be weeded as and when required. 
This is where experience is an essential asset. It is necessary to retain some weed cover 
to reduce the danger of accelerated erosion, but grass should be pre\l'ented from hindering 
the growth of the trees. 

Inadequate weeding causes trees to quickly show signs of ill health on the steep 
slopes but appreciation of such indications are often too late to rectify the situation that 
same season. As much as possible should be done in the year of planting to achieve a healthy 
vigorous tree which will continue to grow over the dry season and take advantage of the early 
rains for maximum growth opportunity in the second year. The weedings should be continued 
along the contour when required. On good sites canopy closure can be obtained 18 months 
after planting, i.e. just before the onset of the second dry season. Eucal.ygtus e;randis 
hybrid will continue to grow throughout the dry season on good sites where fertilizers have 
been applied. If the technique is not correct, hO\'leVer, terminal die-back and leaf dis
colouration occur which require expensive treatment to return the crop to healthy gro\vth. 
The use of selective weed killers has been tried on the plateau employing· m·JOhanical appli
cators. Such trials ha.ve been unsuccessful due to the high cost of the ~'le•:;d killer, the 
slow rate of application and the quick recovery of the grasses. Herbicide·;, J.owever, are 
worth further trials. 

Modern technological advances are tending to overcome the inherent difficulties of 
species utilisation (Hardie, 1974; Alders~ 1975); ~~n ~~ ~~~e~! f~~ !~~ ~!ee~ ~ln~e~ n~ +.h~ 
plateau, !• grandis hybrid can be recommended for rapid site coverage and for the production 
of large volumes of wood as a utilisable resource. 

HILLSIDE AFFORESTATION MANAGEMEI-l"T 

Protection should always be the prime consideration on steep slopes, but once a large 
wood resource is available there is likely to be a demand to utilise this basic raw material 
for some industry. 

End use will no doubt influence wha.t system is to be used in the management of the 
established forest. For small size fuel, poles and timber, a coppice system will be suffi
cient and has several advantages for steep slopes. If larger size timber is required, a 
selection or clear felling system will be employed according to the requirements of the 
species used. Coppice systems have the advantage of rapid site recovery and are suitable 
for the management of !• grandia hybrid on steep slopes. However, experiments conducted on the 
plateau, indicate that maximum coppice regeneration is obtained at the height of the rains 
when forest produce is not normally required in any quantity locally. Such forest produce 
as poles and firewood is normally required in the dry season when coppice regeneration 
results in up to 25% stump mortality. On high rainfall areas greater site protection is 
necessary during the exploitation period but this is to some extent counteracted by the 
faster growth and speedy site recovery. 

Although most of the silvicultural and management problems in the selection and 
establishment of the best species for particular sites have been dealt with, research on a 
local scale should co~1tinue to select superior breeding material and to produce superior 
seed. Infaot, auoh a programme which would confer benefits both locally and nationally 
might be a ~tter of some priority. 
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SUMMARY AND CONCLUSION 

The afforestation of st~ep and eroded slopes free of tree vegetation and with shallow 
soils requires tha selection of a fast growing tree species employing establishment tech
niques givin~ speedy establishment. Local species should be studied first but if no local 
species are suitable, a much longer process of species and provenance trials has to be tried. 

After initial selection, there is room for further improvement through more advanced 
provenance trials and tria.ls of establishment techniques. A research and development pro
gramme is required to further improve the selected species, and in the longer term to pro
duce the estimated requirements of improved seed. 

Having selected the species, for a large afforestation scheme where protection is the 
primary requirement, there is always the risk that demand for woody raw material could have 
an adverse influence on the silviculture and management of the plantation. Where possible, 
such demands may be accomodated within the programme, but the primary protection objective 
should not be sacrificed. 

Fortunately on the Mambilla Plateau the species !• grandis hybrid was established and 
suited the forestry requirements, but even so, for the past 10 years species, growth, proven
ance and fertilizer trials have been conducted to try and improve efficiency and economy of 
establishme••t. With !• grandis hybrid, the fertilizer trials have been the most directly 
productive. Other Eucalyptus species and growth trials have not produced a comparably pro
ductive tree. However, with the introduction of the pines, two Nicaraguan provenances of 
~· oocarpa and the southern Vietnam provenance of f• kesiya, have shown promise for further 
deveiopmerrt. a,; present a provenance trlal ot· vu;pressus lus1 tan1ca is requireU. i. v i.J.·,y v'i.it 
the new canker resistant strains and to select provenances with finer and less persistant 
branches. Such a selection might then be suitable for development. The improvement of 
species and techniques is a long term programme and requires continuity of supervision and 
well defined long term management objectives. 
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Table 1: Growth of Euca!yptus on mining spoil and on undisturbed soil 
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There has been extensive open-cast mining on the Jos Plateau for the past 60 years. 
The mining operation leaves a desolate landscape of earth mounds, dried out mud ponds, tin 
"tailings and reservoirs which render the land unproductive for agriculture, forestry or 
grazing, without expensive rehabilitation programmes. 

A recent (1972) aerial photography of mined areas indicates that the tall steep
sided earth dumps cover a relative~ small area of a mining lease and that the network of 
paddocks and tin tailings covers a much larger area. 

The 1973 - 1974 estimate of the Governmenj of the Federal Republic of Nigeria puts 
the total revenue from mining at » 336 872 264 l . Of this value, the greater part came 
from the Jos Plateau. At present the area of land held under mining leases for tin and 
other minerals on the plateau exceeds 81 000 ha. A conservative estimate of the area 
actual~ disturbed by active mining is in the region of 26 730 ha. As Howard (1974) has 
pointed out, the rehabilitation of the mining spoil areas is important for a number of reasons: 

1/ Paper for Symposium on Savanna Afforestation. 

y 1974 exchange rates 1 » • US$ 1.62. 
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(a.) Land ia at a. premiwn because c:; the high population and low yields in 
the existing agricultural system. 

(b) Erosion is caused by the mining scars because the base level of a 
stream is often lowered, thereby causing gulley erosion higher up the 
stream. 

(c) The plateau is virtually treeless and trees are needed for firewood 
and poles for house building. Areas of tin mining spoil may be suit
able for extensive tree plantations, because Eucalyptus will grow on 
them. 

(d) The plateau is heavily grazed in both the wet and dry seasons. If 
palatable grasses or legwnes could be established on the mining spoil, 
this would provide valuable ~iditic~~l grazing. 

(e) The extensive network of deep reservoirs is a valuable water resource 
providing possibilities for dry season irrigation, not at present 
utilised on any large scale for agricultural production. 

PLATEAU CLIMATE, WEATHER AND VEGETATION 

The Jos Plateau is situated between latitudes 9° 50' and 10° 50' N and longitudes 
8° and 9° E at an elevation of about 1 200 m and cove.~.·s an area. of 4 662 Bf! km. WP.l'l.t.h~>l" 
cond.!'!::!..::~;,; ii.i·~:: uuuiiru:i.it~u uy muil:Ji; soui;n-westerly winds during the swnme:r, and dry north
easterlies during the winter months. 

The highest temperature recorded since 1914 is 100° F (38° c) while the m1mmwn is 
41° F (5o c); average temperatures are around 700 F (21° c). The mean annual rainfall is 
approximately 1 270 mm, the total decreasing from the southwest part of the plateau to the 
north and east. On average, the rains occur during eight months of the year a.nd thunder
storms of high intensity are frequent especially at the beginning and towards the end of 
the wet season. The variation in rainfall from year to year is considerable. Tree felling 
and overgrazing on the plateau have tended to reduce the efficiency of the rainfall by 
allowing a more rapid runoff. Relative humidity on the plateau is seldom uncomfortably high. 

The plateau has been an enclave for surface mining for many years. The area consists 
of undulating grassland dotted with granite outcrops and occasional flat-topped hills of 
lateritic ironstone. During the rainy season, May - September, grain crops such as "Acha" 
Digitaris excilis, millet, Eleusine coracana,are extensively grown on the open plain by the 
Birom people, whilst numerous herds of cattle owned by nomadic Fulani graze during the wet 
months. When the grass is exhausted they descend to the Benue plain for the duration of 
the dry season, 

Native nmelting of tin and iron in past centuries must have caused a great deal of 
woodland destruction, but the present treeless state of the plateau has resulted from the 
development of the tin mining industry. The influx of people from the rural areas to tin 
mining locations such as Bukuru and Jos resulted in large increases in population and con
sequent demand >>n land for cultivation of food crops. The Birom practice of digging out 
tree stumps on f"rms does not allow coppice regeneration. Only afforestation could provide 
for an ever-inore~9ing demand for firewood and poles. In the 1940's firewood became so 
scarce that the antivities of the mining companies became threatened and it was necessary 
to transport firewood from Jema.•a. 

Thus, early recognition of the need to conserve and supplement indigenous wood species 
led to the develoPDen1i of an afforestation programme under the Mines Reclanation and Affor
estation Unit. There is a great demand on land for farming and mining a.nd it is difficult 
to have additional land set aeide for communal tree plantations. One possible solution to 
the problem lies in planting up land which mi~ing has rendered UGeless for farming. 
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Modern tin-mining on the plateau calls for the use of heavy earth moving equipment 
involving the removal of up to 12.20 m of earth to reach the tin-bearing ground which lies 
underneath. The larger companies, e.g. the Analganated Tin Mines of Nigeria (ATMN) 1 

normally use draglines for excavation which pile the earth in great stae~")-sided mounds or 
dumps around the rim of the excavated "paddock", as the pit is called. 

RESTORING TIN MINING LAND 

~te Preperation and Fertilization 

In 1948 a trial was made on the mine dumps plantil!g b:ucalygtus cama.ldulensis 1 and 
this proved successful at little expense. Shortly afterwards, the Ministry of Agriculture 
followed up with land restoration experiments involving levelling the dumps, using bull
dozers and crawler tractors. Night-soil compost from Joe town was spread th:i nly over the 
levelled surface at the rate of 50.18 tonnea per hectare and cover-crops such as elephant 
grass Penisetum purpureum ''gamba" grass (Andropogon gaya.mus) and Styloaanthes. S!:acilia 1 were 
sown. It was intended that after a few years under cover-crops the restored mining land 
could be returned to the native owners for normal cultivation. In 1955 and 1956 experi
mental growing of 'acha' Digitaris excilis and other local staple crops on reclaimed mining 
land was further undertaken by the Ministry of Agriculture. These experiments indicated 
that normal yields of staple crops on restored mining land could only be attained using 
large application of organic compost and fertilizers. It was considered to be beyond the 
means and oap:J.bility of the local farmers to procure fertilizers on the scale required to 
enable stanle o'rn!'A ~n ~':'~·:_ 

The satisfactory indications obtained from the 1948 experimental tree planting re
sulted in more areas being planted. In 1959, a central forest nursery was built at Bukuru 
to replace the 19 scattered non-irrigated nurseries in Jos Division. Funds for the develop
ment of the nursery were jointly provided by the Ministry of Agriculture and t:ne Jos Local 
Authority. Seedlings raised in the nlll'sery were for both mine reclanation areas and com
munal forestry areas. 

In 1959 observation plots were set up to determine if the practice of establishing 
Eucalyptus trees, with a headpan (18.2 kg- 22.7 kg) of compost added to each planting hole, 
was the most efficient. 

The following treatments were included: 

(a) One headpan of (18.2 kg- 22.7 kg) compost per planting hole; 

(b) 1/4 headpan of (4.5 kg- 5·4 kg) compost per planting hole; 

(c) 1/4 headpan followed by ~12 g of sulphate of ammonia applied 
one month after planting; 

(d) Nothing applied to the planting hole and 112 g sulphate of 
ammonia applied to the seedling one month after planting; 

(e) No treatment • 

Subsequent trials in 1960 and 1962 applied nitrogen and compost at differ~nt rates. 

As a result of the above trials, when the Mine Reclamation Unit took over complete 
responsibility for rehabilitation and afforestation of mineland, a new method was started 
which employed a shovelful of organic compost and 84 g of ammonium sulphate mixed with the 
soil from each planting hole before planting. The results were promising and trees attained 
heights of 3.05 m to 3.66 m in the first year. In subsequent years, the use of compost was 
dropped as the distance and cost of transport from the depot to some of the planting sites 
became too great. Nevertheless, measurements taken in such plots eight yeaN> after estab
lishment, averaged 9 m- 14 m height which is reasonable on disturbed soils. 
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In the first planting season, planting holes were dug either by hand or by post-hole 
digger mounted on a Ferguson 35 tractor. In the subsequent year, the planting lines were 
cultivated by heavy ripper or sub-soiler (powered by a D-8 caterpillar) which had the heavy 
tines set at a suitable planting distance. Experience has shown, however, that better 
results are achieved by planting trees in the same year as that in which the levelling oper
ation is completed. Due to soil compaction, it was considered that heavy sub-soiling was 
necessary to allow the tree roots to penetrate to some depth. Growth of Eucalyptus and of 
grass improved on areas so treated. 

Species of Trees Planted 

The main species used in planting on the plateau both in. mine reclamat,ion areas and 
communal forest areas are as follows: 

(i) 

(ii) 

(iii) 

(iv) 

(v) 

(vi) 

Eucalyptus camaldulensis: This is the main species for afforestation of 
restored mining land and is used extensively in communal forest area 
plantations. 

E. pUnctata: This species is now being used in preference to E. rostrata 
on coarse-grained quartz soils, which generally have a low clay content 
and are consequently well-drained. It forms a dense canopy at 2 years 
of age, suppresses grass and has a straight stem. It has been found 
necessary, however, to apply borate fertilizer (approximately 56 g per 
tree) in the first year to prevent leading shoot die-back. 

E. robusta: This species has one great advantage over E. rostrata and 
E. tereticornis; it will readily form a closed canopy and can greatly 
minimise weeding costs and also reduces the danger of damage by fire. 
It is susceptible to termite attack and its use has been mainly on the 
red basalt soils in areas of high rainfall. 

E. rostrata:lf This species has proved to be generally reliable, being 
easy to raise in the nursery, able to stand a good deal of rough treat
ment in transport and plantir.g, is adaptable to most soils and sites 
(except very wet sites), and is fast growing and not liable to die-back 
in the first year. It yields good firewood and poles and after felling 
coppices strongly. It is considered to be the be::~t all-purpose short 
rotati.on plantation species on the Jos Plateau. 

E. saligna (hybri~): A fast growing species with a straight stem capable 
of forming dense canopy. Due to hybrid swarm there is a proportion of 
misshapen or dwar~ trees. It grows successfully only on deep soils in 
the heavy rainfall areas of the plateau (south and west). 

E. tereticornis: This species appears to be similar to E. rostrata but 
is generally straighter in form. It is being planted extensively on the 
same sites as !· rostrata. 

All the foregoing species are classed as commercial timbers in Australia, !• robusta 
and !• saliSEe in the joinery class (e.g. window frames, doors and furniture) and 
!• rostrata and !• tereticornis in the construction class (e.g. beams, railway sleepers, 
bridge timber, etc.). Thus they have some potential beyond fuel and building poles if they 
can be grown on larger rotations. 

Table 1 shows growth rates of Eucalyptus on mining spoil (Howard,1974). According 
to Howard, Du CFA (D 345) and D 346 are situated r~ ~~ undisturbed ironstone gravel soil. 
MRA 25 (D 348) and MRA 33 (D 353) are compacted mining spoils. 

!/ syn. !• camaldulensis. 
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TABLE 1 

GROWTH OF EUCALYPTUS ON MINING SPOIL AND ON UNDISTURBED SOIL 

Average Ave.d. diam. 
Plot No. Location Species Age Trees/ha height bh in or 

(m) (om) cm/yr 

D 346 MRA 25 !· canaldulensis 13 1 300 11.9 12.0 0.9 

D 347 MRA 25 E. - canaldulensis 13 1 525 9.6 10.0 0.8 

D 348 MRA 25 E. canaldulensis - 13 175 8.7 ?.o o.6 
-~__..,- ---

D 349 MRA 33 E. multiflor~Y 14 1 150 21 .6 17 .o 1.2 

D 352 MRA 33 E. - cama.ldulensis 14 1 420 14.6 12.9 0.9 

D 353 MRA 33 E. camaldulensis - 14 950 8.4 8.4 0.6 

D 344 MRA 11 E. canaldulensis 12 - 1 300 9-9 9·1 0.8 

D 339 Ryom CFA !• ~./canald. 8 1 025 18.6 12.5 1.6 

D 338 Vwang CFA E. cama.ldulensis 11 1 100 14.3 11.1 1.0 
No. 4 

D 345 Du CFA !· camaldulensis 11 1 000 7.8 7.1 0.7 

J/ syn•!• robusta 
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PROBLEMS AND FUI'URE OF THE MINE REClAMATION lili.EA:3 

The area of restored mining land which has been planted since 1960 is 1 336.5 
hectares of which more than 202.5 hectares were established immediately after restoration. 
A further 202.5 - 243.0 hectares were established on land restored some years previously 
and sown with cover-crops of grass and legumes. It may be noted that little land has been 
surrendered for reclamation between 1968-1915· 

Mining companies are reluctant to surrender their mining title after the ground has 
been worked for tin. Check-drilling of the ground, which is always done before restoration 
begins, often reveals the presence of small values of tin. To.larger companies these values 
may not be worth recovering, but they may be economically exploited by small private miners 
who use simple hand methods and have low overhead expenses. There is always some opt irnir:Hn 
that a rise in the market value of tin or minerals in general might make it profitable for 
the recovery of the remaining J.in, or even other minerals not presently oap:tble of economic 
extraction. 

Since 1967 the Forestry Division has been attempting to persuade the Jos Local 
Authority to have plantations on reclaimed mine lands constituted into either forest reserves 
or communal forestry areas to afford some security of tenure. The prospects for agricultural 
development on such areas are not good and there is little doubt that afforestation, 
which not only improves the enviroTh~ent, but also provides much needed firewood and poles, 
is a sound form of land use. 

CONCLUSION 

Most of the Eucalyptus species so far raised on the mine reclamation areas have some 
wood potentialities but unless there is some security of tenure of existing and future 
plantations, it will not be possible for the Forestry Division to carry out the essential 
long term research on improvement of the environment, on wood production and on poo;sible 
soil improvement potentialities of Zucalyptus and other species. This mine land reclamation 
project has assumed a small but important place in shaping the land-use pattern on the Jos 
Plateau and further soundly based development is essential if land deterioration and erosion 
is to be controlled. 
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FIRE PRO'l'iCTION 

History 

The present system of fire protection in Zambia is based almost entirely on the work 
in 1970, of Mr. N.P. Cheney, a summar,y of Whose report (Cheney 19)1) appears in Appendix 
7 of Tree Planting Practices ~n African Savannas (Laurie, 1974~. This led to the setting 
up of a Fire Control Sectio•· ·~o get the organization going; work is now sufficiently 
advanced to bring it under the control of line management from the beginning of this year. 

Degree of Hazard 

The long dry season with increMing temperature, decreas:i.ng hwnidity and often 
strong winds, especially in September, combined with plentiful fuel, give conditions for 
severe fires. The exotic trees grown &l'e inhe•~~tly fire prone and there is a considerable 
build up of fuel from pruning and thinning wastes t nder the trees, especially pines. 
Large blocks of even-aged trees, sometimes unavoidaDly orientated along the prevailing 
wind, give a potential, according to Cheney, of fires up to 1 600 ha. 

~~ 

The population traditionally uses fire for land clearing and hunting and is only 
slowlY becomin£ aware of the need for avoiding fire in plantations. 

In 1975, the worst season to date, a total of fifty six fires occured, eighteen of 
them originating outside and thirty-eight inside the plantation. 

A total of 602 hectares were involved, of which 120 ha were killed and 225 ha 
suffered severe scorch. 

Damase by Fire 

Pines are most susceptable to death and severe damage up to year twelve, and 
eucalypts throughout the rotation. Damage is by leaf scorch and destruct~n of the 
cambium. Overall scorch normally leads to death, Whereas cambial damage is usw:. ... ly only 
partial and leads to degrade of timber. Because of their thinner bark, eucalypts can 
suffer cambial damage very readily, and for this reason fuel reduction by burning cannot 
be practised. 

Cost of Fire Control 

The approximate cost of establishment per hectare of pines is K 3 985.J/ and eucalypts 
K 670 calculated at 1 percent compound interest to the end of the rotation (based on 1975 
costs). Fire control costs are about 5 percent of this figure. 

FIRE PREVENTION 

General 

Fire prevention within the pine plantation only becomes a problem after the sencond 
year when weeding normally ceases. Some third year weeding is carried out in dangerous 
locations, but this tends, owing to the work load, to be just a rolling down of the grass. 
Past fires indicate that it will be possible to burn this off early in the season with only 
minor damage; this is preferable to severe damage at a later date. The heavy grass growth 
normally found in young pine plantings makes for an extrem€ly fast moving fire, especially 
if there is any wind. 

jJ 1 K = USS 1.56. 
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Pruning to 2.2 metres is carried out when the mean top height is 10.5 m (at approximar
tely 5 years of age), which leads to a considerable increase in the fuel on the ground. 
This is perhaps the most dangerous stage in the life of the tree from the point of view 
of fire. A programme of control burning after pruning has been carried out since 1971. 
It should be noted that slash is scattered as evenly as possible and no of piling branch 
wood must take place as this leads to hot spots and consequ.ent damage. 

Control Burning 

The object is to reduce the amount of fuel on the ground to keep damage by scorch 
to a minimum. It has been found that trial fires can only give an indication of rate of 
spread and flame height and that when fires join up both are increased, flame heights being 
almost doubled. As scorch height is approximately five times flame height it is necessary 
to keep flames as low as possible. The fuel which causes difficulty is the dry needles 
on pruned branches not lying flat on the forest floor; it maJ be necessar.y to burn these 
off in one operation and burn again later to reduce the compact needle litter remaining. 

Practical application 

Burning is carried out in March/April when the rains a.re tailing off and in the 
late afternoon when there is little or no wind. Lighting is done on a grid pattern using 
the lines of trees as a guide. A trial fire gives the rate of spread and as a result of 
this lighters are spaced out along the side ftf th~ ~~~per't:::=."t GWi.i e;ivt:u ~ ~.i.~c:a..:.k ti.lu~g 
which ihc~ :::~t n~k, counting lines of trees as they SO• EBpacement is generally between 
30 and 40 metres, and men must be cautioned only to light one spot of fire at the prescribed 
distance. 

When lighters emerge on the other side of the compartment they are assembled and 
again sent off in the opposite direction till the area is completed. General direction of 
advances is into the prevailing wind. Detailed directions for carrying out control burning 
a.re given in Cheney's report, and persons interested in this T«lrk should study these 
carefully. Caution is necessary in the use of fire as once lighting up has taken place 
it is usually too late to put out the many spots burning in one compartment. While 
isolated cases of crowning have occurred, ;lamage is usually minor, but this should not be 
contused with trees with persistent needles which occasionally flare up in an alarming 
fashion, but seem to suffer no damage as a result. Weather conditions must be taken into 
consideration and any cumulonimbus clouds in vicinity treated with suspicion as they can 
cause severe turbulence. In case of doubt a weather forecast for the locality should be 
obtained. 

Successive burns 

There is no doubt that control burning reduces danger of damage from wil\! fire and 
gives supression forces a better chance of success, but this is dependent on the amount 
of fuel removed. It is therefore recommended, as a result of 1975 experience, that fuel in 
dangerous edge compartments exposed to the prevailing wind be kept to an absolute minimum. 

Normally in other compartments additional control burning should be carried out when 
there is a significant increase in the fuel on the ground. Poisoning of unproductive 
thinnings has been successfully carried out. This allows the trees poisoned to remain 
standing and gradually disintegrate instead of encumbering the forest floor as they would 
do if felled. This is of course better from the fire point of view, but has now been 
abandoned owing to a change in thinning schedules which del83's the first thinning to age 
nine when more utilisable material can be obtained. 

Effect on increment 

Measurements carried out in a series of nine plots in three compartments and burned 
yearly since 1972 indicate that so far there is no significant effect on increment. 
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Understo;r species 

At Chiohele Plantation infestation by Lantana camara is extensive, and it has been 
found that the stocking of this has been considerably reduced by repeated control burning. 
It is unlikely that complete eradication by fire will be possible due to infested anthills, 
but lantana can be kept sufficiently in check to allow almost unrestricted access. This 
is important in allowing fore::rt operations to take place and for fire control, especially 
as lantana burns severely l.ater in the dry season. 

The cost of the operation using an average gang of eight men and two vehicles is 0.30 K]J 
per hectare. This does not include the cost of one forester, and one forest ranger who 
are also normally in attendance. About 60 ha can be burned in one night by this force. 

Firebreaks 

Internal firebreaks 

In the past a number of different firebreaks have been tried, but now the leaving 
of large areas of unplanted land, with a high work load for no return, and of doubtful value 
for stopping high intensity fires, has been discontinued. It is considered that graded 
compartment roads combined wi -t:h Mni:rol humin~ and comPartments of thick barked eucalypts 
s~rategically placed across the prevailing wind to break up large pine areas will be 
adequate. The graded roads will stop low intensity fires and allow speeqy access, and 
control burning will provide areas of low fuel loading. The species favoured for planted 
firebreak compartments is EUcalyptus cloeziana which can be 9afely burned at about age 
four and is useful commercially. 

~ternal firebreaks 

Boundaries are protected by a graded strip five metres wide immediately alongside 
the plantation. In addition between this and the indigenous woodland a ten metre wide 
strip is rolled and burned off at the end of the rains. On certain dangerous boundaries 
where there is much foot traffic, there is a further graded stri~ outside this. 

There are obvious advantages in streamlining boumlaries and this is being done in 
new areas even though it mEcy' mean the inclusion of some poorer planting land. 

Woodland 

The adjacent woodland is intensively early burned as the grass dries out, and again 
after leaf fall, care being taken to avoid damage to the canopy. Anthills in the fire
break and on the edge of the woodland have in the past provided a spring-board for fire 
to jump into the plantation so these are now being systematically cleared of vegetation. 
Dead and dangerous trees on the woodland edge need to be felled and cleared away. 

Gradinf; with a caterpillar 120 Grader costs K 15.1/per kilometre and rolling a 
further K 15/lan• 
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Fire 1l'owers 

Fire warning is based on a series of steel towers strategically placed throughout 
the plantation at roughly 10 lan intervals. Advantage is taken of any suitably placed 
hills to reduce the height of towers at these points. 

It is important in locating towers that good cross bearings can be obtained. 

Equipment 

Tbwers are fitted with a bearing indicator with a simple sighting device reading 
horizontal angles to the nearest degree. These are set up to coincide with protractors 
marked on the plotting map in the fire control centre. Communication is by means of a 
portable radio powered b,y a heavy duty 12v battery kept in a locked steel box at ground 
level. Batteries last on an average three weeks before having to be brought in for 
charging. Look-outs are provided with binoculars, water bag, protective clothing and a 
seat. 

Manning 

As fire danger progressive!~ incrP.AaA~. ~ry~~~ ~~--~~~ ~Q iuc~~Qg~~ f~= ~ ~;ngle 

shift at the oeginn1ng of th9 season to three eight hour shifts on strategic towers. Only 
five fires were recorded as having started between 22.00 hours and 06.00 hours during the 
1975 season; these did little damage and were readily controlled. 

Fire Control Centres 

Easch plantation group has its own control centre manned by a radio dispatcher on 
an eight hour shift basis. This man is responsible for plotting smoke reports from the 
towers and taking appropriate action. He maintains a log book, chenks vehicles and 
towers in the field hourly, changes batteries and takes meteorological readings. Much 
of the radio time is occupied by administrative messages, but in case of fire these can be 
halted. 

Frequency of FirE>s 

In 1975 at the two main plantation centres, 2 721 smoke reports were received of 
which 691 were investigated and 47 fires were suppressed. 

Normally, fire watch begins in ~. !there is a build-up of fires until June when 
the total remains fairly constant. It starts falling off in October, with the fire 
season ending towards the end of November. 

FIRE SUPPR!SSION 

General Organization 

Every employee is liable to fire fighting duties, but initial investigation and 
suppression is carried out by trained teams normally consisting of two gangs of six men 
plus supervisor stationed at each plantation centre and travelling in fully equipped vehicles, 
It is only when conditions warrant that the larger organization is called into service, 
as detailed in the fire plan. Full-time fire teams are backed up by stand-by gangs. It 
is hoped that the whole labour force will eventually become versed in the e~ements of' fire 
suppression. 
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'fypea of Fire 

( 1) Grass fires in young plantations spread rapidly, but vehicles using water 
can usually be driven into the compartments. Xnocki-down can be accomplished quickly, but 
there is need for efficient follow-up b,y men on foot to ensure that the fire does not 
restart. 

• (2) In older compartments trees reduce the wind, and rate of spread is less, 
especially if control burning has been practiced, but here vehicles are confined to roads 
and so are mainly useful in stopping spread from one compartment to the other. In this 
case control must be achieved b,y hand methods as detailed in Cheney's report. 

Hand Equipnent 

McLeod tools imported and fitted with bamboo handles locally, are excellent for fire line 
construction in litter fuels. 

Shovels are used nosed, fitted with long handles and sharpened. 

Brush hooks are used for clearing branches and light growth ahead of fire line construction. 

~are useful when larger material such as trees felled in thinnings, is encountered. 

Knapsack spra,yers-An excellent design has been imported from Australia consisting of a 
sixteen litre plastic tank with pump and hose clipping neatly round the outside. 

Drip torches are very efficient when quick lighting up is required. 

Mechanical Equipment 

Vehicles 

For Zambian condi tiona experience indicates that a fast (at least 100 Ian/hour top 
speed) 4-wheel drive vehicle of about 3 tons capacity is best. This should be fitted with 
an internally baffled steel tank capable of holding about 1 400 li tres of water, pump, 
hose reel and hand tools. At least one larger t~~ker should be available in each area. 

Water pumps 

A centrifugal pump producing a pressure of at least 10 bars with a good filling 
rate at low pressure and hand or other priming facilities is recommended. 

~er equi:pnent 

liose reels should be of the vehicle type supported at both ends and capable of 
carrying up to 60 metres of 20 mm rubber hose. 

Branch pipes should have sprq and jet facilities and positive shut off • 

.!!e.!!!,-Strong fabric reinforced rubber hose of 20 mm and 25 mm h used. Canvas 
hose is mainly used for tank filling, but a few lengths of 38 mm are carried on the large 
tankers for use in case of a sawmill or other static fire. Generally, vehicles fight 
fires While on the move so it is undesirable to have them anchored to long lengths of hose. 

Slie:on units can be useful on conventional lorries or light trucks, and should 
consist of light steel, internally baffled tanks with a small pump and hose reel molUlted 
on the top. These are loaded empty and then filled with water. Hand tools and all other 
equipment necessary should be kept at the loading point. 
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Wheeled bowers towed by tractor or land rover can be useful. 

Fire Weather Information 

Generally speaking, fire weather in Zambia gets progressively worse as the dr,y 
season progresses 1 though there are dqs when condi tiona can be more severe than expected. 
With this in mind forecasts are obtained form the Meteorological Department each afternoon 
for the followinJ dq of: (1) ma.:rlmum wind speed, (2) wind direction, (3) maximum 
temperature and {4) minimum humidity. 

This gives a chance to plan activities ahead and to alert. any extra forces which 
maJ be necessary. 

In addition, local weather information is collected at fire control centres at 
09100 and 16:30 daily consisting of air temperature, wet bulb and maximum and minimum 
temperature. Wind direction and speed are recorded hourly. Any rainfall is measured 
and a thermohygrograph makes a seven ~ chart of temperature and humidity. 

Weather information is used in compiling fire reports, calculating the drought index 
figure (see Cheney, 1971) and computing the fire danger rating using the McArthur Forest 
Fire Danger Meter. 

Cheney, N.P. 
1971 

Laurie 1 M. V. 
1974 
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The savanna occupies between 75-Bo% of the entire vegetational area of Nigeria. Thus, 
of the total forest reserve area of about 96 000 km2, the savanna covers about 76 000 km2. 
However, much of the savanna reserves are low value forests with a lot of grasslands. On 
the other hand, the estimated 20 000 km2 of high forest reserves which have considerable 
industrial potential may be unable to sustain the extremely heavy demand to which timber is 
put. 

At present, about 1i million cubic metres of wood is consumed annually in Nigeria. At 
this rate, the high forest would be used up in not more than 30 years. It is therefore 
essential to find means of augmenting the supply of timber in the countl"Jt partly through 
rehabilitation of the savanna. Besides, ready availability of timber for immediate local 
consumption is also desirable for the savannas. 

In these circumstances, the vast savanna needs to be converted into productive forests. 
Such massive efforts to establish man-made forests require intensive research and large
scale management techniques. No doubt, the resulting artificial forests would conspicuously 
lack the biological balance which is obtainable in natural forests. Subsequently, this has 
given rise to a number of forest and timber diseases and insect problems, some of which have, 
on occasions, assumed epidemic dimensions in monocultural practices. Some of these have 
either directly seriously discouraged the successful establishment or the management of 

1/ Paper for Symposium on Savanna Afforestation 
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certain tree species, or have adversely influenced the morphogenesis of nursery and planta
tion stands, resulting in very poor yield. 

There has been very little research conducted on forest and timber inseco pests in ~he 
savannas of Nigeria. Roberts (1969) conducted the first general forest insect studies in 
the savanna beginning in 1962, which was in the form of ~ forest insect survey. This wa.s a 
continuation of a similar work initiated in Nigeria by Eidt ( 1963), but which was then 
restricted to insect pests of indigenous tree species of onl¥ the lowland rain forests. 
Earlier, the West African Timber Borer Research Unit (WATBRU), with itc main activity 
centre in Ghana, also extended its timber insect research to Nigeria but on a relatively 
smaller scale. However, detailed biological studies on some important timber insects, 
mainly beetles, were carried out (WATBRU Reports 1953-58, 1959, 1'960, 1961-62). In 
addition, effective methods of control of termite in young Eucalyptus plantations were 
initiated by Lowe in 1960. Further experiments were also carried out by Sands (1962 a, b). 
It is now the normal practice to treat Eucalyptus seedlings for termites before they are 
planted out in the field. 

The forest disease survey of Parker (1964) noted a number of plant~tion and nursery 
diseases in the savanna areas of Nigeria. Most of these were at that time causing only 
minor damages, notable exceptions being damping off diseases in some nurseries and the 
root rot of !• camaldulensis at Okene caused by Polyporus sp. 

As teak planting became extensive in the savanna areas, the root rot of the genus 
became so significant that much attention was devoted to it (Momoh, 1973 and 1974). Other 
disease problems relating to plantation establishments in the savanna have also been 
recorded and studied briefly or in detail (FAO, 1970). 

MAJOR INSECT PEST PROBLEM) 

The savanna forests have had less frequent serious outbreaks of insect pests compared 
to the rain forests. The major reason for this is probably climatic. Nonetheless, there 
have been sporadic insect problems of major dimensions. 

Perhaps one of the major serious insect problems is found on the mahogany. The 
mahogany is a composite name embracing the group of trees in the Meliaceae family. This 
family represents some of the most prized and popular indigenous tree species of local and 
export value. In Nigeria, all members of one subfamily, the Swietenoideae! are attacked 
by the well-known "ltBhogany Borer'' Hypsipyla, a pyralid, and closely related species. They 
attack the shoot, stem, bark, flowers and fruits of the host trees. The impact of this 
pest generally discourages the establishment and successful management of the s~sceptible 
species. However, in the savanna ~ senega.lensis, aptly called the savanna mahogany, is 
the more widely planted (as shade trees) particularly in the northern Guinea nnd Sudan 
zones. In the derived savanna, !• ivorensis and !· ~ra.ndifoliola are examples of the other 
common plantation mahogany species. All these are similarly severely attacked, although, 
according to Roberts ( 1969), there are usually fewer generations annually than in the rain 
foreets of the south. 

There are a number of other insect pests of the mahogany, but the impact of these is 
much less severe than that of the Pyra.lid borers. A few important defoliators and borers 
include: Pachypasa denticula. Bethune-Baker (La.siocampidae); Pseudobuneae eEithyrena 
{~asen & Weyding), Lobobuneae christ¥i Sharpe, Nuda.urelia diane (~abricius) (sa.turniidae); 
C£Yptoblabes shidiella (Milliero), Pyralis manihotalis (Guen;er-(Pyra.lidae), the calliphorid 
fly Lucilia cyprina (Wiedmann) and a host of others, including some beetles. Some of these 
pests have a wide host range. For example, Roberts (1969) found P. denticula to occur 
throughout most of the savanna and was recorded on EucalxEtus camaldulensis, the favoured 
host, !• deglup!!, ~· microtheca and !• tereticornis. The larvae of this species attacked 
eucalypts of between 3-16 years old, while they attacked as much as about 18% of older 
stands measuring 14-20 m high. 
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The major insect pests of Daniellia spp. are some of the beetles which attack felled 
timber and lumber. Others are those which attack wood and feed on cambium of plantation 
and natural trees. However, much of the infestation is apparently secondary because often 
predisposing factors such as reduced vigour or mechanical damage, play important roles. 
Among the beetle timber borers of D. oliveri are the longhorn beetle (Cerambyoid) 
Plocaederus.viridipennis (Hope) which attacks felled as well as living trees, and 
Pach~issus camerunicus Aurivillius. In the latter case, a heap of dust under a severely 
attacked tree is diagnostic, and occasionally heavily attacked trees are killed. The con
dition of predisposed trees may be worsened by the following insects: xyloperthella 
crinitarsis Imhoff a common polyphagous species, Sinoxylon ruficorne Fabricium 
(Bostryohidae); and certain colydid and curculionid species. 

Isoberlina doka is another common indigenous savanna species which is attached by a 
host of insects, llBjor among which are certain lepidoptera.. Two of these, Elaphrodes 
duplex (Gaede) and the processionary Eparaphe moloney, (Druce) (Notodontidae) are 
defoliato-s of I. doka, the former to such a serious level that attacked trees are often 
completely strippea:--The Iasiocampid G. rufescens is also a serious defoliator, but such 
heavy defoliation is usually localized: 

The noctuid Crypsotidia conifera Hampson severely defoliates certain Acacia spp., 
especially A. albida. It is capable of causing up to 5o% defoliation on large trees. 
Among the other numerous insect pests of the Acacias is the ut:>ctuid Pandesma anysa Guenee, 
whose habit on its host is similar to that of C. conifera, and Characome nilotica Hmp., 
which attacks fruits of !• nilotica; and the psychid Cr;yptothelea junodi {Heylaerts), 
which is a widespread defoliator of the Acacias. Recently a new, undescribed insect 
species was reported severely attacking Acacia nilotica. The weevil, Pachyonx sp. bores 
the shoot of the host and forms galls. It is considered to be a potentially dangerous 
pest which has affected about 150 acres of plantations. Other important hosts of £• ~unodi 
include the exotics Eucal;yptus camaldulensis, §• deglupta., the particularly favoured 
!• torelliana; and the native Anogeissus leioca!;Pus and !!!,:.~ rufescens. Certain 
species of eucalypts also suffer attack by Bunea alcinoe Cram, a saturniif defoliator whose 
wide host range also includes some species or-mahogany, Balanites aegyptica ~nd Cussonia 
bateri. 

Other insect pests also occur on the eucalypts and these include defoliators, miners, 
rollers, and case bearers, apart from the damage done by wood and cambium coleopterous 
borers as well as girdlers. The former group is of more importance during the production 
stage as it affects the condition of the hosts to various degrees. Mare serious however 
is the damage done to Eucalyptus spp. by termites. Usually, eucalypts have to be treated 
at the nursery or early plantation ~tage against termite infection. A lack of treatment 
might lead to excessive losses 1/. 

Termite attack also occurs on some other exotics but is normally less significant or 
only secondary on species like pines, neem and Acacia. According to Lowe (1960), termite 
attack had been a deterrent to the establishment of eucalypts in the savannas, although 
some treatments against termites have considerably improved the situation. Thus, the 
impact of termites on forestry development, especially in the savanna, cannot be over
stressed, not to belittle their role in the biodeterioration of wood in storage, transit 
and use. 

1/ See Laurie (1974) for use of insecticides dieldrin and aldrin for protection against 
termites. 



- 206-

The widespread orthopteran Zonogerus variegatus L. (Pygomor Phidae) feeds on pines, 
but with no severe effect. Generally, the pines, Gmelina. a.rborea. and Aza.dirachta. indica., 
among others,. are attacked by only few insects. Da.lbergia. sissoo and the eucalypts, on the 
other hand, suffer attack by the Diaorisia lutescens (Walker). This a.rctiid is found in 
murseries and plantations. Also Tectona gra.ndis harbours some insects but the damage done, 
though sometimes to a. significant dimension, has not often caused serious concern. In 
general, numerous other insects have been recorded on various tree hosts in the savanna., but 
apparently most of these have been within tolerance levels and have so far been contained 
by the respective hosts. 

MAJOR DISEASE P:OOBLEM3 

The most economical plantation disease that has been recorded in Nigeria. is the root 
rot of teak (Tectona ~ra.ndis Lin. F.) caused by Rigidoporus ligrosus (Klotzsch) Ima.zeki. 
The disease occurs widely in the derived savanna areas of Nigeria, except in Nimbia. The 
percentage death due to this disease varies from one locality to another. A loss of about 
3o% has however been recorded (MOmoh, 1974) at age 5 in Ega.ba.da (Ida.h area.). 

The disease is more severe on poorly drained sites, although it is capable of occvrring 
over a. wide range of geological formations. The first visible signs of the disease are 
normally yellowing leaves which tend to drop prematurely. These visible syrnptorns however 
only develop after a. severe infection of the root sys·~em and the host is on the verge of 
death (Momoh, 1973). Sporocarps may or may not develop on the affected host. 

Teak trees have also been found to die in some localities from a die-back disease 
caused by StemRhlllium sp. The pathogen is closely followed by Beltrania. 

Although Eucalyptus spp. are widely grown in the savanna zone of Nigeria, its diseases 
have been few. A Ceratocystis sp. has been found to be associated with water str8ss in the 
death of E. robusta in a. few areas. Such deaths only occur at the peak of the dry season. 
Unidentified bacteria have also been found to cause necrosis of leaves on E. ca.ma.ldulensis. 

In some parts of the southern Guinea. savanna there has been sporadic occurrence of the 
root rot of gmelina ( Gmelina. a.rborea) raised from stumps. Such infections also sometimes 
occur on stumped teak and are normally due to fungi of a. wide host range such as Geotrichum 
and Gloesporoides. 

Species of Pestalotia and Peet~lotinpsis a.r.e frequently associated with the die-back 
of a number of plantation trees. They have also been found to be associated with the 
necrosis of ageing needles of various pines. Nigeria. (and the rest of West Africa) has so 
far not suffered from the notorious Dothistroma. blight of pines, but Pesta.lotia. is known ir. 
East Africa to be sometimes associated with such blights on Pinus radiate. which is not an 
important plantation species in West Africa. Nevertheless, tii'e'Common occurrence of 
Pesta.lotia in West Africa. gives food for thought and vigilance. 

At the nursery level, damping off disease is experienced to varying degrees in a. few 
localities. The disease is no longer significant in many nurseries which have developed 
valuable techniques and which use container ''pots" rather than germination beds or boxes 
for raising seedlings. The common damping off fungi include Rhizoctonia sola.ni and Fusarium 
spp. 

Timber harvest is currently done only in areas of the derived savanna.. The harvested 
species include various light coloured timbers that are susceptible to the blue staining 
fungus Bot;yodiplodia. theobromae. Infection is more severe in the wet season than the dry 
season (~moh, 1966). It can be controlled by quick extraction followed by rapid 
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conversion and drying. As infection can occur within a few days, ohemioal treatment 
immediately after felling is desirable if logs are to be left in the green state for up 
to a week or more. Different chemicals can be used for spraying or dipping (Momoh and 
Oluyide 1967, MOmoh and Akanbi 1 1969). 

CONCLUSION 

Although preliminary diseases and insect pest surveys have been carried out in the 
savanna areas of Nigeria there is a need for constant vigilance and further periodic 
surveys to ensure that any disease or insect pest outbreak is cited and curbed before 
extensive damages are done. The root rot disease of teak and the Pachyonyx attack on 
Acacia are clear indicators of the necessity of a continuous survey. Such sudden out
breaks of diseases or insect pests have also been noted in savanna areas of other parts 
of Africa. The 1972 outbreak of Phoracantha recurva in Zambia, a sporadic outbreak of 
Plagiotriptus pivinorus in ~lawi and the root rot of Eucalyptus caused by Phaeolus 
manihotis in Ghana are other notable examples. 

Thus it is desirable to have a periodic routine survey for diseases and insect pests 
in forest nurseries and plantations. These natural human enemies knotT no political 
boundaries. A close cooperation between the pathologists and entomologists of different 
nations is therefore esser.tial. 
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In recent times sufficiently successful methods of establishment of forest stands in 
the savanna areas of Nigeria have been developed. 

During plantation establishment and maintenance, foresters met with many problems, 
dangers and various bottlenecks before achieving their desired objectives. The most difficult 
problem that has plagued foresters in savanna regions has, however, been the protection of 
plantations against the biotic elements of the environment. For this reason, various methods 
of protection have been devised over the years, all with varying degrees of success. Of the 
biotic factors, man and animals present a special type of problem. This paper deals with 
some aspects of the methods presently in use to protect plantations against man and animals 
in Kano State in particular and the savanna zones in general. . 

The general methods of protection include fencing, mass propaganda., cultivation, and 
keeping of watchmen. 

FENCING 

This method is found to be equally successful in keeping aw&\Y both men and animals 
from plantations. The presence of a. fence impresses upon any individual the fact that the 
area fenced is out of bounds, as this practice is even COIIUIIOn among indigenous people as a. 
means of protecting their private properties. 

In Kano State, forest plantations are fenced using 4 feet (1.2m) high cattle fenc~·.ng 
wires supported by 6 feet ( 1.8m) high azara (Bora.ssus aethiopium) posts spac~d 10 feet (3m) 
apart with one strand of barbed wire about 4 inches ( 10 em) above the fencing wire. Alterna
tively, four strands of barbed wire spaced horizontally about 2 feet (60 em) apart up to a 
height of 5 feet (1.5m) on Borassus posts is sometimes used in the absence of cattl~ wire. 

These methods have been found to be effective only in keeping off man. 

A alight modification of the first fencing method described above has been fo'..llld to 
be effective against cattle. 

Fencing a plantation by using 4 feet ( 1.2m) high cattle fencing wire attached to 6 
feet ( 1.8m) a.zara posts spaced 10 feet (3m) apart and putting only one strand of barbed wire 
i;l ~.he middle is highly effective in preventing cattle da:nage~ Since cattle do not feed on 
~a.dii·achta indica (Neem), Eucalyptus species, and Cassia siamea. (Kaahiya), unless in e::ctr~Jn~t~ 
drought conditions, in a plantation of these species the fence could be removed two to th:!'ee 
ye~s after stand establishment or when the species close canopy. But in case of Kha,ya 
senegalensis (Madaci), Dalbergia sissoo (Dalbegia), Acacia niloticg, (Ba.ga.ruwa), Acacia albida. 
(Ga.wo), etc., fences should not be removed until the planting stocks reach a height of up to 
15 - 20 feet (4.5- 6 m). Also, if exploited the coppice should be fenced until they reach 
the same height before the fence is removed. 

The goat is readily the most notorious animal causing damage in plantations. It feeds 
on almost anything green. The thorns which characterize the Acacia species do not deter 

, this animal from browsing freely on shoots of the species. Also, because of its size, it 
CIUl easily squeeze through small openings which oan keep a.w8iY man or cattle. Effective 
fencing against goats consists of using 4 feet ( 1.2m) high pig or cattle wire attached to 
6 feet (l.Bm) high Borassus posts spaced 10 feet (3m) apart but with two strands of barbed 
wire. One of the strands of barbed wire should be on top, while the other is in the middle 
of the wire netting. In ad.aition, earth mounds are made at the base of the wire netting to 
cover the firll1: two horhontal •trlllld• of the wire netting. ·Thia is 'to prevent the goat from 
•lippi:Jag UDclemeath the wire at groUDd level. Opeilinga or entriUlceallhould be minimized· along 
th~ fence. It ia ad.viaa'ble to u•e ladders looatecl at convenient point• alotlg the :teoe aa a· 
.mellll• _of -~ing atr1111oe into the fenoed area. 
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The above method is equally effective in keeping out sheep. 

One or two strands of barbed wire alone have been found effective in keeping off 
camels. 

Except in remote forest reserves, damage from wild animals is no·t likely as the areas 
in Which forest plantations are located are generally in localities that have been continuously 
under cultivation for decades. It is thought, as of now, that the fencing method used for 
keeping out goats will be sufficiently effective in keeping out some wild herbivore. 

MASS PROPAGANDA 

This could easily be one of the most important methods of protecting plantations 
against man if well organised. However, exper·ience has shown that this method does not work 
in sparsely populated areas. This system usually involves the broadcast of instructions in 
public places such as markets, festival squares, churches, and Friday Mosques, etc., that 
specific areas have been declared out of bounds. It is usual to stipulate a penalty of 
either a fine or term of imprisonment or both for offenders. 

Sometimes radio discussions on the reasons for protecting these areas are held in 
local languages. Documentary films are also sho'Wll on mobile cinemas to get the message 
across to the population. 

However, people are still known to trespass without being caught in spite of the 
propaganda. 

CULTIVATION 

This is a method of protecting plantations against incidenta'l. activities of man. In 
the savanna areas of Nigeria, various species uf grasses are commonly used for thatching of 
roofs, mat-making and as fodder. People therefore go about collecting these grasses in 
plantations and very often set fires to the grasses intentionally as a means of promoting 
their active regrowth. Sometimes the fires are set maliciously. Clean cul·tivation is 
nor:-:ally carried out in August and January in n"..,ly established plantings to keep off the 
grass. In Kano State, cultivation. is done mechanically. 

KEEPING OF WATCHMEN 

In addition to a fence, a watchman (locally known as a maigadi) should be employed in 
an area with over 100 acres (40 hectares) of forest plantation. It has been found that in 
a plantation with over 100 acres (40 hectares), fencing alone could not suffice unless a 
proper watchman is employed to look after the area. 

The main duty of a watchman is to cater for the general welfare of the plantation. 
This includes the repair of fences, reporting any out-break of diseases, pests, fires, etc. 
His main attributes should be high influence among the entire people of the area, fearlessness, 
devotion to duty and knowledge of the area or beat he is watching. 

Experience has shown that putting a watchman in an area is much better and more economical 
than fencing a whole area with chain links if it comes to the protection against man's atroci
ties. 

It is important to mention that protection is an expensive item in forest plantation 
establishment in the savanna areas (especially in the Sudan zone). Cost analyses of fencing 
in Kano State are shown in Tables 1 and 2 following. Cost figures shown do not include 
supervision. Fencing cost alone is known to account for about 7Cf1, of the cost of establishing 
plantations in the Sudan zone in Kano State. 
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COfJ.l' ANALYSIS FOR FENCING 100 ACRES PLANTATION 
Q.F DIMENSIONS 40 x 25 CHAINS 

Specifications 

1. Shape of plantation: rectangular (40 x 25 chs) 

2. Perimeter: 130 chains (858o feet; 2574m) 

3. Azara interval: 10 feet (3m) 

4. Strands of barb6d wire used: 2 

5. Number of bindings against aza.ra posts: 3 

6. Length of fencing wire: 165 ft (50 meters) 

7. Length of barbed wire: 660 ft ( 220 meters) 

8. Length of binding wire: 1000 ft (333 meters) 

9. Length of azaras: 6 ft (2 meters) 

10. Cost of cattle fencing wire: 1130 (about u.s. S48) 

11. Cost of cattle barbed wire: 1120 (about U.s. $32) 

12. Cost of cattle binding wire: 1120 (about U.s. $32) 

13. Cost of cattle asara posts (12') - 111.20K (about U.S. $1.92) 

14. Labour for fencing: 3 man~s/ acres ( 7 ·5 man-d~s/hectare) 

15. Labour for trench making: 5 man-d8iYs/ acre ( 12.5 man-d<\Ys/hectare) 

MATERIALS NO OF ITEMS 
NEEDED 

Cattle fencing wire 52 

Barbed wire 52 

Binding wire 3 

Azara posts 430 

Cost of materials 

Labour for fencing 

Labour for trenching 

Grand Total 

cosr -
COS!' PER 

UNIT 

1130.00 

1120.00 

1120.00 

111.20 

TOTAL COS!' 
( 100 acres) 

111560.00 

640.00 

60.00 

516.00 

1'2776.00 

525.00 

875.00 

111400.00 

1'4176.00 

REMARKS 

2 strands 

(to be out into 2) 

Cost per acre 1141.76 (about u.s. $67) 

Cost per hectare 11104.40 (about U.s. U67) 
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COBr ANALYSIS FOR FENCING 1 MILE OF fiiELTER»ELT 

Specifications 

1. Shape: linear, 1 mile by 110 feet (1.6 km x 33m) 

2. Perimeter: 10780 feet (3593 meters) 

3. Azara intervals: 10 feet (3m) 

4. Strands of barbed wire used: 2 

5. No. of bindings against azara posts: 3 

6. Labour for fencing: 60 man-dav's 

1. Labour for trenching: 100 man-dSiYs 

MATERIALS 

Cattle fencing wire 

Barbed wire 

Binding wire 

Azara posts 

Total for materials 

Labour for fencing 

Labour for trenching 

NO. OF ITEMS 
NEEDED 

65 

34 
8 

1078 

Grand Total 

cosr 

CO sr PER UNIT 
ITEMS 

1130.00 

30.00 

20.00 

1.20 

TOTAL COffil 
( 1 MILE) 

111950.00 

680.00 

160.00 

1293.60 

114003.60 ==-====== 
105.00 

175.00 

114363.60 ======·== 

RD1ARKS 

2 strands 

(to be cut into 2) 

(about U.S. 16980) 

N .B. Number of acres (hectares) for the above dimension - 13 acres {5.2 hectares) 

Average cost per acre - »335.66 (N839.15 par hectare) 
==-=•==a• 

Cost per acre (hectare) of agricultural land protected at interval of 100 feet (210m) 
between belts - 1148.00 (Hl20.00 per hectare) 

==···-= 
N .B. With reference to the tables of cost analysis, it could easily be seen that it is much 

cheaper to fence a plantation with more or lees equal dimensions. Wherever possible, 
the Shape of plantation should not be linear unless the desiredobjective is shelterbelts. 

It is found that very good cattle fencing wires could continuously be used up to ten 
years. Also, black and matured azaras could be used for about six to ten years. Except 
in extreme cases, barbed wire could be used for well over two decades. 
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Foresters have for many years realised the need for planning because the long 
rotation of their crop meant that mistakes were both time-consuming and costly. The 
framework of their planning was the working plan, which gathered together information on 
a particular area and from this prescribed the action that was to be taken over a period 
of years to achieve the objects of management of the plan. At its simplest the working 
plan might prescribe no more than that records should be kept, but it is often from this 
repository of information that modern plans are made up. 

The traditional working plan did not, however, take into account the interactions 
with other sectors, nor even between working plan areas within the forestry sector. The 
plan period was generally 10 years, but if conditions changed during that time it was 
necessary to get sanction from the highest authority to change the prescriptions. Although 
annual records were maintained, performance was not alw~s compared with the plan targets. 

1/ Paper for Symposium on Savanna Afforestation 
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Modern planning seeks to take into account the needs of the country and to set 
objectives for supplying them. Planning is the means of forecasting how those directives 
m~ be achieved, but also retaining sufficient flexibility so that the plan can be altered 
to meet changing circumstances quickly. For this to be done, there must be a constant flow 
of accurate information from the project or sector which can be readily analysed. 

THE NATIONAL DEVELOPMENT PLAN 

Most countries have a national development plan whose objectives are the outcome of 
political processes. In the long term the objectives m~ be unquantified and generalised, 
e.g. "to improve the standard of living of the people", but in the short term the objectives 
may be quantified, e.g. "to produce enough pulpwood to meet the country's requirement before 
the end of the five year period". The task of the planners is to formulate the methods by 
which the objectives will be achieved, and some of the objectives m~ in fact become 
constraints in certain sectors. 

Forestry will have an important place in the national development plan of many countries. 
Demand for forest products is increasing rapidly and there is also the attraction that 
development takes place in rural areas. 

PLANNING IN THE FURESTRY SECTOR 

Regardless of the structure of the forestry sector (i.e. the division between State 
control and private enterprise) there must be an overall policy. This is a statement of 
the objectives laid down for the forestry sector. 

Within the forestry sector, a planning unit should be set up to determine the means 
of achieving the objectives of the policy. In order to do this, the organisation should be 
capable of: 

1) collecting and analysing the data; 

2) formulating alternative courses of action for attaining the objectives; 

3) evaluating the choice available according to various criteria; and 

4) monitoring the implementation of the plan and taking the necessary action to 
correct it as conditions change. 

The planning unit must first identify the services and products demanded by the 
sector. Table 1 illustrates this for Nigeria, and similar trends are apparent in other 
African countries. 
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TABLE 1 

Projected Demand for Forest Products in Nigeria 

1974 1980 1990 2000 

Sawn wood 900 1600 3500 7000 
II per caput 0.012 0.019 0.032 0.047 

Plywood 45 80 175 350 
II per caput 0.0005 0.0010 0.0016 0.0023 

O-ther panels 12 66 245 446 
II II per caput 0.00016 0.00078 0.00230 0.00300 

Paper and particle board 110 210 600 1400 
II " per caput 1.5 2.5 5·5 9.0 

Roundwood Conversion 

Saw logs 2300 5000 10000 

Peelers 240 530 1000 

Pulpwood 840 2400 5600 

'lbtal m3 3380 7930 16600 

Source: FAO High Fbrest Development Project, 
Federal Department of Fbrestry, Ibadan. 

Units 

'000 m3 

m3 

'000 m3 

m3 

'000 m3 

m3 

'000 m3 

kg 

'000 m3 

II 

" 

II 

In addition to the demand for products, there will be a considerable demand for 
services, such as shelterbelts, erosion control, etc., which will be mainly supplied by 
plantations because there is unlikely to be any natural tree cover where these services 
are required. Plantations are likely to be preferred for the supply of products too, 
because industrial uses require that the raw material is of uniform size with little 
variation in quality. 

An estimate of the forest areas required to meet the likely demand can next be 
made. This should take into account future improvements in the efficiency of conversion, 
the effect of substitutes and the increased use of so-called secondary species. Present 
areas of natural forest and plantations are generally well knwon through the records that 
are maintained in working plans, etc. It is,however, important to ensure that these 
figures are obtained by physical survey and are not estimates of doubtful accuracy. 
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Yields of natural forest types and plantation species must next be determined. In 
the natural forest, low sampling intensity inventories have been carried out in most countries, 
supplemented by high intensity stock-mapping undertaken by, or for, the logging companies. 
There is thus a gpod idea of the present yields, but future yields m8¥ be less easy to 
predict because secondary species have not been included in the past. A further disadvantage 
of previous inventories is that they often made no allowance for defect or grade of log. 
Both of these points need to be incorporated into present day inventories to allow for 
technological changes that will in the future permit more complete exploitation of the 
natural forest. 

Yields of the main plantation species have been studied in many countries, and sample 
plots have been laid down to obtain data for the construction of volume and yield tables. 
Preliminar,y volume tables for the smaller sizes have been produced in several countries for 
the main plantation species planted in the savanna, but often yield tables await the 
acquisition of more data as the crops are usually fairly young. The importance of 
establishing permanent sample plots as a routine in all plantation areas cannot be over
stressed; besides providing data for volume and yield tables, they will provide estimates 
of compartment yield (supplemented by temporary plots) and they will monitor the performance 
of the crops through the first and subsequent rotations, an important consideration in view 
of findings with some exotic crops that production falls off in the second rotation. 

PLANTATION PLANNING 

A1 though it may be necessary to meet much of the demand for services and products 
by the creation of plantations, they must al~s be seen as part of the whole integrated 
forestry sector and not be considered in isolation. The time, the location, the size, the 
species and the technology to be used in the establishment of the plantation must all be 
considered, and in evaluating the benefits there must be knowledge of the product, the 
quantity, the type, the price and the date that it will be available. 

The planning body for the forestry sector must identify projects which will be the 
means by which the plantation programme will be carried out. It is important that this 
boqy is not seen as the sole source of ideas for projects, because often line managers 
may have a better idea of the sort of projects that are possible within certain constraints 
of site, staff capabilities, etc. Close contacts should be maintained too with the 
organization responsible for forestry research so that promising lines of stuqy may be 
developed at any early stage. In fact, planning, research and management services (such 
as inventory) should all be part of the same organization. 

After possible projects have been identified and a preliminary screening has been 
done, project proposals must be drawn up for each. Watt (1973) rAs listed the essentials 
of a project design for presenting to decision makers. They include studies of technical, 
commercial, financial, economic, organizational, social and political aspects and the way 
in which the project would be financed. The criteria for selection between projects have 
been summarised b,y Adeyoju (1975) as: maximum volume, employment, balance of p~ents, 
profits, net discounted revenue (NDR), internal rate of return (IRR), value added, output, 
capital ratio, social marginal product, benefit/cost ratio, marginal per capital reinvest
ment and net social benefit. 

NDR and IRR are the criteria most generally quoted, and sufficiently accurate data 
on costs and returns can usually be collected to make the figures obtained reasonably 
reliable. Criteria based solely on direct economic returns such as NDR, IRR, profits, 
value added, etc., present only part of the picture, and may lead to a choice of project 
which conflicts with gpvernment social policy. Other benefits are therefore also calculated, 
and two of the most frequently used are employment and net social benefit. Employment may 
be measured as the number, the type or the location of new jobs created, or in terms of net 
value added, cost per new job or the effect.on the re-distribution of income. The saving 
of foreign exchange is frequently quoted as a criterion for the evaluation of pulpwood 
projects in particular, but in fact it may be illusory, for in such a capital intensive 
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industry the benefits of home production may be more than outweighed by the cost of imported 
machinery or raw material and the cost of servicing loans. There is increasing world shortag 
of pulp which makes it necessary for Nigeria to satisfy this need in the rapidly expanding 
home market and perhaps also for the export world. Inflation makes it better to invest now 
rather than to delay into the future. 

In order to select between projects, they may be ranked according to several of the 
criteria, but even then the final choice may be influenced by other factors. These include 
interactions with other projects within or outside the sector and the flexibility of the 
project to adapt to unforeseen circumstances, in particular inflation. 

The monitoring of the performance of the project against its targets will largely be 
done within the project as will much of the adaptation of the methods or targets to meet 
local conditions. There will, however, be a need for monitoring at the national level for 
continuing interactions between projects, reactions to national policies and evaluation of 
the performance of the project. The sectoral planning unit will also be responsible for 
co-ordination between projects. 

IMPLICATIONS OF A NATIONAL PLANTATION PROGRAMME 

Where it is decided that all or part of the national requirements of forest products 
and services may best be met at some future date by the creation of plantations, there 
may be implications far outside the forestry sector. 

The first is that forestry may be an excellent means of implementing government plans 
to raise the rural standard of living and check the drift to the towns. For example in 
Nigeria, it is hoped to achieve this through rural forestry development projects such as 
agri-silviculture, promotion of the development of farm wood lots and communally owned 
forest plantations. Large labour forces will be required near the plantation, ~d it will 
be necessary to house the workers and offer various social services if a permaneEt, skilled 
labour force is to be retained. But full time employment of labour will remove them from 
subsistence farming where they worked mainly to feed themselves and their families and to 
sell surplus foodstuffs. 

Labour forces are still likely to grow a small portion of their food requirements 
outside working hours, but in order to supply their total needs and to produce more food 
for the rest of the population, large agri-silvicultural schemes will have to be developed, 
based upon the proper planning of the potential of the land for growing various crops. 
The savanna and derived savanna are potentially suitable for this as they have high rainfall 
during the growing season and high sunshine hours during ripening and harvest of grain 
crops. This will require some degree of mechanization for the following reasons: 

1) 

2) 

3) 

Scale. Manual methods on the scale of most large plantation schemes would impose 
an-eDormous administrative and managerial burden. 

Timing. Several operations, such as the sowing of crops, have to be done in a 
very short period. 

.22!1· 
Compared to most developed countries, however, the labour component will still be 

high, especially in nurseries, for planting and in some maintenance and harvesting operations. 

It will be necessary, too, to integrate the present timber industry more closely with 
the plantation schemes to get the most suitable areas of high forest harvested at the right 
time. More coercion may be necessary to force the industry to take more of the secondary 
species in order to clear the land more thoroughly. 
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More training in managerial techniques for graduate staff will be required, possibly 
with a reduction in biological studies. More specialists will also be required, and there 
will be a need for re-training staff at frequent intervals to update their skills. In 
order to speed up reporting, it is likely that the traditional line of command may be 
short-circuited in order to produce figures for speedy monitoring. 
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INTROOOCTION 

Foresters are long established as planners and managers. The traditional "working 
plan" provided a basis for effective continuity, and by collecting records a reasonable 
base for future planning was built up. Modern planners (Johnson, Grayson and Bradley, 
1967) have suggested that these plane have three main deficiencies: they lack flexibility; 
there is no definition of criteria by which to judge the relative success of alternatives; 
and the planning was generally only at the forest level. 

Planning is used to describe anything from a series of arbitrar.y decisions to a 
c~itical and sophisticated investigation into the whole range of possible choices open 
to an enterprise. The planning of a savanna afforestation enterprise will be considered 
in the following sequence: 1) the "outline project", 2) preparation of the "detailed 
p~oject" and 3) preparation of the "project planting plan". 

Subsequent to the planting or establishment plan it would be necessar,y to incorporate 
or prepare a plan for exploitation, but that consideration, which increases the complexity 
of planning, lies outside the scope of this discussion. 

The main reason for planning a project is to maximise efficiency, so that the plan 
will represent the most efficient courses of action to achieve the stated objectives. The 
final form of a sound plan results from a process of successive approximations, and many 
possible activities mey be repeatedly analysed with different data, but in the final 
analysis that what is planned on paper should be realised on the ground. 

THE OUTLINE PROJ l!'£T 

The outline project may be generated by a forest department or by the national 
planne~s. One of the first essentials in identifying a project is a measure of the supply 
and demand for forest produce which should indicate where priorities for development might 
occur. For instance in Nigeria, Thulin (1966 and FAO, 1970) prior to 1970 carried out 
a survey of the general consumption of wood products in the savanna region and of possible 
trends in the ag~egate levels of consumption for such products in the future. More 
recently Enabor (1971) examined the position on a national basis. Such estimates of 
future consumption provide a useful framework for examining resource allocation and research 
needs for the forestry sector in relation to the nationaleconomy. Supplemented by input 
and output data, these estimates form the main basis of outline projects but are insufficient 
for the detailed planning and analysis of a particular development project. 

From such data, the national or development planners should be able to indicate on a 
national or sectoral basis the extent and priority for forest development. This project 
generation and selection should form a preliminary process prior to detailed project 
planning. From a possible selection of outline projects or proposals the forest planners 
in turn will allocate priorities and select those which merit immediate planning in greater 
detail. Such projects should be technically feasible and commercially viable. This choice 
of outline projects represents selection and priority at the national level. 

THE DErAILED PROJ:OOT 

On the assumption that the national planners have agreed on the need for afforestation 
and have broadly outlined a savanna plantation project, the next task is to prepare the 
detailed project. An afforestation project m~ vary in size from the planting of a few 
hectares for shelter or soil protection, to a large-scale scheme extending over 10 to 30 
years and involving considerable investment. It is with this latter type of large-scale 
project that this paper is mainly concerned. It is obviously impossible to implement on 
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an ad hoc basis a large-scale planting programme involving complex establishment systems 
without plunging the enterprise into chaos. Tb make such an enterprise efficient requires 
planning, and the objects of planning are: 

1) to minimise costs in achieving specified ends; 

2) to ensure that aims are likely to be achieved in practice by anticipating 
constraints; 

3) to provide continuity; and 

4) to provide estimates of the resources needed and the time sequence in which 
they will be required. 

The detailed project is essentially a document setting out objectives, recording 
whatever data relevant to the project are available, considering alternatives and indicating 
what programme should be completed and when, and putting values on inputs, outputs and the 
project as a whole. At an early stage of development it is essentially a paper exercise 
based on the best available information, indicating the economics of the enterprise under 
specified assumptions and conditions. It provides the evidence which allows higher authority 
to decide whether and on what basis the project should be approved and financed. Once 
approved, it provides the basis for operational planning, budgeting and implementation. 
The more sound the planning the easier the subsequent implementation. Planning the detailed 
project falls into three main phases: 1) objectives, constraints and criteria, 2) data 
collection and 3) appraisal and decision. 

Objectives, Constraints and Criteria 

The outline project may have broadly based and possibly multiple objectives which 
require clarification in the detailed stage. Objectives have to be attainable, clearly 
defined, consistent and quantitative (FAO, 1973). The refinement of generally stated 
objectives for detailed planning purposes, can reveal limitations in the original concept 
requiring adjustments. Again, having determined objectives, subsequent preliminary 
calculations may result in further changes of priority or modification of aims. Fbr 
example, the project objectives may be: 

1) to produce x m3 per/annum of wood for local industry; 

2) to be labour intensive; and 

3) to earn y percent on capital invested. 

Subsequent study might show that as supervision is limited, the required labour force 
cannot be employed and the rate of planting required to attain objective (1) cannot be 
achieved. Or it may prove impossible to earn the required rate of interest and be labour 
intensive simultaneously. Such conflicts would require a replenning of the objectives and 
consideration of the more efficient alternatives. 

Constraints are limitations imposed on the activities of a project and are generally 
inflexible, although in certain circumstances it is possible to remove or adjust a constraint 
when so doing materially improves the project. It is convenient to consider constraints 
in the following categpries: 

1) Technical: These are constraints which impose restrictions on the methods used 
or products created - for example, the mosaic pattern of plantable land affecting 
layout or technique, or the unsuitability of certain eucalypts to sawing or 
preservation. 
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Financiala These m~ be represented b,y restrictions on the financial resources 
available, or obligations to meet rep~ent of interest and/or capital, or 
erratic provision of funds. 

Social and Economic: These can be related to opportunity costs, in that the 
resources being used for the project are not available for use elsewhere. 

Institutional: These are limitations imposed by the organisational and managerial 
ability of the agency executing the project, by the legal framework and by the 
social patterns and attitudes of the local people. 

Criteria are used to ascertain the ability of a project to achieve its objectives. 
They also provide a measure against which alternative methods of achieving the objectives 
can be compared and evaluated. A gpod criterion is applicable to all alternatives and 
should be readily calculable to provide in a single figure, all the information needed for 
decision making. One of the better known economic criterion for measuring the profitability 
of a project is "net discounted revenue", or the "present worth" of the future benefits 
created net of the capital and operating costs. Other criteria which might be applied are 
measurements of employment created, rate of loan repayment or, on a technical base, the 
rate of tree growth and the area planted annually. Where expertise is limited and where 
the availability of management is restricted, it is advisable to limit as far as possible, 
the number and complexity of objectives and criteria. 

Collection of Data 

Much of the background data such as methods, costs and yields required for the 
formulation of a project have to originate from established plantation research or 
development in the area. Information on demands, and value of produce requires a market 
stuqy. Although it is necessary to have a reasonably clear idea of what the aims of a 
project are before collecting data, it m~ not be possible to specify attainable objectives 
until after certain data have· been gathered. 

Data are collected from best available sources to allow the construction of a 
realistic plan. Such data may indicate possible alternative courses of action which can 
be evaluated to facilitate decision making. Where data are lacking, it may be necessary to 
postpone planning and design systems to collect necessary figures. Any sectoral or outline 
planning which has occurred prior to defining projects will contain some relevant data but 
often too generalised for detailed planning. Data for project planning, in addition to 
being detailed, tend to be of a more technical nature as they will serve to specify 
operations in practice. 

The data required for a plantation project m~ be classified into five categories: 
1) resource data, 2) operational data, 3) market and yield data, 4) socio-economic data 
and 5) institutional data. 

Resource data 

The main resources to be considered are land, planting stock materials and equipment, 
human and financial. The required information on each is availability, productivity and 
cost. 

Land resources: The first essential is sufficient plantable land to accommodate 
the project planting programme; indeed, excess land is required to allow for unforseen 
problems and possible future expansion. Where tribal or other legal rights affect the use 
or availability of land, such matters require clarification before further planning is 
undertaken. 
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In the early stages of development it is not possible to assign site quality classes 
to soil types, but a simple plantability classification can indicate the better areas for 
planting. The assessment of plantability requires a soil survey of the type outlined by 
Barrera (1969 and 1976) for Nigeria or Sanders (1967) for Zambia and the preparation of 
maps showing soil types, vegetation types and plantability. At the same time as the 
vegetation is recorded the tree cover should be sampled for basal area to give a measure 
of tree density, a major factor in land clearing. 

Established growth trials of plantation species should indicate the productivity for 
the range of plantable sites. There is some merit in planning to plant the better sites 
whilst research and growth trials produce further data on secondary or marginal sites. If 
no growth data are available, a full project is premature and a'well planned pilot project 
is a reasonable alternative. Where forest reserve land is available there are no direct 
costs for the resources, but where land is acquired by purchase or compensation, such costs 
are recorded and debited. The annual planting land requirements should be allocated using 
the plantable land map. 

Planting stock resources: The primary requirement is an adequate and sustained 
supply of seed of the selected species and provenances. Selection of species is a major 
subject but it is presumed that species and provenance trials have been extensively 
evaluated prior to the preparation of a large-scale project. Seed supplies often prove 
major bottlenecks to the proposed rate of development. Sources of supply and storage 
facilities should be thoroughly determined. If importation represents a risk then local 
seed production and methods of expediting this must be given priority. Availability of 
seed must necessarily have some influence on the planting rate of species previously 
selected for silvicultural and utilisation reasons. Seed is readily raised to planting 
stock provided that the nurseries and expertise are available to produce sufficient 
quantity of adequate quality seedlings at the required time. When purchasing seed it is 
the cost per plantable seedling and not the cost per unit weight which is of consequence. 
The annual requirements of seed and seedlings and costs should be detailed. 

Material and equipment resourcesr These fall into three main categories: those 
required for the administrative organisation, for operational activities or for 
maintenance and support. Administrative requirements include offices and buildings and 
minor items such as office equipment and stationery which are common to any enterprise. 
Operational materials and equipment are specific to plantation development and a general 
outline is listed in Appendix A. Maintenance and support items include workshop equipment, 
transport and spare parts. The critical factors with reference to stores, are firstly to 
select those items suited to the particular work and scale of the project and to ensure 
that such equipment or materials, together with spares, are available on site when required, 
which necessitates the provision of ample storage. 

Equipment offers a considerable range of options, and past experience shows that 
operational data and selection of methods are required before the field of choi0e can be 
narrowed. Land clearing, for example, if by hand requires extensive supplies of hand tools. 
If, however, for reasons of efficiency this operation is to be mechanised, then clearing 
should commence one year before planting, and the order for clearing equipment would 
require to be placed at least two year3 before planting. If only mechanised clearing is 
feasible and the scale of operation does not merit purchase of a chaining unit, then such 
alternatives as sharing this activity with another project or projects, employing a 
different mechanised technique, or hiring equipment need to be considered and evaluated. 

The productivity of equipment is critical to the efficiency of a project. Evaluations 
of the output of equipment may be of little value unless allowance is made for variables 
and the basis of measurements is stated (Allan and Akwada, 1976). Good productivity 
requires as full an annual or seasonal utilisation of equipment as possible. Scale of 
operation and operational data are required before any stores or equipment requirements 
can be set out. When the types of equipment and materials have been finalised, an 
assessment of the total requirements by years should be drawn up for the full period. 
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The purchase or capital cost of all project materials and equipment is the true cost 
and is required for estimates, budgets and costing the total project requirements. Fbr 
comparative evaluations the planner requires the equipment hourly operating cost, which is 
largely a hypothetical calculation, and from which a unit productivity cost can be calculated. 

Human resources1 Man is the most important resource in the project, and due considera
tion of his abilities and reactions is required in deciding on possible courses of action. 
The po=sible sources of labour and staff require study, as they determine the need for 
additional investment in transport or housing. Employees benefit from a plantation project 
not only in cash wages but also from training, improved housing and security. Hastie and 
MacKenzie (1967) point out the benefits of employees living in mixed communities rather 
than exclusive project settlements or villages. A plantation project involves many skills 
and requires managers, supervisors, mechanics, machine operators, administrative and 
clerical staff, medical staff and both skilled and casual labour. In particular, if a 
project is to be selectively mechanised then the provision of a suitable infrastructure 
employing skilled mechanics and operators is mandatory; and where numbers are limited 
training will be necessary. 

T.he productivity of labour is variable and often reflects the quality of management 
and control. Work study, method study and training all contribute to labour efficiency. 
Initial hand weeding studies in Zambia (Allan and Endean, 1966) increased output by up to 
300 percent, and planting studies in Nigeria showed increases of the order of 200 percent 
to 500 percent. In the early stages of a project there is scope for very large increases 
in productivity, but even at a later stage improved methods in Zambia (Allison, 1972) were 
giving 30 percent increases in output which is not insignificant. Productivity can also 
be improved qy the payment of incentives. This is not always easy under government fiscal 
regulations, but where benefits are significant, sanction for such payments should be 
pursued. 

The cost of human resources is the sum of salary or wages, social and fringe benefits, 
leave and sick time. The manpower requirements of the project should be set out for staff 
by years, categpries and responsibility and labour is similarly recorded, but operations 
replace responsibility. Tb calculate the annual labour force, a calendar of operations and 
labour inputs not only gives the necessary data but also allows fluctuations in requirements 
to be smoothed out to provide more regular employment. Information on the productivity 
and unit coats of labour may be extracted from operational data. 

Financial resources: Generally some indication of the finance available for the full 
project, or a development plan phase of the project, will have been given at the outline 
stage. The detailed project should be planned to fit this financial framework, but where 
finance proves to be a critical constraint, the case for an additional allocation should 
be made. The total costs of the other resources, plus contingency, represent the alloca
tion required, and these figures should be set out as ru1nual requirements for the entire 
project period. 

It is important that the financial authority should understand that a plantation is 
a dynamic enterprise not readily accommodated in the fiscal year concept. Plantation 
operations such as land clearing, nursery and weeding are interrelated in ~ime, in that 
this year's programme can affect both last year's and next year's. This means that delays 
in funding or erratic allocations will not only effect the year of occurrence, but also 
past and future investments. Two possibilities of overcoming this problem are either to 
have the financial authority consider the project as a capital investment until normality 
is achieved or to make funds available on a three or five yearly allocations. The ready 
availability of funds, however, does not preclude carefully planning their investment. 
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Operational data 

The data to be recorded in this section for all plantation operations are: 

1) unit of measurement - ha, km or '000 plants; 

2) input - man-days, machine operating time, materials; 

3) output - units per hr, per day, etc. and 

4) cost - cost of each resource per unit 

These data allow a reaqy estimation of the productivity of men and machines and of the total 
requirements of such resources for particular project operations. Where management considers 
that two or more techniques offer a reasonable choice of operating method, data for each 
should be recorded to allow comparative evaluation. The collection of operational data is 
critical and fundamental to the planning process. The information must be the best 
available. It m~ be extracted from costing records where available, but when lacking, 
sampling work outputs as recorded for Ferguson (1973) in Nigeria, provides indicatory 
data. Operational data provide a basis for appraisal, for estimating resource requirements, 
and budgeting; consequently it is vital that the source and reliability of all such data is 
recorded. A project or plan is only as realistic and workable as the data used in its 
design. 

Market and yield data 

The project planner requires information on markets, outputs and the value of 
different categories of plantation produce. To obtain market data in the probable project 
catchment area it is necessary to study: 

1) the current consumption of different wood categories; 

2) the current price level for the different categories; and 

3) population trends in this area. 

A survey to determine such data ts more detailed and specific than a national wood 
consumption survey. A relevant example is the survey made by Grut (1972) of the market 
for firewood, poles and sawn wood in the major towns ar.d cities in the Nigerian savanna 
region. This survey covered eight cities and although sampling was from only 3.5 percent 
of the population in the area, this sector of the population represented the main cash 
market in the areas of most rapid economic development. 

In addition to recording costs, which m~ be applied to the different categories of 
produce, the market survey gives a measure of demand at a particular point in time which, 
with information on population trends, allows a forecast of demand to be made. Such a 
forecast identifies factors which m~ cause changes in demand, and allowing for these 
possibilities, predicts future demands over the project period. 

Data are also required on the estimated yield of different categories of produce 
from the selected species, noting a specific silvioultural system and rotation 
for each. The yields are estimated by category and year to the end of the project period. 
B,y applying the market survey prices to these yields, the yearly revenue accruing to the 
project is estimated. In the early stages of a project some of the growth and yield data 
m~ be based on minimal evidence and where only young trial plots are available it m~ be 
necessary to extrapolate data from elsewhere on the assumption that later growth will be 
comparable. Where growth data is plentiful, a supply forecast can be made noting possible 
changes in method, which might alter yields, quantifying the effect of these changes and 
predicting potential supply under different specified conditions. 
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To check on the commercial viability of the project the supply and demand forecasts 
should be reconciled. If the balance suggests a shortfall, then either the project will 
have to be expanded or produce will need to be imported or substituted. 

Socio-economic data 

EStimated costs of resources and estimated project revenue give the financial 
composition of the project but do not fully account for the real cost and the real benefit 
to the community as a whole. Socio-economic factors attempt to assess these real costs 
and benefits, but they are diffj.cult to quantify and economists are still developing 
improved techniques to measure these factors. 

The project is essentially a joint production by the practising forest manager with 
his support services and the forest economist, and it is in determining and calculating 
socio-economic data that the latter comes into his own. The main socio-economic data 
required are: 

1) shadow costs of labour; 

2) opportunity costs of land; 

3) discount rate to be used; 

4) shadow price of produce; and 

5) value of non-marketable benefits. 

Fbr an indicative approach to deriving socio-economic data, refer to Ferguson (1973), who 
completed preliminary studies of the economics of selected savanna plantation enterprises 
in Nigeria. Socio-economic factors may often seem to be of little consequence to 
practising foresters, but when projects are in competition with others for limited capital, 
it is just such factors that can transform a marginal forestry project into a feasible and 
viable one. Spears (1967) stresses the importance of presenting forestry economic data in 
the best possible light. 

Institutional data 

Institutional factors to be noted are mainly of a political nature, but include the 
project legal framework and the commitment of the supervising agency in other fields, such 
as training, which might influence the acceptability of the project. Other factors on 
which information should be collected are the interrelationship of the local community and 
the project, facilities for multiple land use and information on plantation research in 
progress but insufficiently advanced for appraisal. 

Appraisal and Decision 

Having compiled all available information relevant to the project, the appraisal stage 
consists of the following steps: 

1) identifying different courses of action which will achieve the objectives and 
analysing these for inputs, outputs and costs; 

2) testing courses of action against identified constraints; 

3) comparing alternatives, using project criteria to determine the better 
ones; and 

4) making final project decisions. 
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With large quanti ties of reliable data, appraisal and analysis may be complex and 
possibly time consuming, although where efficient computing facilities are available the 
time required for analysis can be greatly reduced. The number of factors which can be 
varied in the execution of a project and the number of alternative courses of action are 
almost limitless. Project planners usually operate against target dates and time pressures 
which necessarily limit the number of alternatives that may be considered. The forest 
planner restricts the alternatives for analysis to those which are feasible and might give 
some significant benefit when judged by the project criteria. More obvious areas where 
different courses of action might significantly affect project results are: 

1) planting rate and rotation; 

2) spacing and thinning; 

3) intensity of management; 

4) distance from markets or processing plant; 

5) degree of mechanisation; and 

6) insurance factors related to timeliness or using a range of species to reduce 
disease hazard, or selecting species with alternative utilisation possibilities. 

At an early stage in the development of a plantation project, with the main criteria 
being the financial and social net present values per hectare, the following analytical 
processes, incorporating alternative data where necessary, should indicate firstly the 
better alternatives and secondly the feasibility of the project: 

(1) Financial analysis. Using the national development plan rate of interest, the 
project "net present worth" is calculated by deducting the discounted costs from 
the discounted revenues. Net present worth per hectare is derived by dividing 
by the number of hectares in the plantation area. Data for different courses 
of action may yield significant differences in this unit value. 

(2) Social analysis. This is similar to the financial analysis but the input and 
output data are revalued to determine social cost benefit. The process for 
social revaluation is best defined by the central government to ensure uniformity 
in project evaluation, but might include shadow rates for labour, the social 
opportunity cost of net capital expenditure, foreign exchange factors and a 
social discount rate or social rate of time preference. 

The application of sensitivity testing to both types of analyses to gauge the effect 
of changes in such assumptions as cost and revenue, can provide useful information and 
indicators. When the net unit worths from financial and social analyses exceed those of 
a comparable best alternative use of the land, the project is indicated as being financially 
and socially beneficial. 

With the quantified results of analysis senior management should be able to decide 
whether the project will be undertaken and which specific course of action will be adopted. 
When the detailed project is approved the next stage is the planning and implementation 
of the initial phase which is mainly concerned with plantation establishment. 

THE PLANTING PLAN 

On the assumption that the detailed project is approved and the necessary finance 
authorised, the next stage is planning initial implementation by preparing a planting plan. 
Tne planting plan can be considered the operational planning section of the detailed project. 
It records for the plantation manager what is to be done over a period. Assuming a 30 year 
project, the initial planting plan should cover five years, although circumstances may 
vary this period. The remainder of the project time will be implemented by similar periodic 
plans. At this stage in development the object should be to allow some flexibility and to 
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keep the plan as simple as possible. Fbr complex projects or problem areas, network 
analysis is a useful technique that m~ be used by management. 

The 5 year planting plan forecasts all of the project requirements annually over the 
period. This annual data may be extracted and set out as the annual programme of work for 
all project activities and represents an instructional plan for assistant managers and 
supervisors. If annual financial allocations cannot be avoided, the budget section may 
submit annual estimates of funds required. The main sections of the plan are the detailed 
prescription of activities, marshalling of resources, the budget and records e .. nd control. 

Detailed Prescription of Activities 

Detailed prescriptions of work set out the method, quantity, estimated inputs and 
outputs for the following main operations: 

Plantation operations 

a Allocation of land and surveys 
b l!.:'Jtablishment of nurseries and raising planting stock 
c Land clearing and preparation 
d Laying out and construction of access 
e Planting 
f Beating up 
g Fertilising 
h Weeding 
i Brashing/pruning 
j Thinning 
k Fire protection 
1 Road maintenance 

Other works 

Allocation of staff and definition of responsibilities 
Training of staff and operators 
Maintenance of transport and equipment 
Maintenance of building and general services. 

If management has a handbook of plantation techniques as in Zambia (Allan and Ehdean, 
1966), reference to this may reduce the length of the prescriptions and the plan. Laying 
out,item d), which includes the design and delineation of compartments, blocks, roads, 
rides and fire traces, constitutes an important management decision, and other than topo
graphy and national features, two of the main considerations influencing design are fire 
protection and probable logging methods. Thinning, item j), which will undoubtedly occur in 
the next project period, is· included in the initial planting plan for contingency reasons. 

Marshalling Resources 

The general resource requirements for the period are in the detailed project and 
these should be UP-dated and adjusted as necessar~ to the planting plan. The prescription 
in this section will require the manager to requisition where gecessary and acquire by 
given dates: 

1 funds, 
2 staff and labour, 
3 machinery, transport and equipment, 
4 building materials or buildings, 
5 project materials and seed, and 
6 essential spares. 



- 230-

The detailed requirements will include timely ordering of specified resources for the start 
of the next project period. It is advisable to seek specialist advice in ordering certain 
of these resources. 

The Budget 

The budget is the estimated costs of all the resources to be used in achieving the 
detailed prescriptions, and is usually set out for the plan period by years and main 
operations. Much of the information for the budget may be extracted from the project 
financial resources data section. For convenience the budget may be set out under functional 
heads, such as: 

Land preparation 
Nurseries 
Plantation operations 
Protection 

Road construction 
Maintenance 
Administration 
Services 

The approved budget is the authority for the allocation of funds for the enterprise and 
when subsequently compared with actual expenditure for the same period, is a measure of 
planning and management efficiency. When release of funds is requested allowance must be 
made for inflation, changes in methods and increased efficiency in plantation operations. 

Records and Control 

Complex recording methods will inevitably cause problems and fail, so it is essential 
to keep systems simple whilst recording only essential data. Compartment, or block records 
if areas are uniform, will provide basic information on the area and note what treatments 
are applied and when. A simple type of report may be in map form showing the area treated 
by shading and with operational data recorded on the back. 

Control of a project concerns keeping the work completed and the expenditure within 
the limits set by the programme of work and budget for the year. Periodic progress 
reports give simultaneous information on work completed and expenditure. It is necessary 
to train supervisory staff in completing these reports and to advise on the reasons for 
submitting such data. Equally it devolves on management to check such reports and to 
inquire into the reasons, firstly for major deviations from budget estimates and secondly, 
for widely variable outputs from different supervisors for the same operation. 

CONCLUSION 

This paper attempts to encompat:§s a very wide subject in a very short presentation 
which follows the outline of the FAO Manual on the Planning of Man Made Forests (FAO, 
1973). Brevity has undoubtedly introduced some imprecisions and omissions. The outline 
covers planning from project initiation to point of implementation, and although this 
terminates the defined discussion it does not end the planning process. As has already 
been pointed out, the project is a dynamic conception. Experience gained, problems solved, 
changes in the economic climate, and data gathered when implementing the planting plan will 
initiate changes and modifications in subsequent plans and plan periods. 
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APPENDIX A 

An Outline of Equipnent and Materials for an Afforestation Project 

OPERATION 

land clearing 

ground preparation 

nursery 

planting 

Maintenance and 
protection 

road making 

EQUIPM.ENT 

survey equipment 
tractors, crawler 
anchor chains 
tree dozer blade 
stinger 
front end rake 
root plow 

tractors, 50-100 HP 
ploughs, disc 
angle dozer blade 

wheel tractor 
trailer 
loader attachment 
sprinkler equipnent 
soil mixer 
hand tools, spades, 

forks, hoes 
sprayer 

tractor, 50-100 HP 
trailer 

tractor, 50-100 HP 
soil cultivators 
pruning saws 
fire towers 
fire engines 
water pum~ and hoses 

bulldozers 
tipping trucks 
graders 
excavators 
rollers, rubber tyred 

MATERIAL 

arboricides 
fuel and oil 
hand tools 
aerial photographs 

weedicides 
fuel and Qil 
hand tools 

fertilisers 
pots 
insecticides 
fungicides 
weedicides 
fuel and oil 
hand tools 

fertilisers 
fencing stakes 
fencing wire 
hand tools, spades, 

mattocks 
fuel and oil 
tree carrying 

cc.-, tainers 

fertilisers 
weedicides 
fuel and oil 
insecticides 
hand tools 

culverts 
fuel and oil 
road ballast 3Jld 

gravel 
bridge mater1als 
cement gelignite 
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OBJEDTIVES OF COBI' ACCOUNTING 

The objectives of cost accounting are: 

1. Budgetary control, 
2. Estimates, 
3. Labour control~ 
4.. Calculation of financial returns and 
5· Identification of those components that would show the greatest return 

from improved methods. 

These objectives are applicable at all levels of responsibility. 

GENERAL PRINCIPLES 

Six general principles are involved in cost accounting: 

1. All expenditure must be included; 
2. Expenditure must be allocated to an operation, Rither directly (e.g., labour wages) 

or proportionately {e.g., overheads); 
3. The costs must be capable of being reconciled with the total expenditure to check 

that all expenditure has been included; 
4. The components of the unit cost are added at different levels of responsibility, 

and the system must be capable of extracting the components (see diagram in 
Appendix 1); 

5· It must also be possible to extract information for other purposes from the costing 
system (e.g., for compartment histories) and 

6. The scheme must be simple to allow its use a.t the lowest levels of responsibility 
and to ensure that the cost figures are speedily produced. 

OPERATIONS 

Operations must be rigidly defined to enable comparisons to be made between years and 
between plantations. 

A code number should be given to each operation to enable easy identification and for 
computer processing. 

Operations can be grouped together under coatings heads. For example, in the nursery 
the operations of sowing, making transplant beds, transplanting, weeding, watering, etc., 
could all be added together under the nursery head to give a nursery unit cost per planted 
hectare. 

All jobs should be definable as operations; there should be no "miscellaneous" coatings 
head. But one of the heads should cover general management costs, such as inventory, publicity 
research, training, etc., and these costs mliiY' be apportioned to quantifiable operations in 
the same Wl\Y as overheads. 

Effi.'IMATION OF QUANTITIES 

In order to obtain the unit cost of an operation, the total quantity of work done in 
a particular place must be !mown. Area is the quantity in which most costs are expressed. 
Accurate maps to show net afforested areas are therefore essential. Areas should not be 
estimated b.Y eye, except for 1 ha or less, nor should they be estimated from the number of 
blocks cleared, or trees planted. 

The definition of each operation should also contain an explanation of the relevant 
quantity. For example, if a weeding is necessary only in a small part of a compartment, 



- 236 -

should it be coated to the actual area weeded or should it be coated to the total area of 
plantation of that age? The latter is usually the course adopted, as it is with fire 
protection, insect control, etc. 

The place that an operation is carried out should also be indicated with the quantity, 
both to explain anomalies and for extraction for compartment and other records. 

LAEOUR COMPONENT 

Allocation oi' Labour Time to Operations 

This is done by the man responsible for directing the work .in the field. At the end 
of each d~ he notes the number of men working on each operation in a labour abstract or dis
tribution book. The man d8iYB for each operation are totalled at the end of each month. 

Where a man works on two or more operations, his time is usually charged to the 
operation on which he worked longest. 

Calculation of Labour Cost per :Man-Dy 

The details of the wages of the labour are generally maintained on a p~ sheet or muster 
roll, separate from the record of the allocation to operations. 

Although labourers are paid at different rates depending on experience and responsibility, 
it is simplest to add all of the wages together and calculate an average cost per man-lUcy. 
The alternative is to combine the P8iY sheet and the record of the allocation of labour to 
get a "true" cost, but this is time consuming and liable to error. 

Labour overheads should also be included in the calculation. These are mainly the wages 
of staff who are also paid on the PS\Y sheet with the labour, but who are responsible for 
supervision or administration, such as headmen, storekeepers, etc. Their p~ is added to 
that of the labourers, along with other overheads such as paid holid~s, paid sick leave, 
allowances and the cost of food 'Where it is included as part of the wages. The cost per 
man-dS\Y is then calculated in the following WS\Y: 

A. Total man-d~s worked (from the record of the allocation of labour to operations); 
B. :Man~ paid, but not productive {labour overheads); 
C. Total man-dS\YS paid {A + B) ; 
D. Gross wages paid, plus allowances, to the men represented at C; 
E. Cost per man-d8iY = D/A. . 

Calculation of the Labour Cost of Operations 

The man-d~s per month worked on each operation are multiplied by the cost per man-d~ 
to get the labour cost of the operation, and divided by the quantity to get the unit cost. 

The calculation can be simply checked by adding together all of the costs of operations, 
which should agree with the amount paid. 

Worked examples of the calculations for determining the labour component are in Appendix 2 • 

:MATERIALS COMPONENT 

Fbr most forestry operations, except building, the expenditure on materials is a fairly 
small proportion of the total cost. Approximations can therefore be made in the allocation 
to operations without great loss of accuracy. 

Ideally, all materials issued from the store should be charged to an operation. At 



- 237-

the end of the month, copies of the iaBUe vouchers are used to allocate expenditure to opera
tiona. This requires well-trained storekeepers with a knowledge of the coat code and of the 
value of the materials that they are handling, and in the initial stages of projects they 
ma.v lack the experience to do this. 

If the storekeepers are inexperienced, then the officer in charge of the accounts must 
allocate the expenditure to operations, and without a knowledge of the dq to da.v running of 
the project he cannot do this entirely accurately. He will also tend to allocate the whole 
expenditure, when in fact only part of the materials mey have been used. He must therefore 
have some means of finding out unused balances. 

In either case, approximations will have to be made in the case of small hand tools 
which m8i}' be used for several jobs. The allocation of the expenditure to operations should 
then be done in proportion to the labour expenditure on them. 

Although the expenditure on materials used for the operation of plant and vehicles is 
also usually charged to the same account, it should be kept separate for the easier calcula
tion of plant operating costs. 

PLANT AND VEHICLE COMPONENT 

Log Book 

Close control of plant and vehicles is essential, both for the allocation of expenditure 
to operations and to prevent abuse, particularly of vehicles. Every item of plant and every 
vehicle must have a log book which must be maintained to show the reason for its use for 
allocation to operations, which are then summarised in terms of hours or kilometres run at 
the end of each month. 

Calculation of Unit Cost 

Expenditure on operating plant and vehicles ma.v be incurred under the following, which 
should be totalled separately for subsequent analysis: 

{a) Wages and allowances of the driver or operator. These must be kept separate 
from labour wages and not included as a labour overhead. 

(bc) Fuel and lubricants. The expenditure can be obtained from a materials sub-account. 
( ) Spare parts, repairs. The expenditure can be obtained from another materials 

sub-account. 
(d) Depreciation or amortisation, insurance, etc. A record of the cost of each item 

of plant or of each vehicle and the date of purchase should be kept at a senior 
level, and the annual depreciation calculated. This is most easily done in equal 
annual amounts. 

Calculation of Plant or Vehicle Component 

The simplest wa.y to calculate the plant or vehicle component of operations costs is to 
do it annually, but if the costinf;s are done on a computer, it ma.y be done monthly. Unit 
costa are obtained by adding together expenditure on the items above and dividing by the total 
hours or kilometres run. Unit costa should be aggregated for vehicle types, rather than 
being assigned to individual vehicles. This evens out variations due to age. 

Another w~ of calculating the plant and vehiole component is to use a figure based 
on theoretical calculations or on the previous year's rwming. This makes the reconciliation 
of coste with expenditure lese easy, and due to rapidly increasing prices reduces the useful
ness of the figures f'or estimates purposes. 

Provision must be made in the system f'or charging the cost of a vehicle tA?rking in 
another project, or hired from a central pool. Generally, the details are extracted from 
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the log book and notified to the officer to be charged, with the cost, at the end of the year. 
The officer Who used the vehicle then allocates this cost to an operation. 

The unit cost of towed equipment must also be calculated, and its use identified on 
the log sheet for inclusion in the cost of the operation. 

It is possible to add even more information to the log sheet, for the identification 
of "lost time". This might include travelling to the job, minor or major repairs, time 
lost due to bad weather, lack of a driver, or the vehicle having no job to do. As projects 
become more sophisticated, this information is very useful for the control of vehicles. 

Quite often the time cannot be allocated to an operation -: for example, taking a 
worker to hospital, or a senior officer's inspection. Then the cost is charged to a manage
ment cost head. 

OVERHEADS 

Items Included as Overheads 

Overheads include the following: 

1. Staff salaries and allowances; 
2. Office rente, water and electricity charges; 
3. Transport of senior officers with project-wide responsibilities and 
4. Management costs. 

The calculation of overheads chargee is done at the highest level and should include 
all expenditure not previoualy accounted for. 

Allocation of Overheads to Operations and Coatings Heads 

Overheads should be divided between coatings heads in proportion to the labour compo
nent. The reason for this is that most of the overheads are due to the supervision and 
administration of labour. Generally, it is of no interest to allocate overheads to opera
tions, and the only purpose of adding in overheads anywccy is for the calculation of the 
rate of return per hectare. 

When, however, plantation projects reach the exploitation stage, it mSiY not be correct 
that most of the overheads will be due to supervision and administration of labour. If 
exploitation is being done by contractors, then much of the time of senior staff 
is spent on planning, the control of harvesting and the collection of revenue. Allocation 
of their salaries mavr then be done in proportion to the time they spend on these jobs, which 
m8iY be determined by means of diaries or by a system of sampling. 

RIDONCILIATION OF EXPENDITURE AND COSI'INGS 

The total expenditure should be checked against the total costs in order to ensure 
that all items of expenditure have been included. This is generally done at the end of the 
year, but a running check on sub-totals may be done each month. 

The equation for the annual reconciliation is: 

Total Expenditure = +Total (Cost of Labour) 
+ Total (Cost of Materials Used) 
+ Total !Cost of Plant Operation on the Project) 
- Total Depreciation of Plant} 
+ Total Expendi tt\I'e on Unused Materials) 
+ Total (Cost of V~hicles, etc., Hired to other Charges) 
- Total (Cost of Vehlcles, etc., Hired from other Charges) 
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This equation omits depreciation, staff salaries, eto., but includes management costs. 

OTHER Rl!JX)RDS 

The practice of scientific forestry depends upon the collection of accurate figures and 
the maintenance of accessible records. 

Compartment Risto~ 

The details of work done in a compartment, with date and area covered, can be extracted 
from the coatings system. Likewise the outturn. records show the amount of each type of forest 
produce and the date that it was removed. It is usually not necessary to keep records of 
costs or revenue on a compartment basis, but they should be kept on some sub-division of the 
whole project such as a forest or plantation. 

The compartments should also be described, and such information as seed sources, 
inventory results, etc., recorded. A map must be included. Descriptions should be 
standardized to permit comparioons of outtum, etc., between compartments. An excellent 
series of forms suitable for compartment descriptions are given in Anon. ( 1974). 

Other Works 

Descriptions and details of other t«»rks such as buildings, roads, etc., with date of 
completion and a record of maintenance should also be kept. 

Distinction between Records and Correspondence 

It is most important to distinguish between records, which are permanent, and correspon
dence, which is generally ephemeral. Where correspondence contains information that should 
be retained, it must be extracted and put in the records - an annual review of the correspon
dence files is a useful w~ of doing this. Likewise, correspondence must not be allowed to 
clog the records and prevent speedy access. 

SAMPLING MEI'HODS OF OBTAINING COm' FIGURES 

The system of cost accounting that has been described in this paper is the ideal, 
but until it has been in operation for at least a year, there will be no reliable figures 
for unit coats. In the meantime, data m~ be required for estimates or project evaluation. 
In this case, the cost of operations m~ be determined by sampling to estimate output per 
man-d~ or per machine-hour. The application of cost sampling in Nigerian savanna planta
tions is well described in Ferguson (1972). 

The sampling is carried out by one or more small teams who observe an operation over 
the whole d~. They mark on the ground the point at which "WOrk starts in the morning, and 
note the number of men employed. At the end of the daiYr the output (generally area) is 
measured. For machines 1 the type of machine {including attachments) 1 the wrk done, and 
the time taken are noted. Under Nigerian conditions, it was found that for a standard 
error of 2C1fo to 30%, it was necessary to observe an opflration for a minimum of four daiYs, 
and ten ~s were preferable. The operations observed should be those carried out on a 
reasonably large scale, s~ more than ten ha. 

The times per unit for each operation are then multiplied by the cost per man-dlliY or 
per machine-hour to get the unit cost of the operation. The cost per man-dey is estimated 
from the same items of expenditure that are described on page 236, and for machine costs 
the same as are described on page 237. If materials form a significant proportion of the 
cost of an operation, then expenditure on them must be estimated too. 
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A sampling system is useful for producing cost figures quickly, but it cannot act in 
the same monitoring role as the cost accounting scheme. There is no check on inefficiency or 
dishonesty, one has to accept a fairly large standard error, and there are difficulties in 
the calculation of labour overheads. A sampling system m8i}" therefore precede a cost 
accounting scheme, but it should not be an alternative. 

GWSSARY OF TERMS 

The expenditure attributable to an operation. 

Components of Cost: The items of expenditure that make up the total cost - labour, materials, 
plant/vehicles, and overheads. 

Unit coat: 

~enditure: 

Operation: 

The total cost of an operation divided by the total number of units 
completed. 

The money paid out on wages, materials, etc., from the accounts (or Vote 
Book). 

A forestry job or process that is definable and distinct from other jobs. 
The smallest sub-division of the costing code. 
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1r ~ + 
Consolidation into ... Operation Costs 
Overhe~ Exp)nditure Including Overheads 
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Centre: IPERU CHARGE. WBDD BDIIPI& OP LUDUll AB8l'BA.O'l' 

SHAGAMU PULPWOOD PLANTATIOllS Month FEBRUARY Year 12Zl.. 
- . 

Oper&tion Code 1 2 ; ~ 5 6 7 8 9 10 11 1 13 1L 15 16 1~ 18 19 20 (,!1 22 23 24 25 2Ei 27 28 2~ 30 31 To-
tal 

s s s s s s s s 
Brushing 1121 - -23 20 20 ~ 39 - - 36 39 39 38 37 - - 10 10 5 - - - - - - - - - 336 

Felling 1131 - - - - - ·- - - - 4 4 4 4 4 - - 4 4 - - - - - - - - - - 28 

Pe.ckin~ 1141 7 8 8 g g 8 88 g 8 g "16 1R- 1~ 1n 1n - 9 1( 5 - - 193 - - - - - -
Burning 11~ - - - - - - - - - - - - - - - - - 18 23 34 34 - - 34 34 34 30 ;30 271 

: Poiconins 1152 - - 1 1 1 1 1 - - 1 1 1 1 1 - - 1 1 1 1 1 - - 1 1 1 1 I 1 20 
Felling 1212 - - 4 '• 4 4 4 - - - - - - - - - - - 4 4 - - - - - - - - 28 (Taun'"'a 

_sugeafi-
_ ~tRunicra 1213 - - 2 2 2 2 2 - - 2 2 2 2 2 - - 2 2 2 2 2 - - 2 2 2 2 2 40 

Fire patro 1.522 5 5 5 5 5 5 5 5 5 5 ~ 5 5 5 5 .5 5 5 5 5 5 5 5 .5 5 5 5 5 40 ~ 
Road r:~aint 

~2~ - - 18 18 19 18 - - - - - - - - - - - - - - - - - - - - - - 73 5- 8 m 

1\J 

Cor:~pour.d - - - - - - - - - - - - 1 - - - - - - - - - 1 - - 2 - 4 naintenanc _12Z21 -
~-pcu:-king 1171 - - - - - - - - - - - - - - - - - - - - - - .. 5 5 5 10 9 34 

He-burning_ 11?2 - - - - - - - - - - - - - - - - - - - - - - - - - 5 ? 7 19 

Total 5 5 (D 58 59 58 59 5 5 56 59 59 58 158 .5 5 58 58 56 ~6 152 5 5 .5? 5? 5? 5? 54 1186 
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Centre: !PERU ~URSERY 
VOBDD UUIPLB OP LlJDUR Jll9l'JW:'1' 

Month February Year~ 

SHJ.GtJfU Put.Pl'!OOD PLA~lT!.TIO~S. 

O,.o!rati:;n r!odc 1 2 3 4 "i 6 ? 8 9 10 11 12 13 14 1'5 16 17 18 1Q 20 21 22 23 24 25 26 27 28 29 130 131 Total 

s s s s s s s s 
See::l f~·.::p. 1322 6 - - - - - - - - - - - - - - - - - - - 6 -

" Sc•wing 1323 1 1 1 ..; - - 1 :1 - - - - - - - - - - - - .5 

Pill pots 1342 5 5 6 6 2 2 2 3 3 - - - - - - - - - - - 34 
•. 
Transplant 

1351 3 4 4 4 3 3 3 3 2 2 1 32 (beds) - - - - - - - - -- - -
Transt:lant 

1352 - - - 2 5 6 6 6 6 7 7 4 3 52 {r-ots) - - - - - - -
. 

B.u beds 1353 - 4 4 - - - - - - - 4 - - - - - - - - -· 12 
I -----· ----,-. 

i3. ·;l pots 1354 - - - - - - - - - - 2 2 - - - 2 2 2 1- - 10 e 
1'e-1d Trans 
plant beds 1362 3 4 3 2 4 2 3 - - 4 1 - - - - - - - - - 26 

'.?aterin,. 
•. ihand}. 1371 2 2 2 2 2 2 2 2 2 22 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 .56 

Insect 1391 1 1 1 1 4 control - - - - - - - - - - - - - - - -
:need pots 1363 - - - - - - 3 2 2 2 3 1 - - - - - - - - - 13 

··1eed pathe 1364 - - - 3 3 3 - 2 2 2 1 - - - - - - - - - 16 

Total 2 2 20 a> a> 19 19 2 2 18 19 19 19 19 2 2 19 8 5 2 2 2 2 6 6 6 2 2 266 
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APPl!NDIX 2c JO:B COSHNGS fiiEm' ( 1) 

WORKED EXAMPLE OF CALCULATION OF COS!' PER MAN-DAY 

Centre: Sbagamu Pulpwood Plantations Month: February, 1975 

A 'l'otal Man-D83'11 Worked. Field 1186 
(from Labour Abstract) Nursery 266 

Total A 1452 

B Man~a.va Paid but not Productive. Public Holida.ys 
(from Pa.v Sheet) Sick 

Leave 63 
Non-working 
Headman 20 
Storekeeper 20 
Total B 103 

c Total Man-D83'B Paid (Total A + Total B) 1555 
(This must agree with the man-da.ys paid on the pa.y sheet) 

D Grose Wages Paid (from pq sheet) 3445 
Labour Allowances: :Bicycle allowance. 20 

Total D 3465 

E Cost per Man-DB\}' (Total D/Total A) 2.39 
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.APPENDIX 2d ~OB COSI'INGS ::EEEl' (2) 

WORKED EXAMPLE OF CALCULATION OF LABJUR COS!' OF OPERATION 

Centre: Shyamu Pulpwood Plantations Month: February, 1975 
Coat per Man-DB\V' (from Job Coating Sheet 1) 2.39 per man-d8if. 

Code Unit Quantity Man Cost M. D8iYs/ Remarks 
DSifB Unit 

1121 Ha 18 336 79fiL 18.67 
1131 Ha 9 28 67 3."11 
1141 Ha 11 193 461 17.55 
1142 Ha 60 271 648 4o52 
1151 Ha 150 20 48 0.13 
1171 Ha 5 34 81 6.80 
1172 Ha 5 19 45 3.80 
1212 Ha 54 28 67 0.52 
1213 Farmer 163 40 96 0.25 
1322 Kg 3 6 14 2.00 
1323 Kg 10 5 12 o.so 
1342 Pot 20400 34 81 1.67 p. thousand 
1351 Seedling 32000 32 76 1.00 " 
1352 " 46800 52 124 1.11 " 1353 " 9600 12 29 1.25 " 
1354 II 7000 10 24 1.43 II 

1362 Bed 26 26 62 1.00 
1363 Pot 19500 13 31 0.67 p. thousand 
1364 Path 80 16 38 0.20 
1371 Bed 20 56 134 2.80 
1391 Plants 5000 4 10 o.8o p. thousand 
1522 Ha 650 140 335 0.22 
1623 Km s.6 73 174 13.04 

17221 - Station 4 10 
1452 3465 

...... 
...:: 

+" +" 
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II) H :. 
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APPl!lfDIX 2e JOB CO BriNGS SHEEr ( 3) 

WORKED EXAMPLE OF SJMMARY OF LAB:IUR cosr OF OPERATION 

Project: Lekki Lagoon Pu1pll0od Scheme 

Operation: Brushing 

Unit: Hectare 

Centre Quantity 

Sbagamu 89 
Ogun 76 
Ijebu-Ode 161 

326 

c. Epe 150 

Shagamu 18 
Ogun 98 
Ijebu-Ode 125 
Epe 27 

268 

Ogun 26 
Ijebu-Ode 5 

31 

Shagamu 107 
Ogun 200 
Ijebu-Ode 291 
Epe 21 

625 

C = Con~raot 

Code: 1121 -
Year: 121.l 

Man- Cost 
Da.vs ll 

1869 4504 
1350 3105 
3207 7569 
6426 15178 

- )000 

336 798 
1793 4160 
2800 6720 
543 1281 

5472 12959 

553 1311 
117 283 

670 1594 

2205 5302 
3696 8576 
6124 14572 

543 1281 

12568 28731 

M..-DaJs/ 
Ha 

21.0 
17.8 
19.9 

19.7 

-
18.7 
18.3 
22.4 
20.1 

20.4 

21.3 
23.4 

21.6 

20.6 
18.5 
21.0 
20.1 

20.1 

ll/Ha 

50.6 
40.9 
47.0 

46.6 

33.3 

44-3 
42.5 
53.8 
47-4 
48.4 

50.4 
56.6 

51.4 

49.6 
42.9 
50.1 
41.4 
47.6 
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SUMMARIES OF SPIDIAL CASE :mJDIEcl 

Part A: Pines 

ESI'ABLI SBMENT TEI:HNIQUES FOR PINES 

G.O.A. Ojo 
Forestry Research Institute of Nigeria 

I badan, Nigeria 

ANNEX 1 

The aims of establishment techniques for ~ caribaea and ~ oocarpa are to establish 
the seeCilinga as quickly as possible and to provide optimal growing conditions. Existing 
vegetation is clear-felled, stumped and burnt and the site is mechanically cultivated. 
Planting is done during the rainy season, beginning when the soil is wet to about 15 em, 
employing seedlings 20-30 em high raised in polythene pots. The spacing used depends largely 
on the method of management adopted, with 2.8 :x 2.8 m being usual where mechanical cultivation 
in two directions is foreseen, and 1.8 x 1.8 m where manual weeding is contemplated. Weeding 
is necessary a1.JOut three times a year (four the first year) during the rainy season for three 
to four years '• Hand weeding is practised around individual trees, followed by mechanical 
cultivation between the rows. On ferruginous tropical soils ll g of phosphate fertilizer is 
applied around each tree about four weeks after planting and following manual weeding. Clean 
weeding is also an effective fire prevention tool, but fire tracing around plax ~ations, fire 
patrols and braehing to a height of four to five feet at age four are also emp Jyed. 

EARLY GROWTH PATTERNS OF PINES IN THE NIGERIAN SAVANNA 

D .E. Iyamabo 
Agricultural Research Council, Moor Plantation 

I badan, Nigeria 

M.A. Ogigirigi 
Shelterbelt Research Station 

Kano 1 Nigeria 

This paper discusses the results of height and girth growth studies of young~ 
caribaea and~ ooca.rpa in relation to environmental conditions in northern Nigeria. 
Successive measurements at three and four years of age showed that both species exhibited 
continuous height growth and apical buds active all year round, but the rate of apical growth 
and the rate and quality of foliage production were less in the dry season than during the 
wet season. Dry season needles of these species are generally smaller, shorter, thinner and 
greatly deformed as a result of having to force their wa;y through the dried needle sheath. 

Girth growth is lowest during the dry season, but shows a gradual increase from Ma;y to 
June and is highest during the June to September wet season. The increase from ME~¥ to June 
ma;y be due to hydration of stem tissue and bark, cambial activity or both. 

Some of the pine species included in elimination trials showed negative results. 
Following six months in the nursery at Zaria, P. montezumae did not grow at all in plantations. 
Also at Zaria, P. michoacana grew normally for nearly two years and then went into a pro longed 
period of dormancy, and at Afa.k& and Miango ~ pseudostrobus grew very irregularly producing 
long terminal and lateral shoots that had no needles. 
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NUTRITION OF PINES (Pinus caribaea and P. oocarpa) 

0. Kadeba 
Savanna FOrestry Research Station 

Samaru, Zaria, 'Nigeria 

'Nutritional studies on Pinus species being tried in the afforestation programme of the 
'Nigerian savanna is a recent 'deVelopment. So far, attention has been focussed primarily on 
the three major nutrients 'N, P, and K. Work to date has shown that the establishment phase 
of pines in the field wuld be difficult and growth rate unsatisfactory if phosphate fertilizer 
is not used. Effects of nitrogen fertilizers varied depending on type of material used. 
Urea was found to be injurious to pines with or without supplementary phosphate application. 
Positive response to nitrochalk and ammonium sulphate could be obtained only When phosphate 
was simultaneously applied. In no case was there any favourable response to K fertilizer. 

EFFECTS OF PINE PLANTATIONS ON OOILS 

0. Kadeba 
Savanna FOrestry Research Station 

Samaru, Zaria, Nigeria 

B.S.K. Onweluzo 
Savanna FOrestry Research Station 

Samaru, Zaria, Nigeria 

Analyses of soils under plots of~ caribaea, ~ ooca.rpa and savanna l!Oodland 
show some changes in the soil chemical properties. Acidity is intensified with increasing 
age of the pines. The data provide evidence of an initial reduction in organic matter content 
of the mineral soil. However, with increasing plantation age and canopy closure, there is a 
gradual build-up of organic matter in the top soil.. A similar trend is demonstrated by 
exchangeable K. Values of 14. 70, 5·44 and 6.00 tonnes/ha are estimated as oven dry weight of 
accumulated and un-decomposed litter under (i) 15-year Pinus caribaea (ii) 7-year Pinus caribaea 
and {iii) 7-year ~ ooca.rpa plots respectively. - -

THE GROWTH AND TIELD OF PINUS SPECIES IN THE 
SAVANNA ZDNES OF NIGERIA 

J.O. AbaJTOmi 
Forestry Research Institute of Nigeria 

lbadan, Nigeria 

The growth and yield of three ~ species, !!.:_ caribaea, P. oocarpa and t:, kesiya are 
described and compared in different localities of the savanna zones of Nigeria. The best 
growth of the three Pinus species has been observed at Miango on the Joe plateau. P. caribaea 
appears to have the beiitgrowth on all sites, followed closely by t:, oocarpa. Somelimitations 
in the comparisons made in the paper are mentioned. 
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EFFECT OF AGE ON ROOTING OF CU'l'TINGS AND 
COPPICING OF Sl'UMPS OF PINUS CARIBAEA 

0 .0. Okoro 
Forestry Research Institute of Nigeria 

I badan , Nigeria 

Investigations were carried out to determine the rooting propensities of cuttings taken 
from various ages of Pinus caribaea trees and rooted under two environmental conditions: mist 
and temporary propagator:""" Better callusing was obtained under mist. Some cuttings from all 
ages of trees rooted under mist whereas only cuttings from seedlings and a few from ten-year 
old trees rooted in the temporary propagator. Under both environmental conditions, cuttings 
from six and 15 month old seedlings rooted beet. When seedlingS of these two ages were 
coppiced, the latter had better survival percent (100,%) and those stumps which had 8 - 16 
sprouts produced more uniform shoots with reasonable growth. stumps of ten year old trees 
did not coppice at all. 

~ oocarpa is one of the best 
plantation species for the northern 
Guinea savanna. This growth trial 
plot at Afaka, Nigeria,is 7-years 
old. 
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Part B: Neem 

M.A. Ogigirigi and F.Y. Adelciya 
Shelterbelt Reaearch Station 

Kano , Nigeria 

This paper reviews the history of neem (Azadirachta indica) in the Sudan zone of northem 
Nigeria; gives a general deacription of the tree, ita phenology, silvical characteristics and 
uses; and describes ourretlt nursery, planting and tending practices. 

Following ita introduction into the Sudan zone in 1928, neem hu become the moat important 
plantation species in the zone with nearly 1500 ha planted by 1964. The major uses of the 
wood are for poles and tuel. 

The neem tree is deep rooting, has a large, heavy crown and is a prolific seeder from 
age five onwards. Planting is primarily with nursery stock raised in polythene tubes and 
outplanted at 2.4 x 2.4 m or 2. 7 x 2. 7 ni spacings. Two mechanical harrowinge per year are 
necessary for the first three years to reduce weed competition. Around large towns where 
both farmland and wood products are in short supply, farming in the plantations is successful. 
Groundnuta, beans, and occasionally millet· are raised. 

Direct sowing has also been shown to be a promising, simple and cheap method of enriching 
large areas of savanna. 

OOME PHYSICAL PROPERTIES OF S>IL UNDER NEEM 
AT YAMBAWA I KANO Sl'ATE 

J .E. Ujah 
Shelterbelt Research station 

Kano, Nigeria 

Measurements of particle size distribution, bulk density, particle density, total 
porosity and aoil moisture content from four selected sites atocked with (a) five year old 
neem, (b) one year old neem, {c) only weeds, and from a site (d) where neem failed after one 
year, showed no significant differences between sites Where neem is growing well and where 
it failed or was never planted. 
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Part C I Euca1ypt s 

ESTABLISHMENT TECHNIQUES FOR EUCALYPTS 

G.O.A. Ojo 
Forestry Research Institute of Nigeria 

Iba.dan, Nigeria 

Eucalypts used in plantation work in the Nigerian savanna are E. camaldulensis, 
.!!, tereticornis, ~ citriodora, ~ cloeziana and E. "saligna." hybrid.-

Intensive management techniques are employed. The natural vegetation is felled, 
stumped and burnt and the site is ploughed. Planting stock is raised in po~thene pots to 
a height of about 30 em for outplanting ear~ in the rainy season after the soil is wet to 
about 15 am. The species differ in their ability to withstand dry spells immediately after 
planting; whereas most can tolerate a week of unexpected dry weather, ~ cloeziana must be 
planted in very wet weather. Spaci~~ from 1.8 x 1.6 m to 2.8 x 2.8 m are used depending on 
the objective of management and the weeding method to be adopted. Three to four weedings, 
manually around individual trees and usually mechanically between the rows, are carried out 
the first year during the rains. Weedings are fewer in subsequent years but are required 
until canop,y closes, often within one to two years, depending on species. E. cloeziana gives 
a dense canopy, but .!!, citriodora is thin crowned and requires weeding for three to four 
years. Borate fertilizer applied to the soil a few weeks after planting at the rate of 56 g 
per plant is highly beneficial. On very sandy soils the application is made over a two year 
period. 

Owing to their light crowns, clean weeding, fire tracing and fire patrols are required 
fire protection methods in savanna eucalypt plantations. 

EARLY GROWTH PATTERNS OF SOME EUCALYPT SPECIES 

IN THE NIGERIAN SA VANNA 

D.E. Iyamabo 
Agricultural Research Council, Moor Plantations 

Ibadan, Nigeria 

M.A. Ogigirigi 
Shelterbelt Research Station 

Kano, Nigeria 

Studies of the height and girth growth of Isorberlinia .!!22r Khaya sene,galensis, 
Euca1yptus citriodora, !!, cloeziana, ~ deB'lu_pta, Jh_ propingua, ~ robusta and !!_ ~.!
cornis showed the eucalypts to have growth rates and periodicities superior to those of 
species indigenous to the northern Nigerian savanna. Apical and lateral meristems, dot~ant 
for part of the year in both ~ ~ and ~ sene,galensis, remain active all year round in 
the eucalypts, enabling them to sustain appreciable levels of growth during the dry seaso.n. 
Accelerated height growth, however, begins in late April to early May after soil moisture is 
sufficiently replenished. Accelerated girth growth starts earlier - in March - but some of 
this "growth" may be attributed to hydration of stem tissue following increasing atmospheric 
humidity. 

Starting at about the middle of the wet season and continuing into the dry season, 
there is a progressive decrease in girth growth rates in ~ ~ and all species of 
eucalypts. This can apparently be attributed to the heavy leaching of nitrogen from the 
forest litter which accumulated during the dry season, rather than water stress. 
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NUTRITION' OF PJJCALYPrS 

O.Kadeba 
Savanna Forestry Research Station 

Samaru, Zaria, Nigeria 

Nutritional studies fom part of the aeveral integrated forest cultural practices 
employed in the establishment and management of exotic plantations of eucalypts in Nigeria. 

Boron, nitrogen and phosphorus are the three element& that J118iY limit the growth of the 
different speciea of eucalypt• that are being tried in the afforestation prograDII\e. Results 
of all the field experiments conclusively show that the incidence of dry season die-back of 
eucalypts is associated with boron deficiency; application of borate fertilizer at the rate 
of 50g per tree would correct this deficiency. Growth increases were obtained on some sites 
following application of nitrogen and phosphate fertilizers. A common feature is the positive 
interaction between nitrogen and phosphorus. There was no response to potassium. 

OOME AfPEI:TS OF WATER RELATIONS OF PJJCALYPrUS UNDER 
NIGERIAN SAVANNA CONDITION'S 

M.A. 0 gigirigi 
Shelterbelt Research Station 

Kano, Nigeria 

Studies on the water relations of eucalypts in the northern Nigerian savanna demonstrated 
that "avoidance" is a significant component of drought hardiness in E. oloeziana, E. robusta, 
!:. pilularis and!:. p_ropinqua, while "tolerance" is important in !:. C'8maldulensis.-Measurements 
of transpiration from excised leaves of four species showed that the stomatal mechanism of 
!:. Eilularis was most efficient in the control of water loss, followed by !,: robusta, E. i!!:!;
tioomis and E. cama.ldulensis. The range of seai!IOnal variation in leaf water deficit was also 
less for !:. robusta, !:. epinqua and !:. cloezinana. than for !:. camaldulensis. 

Under conditions of hi~l soil moisture stress, E. camaldulensis was more efficient in 
water use and put on greater height growth than Pinusoaribaea, !:. tereticomis and!:. robusta. 
!:. robusta showed high water ~ae and good growth at intermediate to low levels of soil moisture, 
but heavy mortality occurred i'.Lt the highest level of moisture stress. Water use by P. caribaea, 
on the other hand., was high under cond1·nona of high soil moisture, but low llhen aoilmoisture 
became limiting. 

EF~TS OF EXJCALYPTUS PLANTATIONS ON SJILS 

0. Kadeba and B.S.K. Onweluzo 
Savanna Fbrestry Research Station 

Samaru, Zaria, Nigeria 

Analyses of soils under plots of EucalyPtus cloeziana, !:. torelliana and adjacent savanna 
woodland provide evidence that organic matter and exchangeable potassium in the mineral soil 
are depleted more under the eucalypts than under woodland. No difference in calcium or magne
sium were evident. There is, however, much greater litter accumulation on the forest floor 
under eucalypts; dry weight values were 14.59, 14.20 and 6.60 tonnes per hectare, respectively, 
for 8 year old E. cloeziana at Afaka, 9 year old E. torelliana at Miango and savanna woodland 
that had been fire protected for about 20 years. -
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THE GROWTH AND nELD OF J!lJCALYPTUS SPJOOIES IN THE 
SAVANNA ZDNES OF NIGERIA 

J .o. Ab~omi 
Fbrestr,y Research Institute of Nigeria 

Ibadan, Nigeria 

The growth and yield of some !!!,calyptus species are described and compared in different 
localities of the savanna zones of Nigeria. The best growth recorded is that for Eucalyptus 

andh at Ngoroji on the Mambilla plateau, while in the plains, EucalyPtus camaldulensis 
Petford provenance), !:. tereticomis and some stands of !:. grandis have produced relatively 

high yields. Afaka appears to be the most favourable experimental site on the plains for the 
establishment of Eucalyptus plantations. Some limitations in the comparisons made in the 
paper are mentioned. 

The excellent performance of the Petford 
provenance of Eucalyptus camaldulensis 
in the northern Guinea savanna creates a 
demand for adequate seed supplies. This 
6-year old seed stand, spaced 12 x 12 ft 
(3.8 x 3.8 m) at Afaka, Nigeria, began 
seed production after 4 years, but the 
tall, narrow crowns make collecting 
difficult. 

L------------------- - --------------------
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EXAMPLES OF ZAMBIAN PLANTATION COSTS 

A.C. Finch 
Division of Forest Research 

Kitwe, Zambia 

1973 ESTIMATED DIRECT ESTABLISHMENT COSTS* 

Eucall~s 
(K/ha 

175.64 

4-89 

3·34 

(b) All other Planting Operations 9-48 

Fertilisation 10.96 

1st Season Weeding 

(a) Hand 6.53 

(b) Mechanical 17-59 

2nd Season Weeding 

(a) Hand 

(b) Mechanical 

3rd Season Weeding 

(a) Hand 

(b) Mechanical 

Total Cost 228.43 

ANNEX 2 

Pines 
(K/ha) + 

175.64 

8.32 

2.96 

11.59 

10.45 

id.07 

6.77 

4-51 

238.31 

* Labour and direct field supervisory labour, their wages, social security contributions, 
clothing, leave and housing allowances, together with machinery used in operations and 
materials consumed. 

+ 1 Kwacha = US$ 1 .56 
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BASIC LAND CLEARING COSTS 

K/acre gross K/acre net 

Knockdown 11.50 

Windrow 22.00 

Stump, Burn and Clear 12.00 

45·50 56.74 

Glean and Plough 11 .so 14.34 

Total Cost per acre 57.00 71.08 

Total Cost per ha 140.85 175.64 

The total cost per acre nat (K71.08) assumes an additional charge for plant movement 
of 6 per cent and that the net area is 85 per cent of the gross area. It is the intention 
of the Industrial Plantations Project to carry-over 50 per cent of the area to safeguard 
against land clearing contingencies in the following year. This places an average interest 
charge on the ground prepared for next year's planting of K1.84 per net acre. 



LABOUR COSTS PER WORKING DAY 

Supervisors 

Labour Field Mechanical 
~ (K) (K) (K) 

Basic Annual Wage 342.00 734-40 853-20 
Contribution toward Social Security 25.20 72.00 84.00 

Plan 

Clothing and Food Allowances 20.00 20.00 20.00 

Housinf Cost (20 yrs at 7% interest 142.00 142.00 208.00 
rate 

Total :&.sic Cost I Annum 529.20 968.40 1163.20 

Basic Cost I working day 2.30 4-24 5-10 
(+ 230) 

40% Incentive Bonus on basic daily 0.38 - -
wage 

Total Cost / working day 2.68 4-24 5.10 

Drivers 
(K) 

475-20 

48.00 

20.00 

142.00 

685.20 

3.00 

0.52 

3.52 

i 

I 

I 
I 

1\) 
VI 
0\ 



1. Nursery Stock 

Labour · 
7 ton Lorry 
D-4 
Materials 
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PINES: ESTIMATED 1973 ESTABLISHMENT COSTS 

Input Units 
per ha 

2.423 man-days at 2.82 
1.639 km at 0.13 
0.024 hours at 4.00 
K1.189 

Supervisory Ratio 1:10 

Est irnat ed Co&t 
per ha 

6.83 
0.21 
0.09 
h1_9 
~ 

Based on 1490 plants raised for each hectare to allow for losses in nursery and 
beating up in field. 

2. Planting 

(a) Prediscing 

Drivers 
Tractor 

0.175 man-days at 3.72 
1.198 hours at 1.75 

Supervisory Ratio 1:7 

0.86 
2.10 
2.96 

(b) Other Operations including Staking, Plant Distribution and Planting. 

Labour 3.356 man-days at 2.76 9.26 
Drivers 0.361 man-days at 3.52 1.27 
Tractor 0.477 hours at 1. 75 0.83 
Lorry 1.787 km at 0.13 ~ 

Supervisory Ratio 

3. 1st Season Weeding 

(a) Hand Weed (3 times) 

Labour 
Transport 

1: 18 

3.284 man-days at 2.88 
9.941 km at 0.10 

Supervisory Ratio 1:7 

(b) Mechanical Weed (8 times) 

Drivers 
Tractor 
Transport 

1.000 man-days at 3.75 
7.910 hours at 1.75 
4.784 km at 0.10 

Supervisory Ratio 1:6 

4• 2nd Season Weeding {4 times) 

Drivers 
Tractor 
Transport 

0.371 man-days at 3·75 
2.965 hours at 1.75 
1.853 km at 0.10 

Supervisory Ratio 1:6 

5· 3rd Season Weeding (2 times) 

Drivers 
Tractor 
Transport 

Supervisory Ratio 

0.247 man-days at 3.:5 
1.977 hours at 1.75 
1.236 km at 0.10 

1:6 

1.1.:22 

3-75 
13.84 
~ 
~ 

0.93 
3-46 
0.12 
4-51 



SUMMARY OF SILVICUilrURAL OPERATIONS AND COSTS PER HA 

Chati Ndol.a Ichimpe Total Avera?: Productivities and Costs 
Area weighted for area) 
(ha) 

Area Cost Area Cost Area Cost Description of Work (ha) (K/ha) (ha) (K/ha) (ha.) (K/ha) man- vehicle tractor 
days/ha Ian/ha hours/ha K/ha 

Raise plants, no. of 
plants (1000) 

{879) (5.65) (924) (5.31) (2306) (6.19) (4109) 2.0 (5.89) 1.8 0.2 

Preplanting harrowing 1349 6.82 428 5.97 2192 5.13 3969 0.4 5·79 2.0 1.0 
I 

Squaring, planting 968 5.88 397 18.24 1365 9-47 1.1 

Beating-up 528 0 44 14 3.07 542 0.3 0.50 1.0 

Fertilizing eucalypts 619 5·09 13 20.23 20 22.35 652 1.5 5.92 3.0 

Hand weeding, 1st, 2165 3·55 2078 2.67 4243 2.5 3.11 4o8 
I pine 

Hand weeding, 2nd, 1899 4·85 187 3-41 2086 2.9 4.72 8.1 
pine 

Hand weeding, 1st, 2564 2-45 26 5-38 2590 1..3 2.47 4·7 I 
eucalypts 1\) 

VI 
Mechanical weeding, 1st, 6423 3.28 5163 2.75 11586 0.2 3.04 1.6 1 .1 CX> 

pine i 

Mechanical weeding, 2nd, 5084 3.10 607 3.19 5691 0.2 3.10 3·5 1.1 I 

I pine i 

Mechanical weeding, 3rd, 4171 2.81 4171 0.2 2.81 1.2 1 .1 

I 
pine 

Mechanical weeding, 1st, 3870 1o77 3870 1.0 1. 71 1.6 0.6 
eu.oa.lypt a 

Pruning, 1st, pine 175 5-09 648 5-47 823 3·4 5.38 0.6 

Pruning, 3rd, pine 91 6.01 91 3o7 6.01 8.8 
Pruning eucalypts, 816 4-4& 816 2.6 4·48 3·1 
Marking thinning 497 0.58 272 1.16 769 0.5 0.78 0•5 
Thinning pine 1st 138 1·09 33 32.33 171 1.4 11.96 1·9 

poisoning 

Singling coppice 29 2.97 31 17.13 60 8.1 10.28 o.o 

l Ba.rk beetle control 135 2.90 135 2.90 

---~ -- - - -- "'-- - ~ -- 1-. ----- -----L..-... 



- 259-

COUNTRY' STATEJIENTS 

Count r;yt !!!!!.!! 

I • GENmAL GEOGRAPHICAL INFORMATION 

1.1 Area of country: 112 600 km2 

1.2 Location: longitude 0°40' - 03045'E;latitude 06°15' - 12°25'N 

1.3 Population: 3 250 000 inhabitants 

ANNEX 3 

1.4 Main climatic and vegetative zonesa Equatorial climate with vestiges of semi
deciduous forests; continental climate with tree savanna formation; continental 
climate with savanna woodland formation. 

II. FORESTS AND NATIONAL FOREST POLICY 

2.1 Area of high forests - km2 

2.2 Area of savanna Y 22 000 km2 

2.3 Proportion of land under high forest -%; in savanna Y 2~b 
2.4 Does the country have a written statement of national forest policy? 

Yes aJ No {::::J 

2.4.1 If a national forest policy exists, what are the main objectives 
stated in it? To safeguard the constitution and conservation of the 
national forest domain and to carry out reforestation and rational 
exploitation. 

2.4.2 If there is an official statement of forest policy for the savanna 
region, briefly outline its main points. Control of bush fires; 
authorization of early burning under state surveillance. 

2.5 Leef.slation available to implement policy Yes!:i:J Nof:J 

-1j'For the purpose of this questionnaire, savanna is considered as including the full range 
of tropical vegetation types of which grass is a significant characteristic. At one end 
of the spectrum, closed forest and thickets are excluded; at the other end, desert is 
excluded. Between these extremes, savanna comprises the various types of savanna wood
land, savanna and steppe as described in Appendix 1 of Tree Planting Practices in 
African Sav·lllllas, FAO Forestry Development Paper No.l9, by M. v. Laurie, 1974. 

I 
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2.6 Ownership of forests and savanna 

Under state control 

Pr~vate ownership 

Community ownership 

No effective control 

High forests 

~~ 

1~ 

Savanna 

21Jf~ 

-7~ 

2.7 Principal forest products from all regions {e.g. fuelwood,charcoal, sawloes, 
gum, beeswax and honey, veneerlogs, logs for sleepers, poles, piling and 
posts, pulpwood). 

4 300 000 steres of fuel wood and charcoal; 
20 000 m3 of sawlogs; 
200 000 poles 

2.8 Forestry staff 

Professional 
Subprofessional{with diplon~ 
or certificate of training) 

2.9 Gross annual budaet for forestry 100,000 US$ 

State Others 

6 

10 

III. AFFORESTATION AND REFORESTATION, GENERAL 

End use 

lumber 
lumber 

3.1 Areas 

3.1.1 Total net area llof plantations at the end of 1974: - ha 

3.1.2 Net areal/ of plantations in the savanna a.t the end of 1974: - ha 

3.1.3 Planned annual target area of af/reforestation: ha/yr 

3.1.4 Planned annual planting rate in sava.nna:variable 

3.2 Organi~ation and administration of savanna planting schemes 

3.2.1 State forest services 

3.2.2. Others {specify) 

••••••••••••••••••••••••••••• 
••••••••••••••••••••••••••••• 

1007~ 

• •••••••••••••••• 
••••••••••••••••• 

3.3 Intended principal end use {e.g. sawtimber, posts and poles, pulpwood, fueldwood, 
protection,etc.), species, growth and rotation of major savanna plantation. 

Mean annual increment 

S!!ecies net area~ha)!/ Rotation (Yrs~ 
u~b.) at rotation age 
m"' ha 

teak 6 285 60 
Cedrela spp. 250 under study 

pilingt-post s teak 715 7-8 
pilings+-posts Casuarina sp. 500 &-J.O 
fuel wood Gasuarina sp. 1000 &-10 

17 Net area is the gross area of plantations minus the area in roads, rides, buildings 
and other non-stocked land. 
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IV. SAVANNA NURS1!EY PRACTICE 

4.1 Nursery types and capacities 

4.1.1 What is the total annual production capacity of existing permanent 
savanna nurseries? 1 000 000 plants. 

4.1.2 What is the actual annual production (average from last 3 years) 
from permanent savanna nurseries? 750 000 plants. 

4.1.3 What is the annual production (average from last 3 years) from 
temporary savanna nurseries? plants. 

4.2 Planting stock 

4.2.1. Indicate the main types of planting stock (bare-rooted transplants, 
stumps, container stock, etc.) raised for the principal savanna 
plantation species. 

Species TyPe of at ock 

teak stumps 
Gmelina 1 Cedrela bare-rooted transplants 
neem bare-rooted transplants 
Casuarina basket containers 10 x 30 em 

4.2.2 If containers are used 1 state type (polythene tubes or pots~ "jiffy pots11
1 

etc.) and give dimensions (lay flat for polythene) 

woven palm baskets 30 em deep and 10 em in diameter 

4.2.3 Give average size (height) of savanna outplanting stock and length 
of time (weeks) required to raise it in the nursery. 

Species 

Casuarina 

4.3 Savanna nursery methods 

Outplanting size 

10-15 em 

Weeks in nursery 

6 

4.3.1 Briefly describe the sowing methods used in savanna nurseries (bed 
sowing, pricking out, direct sowing into containers,etc.) 
For teak, neem ar,d Gmelina, seed is sown in linea about 10 em apart 
in beds. Casuarina is broadcast sown and pricked-out after 6 weeks. 

4.3.2 Briefly describe the soil mixtures and fertilizers (and quantities) 
used. W~ure is used, but quantities are not measured. No chemical 
fertilizers are used. 

4.3.3 Briefly describe savanna nursery watering methods and schedules (If mechanical 
irrigation equipment is used, indicate type). 
All nurseries are watered manually with watering cans, except the Casuarina 
nursery, l'lhich has a water tower and rotary sprinklers. 

4.3.4. Briefly describe the standard savatma nursery protection measures 
(against pathogens, insects, animals, environmental elements). 
Manure is treated with BHC or DJJI' to guard a.ga.inst attacks on CasuarinP 
seed in nurseries. 

V. ESTABLISHMENT TECOOQUES li'OR SAVANNA PLANTA'l'IONS 

5.1 Site selection 

5.1.1. Are detailed vegetation maps available for most savanna regions? 
Yes / X. / No r:J 

Are detailed soil maps and soil survey descriptions available for 
most savanna regions? Yes liJ No CJ 
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5•2 Land clearing and site preparation 

5.2.1 Briefly describe the main savanna land clearing methods used. 
Clear felling is done by axe; tractor clearing is envisaged and 
is under study. 

5.2.2 Briefly describe the principal site preparation techniques used 
after land clearing in the savanna. 
After felling, the site is burned and large holes are filled in. 
Pegging out follows. 

5·3 Savanna planting and direct seeding 

5.3.1 Is direct seeding used in savanna? Yes /XJ No LJ 
If so, indicate for which species: Anacardium. 

5.3.2 Indicate the most common spacings at which the main s<:wanna plantation 
species are planted. 
5 x 5 to 6 x 6 m; later thinned to 10 x 10 or 12 x 12 m. 

5.3.3 Give the total number of hectares of plantations establtshed to 
date in the savanna by means of taungya. 5 000 ha. 

5•4 Tending of savanna plantations 

5.4.1 Briefly describe the method and frequency of weeding. 
Two weedings per year for young teak, and after the fourth 
year one annual slashing and one singling. For Anacardium 
two weedings and one cultivation annually. 

5.4.2 If irrigation is used in plantations, give the area irrigated of 
each species, the frequency of vtatering and the quantity of \1ater 
applied. None. 

5·5 Protection of savanna plantations 

5.5.1 Briefly describe protection mea,sures against insects, pathocens and 
animals. No significant control measures but research is being done 
on rots, borer attacks to Khaya senegalens~ and Chlorophora galls. 

5•5•2 Is there a national fire Jan:'jr ratine systerr,? 
Yes L:::7 No X 

5·5·3 Are fire breaks and fire lines allowed for at the time of savanna 
plantation es·~ablishment? Yes .KJ No 0 

5·5·4 Is controlled (i.e. prescribed or early) 
savanna plantations? Yes L:::7 
Around plantations? Yes iK:7 

burni~racticed in 
No LLJ 
No c::J 

VI. SEED AND TREE HiPROVEMH~' 

6.1 Is there a national tree seed coordinating centre? Yes CJ No{D 
6.2 Is there a national tree seed certification system? Yes{JJ NoCJ 

6.3 Are there facilities for storine seed at controlled temperatures? 

Yesc::J NoiTJ 

6.4 Indicate the main source of seed supply for the principal savanna plantation 
species. Seed of teak, Anacardium, Cedrela and neem is obtained from 
selected seed trees within the country. 



/ 
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List the species being tested in comparative trials in the savanna. 
Indicate in parentheses the number of provenances being tested of each 
species. 
Only Cedrela odorata and Gmelina arborea,introduced a long time ago, 
are acclimatized. 

VII • REFERENCE MATERIAL 

List the main published sources of information on afforestation and nursery 
practice in the savanna regions of your country. 

Nil. 

Country: ~ {see also Appendix 4) 

I. GENERAL GEOGRAPHICAL INFORMATION. 

1.1 Area of' country 342 000 km2 

1.2 Location: longitude 11 °09'04" - 18°40'E; latitude 03°42' 30"N -05°02 '03"3 

1.3 Population 1 500 000 inhabitants 

1.4 Main climatic and vegetative zones 
Equatorial climate with two seasons: dry season from May to September; 
wet season from October to April. Vegetation: high forest, mangrove forest, 
savanna and gallery forest. 

II. FORESTS AND NATIONAL FOREST POLICY 

2.1 Area of high forests 205 000 km2 

2.2 Area of savanna !/ 137 000 1on2 

2.3 Proportion of land under high forest 60%; in savanna Y4a;~~ 
2.4 Does the country have a written statement of national forest policy? 

Yes [fJ No 0 
2.4.1 If a national forest policy exists, what are the ma.in objectives stated 

in it? To contain monopolization of commercial forestry; reinforce 
and develop the state's role in forest exploitation; increase the amount 
of wood which is processed within tho country; conduct research to promote 
under-utilized tree species; carry out plantation pror,Tammes \·lith eucalypts 
and pines. 

2.-4.2 If there is an official statement of forest policy for the savanna. region, 
briefly outline its main points. 
Carry out eucalypt and pine plantation programmP.s in accordance 1-lith the 
first national three-year plan. 

2.5 Legislation available to implement policy Yes £D No 0 

l/ For the purpose of this questionnaire, savanna is considered 1.1.s including the full 
range of tropical vegetation types of which~ is a. sienificant charn.cteristic. 
At one end of the spectrum, closed forest and thickets are excluded; at the other 
end, desert is excluded. Between these extremes, savanna comprises the various tyves 
of savanna woodland, savanna and steppe as described in Appendix 1 of Tree Plantine 
Practices in African Savannas, FAO Forestry Development Paper No.l9, by M.V.l,aurie, 1()74. 
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2.6 Ownership of forests and savanna 

Under state control 
Private ownership 
CQmmunity ownership 
No effective control 

High forests 

lO<J'fo 

;;lava.nna 

100}~ 

2.7 Principal forest products from all regions (e.g. fuelwood, cl~rcoal, sawlogs, 
gum, beeswax and hondey, veneerlogs, logs for· sleepers, poles, piling a.nd 
posts, pulpwood). 

~uelwood, charcoal, posts. 

2.8 Forestry staff 8tate Others 

2.9 

Professional 

Subprofessional {with diploma or 
certificate of training) 

Gross annual budget for forestry 

13 

17 
Ud$ 

III • AFFORE.':iTATION AND REFORESTATION, GENERAL 

End use 

3.1 Areas 

3.1.1 Total net areal/of plantations at the end of 1974: 13 827 ha 

3.1.2 Net area 1/ of plantations in the savanna at the end of 1974: 7 39;,: ha 

3.1.3 Planned annual target area of af/reforestation: ha/year 

3.1.4 Planned annual planting rate in savanna: 500 ha/year 

3.2 Organization and adminstration of savanna planting schemes 

3.2.1 State forest services lOa~ 

3.2.2 others (specify) 
None 

3.3 Intended principal end use (e.g. sawtimber, posts and poles, pulpwood, 
fuelwood, protection, etc.), species, growth and rotation of major 
savanna plantations. 

S;eecies Net area{ha).!/ Rotation {Yrs) 

Mean annual 
increment(U.b.) 
at rotation age 
(m3/he./yr) 

Construction Terminalia sul!erba 6 435 35 4 
timber 
pulpwood eucalypts 

pulpwood pines 
5 179 

2 213 

4-6 

8-12 

20-35 

10-20 

i/ Net area is the gross area of plantations minus the area in roads 1 rides,buildings 
and other non-stocked land. 
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IV. SAVANNA NURSERY PRACTICE 

4.1 Nursery types and capacities 

4.1.1 What is the total annual production capacity of existing permanent 
savanna nurseries? 2 000 000 plants 

4.1.2 What is the actual annual production {average from last 3 years) 
from permanent savanna nurseries? 630 400 plants. 

4.1.3 What is the annual production (average from last 3 years) from 
temporary savanna nurseries? plants. 

4.2 Planting stock 

4.2.1 Indicate the main types of planting stock (bare-rooted transplants, 
stumps, container stock, etc.) raised for the principa.l savanna 
plantation species. 

Species 
Eucalxptus platYp;ylla 
E. XII ABL 
§. urophylla 
Pinus cari baea 
f• oocarpa 

Type of stock 
containers (polythene pots) 

" 
11 

" 
11 

II 

" 
II 

II 

4.2.2 If containers are used, state type (polythene tubes or pots, 11 jiffy 
pots" ,etc.) and give dimensions (lay flat for polythene). 
polythene pots 17 x 21 em 

4.2.3 Give average size (height) of savanna outplanting stock and length 
of time {weeks) required to raise it in the nursery. 

Species 

eucalypts 
pines 

4•3 Savanna nursery meihods 

Outplanting size 

10-15 em 
10 em 

-..Jeeks in nursery 

8 
12 

Briefly describe the sowing methods used in savanna nurseries (bed 
sowing, pricking out, direct sowing into containers,etc.) 
1ucalypt seed is broadcast sown in irrigated seed beds; pricking 
out into polythene pots is done ,!J. weeks later. Pines are line sown 
in seed beds and pricked out (also in polythene pots) 6 weeks later. 

Briefly describe the soil mixture and fertilizers (and quantities) 
used: Soil mixture is 50'}l• black earth and 5~f. sand. A complete fertilizer 
(10-10-20) and slag are used. 

Briefly describe savanna nursery watering methods and schedules (If 
mechanical irrigation equipment is used, indicate type). 
Manual watering is with fine rose waterinc cans. l~aterine with rotc:.ry 
sprinklers is done twice a day when plants are young and once n. day later. 

Briefly describe the standard savanna nursery protection measures 
(against pathogens, insects, animals, environmental Plemt=mts). 
Insecticides (dieldrex Py or phytosol) are dusted around germin:1tion 
and plant holding beds. 
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V. ESTABLISHMENT TECHNIQUES FOR SAVANNA PLANTATIONS 

5.1 Site selection 

Are detailed vertajion maps ava.ilable for most savanna regions? 
Yes tKJ No 

Are detailed soil maps and soil s}:vjy descriptions available for 
most savanna regions? Yes X Nol::J 

5.2 Land clearing and site preparation 

5.2.1 Briefly describe the main savanna land clearing m~thodo used. 
In closed forest, clearing is done with axes and power saws; 
in the savanna crawler tractors are used. 

5.2.2 Briefly describe the principal site preparation techniques used 
after land clearing in the savanna. 
Glearing and burning followed by ploughing with a Gropmaster or 
Grop Pulv~risage with puJ.verizine discs. 

5·3 Savanna planting and direct seeding 

5•3•1 Is direct seeding used in savanna? Yes Q No KJ 
If so, indicate for which species 

5.3.2 Indicate the most common spacings at which the main savanna plantation 
species are planted. 
2.5 x 2.5 m and 3.12 x 3.12 m 

5.3.3 Give the total number of hectares of plantations established to 
date in the savanna by means of taungya: ha. 

5·4 Tending of savanna plantations 

5•4•1 Briefly describe the method and frequency of weeding 

Harrowing between the rows using a wheeled tractor equipped with a 
disc harrow or rotavator once every three months the first year (i.e. 
four times) and three times during the second year and manual hoeing 
around the trees. 

5.4.2 If irrigation is used in pl~tations, give the area irrieated of each 
species, the frequency of watering and the quantity of water applied. 

5·5 Protection of savanna plantations 

5·5·1 Briefly describe protection measures against insects, pathogens and animals. 

At the time of planting poison baits are placed around the buse of each 
plant to protect against insect attack - particularly stem cutting crickets. 

Is there a national fire danger rating system? 

fes c::J No [I] 
Are fire breaks and fire lines allowed for at the time of 
savanna plantation establishment? Yes~ No L:::7 
Is controlled (i.e. prescribed 
plantations? Yes L!::7 
Around plantations? YesL:E:7 

or ej'l:i burning practiced 
No 

Noc::J 

in savanna 
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VI. SEED AND TREE IMPROV'EMl!m 

6.1 Is there a national tree seed coordinating centre? YesKJ 

6.2 Is there a national tree seed certification system? YesL:::l 

No c:J 
Nol:XJ 

6.3 Are there facilities for storing seed at controlled temperatures? 
Yes /KJ No LJ 

6.4 Indicate the main sources of seed supply for the principal savanna 
plantation species: 
eucalypts: Australia, New Guinea and Congo (old plantations) 
pines: Central America and. Congo (old plantations) 

List the species being tested in comparative trials in the savanna. 
Indicate in parentheses the number of provenances being tested of each 
species. 
Various eucalypts and pines: E:uoalYJ?tus urophylla, !• tereticornis, 
~ caribaea and ~· oocarpa. 

VII. REFEREllCE MATERIAL 
List the main published source of information on afforestation and nursery 
practice in the savanna regions of your country. 

I. GENERAL GEOGRAPHICAL INFORMATION 

1.1 Area of country 238 539 km2 

Country: ~{see also Appendix 5) 

1.2 Location: longitude 1°E to 30W; latitude 5°- 11~ 

1.3 Population: 10 million inhabitants 

1.4 Main climatic and vegetative zones: The climate is humid to dry tropical. There 
are three main vegetation zones namely the coastal thicket, the high forest and 
savanna. 

II. FOREST AND NATIONAL FOREST POLICY 

2.1 Area of high fo17sts 82 258 km2 

2.2 Area of savanna 150 497 km2 

2.3 Proportion of land under high forest 34fc,; in savanna!/63% 

2.4 Does the country have a written statement of national forest policy? 

Yes a::J No /:=:J 
2.4.1 If a national forest policy exists, what are the main objectives stated in it'? 

Creation of sufficient permanent forest resources by reservation to supply 
direct and indirect benefits necessary for the welfare of the people of Ghana 
and the management of the Forest resources by methods the.t e.chieve sustained 
maximum productivity and value. 

2.4.2 If there is an official statement of forest policy for the savanna region, 
briefly outline its main points. 

Same as in 2.4.1 

iJ For the purpose of this questionnaire, savanna is considered as including the full range 
of tropical vegetation types of which srass is a significant characteristic. At one end 
of the spectrum, closed forest and thickets are excluded; at the other end, desert is 
excluded. Between these extremes, savanna comprises the various types of savanna woodland, 
savanna and steppe as described in Appendix 1 of Tree Planting Practices in African 
Savannas, FAO Forestry Development Paper No.l9, by t.1.V. Laurie, 1914. 
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2.5 Legislat~on available to implement policy 
2.6 Ownership of forests and savanna 

Yes LXJ No CJ 
High forests Savanna 

Under state control 
Private ownership 
Community ownership 
No effective control 

2.7 Principal forest products from all regions (e.g. fuelwood, charcoal, sawlogs, gum, 
beeswax and honey, veneerlogs, logs for sleepers, poles, piling and posts, pulp
wood). 

Sawlogs, veneerlogs, logs for sleepers, fuelwood, charcoal, poles, gum, export 1oes. 

2.8 Forestry staff 
Professional 

Jtate 
!'2 

Others 

Subprofessional (with diploma 
or certificate of training) 

2.9 Gross annual budget for forestry 7 501 974 US$ 

III. AF'FORlliTATION AIJD REFORJ<JSTATION I Gt::NlliAL 

3.1 Areas 

500 

3.1.1 Total net areal/ of plantation at the end of 1974: 23 208.00 ho. 

3.1.2 Net area Y of plantations in the savanna at tne end of 1974: j 331 ha 

3.1.3 Planned annual target area of a.f/reforestation: 7 3?.8.00 ha./yr 

3.1.4 Planned annual planting rate in savanna:? 176.00 ha/year 

3.2 Organization and administre.tion of savannco. planting schemes 

3.2.1 State forest services 

3.2.2 Others (specify) 

3.3 Intended principal end use (e.g. sa1-rtimber 1 posts end poles, pulpwood, fuelwood 1 

protection, etc.) 1 species, growth and rotation of major savanna pla.ntations. 

.b.nd use 

Saw Log 
Pulp 

Poles 
Charcoal 
Fuel wood 
Fuel 

Species 

Teak + :Mahogany 
Gmelina + .b.ucalyPtus 
Anogeissus 
Teak 
all spp. 
all spp. 
Neem 

Net area(ha)Y Rotation(yrs) 

60-70 years 
up to 10 yea.rs 

10-15 yea.rs 
10-15 years 
10-15 years 
10-15 years 

I·iean annual 
increment (u.b.) 
at rotation ae:,--e 
(m3/ha/yenr) 

17 Net areas is the gross area of plantations minus the area in roads, rides, buildings 
and other non-stocked land. 

_j 
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IV. SAVANNA NURSE3Y PRACTICE 

4.1 Nursery types and capacities 

4.1.1 What isthe total annual production capacity of existing permanent 
savanna nurseries? 3 million plants. 

4.1.2 What is the actual annual production (average from last 3 years) 
from permanent savanna nurseries? Unknown 

4.1.3 What is the annual production (average from last 3 years) from 
temporary savanna nurseries? NIL 

4.2 Planting stock 

4.2.1 Indicate the main type 
container stock, etc.) 

of planting stock (bare-rooted transplants,stumps, 
raised for the principal savanna plantation species. 

Species 
Anogeiesus 
Teak 
Eucalyptus 
Khaya senegalensis 
Neem 

Type of stock 
stumps 
stumps 
potted 
stripling and potted 
stripling and potted 

4.2.2 If containers are used, state type (polythene tubes or pots, "jiffy pots", 
etc.) and give dimensions (lay flat for polythene). 
Only polythene bags are used: 5 x 1 inches 

4.2.3 Give average size (height) of savanna outplanting stock and length 
of time {weeks) required to raise it in the nursery. 

Species Outplanting size Weeks in nursery 

Teak lf - 2 ft. 24-30 ~leeks 
Eucalyptus 1~ - 2 ft. 18-24 weeks 
Anogeissus 1 - 2 ft. 24-30 weeks 
Khaya senegalensis 1~- - 2 ft. 24-30 weeks 
Neem 2 - 3 ft. :--'t]- 30 1;/CPkS 

4.3 Savanna n~sery methods 
4.3.1 Briefly describe the sowing methods used in savanna nurseries (bed sowing, 

pricking out, direct sowing into containers, etc.) 

(a) Teak, Khaya and Neem are sown on seed beds and pricking out is done 
immediately on germination either onto transplant beds or into con
tainers. (b) Anogeissus is sown direct on to seed beds. No pricking 
out is done. 

4.3.2 Briefly describe the soil mixtures and fertilizers {and quantities) used. 
No fertilizers are used. Normally the containers are filled with top soil 
from the nursery site. Also compost is used. 

4.3.3 Briefly describe savanna nursery watering methods ~~d schedules (If 
mechanical irrigation equipment is used, indicate type). 
Where seedlings are raised in polythene bags,watering c~~s are used 
twice a day, morning and evening. Canal irrigation is also practised. 

4.3.4 Briefly describe the standard savanna nursery protection measures 
(against pathogens, insects, animals, environmental elements). 
Aldrex is used against insects. Fences are erected against animals 
and sheds are raised as environmental protection for shade. 
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V • :ESTABLISHMmr TECHNIQUE5 FOR SAVANNA PLANTATIONS 

5.1 Site selection 

5.1.~ Are detailed vegetation maps avc:dlable for most savanna regions? 

Yes CJ No /KJ 
5.1.2 Are detailed soil maps and soil survey 

savanna regions? Yes £D 
5.2 Land clearing and site preparation 

desc/i:tifns available for most 
No 

5.2.1 Briefly describe the main savanna land clearing methoaa used. 
The annual bush fires normally leave clumps of grass which is cleared 
either with hoes or cutlasses. After that the area is stumped. 

5.2.2 Briefly describe the principal site preparation techniques used 
after land clearing in the savanna. After stumping a two-disc 
plough is used to make ridges on which the seedlings are planted. 

5.3 Savanna planting and direct seeding. 

5.3.1. Is direct seeding used in savanna? Yes LK:7 Nop 
If so, indicate for which species: Anogeissus (Nangodi 

5.3.2 Indicate the most common spacings at \'llhich the main savanna plantation 
species are planted. 
3x9ft., 6x9ft. 

5.3.3 Give the total number of hectares of plantations established to 
date in the savanna by means of taungya: ha. 

5·4 Tending of savanna plantations 

5.4.1 Briefly describe the method and frequency of weeding 
Weeding on ridges twice a year. 

5.4.2 If irrigation is used in plantations, give the area irrigated of each 
species, the frequency of watering and the quantity of water applied. 
There are no irrigated plantations in Ghana. 

5·5 Protection of savanna plantations 

5.5.1 Briefly describe protection measures against insects, pathogens, and 
animals. 
There have been no known severe insect or pathogenic attacks. Limited 
fencing has been practised against animals. 

5.5.2 Is there a national fire danger rating system? 

YesCJ Noo;:::J 

5•5•3 Are fire breaks and fire lines allowed for at the time of savanna 
plantation establishment? Yes L:[:7 No L:::7 

5•5•4 Is controlled (i.e. prescribed or earl~urning practiced 
plantations? Yes /=:J No liJ 
Around plantations? Yes KJ No CJ 

VI. SEED AND TREE IMPROVEMENT 

6.1 Is there a national tree seed coordinating centre? Yes L!:7 
6.2 Is there a national tree seed certification system? Yes£:::] 

in savanna 

Noc:J 

No tlJ 
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6.3 Are there facilities for storing seed at controlled temperatures? 

Yes /W 10°G Nor:::J 
6.4 Indicate the main source of seed supply f~!' the p:-i:1ci~l :::;~"w"~r.r.~ 

plantation species. 
Seeds for savanna species from Jema and other places in the North. 

6.5 List the species being tested in comparative trials in the savanna. 
Indicate in parentheses the number of provenances being tested of each 
species. 
The only species being tried at the movement is Acacia senegal. 
Seeds have been obtained from the Senegal, Mali and Ghana. 

II. REFERENCE MATERIAL 

List the main published sources of information on afforestation and nursery 
practice in the savanna regions of your country. 

Guidelines in the J.1.0.P. (Manual of Procedure) 

Country: IVORY COAST 

I. GENERAL GEOGRAPHICAL INFCR1V!i1.1UON 

1.1 Area of country 322 500 km2 

1.2 Location: longitude 02°30' - 09°W; latitude 04° - 11 °1-i 

1.3 Population: 6 000 000 inhabitants 

1.4 I•Iain climatic and vegetative zones 

Climates: Guinea (equatorial) and Sudan-Guinea (tropical) 
Veectation: humid evergreen dense forest; humid sami-deciduous dense forest; 

pre-forest and savanna. 

II • FOREST;;> AND NATIONAL FORF'..3T POLIGY 

2.1 Area of high forests 156 719 km2 

2.2 Area of savanna 11 165 781 km2 

. 1151 '. 2.3 Proportion of land under high forest !:8.6~:.; l.n savanna. elr'/~· 

l)oes the country have a vll'itten statement of ne.tionc;,l forest polic~r·:· 

Yes ffJ No c:J 
2.4.1 If a national forest policy exists, vthat c>.re the main objectives stated in it'? 

2.5 

2.6 

Preservation of the ecoloe;ical bal<mce; ::3ustained yield of wood throueh manage
ment and reforestation. 

2.4.2 If 'there is an official statement of forest policy for the savanna r8Eion, 
briefly outline its main points. 
Under study, but no particular statement for the savanna reti.on yet • 

Leeislation available to implement policy Yes !XJ No 0 
Ownership of forests and savanna Hie;h f~rests Jav<:mna 

Under state control lO(Jj., 10~,; 

Forest reserves 2 898 558 ha 1 300 000 ha 
National parks 548 000 ha 1 175 000 ha 

jJ For the purpose of this questionnaire, savanna is consiclerec1 as inclurline the full r<mt::e 
of tropical vegetation types of which~ is a. sif,Ilificant characteristic. At c•ne end 
of the spectrum ,closed forest and thickets are exclucledj at 'the other end, desert is 
excluded. Between these extremes, savanna comprises the various type::~ of savanna \·:ood
land, savanna and steppe as described in Appendix 1 of Tree Plantine Practices in 
African Savannas, FAO Forestry Development Paper No,l9 1 by Iv:.v. Laurie, 197L]. 
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2. 7 Principal forest products from all regions (e.g. fuehrood 1 charcoal, savtlogs, gum, 
beeswax and honey, veneerlogs 1 logs for sleepers, poles, piline and posts, pulpwood). 

For l~r£4: logs 
sawntimber 
other. products 

2.8 Forestry staff 

Professional 

Subprofession (with diploma 
or certificate of trainine) 

- - ") 4 b~b ooo m-' 
564 QOO II 

70 000 II 

State 

53 

120 
2.9 Gross annual budget for forestry (1975) 6 031 956 us~~ 

III. AFFORESTATION AND REFORESTATION 1 GBNERAL 

3.1 Areas 

Others 

3.1.1 Total net area 1/ of plan-&a1ilons a.i the end of 1974: 35 300 ha. 

3.1.2 Net areaY of plantations in the savanna at the end of 1974: 10 000 ha.. 

3.1.3 Planned annual target area of af/reforestation: 3 500 ha/year 

3.1.4 Planned annual planting rate in savanna:stopped after 1968 

'?uestions 3.2 - 5.4.2 
For all practical purposes, reforestation in the savanna zone in the Ivory Coast was 

stopped in 1968 because the Government decided to concentrate its efforts in the hieh forest 
by launching an industrial plantations programme. 

From a beginning in 1929 and up until that time reforestation in the savanna and pre
forest zones reached a total of 19 700 ha., of which 15 400 ha. were in forest reserves and 
4 300 were on village lands. Of the 15 400 ha. of plantations in reserved land, 10 000 ha. 
are still regularly looked after. 

Anacardium was the species most used for village plantines; on forest reserves the 
following were used: 

teak 9 300 ha 
Anacardium 2 350 II 

Gmelina 1 900 II 

Cassia 1 750 II 

neem and others 700 II 

The establishment techniques used were mechanical (in the l-latiemba forest from 1964 
to 1966 for 950 ha of teak) and chiefly taune;ya. 

Anacardium was direct sown (2 seeds per planting spot); stumps vtere used for teak 
and Gmelina; while for Cassia bare root seedlings were employed. 

Planting densities were 625 - 1000 trees/ha for Anacardium and 2 500 trees/ha for 
most other species. For mechanized teak planting, density was 2 000/ha. 

In addition to cashew nuts, fuelwood and eeneral utility wood are produced as uell 
as construction timber from Gmelina and teak. Expected commercial production for 1975 
from these plantations is: 

firewood 
poles 
stakes 
posts 

36 000 steres 
32 000 units 
11 000 units 
3fJ 000 units 

1/ Net area ie the gross area of plantations minus the area in roads, rides, bu\ldings 
and other non-stocked land. 
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These plantations are old enough now not to require further tending and weeding other 
than fire protection and improvement cuts. 

The valuable planta~icn=, t~~t i~ the successful oneJof sufficient a~~~; ~e ~do~ 
management. Exploitation is according to plans dra'Wtl up for each plantation, the total 
area being 10 000 ha. 

Although afforestation in the savanna zone ceased in 1968, agricultural industries 
are bringing rapid development to the region and management of rural space is becoming 
indispensible. Concerning forests and woodlots, the permanent state forest domaine will 
be consolidated and it is probable that an afforestation programme will be undertaken. 

To avoid certain errors which occurred in the past, this programme will involve the 
local populations concerned, and chiefly the farmers. Three types of schemes are envisaged: 
private plantations; village and communal plantations; and afforestation on state- con
trolled land. 

5•5 Protection of savanna plantations 

5•5•1 Briefly describe protection measures against insects, pathogens and 
animals. None. 

5•5•2 Is there a national fire danger rating system? 

Yes Q No [J;J 
5·5·3 Are fire breaks and fire lines allowed for at the time of savanna 

plantation establishment? Yes J:K:7 No L:::7 
Is controlled (i.e. prescribed 
plantations? Yes L::7 
Around plantations? Yes lXJ 

VI. SEI!m AND TREE IMPROVElo:ENT 

or early) burning pra.cticed 
No I X/ 
NoCJ 

in savanna 

6.1 Is there a national tree seed coordinating centre? Yes L:::J No LXJ 
6.2 Is there a national tree seed certification system? Yes Q No ITJ 
6.3 Are there facilities for storing at controlled temperatures? Yes L:::J NoJ:K:l 

• 6.4 Indicate the main source of seed supply for the principal savanna plantation 
species: See above note for questions 3.2 --. 5.4.2 

6.5 List the species tested in comparative trials in the savanna.Indicate in parentheses 
the number of provenances being tested of each species. None. 

VII. Rl!a1'EHENCE Will. TERIAL 

List the main published sources of information on afforestation and nursery 
practice in the savanna regions of your country. 

ttude de reboisement en zone de savane dans la r~gion de Bouak~ C8te d'lvoire 
( N agent j}l!arn e C..:'l'Fl' 196 2) 

- La protection des sols et la restaura.tion foresti~re dans les r~gions de savane du 
Nord de la C8te d 'Ivoire C..:TFI' 1961 (La Mensbruge) 

- Lea ~ssences de reboisement en savane: colloque sur les Priorites de la recherche dans 
le d~velorpement economique de l'Afrique, Abidjan les 5- 12 Avril 1968 (G. de la 
Mensbrue;e) 

-Lea experiences de reconstitution de la savane boisee en C8te d'Ivoire 
(Bois fer-Trap. 1953 No.32 
Resultats d'experience foresti~res entreprises ~ Bouake (Nogent/Marne C'l'F'I' 1942). 
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Country:~ 

I. GENERAL GEOGRAPHICAL INFORMATION 

1.1 Area of country 569 252 km2 

1.2 Location: longitude 34°0' - 43°50'E;latitude 5~ - 4°40'd 

1.3 Population: 13 000 000 inhabitants 

1.4 Main climate and vegetative zones 

i. Afr~Alpine: Moorland and Grassland 
ii. lfumid-Dry Humid: Forests and derived grasslands 
iii.Dry sub-humid - ::iemi-Arid: ~~oodland - u~ooded Grassland 
iv. Arid- very Arid: Dry Woodland and Grassland 

II. FORESTS AND NATIONAL FOREST POLICY 

2.1 Area of high forests 17 077 km2 

2.2 Area of savarma !) 405 343 km2 

2.3 Proportion of land under high forest 3r~; in savannaY?o-fo 

2.4 Does the country have a written statement of national forest policy? 
Yes 1KJ No LJ 

2.4.1 If a national forest policy exists, what are the main objectives stated 
in it? To manage forests, develop and control forestry for the greatest 
common good of all. Objectives include Reservation of land for Forest, 
protection and management of forests, conservation, provision of timber 
and other forest products. 

2.4.2 If there is an official statement of forest poli0y for the savanna region, 
briefly outline its main points. 
The Savanna regions are mainly under Private Ownership. Farm Woodlots 

and Afforestation are encouraged through a Rural Afforesation ~cheme 
covering most of the country. 

2.5 Legislation available to implement policy Yes Q No £:ll 
2.6 Ownership of forests and savanna 

Under state control 
Private ownership 
Community ownership 
No effective control 

High Forests 
rJ! •••••• •70 
cl 

•••••• •71.,"1 

.•.•.•. % 
d! •••••• • ,o 

Savanna 
.•.••. % 
•••••• % 

ai ••••• •70 
••••• ·5~ 

1/ For the purpose of this questionnaire, savanna is considered as including the full range 
of tropical vegetation types of which~ is a significant characteristic. At one end 
of the spectrum, closed forest and thickets are excluded; at the other end desert is 
excluded. Between these extremes, savanna comprises the various types of savanna wood
land, savanna and steppe as described in Appendix 1 of Tree Planting Practices in 
African Savannas, FAO Forestr,y Development Paper No.19, by M.V. Laurie, 1974. 
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2. 7 Principal forest products from all regions (e.g. fuel wood, charcoal, sawlogs, gum, 
beeswax and honey, veneerlogs, logs far sleepers, poles, piling and posts, pulp
wood.) 

Sawlogs, pulpwood, tuelwood, veneer logs, poles, piling and posts, gum. 

2.8 Forestry staff ~ others 

Professional 

Subprofessional 
{with diploma 
or certificate 

of training) 

At least B. Sc. 

Diploma 

45 

140 200 Certificate 

2.9 Gross annual budget for forestry - US$ 

III. AFFOR:g)TATION AND REFORE5TATION, ~mmAL 

Area. 1 ' 
3.1.1 Total net1~ea~of plantations at the end of 1974:104 080 ha 
3.1.2 Net area ~ of plantations in the savanna at the end of 1974 
3.1.3 Planned annual target area of af/reforestation:4 570 ha/year 
3.1.4 Planned annual planting rate in savanna: NIL 

NIL 

3.2 Organization and administration of savanna planting schemes 

3.2.1 State forest services 

3.2.2 others {specify}: 
Rural afforestation covers most districts in Kenya 

3.2 Intended principal end use (e.g. sawtimber, posts and poles, pulpwood, fuelwood, 
protection, etc.}, species, growth and rotation of major savanna plantations. 

End use Species Net area ( ha }!/ 

••••••• ••••• • ••••••• 
••••••• ••••• • ••••••• 
••••••• ••••• •••••••• 

Rotation (Yrs) 

• ••••••• 
• ••••••• 
• ••••••• 

!lfean annual 
increment (u.b,) 
at rotation age 
m3/ba./yr) 

•••••••••••• 

• ••••••••••• 
• •••••••••••• 

IV. SAVANNA NURSERY PRACTICE 

4.1 Nursery types and capacities 

4.1.1. What is the total annual production capacity of existing permanent 
savanna nurseries? ••••••••• plants. 

4.1.2 What is the actual annual production {average from last 3 years) 
from permanent savanna nurseries? •••••••• plants. 

!/ Net area is the gross area of plantations minus the area in roads, rides, buildings and 
other non-stocked land. 
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4.1.3 What is the annual production {average from last 3 years) from temporary 
savanna nur3eries? ••••••••• plants 

4.2 Planting stock 

4.2.1 Indicate the main types of planting stock (bare-rooted transplants, 
stumps, container stock, etc.) raised for the< principal save.nna 
plantation species. 

Species TyPe of stock 

••••••••••••• • •••••••••••••• 
••••••••••••• ••••••••••••••• 
••••••••••••• • •••••••••••••• 

4.2.2 If containers are used 1 state type (pol;Ythene tubes or potA 1 "jiffy pots", 
etc:) and give dimensions (lay flat for polythenP.)~ 
Polythene tubes. 

4.2.3 Give average size (height) of savanna outpla.nting stock and length 
of time (weeks) requirt:ld to raise it in the nursery. 

Species Outplanting size ·1ieeks in nurser~ 

•••••••••••• ••••••••c••••••• •••••••••••• 
•••••••••••• •••••••••••••••• •••••••••••• 
•••••••••••• • ••••••••••••••• • ••••••••••• 
•••••••••••• •••••••••••••••• • ••••••••••• 

4. 3 Savanna nursery met hods 

4.3.1 Briefly describe the sowing methods used in savanna nurseries (bed 
sowing1 pricking out 1 direct sowing into containers, etc.) 
1) Bedsowing and pricking out into containers. 
2) Bedsowing and pricking out into boxes. 

4.3.2 Briefly describe the soil mixtures and fertilizers (and quantities) 
used•••••••••••••••••••Q•••••••••••••••••••••••••••••••••••••••••••• .........•.. , ....•••..•.............................................. 

4.3.3 Briefly describe savanna nursery watering methods and schedules 
{If mechanical irrigation equipment is used, indicate type) 
.•...•.......•.•.••...•........... , ............•..•................. 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

4.3.4 Briefly describe the standard savanna nursery protection measures 
(against pathogens, insects, animals, environmental elements) • 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

V. ESTABLISHMENT TECHNIQUES FOR SAVANNA PLANTATIONS 

5•1 Site selection 

5.1.1 Are detailed vegetation maps available for most savanna regions? 

YesCJ No CKJ 
5.1.2 Are detailed soil maps and soil survey descfiptJons available for 

most savanna regions? Yes 1!:7 No 

5.2 Land clearing and site preparation 

5.2.1 Briefly describe the main savanna land clearing methods used 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
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5.2.2 Briefly describe the principal site preparation techniques used 
~fi.:e"r land clearing in the sav~...na • 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

5·3 Savanna planting and direct seeding 

5.3.1 Is direct seeding used in savanna Yes CJ No liJ 
If so, indicate for which species•••••••••••••••••••••• 

5.3.2 Indicate the most common spacings at which the main savanna plantation 
species are planted. 

2.75 m x 2.75 m 

5.3.3 Give the total number of hectares of plantations established to 
date in the savanna by means of taungya........ ha 

5•4 'l'ending of sa.var..na plantations 

5.4.1 Briefly describe the method and frequency of weeding. 

5.4.2 If irrigation is used in plantations, give the area irrigated of 
each species, the frequency of watering and the quantity of water 
applied. 

None 

5·5 Protection of savanna plantations 

5.5.1 Briefly describe protection measures against insects, pathogens 
and animals • 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
•••••••••••••o•••••••••••••••••••••••••••••••••••••••••••••••••• 

5.5.2 Is there a national fire danger rating system? 

Yes£::] No £D 
Are fire breaks and fire lines allowed for at the time of 
savanna plantation establishment? Yes LK:7 No L::7 
Is controlled (i.e. prescribed or early) 
savanna plantations? Yes L:::7 burn~racticed in 

NoUJ 

Around plantations? Yes llJ No .c:J 
VI • SEED AND TREE IMPRO~T 

6.1 Is there a national tree seed coordinating centre? Yes LK:7 
6.2 Is there a national tree seed certification system? Yes LK:7 

No L::7 
NoCJ 

6.3 Are there facilities for storing seed at controlled temperatures? 
Yes fJJ No CJ 

6.4 Indicate the ~~in sources of seed supply for the principal savanna 
plantation species. Local supply from established seed areas n.nd orchards. 

6.5 List the species being tested in comparative trials in the savanna. Indicate 
in parentheses the number of provenances being tested of each species, 
EucalYptus tereticornis, saligna, camaldulensis 
Pinus caribaea,oocarpa, kesiya 

VII. REFERENCE :MATERIAL 

List the main published soorces of information on afforestation and nursery 
practice in the savanna regions of your country, 
Technical notes, published for Department use. 
Technical Orders, prescriptions published for the Department. 
Forest Bulletins - occasional publications, 
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ColUltry: SENIDAL 

I. GENERAL GEOGRAPHICAL INFORMATION 

1.1 Area of co\Ultry 220 000 1on2 

1.2 Location: longitude 11°22 1 - 17°32 1'1; latitude 12°18' - 16°4l'N 

1.3 Population: 4 320 000 inhabitants 

1.4 Main climatic and vegetative zone·s 

a) Sahel - Senegal climate, b) coastal Sahel - Senegal climate, c) Sahel - sahara 
climate, d) sahel-Sudan climate, e) Guinea. climate. Vt~t;;etation types employing 
the same names corresponding to these climatic types. 

II • FORE:lTS AND NATIONAL FOREST POLICY 

2.1 Area of high forests 500 km2 

2.2 Area of savanna 1fuo 000 1on2 

2.3 Proportion of land under high forest 0.27%; in savanna l/6~/o 
2.4 Does the count~have a written statement of national forest policy? 

Yes f!_j No c:J 
2.4.1 If a national forest policy exists, what are the main objectives stated 

in it? 
a) )anage forest exploitation in the short run for the production of 

fuelwood, general utility wood a.nd construction timber; 
b) Enrich the forest domain by introducing high value exotic species; 
c) Promote the protection of nature and wildlife conservation. 

2.4.2 If there is an official statement of forest policy for the savanna 
region, briefly outline its main points. 
Same as 2.4.1 above 

Legislation available to implement policy Yes ti:J No 0 

j} For the purpose of this questionnaire, savanna is considered as including the full ranee 
of tropical vegetation types of which ~ is a significant characteristic. At one end 
of the spectrum, closed forest and thickets are excluded; at the other end 1 desert is 
excluded. Between these extremes, savanna comprises the various types of savanna wood
land, savanna and steppe as described in Appendix 1 of TreA Planting Practices in 
African Savannas, FAO Forestry Development Paper No.19, by III.V. Laurie, 1974. 
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2.6 Ownership of forests and savanna 
Under state control 
Private ownership 
Community ownership 
No etfective control 

High forests 
.. """" .LVVJO 

Savanna 
• -Alii 
~VV'/0 

2.7 Principal forest products from all regions (e.g. fuelwood 1 charcoal, sawlogs 1 
gum, beeswax and honey, veneerlogs 1 logs for sleepers, poles, piling and 
posts, pulpwood). 
Sawnwood1 construction timbers, veneer, stakes, prop&, poles, posts, and 
artisan wood. 

2.8 ForestTy staff 

Professional 

Subprofessional (with diploma 
or certificate of training) 

State 

4 

208 

2.9 Gross annual budget for forestry 1 260 870 US$ 

III. AFFORC3TATION AND REFORESTATION, GENERAL 

Others 

3.1 Areas !/ 
3.1.1 Total net area of plantations at the end of 1974: - ha 

3.1.2 Net area !I of plantations in the savanna at the end of 1974:- ha 

3.1.3 Planned annual target area of at/reforestation:- ha/year 

3.1.4 Planned annual planting rate in savanna:l 700 ha/year 

3.2 Organization and administration of savanna planting schemes 

3.2.1 State forest services 

3.2.2 others (specify 

lOCJ% 

3.3 Intended principal end use (e.g. sawtimber, posts and poles, pulpwood, 
etc.), species, growth and rotation fuel. wood, protection, of major 

savanna plantations. Mean annual 

End use Species Net area(ha)!/ Rotation years increment (u.b.) 
at rotation age 
{m3Lha/vr) 

Construction teak 2 133 50-80 
timber 
Sawtimber and Gmelina l 266 20-25 
veneer 

Charcoal eucalypts 
Protection 
stands Casuariaa 3 200 8-10 

General utility 
wood Casuarina 1 900 8-15 15 

Line plantings neem 
Windbreaks Anaca.rdium 6 200 

i/ Net area is the gross area of plantations minus the area in roads, rides, buildines 
and other non-stocked laud. 
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IV. SAVANNA NURSIIlY PRACTICE 

4.1 Nursery types and capacities 

4.1.1 What is the total annual capacity of exisiing permanent savanna 
nurseries 'i' 3 - 4 000 000 plants 

4.1.2 What is the actual annual production (average from last 3 years) 
from permanent savanna nurseries? 3 000 000 plants. 

4.1.3 What is the annual production (average from last 3 years) from 
temporary savanna nurseries? 500 000 plants. 

4.2 Planting stock 

4.2.1 Indicate the main types of planting stock (bare-rooted transplants, 
stumps, container stock, etc.) raised for the principal savanna plantation 
species. 

Species 
teak 
Gmelina 
neem 
Casuarina 
eucalypts 

T;ype of stock 
stumps 
striplings 
bare-root 
polythene tubes 
polythene tubes 

4.2.2 If containers are used, state type (polythene tubes or pots, 11 jiffy pots11 
1 

etc.) and give dimensions (lay flat for polythene). 
Polythene pots 8 - 10 em diameter and 25 em long are used for some species 
(eucalypts and Casuarina) 

4.2.3 Give average size (height) of savanna outplanting stock and length of time 
(weeks) required to raise it in the nursery. 

Species 

teak 
Gmelina 
eucalypts 
Casuarina 
Melaleuca 

4.3 Savanna nursery methods 

Outplanting size 

s~umps 
striplings or stumps 

60 em 
60 em 
L!O em 

Weeks in nursery 

52 - 104 
52 
17 
25 
25 

4.3.1 Briefly describe the sowing methods used in savanna nurseries( bed sowing, 
pricking out, direct sowing into containers, etc.). 
Teak, Gmelina and neem are sown in seedbeds; Casuarina, eucalypts 1 ~

~ and Acacia albida and !• senegal are direct sown into tubes. 

4.3.2 Briefly describe the soil mixtures and fertilizers (and quantities) used. 
The quantities of fertilizers and soil mixture are not the same for all 
soils, some of which are rich with a high humus content while others are 
poor and sandy or clayey. For Ca.euarina in sandy soil 1 kg of NPK 
fertilizer is used per m3 of s()ill. 

4.3.3 Briefly deacribe savanna nursery watering methods and schedules (If 
mecruu1ical irrigation equipment is used, indicate type). -

4.3.4 Briefly describe the standard savanna nursery protection measures {against 
pathogens, insects, animals, environmental elements). 
Protection methods a~inst pathogens, insects and animals are almost always 
the same - knowledge of use of baits, anticoagulants and antiseptic products 
against rodents; insecticides dieldrin and BHC against termites; erecting 
fences against animals; and fire protection and surveillance. 

I 
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V. ESTABLISHMENT TEXJHNIGUE3 FOR SAV ANJJA PLANTATIONS 

5.1 Site selection 

5.1.1 Are detailed vegetation maps available for most savanna regions? 
Yes £TI No L:J 

5.1.2 Are detailed soil maps and soil survey descriptions available for most 
savanna. regions'? Yes ITJ No -cJ 

5.2 Land clearing and site preparation 

5.2.1 Briefly describe the main savanna land clearing methods used. 
The principal land clearinf; method is manual and occasionally mechanical. 
Agri-silviculture (taungya) is often practised, with farmers aiding 
in the land clearing, burning, planting, protection and weeding. This 
method is generally us~d for nlanting teak and G~~lina {with mountain 
rice) Anacardiurn (with millet) and Acacia albida (\-tith millet and ground
nuts). 

5,2.2 Briefly describe the principal site preparation techniques used after land 
clearing in the savanna. 
Where rainfall is greater than 1100 rnrn, normal planti~e holes are prepared. 
In drier regions, large holes and sub-soiline are used. On dunes fertilizers 
are needed if the soil is poor. 

5•3 Savanna planting and direct seeding 

5.3.1 Is direct seeding used in savanna? Yes /KJ No L::J 
If so, indicate for which species:Anacardium occidentale, teak and 
Gmelina 

5.3.2 Indicate the most common spacings at which the main savanna plantation 
species are plarn-::1. 
teak: 2.5 x 2.5 m eucalypts: 3 x 3 m Anacardiurn: 10 x 10 m 
Gmelina; 2.5 x 2.5 m Acacia: 4 x 4 m 

5.3.3 Give the total number of hectares of plantations established to date in the 
savanna by means of taungya: 12 000 ha. 

5·4 Tending of savanna plantations 

5.4.1 Briefly describe the method and frequency of weedine. l~eedine is usually 
manual and is required only once after the winter and rarely in the dry 
season. Watering every two days during the first dry season is not always 
done. 

5.4.2 If irrigation is used in plantations, give the area. irrifated of each species, 
the fre~1ency of watering and the quantity of water applied. Irrigation is 
not used. 

5·5 Protection of savanna plantations 

5.5.1 Briefly describe protection measures against insects, pathogens and animals. 
Where means permit, firebreaks are maintained. Insecticides (BHC po\-rder) are 
used; pesticides and anticoagulants are employed against rodents (especially 
the palm rat) and barbed-wire fences are erected to guard against animals. 

5·5·2 Is there a national fire danger rating system? 
Yes KJ No LJ 

5•5•3 Are fire breaks and five lines allowed for at the time of savanna 
plantation establishment'? Yes L!:7 No L::7 
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Is controlled (i.e~ pr~scrib~u 
plantations? Yes L::7 or e~l~ burning precticed in 

No X 

Around plantations? Yes CJ No lfJ 
VI. SEED AND TREE IlllPROVEMmT 

6.1 Is there a national tree seed coordinating centre? Yes L:::7 
6.2 Is there a national tree seed certification system? Yes a:J 
6.3 Are there facilities for storing seed at controlled temperatures? 

Yes L::J No .ITJ 

No 

No 

savanna 

Indicate the main sources of seed supply for the principal savanna 
plantation species. Sufficient supplies of teak, Casuarina, eucalypts and, 
after 1976 Gmelina, seed is available locally. 

tist the spe~ies beine tested in comparative trials in the savanna. Indicate 
in paretheses the number of provenances being tested of each species. 
EucalYptus camaldulensis (100 Australian sources) 
Melaleuca sp. (8 provenances) among which the best are from Casamance). 

VII. REFmENCE MATERIAL 

List the main published sources of information on afforestation and nursery· 
practice in the savanna regions of your country. 
11L 1arbre dans le paysage s~n~galais: sylviculture en zone tropicale s~che" 
by P.L. Giffard, CTFT 1 1974• 
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Country:~ 

[ • GENERAL GEOGRAPHICAL INFORlliATION 

1.1 Area of country 2 506 800 km2 

1.2 Location: longi. tude 22 E - 37 E;la.titude 4 - 22 N 

1.3 Population: 16 000 000 inhabitants 

1.4 Main climatic and vegetative zones 

(i) DeseTt (ii) Semi-desert 

(iii) Low rainfall savanna ( i v) High rainfall 
Savanna (v) Montane vegetation (vi) Flood region 

II. FORESTS AND NATIONAL FOREST POLICY 

2.1 Area of high fo!Jsts •••••••/••••••••km2 

2.2 Area of savanna 445 000 km2 y 
Proportion of land under high forest ••••• / ..... ~;,i in savanna 4af~ 

Does the country have a· written statement of national forest policyrr 

Yes KJ No 0 
2.4.1 If a national forest policy exists, what are the main objectives stated in it? 

1) To provide forest products to the population and to forest industries. To protect 
and conserve existing vegetation and catchment a.reas. 

2) To combat desert creep. 

2.4.2 If there is an official statement of forest policy for the savanna region 1 briefly 
outline its main points. 

(i) Levying of royalties (ii) to reserve 15~ of the areas as forests (iii) prohibit 
overgrazing, overfelling and fires (iv) opening of fire lines 

(v) Establishment of shelterbelts (2-4%) in every agricultural scheme. 

2.5 Legislation available to implement policy Yes LK:7 No L::7 
2.6 Ownership of forests and savanna 

Under state control 
Private ownership 
Community ownership 
No effective control 

High forests 
10Cf7~ 

Savanna 
1~~ 

1/ For the purpose of this questionnaire, savanna is considered as including the full range 
of tropical vegetation types of which ~ is a significant characteristic. At one end 
of the spectrum, closed forest and thickets are excluded; at the other end, desert is 
excluded. Between these extremes, savanna comprises the various types of savanna woodland, 
savanna and steppe as decribed in Appendix 1 of Tree Planting Practices in African Savannas, 
FAO Forestry Development paper No.l9, by M.V. Laurie, 1974. 
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Principal forest pro~ucts from all regions (e.g. fuelwood, charcoal, sawlogs, gum, 
b~eswa~ and h~n~y~ v~nserlo~, logs tor sleepers, poles, piling and pos~s, pulp~o0d). 
Sawn timber, fUelwood1 charcoal, gums, beeswax, honey1 poles. 

2.8 Foresfry staff State others 
Professional 38 
Subprofessional 
(with diploma 
or certificate 
of training) 

211 

Gross annual budget for forestry 2 1500.000 US$ 

III. AFFORESTATION AND REFVJRESTATION GENERAL 

3.1 Areas 

3.1.1 Total net areal/ of plantations at the end of 1974: 119735 ha. 

3.1.2 Net area 1/ of plantations in the savanna at the end of 1974: 100352 ha 

3.1.3 Planned annual target area of af/reforestation:lO,OOO ha/yr 

3.1.4 Planned annual planting rate in savanna,20,000 ha/yr 

Organization and administration of savanna 

3.2.1 State forest services 

3.2.2 others (specify) 

planting schemes 

lO<Jifo 

% 
3.3 Intended principal end use (e.g. sawtimber, posts ar.d poles, pulpwood,fuelwood, protection, 

etc.), species, growth and rotation of major savanna plantations. 

End use 

Fuel wood 
Fuel wood 
Gum arabic 
Post+ poles 
Sawn Timber 
Pretention 

Species 

!• nilotica 

Net area hal/ Rotation (yrs) 

!• mellifera 
!• senega.l 
~ spp. 
Tectona grandis 
Prosopis chilensis 

IV. SAVANNA NURSERY PRACTICE 

4.1 Nursery types and capacities 

29117 30- 35 
1600 

36554 
9860 
9690 

25 - 30 
8- 10 

8o 

Mean annual increment 
(u.b.) at rotation age 

m3/ha/yr 

4.1.1 What is the total annual production capacity of existiing savanna nurseries? 
6 000 000 plants. 

4.1.2 What is the actual annual production {average from last 3 years) from permanent 
savanna nurseries? 2 586 251 plants 

Y Net area is the gross area of plantations minus the area in roads, rides, buildings and 
other non-stocked land. 
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4.1.3 What is the annual production (average from last 3 years) from temporary savanna 
nurseries? - Plants. 

4.2 P1anting stock 

4.2.1 Indicate the main types of planting stock (bare-rooted transplants, stumps, 
container stook, etc.) raised for the principal ~avanna plantation species. 

Species Type of stock 

A. senegal 
A. nilotica 
Tectona grandis 
Eucalyptus sp. 

Container stock 

Stumps 
Container stock 

4.2.2 If containers are used, state type (polythene tubes or pots, "jiffy pots", 
etc.) and give dimensions (lay flat for polythene). Polythene tubes 10 em 
x. 20 em. 

4.2.3 Give average size (height) of savanna outplanting stock and length of 
time (weeks) required to raise it in the nursery. 

Species Outplantin~ siz•;, 

Euc. spp. 30 em 32 
Tectona grandis 8 em 40 
A • senegal 20 em 40 

4.3 Savanna nursery methods 
4.3.1 Briefly describe the sowing methods used in savanna nurseries (bed so~dng, 

pricking out, direct sowing into containers. etc.) Bed sowin~ is used fol" 
,1.1r~pi:U·ing iea.k stumps. Seedlings are transplanted directly after germination 
into raised beds 20 em apart and after 40 weeke stumps are planted out. 
Eucalypt seeds are also sown into beds and then transplanted into tubes. 
Other species are alread.y sown into containers. 

4.3.2 Briefly describe the soil mixtures and fertilizers (and quantities) used. 
Soil mixture is prepared by mixing sand a.nd loamy soil in the ratio of 2:1. 
Fertilizers are not generally usedJ sometimes farm yard manure is added if deemed 
necessary. 

4.3.3 Briefly describe savanna nursery watering methods and schedules (If mer.hanical 
irrigation equipment is used, indicate type). 

2 Flooding once (1 - 5 days) 
ll Spraying transplants once daily. 

3 Rain nurseries (mainly in the South) 

4.3.4 Briefly describe the standard savanna nursery protection measures (against 
pathogens, insects, animals, environmental elements). 

1) Insecticides (e.g. Dieldrin)are used against insects. 
2) Tharn, barbed wire enclosures are used against animals and rodents. 
3) Shelterbe1ts are used in exposed areas. 

V • E3TAJLISIIMENT TECHNIQUES FOR SAVANNA PLANTATIONS 

5.1 Site selection 
5.1.1 Are detailed vegetation maps available for most savanna regions? 

Yes iXJ No CJ 
5.1.2 Are detailed soil maps and soil survey deRcriptions available for most 

savanna regions? Yes jfl No L:J 
5.2 Land clearing and site preparation 

5.2.1 Briefly describe the main savanna land clearing methods used. 
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(i) Mechanical clearance ( in mechanised crop production schemes)followed 
by fire. 

(ii) Axe - felling. 

5.2.2 Briefly describe the principal site preparation techniques used after land 
clearing in the savatma. 

(i) Soil working by ploughing. 
(ii) Ridge and furrm..r. 

5s3 Savanna planting and direct seeding 
5.3.1 Is direct Reeding used in savanna? Yes KJ 

If so, indicate for which species: Acacia nilotica 

No 0 

5.3.2 Indicate the most common spacings at which the main savanna plantation species 
are planted. 2 m x 3 m - Acacia. seneg:a.l: 4 m x 4 m - Acacia mellifera: 4 m x 4 m 

5.3.3 Give the total number of hectares of ~lantations established to date in the 
savanna by means of taungya: 40 000 ha 

5·~ Tending of savanna plantations 

5.4.1 Briefly describe the method and frequency of weeding. Hand 1r1eeding is usually 
carried out once in the first and second year. Another trTeeding if need arises 
is carried out in the third year. 

5.4.2 If irrigation is used in plantations, give the area irrigated of each species, 
the .P-rAf!ttAn~~r t:tf '~?#"t~~i~~ ?..~t! "t~e ~~~~"ti"t~r ~"! ~~!~of:':'!' ~I'!llied. 

30 000 ha 
fortnightly 

Eucalypts 
Frequency 
Quantity 10 000 cu.m./ha (approx.) 

5·5 Protection of savanna plantations 

5·5•2 Is there a national fire danger 
Yes LJ No ilJ 

rat ine system? 

Are fire breaks and fire lines allowed for at the time of savanna pla!!tation 
establishment? Yes KJ No £::] 
Is controlled (i.e. prescribed or ej==,) 
plantations? Yes /XJ No 

burning practiced in savanna 

Around plantations? Yes t£:1 No LJ 
VI • SEED.· AND TREE IMPRO'VEII'IENT 

6.1 Is there a national tree seed coordinating centre? Yes 0 No [f;J 
6.2 Is there a national tree seed certification system? Yes KJ No £::] 
6.3 Are there facilities for storing seed at controlled temperatures? Yes L:[7 No L:J 
6.4 Indicate the main sources of seed supply for the principal savanna plantation species. 

Locally collected from mother trees. 

6.5 List the species being tested in comparative trials in the savanna. Indicate in paren
theses the number of provenances being tested of each species. 
i) l!.'ucal.yptus hy.brid (:Mysore) 

ii) Acacia senegal (sel,~cted seeds from high yielding trees). 
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VII. REFERENCE MATERIAL 

List the main published sources of information on afforestation and nursery practire 
in the savanna regions of your country. 

1) Badi, K.H. (1972) Afforestation in the clay plains of Kc>.ssala province, !''or. 
new series No.l3 

ii) Booth, G.A. (155) Afforestation in Du.eim Range 1·Jhile Nile Sudan Silva No.1. 

iii) Foggie, A. (1966) Forestry and forestry policy in the Gezera area,FAO, ~TAP 
Rep. Soudan Govt. 

iv) Khan, lll.A.w. (1966) Improved methods and devices in nursery practice, UHDP 
for Res. Ed pro Sudan 28. 

<.:ountry: TC\GO 

I. Gl!:NERAL GEOGRAPHICAL INFORlMTION 

1.1 Area of country 56 000 km
2 

1.2 Location: loneitude 0°- 1°40'~; latitude 06°- ll0 N 

1.3 Population: 2 000 000 inhabitants 

Main climatic and vegetative zones; a) Guinea. climate in the south, f'orrAsponrlir..z 
to relatively dense tree savanna vtith some forest relics; b) Jvd<Jn elimn,te ir the 
north, with tree and shrub savanna, savanna lvoodlands and steppes; c) J.;quatorial 
climate in mountainous regions, wi.th dry, dense forest formations and mrmt<me t.T·.~·· 

II. FORESTS AND NATIONAL FOR:lliT POLICY 

2.1 

2.2 

Area of high forests 1 680 km2 

Area of savanna 1/ 21 280 km2 

Proportion of land under high forest 3~u; in sawmna Y 38'{-. 

Does the country have a written statement of nationa1 forest policy? 
Yes /KJ No Q 
2.4.1 If a national forest policy exists, what are the main objectives statE:d 

in it? Immediate objectives: Regulate the flo\-.r of fuehwod and e;ener~l 

utility wood from the main supply centres; ;:Jhort term objectives(lO - 15 
year.!U,: a) establish plantations of fast-growine; species; 1J) managE: and 
exploit some forest blocks in order t.o reduce imports; Ledium and long term 
objectives: supply wood from plantations to processine industries henPficid 
to the country. 

2.L].2 If there is an official sta·tement of forest policy for the ::Javanna rP.c.iorl 1 

briefly outline its main points. 'I'he above outlined policy is implementr:>d 
on sa;; of the savanna area with an annual re.infall of 1000-1~00 mm. In the 
north, in grass savanna and in denuded zones, the policy is still undt<r sttHly. 

2.5 Legislation available to implement policy Y~s /D No l..J 

IT Far the purpose of this questionnaire, savenna is considered as includine the full range of 
tropical vegetation types of which ~ is a si€1lificant characteristic. At one end of' the 
spectrum, closed forest and thickets are excluded; at the other end, desert is excluded. 
Between these extremes, savanna comprises the various types of savanna woodland, savanna 
and steppe as described in Appendix 1 of ~ Plenting Practices in African Savannas, 
FAO Forestry Development Paper No.151, by I•T.V. Laurie, 1974• 
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2.6 Ownership of forests and savanna 

Ownership of the 430 000 ha of officially classified forests in the savanna 
and high forest regions is not yet determined. 

2.7 Principal forest products from all regions (e.g. fuelwood, charcoal, sawlogs, 
gum, beeswax and honey, veneerlogs, logs for sleepars, poles, piling and posts, 
pulpwood). Fuelwood, sawtimber, sleepers, posts, piling, gum, beeswax and honey. 

2.8 Forestry staff 
Professional 

Sub-professional (with diploma or 
certificate of training) 

2.9 Gross annual budg~t for forestry US$ 

State 
11 

42 

Others 

III • AFFORE3TATIOll AND REFORESTATION, G~ERAL 

3.1 Areas 
3.1.1 

3.1.2 

3.1.3 

3.1.4 

Total net area JJ of plantations at the end of 1974: 5 500 ha 

Net area JJ of plantations in the savanna at the end. of 1974: 4 500 ha 

Planned annual target area of af/reforestation:l 000 ha/yr 

Planned annual planting rate in savanna:600 ha/year 

Organization and admini~~~~~i~~ -~ -------""" _, ..,_..L.:- -· 
-.;JGV'-!o'.&.a..a..&....., ~ ..... -.a..&.u.a.:,.L(S 

3.2.1 State forest services 100 % 
3.2.2 (~hers (specify). Private plantations are rare. 

Intended principal end use (e.g. sa~nimber, pasta and poles, pulpwood, fuelwood, 
protection, etc.) species, growth and rotation of major savanna plantations. 

End use Species Net area (ha)Y Rotation(Yrs) 

Nean annual 
increment ( u. b.) 
at {otation age 
~m /Ha/yr) 

firewood eucalypts 300 10-12 

general utility teak ~ sawtimber Terminalia ) 700 20-50 

veneer Cedrela ) 

IV. SAV AlmA NURSERY PRll.GTICE 

4.1 Ntirsery types and capacities 

4.1.1 l~hat is the total annual production capacity of existinr; perrr1anent savanna 
nurseries? 1 500 000 plants 

4.1.2 i·lhat is the actual annual production (average from last 3 years) from 
permanent savanna nurseries? 500 000 plants. 

4.1.3 ulha.t is the annua.l production (averae;e frorr last 3 years) from temporary 
savanna nurseries? 500 000 plants 

_!/ Net area is the gross area of plantations minus the area in roads, rides, buildings 
and other non-stocked land. 
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4•2 Planting stock 

4.2.1 Indicate the main types of planting stock (bare-rooted transplants 1 

stumps, container stock, 'iltc.) raised for the principal savanna 
plantation species. 

Species Ty;pe of stock 

eucalypts polythene pots 
teak stu!llps 
Gmelina stumps 
Cedrela stumps 

4.2.2 If containers are used, sta.te type (polythP.n~ tubes or P('ts 1 

"jiffy pots11
1 etc.) and eive dimensions (le_y fL,,.t for rolythene). 

Polyther:e potR: 25 em lone, 8 - 10 em di~meter 

4.2. j Give averae;e size (height) of savanne outpln.nting stock FJ.nrl J.enc.;t h 
of time (weeks) required to raise it in the nursP.ry. 

Species 

eucalypts 
Gedrela 
Gmelina 

Outplantino size 

:2.5 - 5 ern* 
5 -10 ern* 
5 - 10 em* 

l.oeks in nurser.¥ 

1? - 15 
~0 - 24 
20 - 24 

4.3.1 Briefly describe the sowing methods used in savanna nurseries (bed 
sowing1 pricking out 1 direct Rovline; into containers, et~.) 
Sowing is into plastic or e;alvanised frames of ? 000 om'~ arec- 1 seed
beds, or for teak stumps into prepared open bods. Prickinc;-out is none 
into polythene pots or beds. 

4.3.2 Briefly describe the soil mL:tures and fertilisers (and quantities) 
used: Soil mixture is composed of 50/~ fluvial sand and 5C7:- earth or 
sifted humus. Fertilisers are not used. 

4.3.3 Briefly describe savanna mu•sery watering methods and schedules (If 
mechanical irrieation equipment is used, indicate type): Framed beds 
are mist irrigated; watering cans are us8d for other beds. 

4.3.4 Briefly describe the standard savanna nursery protection measures (against 
pathogens, insects, animals, environmental elements); l<'or eucalypts, the 
soil/sand mi:x:t·ure is steam sterilised on metal sheets and sifted. 

V • ESTABLISIDI'.tl!.NT TEX::HNIQUES FOR SAVANNA PLANTA'riONS 

-

5.1 Site selection 

.Are detailed vegetation maps a.va,ilable for most savanna regions? 
Yes f:J No /KJ 

5.1.2 Are detailed soil maps and soil survey 
most savanna regions? Yes LK:7 

5.2 Land clearing and site preparation 

descrfptlons available for 
No 

* pricking-out size 
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Briefly describe the main savanna land clearing methode used. 
a) Manual clearing by eliminating understorey plants and the 

herbaceous cover follo-vted by windrowing; b) Mechanical 
clearing using crawler tractors with or without windrowing. 
Note: Cha.rcoaline is practised in S:l!ii"l areas in conjunction 
With clearing 

Briefly describe the principal site preparation techniques used after land 
clearing in the savanna: Some mechanically cleared areas to be planted 
are worked with a heavy plough (Rome) pulled by a D-6 tractor; others 
are turned with a ~Assey-Ferguson and a 3-disc plough; while on lands 
to be planted by local people, traditional methods of cultivation are 
used. 

5·3 Savanna planting and direct seeding 

5.3.1 Is direct seeding used in savanna? YesCJ No /K] 
If so, indicate for which species. 

5s3.2 Indicate the most common spacings at which the main savanna plantation 
species are planted. 

5.3.3 Give the total number of hectares of plantations established to 
date in the savanna by means of taungya: about 5 000 ha 

5.4 Tendin~ of savanna plantations 

5.4.1 Briefly describe the method and frequency of weeding: a) Clean weeding 
manually by hoe and machete twice a year for the first two years followine 
establishment; b) Mechanical clean waeding with a rotavator twice a yea:r 
in some stands. 

5•4•2 If irrigation is used in plantations, give the area irrigated of each 
species, the frequency of watering and the quantity of -vater applied. 

None 

5·5 Protection of savanna plantations 

5•5•1 Briefly describe protection measures <tgainst insects, pathoeens and 
animals: None 

5•5•2 Is there a national fire danger system? Yes L::7 No t:XJ 
Are fire breaks and fire lines allowed for at the time of savanna 
plantation establishment? Yes KJ No r::J 
Is controlled (i.e. prescribed or early) burning practiced in savanna 
plantations? Yes .D_ No [f;J_ 
Around plantations? Yes z:!l No z:=l 

VI • 3.H;ED AIW TREE !IwlPROVEMElfr 

6.1 Is there a national tree seed coordinating centr~=J 'i' Yes !LJ 
6.2 Is there a national tree seed certification system? Yes ~ 

6.3 Are there facilities for storing seed at controlled temperatures? 
Yes ffJ No Q 

:No CJ 
No 0 

6.4 Indicate the main sources of seed supply for the principal savanna. 
plantation species. Ghana, Nig~.,ria, Venezuela, France, Costa Rica, 
Australia and local stands. 
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6.5 List the species being tested in comparative trials in the savanna. 
Indicate in parentheses the number of provenances being tested of each 
species. 

Afzelia africana 
Anogeissus' leiocarpus 
Anthocephalus cadamba. 
A.t'aucaria cunninghamii 
Azadirachta indica 
Callitris intratropica 
Calophyllum sp. 
Casuarina equisetifolia 

VII. REFER~CE :MATERIAL 

Cedrela odorata E.citriodora 
Cei ba pentandra E. ferruginea 
Cordia alliodora E. grandis 
Dalbergia sp. E. microtheca 
Er;ythrophleum guineense E. nesophila 
Eucalyptus alba E. robusta 
E. brassii E. tereticornis 
E. camaldulensis E. torelliana 

Khaya gre.ndifoliola 
K. senegalensis 
Fterocarpus angolensis 
Sterculia foetida 
Tectona e;randis 
Triplochiton sclercxylon 

List the main published sources of information on afforestation and nursery 
practice in the savanna regions of your country. 

Country: UGANDA 

I. Gl:.'Ne.'RAL GMX}RAPHIGAL Hlli'ORIMTION 

1.1 Area of country 235 890 knt~ 
1.2 Location: lonef.tude 29.:;3U' - J5°0 latitude, 1°30' .:.) - ~Dr·lorth 

1.3 Population: 10 million inm1bitants 

1.4 Main climatic and vegetative zones: (1) Closed forest (c:) Open fc·rest aml 
erass land (3) ::3teppe a.nd Q'HSSlando 'l'ropicc>.l climate Hith 2 pea.ks pattern 
rainfall April/lviay and October/November. 

II • FORr:STS AND NATIONAL F'OREST POLICY 

2.1 Area of hie;h forests 6 323 krn2 

2.?. Area of savanna ]} '(413 krn
2 

2.3 Proportion of land under high forest 41~·"; in sav.a.nna ]} !,':J-1 ~ 
2.4 Does the country have a written statement of national forest p0licy? Yes !KJ No D 

2.L] .1 If a na+..i.onal forest policy exists, vthat are th.; main objectives stat eel in 
it? (1) To reserve adequate land as forest estate so as to ensure a) a 
sustained production of timber and other forest products for the needs of the 
countr~.< and export, b) Protection of water catchments, soil, Hildlife and · 
amenity of landJ (2) To develop that estate so as to obtain maxinru.m economic 
returns to the country; (3.) To ensure efficient conversion of l·l00d a.nC'_ \·Iood 
products so as to reduce ~Iastei (4) Help people and ort;anisations to e:;rm~ < nd. 
protect their own trees, 5) Education of the public to the role of forestry 
and forest industries. 

2.4.2 If there is an official statement 0f forest policy for the savanna re~~on, 
briefly outline its main points. Not officially stated but understood to be 

(1) .li:stablishment of forest plantations, both soft\wods and eucalypts, for 
building poles and fuel. (2) As in (1) above, i.e. protection soil, wildlif~.:~ 
and amenity of land. 

2.5 Legislation available to implement policy Yes L!:7 No L::7 

i/ For the purpose of this questionnaire, savanna is cons.i.dered as includ.inr; the full range 
of tropical vegetation types of which~ is a significant characteristic. At one end 
of the spectrum, closed forest and thickets are excluded; at the other end, desert is 
excluded. Between these extremes, savanna comprises the various types of savanna woodland, 
savanna and steppe as described in Appendix l of Tree Plantine Practices in African 
Savannas, FAO Forestry Development Paper No.l9, by M .• v. Laurie.,. 1974. 



2.6 o.ter•ld.p ot toren• ad. ~wanna 
Under state control 
Private ownership 
Community ownership 
No effective control 
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2.7 Principal forest products from all regions {e.g. fUelwood 1 charcoal, sawlogs 1 gum1 
beeswax and honey 1 veneerlogs, logs for s~eepers 1 poles, piling and posts, pulpwood). 
Fuelwood 185 000 m3, Particleboard 5 584 m, charcoal 600 000 m3, plywood and block
board 635 m2, sawlogs 175 000 m3, poles 32 500 mj. 

2.8 Forestry staff 
Professional 

State 
43 

Others 

Subprofessional (with diploma or 
certificate of training) 

2.9 Gross annual budget for forestry 

III • AFFORE:3TATIOU AND REFOR~TATION 1 GENERAL 

3.1 Areas 

225 

2 000 000 U:.1$ 

3.1.1 Total net area 1/ of plantations at the end of 1974:45 000 ha 

3.1.2 Net area Yor plantations in the savanna at the end of 1974: 35 000 ha 

3.l.3 Pl~nned annual target area of af/reforestation~ 3 500 ':'.::./y<:.&;:L 

3.1.4 Planned annual planting rate in savanna:2 000 ha/year 

3.2 Organization and administration of savanna planting schemes 

3.2.1 State forest services 95~~ 

3.2.2 others (specify) Tobacco Society Woodfuel Plantations 

Intended principal end use (e.g. sawtimber, posts and poles, pulpwood, fuelwood 
protection, etc.), species, growth and rotation of major savanna plantations. 

End use 

Sawtimber 
II 

II 

Post+poles 

Pulpwood 

Fuel wood 

Protection others 

Species 

Cupressus lusitanica 

Pinus patula 

P. caribaea/oocarpa 

Euc. camaldulensis 
11 tereticornis 
11 grandis 

P.caribaea1 P. sp. 

Euc.camaldulensis 
" te:reticornis 
" grandis 

Net area (ha)1/ Rotation(Yrs) 

20-25 

20-25 

20-25 

5-1£1 
15 

~-8 

Unlimited 

Mean annual 
increment ( u. b.) 
at rotation ag .. 

(m3/ha/yr) 

iJ Net area is the gross area of plantations minus the area in roads, rides, buildings 
and other non-stocked land. 
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IV. SAVANNA NURSERY PRACTICE 

4.1 Nursery types and capacities 

4.1.1 What is the total annual production capacity of existing permanent savanna 
.nurseries? 20 000 000 plants. 

4.1.2 What is the actual annual production (average from last 3 years) from 
permanent savanna nurseries? 15 000,000 plants. 

4.1.3 What is tho annual production (average from last 3 years) from temporary 
savanna nurseries? 1 500 000 plants. 

4.2 Planting stoc~ 

..1.2.1 Indicate the main types of pla.nting stock (bare-rooted transplants, stumps, 
contain"'!' stock, etc.) raised for the principal savanna plantation species. 

Species 

P. ca.ribaea 
P. patula 
P. oocarpa 
Cup. lusitanica 
Euc. camaldulensis) 
Euc. tereticornis ) 
Euc. grandi s 

T.ype of stock 

Gontainer stock 
II 

" 
" 
" 

" 
4.2.2 If containers are used, state type (polythene tubes or pots, 11 jiffy pots•; 1 

etc.) and give dimensions (lay flat for polythene). 
Polythene tubes and mill pots 4" le.y flat and 7" for ornamentals 

4.2.3 Give average size (height) of savanna outplanti,..tg stock an!i length of 
time (weeks) required to raise it in the nursery. 

Species 

Cypressus :dpp. 
Pine spp. 

4.3 Savanna nursery methods 

Outplanting size 

1 ft (30 em) 
1 ft {30 em) 

\·leeks in nursery 

36 \-reeks 
16 - 20 1-reeks 

4.3.1 Briefly describe the sowing methods used in savanna nurseries (bed sowing, 
prinking out, direct sowing into containers, etc.). 

1) The seed is sown by broadcasting after mixing with sand and pricked out in 
containers when 0.'5 - 1 em tall. This is both in soft~,oroods and eucalypts. 

2) lfuen containers a.re not available pricking out is done into Swaziland beds 
or boxes. 

4.3.2 Briefly describe the soil mixtures and fertilizers (and quantities) used: 
Soil mixtures vary site to site but normally forest or black soil together 
with cow manure are · uEJed. l~ertilizer is mixed thus: 1 500 gms/m3 of soil 
in h~apa and 100 gms/mj for top dressing. 

4.3.3 Briefly describe savanna nursery watering methods and schedules (If 
mechanical irrigation equipment is used, indicate type) : 1) vlatering cans 
are u.sed at least twice daily, morning and ·evening. 2) Overhead irric;ation 
water-pumped by hand. pumps. 

4.3.4 Briefly describe the standard savanna nursery protection measures (against 
pathogens, insects, ani~cls, ~nvironmental elements); 1) 3praying and 
soil pre-treatment with 1'ungioideE~ and insecticicles, 2) Clearing around 
nurseries discourag·es ratf:l, 3) Ditch dr~ins prevents floods and washout, 
4) Fencing prevents large animals from -.ralkine; over plants. 
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V. E::lTABLISI:IMmT TlOOHNIQUES FOR SAVANNA PLANTATIONS 

5.1 Site selection 

Are detailed vegeta-tion maps available for most savanna regions? 
Yes LJ No ./KJ 

5.1.2 Are detailed soil maps and soil survey descfip,ions available for 
most savanna regions? Yes L!:7 No 

5.2 Land clearing and site preparation 

5.2.1 Briefly describe the main savanna land clearing methods used. 
1
2

) Manual cutting of trees and grass slashing is followed by burning, 
) Peasant farmers may be allowed to clear the bush and cultivate 

before planting, 
3) Poisoning of large trees with aboricide in more open erassla.nd. 

5.2.2 Briefly describe the principal site preparation techniques used after 
land clearing in the savanna: (1) Lining out using a pre-marked rope at 
planting spacing intervals and pegging, 2)Pitting using hoes and 

markedpits ready for planting. 
5•3 Savanna planting and direct seeding 

5.3.1 Is direct seeding used in savanna 
If so, indicate for which species. 

Yes£:] No /KJ 

5.3.2 Indicate the most common spacings at which the main savanna 
pianiaiion species are plan~ea. 
For Eucalyptus - 1.8m by 1.8m, 2.lm by 2.1m and 2.4m by 2.4 m have 
been tried, but 2.lm by 2.1 m now predominates. For cypressus and 
pines 2.7m by 2.7 m is used. 

5.3.3 Give the total number of hectares of plantations established to 
date in the savanna by means of taungya. 

5·4 Tending of savanna plantations 

5•4•1 Briefly describe the method and frequency of weeding: In first rotation eucalypt 
pla.ntations,weeding is done 4 times the first year,twice the second year by clecon 
hoeing, and once in the third year by slashine.Afrer felling only one line s.lashine. 
is needed. In cypress and pine plantations,line slashing is done t1-~ice the fi:rst 
yea.r and once the second year. 

5•4•2 If irrigation is used in plantations, give the area irrigated. of each species 
the frequency of watering and the quantity of 1o~ater applied. 

5·5 Protection of savanna plantations 

5•5•1 Briefly describe protection measures aeainst insects,pathogens and 
animals: 1) Insecticide treatment of plants before planting to control 
termite attack as well as fune;tts. 2) Clean weeding protects younr; trees 
from rat attack. 

5•5•? Is there a national fire danger r·ating system:· Yes 0 No fiJ 
5•5•3 Are fire breaks and fire lines allowed for at the time of savanna 

plantation establishment? Yes KJ No 0 
Is controlled (i.e. ~scribed 
plantations? Yes {!_; Uo 
Around plantations? Yes LK:7 

or early) burnine practiced 
0 

No CJ 
in savanna 
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6.1 Is there a national t1~ee seed coordinating centre Yes t£:J 
6.2 Is there a national tree seed certificat-ion system? Yes lrJ 
6.3 Are there facilities for storing seed at controlled temperatures? 

Yes /K] No f:J 

No L:J 
NoLJ 

6.4 Indicate the main source of seed supply for the principal savanna plantation species. 
1) For :ypressus and pines most of the seed is imported mainly from Central America 

and the Caribbeans. 2) For Eucalyptus most of the seed used in our plantations 
is collected locally from chosen seed stands. 

6.5 List the species being tested in comparative trials in ~he savanna. Indicate in 
parentheses the number or provenances being tested of each species. 
fi)~s patula (3), Cupressus lusitanica {2) ., ~ caribaea {2), ~ oocarpa 

VII • REll'EmlNCE MATERIAL 

List the main published sources )f information on afforestation and nursery practice 
in the savanna regions of your CL·tmtry. (1) Uganda Forest Department Technical Notes 
nos. 78/59, 135/67 1 138/67, 139/67, 144/67, 145/67, 146/67 1 159/69 1 179/71 1 181/71, 
183/72 1etc. (2) A Forest Resources Development Study Report by CIDA. (3) Uganda 
Forest Department Annual Reports. (4) Uganda Fot·est Departmental Standing OrderF~ 
revised Edition 1970. (5) Forests and Forest Administration of Uganda 1961. 



I. GENEJW. GEOGRAPI«CAL INFORMATION 

1.1 Area of country 752 613 km2 
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Country: Z.A1miA 

1.2 Location: longitude 22~ to 34°E;latitude 8°S to 18°S 

1.3 Population: 4i million inhabitants 

1.4 Main climatic and vegetative zones: Tropical savanna. 

II. FOR1!BTS AND NATICiiAL FOREST POLICY 

Area of high forests Nil 

Area of savanna !/ 600 000 k:m2 

2.3 Proportion of land under high forest: Nil; in savanna!./ 8o% 
2.4 Does the country have a written statement of national policy? 

Yes /K] No 0 
2.4.1 If a national forest policy exists, what are the main objectives stated in it? 

'l~l' ;;~~~~i~~~~tr;~~~~~: ;:;a~n~::t;;t~~~;!;al users 
o Research into indigenous and plantation wond 
d Extension work and advice to public 
e Training of staff 

2.4.2 If there is an official statement of forest policy for the savanna 
region, briefly outline its main points& No separate policy except 
"early burning''. 

2.5 Legislation availabh to implement 

2.6 Ownership of forests and savanna 

Under state control 
Private ownership 
Community ownership 
No effective control 

policy Yes fKJ 
High forests 

Nil 
Nil 
Nil 
Nil 

No LJ 
Savanna 

8.9% 
2.4% 

88.7% 

!/ For the purpose of this questionnaire, savanna is considered as including the full range 
of tropical vegetation types of which~ is a significant characteristic. At one end 
of the spectrum, closed forest and thiokeis are excluded; at the other end.,.desert is ex
cluded. Between these extremes, savanna comprises the various types of savanna woodland, 
savanna and steppe as described in Appendix 1 of Tree Planting Practices in African 
Savannas, FAO Forestry Development Paper No.19, by M.V. Laurie, 1974. 
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2.7 Principal forest products from all regions (e.g. fuelwood, charcoal, sawlogs, 
gum, beeswax and honey, veneerlogs, logs for sleepers, poles, piling and posts, 
pulpwood)& Sawlogs,sleepe~poles,fuelwood, charcoal, honey, beeswax. 

2.8 Forestry staff State Others 
Professional 44 17 
Subprofessional (with diploma or 

certificate of training) 222 336 
2.9 Gross annual budget for forestry 7 543:740 US$ (K4 804 930) 

III. AFFORE:3TATION AND REFORE3TATION I GENERAL 

3.1 

End use 

Sawlogs 
Saw logs 
Poles 
Poles 
Poles 

Areas , 1 
3.1.1 Total net area !I of plantations at the end of 1974: 24 900 ha 

3.1.2 Net area 1/ of plantations in the sava.nrla at the ·end of 1974: 24 900 ha 

3.1.) Planned annual target area of af/reforestation:3 300 ha/year 

3.1.4 Planned annual planting rate in savanna: 3 300 ha/yea:r 

Or~ization and administration of savanna planting schemes 

3.2.1 State forest services 9'!7~ 

3.2.2 others (specify) : Agricultural scheme 

Intended principal end use {e.g. sawtimber, posts and poles, pulpwood, 
f1~.elwood 1 protection, etc.), species, growth and rotation of major savanna 
plantations 

Species 

P. kesiya. 
P. oocarpa 
E. grandis 
E. cloezia.na 

others 

. , I 
Net area (ha).;:;; 

13 000 
2 100 
6 000 
1 900 
1 900 

Rotation (.yrs) 

30 
30 
8 

10 
various 

MeR:n ~-"~".!:..! 
increment ( u. b.) 
at 

3
rotation age 

(m /ha/yr) 
15 
15 
12 
11 

IV • SAVANNA NURSERY PRACTICE 

4.1 Nursery types and capacities 

4.1.1 What is the total annual ~reduction ca;pacitl of existing permanent 
savanna nurseries? 4 million plants 

4.1.2 What is the actual annual production (average from last 3 years) 
from permanent savanna nurseries? 3 million plants 

4.1.3 What is the annual production (average from last 3 years) from 
temporary savanna nurseries? Nil 

4.2 Planting stock 

4.2.1 Indicate the main types of planting stock (bare-rooted transplants 
stumps, container stock, etc.) raised for the principal savanna 
plantation species. 

Species 
Pinus kesiya 
Pinus oocarpa 
Eucalyptus cloeziana 
Eucalyptus grandis 

TYJ?e of at ock 
Polytbene tubes 

II II 

II II 

II II 

!71iet area is the gross area of plantations minus the area in roads, rides, buildings 
and other non-stocked land. 



4.2.2 If containers are used, state type (polythene tubes or pot11, "jiffy pots", 
etc.) and give dimensions (lay flat for polythene): Black polythene tubes 
12 em x 10 em. 

4.2.3 Give average size (height) of savanna outplanting stock and l~'lgth 
~f time (weeks) required to raise it in the nursery. 

Species Outplanting si!,! Weeks in nursery 

Pines 
Eucalyptus 

4•3 Savanna nursery methods 

20 em 
15 em 

16 weeks 
8 weeks 

4.3.1 Briefly describe the sowing me·thods used in savanna. nuseries (bed 
sowing, pricking out, direct sowing into containers,etc.): Pines, 
direct sowing. Eucalyptus, seed beds and pricking out. 

4.3.2 Briefly describe the soil mixture and fertilizers (and quantities) 
used: top soil collected in woodland, fertilised with 11Welgro" or 
"Wuseal" 

4.3.3 Briefly describe savanna nursery watering methods and schedules (If 
mechanical irrigation equipment is used, indicate type)& Spray 
irrigated by perforated pipes or "rainbirds". 

4.3.4 Briefly describe the standard savanna nursery protection measures 
(against pathogens, insects, animals, environmental elements). 
Watering with Zineb fun~cide. Treatment of potting soil with 
methyl bromide watering of I!hcalyptus with Aldrin as 1nsurance 
against termites in the field. 

V • ESTABLISHMENT TECHNIQUES FOR SAVANNA PLANTATIONS 

5•1 Site selection 

Are detailed vegetation maps availab~e for most savanna regions? 
Yes iKJ No t:::J 
Are detailed soil maps and soil survey descriptions available for 
most savanna regions? Yes [J No fK:J 

5.2 Land clearing and site preparation 

5.2.1 Briefly describe the main savanna land clearing methods used. 
Large areas cleared mechanically by contractors. Small rural areas 
stumped by hand. 

5.2.2 Briefly describe the principal site preparation techniques used after 
land clearing in the savanna: Ploughing and disc-harrowing. 

5·3 Savanna planting and direct seeding 

5.3.1 Is direct seeding used in savanna? 

If so 1 indicate for which species. 

YesCJ Nc CJ 

5.3.2 Indicate the most common spacings at which the main savanna plantation 
species are planted: Pines and Eucalxptus = 1 000 per hectare. 

5·3·3 Give the total number of hectares of plantations established to 
date in the savanna by means of taungya: Nil 
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5·4 Tending of savanna plantations 

5•4•1 Briefly describe the method and frequency of weeding: Disc harrow 
between rowe, in both directions. First year 6 times; for all 
species: second year twice for Eu.cal;yptus and 4 times for pines; 
third year twice for pines. 

5•4•2 If irrigation is used in plantations, give the area irri&~ted of 
each species, the frequency of watering and the quantity of water 
applied: Not used. 

5·5 Protection of savanna plantations 

5•5ol Briefly describe protection measures ag,ainst insects, pathogens 
and animals: None in the plantation. 

5•5•2 Is there a national fire danger rating system? 
Yes £:} No .;:];] 

5·5·3 Are fire breaks and fire lines allowed for at the time of savanna 
plantation eatablishment? Yes LK:7 No L::J 

5·5·4 Is controlled (i.e. prescribed or 
savanna plantations? Yes L!:7 
Around plantations? Yes L!:7 

early) burning practiced in 
No CJ 
No CJ 

Vl. SEED AND TREE I1;1PROVEMENT 

6.1 Is there a national tree seed coordinating centre? Yes ffJ NoCJ 
6.2 Is there a national tree seed certification system? Yes [fJ NoQ 
6.3 Are there facilities for storing seed at controlled temperatures? 

Yes /KJ No CJ 
6.4 Indicate the main sources of seed supply for the principal savanna plantation 

species: Locally collected from selected stands and seed orchards. 

List the 
Indicate 
species' 
from the 

species being tested in comparative trials in the savanna. 
in parentheses the number of provenances being tested of each 
All the tropical pines have been tried and all the ~ucalyptus 

East Coast of Australia. 

VII • REFERENCE MATERIAL 

List the main published sources of information on ~fforestation and nursery 
practice in the savanna regions of your country: Methods developed lonally 
by Forest Department. 
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INTRODUCTICfi 

The People's RepUblic of the Congo, which lies in Central Africa between 11°9'41" and 
18°40" East longitude and between 3°42'30" North and 5 °2 1 311 South latitude is 342 000 Icm2 
in size. Forests in the Congo occupy choice land, covering a little over 6<>% of the total 
area. The rest of the country is savanna, comprising some 137 000 1cm2 of relatively flat, 
unbroken land. 

Three types of savanna are usually distinguished, namely: 

baren savanna 
bush savanna 
and sallery forests. 

Because of these exceptional natural conditions, Congo foresters have for both 
economic and scientific reasons been drawn to work largely on savanna.. 

BACKGRCXJND - 'AJRPOSES 

Trial afforestation c•<" savanna in the Congo dates back to 1950. Initially, trials 
were started with local species. The first man-made stands were laid out in association 
vi th food crops (maize 1 groundnu.ts Geanu.tij ) using mainly 'limba' ( Terminalia superba) , 
teak, Ceiba pentandra., the 'iroko' \Qhlorophora exoelaa) 1 and Cassia siamea. 

Later on, research and studies were devoted mainly to the introduction, acclimatization 
and growing of exotic, fast-growing epecies - in 1953, eucalypts (EucalYptus saligna, 
!• robusta, !• alba, !• paniculata and !• camaldulensis, !• 12 ABL and !• tereticornis) and 
toward 1959, pine (PiDilB caribaea and E• oocarpa}. 

These plantation operations were launched initially and simultaneously at the forest 
research stations of Loandjili (Pointe-Noire) and Loudima. (Bouenza) and subsequently at 
the km 45 station (Brazzaville) and at Malolo ( Niari) • 

The original purposes were: 

- to provide timber and :fu.elwood to the inhabitants of the large urban centres of 
Pointe-Noire, Loubomo (Dolisie) and Nkayi (Jacob); 

- to s-u.pply the Congo-ocean railway ( CFCO) with fuelwood (this line having used steam 
engines before its complete changeover to diesel engines); and 

- to supply pulpwood for a pulp and paper industry to be set up. 

ECOLOGICAL CONDITIONS 

Soils and Vesetation 

Trials were conducted on three types of savanna: 

- coastal savanna on sandy shores in the Kouilou area with poor, deep and highly 
filtering soil containing 5 to 8% clay and covered with short grasses and Annona 
arenaria; 

- clayey savanna in the Niari and Bouenza vall.ey, covered with shrub vegetation 
( I!Ymenooardia acida, Annona arenaria, Bridelia ferrugi.nea, Nauclea esoulenta) , 
criss-crossed ~galler,y foraats. The soils are clays, resulting from decalcifi
caUon, rather poor in exchangeable bases and somewhat acid (pH: 4. 7 to 5) but of 
good Btl'\lotura from the start; 
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- II&Jldy savanna of the Pool and the Bat~'• plateau region, spanel.y covered ri th 
ehmba and in spots vi th degraded gallery forestal. th~ soils are poor B&Dd.s 
containing a little organic matter, and are hisiJ.ly filtering. 

Climate 

The tropical climate ia characterized by moderate rainfall (from 1 200 to 1 700 •), 
though with great fluctuatione from one year to the next, and. high atmospheric humidity 
that does not change 1111ch over the year. The rainy season 1'W1B from October to llay, with 
short dry seasons of' one month between 15 December and 1 March. The dry season is well 
lll&rked and. lasts for four months, from June to September. All this time there is no l'&in. 
The average amm.al temperature ranges from 24°C to 26oc (24.9"C in 1973 at Pointe-Noire). 

Table of Climatic Data 

Loandjili K:m Rouge 
191..1 Loudima ( Pointe-Boire) (Brazzaville) 

Latitude 4°1 1 4°4'i 1 4.049' 

Altitude ( elevationl 1.5_0 m 80 m _7_00 m 

Total amm.al rainfall 1 150 mm 1 318 mm 1 513 I1DD 

Nwaber of rain.v da.va 96 123 120 
Average IIIIL%i.llllJD temperature of 

27.0° Anril 2 6 ._9_ 
0 March 26.4_0 Jfarch the hottest month 

Average lliniiiWII temperature of 
22.cfJuly 21.7° July 21.6° July the coldest month 

Relief 

The topography ia rather flat on all three types of savanna where the forest stations 
are located& ~~ 

Loandjilia coastal savanna at 100 m elevation, 
Loudimaz aavauna in the Niari valley at 150 m elevation, 
and Xm Rougez savanna of the Batet's Plateau at 700 m elevation. 

Species of Euoalnts Used 

lW.calzytus 12 ABL 

This is a particularly excellent provenance derived from Eucalyptus tereticornis 
introduced in 1956 with seed from lladagasoar. This species covers over 3 500 ha at Loudima 
and its growth on all forest sites is excellent. Eucalyptus timber is fire resistant. 
Ninety-nine percent of the stems give off shoots. The main drawback of Euoal;yptua 12 ABL 
is that it does not protect the soil well and is sensitive to competition of other 
vegetation. 
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&lcal;yptua platYJ)hylla F1 

This ia a hybrid, the mother stock of which vaa introduced into the Congo in 1957 
under the :naae !• Rlatnb.ylla of Java. Apparently the mother stock itself is a hybrid 
!• uropblll& :x· !• ~· The father stock is a eucalypt related to !• uroph.ylla introduced 
under the naae !• kirtoniana. This species gives higher yields than the preceding one. 
All of the atems give off shoots. 

Eucabptus alip.. 

This vas introduced very early at Loandjili ( 1953) using stock from South Africa, 
Madagascar and Brazil. However, it proved unsuited to ecological conditione along the 
Congo coast. One finda that the bark bursts, there is some gwamatous tumor formation that 
cause& death of the tree in most cases. 

EucalYptus deglupta 

This species grows particularly well on the clayey heavy and wet soils of Loudima, but 
seems unaui table for sandy savanna. 

Other EucalYpts 

These are Eucalzptus uropbylla, !• tereticornis, !• cloeziana, !• grandis, !• 
citriodora, !• calmadulensis, !• !12!• !• uropb.ylla, !• tereticornis, !• saligna and 
!• !!!!! are nov being used in propagation of hybrids. The hybrid !• saligna x 12 AllL has 
proved very promising and gives good yields. 

One of the most interesting species for the Congo seems to be !• uropbylla. One trial 
with a few epecimens of different provenance shows that at 2t years of age at Pointe-Noire 
and 1 year of age at Loudima average growth seems to be greater than that of E. plat:yphilla 
1'1 (provenance Portugueee Timor and the Sundra Islands). -

Nurseries 

The fine seed of Eucalzptus is mixed with fine grains of sand before being sown to 
prevent them from being blown away by the wind. They are sown broadcast in irrigated beds 
at the beginning o'l September. 

The seedbeds at these stations in sandy areas are double-walled boxes, 300 x 70 em, 
the space between the two valls forming the irrigation canal. 

The soil of these seedbeds is a mirlure of 2/3 black earth and 1/3 sand ( 200 and 
100 litrea), freed of insects by powdering with 25 g of 'dieldrin' or 'aldrin' per 
seedbed. 

Right after having been sown, the seedbeds are covered with shades and are irrigated. 
Watering is beg1111 immediataly after sowing through the irrigation canals around the edges 
of the seedbed, the moisture content of the soil being kept constant in depth, combined 
with a system of indirect watering using a fine epray. The plants germinate about 8 days 
after the seed has been sown. 

Oaretll.l hand-weeding of the seedbeds is necessary. 
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Pricking out 

Four weeks alter sowing, toward the end of September or the beginning of October, the 
plants, which by then are about 5 cm tall, are pricked out with bare roots in polyethylene 
pots, 17 x 21 em in size on the average. These pots are filled with a sitted mixture of 
black earth and sand in the same froportions as the soil in the seedbeds, to which is 
added 0.8 kg of Thomas slag per m to ensure a goocl start. 

The pricked out plants are then placed in a storage area, 1 000 plants per board. 
Instructions regarding shade, watering and weeding must be followed meticulously up to 
planting time at the beginning of November, right at the start of the rainy seaa.on. A 
miniiDWII of one week's cover is desirable. 

Ground Preparation 

Stump Removal 

In the bush savannas on clayey soil of the Niari ( Malolo) and Bouenza ( Loud.ima.) valleys 
stumps can be removed by machine, whereas on the sandy coastal savannas ( Loandjili) and on 
the Bat~& Plateau (ICm Rouge) it has to be done by hand labour. 

Mechanical extraction of stumps is done by tw.1 70-hp caterpillar tractors with an old 
caterpillar chain tied between; both tractors pull at the same speed and the chain clears 
all brush as it nioves across the ground. 

This work is done during the rainy season from December to May of the year preceding 
actual planting. 

The brush and tree stumps are stacked in piles. 

Destruction of Grass 

Grass has to be destroyed just before the dey season, in .\~fay. For this purpose one 
can use either a rail pulled by draught animals, an 8Q-hp wheel tractor, or a small cater
pillar tractor ( 'chenillard '). This rail flattens the grass as it moves along; the grass 
is killed off by two passages of the tractor, first in one direction and then in the 
opposite. 

Burning 

The flattened grass dries rapidly and then the piles of wood and the grass over the 
entire area to be worked are burnt. 

Breaking the Ground 

Two methods oan be used to break the ground: ploughing with a plough, followed by 
disk ploughing; and hoeing (of the main crop or cover crop) followed by disk ploughing. 

Planting and Management 

Peggins-out and Digging of Holes 

Ground that has been broken as described above is then marked out in small 50 x 50 m 
squares. Stakes are then set out at a spacing of either 2.50 x 2.50 m or 3.12 x 3.12 m. 
(With the heavy equipment, which is coming more and more into use, the 3.12 x 3.12 spacing 
ia better.) 
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As soon as the stakes have been set out, holes are dug using semi-circular shovels. 
The holes should have a diameter of 20 em and also a depth of about 20 em. The digging of 
the holes mast be completed at the latest by October. 

Setting Ou~ of the Plants 

In October, one month before planting, 150 g of fertilizer (complete, 10-10-20 ferti
lizer or potassium fertilizer) are applied to each hole in sandy soils. In the Bouenza and 
Biari valleys, there is no need for fertilizers. 

Starting at the beginning of November the plants are set in place. Before removal 
from the rmrsery, the plants are watered heavily and the polyethylene pots removed. By 
that time, the plants are from 10 to 25 em in size. There is about a 98% "take" and no 
need to fill in failed spots. 

Protection 

A dusting of the holes with either 4% Dieldrex or Pbytosol prior to planting eliminates 
tenDites. To combat stem-cutting criCkets in plantations, poisoned bait is applied 
(mixture of 1/3 flour, 2/3 bran with Dieldrin CE 20). 

Maintenance 

After planting, maintenance work has to be done. Initially this can be done by 
machinery - with either a stubble-plough (scarifier) or a rotary plough ( rotavator) - at 
least three or four times during the first year after planting and once or twice during the 
second year. Manw&l weeding by hoeing around the plant completes the maintenance work each 
time the stubble-plough is uaed. 

Protection Asainst Fire 

Usually brush fires sweep across the savannas in about the month of June. They occur 
earlier on s~ savanna than on clayey savanna. 

Prevention of brush fires is accomplished by breaking up the 25 ha plots into 500 x 
500 m plots separated by 10 m wide firebreaks. These firebreaks have to be maintained 
regularly especially just before the start of the dry season in May and June. The bare 
firebreak stripe around the sites or stations also have to be kept up at the same time. 
After the rail has been dragged across the ground, an early preventive and controlled 
burning of the bare firebreaks is done, prior to the start of the usual brush fires. 

Cutting of Stands - Rotation 

EucalYptus is cut at the age of 4 to 6 years. The first rotation comprises the cut of 
tully grown trees der?.ved from seed. At Loandjili, the rotation cycle takes from 7 to 10 
years and at Loudima, from 5 to 7 years. Theoretically this first out is followed by two 
coppice outs. 

Financial Information 

The average cost of one hectare of Eucalntus was estimated in 1973 to amount to about 
95 000 CFA francs. 
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Results and Puture Prospects 

Relllllts 

In the People's Republic of the Congo, ~calzptus stands cover almost 5 200 h& of 
savanna, the JD&in species being the hybrids Eu.cabptus 12 ABL and !• pl&tnby'lll!l. ( PF1). 

Volume increment is about 20 m3/ha/year at Loandjili and 35 m3/h&/year at LoudiJD& for 
the high-yielding species, !• PF1. Average annual increment in hr;ight is about 3.60 m at 
Loandjili and 4.60 m at Loudi•• Ammal growth in girth is 7.5 em at Loandjili and 9 em at 
Loudima. 

Initial trials with propap.tion by cuttings inetalled since 1973 at the forestry 
research station of Loandjili {Pointe-Noire) are particularly encou1~ging. 

Future Prospects 

Such propagation by cuttings is e::Epeoted to give mu.ch higher productivity of stands as 
a reault of both the intensity of selection of plus ( +) trees for propagation purposes and 
due to the homogeneity of the stands (pure stands) • It is believed that starting from very 
specialized silviculture, adapted not merely to the species but to the clone, it will be 
possible to attain mean annual increments 40 m3/ha/year at Loandjili - 50 m3 /ha/year at 
LoudiJD&. 

Paper Pulp Project 

The aim of this project is to establish an ensemble of plants producing 250 000 tons 
of bleached pulp annually for the making of kraft paper. The raw materials for this paper 
plant would consist of a mixture of eucalypt and pine wood. 

Plantations to feed this paper plant would consist of 27 500 ha of Eu.calyptus estab
lished at the rate of 5 500 ha per year, and 22 000 ha of pine established at the rate of 
2 200 ha per year. 

Charcoal Making Project 

This project calls for the cutting of approximately 650 ha of ~calYptus per y~ar for 
the malting of 10 000 tons of charcoal for a:r.port. 

AFFORE:3TATIW m'HODS FOR PINE 

Species of Pine Used 

Both Pinus oaribaea and P. oooarpa were introduced into the Congo in 1958 after the 
EucalYptus:--They have proven-entirely satisfactory and well suited to local ecological 
conditions. Other species tried were f• kesil!, E• merkusii 1 E• hondurensis. 

Nurseries 

Germination beds are prepared starting at the beginning of May. These are actually 
3.00 x 0.70 m boxes filled with a mixture of iblack earth and i sand to which fertilizers 
have been applied. The seed is sown in these boxes between 15 May and the end of June, in 
rovs, using a plank with sorew nuts for alignment and spacing of the seed (1 x 1om). 
After aowing, the boxes are covered with a layer of chopped pine needles. They are left 
open and not irrigated, but watered frequently. Weeding has to be done continuously. 
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Germination occurs vi thin about a week. Six weeks after sowing, the plants already 
reach a height of 1 em and are then pricked out into polyethylene pots filled with a mixture 
of sand and black earth containing :f'u.ngi. ( m,yoorrhiza.), the earth being obtained from old 
pine plantations. It is absolutely necessary to use complete fertilizers ( 1Q-10-20) when 
pricking-out the plants. 

In pricking-out, care has to be taken to keep the taproot straight by enclosing it in 
a pellet of liquid mud. Subsequantly, the instructions regarding applications of fertilizer, 
watering and weeding have to be followed carefully. 

Soil Preparation 

This is the same as for eucalypts. 

Plantins and Manaement 

Planting 

This is the same as for eucalypts. 

Jlaintenance 

The technique is the same as that used for eucalypts. During the first year mechanical 
and ID&l'lll&l maintenance work has to be done 3 to 4 times 1 in the secol•d. year at least 2 to 
3 times, in the third year twice, and once again in the fourth year. 

Fire Control 

Again brush fire control here calls for the division of the area into small 6.25 ha 
plots. Four such plots are grouped together (making 25 ha in all) and between each set 
10 m wide 1 bare firebreaks are opened. Between each set of four plots ( 25 ha in all) there 
is laid out a peripheral firebreak, usually consisting of EUcalYptus torelliana. 

Management of the Stand: Pru.ni_ng and Thinning 

Tropical pines can be used for two purposes: either for making paper pulp or for 
lumber. I11 the first instance, no thinning will be done. In the second case, once a 
plantation has been set out with trees at a spacing of 2.5 x 2.5 m or 3.12 x 3.12 m, it is 
absolutely essential that when the trees are 4 or 5 years old they be thinned out. 

In both cases pruning with a lumberjack's saw is necessary when the stands reach 4 or 
5 years of age. 

For the production of paper pulp, the rotation cycle is from 10 to 11 years, whereas 
it is from 20 to 25 years for the production of lumber. 

Results and Future Prospecb 

Results 

Man-made pine stands already cover almost 2 600 ha in the People's Republic of the 
Congo. The increment ia from 8 to 10 m3/ha/year at Pointe-Noire and from 15 to 20 m3/ha/ 
year at Loudima for rapid growth tropical pines that adapt well. 
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Future Proapeota 

Plana for genetic improvement and tested seed orchards started in 1975 should ma.ke it 
possible to increase the production of theae species. 

Projetcta 

The Congo' a Development Plan includes industrial planting of pine and eucalypts on 
the savannas to feed a factor,y with an annual capacity of 250 000 tons. About 22 000 ha 
are to be planted to pine at an anrmal rate of 2 200 ha. 

Finally, steps are being taken to set out plantations of Arauoaria hunsteinii and 
!• cunnine;bami.i, trials with which have shown them to be promising species capable of 
producing excellent timber on savanna. 

Year of' 
Planting 

1953-54 
1954-55 
1955-56 
1956-57 
1957-58 
1958-59 
1959-60 
1960..61 
1961-62 
1962-63 
1963-64 
1964-65 
1965-66 
1966-67 
1967-68 
1966-69 
1969-70 
1970..71 
191'1-72 
19'i2-73 
1973-74 
1974-75 
1975-76 

~otal/ 
Station 

Table 1 

SAVANNA PLANTATIONS ( PIN1!5 AND EVCALYPTS) OF THE 
OFFICE CONGOLAIS DES FOR!n'S -------

LO.ANDJILI { P/Noira) LOUDIMA { Bouenza} MALOLO {Niari) 

Pine IEu.calyptus Pine llucalyptus Pine IEu.calYJ)tuB 

- 17.78 - 1.04 - - 10.00 10.00 
- 25.90 - 93.20 

3.50 150.10 
1.00 170.92 

16.00 261.00 - 66.80 1.00 5.00 
1.20 18.00 3.00 17.00 
4.80 30.44 7.00 13.00 
2.10 30.30 25.00 86.00 
5··40 32.20 22.00 838.00 

17.50 I 35.10 16.00 396.00 
14.80 26.50 so.oo 572.00 

7G90 I 33.40 50.00 512.00 so.oo 8.oo 
46.70 20.80 206.00 493.00 100.00 16.00 
57.00 '17.60 182.00 900.00 100.00 14.00 
37.00 29.00 740.00 43.00 75·00 -
10.88 4-53 13.60 7.40 - -
10.00 10.00 10.00 - -
4·57 18.43 50.00 12.00 - 25.00 

10.76 47.62 419.78 16.50 - --
~l~ll 1200.66 1~2~:.~~ ~2~2:.22 32~00 63.00 ··-···· -- •••••• 

1451 17 5736 28 388 00 

KM ROUGE {B_Lcityl_ 

Pine 1!.\lcalyptus 

0.20 0.60 
3.05 0.37 
1-99 1.42 
5-63 1.80 
0.79 4.60 

17.91 1.17 
75.50 1.40 
51.60 3.00 
56.00 1.00 
3.00 -
5.00 -
5.60 3.00 

38.56 13.54 

~12.:~~ 31.00 =•a••• 

302 73 

Total f'or the 
savanna: 7878.78 hectares, pines • 2652.32 hectares, Eucalyptus • 5226.46 hectares 
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Ghana has an area of 238 539 square kilometers and lies between longitudes 1° East and 
3° West and latitudes 5° and 11° North. The current population is estimated at 10 million. 

The country has a tropical climate which ranges from hwnid to dry, the southern portion 
receiving the greatest amount of rainfall. 

There are four main vegetation zoness the coastal strand with mangrove swamps, 
followed by a narrow belt of thicket, the high forest, and the savanna zone. The high 
forest covers approximately an area of 82 258 square kilometers or 34.48% of the country, 
while the savanna covers 150 497 square kilometers or 63.09%, the remaining 2.43% being 
taken by the strand, mangrove swamps and thicket. 

There exists a written National Forest Policy which has as its main objective the 
Cllation of sufficient permanent forest resources by reservation to supply direct and 
h'direct benefits necessary for the welfare of the people of Ghana and the management of 
tht~ forest resources by methods that achieve sustained maximum productivity and value. The 
other objectives of the forest poli~y include research into all branches of scientific 
forestry, emphasis being laid on silviculture, ecology and utilisation; the training of 
both professional and field staff and the provision of technical advice to non-Government 
forestry. 

In order to implement the forest policy successfUlly, a Forests Ordinance was passed 
on the 30 Jfarch 1927, and in 1949 the Trees and Timber Ordinance was passed. Under the 
powers conferred on the Governor, later President of Republic, a number of regulations were 
made and a series of acts were also passed. Among the regulations are the Forests 
( Silvioultural Works) Regulations, 1958; the Trees and Timber, Property Marks Regulations 
1950; the Trees and Timber (Control of Cutting) Regulations 1958; the Trees and Timber 
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( Jlu.aurement) Regulation• 19581 the Trees and Timber (Control of measurement) Regulations 
19601 and the Trees and Timber (Control of hport of logs) Regulations 1961. Acts passed 
under the FJrest Ordinance to give effect to the forest policy include the Protected Timber 
Landa Aot, 1959; the Forest Offences (Compounding of Fines) Act 1959 and the Forest 
Improvemu t Fund Aot 1960, to mention a few • 

In Ghana the bulk of the land (high forest or savanna) is held in trust for the stools 
(chief's at•d people) by Government. The portion of' land under purely state control is 
exceedingly small. 

The principal forest products from the high forest zone are sawlogs, veneer logs, logs 
for sleepers, charcoal, poles and export logs, and in the savanna zone, poles, charcoal 
and gum. 

STAFFING 

There exists a Forestr;r Training School in Ghana which turns out sub-professional 
officers who are mainly field officers. In the past years the intake of students was small 
but recently with the inception of' the reforestation scheme, the intake has been appreciab~ 
increased. 

The current serving sub-professional staff 1D11Dber 500. The IDlJDber of serving pro
fessional officers now stands at 22, the bulk of them having been lost to the educational 
institutions, the research institutions and industry. 

The gross ammal budget for forestry for the financial year 1975/76 amounted to 
US$7 501 774• Embodied in this amount are the recurrent expenditure, reforestation 
expenditure (development) and forest improvement expenditure. 

AFFORESTATION AND REFORESTATION 

As a result of the massive exploitation of timber from the high forest and the 
increased requirement of timber and timber products in the savanna areas, a decision was 
t~en in 1972 to plant certain areas both in the high forest and savanna zones. Up to the 
end of' 1974, the total area of plantation for the whole countr,y stood at 23 208 ha. Out 
of' this total, 3 330.8 ha have been planted in the savanna zone. The planned annual 
target area of af'forestati.:·::. and reforestation is 7 328 ha, of which 2 176 are for the 
savanna area. The ref'ol~station/afforestation schemes are controlled by the state, there 
being virtually no private forestr,y organizations in Ghana. 

The species currently being planted in the savanna zone include teak ( Tectona grandis) 
mahogany (Kha..ya aenegalensis) Gmelina arborea, Anogeissus leiocarpus, neem (Azadirachta 
indica) and Dalbergia sissoo. The growth rate varies for the various species 
in the different parts of the savanna zone. In areas where the savanna borders on the high 
forest and where rainfall and soil conditions are favourable, and where teak is the main 
apecies being planted, the intended end use ls lumber. In areas where the soil and rain
fall conditions are not so favourable, teak, Anogeissus, noem and Dalbergia are grown 
mainly f'or poles and firewood. The Gmelina is intended for pulp. For most of the species, 
no rotation has been fixed. It is estimated however that in 60 - 70 years the teak may 
reach sizes capable of being sawn. Species grown mainly for firewood and poles are ready 
for use between 10 and 15 years. 
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Savanna NUrsery Practice 

The selection of permanent nu.rsery sites in the savanna area is limited mainly by the 
availability of water. In the past, deep wells were dug and the water from these wells was 
used to water.the plants. In recent years however emphasis is being shifted onto irrigated 
nu.rseries. The irrigated nu.rseries are situated near dame. Water from the dams is brought 
to the plants either through pipes driven through the earth work of the dam or through 
pumping. 

The total annual nu.rser.y stock production capacity of the permanent savanna nurseries 
is in the neighbourhood of three million plants. Figures are however not readily available 
for actual annual production, as the records are not up to date. The types of planting 
stock vary according to the species. Teak and Anogeissus are stumped before planting. 
Kbaya and neem are planted either as striplings or as potted plants. In recent years, most 
of the seedlings are raised in polythene bags which measure 5" 'Dy 7" or approximately 
13 om by 18 om. Seedlinga are normally transplanted after they have attained an average 
height of between 30 - 45 om. This height is attained between 24 - 30 weeks. 

The methods used in aa.vanna rmrseries are: 

Broad-casting on ger.nination beds 
Bed sowing (single or in drills) 
Direct sowing into containers ( polythene bags). 

Seeds broad-cast onto germination beds include teak, neem and mahogany. Prickin~ut 
is carried out as soon as gemination starts. These species may also be bed sown, or sown 
d~ect into containers. Species with tiny seeds e.g. Anogeissus are sown into drills and 
thinned out when germination is completed. Seeds,whether they have been broad-cast on 
germination beds or sown into containers, are watered profusely twice daily early in the 
morning and late in the evening. Watering continues after germination, and in the absence 
of rainfall until the plants attain a suitable size for planting. No direct watering is 
carried out in the irrigated nurseries. 

Shade is al~s necessar.y to protect the young seedlings from the heat of the sun. 
Grass mats raised on poles provide adequate protection. 

Nurseries in the savanna zones are often disturbed by domestic aniJBls. In such cases, 
strand-barbed wire fences are errected to keep the animals out. There have not been many 
complaints about insect attack. The termite attacks which have been reported were treated 
by Aldrex 40. 

Establishment TeohniQBeS for Savanna Plantations 

In the savanna zone, the grass burna invariably during the dr.y season. In many cases, 
the burning ia quite thorough and the few trees left standing are stumped. After stumping, 
a two disc plough is used to make ridges on which the young trees are planted. Spacings 
commonly used are 3' x 9' or 6• x 9', approximately 1 m x 2m or 2m x 3m. 

Little direct sowing is practised. 

No severe insect attaoka in aavanna plantations have been recorded. Fire, however, 
poses a serious threat, several plantations being affected each year. It is suspected that 
most of the tires in the plantations are deliberately set, as measures are always taken at 
the beginning or the dry season to forestall the out-break of fire. Some of the measures 
adopted to forestall fire out-break include the maintenance of internal and external fire 
traces and early burnings which are carried out around the plantations. 
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.A.t the height of the dry aeaaon, twenty-tour hour tire patrol• are organized. Forest 
gwarda and labourers are detailed to keep watch, detect and control fires before they get 
out of hand. In some oaaes, these patrols have been very effective and in one particular 
instance no fires were reported in the plantation for a period of 10 years. 


