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This compilation is the result of a Training Course on Forest Nursery and Establish- 
ment Teobniques for African Ssvannas which was to have been held in Kaduna, Nigeria, from 
16 February to 21 Narch 1976 at the invitation of the Qovernment of Nigeria with funds made 
available from both the Danish, 

fT" 
temational Development Agency (DANIDA) and the Forest 

Rosearch Institute of Nigeria . The course was planned in collaboration with the Forest 
Researoh Institute and the Food snd Agriculture Organization of the United Nations (FAO) 
and was to have been held in conjuction with the Symposium on Savanna Afforestation 
organized by the Foreot Research Institute, with part of the training course running jointly 
with the symposium. Regrettably, the closing of Nigeria's intemstional borders in responee 
to political disturbancee in the country foroed csncellation of the training course. The 
qmposium wae held as scheduled but with reduced participation. 

The training course wan to have been the latest in a series financed by DANIUA on 
aspects of forest plantation establishment with mphasis on tree improvement and Peed 
handling. Previous oourseo in the series were held in Denmark (1966) and Kenya (1973) on 
forest tree improvement and in Thailaud (1975) on forest seed collection and hsndling. 

Although it was not possible to realize at least t;;, cf the main purznses nf f.h* 
training oourse- to provide demonstration of good nursery and plantation establishment 
techuiquas in savanna Africa and to faailitate the interchange of ideas and experience 
betueen francophone and snglophone participsnts - it was thought that reproduction and 
distribution of the lecture notesl 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 notes prepared in advance of the training couree, the principal symposium 
papers and the country statements contributed by *'would-be" course participants. As lecture 
notes were planned to complement, but not duplicate, material in Tree Planting Practices in 
Africsn Savannas (FAO Forestry Development Paper No. 19 by M.V. Laurie, 1974], readers may 
wish to refer to that FAO book for further information on a given subject. One part of the 
symposium was devoted to the presentation of a number of short case studies on aspects of 
planting pine, neem and euoalypts in the Nigerian savanna. only the summaries of these 
case studies are reproduced here; the full texts sre available from the Forest Research 
Inetitute in Ibadan. A few lectures and papers have been shortened for inclusion in this 
report, especially in oases where duplication occurred. The order of presentation here 
departs fropp 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 Symposium on Savanna Afforestation is gratefully acknowledged. Thanks are also due 
to that organization, and especially its staff at the Savanna Forestry Research Station in 
Samars, for the many looal arrsngementa 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 study tours. The support of the FAO/UNDP forestry project in 
Samaru, the UNDP offioea in Ksduna and Lagos and the FAO Senior Agricultural Adviser was 
invaluable and is moat gratefully recognized. Appreciation is also extended to the many 
authors of symposium 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 csncellation of the course. 

Y then the Federal Department of Forest Research. 
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m the judioious selection of exotio 
epecios for the planting sites available 
and the application of intensive cultural 
techniques, savannas can be oonwctsd to 
fact-growing forest plantations, f3uah as 
this S-year old stand of Eucalyptus 
olosziana at Afaka, Nigeria. 

The natural savanna woodlands are 
sparsely stocked, low yielding and made 
up of speoies of poor stem form, 
iilustr&ed here b Uapaca to&nsis 
and Isoberlinia doka in the northern 
hinea savanna. - 





. 

TABLE OF CONTENTS 

Preface 

The Savanna Environment 

Definition, classification and extent of African savanna (C.F.A. Onochie) 
Climate of the Guinea and Sudan savannas of West Africa (M.A. Ogigirigi) 

Soils of the Guinea and Sudan savannas of Nest Africa (0. Kadeba 
and A.V. Barrera) 

Climates and soils of the arid and semiarid savannas of Nest Africa 
(J.C. Delwaulle) 

Species Introduction and Seed Handling 

Species and provenance trials in Nigerian savanna (G.O.A. Ojo and 
D.E. Iyamabo) 

Provenance trials (R.H. Kemp) 
Seed r-~llestisr. Zid GeriiTiuaiiurl (5;. ikitiin&) 

Seed handling and storage (B.S. Ezumah) 

Tree improvement, seed stands and seed orchards (H. Keiding) 

Nursery Practice 

Nursery design and irrigation (D.E. Greenwood) 
Soil mixtures, use of containers and other methods of plant raising 

(J.C. Delwaulle) 
Nursery cultural practice (J.K. Jackson) 
The role of mycorrhiza in afforestation - the Nigerian experience 

(X.0. Momoh, W.A. Odeyinde and R.A. Gbadegesin) 
Results of nursery research (J.K. Jackson) 

Plantation Establishment and Maintenance 

Soil and site selection (A.V. Barrera) 
Land clearing and site preparation (D.E. Greenwood) 
Land clearing and site preparation in the Nigerian savanna 

(T.G. Allan and E.C.C. Akwada) 
Plantation planting end weeding in savanna (T.G. Allan) 

Notes on chemical weed control in savanna plantation forestry (J.B. Ball) 
Use of fertilizers in savanna plantations (J.K. Jackson) 

-iii- 

1 

9 

20 

37 

45 

53 
59 
67 

78 

86 

93 
97 

100 

106 

112 

120 

123 

139 

149 

‘52 



. 

- vi - 

7 

Special Techniques for Problem Areas 

Species, techniques and problems of semi-arid zones - the Sahel 
(J.C. Delwaulle) 

Irrigated plantations (J,K. Jackson) 
Shelterbelts and environmental forestry (J.C. Delwaulle) 
Afforestation of difficult sites, eroded areas and steep slopes: 

160 

168 

173 

with special emphasis on the Mambilla Plateau (A.V. Fox) 181 

Mine reclamation areas (M.O. Orode, B. Adeka and T.G. Allan) . 190 

Plantation Protection 

Fire protection in industrial plantations of Zambia (W. Ross) 196 
Protection against insect pests and diseases (Z.O. Momoh and M.O. Akanbi) 203 
Protection of plantations against animals and man (Alhaji Hsmza Turabu) 209 

Plantation Planning and Costing 

Forest plantation planning at the national level (A.M. Oseni) 
Planning of savanna plantation projects (T.G. Allan) 

Cost accounting and the maintenance of records for monitoring and 
evaluating plantation projects (J.B. Ball) 

Annexes 

1. Summaries of special case studies 247 

Part A: Pines 247 
Part B: Neem 250 
Part Ct Euoalypts 25’ 

2. Examples of Zsmbian plantation costs (A.C. Finch) 254 

3. Country statements 259 

Benin 259 
Congo 263 
Ghana 267 
Ivory Coast 271 
Kenya 274 
Senegal 278 
Sudan 283 
Togo 287 
Uganda 29’ 
Zambia 296 

4. Savanna afforestation in the People's Republic of the Congo 
(Zinga Kanza) 

5. Savanna afforestation in Ghana (A. Yawo Komla) 

714 

220 

234 

300 

309 



1 

. 

DEFIIIITION, CLASSIFICATION AND -T OF AFRICAN SAVANNA 1/ 

C.F,A. Onochic 
Onitaha, Bigeris 

Definition 

Clezrification 

Extent 

Referenoee 

Figure I: Map of West African vegetation zone6 

DEFINITION 

The word 'oavenna' is from the Spanish zavsna or oavana and is thought to have Carib 
origin. It means a grassy plain with ecattered trees &i~particular refera to such 
plains in tropioal and subtropical regione. The term is used also for a tract of level 
land oovered with low vegetation or eny large area of tropical or subtropical grasslend 
covered in part with trees end opiny shrubs. 

Richti (1952) gives the following definition, end remarks on the probable ecolo- 
gical status of sava. 

"Savanna is a name applied to plant aommunitiee of varied physiognomy and status 
found over a wide range of climatic conditions; some are rreral stages, others are 
certainly stable olimsxee. Savanna on whioh trees are dominant (with or without a 
continuous ground-cover of grasses) msy be a climatic climax, but many types of 
savanna should be regarded as fire-climaxes . . . . . Open 6avannaa with trees growing 
scattered or in occasional clumps, and treeless grasslands may arise by the de- 
gradation of the forest or savanna woodland by excessive cultivation or burning 
but in some oases they are probably edaphio olimaxes due to local soil conditions 
unfavourable to the growth of trees. The nature of the factors responsible is un- 
oertain but one which probably operater in come cases is eea6onal waterlogging 
alterting with dry oonditionz during the rest of the year. There is little 
zupport for the view that lowland tropical grasrlands are ever a climatic climax 
in equilibrium with a 'tropical grazalsnd climate' ; grassland therefore should 
not be regarded az occupying a place in the natural climatic eootone from 
tropical rain forest to desert." 

Sohimper (1903) give8 the following definitions: 

%avaxma for-eat ir more or less leafless during the dry reason, rarely ever- 
green, is xerophilouo in oharaoter, usually, often much leee than 20 m high, 

1/ Paper for Symporiun on Savanna Afforestation 
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park-like, very poor in underuoob, lisnes and epiphytes, rich in tsrreetrial herbs, 
erpeoially grasnes." 

Thorn fore8t, as regards foliage aud average height, resemble8 savanna forest, 
but is more xerophilous, is very rich in underwOod and in slender-elxusaed lisnes, 
poor in terrestrial herbs, e8peoiall.y in grasne8, and usually has no epiphyter. 
Thqm plsnt8 are aluayrr plentiful.lt 

Used loO8ely aad in the Afrisan cOntext the term mey cover sn arrey of types of tropi- 
oal vegetation, ranging from the reskively dry to the oemi-arid, whick:lie betxecu the 
tropical rain forest8 of the equatorial region and the derrerts to the north and to the couth. 
Theee ooneiet of a wide variety of transition type8 ranging from woodland savanna, including 
the so+alled derived 8avanua (Keay 1959), to the semi-arid steppe with scattered trees, 
oonsisting mostly of npeoies of Acacia. This belt extends from near the equator to latitude 
25 to 30 degrees north and 8outh. 

A dimtinguiehing climatic feature of the 8av8nna ie the dietinot dry season. The 
ranfall cycle result8 from the poleward ehif’t of the global wind belt8 in the mer and 
their equatorward shift in the winter. A 8avsnna climate has one or more months with less 
than 60 mm (2.4 inm) of rainfall. The olimate io wane with a ehort 8ummer rainy 8eason 
and a dry winter. In area8 of heavy rainfall there ir a seaeon of up to 1 000 to 1 500 mm 
(4Gto60’nh ) f 1 o es o rainfall i;lterrupted by a distinct dry 8eason. 

The general appearance of the savenna ia One of rolling plaine, end the ve~+-~tl~z is 
---- t;Z saap~ iiiih ioaiiswi treea. Foe tree cover ikii~5 ktseen the one extreme of a closed 

osnopy near the border with the rain forest end where there has been little human inter- 
ferenoe, snd the other extreme of very open grassland with dwarf trees (or even with very 
few treea) dotted all over the landrroape. The latter occur8 at the edge of the deeert end 
where excae8ive cultivation or extensive burning or heavy grazing ha8 resulted in the die- 
appearanoe of the original tree aover. 

The grass grow8 to a great height, 1.5 to 4.5 metres (5 to 15 ft) in some places, 
particularly where the giant elephant grsso (Pennieetum purpureum) grow8 in the wet se&eon. 
At the other extreme the gra88 ie very rhort reaching up to a height of 30 cm (12 inches). 

In order to oombat the effects of the long hot dry season, mavanna vegetation has 
developed a number of adaptations: the deoiduous habit, leathery leaves, thick or oorky 
bark8, the thorn habit, 8mall leaves, oactus nature and the development of cltorsgr, 8yetem8, 
long and exteneive root 8yetem8, end eo on. 

Several floriritio type8 are easily reoomieed, euoh ae the Daniellia - Parkia, the 
D8miellia - Hymenocardia - Lophira and t Comb re um woodlends which are character-of 
certain area8 in Central Afrioa, the etretohee of Acacia woodlands covering vast areas in 
West, Esst and Central Afrioa; al80 the Hyphaene palm 8avanna8, end the Doraeeue savanna 
which ia aeoooiated with eeaeonally flooded eitsa. 

CLASSIF’ICATION 

While it may not be true to say that there are a8 many classifications as there are 
worker8 in the field, the literature on African vegetation is replete with syetems of 
classification and of namea used by individual workers for the various types of vegetation 
encountered (Ktachler 1970). Moat often different nsme8 are applied to the eeme type. This 
ir, of cour88, inevitable in view of the vast 8rea involved in the study, the general lack 
of oommmioattion and consultation between workers, the large number of habitats end life 
form8 encountered in the field and the determination of each worker to map what he con- 
rider8 are clearly dietinot and dioorete types in his area of operation, even though thie 
may be a very mall and irrelevant type in the context of the whole continent. The situ- 
ation ir alro bedevilled by the leek of a generally accepted criterion for claesifioation. 
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Individual authors have used the climate, the soil, the general geographical location, the 
physiognomy of the vegetation and the pbyto-chorological divieions (Phillipe 1959, Monad 
1957, K-r 19%). 

In Nigeria, thir problem ham for some time been resolved by the acceptence by most 
worker6 of the olaaeification propored by A.P.D. Jones and R.W.J. Keay (Jones 1945, Jones 
and Keey 1946, Keay 1953). In thim classification, the Bigerian tzavsnna is arranged as 
follows (from mouth to north) (see Figure 1): 

Derived Savenna 
Southern Guinea Savsnna 
Iiorthern Guinea Savanna 

Sudan Savanna 
Sahel Savanna 

Thi8 ir in line with the olaaoification adopted by F’renoh workers in the neighbouring 
countries of West Africa. 

Recent workerp in Nigeria have rightly questioned the validity of the basis of this 
classification, and consequently a new classification bamed on the recommendations of the 
Scientific Council for Africa South of the Sahara (C.S.A.) Specialist Meeting on Phyto- 
geography in Yangsmbi (C.S.A. 1956, Roughey 1957) and on the Association pur itEtude 
texonomique de la Flore d'Afrique tropicale (A.E.T.F.A.T.) Vegetation W&p of 4f'ri% (K+zy 
et al lgyj he b&ii adopted my Charter (1970) for the new Vegetation Map of Nigeria, 
which is included in the National Atlas of Nigeria. 

The aims of the Yangambi meeting were: 

1. "to elrtablieh a common terminology for all African phytogeographers"; 

2. "to limit this terminology to Afriosn vegetation only18, and 

3. 90 exclude from Africen nomenalature sane of the tennr used in other 
countries of the world whioh illustrate various types of vegetation the 
homology of which is not proven". 

The meeting accepted the proposal "to illustrate, partioularly by profile diagreme, the 
description of the various types of vegetation or plant communitiera'l. It ooncluded that in 
the interest8 of a coordination which wao highly desirable, there warn a need for essentially 
physiognomic definitions of the vsrious type8 of vegetation. It therefore recommended the 
adoption of a broad eytatem of classification based on this principle, but left the use of 
intenzediary phyriognomio terms corresponding to the various recognisable trsnsitione in 
the field end the deriwtion of certain very particular formations to the initiative of 
the phytogeographerm, acoording to local eonditions. 

Two main groups of vegetation formationa were recognieed, namely: 

1. Closed Forest Formations, inaluding 9!hickets", the latter being described as 
"Shrubby vegetation, evergreen or deoiduous, ueually more or lesm impenetrable 
often in clumps, with graae stratum absent or diecontinuouatI (Some thickets, 
like the Combretum micranthum thicket, come within our definition of savanna). 

2. Mixed Forest4raeeland Formationa and Gras&end Foimatione. 

The latter ie the subject of this Symposium. There are four primary subdivieions: 

1. Woodlandtl, defined as open foreot; tree stratum deciduous consisting of emall 
or medium-sized trees with the orouns more or less touching, the canopy remaining 
light; grama stratum sometimes sparee or mixed with other herbaceous end suffru- 
tomcent vegetation. 



2. "S81Win83a, &fined 8m form8tionm of grurem 8t leaat 60 au hi& fonning a 
owtinuouml~ordaorinating 8 lowor mtratum; umu8lly burnt enrmolly, leavsm of 
gramrem flrt, bawl mnd oauline; uoody plsntr umu8lly prerent. This is mub- 
divided into: 

(8) SIWnnr woodlmnd, hating treem and mhrubm with ii&t canopy; 

(b) Tree m8v8nn8 with mcsttered tree8 and mhrubm; 
(a) Shrub msvanna; 

(d) Grarm R8v8nn8, in which tree8 end mhrubm are generally sbeent. 

3. "Steppe", &fined am open herbaceoum vegetation mometimem with woody plsnte, 
umu8l.l~ not burnt, perennial grasmem umually less thsn 80 om high, widely spaced; 
leave6 of grammem narrow, rolled or folded, mainly basal, ennu81 plant6 very 
often 8bund8nt between the perennialm. This is alma subdivided into: 

(8) Tree and/or l hrub rteppe with trees (mostly anall) preeent; 
(b) Dw8rf mhrub mteppe; 
(o) Suooulent steppe; 
(d) Graw and/or herb l teppe in which treem and mhruba are virtually abment. 

4. uGr8mmlsnd1V, mub4ivided into: 

(8) Aquatic grsemlmnd; 
(b) Herb mwsmp; 
(c) High montsae grsselsnd. 

Following this meeting, Kesy snd other authors (1958) published "Vegetation Map of 
Africr South of the Tropic of Cauoer" on behalf of L'ASSOCi8tiOn pour 1'EXude Taxonomique 
de 18 Flore d'Afrique Tropicale (A.E.T.F.A.T.) with the assistance of Uneeco, whioh is the 
basis of the vegetation map given in Tree Planting Practices in African Savannaq (Laurie, 
1974). Altogether 35 typea in 19 broad groups aze reoognised of which the following come 
within our definition of savanuat 

A. 8. Forest - sav8nna mosaic 

9. Coastal foret3t - savanna moeaic 

B. 10. Dry deoiduoum forest (with savanna): with 
abundant Baikiaea plurijug8 

11. Dry deoiduous foremt (with savenna): 
M4ag8masrtypeo 

c. 12. Thiokets: Itigi types 

13. Thicketm: Madagamcaxtypem 

14. Thicketmr Ethiopiaa evergreen types 

D. 16. Undifferentiated: relatively moist type6 

17. Northern areamr with abundant Ieoberlinia doka and 2. tomentosa 

18. South+amtern aream: with abundent Brachymtegia and 
Julbernardir 

19. South - wemtern aream (principelly on Kalshsri ssnd): with 
abund8nt Br8ChyAde~8, Julbernsrdia, Cryptosepalum psuedotaxus, 
Guibourtia ooleompenaa end areas of steppe (type No. 24). 



E. 20. 
21. 
22. 

F. 23. 

24. 

a. 25. 

26. 

27. 

I. 28. 

J. 29. Subdemert stepper Karoo ehrub end graam 

30. Subdemert steppe: transitional end mixed Karoo 

31. Subdeeert steppe: tropical type0 

To theme may be edded the following: 

Undifferenti8ted: relatively dry type8 

Ethiopian typam 
With rbundaut Colophompermum mopane 

hdagamar gratacl mavrurnrand grams mteppe 

Grplm l teppe on Kalaheri mend 

Wooded steppe with abundant Acacia end Camniphora 
Gramm mteppe with thick clumps: western Uganda type 

Grurm mteppe: Luanda type 

Karoo mucculent rteppe 

Montsne graaeland, Sub-trooiccl ~~~~~~~~ ~4 
Oxvtenanthera bmboo thick&e. 

"--w--v 

A eecond edition of the A.E.T.F.A.T. map deeigned to incorporate the criticisms end 
revimionm of the first edition ie in preparation (White, in preee). An interim report 
(White 1974) indicatem that there are now 60 mapping units (aa againot 35 in the esslier 
edition). These have been reduced to 14 in the report, of which the following represent 
the mawnna types: 

6. Broadleavedwoodland endwooded grassland; 
7. Thorn (Acacia) woodland, wooded grazeland znd semidesert vegetation; 
8. Karoo4smib memideeert mhrublend; 
9. Grassland. 

To thim mey be 8ddedt 

Deciduous M.&et. 

Savenna vegetation ooaupies 8 vamt area in Afrioa. Aocording to Shantz and Marbut 
(1923), the oompsrative aream oooupied by the three main fyper of vegetation are: 

Are8 Are8 
(Square milee) (Square kilometres) Percentage 

Forest 2 056 700 5 326 853 18.4 

Gremrland 4 736 400 12 267 276 42.3 

Demert 4 406 900 11 413 871 39.3 

Total land murfaoe (without lekem 
end exoluding Medegarcer) 11 200 000 29 008 ooo 100.0 



In West Afrior, the mavanna belt mweepm from Mauritania, Senegal end ambia in the 
wert through Mali, partm of northern Guine 
Biger, the northern four-fif'thm of 1Pimri au 

Ivory Coamt, Ghana, Togo and Benin, Upper Volta, 
, Chad end northern Caeroon, continues into the 

Suden urd through the grerter part of the Eastern Horn (Ethiopia, Afarm and Issas, Somalia 
and Socotra). It then wheelm mouth to the three Eamt Africzn oountriem of Kenya, Ugenda 
and Tanzaaia and theretier turnm to the wemt to Rwanda, Duruudi, Zaire (surrounding the 
central foremt blook) and Gabon (15% of the murfaae area). Further aouth it fens out to 
Angola, Zambia, Id8l8wi, Mozmbique, Rhodemia, Dotmwana, Wmibia end northera parts of 
South AfriC8. It ooourm too in the territorier of Lemotho end Swazilznd am gremmland, 
thorn m8vznn8 mnd mixed tree m8vann8. Muoh of the imland of M8dagazcar im covered with 
grcurr mavenua end grua, end thiaketrr, perhaps as 8 remult of mevere degradation of the 
fare& by oultivrtion end burning. 

It im not pomoible, nor indeed im it demirable, in a peper of thim length to demoribe 
in mny detail all the f#avanua typem in 811 oountriee in which they occur. But, perh8pe am 
8 muitable oonclumion to thim paper, the new olamsifiostion adopted by Charter (1970) for 
Bigeria'm mavanna vegetstion is shown in the table below againet the well-ertablished 
clarrrifiootion by Kemp and other suthorr. 

Table 1 

Charter Keay and Jones Roeevear (1953) 
end other author6 

Porent-mavanne momaio 

Mixed Leguminoum wooded mavanna 

a9 with Afzeli8 ofricaae 

b. with Imoberlinia dok8 aud 
5. tomentora - 

C. with Rurkea afrioane 

6. with all the mpeoier above 

Mixed Combretaoeoum woodlendm with 
Oombretum nigrioanm orAnogeimum 
leioo8rpum 

Derived mav8nna 

Southern Guinea 
uavanna 

Northern Guinea 
88vanna 

ditto- 

ditto- 

Sudan Bavalln8 

Guinea aavenna 

Guinea mav8nna 

ditto- 

-ditto- 

Sudan mavanna 

Mixed Ao8cia woodlznd with 
AC8Oi8 8eneg8l 

Undifferentisted wooded mavauua 

- 

Sudan 6avenna SubSuden eavanna 
of Clayton (195’ 
end other e&ho] 

Wooded tropical mteppe 

Plateau grame l 8venn8 (mub-montmne 
gr8mm ma-) 

Sahel mavauna 

Montane vegetation 

S8hel savanna 
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IDTFiODUCTSOD 

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 sones. Localired variation, often due to corresponding localized physical features, 
however, are sometimes found to occur within these broad zones. 

As Weat Africa lies almost 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; 
thua the year is divided into rainy and dry seasons. 

GEEERAL CAUSE3 OF TREWESTAFRICARCLIMATF, 

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 end 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 5% 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 hanaattan. 

The tropical maritime air mass is predominantly active over much of West Africa from 
March to August ertending northwards to about 21°N 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 disccntinuity or intertropical convergence zone). From 
larch onwards, the position of the intertropical front moves northwards allowing tropical 
maritime air to penetrate far inlsnd. From about September it moves southwards toward the 
equator and the drier continental air spreads southwards across the West African lend mass. 

This alternating northward end southward movement of the intertropical front is 
lar@y 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 
result in the cosstal savexma 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 thereby cooling mea and air temperatures and restricting convection. In 
addition to the effeots of the ocean currents, the relief features of the Guinea Highlands, 
Cape Three Points, the Mampong Scarp snd the Akwapim-Togo Mountains cause the rain-bearing 
southwesterlies to lose their moisture on the highlands, so becoming dry weeterliee. 

Similarly, the occurrence of monsoonal and mountain grassland along the latitudinal 
belts of Guinea and Sudan savanna 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 elopee. 



GENERAL CHARACTFZUSTICS OF klEST AFRICAK CLIMATE 

Rsinfal.1 

In the tropics rainfall is the most vital element in the climate as the natural vege- 
tation largely depends upon its qusntity (and especially its effectiveness), its degree of 
certainty, its length +d how it falls,. 
a&al rainfall. 

Fipres 1 and 2 show the gener+l,pictqre of the 
The very heavy rainfall of the southwestern ooast and the Csmeroon 

Highlands is evident. The low rainfall of central Ivory Coast, eastern Ghana and Togo are 
al60 clear. Apsrt froPr these osntrasting features along the West Afrioan coast, annual 
rainfall decrsases regularly northwards from the coast, both in smount and duration. There 
is a south to north spread in th! beginning of the rainy season and a oorremponding north 
to south retreat at the end. For this r&on the rainy-season gsts progressively shorter 
further north in the area. 

The rainfall is extremely variable in amount, in time of onset snd cessation as well 
a9 regime. Thia variability is greatest in the interior. 

Temperature 

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

On the whole, aversge temperatures in West Africa are lower than the world average 
for similar latitudes in the northern hemisphere during winter, during the rains in the 
south and almost all year round in Senegal, the coastline of eastern Ghana snd Togo, and 
inhighlaudareas. 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 conditions in West Africa is the diurnal and 
eeasonal range of variation. There is a gradually increasing range from the Guinea coast 
northward and a sharper increase from the Senegal coast inlend. The greatest rsnges occur 
during the change of seasons. 

Sunshine 

Because West Africa is situated in the tropics, night and dsy lengths are almost 
alwsye equal. For this reason sunshine seldom exceeds twelve hours. Ruring the wet season, 
clouds and early mollliPg mist often obscure the sunshine, while during the dry season, the 
sun is of’ten obscured by dust - hase. As a result of this, the recorded sunshine is often 
reduced. Table 1 shows 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 snd in the interior. 

CLIMATE OF TRE GGIKE& SAVARNA 
. - _. 

The map on page 8 shove the &agetation sones of West Africa. The Guinea savanna lies 
rsu&ly bstwsen latitudes 7 and 9 30'N and occurs to the north of the lowland rain forest 
exoept 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 aad northern portion8 of the Guinea savanna, however, are more a degree of 
severity of conditions rather than of kind. 

doors - Togo Dry Coastal Savanna 

Some of the reasons for the occurrence of this type of vegetation in this area have 
already 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 snd Grand Popo has sn average annual rainfall of below 35 inches 
(875 nnz). The number of rain dqk are few and there are only two or three months in the 
year with more than 4 inches (100 mm) of rainfall. 

Reiative humidity is only a little lower thsn 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 reason8.alread.y mentioned above. 

Table 3 ahowa average monthiy maximum and minimum temperatures and rainfall for Accra 
(Ghma) and home' (Togo). 

Southern Guinea Savsnua 

This zone lies roughly between latitudes 7O30' and g"V and extends from Nigeria to 
Guinea. 

Temperatures are moderately high with a wide diurnal variation in the dry season 
wb- :;& lasts about four to five months. Then follows a rainy season of about sewn to eight 
months with lower temperatures and less variation. 

Relative humidity varies between 50 and 8% but is generally below 70$ at 9.00 a.m. 
during the dry season. Tab'le 3 shows mean monthly maximum and minimum temperatures snd 
rainfall for some principal towns within the zone. 

In Nigeria, total snmkl rainfall in this belt rsnges from-about 40 to 50 inches 
(1 050-l 250 mm), with two peaks. 
first peak in May. 

The rainy season begins in early March and reaches its 
Rainfall then declines till July and increases again at about August 

to reach a second peak in September before declining sharply to en end in October/lTovember. 
Decsuse their timing varies from year to year, 
figures (e.g. Table 3). 

the pesks are often not evident from average 

In Lokoja (Nigeria), mian maximum temperatures rsnge from about 96opl (36'C) in 
Februarybarch to about 85°F (29OC) during July to September, while mean minimum temperatures 
range from about 'j'6oF (24OC) in February/March to about 669 (19’C) in November to Jsnuary. 
Corresponding figures for Mokwa (Nigeria) are: mean maximum temperatures 100~ (38Oc) 
February/&arch to 860p (30°C) in July to September,while mean minimum temperatures vary 

in 

from about 76°F (24oC) in Waroh to about 60% (16Oc) in December snd January. 

At Hokwa, although mean daily relative hmnidity during the dry season ranges between 
70 and 36, humidity often drops sharply during the dsy to below 2% by esrly afternoon. 

Northern Guinea Savanna 

The northern Guinea savsnna extends from about 9'30% to about ll"R latitude in 
Bigerie, l20a in Upper Volta and 130mT further west. 



Uximsrm diurnal variation in temperature occurs in the dry season, with less variation 
during the wet season (see Table 3 . 
tures range from about lOOoF (38'C 

At Afska (near Kaduna, Nigeria), mean maximum tempera- 
during February to April to about 78% (26%) in July 

to August. Mean minimum temperatures range from about 749 (23OC) in April to about 58OF 
(14%) during November to January. 

The rainfall pattern in this zone is generally of a single peak. Annual total rain- 
fall in this zone rsnges 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 sn end in October. 

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

Jos Plateau 

The Joe Plateau within the Guinea savsnna is regarded as a highlsnd 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 a8 well 
as rainfall for Joe (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 snnual 
rainfall for Miango (Joe 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 fran about g#?F (33OC) during February to 
April to about 78oE" (25OC) in July to September. Mesn minimum temperatures are generally 
about 66% (19°C) from March to Mw, dropping to about 56% (13OC) during December and 
January. 

Mean relative humidity is generally above 8% during the height cf the rains from 
July to September and drops to below 30% during December to February. 

CLIMATHOF'HWSUDANSAVANNA 

This vegetation zone lies north of the northern Guinea savanna and extends between 
approximately :l" and 13°N 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, moat 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 OOOmm)snnually. The rains fall for five to six months followed by a dry season 
of six to sewn months. The rainfall is much more variable than in the northern Guinea 
savsnna. Table 3 shows mean monthly temperatures and rainfall for some principal towns in 
the Sudan sa9aPPB. 

Sokoto and Katsina in Nigeria have sn average snnual rainfall of about 29 inches 
(725 mm) each; Kane receives about 34 inches (850 mm). The rainy season starts in Mey, 
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 May. 
During this period, temperatures of 106'F (41W) are often attained during the day. At the 
height of the rains during July to September, maximum temperatures average about 88’F (3lOC). 

lowest during t$e aonihs of December and January averaging 
dropping below 50 F (10 C). Minimum temperatures rise to about 

in April and Msy just before the onset of the rainy season and drop to about 
at the peak of the rains. 



SOMEINPLICATIORS OFCLINATIC CORDITIOHSFOR 
SAVANl?A AFBWESTATION 

The rains begin first in the southern portion and progress northward, while their i 
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. 

Rorth of about latitude 7'3O,R, total annual precipitation becomes progressively less 
than snnual evapotrsnspiration. This means that all. areas above this latitude are deficient 
in moisture on an snnual 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 rainy season about 200 and 100 dsys respectively (Kowal and Knabe, 1972). 

Forest plantation establishment in the northern savanna zones would therefore require 
more drought hardy 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 snd poseibly the southernmost parts of the northern Guinea savsnna 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 may be, plant growth 
ceases when the temperature of the environment either exceeds a certain maximum or falls 
below a certain minimm value. Between these msximum and minimum values, there is usually 
an optimum range. It is important to distinguish between air and soil temperatures in 
considering the effect of temperature on plant growth. -ally important is the fact that 
plsnts differ in their adaptation to ranges of temperature regimes. 

While many snnual and biennial sgricultural crops have been classified into cold 
season and hot seazon crops on the basis of their adaptability to different temperatures 
(Kowal snd 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 msy be a decisive factor in the success or failure of exotic or indigenous species 
as plantation csndidates in the save zones of West Africa. Air temperature conditions 
have never been found too drastic to limit plant growth in the savanna areas. 

Table 4 shows mesn monthly soil temperatures at three principal towns in the savauna 
zones of Nigeria. Too high soil temperatures msy inhibit proper root development and 
growth. Consistently high soil temperatures at places such as Mokwa may militate against 
successful development of mycorrhizae for good growth of pines in spite of its low latitude 
and annual rainfall compared to places like Afska. 

Other factors of the enviroment such as dsylength and sunshine and values of potential 
photosynthesis computed from them have been estimated to be adequate for plsnt growth in 
the eavsnna zones. Successful sf'forestation in the savsnna 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 (snd sometimes the very low levels of nutrients) for 
m&um dry matter production under the prevailing environmental conditions. 
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INTRoIIIICTI0N 

The tew West Africa is o-only used in referring to countries laying east of and 
along the Atlantio Coast of continental Africa. Inlthia paper West Africa will include 
(Pugh and Perry, 1960) Mauritania, Senegal, Gambia, Guinea-Bissau, Guinea, Sierra Leone, 
Liberia, Ivory Coast, Ghana, Togo, Benin, Nali, Niger, Upper Volta and Nigeria. Theee 
countries lie between tha latitude 5% and the Tropic of Cancer end 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 equme 
miles. The lo-inoh ieo'hyet where the density of population is about 2 persons per square 
mile is more or leas the northern boundary of the Sudan zone snd of West Africa. 

CLIMA ’ ld 
Climate is a very strong and active factor affecting soil formation as well as plant 

growth in West Africa. Its effect on the soil ie shown directly in rook weathering, 
leaching of bases, soil development and indireotly by its 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 aud dry seasons, whilst the former 
brings in the cold, dry air from the north which is called haxmattan. Rorth of latitude 8' 
or g"H there is only a single wet season with a single peak and followed by a long dry 
8ea6on. South of this latitude there are two distinot rainy seasons with double peaks, 
namely April-July and October4Jovember. 

In the savanna areas, average annual rainfall is generally less than 1 150 mm; the 
range 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) ehowed 
that the 1 360 mm (54 inches) of rainfall in 1969 provided an ample supply of available 
soil moihure 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) 
end areas with less than 760 mm do not readily allow economic production of timber. Heavy 
and concentrated rainfall effects leaohing of weathered materials in the profile. The 
amouut of rain infiltrating into the soil depends upon its intensity, vegetation cover, 
slope of land, soil moisture content, soil terture and compactness and time of dq. Less 
rainfall and sparse vegetation with warm temperatures allow less percolation in the soils 
of the northern parts of the savannas then 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 end also causes soil erosion. Due to 
this difference in amount 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 tendency of the soil reaction would be alkaline to neutral 
in the northern part end acidic toward the southern part (Ahn, . 

GEDLNY 

West Africsn geology consists mainly of three tiown classes of rock formations. The 
first two are crystalline rocka,or i 

t 
eom (granite) and metamorphic (gneies 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 

v A more detailed diecuseion on climate ie.presented in the preceding paper 
by M.A. Ogigirigi. 
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of the Niger River valley and western parts of Senegal end 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 JOB Plateau, the Fouta Djallon and the Adamawa Highlands. Most rocks on the 
Basement Complex are less resistent to erosion end subsequently levelled the lends 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 end stones and are known as insolbergs. Rocks of 
the Basement Complex produce poor soils as the minerals composing them are very resistant 
to weathering end 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 end settle 
in another virgin area. Five or more years later when native vegetation has been re- 
established in the abandoned area, fanners will clear end farm again. This is the basis of 
what is known as "shifting cultivation". 

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

SOILS, GENRRAL 

The depth of soil that csn 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 bresking 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 
forms thus producing more fertile soils. In the drier areas, the savanna vegetation (grass 
and trees) dominates, but in the much wetter areas, high forest becomes dominsnt. In 

neral, 
T 

the volume of vegetation in savanna areas is less then that in the forest areas 
-, 1970). Trees tend to extract nutrients from the soils at much greater depths than 

graeses. Due to seasonal burning in the savsnuas, large smounts 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 savsnna soils. From 15 an and deeper the amount of nutrients 
in the horizons is practically the same for both savanna end high forest soils. 

SOIL CHEXICAL PROPERTIES 

The chemical aspects of West Africsn savanna soils were discussed in detail by Nye 
aud Greenland (1960), Ahn (1970) end 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 

Many West Africsn savanna soils are low in organic matter and nitrogen. This is 
caused primarily by the effects of envirorxnsntal factors and human interference on vege- 
tative growth. Usually in u@isturbed soils, the level of organic matter builds up to a 
limit governed by the type and production of vegetative materials. 
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Table 1 shows amouuts of soil carbon aud nitrogen for some sites in the savanna areas 
of West Africa. At Yambawa in Sudan eavauna, for example, the average contents of carbon 
aud nitrogen were 0.22 aud 0.022 percent, respectively; uhereaa corresponding mean values 
of 0.98 and 0.058 percent were recorded at AfaLB in the northern Guinea savanna. A striking 
feature of orgauic matter aud nitrogen in savauua soils is the similarity in their distri- 
bution to vegetation patterns. This is basically so, as the vegetation serves as a medium 
through which other factors that influence organic matter level express themselves. 

TABLE1 

CARKMANDKITRO~CO~OFSOME SURFACE 
WNST AFRICAN SAVANNA SOILS 

Site I Rainfall 
I 

No. 
km> Samples 

I/ Ghana 

Ivory Coast Ii 

Upper Niger 
Afaka, Bigeria 
Wokwa, Nigeria 
Yambawa, Nigeria 

Bade jia, Nigeria 

1 I43 9 6.0 0.44 0.034 12.9 
I 780 5 4.6 1.15 0.063 18.3 

381 10 6.2 0.23 0.022 10.5 

1 245 24 5.9 0.98 0.58 16.8 
1 II8 19 6.3 0.88 0.060 14.6 

762 5 5.9 0.22 0.022 10.0 

610 3 6.0 0.23 0.021 10.9 

-T--p- 

u Data quoted by Rye and Greenland (1960). 

Jones (1973) has shown that the two major factors governing the amount of carbon and 
nitrogen in well drained West African savsnna soils are clsy content and a moisture factor 
measured by the length of the wet season. Recently, Kadeba (1975) showed strong siguificsnt 
correlation between organic matter and meau annual rainfall for some sites in the savanna 
zone for Nigeria. The effect of latitudinal position on orgauic matter level was also 
demonstrated. There was a decrease of 0.40 end 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 envirorunental conditions, but also the quality. Work done on 
Bavauna soils showed the C/%I ratio decreases with decreasing rainfall, in keeping with the 
findings that the degree of humification of organic matter increases with dryness of 
climate (Duchaufour snd Dommergues, 1963; Jones, 1973). 

Durning, 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, 
Jones 1973). 

1964; Moore, 1960; Nye and Greenland, 1960; Jones, 1971; 
The suppression of nitrogen mineralization by annual early burning was docu- 

mented in a study at Afeka in northern Guinea savauna (Kedeba, 1973). 

Available data provide evidence of the influence of soil parent material on soil 
organic matter. This is expeoted, in 88 much as parent material determines soil texture. 
In a region of predominantly candy soils, the influence of cley on soil fertility and hence 
on vegetative growth could be considerable. 

Phosphorus 

Phosphorus is one of the primary elements limiting the growth of forest trees in 
taavsnua areas of West Africa. Most savauna soils have less than 100 ppn total P. Little 



concentration of phosphorus oocurs 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. 

Soil Category 

Juvenile soil on 
aeolisn sand 

Undifferentiated 
ferris01 and lithosol 

Ferrallitic 

Organic P 
ppm 

10.6 

25.3 

39.8 

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 
may 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 

r 
ve significant correlation with crop yield 

on such soils in a field experiment in Ssmaru Ipinmidun, 1973). 

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

Exchangeable Nutrients and CEC 

The most important parameter determining the oation exchange capacity (CEC) of savanna 
surface soils is the soil orgsnic matter content. In the Guinea savanna, it has been 
estimated that between 60 and 85 percent of the cation 
organic matter (Kadeba and Benjaminsen, 
lying between 282 to 322 dEq/Ioog. 

1975 ) ; 
sxchsnge surface is provided by the 

the CEC; of organic matter was calculated as 
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, 
often less than 10 mE&OOg. 

the CM: of the soils are generally low, 

The levels of the exohsngeable cations are determined primarily by the kind of soil 
parent material. Soils derived from Basement Complex contained between 0.35 and 3.99 per- 
oent total K compared with 0.06 and 0.11 percent total Y 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 
Afriaa, Moreover, beoause of the low CEC, the percentage saturation of the exchange 
oomplex by the individual cations is relatively high and this might be a favourable factor 
in their availability. 
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Micronutrients 

There is limited evidauoe of the effects of micronutrients on growth of exotic tree 
species in the savanna zone of West Africa. 
assooiated with boron deficiency. 

In Nigeria, the die-back of eucalypts has been 
At Samaru, hot-wateesoluble 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 t,ypes of soil were produced. To study these different kinds of soil 
individually is impossible and it is, therefore, necessary to classify them into units - 
each unit with soils of similar characteristics. A system of broad olassification of soils 
was developed by Pugh and Perry (1960) in which the soils in West Africa were classed into 
four groups as follows: 

Northern candy 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 dry season. 

Zone of lateritif3 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 
amps. 

Eguatorial 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 end 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 Forestry Development Paper No. 19 (FAO, 1974) is the one based on 
D'Hoore, the authors decided to use this and to describe the soil units based on D'Hoore's 
report on the Explanatory 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 
Forestry Development Paper No. 19. Only soil units covering the Sudan and Guinea zones of 
West Africa are included in the following discussions. 
correspond to those in the legend on the soil map. 

The soil units numbered in figures, 

Raw Mineral Soils 

The texm "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 8tpre-soils1', or 
soils near zero time in soil formation. The raw mineral t'soilst8 are of particular import- 
ance because of the enormous surface they cover, 
Africa. 

specially in the northern parts of West 
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1. Desert Soils, Undifferentiated 

Definition. This includes all loose materials, mostly sandy and submitted to desert 
oonditions. 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 forestry. At present these soils do not have much value for forestry. 
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 very 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 layers 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 Rook 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 cm. 

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 oontrol 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, 

7. 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 
msy be found under every climate near bodies of water which fluctuate periodically. 

Value for forestry The forestry potential is influenced largely by the composition 
of the sediments and themtype 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 Clays, Developed on Calcareous and Basic 
Igneous Rooks, 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 aeolisn 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 cm). 

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 forest% These soils have a certain potential for forestry, In North 
Africa they often carry 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 conside* 
able but this depends on the composition of the parent material. Ordinarily they contain 
appreciable quantities of clay minerals with 2:l 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 dry 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 "801s bruns sub- 
airdes" into two subgroups; the brown soils proper and the red brown soils. 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 necessary to bring in climatic variations and 
chronological successions to explain their present cc-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 forestry Generally, these soils are not suitable for forestry due to low 
rainfall, but under irribtion they may be able to produce early maturing trees. Cultiva- 
tion tends to deteriorate the good structure and permeability of the soil. Addit ion of 
organic matter should be maintained but excessive irrigation should be avoided as this 
could induce more destruotion of the structure and cause the soil to become compacted. 



Vertisols and Similar Soils 

Vertisols are important in view of the possibilities for agriculture. Africsn 
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 end aquerts of the 
USDA 7th Approximation. 

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

Occurring 

Definition. These soils are found in topographic depressions with poor external and 
internal drainage. They seem to develop under climates where potential evaporation is 
during part of the year and on parent materials (often sediments) of enriched insoluble 

high 

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:l 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 pR 7). 

Distribution. These soils are found only in areas under conditions of relatively 
well marked seasonal drought: three months of dry 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, &. sepal, A. albida and I& Senegal 
may 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:l lattice clays. Gibbsite is generally 
absent. The SiO2/A1203 ratio is near 2 or slightly higher, while the SiO2/R203 ratio is 
always below 2. The cation exchange capacity of the mineral complex is low but higher than 
that of ferris016 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 ferrallitio soils that often overlay weathered layers several 
metres thick, the ferruginous tropical soil profiles are seldom thicker than 250 cm. The 
thickness of the altered layers that separate them from the fresh rock is always less than 
100 cm over crystalline acid rocks. 

Colours are duller then those of ferrallitic soils and fall in the ICO 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. 



- 29 - 

Their high content of alterable fsrruginous minerals may 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 very vulnerable 
to erosion. 

15. Ferruginous (Fersiallitic) Tropical Soils: on Sandy Parent Material Clay Complex 
Dominantly Kaolinitic, More Than 4% Saturated. Often Appreciable Mineral Reserve. 
Confined to Semi-Humid Areas 

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 rsnges from 500 to 1 280 mm. The reserve of weatherable minerals is often 
appreciable and clay is mostly the kaolinitic type. Soil drainage and depth to the 
plinthite layer 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 ~iBcsll~eOUB 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-Cambrien Basement Complex and the post-Cambrian sediments 
that cover it locally. In climatic zones more humid then those favcurable to the formation 
of ferruginous tropical soils, such outorops 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. 

Ferrisols 

Like the eutrophic brown soils of tropical regions, the ferrisols are a transitional 
group which are evolving under a hot and 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 of 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 biologioal activity and, therefore, by their higher fertility. 
More widespread than the eutrophic brown soils of tropical regions, they also developed 
under more humid climates. 



17. Ferriaoler Clay Complex Almost Entirely Kaolinits and Oxides, Less than 50$ 
Saturated. Low Mineral Reserve. Confined to Humid and Semi-Humid Areas 

Definition. Ferris018 have a profile closely resembling that of ferrallitic soils, 
often having a structural B horizon with aggregates having glossy surfaces. These coating6 
are not always evident when a profile ha8 become dry, They are not necessarily coatings of 
clay but may be due to the presence of mixed alumina-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:l lattice clays and gibbsite. 
SiO2/A1203 ratio is near 2, mostly slightly below 2. 

The 
The cation exchange capacity of the 

(grsnulometric) clay fraction of the B horizon generally exceeds 15 mE& per IOCg and is 
intermediate between that of ferr;lginous tropical soils and that of ferrallitio soils 
sensu stricto. The saturation of the B and C horizons is less than 50 percent (normal 
~ium 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 then 1 600 m, such as on the Joe Plateau, and in Sierra Leone and Liberia. 

Value for forestry. 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 b=soils of tropical regions which 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) 

Cn 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. 
5 913 000 km2, 

(Less homogeneous desert detritus, with 
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 dqy soil formation. Many are polygenetio, i.e. recent 

-. soils developed in old weathered layers that have undergone ferrallitic pedogenesis end 
which have remained in place or have been reworked end 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 ia based on criteria that at first glance may appear somewhat ill-assorted 
and where colour occupies a paramount plaoe. 

20. Ferrallitic Soils: on Miscellsneous Rooks 

Definition. These are soils that are often deep, whose horizons are only slightly 
differentiated with diffuse or gradual transitions, but sometimes having sn A2 or textural 
B horizon. This B horizon msy have eliat structure in the more clayey profiles but the 
aggregates do not show olearly developed glossy surfaces as are described for the ferrisols. 
The structural elements are often very fine subangular bloclq peds, more or less wherent 
and forming a very friable, porous mass. There is little or no reserve of weatherable 
minerals. 



The silt/oley ratio (20/2 microns) is generally less than 0.25 in horizons B and C. 
Clay minerals are predominantly of the 111 lattice type end are mostly associated with large 
quantitiee of iron oxides. Although they are generally associated with hydrated oxides of 
aluminum, gibbsite, one of the crystalline forms, is not an essential constituent, though 
it is frequently present. The SiO2/A1203 ratio is sometimes near 2 but usually below. The 
cation exahange capacity of the (granulometric) clay fraction is generally below 20 mEq per 
IOOg and the level of saturation in horizons A and I3 is generally below 40 percent (normal 
ammonium aoetate 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 oxio 
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 ferrallitic 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 - 6C@@), with the nature of the rock from which they are direotly or i&i.rectly 
derived, with the present-day climate that ranges from pe+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 forestry is comparable to that of yellowish-brown ferrallitic soils 
on loose sandy sediments. Trial planting of species of trees which have very low nutrient 
requirements is recommended. Casual observations showed Gmelina as a promising species. 

Hydromorphic Soils 

22. Hydromorphic 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 halancupby. 

'Value for forestry. Several of these soils have relatively little value for forestry 
espsoially 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. 

k!iuMMmY AND coNcLusIoNS 

Two main problems confronting afforestation in West Africa are (1) climate and 
(2) soils. The effeot of olimate 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 kind8 of soils would first require a systematic 
classification so that similar soils needing 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 
dry and wet season seemed to favour their formation. Many pilot plantation trials of 
different speoies of eucalypts and pines (z. caribaea and g. oooarpa) have given very good 
results when grown in the Guinea zones. 

The soils north of the fermgineous 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 very little value for forestry. Trees like Azadirachta indica 
seemed to be favoured north of the 500 mm isoyeth, but lately, e sanegal, & al- 
&. seyal and & nilotica are becoming important trees in this area; I& Senegal foxgum 
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 produotion 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 volcanio 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 'p 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 wsll 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 field. Because of the 
acute phosphorus deficiency of most sawa 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. 
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HOD 2 - NAP OF SOIL GEGUR IN WEST AFRICA y 
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Ds~ert, undifferentiated. 
Skeletal soils mostly debrie with pockets of aoilta. 
Weakly developed eoile on young alluvium often halomorphic or hydromorphic. 
Brown soils of the arid and semi-arid tropical regiona. 
Lithomorphic soils ,+ith dark nonaolinitio claye. 
Soils of dark nowkaolinitic olqye oonfined to topographic dspreesione in semi-arid area& 
Ferruginous (feraiallitic) tropioal soil6 on sandy parent material. 
Ferruginous (fsrsiallitio) tropiosl eoils on mieoellaneous rooks. 
Farrisole: clay oomplex almoat entirely kaolinitio and oxideta levee than 5C$ saturated. 

Ferrallitic soils: on misoellaneoue rooks. 
Hydromorphic eoile, temporarily or pe-ently water logged. 

J/ For greater detail and other regions, 6ee Laurie (1974). 
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The alimate classification most commonly used in French-speaking Africa is the one 
established by Aubrkille and discussed by him in particular in the texts Climates, ForW,s 
et DBsertification de 1'Afrique Tropical (AubrBville, 1949) and Flore Fore&i&e Soudano- 
Ouin&nne (Aubrgville, 1950). These climates are described only schematically in Tree 
Planting Practices in African Savannas (FAN, 1974). 

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

a) the first gives the number of very rainy months (>lOO mm); 

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 expref38ed 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, 12O or 13O N latitude. 

Temperature 

Average annual temperature: 26' to 31.5" 
Average maximum monthly temperature: 30.5O to 36.5' 
Average minimum monthly temperature: 24O to 28.20 
Minima: in January and August 
Absolute maximum: in April/&y 
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: 
Dry season: 

short to very short with 2 to 4 very rainy months; 
severe with 6 to 8 dry months, more rarely 5 

maximum in August 

Rainy season index: 

:-l-8 -2-8 4-I-7 3-2-i’ 3-3-6 
4-2-6 

2 -3-7 2-4-6 4-3-5 

Sahel-Senegal Climate 

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 28.3O 
Average maximum monthly temperature: 2g" to 32O 
Average minimum monthly temperature: 23O to 23.8O 

Rainfall 

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

GuinetGLower Casamance Climate 

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

Temperature 

Average annual tempertaure: 25.20 to 26.30 
Average maximum monthly temperature: 26.50 to 27.80 
Average minimum monthly temperature: 23.2O to 24.60 
Absolute minimum: in January 
Relative 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 u 

Sahel-Senegal Coastal Climate 

This is an exceptional climate due to two influences: the fresh North Atlantic trade 
winds during muah 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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Tewerature 

This olimate is much cooler than the Sahel-Sudan at the same latitudes. 

Average annual temperature: 23,7O to 25" 
Average maximum monthly temperature: 28.40 
Average minimum monthly temperature: 200 to 21.60 

Rainfall 

Rainfall index: 400 to 550 mm 
Rainy season index: 2 - 1 - 9; 2 - 2 - 8; 2 -3 - 7 

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. 

Average annual temperature: 24.5O to 28.5O 
Average maximum monthly temperature: 29.5O to 330 
Average minimum monthly temperature: 18.5O to 21° 
Absolute minimum: in January, sometimes a second minimum in August 
Absolute maximum: inMay/June 

Rainfall 

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

o-1-11 -0vll 

:I;:89 1 
1 -2. 
1 -3. 

1 -1 - 10 
2-1-g 

Sahara Climate 

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

Temperature 

Average ennual temperature: 27.5O to 2g" 
Average maximum monthly temperature: 32.5O to 36.50 
Average minimum monthly temperaturer 16O to 22.2O 
Roessive maximum: in June 
Absolute minimum: in January 
Relative minimums sometimes, in August 
Relative maximum: in September and October 

Rainfall 

Rainfall index: 200 mm 
Rainy season index: 0 - 0 - 12; 0 - 1 - 11; 0 - 2 - 10; 0 - 3 - 9 



cLImTIc CFiANGEs 

Geological-Scale Fluctuations in Climate 

During the Quaternary 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 Kagugrien, 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 3GOO B.C., a 
Sahara (Adrar des Iforae, 

Neolithic civilization flourished in the 
A%, Tibesti) while Tgngre, Niger, this "desert in the desert", 

was then a large lzke that became a vast marsh toward 3ooO B.C. 

Between 3000 and 2500 B.C., there was a brusque change of climate in which it turned 
dry, 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 25CO to 500 B.C. 

The discoveries of geologists and students of prehistory 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. Aubreville 
mentions several of these species, namely: 

- Anogeissus sohimperii, found in an area extending from north of Tahoua, Niger, 
along certain marshes and streams although with some difficulty there; regeneration 
is not easy; 

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

Other species that can be included perhaps are: Diospyros mespiliformis, Mitragyna 
intern&s. 

From these observations, it might be conoluded 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:esent 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 vioinity of Niamey, f-t is often surprising, too, to find in the Sudan species of 
definitely Sahel affinit , 
of Ghana and Upper Volta T 

suoh as the numerous acacia (Acacia gourmensis down to the border 

in Benin. 
and Balanites aemtiaca, thatmund as far south as Parakou 

It is possible to attribute this to transport of the seed by livestock, but it 
is also not impossible that these mey 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 necessary to consider present-day ohanges in its climate. 
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Present-Say Changes in Climate 

Studying suoh ohsnges of olimate means essentially considering fluctuation in snnual 
rainfall over several years* In certain localities marked fluctuations occur from one year 
to another. For instanoe, following are the flu&&ions recorded at Niamey between 1948 
andlB2: 

1948 657.5 mm 
1949 
1950 3'55 mm 
1951 566:o : 
1952 900.5 mm 

Under these circumstances, it is understandable that it is hazardous to draw con- 
olusions from fluctuations over only a few years* For instance, in the period 1961-1970 
the average rainfall from 1961 to 1965 at Niamey was 657.3 mm as compared with only 589.6 mm 
from 1966 to 1970, beoause of which the t'prophets of doom" scresm 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, cut off as . 
of 1970. 

Plaoe 

Agad'Bs 

Bilma DogonJIoutchi 
Dosso 
Filingu4 
Gaga 
Maradi 
Nguigmi 
Niamey Ville 
SW 
TEdWUEb 
Tillabgry 
Zinder 

Number of 
Readings 

48 

:: 

i", 

:"9 
47 
$!i 

47 
44; 

Averag;~infall 

1st half 2nd half 

157.3, 168.6 

19.1 18.1 647.3 zi;zl 
701.2 

g:; g;*; 

:;z:; 
623:0 
242.5 
603.9 i$: 

366: 2 
660.8 
446.5 
506.8 
511.7 

Maximum Minimum 
Recorded Recorded 

bd mm 

288.2 39.7 

63.5 1 011.6 35i.6 
1 048.0 433.1 

878.3 284.4 
1 108.1 

928.1 $52-: 
472.4 40:9 

308.8 z*: 

611:1 3tzx 
746.1 265: 9 
800,3 230.3 

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- 
fioation (8 stations out of 13 give figures showing that rainfall is on the increase). We 
would not, however, go as far as to say that and merely conolude 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 
olimate. 
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In any aase the above figures show at least that, if there is any change, it is 
extremely slow and definitely does not explain the rapid desertifioation that is occurring 
at present. So other reasons for this conversion into desert than a change in climate have 
to be sought. 

Finally, oertain 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 Aubrgville 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 SPECIFS IN REXATION TO CLIMATE 
AND DIFFEFtENT 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 particularly 
suited to a certain species?" Or conversely, Tihat species will give the best results on 
a certain type of 8oilP 

In order to conduct trials along these lines, 
ferent kinds of terrain (often difficult to find) 

it is necessary to have several dif- 
and to do replicated planting all during 

the same season and with the same techniques, with the risk that rainfall may vary. Such 
a trial is to be conducted in Upper Volta in 1976. 

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

Produotion stands 

The goal of the Upper Volta project is to obtain the maximum yield of timber per unit 
area, essentially to supply the town of Ouagedougou with fuelwood end 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 faot, usually after a soil science/morphology survey the land is classified 
as f ollowsr 

- 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.ee as grasslands); 
- soils which from a glance are seen to be unfertile (definitely granite or lateritic 

hardpan) are olassified as land unsuited for growing anything - whether agricultural 
orope, 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 beoause as f&r as oonoems foresters the most 
fertile, rich soils should be those suited for growing crops-whether they be agricultural, 
forest or forage snd fodder crops* On the other hand, soils defined in the past as suited 
for growing grass or forest trees are not generally, with some exoeptions, really croplend. 

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 800 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 Eu gf;' as1 tus 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 very short life span and begins to die when it reaches six or seven 
years of age so, in fact, the plantations are out 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 botto&lands where it does not flourish should be avoided. 

Azadirachta indiaa. Beem is en 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 suoh 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 and neither too 
light or too heavy soil. Consequently, both poorly and excessively drained soils should be 
avoided for this species and hydromorphic brown soils sought. 
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INTRODUCTION 

Species trials started in the savanna areas of Nigeria about 60 yeara ago in response 
to the peculiar circumstance0 of the aream 
stocked and low yielding (Jackson and Ojo, 

The natural savanna Modlands are sparsely 
1970) and, more often than not, have suffered 

from overcutting in the past. Near the lerger tonne md oentres of population tree 
growth has virtually dieappeared leading to acute local ehortager of wood. The result of 
this was the introduotion of a few species much as Azadirachta indioa A. Juss (nesm), 
Dalbergia eissoo,Gmelina arborea L. and Tectona grandis L.f. (tx The fuel plantations 
around IIU&~B am Sokoto, K&sins, Nguru, Kadeija, Naidugnri etc. are a testimony to 
the efforts of the early foresters. 

It was not, however, until 1959 that a comprehensive programme of species trials uas 
started; provenance trials are even more reoent, the first having been establiehed in 1964. 
About 130 species have been tried so far including a few indigenous species, about 20 
9ropica18@ pines and 60 eucalypte. 

HKrIi0DOLOGr 

The primary objective of the species trial is to tezt plants of identical seed 
origin and nursery treatment simultMeously on sites covering a range of different climatic 
conditions under identical cultivation and maintenance regimes* 2 

Savanna vegetation occura in 17 of the 19 states of Nigeria and covers about 85 
percent of the lend area - about 800 000 square kilometres (300 000 aqume miles). 
Ecologists recognize four different zones, 
Sudan and the Sahel (Kesy, 1955). 

namely the Southern Guinea, Northern Guinea, 
In addition to these four true savanna zones, a 

transition zone along the border with the rain forests, the derived savanna, ie distinguished. 
These zonee aorrespond well with climate - increasing length of the dry season from south 
to north, and decreasing mean snnual rainfall from south to north. 

It was, therefore, recognised fkom 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 understood that the trials ehould be on the best sites available for afforestb 
tion. Initially only one or two sites in each vegetation zone were selected and all the 
seedlings were raised in a central nursery under close supemriaion. Later planting was 
expanded to about 50 other sites. This necessitated the raising of pIants in several 
widely scattered nurseries with consequent poorer supervision. The value of the extra 
information obtained from these sites was diminished beoause the planting stook uas not 
uniform. In addition, care and maintenance also varied because supervision was inadequate. 
It became obvious that the number of cites had to be limited to one or two within each 
vegetation belt. This led to the development of the present experimental areas in 
Yambaua, Afaka, Kokua, Niango and Nimbia. 

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

llhese started as nine tree plots with a randomised blook design and four replications 
but with a provision to inolude one large plot, of 36 trees, of each species in each trial. 
The f.dea was to maintain the larger plots as arboreta after the final assessment of the 
trials at the end of the second dry season* Righ mortality of most species led to the 
plot size being increased to 25 trees and the discontinuation of the larger arboreta plots. 

Normal plantation CFB cement of 1.8 m'x 1.8 m (6rt x 6fi) was used initially but 
this was changed to 0.9 LO 3f't x 3ft) in 1962 to reduce maintenance costs and the poeeibi- r 
lity of site variation within each trial. 

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

(a) The degree of replioation is said to be unnecessary to distinguish such gross 
differenoes in survival and growth as the ezperiments were desimed to reveal; in fact, 
statistical enalysir of the results was never made. 

While it is true that statistical snalysie nas not necessary to distinguish gross 
differences in survival and growth, the aoil conditions of the savanna, which vary 
pertly over short distances, make replication very important. 

(b) Two years were found to be insufficient to assess potentialities, even of 
mrvival in some caseh 

Thim is a justified criticism, and in practice the length of trial was increased 
to four years because some species are slow starters while others may show early promise. 
Thie caused other difficulties as very vigorously growing species tended to eupprees thoee 
growing in adjacent plots. The answer to this may be to increase the espacement to 
between 5ft - 6f% (1.5 m - 1.7 m). 

(c) The trees were not planted under normal field conditions e,g. large espaoements 
with mechanised weedings. 

lhio criticism ie unjustified as there was no plantation technique in use when the 
trials began snd equtpment 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 oultivation then under hand cultivation 
(Iyamabo and Ojo, 1971). Moreover, Nigerian results agree very closely with those from 
other parta of the world in that no species that failed here has succeeded in any similar 
area of the uorld, One can, therefore, conclude that no species was lost through this 
method of maintename. 

(d) !Fhat 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 by a reoond 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 in meant to yield all the other information that msy be required of the 
chosen species. The time lag in obtaining these data (Z-4 years) if the species elimina- 
tion trialr had been larger ia more than compensated for by the reduction in costs and 
8paorn. It must be remembered that only about a quarter to half of the species reach the 
meoond stage and if the trials are repeated for two or three years in succession, management 
of the experimental areas will be difficult because of the uempty" plots. 

Thr authors, therefore, recommend that (1) this stage be retained in species 
introduction, with rmpliaation or uithout depending on soil variability on the sites on 
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on aoh afforemtation is envisaged mnd (2) that l pmaing be determined by existing techuo- 
logg and faoilitirr of the country making the intmduction. Par example, if gigaria were 
to tllJr new 8peoiem in the 8avuma areu, they would probably be planted at 2.8 II x 2.8 ZI 
(gft x gft), about 0.4 ha (1 acre) in size at a cozner of the yearly plantations. 

Species Growth Trials 

Theme are usually of randomimed block or latin squre design with four replications, 
aud were originally spaced 1.8 m x 1.8 m (6ft x 6ft . when mechanical cultivation wmm 
introduced, mpaoing WOB increased to 2.7 m I 2.7 m 2 9ft x gft) or 2.7 m x 1.8 m (Yft x 6ft) 
depending on whether cultivation was to be in one or two directions. The trials are 
mmmesmed throughout the entire rotation of the species. 

Plantation Trials 

This, the third mtmgm, coneimts of unreplicated plots at normal mpaoing comprising 
an area of 0.4 to 2 ha or more. Ideally this stags should be reserved for speoies that 
have pamred through the growth trial stage; in practice species that perform satisfactorily 
in growth trials for five years are considered qualified. 

The objective is to obtain quantitative data on orop performmce under plantation 
conditions, in addition to supplying information on problems encountered in planting on a 
larger scale than small trial plots. They also provide material for further experimental 
work, such am thinning and pruning trials. Am8essments follow usual %ample plot" procedure. 

KESULTS 

Some species emerged through the three stages and todmy form the basis for the 
reforestation in the mavmnna mream* Tb thie extent, the procedure adopted could be aaid 
to have fulfilled its purpose. Although some species tried and rejected might be found to 
be more promiming if oertain improved techniques were uzed (8.~~ mechanical cultivation, 
appliaation of boron to euaalypts, and of phoaphatem to pines), it is believed that no 
species of improtmnce ham been missed. 

Detailed results were published by Kemp (1969); Appendix 1 shows a list of species 
that vere used in the trials. The results mmy be summarised am follows. 

Sudan Zone 

Kore than 40 species have been tested but results have been almoet entirely negative 
and no species ham yet proved equal to the performance of neem (Azadirachta indica) on mites 
favourable to it. Eucalyptus miorotheoa hae consistently showed hi& survival and matis- 
factory growth; its main defect being poor stem form. & camaldulenmis, Katherine 
pmv~ance, shovm promise. 
and diameter growth is poor. 

& temselarie ham shown high survival, but its rate of height 
An interesting feature of this zone is the success of 

indigenous mpeciem. Suoh rpeciem include Acacia albida, A. Senegal and 8. nilotica which 
are planted for mpeoialised products such afodder shade during the dry season, gum 
arabio and tannin materials, respectively. 

Northern Guinea Zone 

The most enoouraging progress has been achieved here. Thirty aix speciea, of which 
20 were euoalypts, reached the species growth trial stage and about 15 of theme qualified 
for the plantation trial stage. Among theme are Pinum caribaea, P. oocarua, 5 merkusii, 
P. kemiya, Eucalyptus oama1dulenmim, & tereticornis, & citriodora, & "malimnawd)p 
I& oloeziana, & panotata, & propinaua., 
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Of iaportanoe here is tha lemron learnt from the early muccemm of mome species which 
later failed. l'beme "early mtmrtermm inolude Acmcarpum frmxinifolium, F&alyptua 
pilularim, & robumta, Albizia lebbek and Callitrim intratropica. If the varioum stages 
of trials had not been gone throughbefore a ohoice warn made for plantation work in this 
zone, any of theme species could have qualified but would have resulted in a collomal waste 
of hmdm some yearm later. 

Southern Guinea Zone mnd Derived Savanna 

Generally the remultr of theme zones correspond with those of the Northern Guinea 
Zone with the exception of the pines for which a muooemsfbl emtablishement technique ham 
not been found. It is probable that pine plantations will not be possible her until a 
suitable wcorrhiza (that csn survive high temperatures) ham been introduced'. Y In this 
zone, however, teak and Gmalina are the current plantation species. 

On the Jo8 Plateau, 1 300 m (4 CCC fi), mpeoiem which have shown promise include 
Pinum caribaea, P. kemiym, P. oooarpa and & merkumii. Fhe liet of euoalypts im am for 
the Northern Guinea Zone. 

At the still hi&er altitude of the Rambilla Plateau, 2 000 m (over 6 000 ft), 
Pinum wtula mnd & merkumii mhow promise. Cupreosum lumitanioa growm well in this area. 

'-=yL um smndim (probably a hybrid, but not the mmme am the hybrid grown on the low- 
lmndm dvch warn introduced about 30 yews ago from Dawnda, Cmmeroona, gives the beet 
growth of the Eucalyptum mpeoiem tried so far. Growth of a few scattered trees of Eucalyptum 
stiyz ~,gggL;at trials of this and other euoalypts which prefer cooler climates 

. 

PROvHUNcETRIALS 

Some of the earlier species trials included more thmn one provenance of a species 
and from theme and other trials it warn clear that provenance warn very important in some 
species, empeaially those with wide geographical natural distribution. Provenanoe trials 
are, therefore, a lo&xl stage after the species trials. Systematic provenance trials of 
EIU3BbDtu@ camaldulenmiq be- in 1967, and of pines in 1968. They have mince been 
extended to EMmlyntum feretioornis, & citriodora, & pandis, E. salinaa, 5 deoaisneana, 
E. alba, & cloeziana, Pinum caribaea, P. oocarpa, P. kemiya, & merkumii and Teotona 
j&idir. 

Host of theme are replications of international trials with seed supplied 'by the 
Commonwealth Forestry Institute Oxford (Pinum aaribaea and P. oocarw), Forestry Research 
Institute, Cmnberra, Australia P. keaiya~rnit6 de la Reczrche l%remtiBre Wdditerra- 
niene (& cmmaldulenmim). 

l 

A full aocount of the results of the & camaldulenmim provenance trialm ham been 
given (Jackson and Ojo, 1973). The important results are: 

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

2. Good survival of the Katherine provenanoe in the Sudan Zone and itm generally 
good performanoe in the other monem, except in the Sahel Zone. 

u See duo the artiole by Homoh, Odeyinde and Gbadegemin entitled The role of mycorrhiza 
in afforrmtation - the Rigerimn experienoe, page 100. 



3. General superiority of prorenaaoem from the northern mummer rainfall aream of 
Aumtralia, again with the aoeption of the Sahel Zone, and the Lake Ubaoutya 
pmvenanoe. 

4. !Che very great improvement in volume produotion which oan be obtained by uming 
the best provenmnceo At Afaka the ratio of the volumes of the best md worst 
provmmnoem is 3.4 to 1. 

1973). 
Preliminary remultm of the pixie provenmoe trials have been publimhed (030 md Shade, 

The results were aummarimed am followmt 

(i) V%at Pinum cmribaea var. hondurenmim is to be preferred to the other varieties 
mnd tmemrmerly Rritimh Ronduram) and Guatemala mre likely the best 
seed sourcema 

(ii) That pknuo ooo1~1# gives better growth than g. omribaea mud that the only source 
of seed that mhould be ruled out at the moment is the Mexioan provenance 
because of its poor mtmm form (on the Joe Plateau) mnd low yield on the lowlmnd. 

(iii) That Pinum kesiya and Finus merkumii are likely to remain 'Wmeoond string" 
mpeciz Nigerimn fosq. 
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APFmDlxl 

List of Species Used in the Species Y&ialm 

Acacia oymnophylla 
Acrooarpum frainifolium 
Albizia falcataria 

A. lebbek 
Arauaaria cunninghmmii 
Amtronium urundeuva 
Azadirachta indica 
Baikiaea plurijuga 

Callitrim endlioheri 
C. huegelii 

C. intratropica 
C. robumta 
Cmmmia miamea 
Cedrela odorata 

Ceratonia miliqum 
Chlorophora regia 
Cryptomeria japonica 
Cupresaum ari5onica 

C. lindleyi 
C. lumitmnica 
Dalbergia latifolia 
D. mimsoo 

Euoalyptum alba 
E. albenm 
E. amtringens 
E. bioolor 
E. blmkelyi 
E. bleemeri 
E. bridgesimna 
6. calopbylla 
E. cuzaldulenmim 

E. campanulatr 
E. oifriodora 

E. citriodora x E. torellimna 

Eucalyptue oladooalyx 
E. cloezimna 

E. corymboia 
E. orebra 
E. deglupta 
E. famtigata 
E. gomphocephmla 

E. grwlio 
E. hemiphloia 
E. intertexta 
E. kirtonimna (hyb.) 
E. laevopinea 
E. leucoxylon 

E. maculata 
E. q arginata 
E. melliodora 
E. micrantha 

E. micmcorys 

E. microtheoa 

E. obliqua 
E. oocidentalim 
E. oleoma 
E. panioulata 

Ii. patenm 

E. pilularim 

E. polycw- 
E. propinqua 
E, punctata 
E. robumta 

E. rudim 

E. maligna 
E. malmonophloia 
E. sideroxylon 
E. tereticornim 



~oalyptus teretioornis (Nym6rm) 

1. teretioornis (Zsnzibar) 

E. tesmellarie 
E. totrodonta 
E. torelliana 
E. transoontinentalis 
E. viminalis 
E. wandoo 

E. voollsiana 
Helaleuca leucadendron 
Pinus ayaoahuite 
P. oanariensis 
P. caribaea 

P. douglasiana 
P. elliottii 
P. engelmannii 
P. halepensis 

P. keriya 

P. leiophylla 
P. luchuensis 
P. naseonisna 
P. michoacsna 

P. montezumae 
P. oocarpa 
P. palustris 
P. patula 

P. pseudostrobus 
P. radiata 
P. sabiniana 
P. taiwanensis 
P. teocote 

Widdringtonia oupressoides 

If. schwartzii 

Although early trials with Pinus kesiya 
were promising, with the Phsine 
provenence shown here giving beat results, 
the speoies as a whole has not performed 
well in Nigeria below 1 200 m elevation 
vhere development is apparently hindered 
by high temperature. Even at higher 
elevations, growth has not been as good 
as P. oocarpa or p. caribaea. 
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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 essentially 
similar. However, one fundssental difference exists that affects all stages of provenance 
researoh from exploration and seed collection to field trials and evaluation. Whereas in 
speoies trials ve trg to deter-sine accurately the comparative values of populations which 
we know to be genetically different, provenenoe research is concerned with differences 
vhich at the outset oan only be surmised. One of its functions is therefore to establish 
-&ether nal differenoes exist between the populations, as well as to detersine their 
oosparative value for particular uses in various environments. 



Definition of the Tsxa mProvmnanomN 

Thmrm have been mevmral publishmd definitionm of pmovenanoe (mea Jones and Burley, 
1973, for a review) but in this leoture the word mmanm the nlaoe in whioh any stand of tree 
3s mr&~g or refers to the memd derived from those trmem. For an indigenous stand the 
provenance i:? also the origin but for a non-indigenous stand the origin ie lace from the 
vhioh these-tid or slants vers orisinally introduoed. These ueages am in acoo h 
the OEcDI/ definitions and are now widely accepted. 

PLAEEIBGPROVR?AECETBIAIS 

Well designed comparative experiments am needed to determine genetic differences 
between populations. The principles governing the location, design, replication and 
sanagement are the sase as in species trials but the need for careful control at all stages 
is even greater. !Pherefore, the need for written control slam suet be esphasised, showing 
clearly the objeotives, the exoeoted duration, the methods and the resouroes to be employed 
in the eruerisent. Sinoe representative seed collectionm for provenance research are more 
diffioult to obtain than single samples of a species, and may neoessitate speoial collecting 
expeditions, planning of provenance trials sumt start several years in advance of their 
aotual establishment in the field. 

Phasing of Trials 

Three successive phases of provenance trials are commonly recommended (2.8. Burley, 
1969; Kleinschmit, 1974). The first range-wide phase is intended to investigafe the extent 
and pattern of inherent variation between paations (provenances) and say reveal broad 
regions which am 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 prcr 
venanoem say be large or small depending on the extent of the natural range and the varie 
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 not needed as the duration of the,trial is normally not more than half 
rotation age. Theme trials say be located on two or three of the major site types. 

In the second phase a restrioted nusber of provenanoes 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 ems11 differences between provenanoes. Larger plots are 
needed, to provide suffioient trees for reliable estimation of population differences 
throughout the life of the trial, and to q inimise the effect of tree to tree differences. 

Finally, the provenance proving phase, often with only one or two provenances, 
requires large replicated plots, capable of aooommodating 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 signifioant differences between populations at a given level 
of preoision (2.~. for height measurements, a difference of $ of the mean). It is also 
important to estisate 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 oapaoity of the soil, or effective rooting depth, are limited. 

u OEZD - Organirtation for Economic Co-operation and Development 
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In suoh ~aeb~, important differences between provenances may only become apparent after 
seveI%alyears. 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 may sometimes be considered. However, they are complicated 
to lay out and the risk of confusion 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 fully randomised designs that it does not demand such uniform site conditions 
throughout the trial and can acoonxnodate differences of treatment between blocks. However 
if very large numbers of provenances (e*& I6 or more) are included, the large size of the' 
blocks increases the danger of site diFferencea within blocks. In such cases, the use of 
an incomplete block design may be indicated,. in which eaoh block contains fewer than the 
total number of plots. These designs are complex and the analyses are best undertaken on 
an electronic oomputer. 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 (q.g. latitude, altitude, rainfall distri- 
bution, temperature, soil type) between the source area and the site of introduction, by 
homoolimal comparisons, are not always successful. The necessary information may be lacking 
or unreliable. Moreover, natural distribution may reflect past climatic, geological or 
historical occurrences rather than present oonditcns. Special attention may be given to 
marginal sites, near the edge of the ecological or geographical range. For savanna 
afforestation the security of the crop against infrequent years of very severe drought may 
be important and marginal populations which have been subjected to such conditions 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 necessary detail the desired 
method of sampling and the rovision of all information (climate, soil, vegetation, history, 
methods of collection, etc. P needed to interpret the results of studies and experiments 
based on the material collected. 

For provenance research, it is desirable to sample as fully 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 
avoid closely related neighbcurs (half-sibs). It is best to collect only in a year of 
abundant seed production. The selection of better than average phenotypes is not recommerdei. 
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 1.g. Kemp (1976) and Turnbull (1975). 

CONDUCTING PROVENANCE TRIALS 

Nursery Practices 

The primary concerns are (i) to maintain the identity and integrity 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 eaoh is kept in one discrete block with physical barriers between. On the other hand 
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to guard against u&nom xmrse~ effects it is preferable to use the ssme replicked, 
ramlomissd designs thet will later be employed in the field trial. Conditions within each 
replioation should be as uniform as possible ard sowing should be done one replioation at 
a time. Pricking-out sad transplating are two operations during which the danger of mixing 
differentprovenanaesis hi& This danger can be lessened by careful attention to 
labslling and by moving only the seedlings of one provenance, in eaoh replioation, at one 
time. The position of the provenances within each replication should be re-randomised when 
pricking-out or transplanting. 

Culling of poor or deformed plants is permissible in accordance with normal nursery 
practice, but the number of plants culled of each provenance should be recorded. Edge 
effeots in transplant beds or in blocks of pot plants are common and if possible, the outer 
one or two rows should be regarded as guard rows and not used in the inner assessment plots 
of the field trials. If, due to shortage of stook, it is necessary to use such plants, or 
those that would normally be culled, their field positions should be recorded. 

Nursery records of germination, survival and growth at suocessive stages in the 
nursery must be metioulously maintained. Additional assessments to reveal differences 
between provenances should also be msde whenever possible, suoh as the number, length and 
colour of cotyledons, length of hypocotyl and phenological observations, ~,g, production of 
secondary needles in pines or mature leaves in eucalypts. It is sufficient to make such 
observations aad 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 exsmple, which oould be significant for savanna afforestation. 
Bioohemical studies may also be helpful in revealing differences between populations, based 
on characters which are under more direct genetic control than suoh production variables 
as height and diameter (Lever and Burley, 1974). The value of such studies lies not only 
in their oontribution to biosystematics, but also in the possible indications they mqy give 
of later perfonaanoe in the field. They also help to prevent or reveal errors in identi- 
fioation, if consistent differences between provenances at this stage are established. 

Field Trials 

The main principles involved in selection of representative sites for trials, 
colleotion of site data, the use of valid experimental designs and careful labelling and 
reooxding, are the ssme as those applied to speoies trials. However, because all species 
inoluded in provenance trials have already been shown to be sufficiently well adapted to 
the local environment to mske them potential plantation species, we are conoermed 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 
diffioult to reoognise different provenances than different species. 

To minimise possible errors due to differential effects of weed growth on different 
parts of the experimental site, oomplete removal of competing vegetation prior to planting 
is reoommended, followed by a very high standard of subsequent weedings and cultivations. 
The use of insecticides, or fertilisers, msy also be recommended in certain circumstances, 
if uniform treatment throughout the experiment can be assured. Generally larger plots are 
used in provenanoe 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 throu&out 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 3 m as a general rule. 
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Information from species trials may be available that can be used to calculate the 
desirable number of replioations, in order to achieve a certain probability of obtaining 
a significant result (see Coohrsn and Cox, 1966). In practice some compromise is usually 
reaohed between the degree of precision desired in detecting differences and the practical 
limitations imposed by the site, the availability of planting stock and SC forth. However, 
it may 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, 
dismeter snd volume production are the same as in species trials, although the degree of 
precision demanded msy be greater. In addition to these basic data, very often conside* 
ations 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 zag. Hans, 1972). For assess- 
ment of branch oharacters a standard assessment point for all trees is needed (2.g. half 
total height). Number of branches per whorl, and mean branch angle may be measured directly 
and branch size may be related to the diemeter of the bole at that point. 
(1975) give further information on uniform standards of assessment. 

Burley, et al - -I 

When provenanoes arQ grown in different environments not only the comparative rates 
of growth may vary, but the patterns of growth and wood formation may also change, as a 
result of genotype/environment interaotions. 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 
affeot the value of the product for certain end uses* Studies to detect differences 
between populations may include detailed examination of leaf or needle-morphology, 
oy-tological oharactQristios or biochemical products (SQQ 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 oolleoting expeditions are usually required. The same expedition can collect seed 
for use in a number of trials in different oountries and this can have advantages not only 
in reducing the cost that would OthQIWiSQ 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 resouroes to undertake 
exploration and oolleotion, it may extend the aotivities 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 %he Australian Government's seed bank in Canberra and samples are made freely 
available for research in other countries. Elsewhere, WhQrQ local resources are inadequate, 
bilateral aid progranzzes of oountries outside the region concerned have financed similar 
seed oolleotions, suoh as the work of the Danish/FAO Forest Tree Seed Centre in S.E. Asia, 
or of the Commonwealth Forestry Institute, in Central America (Kemp et al, 1972). These 
aotivities are ooordinated through FAO (1974a) whioh has prepared prGozls for an inte- 
grated Global Progrsmue (FAO, 1974b). 

These international prograzznes have the further advantage that it is possible to 
compare the performanoe o'f the same provenance on a wide range of sites in many different 
oountries and thereby to gain a better understanding of the plastioity of the population 
and its site requirements. This may help in predicting performance on other sites where 
trials have not been established. In ozder to maka such comparisons 
SYSteUnS of data storage and retrieval are needed (Burley, et al --' 1973 P 

ossible, centralised 
. By this means also 



results of trials, or of more detailed laboratory studies, may be made more widely and 
readily available, to assist the interpretation of 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 preoiselg the pattern of phenotypio and 
genetic variation. International progrsmmes may also provide the basis for effective 
conservation of genetic resources and for future tree improvement through selection and 
breeding, 
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FEATURES OF SEED PROCURENENT FOR SAVAKNA REGIONS 

Tree Planting Practices in African Savannas (FAO, 1974a) discusses the present end 
future recuirements for forest products in the sajanna region of Africa. Certain trends 
relevsnt to meed procurement em&e in spite of the difficulties in making such foreoasts. 
Due to expected inoreasea in population and living stsndards and in the development of wood- 
based industries, wood oonsw:ption is estimated to increase from 2% for fuelwood to 1855 
for paper snd paperboard in the period 196%1975. Such a rise in consumption cannot be met 
from the existing low produotive savsnna woodlsnd; the establishment of plantations, there- 
fore, becomes a neoearity. 

The next questions that arise are what species may be the most suitable under varying 
oonditions snd purposes and what areas are required for fulfilling the stipulated demand. 
A numbsr of 8peoies and provenances have alresdy been tested and those most widely planted 
are listed snd described in the above mentioned FAO publioation on African savannas (see, 
for instsnoe, Chapter 7). A gcod deal of testing, however, still remains. In most oircum- 
8tanoes, experience from species testing has shown that exotics are superior to indigenous 
specie6 with respeot to esse of establishment, growth and utilization. This results in the 
problem of having to import reed, or the long term process of developing seed production 
looally. 

Documentation, General 

The impsrtanoe of tracing promising plantings back to their origins, irrerpective of 
their mtatum as small~oale or 1arge-raod.e plsntings, has been recognized for quite a long 
time in foremfry snd hss led to the formation of control systems for seed snd plsnt trsnsfer. 
Where more deliberate action has been taken to establish improved seed sources, including 
seleotive breeding and the formation of seed orohsrds, the control system has developed 
into oertifioation sohemes. 

In the mavanna region, the problems in these respects do not differ from those of 
temperate regions, but they may be more pronounced as the procurement of need for some time 
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to 0-e will be lrrgsly dependent on import. One oharaoterirlio of meed import is that it 
involves cooperation b&wren oountries; it is, therefore, of great importance that inter- 
nationsl agreements be reached on the terms snd documentation of oolleotions. Such sn 
international system presuppose8 the developent of national or looal control systems, and 
in order to discuss the coordination of these we mhall need to look briefly at the principal 
aspeots of seed oollection and documentation. 

Seed Procurement, General 

The considerable role that seed import may plsy, ss indicated above, has certain 
implications which msy decisively affeot the procurement and production of seed. Problems 
connected with the importation of tree seed mqy comprise: 

1. Inadequate remourc~s in funds, manpower and organization for seed collection 
in the host oountriea; 

2. Lack of accessible peed stands end seed produotion areas, e.specially of desired 
origins; 

3. Lack of reliable data about the seed origin snd the collection method; 

4. Risks of rsduotion in quality of reed, i.e. reduced germination capacity due 
totrsnsport; snd 

5,. Restrictions on the export of seed in bulk quantities imposed in several 
oountries. 

In addition to these problems there are those which are specific to individual species. 
They msy comprise periodicity in seed production, short viability, low seed produotion, 
difficulty of e,ao~ss to speoified stands or eootypes, etc. 

In general it is easier to obtain small quautities of seed for experimental purposes 
either through international seed centres or by ejtohsnge of seed. However, because of the 
difficulties and restriotions in getting bulk impcrts of desired species and provenances, 
it is neoersary to reriously contemplate how to produce seed locally as soon as a seed 
~ouro~ has shown promise. 

SEED COLLECTION 

Two things make it relevant to discuss seed collection in connection with tree planting 
practices in African savsnnas. The first is the general trend for countries in the savsnna 
region to build up their own seed production snd 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 msy help to make one's own 
collections more efficient in a shorter time. Therefore, we shall briefly consider the more 
important end principal aspects of seed collection. The subjeot 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 end techniques of seed collection and handling, especially as concerns 
tropioal tree species. 

When dicrcuaming eead oolleotion in general terms, it is convenient to ask ,,where,,, 
,,when,, end ,,how,, to collect. 



Where to collect locally will mainly depend on the extent of trials with exotic 
specie= the length of time they have been conducted. Indigenous species in the savauna 
regions are so far only used on a very limited scale. hooking at table 9, page 78-79 of 
Tree Plsnting Praotices in African Savannaa, it appears that out of 35 species only 6 msy 
be considered indigenous to parts of the savenna region. It is natural to Start collection 
of a species as soon ss it has shown itself promising. This has been done in many instances, 
sometimes with remarkably good results (e.g. teak, gnelina, southern U.S.A. pines, Cupressus 
sp.), but sometimes also with disappointing effects perhaps showing up only a fairly long 
time later. 

A common oase is collection from sn esrly introduction of a species with very vague 
or inaoourate information about origin and which often was planted at only one or two places 
in small plots (* acre or 0.2 ha) without replioations. 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 numbQr of the varied environments in which it is to be planted. The un- 
oertainty concerns the genetic effeot 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 obtdned by using seed from 
suoh wall introductions, it is adtisable to carefilly select seed sources or to collect 
seed from stands whioh have a broader basis for selection and more precision in testing. 
From a technical point of view, seed oollection in excessively small units, sap below 2-3 ha, 
is generally less satisfaotory. Cost of oollection is relatively high and the seed msy be 
of lower quality due to insufficient interpollination. See Keiding (1975a) for details on 
seed stsnds and Pollee and Burley (1973) for information about the genetic implication. 

To improve seed collection possibilitiQ6 within the shortest possible time in areas 
relying on exotics, it has been reoommended, and I believe also praotised, to establish 
lsrger blocks of certain provenances beside the actual provenance trials. The purpose of 
this is to have larger units ready as seed sources, as soon as the results from provenance 
testing become available. Such blooks of provensnces msy also serve the purpose of con- 
servation ex situ 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 oroherde. Procurement of seed is very often an act of balance between getting 
sufficient quantities of seed end getting seed of satisfactory genetic quality. Thus, 
whioh sources to WQ and how to utilize them should be closely coordinated with tree 
improwment programmes, This applies to all stages of seed procurement from importation to 
selection of seed stsnds end establishment of seed orchards. As it is not possible to cover 
the broad eubject of the relation between seed procurement and tree improvement in the 
present paper, reference is msde to more thorough treatments of the various aspects involved 
as given in the Report on the FAO/DA.IVIDA Training Course cn Forest Seed Collection and 
Haudling (FAO, 1975a) and by Guldager (1974). 

Vhen” to collect is a matter of timing in respect of age end season. When planning 
reed comtions it is essential to know at what age the individual tree species cau be 
expeoted to reach sexual maturity, their possible periodicity in flowering and fruiting, 
and at what time of the year the seed oollection is best carried out. For the more 
important economic species such as pines, teak, Gmelina arborea and eucalypts, plus a 
number of other apeoies, a fair amount of knowledge about flowering biology has been 
accumulated. Still, fairly large variations msy ocour within a species depending on 
origin (provenance) and the envirornnents to which it may have been introduced. In some 
cases flowering and fruiting starts at a younger age in exotic environments then in the 
natural habitat, e.g. teak in Trinidad snd certain areas of West Africa, while other exotic 
stsnds hardly produce sny viable seeds at all, e.g. some tropical pines in Malsysia. Still 
othQr speoies msy ohsngQ their mode of flowering from being distributed more or less evenly 
throughout the year to becoming sessonal, e.g. Pinus merkusii on Java. It is, therefore, 
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importsnt to observe and register the flowering and fruiting habit of species, especially 
exotics, under local conditions. Such studies of the reproductive biology are also neces- 
mary to build-up and improve seed produotion, as they may help to determine the size and 
scope of seed production units, treatment of seed stands, seed handling and storage, etc. 
Kven individual trees mhow variation in seed production whioh may be of some concern for 
the oomporition of seed orohards (see Keiding, 1975b). 

Closely related to flowering and fruiting habits is the physiological quality of the 
seed which, among several factors, ie also influenced by the right time end method of col- 
lection. Within the collection period of a certain species there ie usually an optimum 
period in which the quality of the seed is best. Teak seed in Thailand, for example, ltie~r 
be oollected over 3 months: February-April, but the month of March is normally the best, 
while the first end early fall in February often hae a certain portion of immature eeede. 
Similarly, it osn be of great importanoe to collect pine cone8 when they have reached just 
the right stage of maturity, indicated usually by the colour of the cone scales. Pinua 
merkueii in particularly oensitive to the timing of seed collection whioh is furth=pli- 
cated by the variation in ripening of cones betneen localities, between trees end even within 
tree8. 

Although the majority of upeoiee being used in the savanna region have more or lees 
seasonal fruitbearing oarrelated with the change between wet and dry eemone, there may be 
fluctuations between yeare. It is often advantageous to make a survey end an aeeeszment of 
the coming seed harvest well ahead of the actual collection in order to determine the beet 
time for collecting and the size of the Again, for further information, 
referenoe is made to the report on the FAO Course on Forest Seed Collection 
end Handling (PA0 , 1975a). 

Finally in respect of “how”, the subject of collection techniques has been reporled on 
end deecribed for many different situations. Naturally, the techniques vary according to 
the scale of oollection, tree specie8 end their economic importance, funds available, 
organization, etc. and they represent all stages from highly mechanized equipment requiring 
very little ulsnpower, suoh as tree shakers, to climbing with or without ladders and to 
picking of reed 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- 
stancee, but it may be useful to briefly consider some of the more general aspects. Techni- 
cally epeaking, seed collection should aim at getting the largest possible quantity of seed 
in the best conditiona, i.e. the highest poeeible physiological quality az efficiently and 
economically as possible. For the majority of speoies, the fruits have to be taken on the 
trees, which usually implies climbing. This requires a certain skill and training ard meJr 
become fairly technical, involving ladders of different kinds, safety and other equipment. 
In highly developed seed production areas such aa special seed stands end seed orchards of 
easy access, tractors with elevating platfoxmz or tree shakers may be considered. As in 
nearly all ciroumstances it is importent to utilize selected seed eourcea continuously, the 
fruitbearing portion of the tree should not be damaged. The practice of oollecting fruits 
or conea from felled treen or by lopping large brauchea should generally be avoided unless 
the stand(s) 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 Y&e heat”, especially 
if they are pioked a little too early. Similarly, fruits of Gmelina mey 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 
koowledge and technical skill is required, combined with good coordination of the various 
operations involved. In many countries, therefore, it mey be advantageous to establish 
seed centree or seed handling stations where all seed oolleation and seed handling are con- 
centrated. Such seed centres rnw oontain seed extraction machines, ouch as drying kilns 
for coniferoue upeciea , end equipment for cleaning, dewinging end grading the seed. Further 
facilities for seed testing, i.e. teete of genination capacity end moisture content, plus 
adequate store rooms should be available. 5 It is also neoeasary to properly register all 
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operation@ connected with eeed handling and seed distribution. Depending on the magnitude 
of need colleotion aud the funds available, equipment may be more or less refined, but a 
fairly great flexibility cau be exercised; often rather simple arrangements may work eatie- 
factorily. For consultation regarding the establishment of seed centrea see, for instance, 
QuMai3er (1974) and the previouely mentioned FAO/DAWIDA training course report (FAO, 1975s). 

CERTIFICATIOB 

The importanae of obtaining eeed from the right sources end of good quality hae been 
&reseed several times already. Another question which needs to be diecuseed ie how the 
consumer can be assured of receiving the eeed he want6 or, if he doee not know exactly what 
to request, how he mey be provided with intelligible information to help him in his 
eelection. 
and regions. 

For this purpore,certifioation echemes have been introduced in several countries 
Certification in relation to forest trees is defined aa follows (Matthews, 

1964, ex Barrier, 1974a): 

“The object of certification of tree seed and plants is to maintain end 
make available to the praotising foreeter source6 of Beed, plants and other 
propagating material8 of superior provenances and cultivars so grown and 
distributed aa to eneure the genetic identity and high quality of the seeds 
end plants.” 

“Genetic identity” ie a key-word in connection with certification and the reasons why 
60 much attention ie given to this concept are very aptly summarized by Barber (1969, ex 
Barrier, 1974a) : 

‘%xact control of genetic identity of reproductive material ie neceeeary 
if oucceaa ia to be achieved in tree breeding end in forestation programe. We 
ehould aeek the goal of using only reproductive material with known genetic 
identity. However, the precision with which we identify material will vary 
acoording to the speciee, location, and final use. 

‘The tree breeder muat have oomplete knowledge of the zource of the germ 
plasm with which he works. It ie particularly important that the identity 
of each tree be maintained 80 that the breeder can cor,zider the risk6 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 parent6 contributing certain charac- 
terietics, either deoirable or undeeirable, and he must be able to duplicate 
all of his crowsets aa needed. The breeder haa the responsibility to catalogue 
his material and to identify acourately all material exchanged or releclsed 
for uee. 

YPhe forester should know what source or etrain will best meet hie neede, 
and he must know the exact source of material used in establishing plantations 
and in regenerating stands if he ia to provide optimum management, as knowledge 
of the genetic identity of the material used is necessary for planning proper 
spacing and culture. For example, eince the use of a dieeaee-reeistant e-train 
will result in lees mortality and fewer defects, the mauager may either use 
wider spacing or undertake more frequent thinning. Reports of substantial geno- 
type environment interaction indicate that tree breeders can develop cultivars 
that will rempond favourably to differences in site quality and oulture. Where 
seed or seedlings of the proper source are not immediately available it mey 
be economically feamible to delq planting for a year or more.‘l 

If a certifioation scheme ie to be eucceesfully e&ablimhed, it ie neoeesary to con- 
rider all partier involved in the proourement of seed and reproductive material, including 
commercial reed dealerr and nurserymen, state agenoiee for seed oolleotion and plant pro- 
duotion, research inntitutea and consumers. Inaddition, the eoheme muot be backed by 
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legislation. Rational certification schemes are operating in many countries, but a few 
regional ones have also been established(e.g. North America). As seed end, to wme extent, 
plant6 or parts of plants are moving across state boundaries, the need for internationally 
applicable rules has been felt for some time. A6 a consequence of this end on the reaom- 
mendation of the World Consultation on Forest Tree Improvement in 1963, work was initiated 
by the Organization for Economic Cooperation and Development (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 eoheme is baaed on voluntary participation by members of the organization, but 
is open to other states which are members of the United Eations. Thuls the OEXD scheme is 
the first of its kind which aims at world-wide application. For a detailed description of 
the scheme, its background and definitions of tezms, see Barner (1974-a). There are,of 
course,mzny problems involved in getting such a scheme to funation for so many different 
conditione. However, a very useful fremework is available from which a better control of 
genetic identities mey be obtained and thereby some safeguard again& gross mistakes. 

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

If a certification scheme is contemplated, the neceesary funde must be allocated end, 
therefore, authorities controlling the finauce have to be convinced about the justification 
of the scheme. To quote Barner (l974a) the best approach is "to furnish estimates of the 
real losses caused by sustained carelessness rather then those of costs and benefits of 
initiating long-term breeding programmee'l. 

To implement a comprehensive scheme the following elements should be considered 
(Barrier, 19748): 

'Planning 

1. Preparation of maps shoving distribution of important speciea, 

2. Delimitation of regions of provenance of these species, 
3. Delimitation of major regions of afforeetation and reforestation end 
4. Estimation of supply and demand of eeed end plants; 

Implementation 

5. Organization and management, 
6. Classification end approval of sources, 
7. Recommendations for choice of provenances aud transfer of reproductive material, 
8. Production and control procedure, 
9. Data recording end 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 may be of considerable importance. 

'Organization and managementl~ (item 5) concerns the appointment of various groups of 
rezponsible authorities such az: 1) a designated authority or management committee, 2) an 
advisory group, 3) a working group on approval of souroes and 4) inspectors. 

Item 6 is a broad and f'undamental subject in connec ;ion with the development of the 
scheme (Barrier, 1974b). Basically the eouroes mey be classified according to au increasing 
degree of selection: 
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a) rsgiona of provenance 
b) stands 
c) seed produotion 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 souroes must be made in which the most necessary information is re;eoorded, 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 by Barner (1974b). It should be emphasized that the nationallist does not neces- 
sarily comprise all the types of sources stated above , as they simply msy 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 applioability in sn inter- 
national context. 

A further development of the approval of sources is the ‘,reoonunendations,, (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 produoed, it ie 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 may be appropriate to give directives for the trsnsfer of seed 
both in retapeot of altitude and in latitude and to delineate planting zones and regions. 
The establishment aud the development of a certification scheme, therefore, should take 
place in close co-operation with researuh, especially in the field of tree improvement. 

A certification soheme should furthermore oontain rules for “production and control 
procedures,, (item 8). Barner (1974a) has given the rules end minimum requirements applied 
by the OECD-aoheme which ensure that the material produced from the approved sources of 
different categoriee is of the right identity and has been treated correctly, when it reaches 
its destination. The rulee prescribe how inspections should be carried out in forests, 
plsntations and nurseries snd 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 lo&for instance, will have to be furnished with a standard set of 
records comprising detailed identification, year of collection, quantities of fruit/cones 
colleated and seed extracted, storage and quality of seed. In addition, records should be 
kept of hsndling in nurseries, and reference made to institutes (organizations) and persons 
responsible for the execution of the different operations (see Barrier, 1974a). When the 
designsted authority is satisfied that all operations have been made in strict accordance 
with the direotives, aertifioation will be issued. 

Although the description above is just a brief outline of a certification scheme in 
operation, it may give the impression of a fairly oumbersome system with a heavy load of 
bureaucracy or papern. True, a scheme which has to eater to so many interest6 will require 
a good deal of ohecking and registration. But it has also provided a clarification of the 
many concepts and terms which are used in conneotion with collection, hsndling and testing 
of seed, and thus given m intexnstional basis for the procurement and control of seed. It 
should be streesed that the OECD scheme has been developed with particular consideration 
given to ciroumstanoes in temperate regions of the Northern Hemisphere. Therefore, before 
implementing the rules end directives to tropical conditions the scheme should be critically 
exsmined end altered where rules do not apply, which may mean simplification. Referring to 
the purpose of certification as defined by Watthewe (1964), the scheme should make available 
meed from the best souroes, properly identified genetically, snd of the highest possible 
physiological quality. As explained above, this necessitates control and registration, but 
it rnw be appropriate to warn against a too elaborate control eystem if the result becomes 
either a hindrsnce to the provision of seed or a temptation to evade the system. 
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!I!he impsrtsmcs of sesd in any forest plsatation progrsnme cannot be over-emphasized 
as seed is a ksy element in plant produotion. A prerequirite in auy plsmting prcgrsme is 
SZL unwd apply of seed (FAO, 1955). Usually, the idsal thing would be to UOH seed in 
the field or nursery ss soon as it is oolleated. However, in view of the great dsmsnds for 
seed by largs4oale plantation prograwnsr, this is not alusys possible so seed must be col- 
looted in advsnce and storsd. The aim, howewm, should be to stors seed for as short a time 
md as psrfectly as possible in order to ensure minimus loss of germinative energy. 

Baldwin (1942) &fined storage as the preservation of seed from the time of collection 
or extraction until it is desired that it shall germinate. From a physiologioal point of 
view, houever, the storage period also includes the time on the plsnt between maturity and 
harvest, where usathering is often a serious factor. Dotailed aspects of physiological con- 
siderations involved in storage will be giwn less treatment in this lecture; emphasis in- 
stesd will be on the practical aspects of seed preservation from the time of collecting to 
sowing. 

PREE’ARATION OF SEEDS FUR S’PORAGE 

Trsnsportation of Fruits 

Seeds require trsnsportation from their sources of collection to their destination 
for ertraotion and oleaning before storage. When fruits or oones are collected they should 
not be delivered to the processing centres in such air-tight containers that air circula- 
tion is prsvsnted. On the other hand, cloth bags mhould not be of suah open weave that 
see& om esoape during trausportation. To prevent “heating” and mould in warm weather, 

‘the collected seed should not be piled closely in a confined space, and they should be 
delivered for extraction as noon ss possible. It is advisable to move bags about daily to 
provide sufficient aeration. 

Seed Extraction 

After collecting oones or other fruits, a very important stage in eeed hsndling is 
the extraction and olesning of seed. Generally, cones end several other types of fruits 
require pre-drying to facilitate extraction of the seeds. On the other hand, some fruits 
require a period of soaking in water before seeds csn be released for easy extraction. 
Whether drying or sodcing in water is required, great care is needed during the operation 
in order to ensure minimum injury to the seeds. 

Mechsnioal devices have been developed for the extraction of seed, but in Nigeria 
and msny other developing countries, seed ertraction is still done by hsnd. In either 
case, be it manual or meohanical extraction, the teohniques vary with the species. 

Seed Clesning 

There is usually the practical problem of inadvertently colleoting immature fruits 
during harvesting. This is beoauae 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 seeds are often harvested along with mature 
ones. Since immature see& are low in viability end have a ehorter longevity then mature 
seeds, they are less desirable for storage and should therefore be removed during cleaning. 

when a seed lot is harvested, it contains trash, broken seeds and light seeds which 
should be separated frcm the sound seed before storage. However for some species, such as 
most euoalypts, it ir not practical to separate oound seed from the smallest impurities 
(e.g. unfertilised or aborted ovules called %haff”) . Also, as more and more evidence 
.indioates that the seeds of greatest longevity in a given seed lot are those with the 
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greatemt deneity, it is decrirabls that only eeeda of high density should be kept for long 
storage (Harrington, 1972). Proper oleaning procedures for reeds are well covered in the 
haudbook by Hammond et al (1968). -- 

Effects of Extraction and Cleaning Treatments 

Haack (1909) etaterr that the first pre-requilrite for succeeeful storage ie good 
extraction and cleaning. Seed cleening can be damaging to seede, especially dry eeeda. 
Damaged or weakened rreeda will not keep well in storage; therefore, it is of vitd importance 
to exercise maximum care during extraction end oleaning to avoid injury to the eeeds. Seeds 
which have been injured by abrasive dewinging end scarification, or weakened by wetting, 
fluctuating tsmperaturea, or other influences never regain their original vigour. 

Method6 of Seed Drying 

When meed moisture content after harvesting and cleaning ia too high for rtorage, 
the eeeds must be dried. 
reed. 

Harrington (1972) describes the following three ways of drying 

Sun-Drying 

See& 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 humid periods. 
Alno, seed germination capacity can be decreaeed if the deye are extremely hot. 

Use of Ambient Air 

Seede can be placed in a bin or other container through which embient air ie blown. 
Suoh drying ie inexpeneive, but ie effective only as long ae the relative humidity of the 
air is lower than the equilibrium moisture content of the seede. 
of the air exceeds equilibrium moieture, 

If the relative humidity 
the eeede will gain moisture. Aleo, if the seeds 

are not dried feat enough, etorage fungi will invade the seeds, thereby reducing longevity. 

Use of Heated Air 

Thie method ie moet commonly ueed. The temperature of the drying air ie heated to 
increase the moisture gradient between the moiet eeeds and the hot air, thus drying the 
seed0 fa&er. However, excessively high temperatures and rapid drying can be harmful end 
may seriously diminish eeed vigour or even kill the seeda outright. The maximum safe 
drying temperatures will vary depending on the epeciee. 

PRINCIPLES OF SEED SloRAGE 

Rearrone for Storage 

The main reasone for etorage of tree seeds can be euannarirJed aa follows (FAO, 1955): 

(i) to preserve eeeda under conditions that beet retain gezminative energy 
during the interval between collection and time of sowing; 

(ii) to protect eeeds from damage by rodente, birde, insects and other 
enemies; and 

(iii) to preserve quantities of eeed collected during yeare of heavy seed to 
furnish a apply during yeara of little or no crop. 



- 70 - 

Techniques of Storing Seed 

Trss seeds are commonly stored under one of the following condition8 as described 
by Baldwin (1942): 

(1) Dry and cold etorage, simulating conditions in the cone or dry fruit on 
the tree; or 

(2) Moist snd cold storage, simulating conditions in the forest litter and humus. 

Dry and Cold Storage 

All seeds osn be kspt longer at low temperature8 than at high temperatures, since 
respiration and chemical processes are retarded. Cold dry storage involves the control of 
temperature, moisture, snd to some extent light, atmospheric conditions (pressure, gases) 
snd other envirorrmental faotore (Baldwin, 1942). Oenerally, it has been established that 
fluotustion of factors, especially temperature ad/or moisture, has adverse effects on seed 
under storage. 

Moist and Cold Storage 

Large heavy seeds are best preserved in cold moist storage. Prevention of mould and 
maintenance of moisture may be obtained by mixing the seeds thoroughly with clean, moist 
sphagnum moss. Damp sand, peat, 
successfully (FAN, 1955). 

sawdust, cork, or ground charcoal have also been used 

Factors Influencing Storage 

Although species differ markedly in their storage requirements, the seme factors are 
involved for all. Many of the factors which influence the longevity of seed in storage 
inalude: 

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

(b) stage of maturity at collection; 

(c) prestorage treatment including extraotion end cleaning operation; 

(d) viability end moisture content when stored; 
(e) air temperature, humidity and oxygen pressure during storage; 
(f) degree of infection by fungi and bacteria before and during Storage; 
(g) light; since light may occasionally act as a etimulent of vital activity, 

if not germination, it is generally believed that seed retain their viability 
better in darkness (Baldwin, 1942); end 

(h) pressure. Low atmospheric preseure 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 factore notwithstanding, 
a few generalizations provide guideline8 in sustaining seed viability (Holmes and Buszewicz, 
1958 and Roberts, 1972 as given by Stein et al, 1974): 

'l(i) Fully ripened seeds will retain viability longer then eeeds 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, impermeable 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. 

(4 At low moisture content or low temperature, the adverse activities of insects 
and diseases are effectively alowe+ or stopped. 

(vi) Fluctuations in temperature or moisture are less'favourable then constant 
conditions. 

(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, 
highly viable, snd undsmaged, its life span will hinge primarily on species characteristics 
and the temperature and humidity conditions prevailing during storage. Obviously, seedlots 
bown to contain damaged, immature or low viability seed should be scheduled for earliest 
use and the best seed should be retained for long-term 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 relatively low temperatures then at high. In 
other words, the cooler the temperature the more elowly seed vitality declines. This rule 
continues to apply even at temperatures below freezing. 

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

Just as with high relative humidity, high temperatures are conducive to the activity 
of micro-organisms, especially ineects. At 5OC and below, insects 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 
wsy to rapid loss in germination. In spite of this assumption, it is quite obvious that 
the cause 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 germina- 
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 then temperature in its influence on 
keeping qualities and rather more difficult to control. It is hard to measure or determine 
accurately without laboratory tests. Standard methods of determining moisture contents of 
seed sre described in the ISTA Rules and Regulations (ISTA, 1966 and 1974). 

Problems of storing seed of high moisture content. The problems of maintaining via- 
bility increase with seed moisture content. 
clusions: 

Harrington (1972) ceme to the following con- 
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(a) Mhen seed moisture is above 40-60 percent, germination will occur; 
(b) When it is 18-20 percent, heating msy occur; 

(0) Uhen it is 12-14 percent, multiplication of micro-orgsnimus will result; end 
(d) When it is 8-g percent, inseotm become active snd reproduce. 

Thus the problems of high seed moisture content include germination during storage, 
fungal attack snd insect attack. In addition, there is a serious longevity - halving effect 
with each one percent increase in reed moisture. 

Critical moisture oontent levelsi fi is important to note that critical moisture 
content levela for see& of most genera have not been worked out, but a range between 5-12 
percent has been recommended for most species which can be dried. It is also important to 
note that even though low moisture increases longevity, over-drying ten also be hanzful, 
often leading to complete death of the seed. 

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

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

(i) Air&ying in the sun9 or in a wanz room, or in a seed extraction shed. This 
is the safest and the most simple. 

(ii) Oven-drying. This is often not economical, end great care is required to avoid 
overdrying. 

(iii) Use of desiosnts, e.g. calcium oxide, charcoal, end silica gel beade. These 
are very effective end 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 end fungi are usually 
held in check by dry, near-freezing or sub-freezing storage of seed, but in moist storage 
at cool temperatures, pre-storage fumigation mey be necessary (Holmezaud Buszewicz, 1958). 

At seed moisture contents of 12-20 percent, the activity of micro-crganisme, perticu- 
larly fungi, csn be great. The higher the moisture content in this range the more rapid 
is the growth of organisms end the greater is the danger that they will destroy the capacity 
of seeds for germination. Storage fungi are mostly species of Aspergillus and Penicillium, 
which are ubiquitous on deceying organic matter. 

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

At seed moisture contents below 8-H, little or no insect activity occurs end insect 
reproduction will not t&e place. If seed moisture content is maintained below 8$, end the 
storsge is completely sealed so that respiration reduces the oxygen content below 14$, in- 
sects csnnot survive in the seed (Harrington, 1972). 
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CONSTRUCTIOR OF SEED S%X?AcE FACILITIES 

Certainly, the longevity of seed in storage is intimately related to its storage 
faoility. There must be protection against theft, rodents, birds, insects, end fungi that 
might enter the storage and deetroy the seed from outside. There must also be adequate 
control of temperature end 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 end only one door, thus minimizing 
the chances of theft. The &or should be sealed properly against rodents and insects, and 
locked when the storage is not in use. Care must be teken not to let in rodents through 
the door when loads of seed are being brought in or taken out. 

Wooden construction is less desirable than brick, stone, concrete or metal. When 
wooden constructions are used, the foundation should be of stone or concrete end should 
extend three feet 1 m above the ground. 

I j 
There should be a lip around the building at a 

height of 3 feet 1 m extending out 6 inches (15 cm). Such a construction makes entrance 
by rodents through the walls virtually impossible as long as the foundation remains M- 
cracked. 

Storage insects csn even be more demaging then rodents and usually constitute a 
greater problem in the tropics than in temperate countries. Constnrction of the floor, 
walls and ceiling of the storage should be such that no cracks exist which can harbour 
insecta. Plaster, insulation and plywood, properly applied, can minimize cracks. Venti- 
lation openings should be screene against insects. All openings, euch as electric conduits, 
ventilation openings and doors, should be thoroughly sealed. A yeexly 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,ie very important. Diecarded 
seed end cleanings should be hauled awey and not dumped just outside the door end left to 
harbour storage insects. 

Fumigation 

Once the seed storage is completely free of insects, the moat serious source of re- 
infestation is infested seed which is brought in. Seed may be brought in from the field 
already infested or it may be transferred from en infested storage. Such infestation is 
controlled by fumigation. 

Rather than fumigate the whole storage, it is 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 is important to note that fumigation (particularly repeated fumigation) may 
seriously reduce vigour and even germinative capacity of seeds. This is particularly true 
of seeds with high moisture con~tents. 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 contdning much seed does 
become infested, then fumigation is necessary. 
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Temperature Control 

Temperature is one of the two most important factors influencing eeed longevity. 
The lower the temperature the longer seeds maintain their germinative capacity. Temperature 
control q sy be achieved by ventilation, insulation and refrigeration. These methods are 
not mutually exclusive and are normally used to supplement each other. 

In tropical countries,refrigeration ie necessary to keep storage temperatures below 
the ueual ambient tempe:*aturea for long-term storage of seed. 

Moisture Control 

Experience hae 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, 
Thie 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 cau keep their germinative capacity for long periods. 

Use of Desiccants 

Since moisture-proof containers are difficult to open end 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 are in use though they are very expensive. Also in meny areas of the 
world, electricity is often unreliable, so refrigeration end dehumidification mey not alweys 
work. An alternative ks to etore seed samples in metal boxee with gasketted snap-on lids, 
with desiccants (e.g. silioa 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:lO. When the 
indicator granules turn pink, the silica gel is removed, 
at 175'C, cooled in a sealed container, 

reactivated by drying in an oven 
end 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 250~. 

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

b> 
(ii) 

( iii 

(iv) 

It is rodent and insect-proof as well as moisture-proof; 
The boxes which are not very expensive are easily stacked on shelves 
in a small area; 

) Also, seeds in equilibrium with 45% RU will not be damaged by stored 
flur,gii 
The only care required is periodic inspection to makr sure the indicator 
silica gel remains blue. 

Effects of Airtight/Sealed Storage 

Haack (1909), by carefully controlled experiments, showed that while airtight con- 
tainers cennot wholly prevent deterioration of seed with storage3 they help prolong life 
considerably. 
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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 end 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 au un- 
favourable condition, resulting in deterioration. 

Choice of Containers 

Several types of storage containere 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 end 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: 

‘l(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 mositure 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. Warming to room temperature is recom- 
mended before opening a oontainer brought out of such storage. 

(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 
mey be beneficial or harmful depending on the speciee. 

(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 
be used. Moisture-proof plastic bags are often used as liners for rigid con- 
t ainers . 

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

(x) Some containers may be of substances that are harmful to tree and shrub seeds 
(Barton, 1954). Unproven containers should be tested for toxity.” 
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'l'NS!l'lNU Wl!U QUA&LTT 

Any seed storage progrsnme, whether for commercial seed or germ-plamn seed, needs 
to have a seed teuting programme as well. The storer of commercial seed needs to know 
which lots will begin to deteriorate most rapidly so he csn sell them first. Also, the 
director of a germ-plssm storage must be able to ascertain when to “grow oui? a seed lot 
before it is seriously reduced in germination capacity or even completely lost (Harrington, 
1972). 

The various kinds of seed testing and the procedurea are described in the Inter- 
national Seed Testing Association (ISTA) rules end regulations (1966 end 1974). Among other 
tests, it is important that every seedlot should be germination-tested when it is received 
for storage, so that the seed quality is recorded. Subsequent periodic tests should be 
made to detect deterioration. If deterioration occurs9 storage conditions should be checked 
to discover the reason end corrective measures taken (Herrington, 1972). 

PACKING AND TRUEPORT OF SEETI 

Packing for Shipment 

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

The type of packaging selected for a seed ahipnent will depend on the nature of the 
seed, quantity to be shipped, time in trensit, mode of trensport, and expected weather con- 
ditions. The following helpful practices are recommended by Stein et al (1974): 

(i) 

(ii) 

(iii) 

(iv> 

( 4 

(4 

(vii) 

(viii) 

(4 

(4 

Double-wrap the seed. &close the seed container in a sturdy, preferably 
rigid, outer container. 

Small or moderate size containers generally withstand ehipnent better than 
large containera. 

Fill containers completely to minimize air content end jostling of seeds 
during shipment . 

Seal in plastic, foil, or moisture-resistant kraft bags or in rigid containers 
such as vials, plastic bottles or tins. 

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

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

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

All packages should bear a good identifying label on the innermost covering 
end another one within the container. 

For long distences, shipment of sensitive seeds by air is desirable. 
Hermetically sealed containers mey explode at high altitudes. 

Seed packages should permit ready opening and reclosing if destined for 
export to a country requiring fumigation. 
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Trsnsportation of Seed 

In addition to transportation from field to storage, seeds also undergo trausporta- 
tion between storages, ss well as from storage to the planting site. All these involve 
periods of storage during which deterioration ten 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 snd fluctuating temperatures and adverse humidity which are the major 
causes of loss of viability. 

, With adequate packing aud 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. 
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TREE IMPROVFMENT 

Tree improvement implies, generally speaking, all the activities based on utilizing 
the genetic potential of the species. This means that between and within species there is 
variation that we can use to our advantage. Variation is the result of interaction between 
the environment and inherited qualities of tree populations and individuals. In other 
words, it matters a good deal how we treat a particular population silviculturally and what 
kind of site it is planted on. Tree improvement may be applied in different circumstances 
snd at varying degrees of intensity ranging from the conservation of gene resources and 
species snd provenance trials to seed orchard establishment, controlled crossings and 
progeny trials. 

A prerequisite for a tree improvement prop;rsmme is plantation forestry. As soon 
as seed is collected and plants are raised end artificially cultivated, there is a chance 
to select and improve. Thus, it is convenient to consider tree improvement in relation 
to afforestation snd reforestation prosrammes. It ia 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. 
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Tree improvement, a& in a more narr0w sense tree breedlng, or seieotlve breeding, 
involvee various stages of selection, beginning at the species and population level snd 
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 "genotypict8, 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 fav0urable genetic constitution , and they will, when grouped together, 
change the gene frequencies in a positive direction. 

The phenotypes are seleoted 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 pbpulation mean, a representative portion of the population is 
often used for oomparison. This msy be the four or five nearest dominant trees. 

Which selection procedure to follow will have to be decided for the individual 
breeding progTamme, as each species and local market will have different requirements. 
Some guidelines on which method to follow may be attained by examining the relative 
importance of the individual characters in utilization or economic return. If a grading 
system (characters wei&ted) is employed, as for instance in the Texas Fare& Service, 
U.S.A., the composite evaluation of the individual tree mey be expressed as: total 
score - hei&t 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 courset but some of 
the most common are listed below: 

1. 
2. 

2 

65: 

2 
9. 
10. 

Superior height growth 
Superior diameter growth 
Good pruning ability 
Strai 

t? 
tt no crook or spiral bole 

Flat - wide) branch angle 
Narrow, compact, well-formed crown 
Disesse resistance 
Insect resistance 
Drought resistance 
Hood characteristics 

Of the three factors to be considered before employing a grading system, the first 
can be measured,but the other two may be much more difficult to estimate. The strength 
of inheritsnce 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 breecUng pz%igrass!a it may be advisable to use a selec- 
tion procedure for individual trees which only registers the neoessarg information without 
weighting. I&at is actually %eoessaryVV msy be difficult to foresee so there is an undezL 
stsndable 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 whioh have been in operation for some time snd from actual usage in the field. 
F'rom the former it may be seen how much and to what purpose the data have been used and 
from the latter whether the forms and descriptions are praofical to hsndle. 

A measure of the intensity of selection is the selection differentialt 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 msy 
be replaced by the mesn of the four to five nearest, dominant trees. The reason for doing 
.l.LZ- -- ---.a.,-- At... A;D&A..l+.. 
LIIil AI yar-rry lbu= uAL.I”LU”J “1 nm impssibility of measuring the whole stand, especially in 
natural mixed forests, and partly that a better basis for commdieon is probsbly obttind 
as the nearest trees are more likely to have been exposed to the s&me 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 exes are marked in 
hypothetical units of measurement. 

(a 
[b 

C I 

50% selected; standard deviation 2 units: ~~1.6 units 
2% selected; standard deviation 2 units: Sm2.8 units 
2C$ selected; standard deviation 1 unit: S=l.4 units 

Fig. 1 From D.S. Falconer (1960) 

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

Vegetative Propagation 

A technioal problem which by 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 t 
rubber f 

gave rise to the intensive breeding of 
Hevea brasiliensis) and was later used for large-scale catablishment of clonal 
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plantatione. The same method with certain modification has made breeding of teak feasible, 
and it seems suitable for some other troplcai ha;r&iicdz as ~11. Thus the development of 
techniques for vegetative propagation is en indispensable part of individual tree selection. 

geny 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 
conditionat'. progeny testing was first introduced by Gregor Mendel about 100 years age, 
so it is an old story. 

Testing of progenies is also a means of estimating genetic parameters such as 
variances of different hinds (phenotypic, genotypic, additive and interaction between them), 
breeding value, combinj.ng ability, heritability etc. The latter, which msy be termed 
"strength of inheritsncelWt is of great importance for our sel_eotion -mrk, as indicated 
above under selection of individuals. 

Wpes of Proueny 

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 
end 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 t a family being the group of trees with a common 
mother. 

Full-sibs 

In full-sib families both parents are bown, as in the case with controlled crossest 
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 definitions are adopted in accordance with the OaD1!scheme: 

Stand: "A population of trees possessing sufficient uniformity in composition, 
constimn and arrsngement 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 Barrier, 1974). 

J 1 OElCD = Organization for Economic Co-operation and Development 



The objectives of forming seed produotion areas* 
Matthews (?QC;A\ fc: 

or seed stands, m-e, according to 
. . -r, 

1. produoe seed of improved inherent quality by selecting and favouring seed trees 
which are vigorous, straight stemmed and healthy and produce wood of good 
CFtality i 

2. concentrate seed colleotion 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, Area sndDevelopnent of Stand 

The stand must be old enoush to have proved its value in vsrious respects 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 cases1 however, it is justifiable to select younger stsndst if they are 
showing great promise. It is recommended to register such stands as canditate 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 if3 very importsnt. In wind-pollinated tree species 
suoh 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 sourceat contamination may be avoided or at least 
reduced by 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 msy comprise: 

1. Removal of inferior trees to improve the genetic quality of the seed. 
2. !l?hinnings 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, suoh 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, satisfaotory 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, 
composedt and managed to produoe a reliable supply of genetically definable seed for 
purposes 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 progrsmme should be dynamic, the objective 
being to continuously up-wade 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 msy be established with clones (grafted rsmets or rooted cuttings) or 
seedlings of selected trees. An entire double issue of the journal Silvae Genetica (1964) ,a' 
was devoted to discussions of seedling and clonal seed orchards (Toda, 1964); reference 
csn be made to the several papers therein and a more recent and brief resume of Kellison 
(1969) for details of arguments for and against each of these types of orchards. Suffice 
it to say that, as regards the breeding of tropical coniferous species, a recent survey 
by NikLes (1973) showed that only seven orchards of about eighty 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 impr=ement 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 
(Larix decidua x leptolepis) have constantly given offspring with a 10 - 30 percent increase 
inT@ur 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, offsp=are yielding 4-5 times as much latex as the base 
populations from which breeding started (Keiding, 1972). 

Porterfield (1974) t 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 tree4mproveme:i-t pro- 
grsmmes assessed. Additionally, there was a gain of 5 percent for specific 
gravity, while bole strai&tness and crown improvement were in excess of 5 
percent. Volume gains of more than 20 percent are suite possible by increasing 
roguing intensity and intensifying wild-stand selection intensities. 



2. The profitability of a tree improvement progzrranme is oloeely related to seed 
yielde from the orchard. !Fhe best genetio ztock I_n nf "'L v&x -Z-S&~: titi+"+".iviuni 

seeds are collected and planted - the more eeede, the more aares that can be 
planted with superior seedlingz. FWterfield,s study illustrates the extreme 
importance of maximizing seed yields from orchards by use of the best parent 
trees, fertilization, irrigation and pest control. Only 8 pour& of seed per 
acre per year in the seed orchard (after age 10) are necessary to break even for 
seed whioh produoes seedlings 10 percent genetically superior in volume, at sn 
eight percent rate of return; however, each pound of this kind of seed has a 
present value of $ 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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The production by the forest nursery of a sufficient number of plants of the right 
size and adequate quality at the right time is an important factor in successful plantation 
establishment. The first step towards the achievement of this is to have a properly-sited 
well-designed nursery with an effioient 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. 

CROCSIRGARURSERYSITR 

The decision must first be made whether the programme can best be met by having a large 
oentral 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 from 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 oapital 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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(d) 
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may have to be duplicated. 

In a large nursery you have the advantage of being able to concentrate 
your skilled supervisory staff, you can provide more sophisticated 
eqaipment and you can provide better facilities for your staff and 
labour. The supply of materials and the repair and maintenance of 
equiment are easier to or-se. 

When you have a series of small nurseries, 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, snd it will usually be easier to obtain the necessary quantities 
of soil and water. 

The dfeot on the naraery plants of transporting them long distances 
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. 

Eaoh 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 may also demand the 
use of a sloping site. A mid-slops position to allow cold air to drain away is preferable 
aad 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 transport of soil against the cost of transport of the 
planting stook). 

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 arourxl the nursery, with gaps for oold air drainage, and in large nurseries 
internal hedges may be helpful 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 lon&erm nursery before the hedges and 
wiad-breti are fully established. 

Air pollution has to be taken into account in the vicinity of industrial plants. 
Sulphur dioxide oan have adverse effects at oonsiderable distances under certain 
atmospheric conditions. 
Zambian Copperbelt. 

This has already proved a serious problem in one nursery on the 

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. 

It is oonvenienb for both planning and operational purposes to divide a nursery into 
bloclss, seations 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. 



1 - 88 - 

(b) The section might consist of az&hing from two to eight beda and is the 
unit whioh will be subjected to the mm treatment at the same time. 

(o) The bloak is merely a group of 8 oonvenient number of sections which will 
vary aoaording to the ground layout of the nursery. A block must always 
hwe space for a road through the oentre, along the long aris preferably, 
so that truck off-loading or loading oan take place from both sides. 

A seed bed or transplant bed should be not more than 1 metre in internal width for 
eonfort8ble working but eta&in&out beds in which container8 or boxes are stacked may be 
up to 1.2 metres wide, the actual width preferably being arranged to take a round number of 
oontainers. Bed length is a matter of 8oale of operations and space available. The 1engZh 
of stsading-out beds ehould be arranged to take a round number of oontainers, as this aim- 
plifies counting and organisation. It is usually not convenient to have any beds longer 
than 10 metren or lateral asee88 is imwed; The orientation of seed beds aho-uld ideally 
be Esat-Weet to avoid 8un-8oorch. 

Seed beds would normally be in separate block8 from the transplant and standing-out 
beds but should not be remote from them. 

The total number of beds and section8 required has to be calculated from the planned 
plautation 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 long-term 
nurseries. It must also be remembered that where plants have to remain in the nursery 
for over a year, additional bed space will be required. 

Facilities for shading may 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 
practiae, the design of the shade supports and other bed feature8 must allow for this. 

In the overall design and the layout of sections, blocks and beds, vehicle access and 
vehicle flow must reoeive considerable attention. A width of 5 metres should be allowed for 
a single track road. There must be adequate turning space, and there should be no necessity 
for revereing or other groundehurning 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 must be wide enough to take whatever hand-trucks, trolleys 
or barrows are used. One metre width is usually smple (see sketch 1). 

The layout should be maoh as to enable a "flow*' system of working to be employed 
(see example in sketch 2) and should enable the handling of soil, containers and 
other material to be kept to the minim-. 

The type of irrigation system in use will also affect the specific layout. Examples 
of the layout of parts of actual nurseries in Zambia are given on the diagrams (sketches I-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 any 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 snd 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-teIQ nursery to have a special mycorrhisal bed where pines are kept growing. The soil 
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with which the bed is starterl sho&ii be brought from an established pine stand, but it cafl 

I 
be kept topped up thereafter with ordinary woodland soil. 

In long-term nurseries, it is always as well to allow extra space in any case, to allow 
not only for unforeseen expan8ion but also for changes in technique and experimentation with 
new techniques. 

In addition to covered storage for barrows, 
storage has to be provided for fertilisere, 

containers and other equipment, special 
insecticides, fungicides and other chemicals. 

This latter should be conveniently located in the nursery where possible to minimise hand- 
ling of dangerous materials. 

I Some provision should be made for the recording of meteorological d&ta,in Frticular 
maximum and minimum temperatures and humidity. 

WATER SUPPLY REQUIFEMENTS 

It is important to estimate the quantity of water which will be required. Where a 
domestic 8upply 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 condition8 and 
the type of stock being raised. Where there is no local experience on which to base an 
eetimate then rough calculations can be made on the basis of evapotranspiration rates (see 
Appendix 6 of Laurie, 1974). Figures on which to base domestic demand estimate8 will 
usually be obt8ineble locally. 

WATER QUALITY 

The water should be relatively free from silt and other undissolved solids and the 
content of dissolved salt8 must also be low. pH should normally be not more than 7. It is 
not possible to be abeolutely doeatic 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) 
suggeate 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 Appendix6of kurie. 

When the irrigation is done by hand-held watering can8 or knapsack sprayers or when it 
is a system of surface irrigation, 
still essential to have etorage, 

then storage can be at ground level. It is, however, 
especially when the water 8ource (a well, for example) 

cannot supply high peak flow8 over a short period although perfectly capable of supplying 
the required quantity per day. A common wey of calaulating 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 8nd spray ro8e 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 
eeparste from the nursery main so that varying domestic demands do not cause a fluctuation 
of pressure in the irrigation syetem. 
then so much the better. 

If a completely separate system oan be provided 
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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. 

Whatever irrigation system may be in use, the water has to be distributed to various 
points in the nursery by 8 series of either stationary or portable lines. Details of the 
various alternatives are described in Appendix 6 of Laurie. 

Silt traps should be installed and a means of flushing out the system provided wherever 
sprinklar irrigation is in usea 

IRRIGATION METHODS 

Hand watering with cans fitted with a spray-rose or with knapsack mist sprayers is the 
obvious method for small nurseries (say, 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 ES the other hand methods in that uniformity 
of coverage is difficult to Echieve. It is necessary to provide plenty of stand-pipes for 
this method, sky one at each end of each block. 

Surface irrigation Can be applied to large nurseries bui it is __ nn+ 3 ~~t~.~~ ;T*x-z widely 

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, insecticide8 and fungicides 
which cannat be used in sprinkler systems can be introduced with the water in surface 
systems but this also tends to be wasteful and difficult to control. 

The ideal system for large nurseries is overhead sprinkler irrigation. A large 
number of systems are aVailEbl0 but they can all be classed as either rotary sprinklers, 
nozzle lines, or perforated pipes. Rotary systems'tend to produce larger droplets than 
the other two and owing to the shape of their spray pattern it is more difficult to arrange 
uniform coverage. They 8re 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 8 good uniform coverage. 

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

Whenever a sprinkler system is being designed it is helpful to obtain expert advioe 
before 8 final decision is made. Potential suppliers of equipment ehould be consulted and 
should be given very full information about the requirements. This should include: 

Area to be covered 
(I:] Frequency, strength and direotion of wind 

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

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

(the last two where wster supply already installed) 

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

REFPiENCES 
Laurie, M.V. Tree planting prsotioes in African savannas. FAO Forestry Development 
1974 Paper No. 19. Rome, FAO. 185 p. 
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BASIC RESEARCE ON NURSIZlY SOIL IIlWuREs 

Two contrasting hypotheses have been put forward for plant-raieing in the particularly 
diffioult conditions of the Sahel: 

1, Orea" oare ehonld be taken to rai@.e vigoroue plants in the beat nursery 
oonditione so that they can wow rapidly during the fir& rainy season 
and survive the following dry eeason. 

2. Nursery plante should not be &ven apeoial oare in the nursery, in order 
that they beoome uesd to the diffioult oonditions whioh they will 
uperienue in the field and in order that only the most resistant indi- 
viduals survive to be planted. 

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

Sl - oompof3t 
52 -blaok earthand sand 
53 -eand 

Fertilirere: 

Fl - no fertiliser applfoation 
F2 - 2 g fertiliser applied per pot 
F3 - 4 g fertilirer applied per pot 
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Wl - litit ed watering 
w2 - average watering 
w3 -heavynatering 

T~UEI, by fiotorial combination, 27 different treatments were given. The test species 
ac'l-&ed was ESaoalyptue Mlduleneie 8298. 

' 3 
These plant6 were planted out in the field in July 1971 in a cubic lattice design 

i3 t,re6;tmente), 25 plarrte per plot, eproetd 3 x 3 mp with three replications. 

Starting with the first season, important differenoes in rate of growth were dis- 
tingaiehable, depending on the types of soil - Sl, 52 or 53 and on the amounts of fertilizer 
applied, F3, F2 or Fl. No clear difference was revealed as regasde raE;n_lts due to different 
rates of watering. 

The oonolusion was that good treatment of planto in the nureery ie doeirable because 
it helps the "take-off" of plant8 out in the field and gtmm%ntees better growth and better 
rate of take. 

Another experiment of the same kind, but in which the plants were followed only 
through the nursery stage, was undertaken in 1975 at Oua.@dougou (Upper Volta). The test 
epeoiee was Euoalsptus oaaldulenei8 and the trial involved aeven different treatments 
using mirttrree of sand, earth, mure (oow-dung) and oompost in different proportions aa 
followor 

1. l/4 manure 
l/10 Illinure 

l/4 md 
3/lO aand 

.1/2 earth l/4 ocmlpoet l/4 sand l/2 earth 
2. 6/10 earth :: l/10 compost 3/10 sand 6/lO earth 

5. - l/2 aand 
6. - 
7. - 1 sand 

The reeults as of 14 July 1975 were aa follows: 

172 aarth 
1 earth 

Trertmsnt 

1 

2 
3 

4 
5 

6 

7 

$ of live plant0 height r eaohed 
(ml 

average height 
(am) 

70 O-927 66.2 

85 1.044 61.4 
loo 1.604 80.2 

95 1.433 75.4 
loo 1.213 60.65 
100 1.250 62.5 

loo 1.162 58.1 

The beti results were obtained with the mixture: l/4 oompoat, l/4 sand and y2,earth. 
A definite depeosive effeot wae noted when mnure (oow-dung) mrs used, an effeot which needs 
to be diaouesed, broauae there ie "manure" and QanureN. 

Amide froathe oonolasionthat it ie worthwhile $0 provide good treatment of plante 
in the nursery, these reeults still refer to. looal sites and it would be neoeeaary to 
dot-mine the bed mirturea for use on other mites, and to determine nhat are the possibili- 
tirs Of obtaining looal supplies of potting media. 
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The pointa in the disotrssion of a011 potting mixtures in Tree Planting Rastioes in 
~fki- s1v~rnr8 (FAO, 1974) are valid as brad ~inoiplas; that is, the soil should be 
relatively 11&t and oohesive, and have good uater rstention oaproity and a high organic 
and minsralarttm oontexrt. The plastisal forestsr must nevsr forget, h-ever, that these 
are only gensral ~inoiplrs and his skill oonsists sntirely in working out w&oh mirttlre 
of patsrials available to him is most appropriate for eaoh site. 

GROURJGSEEDLINGS INNMWRYBEDsVS.F0l'S 

Plants traditionally used for forestation purposes in the Sahel - Sudan sone are 
own in ssrd beds, vis: 

arborsa). 
nesm (Asadirashta indioa), oassia (Cassia siamea), and 

Sinoe this simpls method has proved satis~y~urthsr 
erpsrimsn%%h&& done. Still it should be noted that Dottsd Dlants have bettsr 
ohanoes of good "take" than those sst out with bare routs, this being all the more true 
the harshsr oonditions are. By way of illustration, follswing ars the survival 
rates for neom 6 months l ftsr planting in atria1 oonduoted in Niger in 1972 (total annual 
rainfall only 281 mm). 

I Plant8 gcoun in: 

Pots 
DOtS 

Pots 
Pots 
bsds 

P&s 
beds 
beds 
beds 
beds 

Date of planting 
in the field 

5/11/71 
4; iG/'j i 

4/12/71 
5/l/72 
4/12/71 
19/2/72 

5/l/72 
16/U/71 

5/10/71 
5/11/71 

Survival rate 

88 
6-i 

80 

77 
35 
34 
31 

29 
20 

17 

T%IJ results are gurtioalarly olear. They were obtained during an extremely dry year. 
when rainfall is more l bundaut these diffsrences diminish; and when rainfall is on the order 
of 500 mm, no sharp differenoes are found bstween the field survival rates of plants orig- 
inally grown in pots and those grown in beds and planted bars-rooted. Below the 800 mm 
isohyst, it is thsrefore normalto plant neem, Gmelina, Gassia, and Dalbergia with bare 
roots. It is, however, not impossible - and this is a mtfsr for discussion -that one 
would be quiokly lsd to advise the planting of eaoalypts bars-routed. 

USE OF POl'S 

The use of plastio (polythene) pots is now very oommon in the arid PpTts of Africa. 
The mual Tree Planting Praat loss in Afrioan Savannas 
this point. 

(FAO, 1974) dwells a great deal on 

In some oases the use of sall pots, whioh is often advised and certainly makes for 
ap~eoiable savings in transportation oosts, may lsad to the production of siokly and 
gsnsrally too small plmts. The pots which we feel oombine maximum advaxrtages for many 
spsoies have the following spsoifioations: 
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Height: 20to 25 om 
Diameter: 10 om 
Thiokness: 40 q iorons 
Cola; preferably black 
Holes: approximately 10, the highest at 13 cm From the seam* 

hrtioular emphasis should be laid on the need to cut a-y the bottom of the pot at 
planting time in order to eliminate curled roots at the buttom of the pot, whioh are a 
problem for znany speoies. The plastio sheath obviously also has to be oarefully removed; 
this point oan stand repetition bemuse all too often bad plantings are the result of oare- 
less methods used in removing the plastio pota. 

UPB33RlBTHODSOFRAISINGPLANTS 

As there has been previous disoussion on the growing of plants in beds, coverags 
here will be oonfinedto the use of cuttings and dire& sowing. 

Crowina of Shoot Cuttings 

It is necessary to stress the great hopes vested in the growing of genetically 
seleuted Ewalyptus clones, mist propagpted from shoot cuttings. The People's Republic 
of Congo has socumulated valrsble experienoe in this field and it was intended that its 
ressaroh progrupme would lead to industrial plantations of E@alyutus clones (whioh have 
ieSiii* 6&93&y 'vrsn siariecij. 

Quite aside from the programme of genetio improvement of plants, which goes beyond 
the soope of this report, the multiplioation phases oompise: 

- seleotion of plus trees from among impoved spsoies; 
- possible multiplication by grafting; 
- felling the grafted trees (above the graft) or plus trees to produce ooppioe 

sprouts; 
- taking otxttings from among the sprouts (with oonsideration of the position 

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

drained, inert soil like gravels); 
- definition of mist; 
- hormonal treatment; 
- picking out of routed cuttings; 
- possible establishment of olone banks for industrial-soale production of 

outtings or for other resesroh pm-poses (oontrolled hybridization, eta.) 

As regards the using of Euoalyptus outtings for planting, note that the teohniques 
devised in the Congo are rather local in charaoter; they are not suitable for use either 
in Tunisia, where other teohniques have been worked out, 
of swh trials the projeot was abandoned. 

or in Niger, where after 4 ye&r8 

Direot Sowing 

Mention should also be We of forestation by m-8 of direct sowing in the field, 
but in the savanna this method is useful only in very speoial oases (e.g. Anaoardium and 
Aoaaia seneml) as desoribed by Laurie (FAO, 1974). 

FAO 
1974 

Wee planting praotioes in Afkiorn savannas, by H.V. Laurie. FAO Forestry 
Development bper No. 19. Rome. 
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Other leatures are dealing with sowing, soil mixtures, irrigation and protection, so 
the subjects to be oonsidered now are shading, sheltering, weeding, root pruning, grading 
and paoking. 

The notes whioh follow refer nsinly to plants raised in polypots as this is the most 
common praotice in savanna regions. 

SHADE AND SKELTER 

The use of shade in forest nurseries is a natter of oonsiderable difference of opinion 
among foresters. In BMaysia 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 Wlaysia, shading pines after pricking out is only recommended during &rch and 
April, the hottest time of the year, and then only for three days after pricking (Granhof, 
1974) l In Samru, 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 
inoreased height growth of pine seedlings when these were grown under shade. Unfortunately 
the perforssnoe 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 rsised by direct sowing into oontainers, shade, if needed at all, should be 
removed one to three weeks after sowing or pricking out. 
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A :nu&sr of different materials oan be used for shade. For seed trays a building with 
a tmnsluoent oorrugated psrplsx roof suoh as is used in Samrru, Nigeria, is very suitable 
thou& expensive. A special type of shade oloth, known as nSarlonu is used in Malaysia for 
transplant beds in the form of high shade about 2 m above the ground; the z&erial used in 
@laysis trsnsmits about 50 per cent of the light falling on it, but this shade cloth can 
also be obtained in &her shade intensities from 30$ to 95%. Bite cotton cloth has been 
used in Thailand. Often only partial shade is needed; this oan be nmde from la:hs, or 
bamboos, or oorn stalks, separated so as to give about half shade. It is possible to 
fasten these together with wire or co13 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 hart&tan of northern Nigeria, provision 
of shelter in the form of screens of mats or coarse 010th round the nursery is desimble. 
A hedge or windbreak of closely planted trees would serve the same purpose. Such shelter 
not only reduces the desiccating effeot of the wind, but also by reducing the effect of 
wind on spray irrigation, gives a more regular irrigation pattem. 

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 nursery shade and shelter can be found in Laurie (1974). 

WEIEUNG 

Sand weeding is still the commonest method in African savanna nurseries, but in Zambia 
the weedkiller ‘VGrumoxone” is used. This might well result in considerable savings in oost 
(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 psper. Heeds on paths etc. can be controlled by 
the use of a flame gun. 

ROOT PRCNING 

If plants are grown in oontainers the roots will tend to emerge from the drainage 
holes into the soil beneath. The 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 whioh 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 ars 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 0~11s am discarded. Culls are plants which are excessively stunted, forked, or 
otherwise abnorwl. They may also include oversized plants. If planting is to extend over 
two or three months the large plants should be planted first, snd the rest as they sucaess- 
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 
smrller plants, and also possibly by applioation of fertilizers to the smaller plants. 
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Holding back sznller plants until they beoome big enough for planting has certain 
druwbaoks, as these plants nay be genetically inferior, o’i” have been so checked in the 
nursery that subsequent growth in the field is poor. It is better to try to spread out 
sowing dates so that plants come to the right size at the time they should be planted out. 

The question of the best size of plants to use is a matter of some controversy, and 
little experianental work appears to have been done on this. There is some discussion of 
this in Laurie, p. 99. It arty be that a much greater range of sizes can be planted satis- 
factorily than is commorl~ thought. Certainly in Thailand excellent results have been 
obtained from one year cU Pinus kesiya seedlings 30-40 cm high, though there the standard 
size is 15-20 om. In India= Euoalyptus plants over 1 m tall are sometimes used, 

fiotors influencing the optimum size of plants include the size of the oonixiner, the 
severity of the olimrte, and the Amount of oompetit ion by grass and weeds. Another factor 
whioh should be oonsidered is that 1~~ge plants will be more expensive to transport, and 
more likely to be damaged in the process. 

PACKING AND TRANSPORT 

Packing of oontaine-raised seedlings presents few problems. They are mrely put in 
trays, and are loaded into vehicles. Wooden trays are sometimes used, but these are 
heavy, kmu uAwd l *---g_ nede of wire mesh am gz-e~ez&le. A simple txmy of wire mesh has been 
designed in Thailand, oapable 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 con junction 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 hurran transport. 

It is important that the containers should be packed tightly, so that they cannot 
move. Lashing a rope over the oontainers is son%times advisable, when carrying-distances 
are long. The vehicle carrying the plants should be provided with a tarpaulin shade, and 
should travel at a moderate speed. 

Dare-rooted plants should have 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 p3ants 
stumped to about 2 om stem and 15 om root, with all side-roots removed, can be stored in 
boxes or trenohes filled with dry sand for severs1 months without losing their viability. 
Stumps are thus prepared in Egroh or April, for planting in June. 
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I INTRODUCTION 

There are eeverel records in different parts of the worldwhich show that erotic pines 
w~ally fail to establish unless suitable myoorrhizal fungi have been imported for inocule 
tion purpoeee (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 qfcorrhizal fungi. 

Aacording to Redhead (1974). the first record of introduction of pine into Nigeria 
was in 1925 when Pinue longifolia Roxb. was introduced into the country from India. 

This and several other introductions in the following decade failed apparently 
becauee no mycorrhiza wae supplied. According to Madu (1967), & halepeneie Hill. end 
p. cenarieneie Smith were tried in Naraguta nursery, Joe, in 1950 whi1e.P. oocerpa wae 
also sown in the nursery in 1951. In 1952 they were inoculated with soils collected from 
pine etends in Oxford end flown to Nigeria. These seedlings were planted out in Vom in 
1954 without eny visible evidence of I~corrhizal infection. Also in 1954,.P, patula 
Schiede de Deppe and P, radiata D. Don seed from South Africa was sown and inoculated with 
soil collected from & petula stand in Ramenda, Cemeroons. These seedlings were also 
planted in Vom in 1954. The set of 1954 plantinge in Vom were the first suocessful pines 
--L--.3 A- ,,2 u-z - .-0-u *u ..*ew**mm. 

Redhead (1974) quoting other unpublished records indicated that soil end fine root 
material was brouat f’rom N&la Hill, Zambia, in 1959 and ueed to inoculate & insularis 
and P..keeiya. These and other one year old seedlings of 5 caribaea, & patulav and 
P. rabata previously inoculated with myoorrhiza eoil and root material collected from 
Vom and Naraguta were planted out in Miang~ in 1961. 

Since the establiehement of the Mango 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 Cameroon8 or both. 

Attempts to study rnycorrhizae, 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 Dsmenda were 
suitable for inoculation purposes. Mikola (1968) visited Nigeria among other countries to 
study the importance of mycorrhiza in afforeetation. He made a number of valuable 
recommendations for future work. @mob (1970) noted that temperature and aeration probably 
played vital roles in lsycorrhizal establishments. Later on he synthesized mycorrhiza of 
Pinue oocarpa, using pure culture of Rhizo 
zesfully grown in the field (Momoh, 1975 --=F luteolusg 

The seedlings so raised were 

spread ( 1974) carried out a number of studies on mycorrhizae in Nigeria, including 
some ectotrophio associations. Ekwebelam (1973) as well as Odeyinde and Ekwebelam (1974) 
also made some attempts to study rqycorrhizae 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 Roletus) and Coenococcum graniforme promoted better 
growth of p. caribaea than the other fungi they worked with. 

Despite these various studies, the normal practice of raising pines in Nigeria is 
still by ueing soil inoculum collected from established pine plantations. 
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AB%S OF SUCCESSES ANB FAILURES -- 

with the currmt technique of using soil inoculum collected from under old pine 
plantations for the inoculation of seedlinge, a reasonable degree of success hae been 
achieved in the country. Pines have been eucceeefully grown on the Joe Plateau (elevation 
1 200 metree), Eambilla Plateau (average elevation of about 1 600 metree) and Obudu Cattle 
Ranch Plateau (about 1 600 - 1 700 metree). Pines have also been grown fairly successfully 
at lower elevations in Afaka (600 metree) and Ibadan (about 180 metree). In the caee of 
Ibadan, there are only 3-4 rainless months while in some other'looalitiee such ae the 
Joe Plateau or Afaka, the rainless period can be of 4-6 months duration. 

In most places where pines grow well the beet ones are Pinue caribaea and & 
OOCarpa* 

In some loaalitiee such ae Bida snd Eokwa (elevation of about 146160 metree snd 
about 4-5 rainless months), pines have almost always failed to grow successfully even 
after a eucoeeeful myeorrhizal infection of the eeedlinge in the nursery. The reasons 
for this are not yet completely known but it is euepected that certsin soil factors and 
the soil temperatures in particular might be a major factor. 

The eporooerps of Rhizououon luteolus have been found in some. plantations in the 
COWtrJr (at eleV&iOFE ZhYt 'lM aa+m*m' a-- """--I- k'kr+nry +diee of cultures raised from 
such eporooerpe ehowed the optimum growth of this fungus on Hagem agar as gj"pZ. Tm 
culture the fungus wae incapable of growing above 34'C (Momoh, 1970). It is also-*&own 
that thg temperatures of the soil near the surface csn sometimes be ae high or even higher 
thau3A+c. Rhen the temperature remains hi& in the desiccated soil over a prolonged 
period in the dry seeeon, it is not impossible that this mi&t lead to the death of 
mycorrhizae and subsequent failure of the pines. 

In nurseries situated in dry areas of the country such as Ssmaru, Zaria, it is 
common to see dead inactive mycorrhiza on the sides of polythene bags facing the sun 
a block of bags) while the mycorrhiza remains active on the opposite aide of the same 

(in 

bag. 

PROSPXX'S OF PISOLITRUS TINCTGRIUS 

Redhead wae the first to import Pieolithue tinctorius (Pere.) Coker & Couch into 
Nigeria. He got his cultures from Dr. Zak in Orewn, U.S.A. He tried to inoculate 
seedlings with this and other pure oultures of wcorrhizae fungi but did not get sny 
infection. In his report, he (Redhead, 1974) noted that "None of the pines showed any 
sign of mycorrhizal developmenV after 4 months. Redhead however gave some cultures to 
Ekwebelam who indicated that he had some successful inoculations (Ekwebelsm, 1973). Since 
Ekuebelam worked with meny fungi under a closely packed situation, it was not clear if the 
reported sucoeee with some of the cultures wae not due to contamination from others. 

Nevertheless, 5 tinctoriue is known to be a very good mycorrhizal former in some 
hot zones of U.S.A., especially in Georgia. Both cultures and eporocarpe of this fungus 
were therefore imported into Nigeria for further trials in the areas where other fungi 
like Rhizopomn luteolus initially introduced into Nigeria through soil inoculum had 
failed. Momoh and Gbadegeein (1975) have described the introduction of this fungus and 
the eucoeeeful initial experiments carried out with it. Successfully inoculated seedlings 
of Pinue-oocerpa were planted out in the field at MiangO, Afaka, Mokwa, Bida and 
Ejidogarl. 30 fer, the inoculated seedlings have continued to grow quite well. The 
f'ungue ia also being inooulated onto P. oaribaea for similar and more extensive trials. 
Evsntually, it ia hoped that elsyoorrhzal bend* of & tinotorius will be available to 
all pine growers in the country. 
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It ie clear that P. tinotoriue has peat prorrpec$a in Nigeria. In oulture it haa 
its optimum growth at 3FC and continues to grow at 42 C, while other known mycorrhizae 
fungi in Nigeria are incapably or @wing at t&in high temperature. Fbr example, B. 
lutaolue has an optimum of 23 C and dies at 34 C. The rate of growth of ssedlingss mocul~+ 
ted with P. tinctoriue ie very much faster than what ha6 been aohieved with any other 
mycorrhizz f'ungi tried in Samaru. The f'ungum alao forms eporocarp~~veryreadily(Momoh 
end Qbadegeein, 1975). Th ua large quantities of pure forms of inoculum could be readily 
obtained throua spore inoculation. 

FUTURF,LINESOFBEsEIIRCH 

In hie studies Redhead (1968a I b) discovered that some indigenous Nigerian forest 
trees have ectotro&io myoorrhizae which is the type found in pines. These were Afzelia 
bella, A. afrioana, Braohystegia euryooma and Uapaca toaoeneier. This fact suggests that 
there rnr&t be naturally existing fungi in Nigeria that might be capable of forming 
mycorrhiza with pines. Further atudiee in thie respect are desirable. If euitable pine 
mycorrhiza fungi are found in natural Bavanna lande, a new dimension might be introduced 
into pine inoculation problem. 

The current auccesa of Piaolithum tinotoriua will be pursued with vigour. The f'ungua 
will be introduoed into various looalities on a wider scale 80 that ite inoculum can be 
available to all pine growers in Nigeria end probably elsewhere. The seedlinga of pines 
already inoculated with 5 tinctoriue and planted out in the field will be assessed from 
time to time and more field trials will be eet up. 

TEWNIQuES OF COLLECTION AND INOCULATION 

In the interest of pine growers, broad guide lines on rqycorrhiza colleotion and 
inoculation will now be given. Purther details can be found in earlier publicationa 
(Momoh, 1970, and Momoh, 1974). 

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

The mycorrhiza soil should be used aa soon as possible after collection. The soil 
inoculum should not be allowed to dry out before me* Inoculation ten be done by mixing 
mycorrhiza soil with the sowing mixture or by introduoing a pinch of the inoculum into 
close proximity of the roota of the eeedlinge. 

Since excessive temperature can be detrimental to many mycorrhizal fungi,li&t shading 
might be necessary in very hot areaa. It must however be remembered that excessive shading 
ten lead to etiolation of the eeedlings. 

Teohnically, pure culture inoculations are the best. They are however laborious 
and are normally limited to scientific research. Nevertheless, pure culture inoculations 
%UI be used to eetablieh nlJrcorrhiza1 banks of desirable fungi. 



CONCLUSION 

After Borne initial failures, pine6 were ~ucoesefully introduced into Nigeria in 1954 
after neoereary mycorrhizal inoculationa. There are now Borne promising etands of pines, 
eepeoially 5 caribaea and P. oooarpa, in different parts of Nigeria. Pisolithue 
tinctoriua appear to be a very promising fungus for the areaa where pine growth is still 
difficult ae a result of mycorrhizal failurea. 

All pine growera in tropioal savannaa are advieed to always ensure that their seedling 
are well inoculated with suitable mycorrhizae before they are planted out in the field. 
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INTRODUCTION 

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, ae satisfactory techniques for raising most of the 
important species had been found before the eetabliehment of the station. Theee 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 tschnique of pregermina- 
ting seeds, especially of pinee, in a mixture of aand end vermiculite. However, this is 
not to cay that more research into nursery methods would not be desirable. Althou& the 
methoda used are eucceeeful in producing satiefactory planting stock, it is certainly 
possible that even better and cheaper methoda could be found. 

u Paper for Symporium on Savanna Afforeetation 



@he main experiments undertaken were on oontainer size, soil potting mixtures, snd the 
effect of shading and different methoda of inoculation by zUcorrhiza1 fungi. 

CONTAINER SIZE 

!Ibe standard polythene bag used in northern Nigeria when full had a length of 25 cm 
end a oircumference of the same length, and weiefied, when full, about 1 800 go Obviously, 
considerable savings in the mount 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 u88d. !fhus 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 E&calsptus trials, the smaller bags had little effect on survival, but caused 
some reduction in growth, which could poesibly 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 two other sizes. 

Thus for pines 15 x 25 cm bags are satisfactory, but not the smaller ones, in the 
conditions of Afaka. This will save about 40 percent in wei@. The smallest bags would 
give a much greater saving, as they are only 22 percent as 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 MIXTURES 

Different combinations of potting mixtures and fertilizers have been experimented 
with for Eucalyptus csmaldulensis,$. m hybrid, a?d Pinue caribaea. A full account 
is given in Jackson et al (1971). Some of the more impurmresults are given below. 

For eucalypta three rooting media were tried: .river sand, sand mixed with rotted 
cow dung, and sand mixed with losmy 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 wae best in the sand and cow dung mixture, 
thou& there were indications that the cow dung increased mortality in & grandis hybrid 
seedlings, though not enough to offset the better germination. & camaldulensis showed 
little difference in germination between tha aand, and the sand and soil mixtures, but 
germination of & grandis was slightly better in the sand. 

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

The effect of phospbate was tested in only one experiment. At the rate of 3 kg of 
superphospbate 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 prooedure. 

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 
g$mzmof nitrogen increased height growth of 96-dey old & csmaldulensis seedlings by 

. . 
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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 kg/m3 and 
fertilizer at the rate equivalent to 700 g of nitrogen per m3 was added. However, in 90 
deys this produced seedlings 50 cm high, which are probably over the optimum size for 
planting. Indeed, if COY dung is used in the potting mixture, satisfactory growth of 
seedlings ten 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. 

Pinus caribaea differed considerably from the eucalypts in its responses, especially 
to nit=. There were two experiments. The first compared different mixtures of send 
and topsoil in proportions of 5:0, 4:(E, 3:2 and 2:3 respectively, combined with the 
addition of urea, at 0, 1 and 2 kg/m3 end superphosphate at 0, 1 and 2 kg/m3. The topsoil 
had a clay content of 16 percent, a nitrogen content of 1.16 percent and a phosphorus 
content of 75 pph Survival was best in the 4:l end 3:2 soil mixtures, but the mean hei@ 
of survivors was much the same in all mixtures, except in the send without soil, where 
it was markedly lower. Tuo kg of urea per m3 significantly increased mortality from 
an average of 14 percent to en 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 cm, except ir 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 Iqycorrhiza visible to the bare eye from 33 to 66 percent. 
There was also better mycorrhiza production in the 4: 1 and 3: 2 sand-soil mixtures, than 
in the pure send 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 seaond 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 0, 0.25, 0.5 end 0.75 kg/m3. 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 mycorrhiza. Urea had negligible effects 
at all levels tried. 

Thus pines showed great benefits from phosphate, but 1 kg/m3 was sufficient. Added 
nitrogen (at least in the form of urea) had negligible effects at lower levels, end 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 send is easier to obtain than forest 
topeoil the former proportions would be preferable. One kg of superphosphate (or its 
equivalent in phosphorus) mhould be added per m3 of mixture, but no nitrogenous fertilizer 
is necessary or desirable. 

SHADING AND MYCORRHIZA INOCULATION 

In general it has been found at Semaru 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 desimed to compare the effect of shade, end of different methods of inoculation 
with mycorrhizal fungi, on Pinus oocarpa seedlings in 1970. 

with 
half 

Shade was provided by guinea corn (Sorghum) stalks tied in a roll, in two ways, one 
the sfalke as clone together as possible, and the other with them separated to give 
shade. No shade was the third treatment. Sight and a half months after pricking 
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out percentage survival in full shade was 80, in half shade 82, and in the open 71. The 
differences were not si&ficant statistically, but the test, based on only four degrees of 
freedom, was not very sensitive. Mean heists of surviving seedlings at the seme age 
were 24.1, 24.0, 16.1 -cm respectively, showing highly simifiosnt effects from shade. 

Nycorrhizal inoculation was effected in the following wsyst use of roots and soils 
from bags containing 1 year old seedlings of pine, chopped up and added to the potting 
mixture, at two months before the time the seedlings were pricked out, immediately before 
pricking out, and 45 dsys after pricking out (three treatments); use of topsoil from a 
Pinus caribaea plantation immediately before pricking out, and 45 dsys after pricking out 
(-treatments); and no inoculation. Use of the forest topsoil either before pricking out 
or 45 ws after, produced the best height growth, but mycorrhizal development 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 bage, so 
this method would be preferred on economic grounds. 

It is obvious that this research has only touched on a few aspects of nursery 
production, end 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. 
include watering regimes; 

Other important factors, at present little studied, 
uee of soil fumigants to control fungi end weeds, and herbicides 

to control the latter; and the optimum size of planting stock in relation to bag size, 
bssed on performance in plsntations. 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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Affaestation 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 intrioat ely associated, will be mentioned as it affects the soil. 

Soil oritioally affects the growth of trees, and good growth requires that the soil 
be in such oondition as to favor gocd root d.evelopment. The seven important soil fact or8 
that affect development of tree root systems are: (1) depth, (2) texture, (3) str;Gture 
and consistency, (4) moisture, (5) aeration, (6) soil fertility and (7) toxic substances. 
An ideal soil fm the proper deveiopment 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 year; 

- be well aerated (Aeration is correlated to soil texture, struoture, 
oonsistenoy and depth of water table. Proper aeration is important in 
the metabolism of the plants and also prevents t.he format ion of toxic 
substanoee in the s&l.); 
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-be fertile (A fertile soil has the ability to provide the proper 
oompounds in the required amounts and in the oorreot balance for the 
growth of plants when other environmental conditions are favcurable); and 

- low in toxic substances (Any layer of toxic substances will limit soil 
depth by preventing the roots from developing downwards through the 
toxic layer.). 

In the Guinea aones of West Africa the two principal limitations in soils affecting 
tree growth are: (1) soil depth and (2j soil drainage. 
(1) availability of soil moisture and (2) soil texture. 

In the Sudan cone, they are 

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 paper is to show the procedures used in determining soil conditions 
in the field that 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 
aoils 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 fW 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, 
physics& olimatic and vegetation mps covering the area for soil survey are important 
prerequisites. Referenoes involving the geology, climate, geography, agriculture and 
forestry of the area of study, or nearby areas are also needed. 

PROCEDURE OF SOIL SURVEXS 

Depending on the objectives, soil surveys oan be alassified as detailed, semi-detailed 
or reconnaissance. 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 made 
from several points along the roads. The characteristics of the soil profiles are studied 
in as many places as required using, 8,s 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 are examined with the use of an hand auger. Pits one metre 
square by 1.5 metree deep are dug for the detailed description of a representative profile 
of each soil unit. One side 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 
routs and reaotion 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 reaotion is de- 
termined using colour indicators (Chlorophenol red for soils with reactions between #-I 5.2 
and # 6.8 and Thymol blue for soils with reactions between pH 6.0 and pR 7.6). 
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Whenever possible, the soils below 150 cm 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 snalysis. 

The trees, shrubs and grasses growing around the area of each pit described are 
ident if i ed . 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 tarlle, 
land forms, and animal activities me 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 oharaoteriatics 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. ‘&en 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, the texture of the A horizon is loamy sand, thus, th.e 
soil type is Lokoja loamy sand. Sometimes within an area of a soil type, minor differences 
in characterist its may exist which are important only in soil management. This may be 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, types and phases are made 
directly on the aerial photograph using a wax ooloured 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 clean, 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 photo.graphs is transferred 
to the soi 1 base map with the use of a Grant Pro jeot or. 

The base map becomes the draft of the soil map and this is given to a draft srmn to 
make into final form for reproduction. The area of each soil mapping unit is determined 
and their relative extent is computed. 

SUITABILITY CLASSES FOR TREE PLANTING 

The characteristics of each of the soil units mapped are further classified by group- 
ing into capbility clasees soil units with similar oharacteristics 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 
plantability or suitability olasses 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. Moderately suitable: This class includes; (1) land with moderately deep soil with 
good drainage; (2) 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 practioes are needed. 
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This class includes; (1) land with moderately deep to shallow soil 
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. Intensive soil conservation Factices 
are needed. 

tzg 
Poorly suitable: 

j 

This class includes; (1) land with shallow but well drained soils; 
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 compaoted soils; and (6) land whose soils are very severely eroded. 
Soils in the profile lnay be highly saline or alkaline, thereby adversely affecting the 
growth of many tree species. The ohoice of trees for planting in this class is very limited. 

v. Not auitable: This class includes; (1) land with very shallow or skeletal soils 
where the bedrooks are near or exposed on the surface 
ture conditions (too wet or too dry). 

; and (2) land with extremes of mois- 
Mechanization or planting of trees is not recommended8 I 

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 tilimate, 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 inoreases with soil depth. A 
100 cm 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 nun), 
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 propincrua can- 
penetrate 120 cm of dense plinthite. On the other hand, roots of Isoberlinia doka bend 
horizontally upon encountering the plinthite layer. Effective soil depth also varies 
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 is much higher than the C horizon. This is generally true where the 
texture of the C horizon is coarse sand, as found in the Ejidogari Forest Reserve, Nigeria. 

Soil drainage is another limiting factor in tree growth. Preliminary studies on a 
soil catena at the Afaka Forest Reserve planted to Pinus caribaea, showed it to be progres- 
sively affected as drainage became poorer. However, Tthe case of Eucalyptus citriodora, 
E. saligna and g. tereticornis, 
Tmpediments. 

these trees do not seem to be affected by seasonal drainage 

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 d-year old g. carnaldulensis 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 2. 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 Forest Reserve, growth of E. saligna during the 
first year v;as adversely affected by difference in soil depth (thickness of soil horizons). 
However, i.6 appears that after subsequent years (3rd year) growth difference became gradu- 
ally less significant. In this case, effective depth is more important than soil horizon 
depths as a site quality factor. 
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Plinthite oan be a limiting faotor for tree growth, 
especially when Indurated end near the soil surface. 
Some speoies, however, are ablr to penetrate the 
plinthite and draw water from beneath. Here Ehxalgptus 
cloesiana roots pass through a 10 cnn thick plinthite 
layer about 60 am below the surfaue. 



OFFICE AND FIELD EQUIPMENT FOR SOIL SURVEYS 
Appendix 1 

Offiae Equipment 

1. Stereoscope . This oan be either the scanning or the mirror type but large enough to 
examine the full view of a 23 x 23 cm 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, produces some distortion in the sise of image, being a natural physical 
charaoteristio of the lenses. This distortion can be correated by proper manipulation of 
the machine. 

4. Planimet er . An instrument used to determine areas on maps. It registers the number 
of square units (usually squsre centimetres), so that by c-relation with the soale 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. Brent on compass with attaahed olinomet er . The former to determine direct ions and the 
latter slope of the land. 

49 Munsell Colour Chart with supplements for use in the tropics. 

5* Geological hammer, with one prong chisel-ahaped. 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 @I 3.5 
to pH 8.5, ph 5.0 to pli 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. 

99 A 3-metre steel tape measure. TV measure depth of horizons. 

10. Plastic bott le with spout . To moisten soils with water for examination with fingers. 

11. hydraulic-powered soil coring machine. (Optional). This is a versatile machine which 
can save much of the surveyor’s energy. It can bore holes with augers to any depth as long 
as there are extension rods. It can thrust a steel coring tube through soft soil to get 
an undisturbed soil profile sample. 

12. Vehiale. 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 piak-up truck. This vehicle should also be of four-wheel 
drive and provided with power take-off. 

139 Soil sample bags, either oloth or plastic. 
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Appendix 2 
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LAND CLEAFUNG AND SITE PREPARATION 

D.E. Greenwood 
Division of &rest Resesrch 

Kitwe, Zambia 

The objectives of ground preparation in savanna oonditione are eummarised 4n 
Chapter 9 of Laurie (1974). The choioe of methods by whioh to achieve them will depend 
on local conditions and on the results of local research and user triala. 

The factors to be considered in choosing between hand and mechanical methods are 
also atated in Laurie but an additional factor which has arisen fairly recently is the 
rapid rise in the price of fuels and oila - a rise which seems likely to continue. This 
seriously affects the relative cost of mechsnioal operations, not only directly, by 
increasing the cost of carrying out the operations but also indirectly, by increasing the 
cost of the maohines 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. 

Were the supply of labour is inadequate, or the time avsilable is too short, for 
hand methods to be praoticable, there appeam to be little alternative to mechaniaal 
methods of clearing. In view of the already enormous end still rising costs, however, 
further thought needs to be given to the situation. Several approaches are possible. 

(a) Recoup some of the costs of the olearing by making another use of the land before 
raiaing trees on it2 

(i) utilise the standing timber before clearing takes place or after knock+ 
down e.g. producing veneers from selected stems, chipping or pulping, 
produoing ohsrcoal efficiently on a large sosle in kilns (these processes 
alao affeot the clearing costs, mostly favourably); 

(ii) hire the land out to a commercial farmer for the production of agrioul- 
tural crepe for one or two yesrs (strict contract oonditions necessary); 

(iii) produoe agrioultural crops on the land using paid forestry labour. 

The practioal, technioal and economic aspects of these schemes need careful 
study; field triala, and in some oases researoh, are essential. 

(b) Devise cheaper methods of doing the present job: 

w Use lighter maohinery 

Whether’this is practioable or not depends very much on the density of 
the bush and the average sise of trees to be dealt with. If the bush is 
light enough then li&fer maohinery can be used. Not only is this 
oheaper to operate on the clesring process itself but such maohinery can 
be eoonomioally used on other forestry jobs during the remainder of the 
year, thus reducing the capital costs to be charged to the land-clearing. 
The Bimbia 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 csnnot be too strongly emphasised, however, that where the tree cover 
ir heavy, balling for maohines such as Caterpillar l&7’s and %8's, then 
it is no econonp! to try to Q&e do" with lighter machinery. At best, 
you will end up with greater expense owing to delays and breakagea; at 
worst, you may find yourself with broken machinery aud the job unfinished. 

(ii) Use new types oi maohinerg 

Machines mash as the IIydrswhamper and !Cree &tractor, which are mounted 
on wheeled tractors end are said to be able to pull up the whole tree by 
the roots, have recently been publioised and demonstrated. The published 
results of the demonstrations have been difficult to sssess owing to lack 
of data about the trees concerned and the time taken. The only demonet- 
tion in Zambia so far convinced the audience that the maohine was not 
likely to be of interest to the Industrial Plantations Project. It was 
too slow end did not appear able to oope with trees of the aioe we are 
usually dealingwith. It might be of use to have around, however, for 
cleaning up operations end might even have a use in small-scale clesring 
operations in meas of light woodland. 

(c) Eliminate parts of the present job. 

(i) The windrowing oould be eliminated to a large extent if more charcoal 
were made or if the wood could be ohipped (as alrea 

7 
mentioned this could 

also bring in revenue to help psy for the knookrdown . To do the job 
within the season, however, charcoal would have to be made in kilns. 

(ii) Alternatively, the knocked-down timber, instead of being win&owed could 
be left in situ and burned in the late dry season* Two such burns would 
be necessary, however, and there might still be a difficulty in getting 
the larger logs to burn. On many soils a heavy growth of Ryparrhenia 
and Loudetia epeoies csn also arise. 

(iii) Omit the ploughing, research in Zambia has shown that thirc ploughing 
ia not strictly neceesary. However, the maintenance of the crop in a 
olean-weeded condition during the first year is necesasry, and if the 
land has not been ploughed the first-year wee&g will be muoh more 
expensive. So these oosts have to be balanced against each other, not 
forgetting the possible saving in capital investment in heavy ploughs. 

(d) Re-exsmine the need for the present complete clearing of the land. 

w Methods of ground premation which were written off as failures in the 
early ~~JEI of exotic plantation silviculture might now be modified to 
produce a viable plantation. New factors favouring this include the 
ability to mduce high quality nursery stock, the development of chemical 
methods of bush killing and weeding, and the development of stumpjump 
ploughs and harrows. 

(ii) Research in several direotions is in progress or planned in Zsmbia, but 
the applicability of results elsewhere can only be determined by local 
trials an.d oostings. 
deration 

Successfld, establishment is not the only consi- 
- the overall effect on growth rates will influence the final 

oost of the plantation. The saving on land clearing has to be balanced 
against a posaibly longer rotation end other incidental costs. 
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!Phe essentials of the various methods of clearing by hand and by machine are 
described by.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 administrsr 
tion. If mechenioal methods are to be used, then the situation is more complicated (quite 
apart from the considerations discussed above, decisions on which have to await the results 
of field trials end 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 hss been lucky in the past in having in the 
country a contractor with the necessary heavy equipment and with a lot of experience. This 
ia now ohsnging in Zsmbia and msy never be the case in other countries. In such cases then, 
seversl courses of action may be possible. 

(4 

b) 

(4 

join forces with another government 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 government support involving some form of contractual 
obligation to undertake government's clearing programme. The promotion of one 
large company on which government then becomes dependent has many drawbacks. It 
msy be better to support several smaller enterprises which could each do part of 
the work. This has msny advantages but is only practicable if the total land- 
clearing work required is large. 

aoquire a land-clearing unit for the plantation project. This is not likely 
to be undertaken since to make it viable, it may be necessary to hire out the 
unit for other land-clearing or road-making projects. 

Whatever methods of land-clearing may be chosen from these currently hewn to be 
effective, the operation will take a fairly high proportion of the costs of plantation 
establishment in savanna areaam 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 may yet be possible to 
devise other methods of clearing which will reduce the overall cost. 

Laurie, W.V. 
1974 

Tree planting practices in African savannas. FAO Forestry 
Development Paper No. 19. Rome, FAO. 
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In relation to lend clearing operationa the following terms and abbreviations are 
used in the text: 

W "Operating time" (O.T.) for a tractor unit operation irr the total working 
time in minute8 per opecifio area or unit, cmd is calculated by adding 
working, minor &top aad turning timee. 

(ii) "&#a1 area” (B.4.) of a tme is the area of the cro~a reotion of the stem 
at bmaat height (b.h.), or at 127 cm (4 it 3 in) above ground level. 
The baeal ama of a crop or vegetation type ie the sum of the croon sectional 
areaa of itr oonstituent tmem and ier often exprerered aa the total basal 
area per unit land area (e.g. rquam metrerr per hectare, m2/ha). 

(iii) In relation to oomtingm, decimal currency baaed on the Nigeria Heira (a) 
warn introduoed w.e.f. 1 January 1973 and ir ured in the text. Rate of 
exchauge 91) at 1 Ootober 1975 wamt 

Vl @airs) - us $1.626 
= us $1.00 

IliTROINJCTIOB 

Ld alearing in the mavanua region requimo the removal of the natural woody vegeta- 
tion oowr for a apecifio purpose. As the removal of woo* vegetation conmtitutee a major 
ecologioal ohauge, it im eaaentid to carefully survey and plen the we of spry mite, PIO 
tkst only thorns areae which will be adequafely developed within a reasonable time are 
oleamd. Lend liable to erode rhould be neither cleared nor aultivated without planning 
adequate meamamm to pmvent rroil demagrb. In fomstq, the mdn reason for lend clearing 
ir to mmve woody material which would obrrtruot or hinder site preparation cultivation. 
Exoept for a few anal1 and rpecial mites, muoceosfil eetablirhment of fomatrg plentatione 
in the mavanna region mquimr olean weeding (FAO , 1974; Iyamabo end 0 jo, 1971) . Main- 
taining clean ueeding mgimem, exoept on a minor eoale or where taungya ie poseible, 
necem#itatem a high input of mechanical cultivation. For efficient mechanized weeding, land 
should be free of all ourface woody vegetation end of all rootr and rtwpa to the maxim= 
depth of penetration of the weeding implements. To achieve this rtate mquime the stumping 
of all &ending tmem and the diaporal of all l tumpq root8 and other woody debrie fran the 
8ite. 

For generally maall-rcale plantation development, 
toolm im the oldemt mnd mod oanmon method in Bigerie. 

lend clearing using labour end hand 
Initial studies of lend clearing 

co&m for a range of miter indioated that they were nome 30 to 7C$ of total establishment 
oomt, which mpmmentm a major initial investment. An eesly mechenised knockdo~ trial 
aring orawler traotorr end an pp9hor ohain warn oanpleted at Afeka in the northern kinea 
5ona in Deoember 1965. The trial, which took place lome two month@ Biter the end of the 
r&u, mhoued up rams of the initial problem6 of traotor operation but indicated that 
ohaining wu porribls and that rurther invertigation mhould be oonaidered. Further mechani- 
red oloaring and preparation work we moorded by Barrot (1968 end 1970) at Bimbia in 
whem even with a high level of meohauiration, land preparation corrtr oomprired 50$ of 

1968, 

oat ablimhment tort I. He alro noted that there was little diffemncre between hand or 
neohmimed olearing oortm at that time. Since that exeroime, however, labour aorta have 
rirm 340% aad trrotor operating co&m 40$ to lOO$, a trend that Barrot fomosrrt although 
it im unlitrly he entioipated the aotual paoe of incmame. Land olearing ir not diffioult, 
givea adequate l&our or mitable traotor power, but the srea requiring eluoidation relatem 
to that method or combination of methodm, whioh will giw the bert meultrr under rrpeoified 
ooaditioM. 



- 125 - 

LAID c- AED PRBUlUTI0lr OPERATXO~ 

Land pmpsration for plantatioar in the broad mnme oonmimtm of the following main 
operatiaru (Allur and -eda, 1974; Caterpillar Traotor Co., 1970a)r 

I 
i) Stumping or mechanired knockdown 
ii) 
iii) 

Widmwiag or hand piling 
Clem up 

iv) m 
4 
vi) 

WWB onf 
Pmplurting cultivation. 

Suoh activitiee a~ cleaning up, burning and laying out haw not m yet been studied 
in detsil. There im, howewr, a ooneiderable range of teohniquem for carrying out the other 
opentiozu enumeratrd. The following are the main metho& studied for plautation dewlop- 
ment in IFigeria. 

Stumping io mainly by camual labour; the main fool8 are the native hoe and m. The 
operation involwm exocnration, cutting of root8 and felling of the main tmem. Meohaniwd 
lolookdown may be by mingle tractor or by a ohaining unit. In the mingle tractor teohnique 
a orawler traotor urea a bulldozer blade to pueh over rtending tmem. Them ia little or 
a0 digging of mail. The method is adequate but oapable of improvement. Chaining employr 
two or three heavy orawler traotors with front mounted blade6 or raker end a heavy anohor 
oh&n mer-hitohed between two of the traotom. The chaining tractor9 advance in parallel 
15 to 25 m apart depending on the demity of the buoh, end the trailed chain pull6 down a 
nathe of tmea behind the traotom. In heav bumh the third, or back-up, traotor, equipped 
with a tme stinger, supporto the forward traotom bJ7 pushing owr any large tmerr which 
hold up the ohain. In efficient operations the impact of the chain extract6 a high pro- 
portion of the main aud lateral roots. 

If the &umprd or booked down tmer oennot be rold ao firewood or processed aa char- 
ood, then it ir neoearary to windrow or pile this woody debrio on mite for burning. Wind- 
rowing of the &brie into linear heaplr, oanmonly 40 to 50 m apart, is uoually done by crawler 
traotora equipped with front end r&en. In undulating terrain the windrowa are ueually 
nited roughly on the contour. Haad piling neoersitates outting the debris into manageable 
billetr aud packing theme into tight piler or heapr for burning. 

Cleaning up can be &fined M en operation following windrowing or burning in which 
any atumpm, root8 or other woo* debris whioh remain in or on the soil, are gleaned from 
the area end added to the windrowa or are heaped separately. Burning of the debrim ie a 
&raightforward aotivity requiring only ooxuideration of timing relative to me-on and time 
of *. 

The operation of 6urveying, pegging and beaconing the plantation layout including 
roada, ridem and compartmentation ie designated laying-out. 

Pm-plenting oultivation oonrrirtr of two main activities: pioneer ploughing end 
harrowing. Ploughing following olearing ir derignated a pioneer operation beoause it 
involwa bmaking-in lend for the fir& time. Such newly aleared site8 are much harsher 
and mom diffioult to oultivate then developed agri~ltural lend. A plougbing depth of 
23 m ir probably jurt adequate, but a depth of 30 em or more ir preferable. Heavy duty 
harrow ploughr and oonventional mounted diet plough~~ allow satisfactory ploughing culfiva- 
tion. The objeot of pm-planting harrowing 10 to oreate a favourable environment for 
plarting, whioh it should Mediately preaede. Suoh harrowing omatee a tilth whioh 
faoilitatem planting and tenda to lewl the lend. % clearing the area of all weeds and 
wgetation them im greater latitude in plenning oubmequent weeding end the number of firot 
muon weedinga &ould be mduoed. This cultivation requires only 15 czn penetration and the 
operation can be effeotively exeouted by a range of heavy and light harrowa. Timeliness is 
often of greater conoequenoe than economio effioienoy in these cultivationa. 
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ENVIROliM3XTAL FACIORS: CLIMATE AND VEG~TION 

Them am m8ny wriable8 which affeot lend clearing snd pmparation inwgtigationr 
8nd without numerom mplioation8 it i8 difficult to me88um the effect of, or allow for, 
8uoh factor8 88 8oi1, topography, labour or operator efficiency. The two main environ- 
mental variable8 to whioh work muat be mlated are olimate end vegetation (Allen end Aksrada, 
19744 l 

Climate affect8 mm faoet8 of lsnd preparation. Dry meamon mechsF!ioed knockdown 
tend8 to m8ult in numemu8 abow+round tme bm&8gee and the aubrequent removal of broken 
8tip8 oau be 8n eq3en8iw operation. An inwatigation in northern Guinea ravanna to re- 
late tme bmekager to rainfall, indicated that Biter 8-e 100 mm of rain had fallen at the 
beginuing of the raioll, bmakegalr oea8ed to be 8iguificaat. At the end of the rain8 after 
the lut 8iglPificant moorded rain, them remain8 8ome tuenty dey8 when effective knockdoun 
free of bmw8 i8 po88ible. Hasd etumping output8 al80 tend to be greater during the 
raim when exoavation ia euier in noirt moila; this faotor al110 haa a rignifioent effeot 
on adequate plowing sod penetration. Rainfall and temperature affect the timing of wind- 
row burning. Climate i8 oritioal to the whole lend clearing and preparation cycle, end the 
following ir en outliae of the mequenoe of operationr, MN&W that land cleared during 
one wet Leuen will be plurted up -at the begking of -the next; 

SOUOYI Olperation 

Start of rain8 after 
100 mm moorded 

Commenoe lrnookdown or 8turaping. 
Windrowing, oleauing-up and 
ploughing between uindrou8 may al80 
begin during thi8 period. 

20 dufm after end of 
raim 

Eud of dry 8eamoa 

Begiming of rriru 

stop knookdonn. Complete windrowing. 
Clecur up between windrow. 

Burn off wind.row8. 

Complete ploughing. Harrow before 
plorting. 

Start of rdnr after 
100 rmp moorded 

Caumenoe plurting. Commenoe knock- 
down 8nd ploughing for following 
yesrIm plaating area. 

Reievmt month at 
Afaka Forest Reserve 

early June 

mid November 

Harob 

Aprilbag 

early June 

The fimt oolxmtn indioatew the timing of operations mlatiw to rainfall for aqr part 
of the Bigeriaa 8avmna aad the third oolumn rimply oonvertm thir data to calendar monthe, 
in thi8 irrrrt8noe, for Afaka Fom8t Re(aerw, but Wnilar oonverrionm oould be made for eny 
other rtation with &equate rainfall moordm. 

In the aavauna, density of woody vegetation 18 variable not only between olimatio 
8one8 but even tithin a lone or eoologicrl type. The density or volume, including the main 
root mymtem of wgetation, I# the faotor oritical to land olerring productivity. Output8 
expm88ed u time per wit area (minute8/heotam) do not give 8uffioient indication of true 
perfonn8noe unlo88 the wgetation in the ama 18 markedly uniform in density. Aocurate 
detelrminstion of volume im diffioult and time oonmwning. Inwrtigo;tion8, howewr, hrw, 
mhona bullil area (Bd ., expmm8ed in n2) to be a UrePpl, and relatively ea8y to determine, 
unit for meanring produotivity or oaprparing offioienoy between different typea and dermitier 
of bruh oowr. Ar lead cle.wing moordm am built up end giwn bual area per hectare, 
awngr tme hei&& aad type ef wgetation for a partioular area, it should be porrible to 
giw an emtimation of the rata of produotivity for a partioular olearing tsohnique. 
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liIllm~GATI0Ns AID m3uLm 

Fdlouing l tudiem of p88t moord# and c&u-rent methods of llnd &earing and pmparr- 
tion up to 1971, a 8$bmeqkaent reriem of trial8 ud inwmtigatioxu wa8 met up to determine 
the mlatiw effioionoy of a mnge of metho&. Theme triala oowmd knockdown, l tumping, 
windrowing, pioneer ploughing ~dpm-pllrptingharmwiq~. 

To determine the oanp8ratiw eoenaI!iom of the variou8 method8 invemtigated, coat8 
baw been applied. The buir of OOOting 18 indioated in Appendix A uld in greater detail 
in Allm and Jaokson (1972), All= (1973a and 1973b) and PA0 (1965). The ao8tr am v8lid 
for oam~mon, but when mom mlewnt data ir available, mob figurer mry be fed into 
o@mt 08kulati8M to make the m+ult mom melsiZ&gfbl to looal condition8. The oo8t8 8re 
brred on muonrbly effioiSnt gowrnment operation oomtm exoluding maua&ement owrhead8 
or equiplrmt mOvspre& ohsrger; to u8e the data for oamneroirl type operationr, e@M.mate@ 
for in8ursnoe, lioen8ing rad profit mrrginr would need to be 4ded. The fanf that til ~008t8 
8re hi8torio im particularly evident in the pmrent inflationary era. To mnder the 
evaluatien8 oemprrrblo and up to date, all oomfr in the text have been moaloulated on the 
bsrr8 Of 1975 labour rate8 rend maOhiM 008t8 in Nigeria. In mlatibn t0 trtiOr8, thim OoOt 
oonospt doer not allow for the faot that 19‘75 equipnent tend8 to be more powerful with 
greater produotion potential than part mo&l8. Labour contraot rates haw been doubled ob. 
the buim of the lC@ rime in direct labour rater but thir may not prow to be the oa8e in 
praatioe . The EIrin objeot of theme oomt eVdUatiw im to indicate manrgsment option8 and 
provide a muonable bue for planniag end budgeting. 

&o&down 8nd Stumping 

A number of brookdown md mtumping invemtigation8 were set up: 

(a) In the northern Guinea zone 
(I) To evaluate h8nd mtumping end mingle traotor knookdoim 

(Allor md J-on, 1972; Allolrl md Akw8da, 1973); 

(ii) To evaluate ohaining end mingle traotor knockdown (Allen, 1973a; 
Allen and Aku8da, 19748; Savanna Foremtry Rerearoh Station, no date); 

(iii) To evaluate a rage of equipment for mechanised Jmockdoun (Allen 
cad Jaokaon, 1972; Allen, 1973a; Allan an$Akw8da, 19748 end 1974b) end 

(b) In the routhern Guinea zone 
(i) To evaluate chaining and oontract hand clearing in heavier ?Jumh 

condition8 (A118n and bbradr, 197411). 

Table 1 l ep out oemfm end operating timer (O.T.) per heotare end per rquare metm 
of burl area (m BJ.) for a releoted muge of trial@. 

In ohrinizrg, triel 1 at a unit oort of PO.47/ m2 repmmentm a hi& level of effioiency, 
whemu trial 2 with un8killed operator8 8nd lea8 8ervioeable traotorr gave poorer efficiency. 
A maaonable oomt effioienoy would be in the ordsr of lW.62/m2. Trial 3 attempted to lower 
power r8nge 8nd 008t by uming li@ter traotom. Ekoemriwly wet oonditions at the time of 
thir trial ostrred flotation 8ud traction diffioultiem, which adversely affeoted the rernrlte. 
The trial mhowbd that a lighter chaining unit oould olear the bush but that them wa8 no 
l aviag in oomtr the trial mquimm repeating under mom favourable climatic condition8. 
Trial 4 took plwe in heavier mouthem Guinea vegetation with average beeal area 27% greater 
aad averago tme height 5C$ mom thpp that of the firm-t trial in northern Guinea vegetation. 
The trid ua8 of medior effioienoy end the unit oort of n0.gg/m2 compare8 with the average 
of that of the fir& two trialr if a faotor of 1.5 ir applied to allow for the greater 
V&&me of woody &brim, All of theme renrltr oompare favourably with the introductory 1965 
trial, where the e8timated unit coat would be in the order of M3.30/m2. 
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Single Traotor Kaookdonn 

The miele traotor ho&down trial8 5, 6 azld 7 gave comparable mlrultm with variation8 
mainly attributable to difference8 in operator effioienog; an antioipated average oomt 
efficiency would be E1.50. Trial 8 using a larger tpaotor mduoed tort efficiency by 28$, 
indicating that by the natum of the operation the additional power could only affeot oomt 
efficienoy edwmely. Barrot’a 1968 tridm gave fig~rem of 1~26 to lilOl/ha but are not 
dimctly canparable m den8ity of wgetation wa8 not calculated. The cqaneral quality of 
mtump ertraotion w88 high. 

Hand Stumpinq 

2Trial 9 mhoued that hand stumping in northern Guinea wgetation requimd 7.7 man-8 
per m or 65 mmn4aya per hectare with an awrmge ba8al area of 8.55 m2/ha. The work ua8 
hard rvld the anllrilled labour found it tiuotG end tiring. The tool8 ared uem adequhe to 
the 8kil 
ltl&66/m 3 

of the operator8 but b no memo ideal for the job. The unit co8t effioienay of 
could be coruidemd awrage. Trial 10 with a oost efficieaoy of 1122.86/m2 in 

mouthem Guinea wgetation, ir camparable with the pmviow trial if the faotor of 1.5 im 
again applied. 

when oanpariag the mechenired teohniqaer with haud Stamping in the northern Guinea 
zone, it 18 obviotu that chaining 10 the moat effioient, the unit coat being 4.8 that of 
bend labour end mingle tractor tioekdoun lo.& of bend labour. Similarly, in the 8outhern 
Guinea, Ohaining COOtO are Oau 8ome 4.35 Of hand Oi~a~pi~~g 008t8~ ~m88ed U ama per 
unit cost, the mame data indioatem that for the OOOt of olearing 1 ha by baud, 10 ha m&y be 
cleared b mingle tractor or 27 ha by ohaining in light savaaua; the ratio 18 1:23 ha in 
8outhezn OavMna. It mhould duo be noted that mechanimed operations tend to extract a 
greater volume of root aud the general quelity of mtumping ir greater then hand operation& 

Theme figurea indioate the tort effioienoy of option6 open to management end for a 
particrrlar project l hould be related to roale md timelinemr of operation. To jurtify the 
l etting up of a chaining ux&it, them would hsw to be a large mcals &earing progrme for 
a number of yeara. Even wry large progrsmaem oan be done by hend labour, but (1) the 
labour and 8upervimion mu& be available uhen mquimd and (2) the l ooial benefit of pro- 
viding employmen’k ham fo be weiaed ag&n8t the coat benefit of u8ing mom econamio altern- 
tiwm. For wler l Oile pro~em, when the 008t8 Of ploving equipent are oon8idered, 
they are oooa8ioru when hard or mingle tmotor olearing mey prove the lea8 expenriw 
alte~atiwr. 

Timely oampletion of olerring ir important u it affeotr 8uoh Rxbrequent operation8 
u uindrWing, ploughing and plenting. If h&8 been obrerved that planting e8 early a8 
po88ible in the rain8 improver 8nd expedite8 e8tabli8hment. ‘PimeliZle88 in Clearing depend8 
on the rate of produotivity, whioh i8 itrelf dependent on rrvrilable working t’ime end the 
mmouroem whioh oau be applied to the work. For example, from Table 1 the following produo- 
titity rate8 provide a buim for detemining option8 on how work might be oompleted mlatiw 
to time and mmouroemt 

Ia aa average 6.5 hour working bry in northern Guinea mavmma 
(i) 65 laboumm aau atmmp 1 ha; ar 

(ii) a 65 homepower orawler traotor oan kaookdoun 2.95 ha when a 25% 
time 1088 18 allowed for mat 8nd maintenanae; or 

(iii) a obaiaing wit 00~ kaockdown 33.2 ha when allowing a 8imilar 25% 
time 1088. 

Similar figumr 08~ be madily o8bulated far other operation8 end IOPIO~ It should 
be noted that the meohanimed operational w may madily be extended whilrt maintaining a 
mrate ofprmduetivit;n whomu hamd labarrrproduativitytend8 to fall off when the normal 
work periud ir extended. 
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WindrowingandH&.Piliq 

The merier of windrowing triale, whioh umed a range of available equipment, uuder- 
lined the 8uperiority of the front end rake over the bulldozer blade (Allan and Jaok8on, 
1972; Allan end Wada, 1974b). The front end r&e cau8e8 little @oil disturbance and con- 
sequently windrow contain le88 Boil and burn more freely. In the heavier mavanua bush en 
invemtigation wa8 met up to compare the efficiency of linear windrow or irregular heap@. 
In the latter, the debris im mtaoked round the larger trees, theoretioally reduoing the 
volune of debrim to be moved. Any difference in aoat efficiency wa8 negligible, althou# 
on the credit aide the heap8 appeared mom tightly packed for burning, whilst on the debit 
aide cultivation in the irregular pattern created by heaping wa8 diffioult but im readily 
feuible between windrow (Allan urd Akwada, 1974b). The general optiwmn rpacing for wind- 
rowmwsr50mapar-t. 

Table 2 mcordm the rate8 end oo8t8 for relented windrowing aud hand piling trial@. 
In lighter m~vanna, trial8 1 end 2 u8ing different makes of traotor, record similar re8ultr 
aud indicate au aver- unit OOOt of 111.44/m2. Trial 3 8howed that in thir vegetation, 
inorea8ed traotor power did not improve oort efficiency. In the heavier l outhern Guinea 
wgetation uring a heavy tractor, she increased volume of debris, a8 would be antioipated, 
inomaaedthe unit coat to lIl.g8/m . 

In all case6 mechauired windrowing wa8 conriderably mom coat efficient than hand 
@tacking end meohenimed 008t8 uem between 9.2$ to 11.7% of corresponding hand 008t8 in 
different den8itiem of wgetation. Thum, for the oost of atacking 1 ha by hand,rome 8 or 
12 ha mey be windrowed by tractor in the eouthern or northern Guinea sonem, rerpeotively. 

Pm-planting Cultivation8 

Total cultivation by hand labour im po88ible in small roale plot@, but obeervatioru 
indicate that CO8t8 are 80 high and, perhapr of greater importance, the quality of oultiva- 
tion im 80 poor a8 to preolude large mode haud oultivation a8 a ma8on&ble poeaibility. 
Trial8 have 8hown that oxen mey be 8ucoem&ully ueed to cultivate anal1 rode plantation8 
but the praotical dewlopnent of oxen power for plautation uultivation would take oon8ider- 
able applioation pnd time. The main praotiop1 cultivation alternative8 lie in different 
type8 and power8 of tractor a& a range of ploughs end harrom. Table 3 reoordo unit coat8 
(Ii/ha) for a releoted number of ploughing aud harrowing trials. Some of the produotivitiem 
reoorded am awrsgem frap extenrive invertigatione (Allen, 1973b; Savenna Foreetqy Research 
Statioa, no date). 

With mfemnoe to pioneer plowing, trial8 1 and 2 uring medium wheeled tractor8 @how 
oonriderably different produotivitiem, which mcry be attributed mainly to variability of 
operator8 and of 8011 conditions. The awrags unit ooat im X10.55/ha. Triala 3 to 6 employed 
crawler traotom end heavy duty Rane dim0 harrow ploughe. Trial 4 wan a sldlled operation 
with a hi& lewl of effioienoy and 10 dimctly owparable with trial 6, where effioiency 
wa8 lea8 and the tractor wa8 at the limit of it8 power pulling the T&Xi 12-30 plough; perhapm 
an roe*- unit 008-t between 1111 end WA/ha would be readily attainable in praotioe end 
would leave mane room for improvement. Trial 5 illu~trater on08 again that additional power 
doe8 not nece88arily yield greater oomt effioiency, with the uuit coat at 1121.56 being mom 
than double that of the comparable trial 4. 

The wheeled tra&or/dirc combination8 are rlightly more coat ef'fioient then the crawler 
Wit@, but qudity and depth of cultivation im le88. In the heavier ploughing unit8 the 
TACH 12-30 harrow gew the beotpenetration and effectively eewmd aqy remaining mot8 or 
0tump0. Although the heavy duty harrow plough gitis a quite different cultivation from that 
of a dim0 plough, mmltr haw mhown that this type of Boil working is generally adequate 
for plantationr. For larger soale ploughing operation8 a 70 to 80 horsepower orawler tractor 
with the matohing TACH harrow ie recommended. A mual. trial employing a large 100 hp wheeled 
traotor a8 power unit to a 9NR harrow, showed this to be a feasible ploughing unit end further 
trial6 am m-ended. 
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when pioneer ploughing haa been adequately oanpletrd and the laud ir largely free 
of all impedimsntr, then pre-planting harrowing ie a rfraightforward operation. Trial@ 7 
end 8 in Table 3, at lane #8.17/b, record rimilar unit oomtr for different harrown of 
2. lm cultivation width. There im no great difference between theme implementr although the 
34/20 hrs proved alightly more durable in praotioe. Both harrows by adjustment and reduo- 
tion in number of diror oau be adapted for inter-row weeding. Trial 9, ueing the M/F 28 
harrow with a 3 III oultivation width and a unit coat of ST3.57/ha,ie eoonomioally efficient 
and giver a hi& rate of productivity offering an acosptable option where the reals of 
operation jumtifieo having an implement rpsoifioally for harrowing. Similar obmervationa, 
relative to l oale, apply to the trial IO pulveriring herrou TCW 4O/24 whioh produoed quite 
the beet tilth or reed bed; indeed the cultivation warn so good aa to require the greateat 
oare in using thir implement in aream liable to erorion. 

With reference to rater of produotivity during a 75% effective 6.5 hour working w, 
the 3 dieo plough would cultivate 2.4 ha and the heavy TACE harrow plough between 2.9 and 
5.0 ha; pre-cultivation harrowing rates vary between 3.2 ha for the 34/20 and 8.0 ha for 
the TCW 40/24 harrow. 

c0lRxuS10lVS 

i) There ie a well established need for plantation developnent in the Nigerian savanna 
(Allan and Ojo, 1974). The need to aooelerate this developent oontinuem to require 
study and inveetigatione to ascertain the more efficient technique0 for main opera- 
tione and to provide a Bound bese for plantation planning and budgeting. 

ii) Initial plantation developllent generally requiree the clearing of the indigeno~ but& 
and cultivation of the eoil prior to planting. Laud clearing operation6 are not 
particularly difficult but require careful forward planning; firstly, to ensure that 
only suitable land irr cleared and, eecondly, to ensure a timely eequenoe of operations 
With information on vegetation deneity and +infall for a particular area, the pre- 
paration of a aouud calendar of operations im the basis of good plauning. 

iii) The ooeted remultr of a aeries of invertigationr to determine the efficienoy of 
different techniquer for clearing aud oultivation indicated that: 

a) Chaining coot effioiency ir lemrr thau 5% that of the coot of comparative 
hand stumping operationq 

b) Similarly, single tractor knockdown ie only 6ome lC$ of hand operations; 

o) Weohanieed windrowing coets are only 9 to 12% of comparative hand piling co&e; 
d) The meohanised clearing operationlr offer fact rates of productivity and the 

ponribility of expediting developent; 
e) Pioneer plou&ing with a light agrioultural tractor and mounted disc plough 

unit is 4 to 32$ more ooet effioient than using heavier orawler units. The 
heavier crawler diro harrow plough unit, however, improvers the quality of oulti- 
vation and oan double the rate of output; 

f) For pre-planting harrowing, the unit ooet for the most effioient implement ir 
only some 43% that of the lea& efficient unit ooet reoorded and the heavier 
crawler unit oultivaterr at more than double the rate of the lighteet agri- 
cultural unit& 

‘. 

The renrltn from theee trialr indioate rome of the option8 open to management, but 
deoiaionm require oonmideratiou of the remouroea available, the scale of operation 
and the period during whioh the work haa to be oompleted. 
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iv) For large maale plantation, meohanioed operations have oaariderable advantage over 
other lerr eooaomio alternativer. Due oonaideration, howeveqnmmtbe givento come 
of the oonatraintm to effioient meohaaisation whioh are oonnnen in a mnnber of devel- 
oping oountrier (Greene, 1974). Such problem8 nay be lack of spare parte, ehortage 
of akilled operators, poor rervioing facilities and laok of inoentives. Unleme there 
problemr are eliminated by the planuing and provision of an adequate infrastructure, 
maooerrfil meahaniration im unlikely to eventuate. 

4 If the ooneiderable eoonanio adw&agsr of mechauiratiw over Humping and hand 
piling oould be imored, then meohanimation of moh operation8 might be eeen a8 
erasing an opportunity for large mode employment. TheBe economic advantagea cannot 
be ignored, however, and the applioxtion of celeotive meohanimation to a marginal, 
labour intensity project may firstly make the project economically feasible and, 
secondly, the applioation of budget ravings could allow the undertaking to be aooel- 
erated or expanded. It ia auggeated that a soundly hued, releotive, meohanired 
plantation projeot will,in the longer teqprovide more permanent direot employment, 
a8 well a8 indireot employment in prooerring induotrier tm a marginaUy eoonomio 
labour intenrive undertaking (Oluwaaaumi, 1975). 
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Indigenous vegetation such as this Isoberlinia doka in 
the northern Guinea savanna must be cleared awyior 
to plantation establishment. Wechanised clearing with 
two crawler tractors and an anchor chain is the most 
cost-effioient method for these conditions. 



- 133 - 

APPl!Z!DIXA 

BhSISOFCOSTIBGTRWi9BS,EQGIPNESTABD 
LAB3UBOPEWJ!IOBS IliTLAEDCLEUIEGAEDPBEPAlUTIOB 

Costing Crawler Traotorm end Natched Equipment 

The oo6ting method i6 mainly ba6ed on FAO Forertrg F,quipent Note8 C 14-56 (FAO, 1965). 
Operating rate6 per hour are bared on oo6t6 to Bigeriaa Government agencies a6 at 1975. 

The basis of tractor oost calculation6 

I Eatimated irreducible cost6 are baeed on the number of hour6 sennning: 

a) Annual interemt at 6% averaged and 
b) Garaging ooet at NO.02 per hour. 

Inauranoe and road tax are omitted a8 Government equipent ie free from such charges. 

II E8timated depreciation and repair coets are based on the estimated operating hours 
(H) in the lifetime of the tractor (standard life). Stendard life epaus of 10 OOC 
hour8 over 8 years have been a68umed for crawler tractor8 and 5 000 houra over 5.6 
years for wheeled tractora. 

a) Depreciation is oaloulated on the etraight line method by dividing the net 
1975 purchase price of the tractor (A) by the estimated life in hour6 or A. 
Scrap value ie taken a6 nil. ii 

b) Eetimated coat per operating hour for repairs is expreesed a6 a fraction (r) of 
the depreciation per operating hour. Ba8ed on experience, the index of 1.0 ie 
ueed for et6ndard lives. 

III Traotor oo8ts directly incurred when working are taken a8 followa: 

a) Cost per operating hour for diesel oil consumption ie bared on average per- 
formance figuree, diesel being coeted at Ho.46 per gallon; 

b) Cost for lubrication is aleo brued on handbook data (Caterpillar Tractor Co., 
197Ob) and current oo6t6 for materials; 

o) Additional cost for maintenance end cleening ie eetimated a6 NO.10 and can be 
oonoidered a non operative ooet again& the tractor operator. 

Iv Wage6 and aesociated expenditure are beeed a6 follows: 

a) Wage8 per hour of machine operator6 are besed on the Federal Tractor Driver 
1975 award at the top of the Beale, i.e. B3.75 per 6.5 hour day. Allowing that 
only 75% of time will be operational and assuming that total hours should be 
oharged to tractor work, this give8 en hourly operating rate of N0.77. It is 
further a6mrmed that when a tractor driver i6 on other work hi8 time will be 
charged to 6uoh work; 

b) Estimated expenditure for pension, paid holidays end sick pay is taken 8)) 154% 
of IV a) i.e. EO.12. Estimated hourly tractor end implement cost6 are detailed 
in Table 4. 

V Implement6 are oouted a6 per tractor caloulatione under item8 I end II. 
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Coating Labour Operation6 

The coats for hand labour stumping are based on actual 1975 rate6 666%ESed a6 
follow6: 

a) Daily labour io bssed on a bario 112.02 per man dtl;v with working hOUr6 of 
7 hours per day Nondqy to Thurmd6y, 5 hour6 on Friday and 6 hours on Saturday 
giving a total of 39 hours and 6n average of 6.5 hours per d6y over a mix day 
week. An allowance of 16 to reflect leave and public holiday6 and other 
benefit6 m6kem the total coat of labour per m6n day 112.22; 

b) The co6t of bend tools h66 been excluded. 
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IBTIHLTED 1975 COST5 YOR PRE4LAlilTIM3 CUM'IVATIOB 

Operation Eqrtiyment and Ref. No. 

Pioneer Plmghinq 

1 x wheeled traotor 50 hp 1 
with 3 di6C plou@ 

1 I. wheeled tractor 50 hp 2 
with 3 di60 plou& 

1 x 65 hp orawler with 3 
Rcse 'i%R IO-30 dim0 harrow 

1 x 70 hp orawler with 4 
Rome TACH 12-30 

1 x 180 hp orrwler with 5 
Rome TRE 16-30 

1 x 65 hp orewler with 6 
Rome TACE 12-30 

Pre-plautingHarrowing 

1 wheeled traotor 50 hp 
with M/k 34/20 haxr~w 

7 

1 wheeled traotor 50 hp 8 
with E/R 35/70 harrow 

1 wheeled tractor 50 hp 
with N/k 28/26 harrew 

9 

1 x orawler 70 hp with 10 
Rome TCW 40/24 harrow 

Yea of comt/hr 
TruiLo 00 

1972 5.23 139.10 12.12 19.70 

1971 5.23 103.02 14.60 8.98 

1972 10.21 72.61 20.08 12.35 

1972 10.72 57.98 10.35 16.82 

1972 23.18 55*81 21.56 35.05 

1974 10.72 102.18 18.25 29.67 

f 

1972 5.41 91.62 8.26 13.43 

1972 5.49 88.41 8.09 13.15 

1974 5.53 38.82 3.57 5.80 

1972 11.87 36.78 7.27 11.82 
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This discussion is baaed on Chapter 12 of Tree Planting Practices in African 
Savannas (FAO, 1914); the following notes supplement the relevant sections. 

SPACING AND PEGGING 

Spacinq 

Recommended spaoings in savanna have usually been determined from silvicultural in- 
vestig%tiona largely based on rates of growth and form, but they oan influence plantation 
profitability. The costs of planting, beating up, weeding, pruning, harvesting and yield 
are affected by spacing. 

The oloser 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 
critioal and it may be possible to dispense with beating up, whereas at wider spaoing 
making good any losses oould be essential. The closer the initial plant sprcing the earlier 
aanopy olosures oan be anticipated and this in turn affects the duration of the weeding 
regime. The suppession of ground vegetation by canopy olosure also reduces fire hazard. 
Wider apaoing is likely to induoe heavier branching with consequent higher pruning Cost a, 
but on the other hand there are fewer trees to be pruned. Plant at ion revenue is dependent 
on the volume and timing of produotion; spacing obviously can influence both faot ors. 
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If it ia assumed that plantation weeding will be mechanised, then the first constraint 
is that the spaoing muBt be euffioient to allow a traotor and implement between the planted 
trees. Speoialised small or narrow traotors are not a reasonable possibility at this point 
in time so u8e is made of the normal agricultural type traotor which requires a minimum 
spaoing of 2.8 m. Accepting this constraint, the main objectives in aeleoting a spacing 
are to achieve an eoonomio establishment and to close canopy (or take over the site) a5 
early as possible. 

Planting may be on the square allowing mechanised weeding in two direotions at right 
angles, on the diagoncL1 or with reduoed spacing in the lines allowing mechanised interrow 
weeding in one direction only. Table 1 gives some cost indications of the effect of spaoing 
on establishment co5t.s for the following options: 

1. Option Planting eucalypts on the square at 3 m x 3 m (1111 plants per ha) 
with one ye(up'5 spot weeding and two way mechanised i&-row weeding. 

2. Option Planting eucslypts in line5 at 3 m x 1.5 m (2222 plants per ha) 
with one year's line weeding and one way meohanised interrow weeding. 

Table 1 

Indioative Establishment Costs 

costs Per hectare 

Operation 

Option 1 Option 2 

. 

Y us$ Y us 9b 

Planting stock 33.33 53 -99 66.66 107 .ga 

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 
Meohanised interrow 

weeding 19ti . 32.07 13(2bd . 21.38 

Total 84.39 136.70 ' 154.36 250.05 

(4 6 mechanioal weeding5 , 3 in each direction at Y 3.31/ha 

b) 4 mechanioal weedings, all in one direotion at Y 3.31/ha 
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In this example, by reducing the spacing from 3 m x 3 m to 3 m x 1.5, m the selected 
first year oosts are inoreased by some 8%. The benefits of closer spacing such as elimin- 
ation of beating up and increased selectivity for thinning should also be quantified, 

The oytimum 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 objeotives, whilst research gives consideration to the effect of 
other variations in spacing and their interaotion with other factors. 

Waving decided on spacing, the marking for planting by pegs 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 cr rectangular. Marking for 
planting may be done by tractor with a tool-bar and tines, but this requires a skilled 
operator; pegging by hand is mere commonly the method used. Pegging may range from marking 
eaoh individual planting spot to pegging squsres and subsequently using narked chains to 
indicate planting spots in the squares. At 3 m x 3 m spacing the former method requires 
1111 pegs/ha and the latter slightly under 3 pegs/ha. 

Pegging Squares Method 

6 pegs. 
Assume a plant spaoing of 3 m x 3 m on clean harrowed ground with a ready supply of 

The pegging is based on 60 m2. 
a multiple of the plant epaoing.) 

(The length of the sides of the squares must be 

Prism&i Equipment c compass cr right angled prism, 
2 mallets or hammers 
Pegs (allow 3 per ha j , and 
I x 60 m chain. 

Mmpower 1 supervisor and a minimum of 4 labourers consisting of 
2 chainmen, 2 carrying pegs and mallets. 

Method Prom the starting point, lay out and peg an exact 60 m' using 
the prismatic compass or optical square. Prom these pegs lay 
cut two base lines at right angles with pegs at 60 m intervals. 
From the initsal square using the chain sight in the corners 
of other 60 m , until the entire area is squared. 

It is important to carry out periodic checks to ensure that pegs 
are exaatly 60 capart. The chain should be checked for stretoh- 
ing during the exercise. When pegging, it is important firstly 
to leave a nrrrgin around the oompartment for weeding and seoondly, 
at compartment ends with stretches of less than 60 m, pegs should 
be put in at the multiple of 3 mthat can be fitted in. 

outPut Nigeria 4 to 5.0 ha/hr clear areas. 
Zambia 2.25 ha/hr in areas with anthills. 

PLANTING 

Timing of Planting 

Planting should be oompleted 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 stressed. The Zambian method of commenoing 
planting when the soil is moist to 30 om 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) 'the first ten day period (decade) during the year having at least 
one inch of rainfall with subsequent two decades of at least half 
evapwtranspiration (calculated by Penman's formula using a 25 % 
reflection co-efficient) 

(b) 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 
exoluded. 

The following are Nigerian samples. 

Table 2 

Start of rainy season for selected stations in northern Nigeria 

Station 

I= 

met 

average 

Sokoto 7 June 

Maiduguri 22 May 

Samaru 12 May 

Kaduna 4 WY 

date of start of rains 

md (4 I method (b) 

14 June 5 June 23 June 

4 June 26 May 14 June 

26 May 17 kY 5 June 

Estimated Target 
Planting Date 

1 July 

14 June 

5 June 

26 May 

g The latest likely date of the start of the rains at a confidence limit 1:Y; i.e. only 
once in 20 years is the start of the rains likely to be later than the dates. 

Such data give a planning date for planting and for such associated operations as ground 
preparation and nursery production. For plantation planting, 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 a5 fertiliser application, 
suoh interaotions is not easy. 

weeding regimes and consequent growth, but measuring 
Researoh into this aspect has been done in savanna agricul- 

ture and for maiee it was found (Baker, 1975) that planting at the optimum time gave some 
50 $ to 84 $ inoreased yield over planting one month later under specific conditions. 
Similar trends oould be anticipated with plantation crops. 

Transport of Plant5 

One of the important factors related to transport and distribution is the weight of 
full plant-carrying boozes; trials in Nigeria used the following types: 
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3 Table 

Wei&t of plant-carrying boxes and different types of polypots 

Type of Box 

Wire tray 
41 x 29 x 10 cm 

Wooden boxes 
39 x 24 x 10 cm 

Metal boxes 
1 41 x 28 x 5 om 

- 

- 

- 

L 

Weight empty 

(kg) 

1.10 

1.53 

2.00 

I 
- - 

Wei&t full Wei&t full Weight full Weight full 
with 15 

large pots 

(kg) 

with 15 
medium pots 

14.7 

29.3 15.1 

29.60 15.6 

Large pots: 25 cm x 7.5 cm diameter 
Medium pots: 15 om x 7.5 cm diameter 

The weight of over 28 kg of the boxes with large pots waved to be a strain for lif'ting 
and carryingduringa workingday. 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 are transferred to the field, 
and as long as the plant has been hardened-off there is no severe shock in changing the 
environment. Meohanised planting is possible, but the well organised use of labour is 
generally peferable in savanna areas. The adequate and timely distribution of plant 5 to 
the site is of critical importance to planting efficiency. 

Planting comprises the following adivities: 

Pitting, 
Distribution of plants on site, 
Planting, 

Bypre-plantingharrowing and using specific hand tools it is possible to oombine these 
separate aotivitiee 50 that they are mainly carried out as a single operation by one man. 
This type of combined operation can considerably imwove productivity. 



The following section gives an outline planting method for specified assumptions, 
but requirements and productivity ,can be readily reaalculated 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 3 m x 3 m;and 

(c) that medium sized polypcrts 15 cm high by 7.5 cm diameter are 
used; and that there is an adequate supply of full planting 
trays on site. 

Equipment : 60 m planting chain with 3 m tags, 
300 to 600 plant-carrying trays of 15 polypot capacity, 
19 planting trowels with spares, and 
a tract or with plant-carrying trailer. 

Manpower : 1 supervisor, 1 tractor driver, 27 labourers consisting 
of 2 chainmen, 19 planters and 6 distributors. 

hod: Met Distribute plants for line planting 20 seedlings at each 
Using chain and 20 planters, plant in parallel lines 

tTEg; apart. When this line planting is complete, just 
over one twentieth of the area is covered. These plant a 
serve a.s lnarkers for full planting carried out at right 
angles to and betweer the planted lines. 

Between marker trees on the base line, and at each inter- 
val of 16 trees, lay out 19 full planting boxes 3 m amrt. 
To start planting, the chain is placed between the base 
line tree markers to indicate the 3 m planting spots where 
planters with trowels pit and plant. The chain is 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 area. Empty trays 
are collected and full trays are distributed in advance of 
the planting gang. Stretching of the chain is possible 
and requires oheoking. 

output: 0.5 to 9.5 ha/d y a initial instructional trials in Nigeria. 
15 to 16 ha/day based on standard times for Zambia using 
mini pots. 

WEEDING 

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 speoies trials and early research plots, as the presence of weeds 
often affeots or negates the results obtained. Under most conditions, even out side the 
savanna region, olean weeding will produce faster growth and increased yields, but it is 
neoessary 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 
nut allow the weed cover to become heavily established, as heavy weed is often difficult 
and extremely aostly t’o eliminate. 

.t 
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The main methods or combinations of methods of eliminating weeds are hand, mechan- 
iaed or chemical weeding. 

Complete Rand Weeding 

Hand weeding in savanna implies cultivation of the soil by hoe ur a similar imple- 
ment . Scraping only severs roots and can produce undesirable soil capping. Cutting back 
of weeds generally stimulates growth and does not reduce competition for soil moisture 
(Qw=n, 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 man- 
~ys/~* Task weeding in heavy grass in Nigeria required 32 man-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 Y 55 ($89) to PI 70 ($113) per hectare. In general, hand 
weeding seldom produces as intense a cultivation as mechanised cultivation. 

Mechani sed Weeding 

Meohanised 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, init ial mechanised weeding should 
be kept fully 30 to 45 cm from the trees, and as the crop grows this distance should be 
increased. Interrow weeding may be by oxen or traot or 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 ‘tgross 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 C.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 
N 3 ($4.80) to Y 4 ($6.40). (Th e capital cost of the oxen will have more than doubled 
during the period, but the salvage, or meat, value will have risen in slightly more than 
oompensatory 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 evalmte a range of weeding implements have been carried out 
in Nigeria and Zambia (Allan, 1973; Deveria, 1972; Forestry Depertment Zambia, 1971). 
Columns 7 and 8 of Table 4 indicate the greater cost efficiency of harrows compared to 
rotavators, and of the harrows the M/F 34/16 is marginally the best. Similar conclusions 
were reaahed in Zambia. The average trial output of the medium wheeled tractor and harrow 
is indicated as 1.58 G.P. ha/hr ( co 1 umn 3) but for pract ioal purposes a standard time would 
be of the tzrder of 1.0 to I.2 G.P. ha/hr. meohanised 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 I shows that a complete weeding in one 
direotion would cost W 18.30 ($29.65) whereas spot weeding and two meohanised weedings at 
rieStt angles would 00st u 12.60 ($20.41); and the cost difference over a season is 67 $. 
These me not directly comparable because the two-way weeding gives double cultivation to 
60 $ of the area and, as Deveria (1972) points out, cross cult ivat ion can put a strain on 
the traotor and implement. 
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Considerable studies of supplementary hand spot weeding have been completed in 
I 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 - less than 10 hoe strokes 
Light - IO/20 hoe strokes 
Medium - 2O/jO hoe strokes 
Heavy - 30 or more hoe strokes per spot. 

Table 5 

Standard times and out puts for spot weeding 

It em 13 Unit Extra 
light 

Weed Cover 

Light Medium Heavy 

Stmndard time in 
minutes 0.28 0.38 0.55 0.96 

Time per ha in 
minutes (3m x 3m) 311 422 611 1067 

Out put in man-days/ 
ha* 1.25 0.92 0.60 0.36 

* taken as a Nigerian 6.5 hour man-day. 

The data in Table 5 are based on Zambian work study (Forestry 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 W 1.76 ($2.85) per ha in sparse weed to I 6.1 I ($9.30) in heavy weed Cover l 

Chemical Weeding 

The use of herbicides or arborioides 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 eoological effects. Many of the dan$erS have been exaggerated 
(see Dost et al, 1975, on 2, 4, 5 - T and T.C.D.D.) but disoussions have become emotional, 
and thoughTl=ance 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: 

t 

i> 
ii) 

where labour is in short supply, 

iii) 
where present weeding methods are inefficient, 
where the land is liable to erosion, or where rooks or 

(iv) 
outcrops preclude meohanised 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 CBIHICAL WEEU CONTROL 

1. 

:: 

1. 
2. 
3. 

4. 

Advantages 

Risk of erosion reduoed through the mulching effect; 
Generally specific to one type of weed and 
Effects generally longer lssting than mechsnioal methods. 

Disadvantages 

Generally (but not alwsys) more costly than mechsnical needing; 
Timing of application is usually importsnt; 
Large quantities of diluent must be oarried into the field (but this is being 
overcome by ultra low volume applications) and 
Tf,xioity. 

NURSERYWEEDCONTROL 

Sterile Seed Bed Technicrue 

Using paraquat (trade name Gramoxone), the beds are made up before transplanting and 
watered to encourage the needs to germinate before they ar+ sprayed. Parsquat is in overall 
herbicide that kills all green tissue. It is not trsnslooated to the roots; therefore the 
weeds must be young (no more than 5 cm high). 

Rate: 1 litre produot/ha. Can also be used on nursery paths. 
Cost: Approximately EC.20 (about U.S.80.32) per 30 x 1 m bed; generally cheaper than 

hand weeding. 
Toxicity: Very high if ingested, but quiokly inactivated in most soils. 

Fumigation 

Methyl bromide is used. It kills weed seeds and pathogens, but also kills nitrifying 
baoteria; therefore a soluble fertiliser must be used. It is applied in gsseo%s form before 
trsnsplsnting. 

Toxicity: Very hi&. 

WEED CONTROL IN THE ESMBLIStP4ENT PHASE 

Dalapon 

Dalapon is specific to grasses. Best kill is when the grssses are freshly shooting= 
It csn be mixed with 2,4-D to oontrol broadleaved weeds as well. 

Rate: 6 - 10 kg active ingredient/ha in 100 litres water. 
Cost: About 115/ha (about U.S. $24/ha) 
Toxicity: Low. 

Triasines 

Simazine, atrazine, eta., aot on emerging seedlings principally through root uptake. 
Some of the newer formulations are more soluble and also aat through the leaf, but generally 
good soil i :psration is neoessary to remove the existing vegetation. Triaeines give overall 
weed control r,f most species except maise (physiological selectivity). 

Rate: 1 - 3 kg aotive ingredient per ha. 
Cost: About E15/ha (about U.S. $24/ha) 
Toxicity: Low. 
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Although most savanna plantations will be established by complete clearing, come woody 
weeds may 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 may kill through foliar or bark sprays, but 
they ma;y also affzt many of the species (especially broadleaves) used in sav,anna afforest;G 
tion. 

Where stumping has not been done , coppicing may be prevented by these chemicals, or 
ammonium sulphemate or sodium arsenite. The last is very poisonous. Generally, chemicals 
diluted in oil give better bark penetration. 

MES'HODS OF APPLICATION 

1. Hand. Knapsack sprqrer, often with guards to prevent drift. Cheap to buy, but 
slow (1 - 2 ha per dsy). 

2. Tractor. Faster, but ground me,y be too wet at the best time for application. 
Dangers of drift. 5 - 10 ha per dsy. 

3. Aeroplane. Very fast, but need runways and support facilities close at hand. 
Independent of soil condition. Considerable dangers of drift. 100 ha + per day. 

FURTHER INFI)WiTION 

A useful source of further information on chemical weed control is the Weed Control 
Handbook. The full references to this are: 

F'ryer, J.D. & Evans, S.A. Weed Control Handbook. Vol. I Principles. Blackwell, Oxford. 
1970 

Fryer, J.D, & Nakepeace, H.J. Weed 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 
in forest plantations has become widespread. Before that it was assumed that the expense 
of fertilizers was too great if they were used fv>r 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 
snd 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, 
fertilizers. 

end, in appropriate circumstances, by the use of 
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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 Savsnna 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 deait with by Laurie 
(19741 PPm 37, 104-105. 

ESTIMATION OF FERTILIZE3 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 end 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 snalysls 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 Mambilla 
Plateau, which havr 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 say three nutrients in a single trial. 
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Ellcalypts 

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 diGback may be repeated for several years, until in the end all that 
is left is a densely braiiching 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 50-60 g per tree has been found to be adequate, but in Zambia “at least 57 g 
are required on shallow soils in low rainfall areas, 
areas of high rainfall” (Laurie, 1974). 

and 144 g on the deep sands or in 

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 harmfil as too little. 

Tables l-3 give some results from fertilizer 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. 

Pines 

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 mycorrhiza deficiency, and it is possible that the effect of the phosphate 
acts through stimulating mycorrhiza 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, 
be noted. 

but the striking difference in mortality should 

Boron deficiency has been recorded cram 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 grandis) 

In Nigeria, on good 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 cau&t 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:P205 5:4, when the nitrogen was applied 
as urea. In one group of trials this combination considerably increased height growth in 
the first year, but caused a marked colour change in the leaves, the lsmina 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 may become apparent. 

Neem (Azadirachta indioa 

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 FWTILIZFRS 

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 may be considerably cheaper in use than less concentrated ones. For 
instance it msy be cheaper to use triple superphosphate (45 percent P2O5) than single 
superphosphate (18 percent), althou& 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 (K20) or its equivalent in potassium. 
K20 contains 70 percent K). 

(P20 
Thus a compound fertilizer wit 2 

contains 42 percent P, and 
the formula 11:22:11 will 

contain the equivalent of 110 g nitrogen, 220 g phosphorus pentoxide, 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 Thailend locally produced rock phosphate costs $67 per ton, with 25 percent P2O5, 
while superphosphate (IS percent P2O5) costs about $270 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 %low release 'I 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). This is sometimes an advantage 
for forest trees, and in different parts of the world other slow release fertilizers es 
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 some species of 
trees, but can be harmful to agricultural crops. Not harmful, but in some 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 savenna soils. 

MEPROD 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 cm from the stem, and hoe it in. (If the plantation is 
mechanically cultivated by disc harrow, 
weeding operations). 

the harrow will turn the fertilizer in during 
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. 

Jackson, J.K. 
1973 

Jackson, J.K. 
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Laurie, M.V. 
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Ojo, G.O.A. de Jaokson, J.K. 
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Some results from fertilizer experiments in plantations. 
Savanna For. Res. Stn., Samaru Res. Paper 21 

Savanna Forestry Research Station, Nigeria Silviculture 
and Mensuration. FO/SF/NIR 15 Tech. Rep. 7 

Tree Planting Practices in African Savannas. FAO For. 
Dev. Paper 19. Rome, pp. 7, 37, I&I.-106. 

The use of fertilizers in forestry in the drier tropics. 
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TABLE 1 

EFFECT OF FEETILIZERS ON EXTCALYP'IUS CAEALDULFFISIS 
PLANTED 1967 AT KABAMA, ZADIA. ASSESSED SEPTEMBER 1972 

MEAN BASAL AREA m*/ha 

Borate 

I Superphosphate I 0 28 g 57&T 1 Mean 

0 6.7 8.4 10.4 8.5 
57 g 9.2 9.1 11.9 10.1 

113 g 8.5 10.5 10.6 9.9 

Mean 0.2 9.3 11.0 

Least significant difference means within table f 2.25 
Least significant difference marginal means f 1.30 

No simificant effects from urea in this experiment 

TABLE 2 

EFFFETOFFlWl'ILIZERS ON EUCALYPTUS CITBIODOEA 
PLANTED 1965 AT MAIRABO, ZARIA. ASS@SEiD SEPTEMBER 1969 

MEAN BASAL AREA mz/ha 

- 157 - 

Ammonium Sulphate 

Super-phosphate I 0 113 g 227 g 

0 499 499 5.3 5.1 

113 g 5m6 8.0 5.5 6.4 

227 g 6.7 11.5 6.7 8.4 

Mean 5*8 8.2 5.9 

Least significant difference means within table 2 2.98 

Least significant difference marginal means 2 1.72 

No borate added. No effect from potassium chloride 

Mean 
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3 TABLE 

EFFNGT OF FIRTILIZERS ON EUCALYPTUS TERETICOHNIS 
PLANTED 1971 AT AFAKA. ASSESSED MAHCH 1972 

MEAN HEIGHT cm 

Ammonium Sulphate 

ISuperphosphate I 0 100 43 200 g 

0 158 190 152 
100 g 171 189 191 

200 g 172 212 207 

Mean 

167 

184 

197 

Mean 167 197 183 

Least significant difference means within table ?. 32 
Least significant difference marginal means 2 18 

TABLE 4 

EFFEICTOF DIFFFRENTFOHMS OFNITROGEN ON PINUS CAHIDAEA 
AT AFAKA. PLANTED JULY 1969, MEASURED MAHCH 1972 

--.- ----.-. 
Phosphate absent Phosphate present Mean 

Mean Mean 
Nitrogen Deaths height Deaths Deaths 
fertilizer % 

height Height 
q P m % m 

Nil 12 1.17 6 2.45 9 1.81 

Urea 30 1.04 33 2.45 31 1.74 

Ammonium 16 1.10 5 2.77 10 1.94 
sulphate 

Nitrochalk 34 1.14 5 2.62 20 1.88 

Mean 23 1.11 12 2.57 18 1.84 

Least significant difference of 2 mean heights in table 2 0.29 m 
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TABLE 5 

EE'FET OF SUPERPHOSPHATE ON GROWTH OF PINUS CARIBAEA 
AT MOKKA PUNTED 1969. ASSESSED SPRING 1972 

1 

1 Superphosphate, g/tree 
---- --* 

! 

0 

loo 

200 

Least significant 
difference 

Soil Series 
I 

Kulfo sandy loam Takumahloamy sand 

percent I mean 
height, 

m 

81 

1.0 

percent 
survivors 

12 

71 

66 

mean 
height, 

m 

1.1 

1.9 

1.8 

2 0.48 2 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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Ehphaeis in this paper will be on village woodlote and the role of Acacia albida end -- 
I. Senegal in Sahel-zone forestry. 

ESTABLISHWEWT OF VILLAGE WCODLCTS 

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 Conacioueness 

The first etep in creating a village woodlot is to interest the local population by 
explaining the intended goale, 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 calls for the participation of administrative cadre, the customary chiefs, forest 
agents and rural extension officere. 
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Site Selection 

The problems of selecting a site is particularly diffioult because successful eetab- 
liahment of woodlots can only be accomplished on farmland, whereas the village5 naturally 
prefer to donate only poor land for woodlota. It is absolutely necessary to refuse such 
land and to seek a compromiee, even being prepared to use a smaller plot of land than 
initially antioipated. 

Land Clearin~f 

Clearing of lend for village woodlots is done by hand. 
followed (unless the land had been cultivated previousiyj: 

The following steps are usually 

1) felling of all trees on the plot; 

2) extraction of stumps; and 

3) removal of roots and cutting up into steres. 

Obviously, the time required for clearing will depend on the type of vegetation. On 
savanna sites moderately densely covered with Combretaceae end below the 600 mm isohyet, 
roughly 85 man-days 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 taske 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 ill order to find 
out which techniques are most effective. In particular, teohniques devised for the arid 
zones of North Africa (mounding, ridging, etc) were tasted and did not prove good. Following 
ie a brief deecription 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 cm 

c. digging of holes 40 x 40 x 40 an 

D. burrowing 

E. furrowing and ridging 

Design: 1 species of tree, 250 replications, or 1250 plants spaced 3.50 x 3.50 m apart. 
Specie5 used: Eucalyptus cemaldulensis 8411 
Date of planting: 11 and 12 July 1972 
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Results by end of November 1972: given in table below. 

P 

TFlE.KiWENT A B C D E 

Percent survival 86.8 96.4 93.6 59.2 79.6 

Height (cm) of live 
plants 104 117 109 105 106 

From this trial, as well as others, the following conclusion is drawn: 
the best results are obtained by the method of large holes ("grand potet"). 

d 

! [narid zones 

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 an dimensions 
can be dug by one man per day. 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 ten especially help them withstand a 
&ought period. To that end a so-called 'tfiahbone" pattern or design has been worked out. 
On sloping ground (no matter how slight the slope) a slight ridging 10 cm 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: 

This has proven to be a perfectly efficient design, as it effectivelv concentrates the 
water around the plants. 

Measurements have been taken in such en 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 oontent around the plant: 4.92% 

between two plants: 4.11% 

These notable differenoes are maintained for up to 6 months following the end of the rains. 

Construction of the fishbone pattern is done entirely by hand snd requires only a few 
man*e: 15 to 20 per hectare. 
the work is stsrted. 

However, careful instructions may need to be given before 

Fencing; 

For any plantation in the arid zone, 
decisive for success. 

fencing is absolutely essential and, indeed, is 
Where there is no fencing or if the fencing is poorly made or not 

kept up, livestock quickly penetrate end can ruin the plantation within a few hours. 

There are several possible types of fenoing, including barbed wire, grillwork end 
live hedges. The simplest and most rustic type, 
ltzeribalt. 

requiring no investment of funds, is the 
&y zeriba is meant an entanglement of spiny or thorny branches kept erect by 

wooden stakes. 
condition, 

If well made, it is fully efficient as a fence but it has to be kept in good 
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 
usually with dieldrin, prior to planting. 

to give the soil an anti-termite treatment, 
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 always 
too risky to plant in June and it is too late to plant in August, the best planting season 
being, in at least 90 oases out of 100, between 15 and 30 July. 

In the arid zone it is alwsys necessary to set out potted plants (see also paper 
entitled Y3oil mixtures, use of containers and other methods of plant raising", page 
Depending on the nature of the soil, one should use either neem (Azadirachta indica), 

). 

Cassia sismea, Prosopie chilensis, Parkinsonia aculeata or certain African acaz 
mniloticavamonii, A. seyal, A. nilotica var. nilotica, A. tortilis, etc.). 
These plants will be furnisher by the nearest forest tree nursery.- Planting is an easy 
task but it msy require certain preliminary explanation (especially regarding the cutting 
atiw of the bottom cf the pot). 
per ha. 

It is relatively rapid, requiring a maximum of 8 man-days 

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. 
"ven if such plsntations 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 first 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. 
essential. 

In subsequent years such maintenance seems desirable but is not absolutely 

'hilaire' 
Maintenanoe is done with traditional farm implements (the hoe or 'daba' and 

in partioular). 
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ACACIA ALBIDA 

Acacia albida has many local names 
the Wolofa, ‘balenza’ by the Bambaras, 

- it is called 'gao' by the Haoussas, 'cadde' by 
‘eaanga’ by the #oasis and ‘tchaski’ by the Peuls. 

It is a common tree in many farming areas of the Sahel-Sudan zone. 

It is a valuable tree for farmers because it enriohea the soil and, being decidious, 
loses its leavea during the rainy season ao that it does not interfere with crops. This 
characteristic has long been recognized end it deserves the name of "miracle tree" given it. 

The following sections on 4. albida will provide some succinct information,in annotated 
outline form, which shows the valueofis species and indicates planting costs in 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 albida 
on soils. Increases in eoil properties under 4. albida were: 

-- 

13$ 1 burn?%? thoaphorua . . 

6% - total carbon’content 
43% - 

10% 
equivalent moiature, consequently, water retention capacity 

10% 
- total nitrogen 

7% 
- exchangeable calcium content 
- exchangeable magnesium content 

In NigeqO.R.S.T.0.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 - 50 to 60 t/ha (300 kg of organic nitrogen) 
potassium chloride - 50 kg/ha 24 kg of potassium) 
bicalcium phosphate - 80 kg/ha t 31 end 25 kg of Ca) 
dolomite - 125 kg/ha 

kg of soluble P20 

- 100 kg/ha 
15 kg of Mg and 25 2 

kg of Ca) 
g of Ca) 

lime 43 

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 deasication by wind, and of evapotrsnspiration during the dry 
aeaaon, as well as of leaching by rain, end of fluctuations in temperature 
at all eeasone; 

4. posaibility 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 end improving action of 4. albida on soils is beneficial to crops. 
In experimental plots of I.R.A.T. in Senegal mean-da of millet were: 

a. 600 kg not under A. albida (traditional millet growing); 

b. 1 000 kg at a distance of 5 m from &. albida stems and 

C. 1 7OC, kg at leas than 5 m from the tree. 
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Planting under 4. albida it is possible to obtain millet yields three times greater 
than those in open fields were there are no Acacia. 

Acacia albida end Stockraising 

A_. albida is valuable aa forage and fodder orop. 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 msy be obtained from a stand of 60 
aoacias 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 13 x 10 m is opti- 
mum. Even when reduced to 50 trees per hectare due to gaps, failure to t?i<e, 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 area,soil preparation and 
staking out 

Cost (CFA F) 

3 500 

10 mandays at a rate of 400 CFAF/msnday 

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 

il 000” 

I 200 

5 100 

3 man-days at a rate of 1100 CFAF/man-de~ 1 200" 

Small implements 1 000 

Surveillance and protection against livestock 

1st year 5 000” 
2nd year 5 000” 
3rd.year 4 000” 

TOTAL 30 OOC CFA F 

These costs are distributed as follows: 

1st year 21 000 CFA F 
2nd year 5 000 CPA F 
3rd year rJ 000 CFA F 

* Theae 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 SEXEXXL 

Aa for Acacia albida, it would be possible to discuss 4. Senegal, the gum-tree, at 
great length.- - Here only certain ideas will be expressed relative to the various posaibili- 
ties for ita 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, oertainly 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. Thia 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 purohase prj.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 firat 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 and 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.natural 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 I972 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 onet, 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 ahould give foresters the authority to protect young gum-tree 
stands discovered in this wsy ao long as they continue to produce. This solution, whjch is 
being developed in Niger, seems far preferable to establishment of manmade 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 
direot 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 areas by machines because they can be used 
for only 15 +@rs to one month, it being neoessary to have a rainfall potential of 250 mm 
after seeding. Such a solution ie therefore only possible if done by the local farmers, 
as in the Sudanese system. 

The Sudanese System 

The Sudan supplies 80 to 90% of the world market for gum, this being due to the fact 
that the gum-tree is incluaed in the normal 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. 'lhe 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 end 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 when it grows on sites which get too much water (500 mm). Apparently 
the trial development of gum-trees in Assile, Chad, failed to take this particular aspect of 
the ecology of the gum-tree into account. 
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INTPCDUCTION 

Irrigated forestry plantations have been established in the drier parts of Asia for 
mny years; the famous Changa &nga 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 whioh they have been established is 
in the Gezira area of the Republio of the Sudan. This paper, therefore, will begin with a 
description of the plantations in the Gezira, and then go on to discuss sorts more general 
problems of irrigated plantations. 

TIlESUDANGEZIRA 

The Sudan Uezira is a vast plain, of alluvial origin, lying between the Blue Nile and 
the White Nile south of Khartoum. The rainfall ranges from about 150 mm near Khartoum to 
about 550 mm in the south. The soils are mostly dark oraoking olays, or vertisols, with a 
high pH (over 8.5)) and high olay oontent. During the dry season they are divided into a 
network of deep and wide oraoks. When the soil is moist these olose, and further penetra- 
tion of water into the soil beoomes very slow, so muoh so that no matter how much water is 
applied to the surfaoe of the soil, moisture movement below two or three metres is 
negligible. The original vegetation was probably mainly open grassland in the north, 
Aoaoia nrellifera scrub in the oentre, and open Acacia 
in south. 

wtiaca woodland 



- 169 - 

The Gezira Irrigation Soheme came into beqhng in the yearn immediately following the 
First World Mar. It was based on the oultivation of long-staple ootton as a oash orop and 
sorghum as a subsistenoe orop for the farmers. The scheme was originally a partnership 
between the Sudan ffovernsmnt, the tenant farmers, and a private oozrpany, the Sudan 
Plantations Syndioate, who shared the prooeeds of the cotton orop in the ratio of 40 per 
cent, 40 per oent, and 20 per cent respeotively. Other orops, including the sorghum, 
were entirely the property of the tenant farmers. T%e Government constructed the dam at 
Sennar and the major irrigaticn works, and ws responsible for supplying the irrigation 
water; the company took care of teohnioal supervision of agrioulture in the field, and of 
marketing the cotton orop; and the tenant farmers provided the nanpower. A few years 
before The Sudan attained independence in 1955, the Government bought out the Sudan 
Plantations Syndicate whose funotions 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 Deaember, when the Blue Nile was in flood; between 
January and &rch water use was restricted to the amount whioh could be stored in the 
Sennar reservoir; while from arch onwards water supplies were severely restricted to the 
drinking water needs of stock and people, and very limited irrigation of orohards and 
other perennial crops. 

In the early years of the Gezira scheme the Sudan Plantations Syndicate was sirongly 
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 was possible to begin 
irrigated plantations on a smsll scale, partly on land allotted for resettlement of the 
people who were moved from their homes when the Jebel Aulia dam was established on the 
Mite Nile (to help regulate wa%er supplies in Egypt), and partly on land managed by a 
smaller oompany, the I(Bssala Cotton Company. This company had been formed to grow cotton 
in the Gash delta, near Kassala, 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 fornation 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 anal1 
soale to provide firewood and small timber for individual villages, and larger areas of 
plantation, usually on land relatively unsuitable for ootton. 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 speoies were tried initially including neem (Azadirachta indica), aunt 
(Acacia nilotioa), sissoo (Dalbergia sissoo) and various euoalypts. Sunt wasdisliked as 
iGi=fuge for grain-eating birds, and neem was susceptible to moderate salinity. 
Sissoo never did very well. The most promising speaies was found to be Eucalyptus 
microtheca F.V. Mull. (including I& coolabah Blakely and Jacobs). This is a species 
occurring near seasonal waterccourses in dry regions of Australia. Its form is not very 
good, and, for a euoalypt, its growth rate is not very rapid; however it has the supreme 
advantage of being able to withstand the long, hot period between I%.roh and August when no 
irrigation water is available and there is very little rainfall. 

Originally the Eucalyptus seedlings were raised ti metal containers 25 cm long by 
7.5 am in dianmter, made from old petrol tins. They were slit up one side, and provided 
with tabs so that they could be removed when the seedlings were planted and re-used. 
Nowadays these oontainers have been replaced by polythene tubes. The potting mixture was 
river silt mixed with sand, and the seed was sown direot into the tubes. No anti-termite 
treatment WBS used. 
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Before planting, the area 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 metree apart, and 60 cm to 
I m vertioally from orest to hollow. The plantations were irrigated by letting uater into 
the ohannels between the ridges. 

In theory the plantations were irrigated at 15 day intervals from August to I@rch. In 
practice this was not often attained. During periods of water shortage ootton and other 
crops had priority, and so one or more waterings might be missed at times of high water 
demand, partioularly in September and October. On the other hand, the plantations were 
often used as dumping gromds for surplus water and some suffered from waterloggin . Thus 
inorement rates have been very uneven, ranging from just over one to nearly 10 m3 ha/year. 
A good average yield from fairly regularly watered plantations would be about 6 kf /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 ooppice 
rotations. 

LATERDEVELOPMENTS IN TRESDDAN 

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 mrt was irrigated by purified effluent 
from the recently installed Khartoum sewage works; later extensions received their water 
from a canal. In this area yea-round watering was possible, and thus a muoh wider range 
of species could be grown. Among the more promising are Conocarpus lenoifolius, Euoaly&us 
oanaldulensis, and E. teretioornis (especially the &sore provenance). 

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 oonsiderable deposition of salt at the soil surface in some 
places, it was still possible to grow satisfaotory tree crops. 

SOMF, GENERAL ASPECTS OF IRRLCATED PLANTATIONS 

Water Requirements 

Hater needs will vary with the olinate, the type of soil, the species of tree to be 
grown, and the method of application. Obviously in hot, dry climates 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 muoh 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 mesophytic species. 
reduced by speaial methods of application (see below). 

Water requirements can be 

In the Sudan Gezira reasonable growth of Eucalyptus microtheoa has been obtained from 
the application of about 1100 mm of extra water, by irrigation per year, but Foggie (1967) 
considers about 1700 mm is necessary to obtain optimum growth, In the Central Gezira the 
total amount of water received, including rainfall, would be abou: 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) l In Iraq, GUlqur and Nouri (1975) estinate water application in existing plantations 
at between 200 and 800 mm annual1 
considerably higher (1200-1360 mm 3 

, but suggest that optimum water requirements might be 
. 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 is 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 (Wornald, undated). 

METHODS OF APPLICATION OF MATER 

The most oonxnon method is by furrows, either very large furrows as used in the Sudan 
plantations, or in smaller trenches for instance 30 cm deep, as in Pakistan. In the 
Khartoum Green Belt, where iurrowe 2 m wide by 60 cm 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 sophistiaated methods of irrigation, rotating sprinklers were used at tblam 
&tori on the shores of Lake Chad in Nigeria, to establish a provenance trial of 
Eucalyptus canaldulensis. 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 very 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 (Hormald, undated) and experimentally in Pakistan (Sheikh 
and hsrur, 1972). In Abu Dhabi the water is pumped from wells to a control head and 
filter. From the control head it is piped through polyvinyl chloride laterals IO-15 nun in 
diameter, which are provided with nozzles at intervals. These nozzles are designed so 1 
that, provided a aonstant 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 generalize. The use of Eucalyptus microtheca in the Sudan 
Gezira was dictated by the peouliar circumstances th.ere. in the soil tspe and in the times 
at which water was available. For most other areas it is probable thai-better species can 
be found. Some further references to ohoioe of species for irrigated plantations, and on 
irrigated plantations generally my 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. 

LIVEHEDGES 

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> 

b) 

4 

d) 

Any planted stand not protected during the first three years of life is doomed 
to failure. 

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. 

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.). 

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 several species, other possible uses of 
live hedges should be looked into, namely, supplying forage or fodder, or producing edible 
seed, nuts or fruit. 

Prosopis 

Prosopis juliflora (= 1. chilensis), or mesquite, is a spiny deeprooted tree or shrub 
of southwestern USA, Mexico, Venezuela, Peru and Colombia. This is the species most commonly 
used as live hedges due to its rapid growth, ease of producing nursery stock, the high rate 
of 3ake" 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. 

Seeds. Prosopis seeds number from 20 000 to 35 000 per kg. Fruiting occurs around 
the monthf March. When old seeds are used it is necessary to dip them in b?iling water 
and then let them cool for 24 hours before sowing. 

Additional uses. Prosopis is also used for fuelwcod and stakes bearing inscriptions. 
me 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 plantationsf to twelve tons 
per year. 
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Soil. Prosopis 
in botXands so wet 

Acacias 

There me about 

adapts well to many type8 of soil except those that are two sandy or 
as to asphixiate it. 

24 species of Acacia in Africa but only a few of them have been -. . . experimented with as live neages. 

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 Prcsopis is fairly rapid. The size (from 6 to 10 cm) of its very hard, straight 
white thorns makes it a species that is highly recommendable as a live hedge. 

Seeds are coiiected in DC,,...-,- I r-mmhor in stands along watercourses and near stagnant ponds. 
The seed has to be scarified in boiling water before being s~wn~ It is sown directly in 
pots in Warch, 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 atsxacantha. We have had only limited experience with this sarmentous or 
rsmbling 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 pod. We do 
lmow of one instance of a successful planting of a live hedge of this speoies. 

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 
(Agadb 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 planttag 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 Z. 
mauritiana and mucronata. The seeds have to be sown in pots because pricking ouTis 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 cm 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 cm from 
the top when the plants have reached a height of about 20 cm) favours the growth of low 
branches. 

WINDBREAKS 

Winds 

There are twc wind regimes in the continental Sahel - dry season winds end rainy 
season winds. The harmattsn 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 snd 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 thiclrness of 
windbreaks is of little importance and,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 very imnortant hefora Plantin? windbreaks to make a thorough 
study or^ locai winds and make a graphic representation showing the reiative 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 always 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, windbreak,a d3Tini& ~**-uA-r----~--~~ -- T”ep.8 Y*SU*IJp~~aCL”Il. Experiments conducted in the !ESR 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 evapctranspi- 
ration due, in partioular, 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, raising 
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 reaches 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 ;vnolmt of lend 
that they occupy with their roots is 20 m (10 m for the windbreak proper plus 5 m of rcots 
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 physiologioal effect of windbreaks on the vegetation; 
but it is best not to exceed this sise of windbreak. 

The species used for windbreaks should ineofsr as possible have the following 
characteristicat adequate height, rapid growth, evergreen foliage, compact form, limited 
root competition and resistanoe to windfall and wind breakage. 

Planting should not be too close in order to allow sufficient air permeation of the 
windbreaks. lkees should therefore be spaced not less than 1.50 m apart. 

For the rest, the msnner of soil preparation and planting are the same as those in 
conventional reforestation work (subsoiling or digging of holes 50 x 50 x 60 cm). 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 
aiong the edges of the windbreaks to protect forest tree species from livestock. 

Pins11 , 
5 

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 remain continuous (obviously replacement of any failed 
trees is necessary and 5 

b) prevent them from becoming too thick and consequently absolutely impervious to 
wind; the brsnches therefore have to be clipped or trimmed frequently. 

?i is best not to top the trees, since the size of the protected zone depends on the 
height of the windbreak. 

ENVIRONMEMTAL FORESTRY 

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 
winds (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. 

Tc 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 vegetation on moving sand dunes, it is necessary first of all to fix 
them using techniques that are both delicate and enat&y, 

Sand Dune Fixation Techniques 

I 

One technique for fixing ooastal sand dunes was devised in Europe in the last century; 
it csn 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 stop the piling up of more 
send 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 send 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 formed 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 cf 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 send 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 
fixation trials have also been conducted in the 
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 considerably increases cost prices of such fixation 
mrk. 

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 resistant and can be used for planting, this being the ultimate purpose of the 
opstation. 
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The species most commonly used are: 

a) Arborescent species 

Acacia cyanophylla, & ataxancantha 

Casuarina equisetifolia (filao) 

Prosopis africana and g. juliflora 

Eucalyptus spp.; 4. camaldulensis 

b) Bush species 

Opuntia 

Euphorbia balsaminifera 

Atriplex halimus 

Gymnosporia sene&ensis 

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 l%kell 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 balsaminifera, Opuntia, Fagara xanthoxloides and Acacia 
ataxacantha. 
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mr- -3s.t . L .- AA11 ~~(ri~uae 01 tne main a-caiicns - -,...-,-2 rm Msmhi 11 z?ies from 1 524 m to some 1 981 m. 
The annual rainfall at Gembu is 1 981 mm with some slight variations over the rest of the 
plateau. The mean monthly temperature is probably 85OF (Kemp, 1969) and minimum monthly 
temperatures are generally around 50°F. There is a heavy cattle population in the area and 
the soils are subject to over grazing and annual burning and consequently there are signs 
of aocelerat ed erosion in some of the steeper areas. 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 olimat e. 

SPECIES/GRONTH/PROVENANCE TRIALS 

Provenance trials can indicate the best species/provenance for a particular site. 

iiepiicated speoiee 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 grandis 
hybrid. Of the pines, P. caribaea, II. kesiya and g. oocarpa were selected for further 
testing after the initizl 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 

Species 

Cupressus lusitanica 

Pinus ayacahui t e 

P. caribaea 

P. kesiya 

P. massoniana 

P. montezumae 

P. (I. 1136) oocarpa 

P. oocarpa (I. 1157) 

P. pseudostrobus 

Mean height (m) after survival $ after 
Or igin 32 months 46 months 32 months 46 months 

Bus saco 3.8 5-o 93 93 

Mexico 1 .I 2.0 86 83 

Belize 2.2 3.6 90 ?O 

Phi lippines 3.1 5m1 97 96 

Hong Kong 2.6 4.0 100 100 

Mexico 0.1 0.6 36 25 

Mexico 0.7 1.8 56 44 

Belize 4.3 6.3 97 97 

Mexico 1 .o 2.1 89 85 

P. teoc0te Mexico 0.8 2.9 80 72 

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, 
seed for the further trials, 

Oxford, U.K. who provided all of the 
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Table 2: SXZ~~- of me&i1 height, maximum height and survival, 
$ of 4 year old l. oaribaea and P. kesiya, 
movenance trial, Maisamari, UamFilla. 

Basalt Site Basement Site 

Species Origin Mean Maximum Survival Mean Maximum Survival 
ht h) ht b) % ht (4 ht (d % 

P. oaribaea Ct. Abaco, 
Bahamas 2.7 5.5 99 3.3 8.6 93 

II Cuba 1.8 6.4 93 2.4 8.6 81 
1t Puerto Cabeza, 

Nicaragua 3.1 6.4 95 3*2 7.5 80 

P. keeiya Baw Luang, 
Thailand 3.6 4.9 96 4-6 782 89 

11 Dalat, 
S. Vietnam 6.3 9.0 98 5-7 9.4 95 

11 Rangoon, 
BLWllEl 3.9 5.6 95 3.8 7.0 93 

II Khasi Hills, 
Assam 4.9 7.2 96 4-5 7.0 93 

1, Philippines 3.1 6.7 78 - 

Table 3: Summary of mean height, maximum height and survival $ of 
3 year old ,P. oooarpa provenance trial, Nguroje, Mambilla. 

Provenance 

Kl l/70 Nicaragua/Camelias 

K7 7/70 Honduras/San Marcos 

Kg g/70 Guatemala/Canas 

K34 3171 GuatemEtla/Bucaral 

K35 4171 Honduras/Angeles 

~36 5/71 Honduras/Zamorano 

Oxon 1.2326 Guatemala/El Lobo 

K44 27/71 Nicaragua/Rafael 

I 
Mean Maximum Survival 

h-t (d ht (d % 

4.7 6.4 96 

3.2 5-4 94 

3.6 5.1 97 

2.8 4.6 95 

3*5 5.6 98 

3.6 5.7 96 

3.8 6.2 100 

4.9 7*2 99 



Two p.rovefi~~c~? trisk sf z C. oariiiea and P. keaiya were planted on i& ;cils derived 
from basalt and granite at Wiaaneri in 1971. 1; 1972, 113 g of superphosphate was applied 
to eaoh plant and after 4 years, g. kesiya from Dal&, 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 z. oocarpa provenance trial wss planted at Nguroje in 1972 on a soil derived from 
basalt. After three years, the provenance from Rafael, Nicaragua, 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 ahouldbe available in commercial 
quantity and that a luoal programme be designed and implemented to produce futxture seed 
requirements. 

FRRTILIZEH TI3IAS.S 

In 1966, McComb, Ojo and Jackson (1970) conducted a laboratory experiment of the 
'Fertilizer Response of g. grandis grown in a basaltic soil from the Mambilla Plateau'. 
The results suggested that it would be virtually impossible to grow g. grandis from seed on 
subsoil exposed by erosion, unless fertilizers were applied. 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 g. gandis at Maisamari, Nguroje, on fairly level sites derived from basalt and at Gembu 
on an eroded steep slope derived from granite. At Gembu the fertilizers were applied to 
a two year old plantation which had been beaten up in the year prior to the application of 
the fertiliser. Borate was applied atO, and 113 g per tree ard single superphosphate at 
0,85 and 170 g per 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 applioation reduced ter- 
minal shoot die-back and leaf disoolouration, thus improving the health and shape of the 
crown and hastening canopy closure. 

In 1972, Fox conducted three experiments at Maiaamari on steep, shallow soils derived 
from granite. In the first trial in a fairly steep part of the P. 71 compartment, approxi- 
mately 123 kg/hectare each of borate, borate and superphosphate and borate and sulphate of 
amonia were applied by a rear tractor mounted mechanical spreader. There was 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. 

Table 4: Correllation of height growth of g. grandis 
hybrid and fertilizer applications 1972. 

Heights (m) 
Treatment I 

On application 13/7/72 IV73 1 o/74 

Borate & superphosphate 1.1 5.2 8.3 

Borate & ammonium sulphate 0.8 4.6 8.0 

Borate 0.8 5.1 8.6 

Nil o-9 1.9 2.9 
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In trial 2, in the P. 72 oompr-bn~~t, &!!onium sulphat e and single superphosphet e 
were applied by hand around the trees and below ground 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 applioation the greatest responses 
were: 

Treat men-t NlP2B1 N2PlBl 

Mean height 
increase (m) 

5-2 5.3 5.3 5.8 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 of 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 granular fertilizer 
in a drill below ground level and as a foliar spray. All plots also received 114 g of 
single superphosphat e . 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 applioation should be done in the year of planting and as 
soon as possible after 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. 

.L 

SITE PUNNING AN& LAYOUT 

Once suitable species and techniques have been evolved for the site through species, 
fertilizer and other trials, then the acquisition of larger sites can commence. Sufficient 
land must be obtained above and below the steep slopes for afforeatation. 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 land use 
techniques and to promote ground 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 
put in by mechanical means before planting starts while visibility in layout is easiest. 
The gradients should be enough to allow 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- 
quir ed , 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 awinst animals should be done as soon as possible and before 
planting on the current year’s planting site. On Mambilla, use is made of natural features 
where possible and the steep sided streams make excellent boundaries where fencing is un- 
necessary. It is generally oheaper to fence the entire area init ially than to fence only 
current planting areas. However, on the Mambilla Plateau it is good polioy to allow oatt le 
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 as an acquisition of land lost to the 
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cziginal cattle owners. Cattle are useful in controlling the grass growth, red-using 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 canopy for the maximum period under the chosen silvioultural 
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 as .uater and laboii are available nearby. For eucalypta, 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 fro,3 precipitation, since the rainy season normally 
starts in April. 

Labour shortage can be a much mars serious problem, since hillside afforestation on 
Mambilla is a very labour intensive Duerat ion. 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 moat of the availabie 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 Mambilla farmers. 

PLANTATION ESTABLISHMENT 

Nursery techniques for Eucalyptus spp. are based on Fis:iwic.k (1966) with modifications 
to the semi-temperate climate of the area, Local humus and soils are used together with 
fertilizers and dieldrin in the potting 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 init ial 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 aulphate 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 award by the time of site cultivation. 
It is, therefore, beat 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 
gent ler slopes, oomplete cultivation is carried out, but on the steep slopes cultivation is 
restricted to minimum cant our 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 successful estab- 
lishment is a matter of experience. 

The Ixoblema 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 dietribut ion has to be manual. Th9 seedlings are planted at 
about 3 m by 3 m and the whole of the pot is removed. Normally, the holes are prepared by 
3 separate labour force and only a few labourers aotually 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 below 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 aocelerat ed erosion, 
the growth of the trees. 

but grass should be prevented from hindering 

Inadequate weeding causes trees to quickly show signs of ill health on the steep 
slopes but appreciation of suoh 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. 
along the oont our when required. 

The weedings should be continued 
On good sites canopy closure can be obtained 18 months 

after planting, i.e. just before the onset of the second dry season. i3ucalypt us grandis 
hybrid will oontinue to grow throughout the dry season on good sites where fertilizers have 
been applied. If the technique is not correct, however, terminal die-back and leaf dis- 
colouration occur which require expensive treatment to return the crop to healthy growth. 
The use of selective weed killers has been tried on the plateau employing m~~chanical. appli- 
cat or9 . 
slow rate 

Suoh trials have been unsuccessful due to the high cost of the :seasd killer, the 
of application and the quick recovery of the grasses, 

worth further trials. 
Herbicide.5 , ).owever, are 

I Modern teohnological advances are tending to overcome the inherent difficulties of 
speaies utilisation (Hardie, 1974; Alders, 1975); nnrt at pesent for tk? =+nnn :ln~os nc ?hP -_-- ~ 

I 

plateau, 2, grandis hybrid can be recommended for rapid site coverage and for the production 
of large volumes of' wood as a utilisable resource. 

HILLSIDE AFFORESTATION FUNAGEMEhT 

I 
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 what 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 
seleotion or olear 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 g. grandis hybrid on steep slopes. However, experiments conducted on the 
plateau, indicate that wximum coppice regeneration is obtained at the height of the rains 
when forest produoe 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, 

I 

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 coirtinue to select superior breeding material and to produoe superior 
seed. Infaot, such a programme which would confer benefits both locally and nationally 
might be a natter of some priority. 
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SUMMARY ANTI CONCLUSION 

The afforestation of stoep and eroded slopes f'Yee of tree vegetation and with shallow 
soils requires the seleotion of a fast growing tree species employing establishment tech- 
niques giving speedy establishment. Local species should ba studied first but if no looal 
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 
prinrary 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 g. 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;&. With B. 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 
1. oocarpa and the southern Vietnam provenance of 12. kesiya, have shown promise for further 
deveiopinent . At present a provenance trial of tiupressus lusitanica is require6 iu iry ciit 
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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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 relatively 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 Governmen 
) 

of the Federal Republic of Nigeria puts 
the total revenue from mining at W 336 872 264 2 . 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 
actually 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: 
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(4 

b) 

(4 

(d) 

(4 

Land is at a premium because c? the high population and low yields in 
the existing agricultural system. 

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. 

The plateau is virtually treeless and trees are needed for firewood 
and poles for house building. Areas of tin mining spoi 1 may be suit- 
able for extensive tree plantations, because Eucalyptus will grow on 
them. 

The plateau is heavily grazed in both the wet and dry seasons. If 
palatable grasses or legumes could be establ.ished on the mining spoil, 
this would provide valmble additiclriil grazing. 

The extensive network of deep reservoirs is a valuable water resource 
providing possibilities fcr dry season irrigation, not at present 
utilised on any large scale for agricultural production. 

PLATEAU CLIMATE, WEATRER AND VEGETATION 

The Jos Plateau is situated between latitudes 9' 50’ and IO0 50’ N and longitudes 
8’ and go E at an elevation of about 1 200 m and oovecs an area of 4 662 sq km. Weather 
CCW!ltic;rZ 215 uuniiruiiuri by muiti south-westerly winds during the summer, and dry ncrth- 
easterlies during the winter months. 

The highest temperature recorded sinoe 1914 is 100° F (38' C) while the minimum is 
41c F (5O C); average temperatures are around 70° 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 and thunder- 
storms of high intensity axe 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 mope 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 
lat erit ic ironst one. During the rainy season, May - September, grain crops such as “Acha” 

excilis, DiRitaris millet, Eleusine ocracana ,are extensively grown on the open plain by the 
Birom people, whilst numerous herds cf cattle owned by nomadic Fulani graze during the wet 
mont ha. When the grass is exhausted they descend to the Benue plain for the duration of 
the dry season., 

Native smelting 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 t c tin 
mining locat ions such as Bukuru and Jos resulted in large increases in population and con- 
sequent demand m land for cultivation of food crops. The Birom practice of digging cut 
tree stumps on farms does not allow ccppioe regeneration. Only affcrestation could provide 
for an ever-inoreasing demand for firewood and poles. In the 1940's firewccd became so 
scaroe that the activities of the mining companies became threatened and it was neoessary 
to transport firewood from Jema’a. 

Thus, early recognition of the need to conserve and supplement indigenous wood species 
led to the davelopaent of an afforestation programme under the Mines Reolazmfion and Affor- 
estation Unit. There is a great demand on land for farming and mining and it is difficult 
to have additional land set aeide for oommunal tree plantations, One possible solution to 
the problem lie8 in planting up land which mining has rendered useless for farming. 
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Modern tin-mining on the plateau oalls 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 oompmies, ebgm the tilganrrted Tin Mines of Nigeria (ATMN), 
normally use draglines for excavation which pile the earth in great stee:+sided mounds or 
dumps around the rim of the exoavatsd "paddook", as the pit is called. 

RESTORING TIN MINING LAND 

Site Preparation and Fertilization 

In 1948 a trial was made on the mine dumps planting Xuoelyptus oamaldulensis, and 
this proved suooessful at little expense. Shortly afterwards, the Ministry of Agriculture 
followed up with land restoration experiments involving levelling the dumps, using bull- 
dozers and orawler traotors. Night-soil oompost from 50s town was spread thinly over the 
levelled surface at the rate of 50.18 tonnes per hectare and oover-orops such as elephant 
grass Penisetum purpureum n@mbat9 grass (Andropogon gayamus)and StylotaanthesW gracilis, were 
sown. It was intended that after a few years under cover-orops the restored mining land 
oould be returned to the native owners for norms1 cultivation. In 1955 and 1956 experi- 
mental growing of 'a&a1 Digitaris exoilis and other local staple crops on reclaimed mining 
land was further undertaken by the May of Agriculture. These experiments indicated 
that norrral yields of staple crops on restored mining land could only be attained using 
large applioation of organic oompost and fertilizers. It was considered to be beyond the 
means and oapability of the local farmers to procure fertilizers on the scale required to 
enable stanle oroPa f.n -,w - -..- 

The eatisfaotory indioations 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 the Jos Looal 
Authority. Seedlings raised in the nursery were for both mine reclamation 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 - 
was the most efficient. 

22.7 kg) of compost added to each planting hole, 

The following treatments were included: 

(a) One headpan of (18.2 kg - 22.7 kg) compost per planting hole; 

(b) l/4 headpan of (4.5 kg - 5.4 kg) compost per planting hole; 

(c) l/4 headpan followed by 112 g of aulphate 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 different rates. 

As a result of the above trials, when the Mine Reclamtion Unit took over complete 
responsibility for rehabilitation and afforestation of mineland, a new method was started 
which employed a shovelful of organio oompost and 84 g of ammonium sulphate mixed with the 
coil from each planting hole before planting, 
heights of 3.05 m to 3.66 m in the first year. 

The results were promising and trees attained 
In subsequent years, the use of compost was 

dropped as the distanoe and cost of transport from the depot to some of the planting sites 
became too great. Nevertheless, measurements taken in such plots eight years after estab- 
lishment, averaged 9 m - 14 m height which is reasonable on disturbed soils. 



- 193 - 

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 
oultivated 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 reclamation areas anti 
communal forest areas are as follows: 

(i> 

(ii) 

(iii) 

(iv) 

(4 

(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 g. 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 year:3 
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 5. rostrata and 
gY tereticornis; it will readily form a closed canopy and can greatly 
minimise weeding costs and also reduces the danger of damge by fire. 
It is susceptible to termit e attack and its use has been mainly on the 
red basalt soils in areas of high rainfall. 

E. rostrata: v 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 planting, 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 best all-purpose short 
rotation plantation species on the Jos Plateau. 

E. saligna (hybrid): A fast growing species with a straight stem capable 
of forming dense oanopy. Due to hybrid swarm there is a proportion of 
misshapen or dwarf trees. It grows successfully only on deep soil3 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 ezensively on the 
same sites as g. rostrata. 

All the foregoing species are classed as commercial timbers in Australia, g. robusta 
and 9. saliana in the joinery class (e.g. window frames, door3 and furniture) and 
P, roatrata and 2. 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 
oan be grown on larger rotations. 

Table 1 show3 growth rates of Eucalyptus on mining spoil (Howard ~1974). According 
to Howard, Du CFA (D 345) 
MRA 25 (D 348) 

and D 346 are situated cz tin undisturbed ironstone gravel soil. 
and MM 33 (D 353) are compacted mining spoils. 

g syn. g. camaldulensis. 
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TABLE 1 

GROWl'H OF ETJCALYWUS ON MINING SPOIL AND ON UNDISTURBED SOIL 

Plot No. 
I 

Location 
I 

Specie3 
I 

Ace 
I 

Trees/ha 
Average Ave.d. diam. 

-- 

1 300 
I 

11.9 12.0 0.9 

1 525 I 9.6 10.0 0.8 

775 I 8.7 7.6 0.6 D 348 1 MRA 25 1 -E. caLldu;ensis [ 13 
. . --- I - -- 

D 349 
I 

MA 33 
I 

y -14 2. multifloq 
I 

D 352 1 MRA 33 1 2. camaldulensis 1 14 

D 353 1 MRA 33 1 g. camaldulensis 1 14 

D 344 I MRA 11 I g. canrrldulensis I 12 1 300 
I 

Y-Y 

D 339 
I 

Ryom CFA 
I g. mult ./cansrld. I 8 

D 338 Vwang CFA g. camaldulensis 11 
No. 4 

D 345 1 Du CFA I s. camaldulensis 1 11 
I I I 

I-- 
l 

1150 f 21.6 

I 420 
I 

14.6 

950 
I 

8.4 

I 025 I 18.6 

1 100 
I 

14.3 

1 000 1 7.8 

17.0 1.2 

12.9 0.9 

8.4 0.6 

9.7 0.8 

12.5 1.6 

11.1 1 .o 

7.1 0.7 

1 1 8yn.g. robusta 
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PROBLEMS AND FUl!LlRE OF THE MINE RECLAMATION ARES 

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-orops of grass and legumes. It may be noted that little land has been 
surrendered for reclamation between 1968-1975. 

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 optirniw 
that a rise in the market value of tin or minerals in general might make it profitable for 
the recovery of the remaining '.-in, or even other minerals not presently oaplble 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 environment, 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 possible 
soil improvement potentialities of Eucalyptus 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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FIHE PROTECTION 

History 

The present system of fire protection in Zambia is based almost entirely on the work 
in 1970, of Mr. N.P. Cheney, a summary of whose report (Cheney 1971) appears in Appendix 
7 of Tree Planting Practices in African Savannas (Laurie, 1974). This led to the setting 
up of a Fire Control Seotiol* Go get the organisation 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 inoreaRing temperature, decreasing humidity and often 
strongwinds, especially in September, combined with plentiful fuel, give conditions for 
8evere fires. The exotic trees grown are inh eaontly fire prone and there is a considerable 
build up of fuel from pruning and thinning wastes Lnder the trees, especially pines. 
Large blocks of even-aged trees, sometimes unavoidaoly orientated along the prevailing 
wind, give a potential, according to Cheney, of fires up to 1 600 ha. 

4* 
The population traditionally usea fire for land clearing and hunting and is only 

slowly becoming 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. 

Damage by Fire 

Pines are most susceptable to death and severe damage up to year twelve, and 
eucalypts throu&o& the rotation. Damage is by leaf scorch and destruct&n of the 
cambium. Overall scorch normally leads to death, whereas cambial damage is usua,ly only 
partial and leads to degrade of timber. Because of their thinner bark, eucalypts can 
suffer cambial damage 
be practised. 

very readily, and for this reason fuel reduction-by burning cannot 

The approximate 
K 670 calculated at 7 

cost of establishment per hectare of pines is K 3 985y and eucalypts 

COQtB). Fire control 
percent compound interest to the end of the rotation (based on 1975 
oosts are abOUt 5 percent of this figure. 

Fire prevention within the pine plantation only becomes a problem after the aencond 
year when weeding normally Ceases. Some third year weeding is carried out in dangerous 
looations, 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 extremely fast moving fire, especially 
if there is any wind. 

Cost of Fire Control 
I I 

FIRE PREVR-ITION 

General 

1 1K t US 1.56. 
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Pruning to 2.2 metres is carried out when the mean top height is 10.5 m (at approxima- 
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 ss evenly as possible and no of piling branch 
wood must take place as this leads to hot spots end consequent 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 en 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 hei&t it is necessary 
to keep flames as low as possible. The fuel which causes diffioulty is the dry needles 
on pruned branches not lying flat on the forest floor; it my be neoesssry 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 are tailing off and in the 
late afternoon when there is little or no wind. Lighting is done on a grid pattern wing 
the lines of trees as a guide. A trial fire gives the rate of spread and as a reeult of 
this lightere are spaced out along the side of the ncmpzrtm:zr;t ’ I-- Giiii ai veil a ux& ,:iz,- 
which ihey zst hik;, i;ounting lines of trees as they go. E@acement is generally between 
30 and 40 metres, and men must be cautioned only to light one spot of fire at the prescribed 
distance. 

bhen 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 
are given in Cheney's report, and persons interested in this Mark should study these 
csrel%l.ly. 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 oases of crowning have ooourred, idsmage is usually minor, but this should not be 
confused 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 
oonsideration 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. 

Sucaessive burns 

There is no doubt that control burning reduces danger of damage from will;? fire end 
gives supression forces a better chance of success, but this is dependent on the amount 
of fuel removed. It ia 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 
t&innings has been successfully oarried 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 sohedules which delays the first thinning to age 
nine when more utilisable material oan be obtained. 

Effeot on inorement 

Measurements carried out in a series of nine plots in three compartments and burned 
yearly since 1972 indicate that so far there is no aignifioent effect on increment. 
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Understory sgeoies 

At Chiohele Plantation infestation by Lsntsna camara is extensive, and it has been 
found that the stocking of this has been conaly reduced by repeated control burning. 
It is unlikely that aomplete eradication by fire will be possible due to infested anthills, 
but lantana can be kept suffiaiently in oheok to allow almost unrestricted access. This 
is important in allowing forest operations to take place and for fire control, especially 
as lsntana burns severely later in the dry season. 

costs 

The cost of the operation using an average gang of eight men and two vehicles is 2/ 0.30K 
per hectare. This does not include the cost of one forester, and one forest ranger uho 
sre also normally in attendance. About 80 ha can be burned in one night by this force. 

Pirebreaks 

Internal firebreaks 

In the past a number of different firebreaks have been tried, but now the leaving 
of large areas of unplanted lend, 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 roadz combined ti+b control burning end comuartments of thick barked eucalypts 
strategically placed across the prevailing wind to break up large pine areas will be 
adequate. The graded roads will stop low intensity fires and allow speedy access, snd 
control burning will provide areas of low fuel loading. The species favoured for planted 
firebreak compartments is Euoalyntus cloeziana which can be safely burned at about age 
four and is useful commercially. 

@ternal firebreslcs 

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 atria; outside this. 

There are obvious advantages in streamlining boundaries and this is being done in 
new areas even though it may 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 csnopy. 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 sre now being systematically cleared of vegetation. 
Dead and dangerous trees on the woodland edge need to be felled and cleared awsya 

costs 

with a caterpillar 120 Grader costs K I5 I/ per kilometre and rolling a 

d I K - us$ I.56 
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FIRE hAF$NG SYSTEN 

Fire Suers 

Fire warning is based on a series of steel towers strategically placed throughout 
the plantation at roughly 10 km 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 besrings csn be obtained. 

Equipment 

‘Powers 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 by 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. 

Magning 

As fire tiger pmgreasivelv increaeaca; tnwon -r..*G-d 2 - :-------A 0-m _-__-- “‘---‘Lb *P &.*“arPP”U e-w.” 2 single 
shift at the beginning of the season to three ei&t hour shifts on strategic towers. MlY 
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 

Eaach plantation group has its own control centre manned by a radio dispatcher on 
an eight hour shift basis. This msn is responsible for plotting smoke reports from the 
towers and taking appropriate action. He maintains a log book, checks 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. 

Fkequency of Fires 

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 watoh begins in m. 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 SUPPRESSION 

General Organization 

Every employee is liable to fire fi&ting 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 snd 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 elements of fire 
suppression. 
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Ifvpes of Fire 

(I) Grass fires in young plantations spread rapidly, but vehicles using water 
csn usually be driven into the compaStments. Knockrdown oan be aooomplished quickly, but 
there is need for efficient follow=up by men on foot to ensure that the fire does not 
restart. 

(2) In older oompsrtments 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 sre mainly useful in stopping spread from one compartment to the other. In this 
case control must be achieved by hand methods as detailed in Cheney's report. 

Hand Ekruipment 

Mg&eod tools imported and fitted with bamboo handles locally, ace 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. 

Axes are useful when larger material such as trees felled in thinnings, is encountered. 

samack sprayers-An excellent desilpl has been imported from Australia consisting of a 
sixteen litre plastic tank with pump and hose clipping neatly round the outside. 

Driu torches are very efficient when quick lighting up is required. 

Mechanical Equipment 

Vehicles 

For Zsmbian conditions experience indicates that a fast (at least 100 km/hour top 
speed) &wheel drive vehicle of about 3 tons capacity is beat. !Phis should be fitted with 
an internally baffled steel tank capable of holding about 1 400 litres of water, pump, 
hose reel and hand tools. At least one larger tsnker sho*uld be avsilable in each area, 

Water pumps 

A centrifugal pump producing a pressure of at least IO bars with a good filling 
rate at low pressure and hand or other priming facilities is reoommended. 

E.r equipment 

Rose reels should be of the vehicle type supported at both ends and capable of 
oarrying up to 60 metres of 20 mm rubber hose. 

Branch pipes should have sprsy and jet facilities and positive shut off. 

Hose-Strong fabric reinforced rubber hose of 20 mm and 25 mm is used. Camrae 
E 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. 

Slip-on units oan be useful on conventional lorries or lie-t trucks, and should 
consist of light steel, internally baffled tanks with a small pump snd hose reel mounted 
on the top. These are loaded empty and then filled with water. Hand tools and all other 
equipnenf necessary should be kept at the loading point. 
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Wheeled bowsers towed by tractor or lsnd rover oan be useful. 

Fire Weather Information 

Generally speaking, fire weather in Zambia gets progressively worse as the dry 
season progresses, though there sre dsys when conditions csn be more severe than expected. 
With this in mind forecasts are obtained form the Meteorological Department each afternoon 
for the followin 
temperature and f 

day of: (I) msxi mum wind speed, (2) wind direction, (3) maximum 
4) minimum humidity. 

This gives a chance to plan activities ahead and to alert. any extra forces which 
may be neoesesry* 

In addition, local weather information is collected at fire oontrol centres at 
OgtOO and 16~30 daily consisting of sir temperature, wet bulb and msximum and minimum 
temperature. Wind direction and speed are recorded hourly. Any rainfall is measured 
snd a thermohymgraph makes a seven dsy 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 MeArthur Forest 
Fire Danger Meter. 

Cheney, N.P. 
1971 

Laurie, M.V. 
1974 

Fire protection of industrial plsntations. Forest 
industries feasibility study, Zambia. Rome, FAO. Technical 
Report 4. 

Tree planting practices in African savannas. FAO Forestry 
Development Paper No. 19. Rome, FAO. 
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INTKODUCTION 

The savanna occupies between 75-86 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 nay be unable to sustain the extremely heavy denrand to which timber is 
put. 

At present, about 1% 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 country, partly through 
rehabilitation of the savanna, Besides, ready availability of timber for immediate local 
consumption is also desirable for the savannas. 

In these oiroumstances, the vast savanna needs to be converted into productive forests. 
Such massive efforts to establish nan-made forests require intensive researoh and large- 
scale nsnagement 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 whioh have, 
on occasions, assumd epidemic dimensions in monocultural practices, Some of these have 
either direotly seriously disoouraged the successful establishment or the management of 

1/ Paper for Symposium on Savanna Afforestation 
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certain tree species, 
tion stands, 

or have adversely influenced the morphogenesis of nursery and planta- 
resulting in very poor yield. 

There has been very little research conducted on forest and timber insect 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 a forest insect survey. This was 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 on1 the lowland rain forests. 
Earlier, the West African Timber Borer Research Unit (WATBRU I , with itc main activity 
centre in Ghana, also extended its timber insect research to Nigeria but on a relatively 
smiler scale. 
mainly beetles, 

However, detailed biological studies on some important timber insects, 
were carried out (WATBRU Reports 1953-58, 1959, 1960, 1961-62). In 

addition, effective methods of control of termite in young Eucal.yptus 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 plantation and nursery 
diseases in the savanna areas of Nigeria, Most of these were at that time causing only 
minor damges, notable exceptions being damping off diseases in some nurseries and the 
root rot of ,E. 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 PROBLEM5 

I 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 nszhogany. The 
mahogany is a composite name embracing the group of trees in the kliaceae 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 wkhogany BoreIJ’ Hypsipyla, a pyralid, and closely related species. They 
attaok 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 susceptible 
speoies. However, in the savanna 
the more widely planted (as shade trees 

senegalensis, aptly called the savanna mhogany, is 
particularly in the northern Guinea and Sudan 

zones. In the derived savanna, K. ivorensis and K. grandifoliola are examples of the other 
common plantation mahogany specizs. All these arz similarly severely attacked, although, 
acoording to Roberts (1969)) there are usually fewer generations annually than in the rain 
forests 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 Pyralid borers. A few important defoliators and borers 

dentioula Beth&+Baker (Lasiooampidae) ; Pseudobuneae epit-h: yrena 

host, E. degllupta, 1. _____ -I ~-?a microtheca and E. teret ioornis. n . . _ *r The larvae of this species attacked 
le they attacked as much as about 18% of older eur;aLypTs 01 Detween J-lb years 

stands measuring 14-20 m high. 
old, whi: 
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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 whioh attack wood and feed on aambium of plantation 
and natural trees. However, much of the infestation is apparently secondary because often 
predisposing factors suoh as reduced vigour or mechanical danage, play important roles. 
Among the beetle timber borers of D. 
Plocaederus,viridipennis (Hope) 

oliveri are the longhorn beetle (Celambyoid) 
whzoh attaoks felled as well as living trees, and 

Paohydissus oamerunious Aurivillius. In the latter case, a heap of dust under a severely 
attacked tree is diagnostic, and oooasionally heavily attacked trees are killed, The con- 
dition of predisposed trees nrry be worsened by the following insects: Xyloperthella 
orinitarsis Imhoff a common polyphagous species, Sinoxylon ruficorne Elnbricium 
(Bostryohidae); and certain colydid and ourculionid species. 

Isoberlina doka is another common indigenous savanna species which is attached by a 
host of insects,Tor among which are oertain Lepidoptercr. 
duplex (Gaede) and the prooessionary Epanaphe moloney, 

Two of these, Elaphrodes 
(Druoe) (Motodontidae) are 

defoliato-s of I. e, the former to such a serious level that attaoked trees are often 
completely strisped. The Iasiocampid 0. rufesoens is also a serious defoliator, but such 
heavy defoliation is usually localized: 

The noctuid Crypsotidia conifera hmpson severely defoliates certain Acacia spp., 
especially 4. albida. It is capable of causing up to 50% defoliation on large trees. 
Among the other numerous insect peats of the Acacias is the irootuid Pandesna anysa Guenee, 
whose habit on its host is similar to that of 2. Conifers, and Chazacome nilotica Hmp., 
whioh attacks fruits of 9. nilotioa; and the psychid Cr.yptothelea junodi ma), 
which is a widespread defoliator of the Acacias. Recently a new, undesoribed insect 
species was reported severely attacking Acacia nilotioa. 
the shoot of the host and forms galls. 

The weevil, Pachyonx sp. bores 
Itconsidered to be a potentially dangerous 

pest which has affected about 150 acres of plantations. Other important hosts of 2. junodi 
inolude the exotics Eucal,yptus oanaldulensis, E. deglupta., the particularly favoured 
E. torelliana; and the native Anopeissus leioo%pus and Ba,hinia rufescens. Certain m- 
species of eucalypts also suffer attack by Bunea alcinoe Cram, a saturnii? defoliator whose 
wide host range also includes some species ofogany, Balanites aegyptioa -md Cussonia 
bateri. 

Other insect pests also oocur on the euoalypts 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. More serious however 
is the danage done to Eucalyptus spp. by termites. Usllally, euoalypts have to be treated 
at the nursery or early plantation stage against termite infection. 
might lead to excessive losses 1/. 

A lack of treatment 

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. 
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The wid .espread orthopt reran Zonogerus variegatus L. (Pygomor Phid 
but with no severe effect. Gene rally, the pines, Gmelina arborea and 
among others I,. are attacked by on ,ly few insects, Dalber iam and 
other hand, suffer attack 1 by the Diaorisia lutescens Walker). This ---e-- 
murseries an .d plantat ions. Also 
though somet imes to a signi 

1 Teotona arandis harbours some insect 
tf ioan t dimension, has not often caused sex 

.ae) feeds on pine 
Azadirachta indi 

. the eucalypts, 
arctiid is found 
s but the darrage 
ious concern. In 

$1 
E# 
In the 
in 
done, 

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 PmBLEHG 

The most economioai plantation disease that has been recorded in Nigeria is the root 
rot of teak (Tectona grandis Lin. F.) caused by Rigidoporus lignosus (Klotzsch) Inazeki. 
The disease oeidely in the derived savanna areas of Nigeria, except in Nimbia. The 
psroentage death due to this disease varies from one locality to another. A loss of about 
30% has however been recorded (Momoh, 1974) at age 5 in Egabada ( Idah area) . 

The disease is more severe on poorly drained sites, 
over a wide range of geologioal formations. 

although it is capable of occurring 
The first visible signs of the disease are 

nornrtlly yellowing leaves which tend to drop prematurely. These visible symptoms however 
only develop after a severe infection of the root sysiem and the host is on the verge of 
death (Momoh, 1973). Sporocarps rray 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 Stemphyllium 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 stress in the 
death of E. robusta in a few amas, Such deaths only occur at the peak of the dry season. 
UnidentifTed baoteria have also been found to cause necrosis of leaves on 1. camaldulensis. 

In some parts of the southern Guinea savanna there has been sporadic occurrence of the 
root rot of gmelina (Gmelina arborea) raised from stumps. Such infeotions 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 Pestalotiopsis are frequently associated with the die-back 
of a number of plantat ion 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 Dothistrona blight of pines, but Pestalotia is known in 
East Africa to be sometimes associated with such blights on Pinus radiata which is not an 
important plantation species in West Africa. Nevertheless, theozourrenoe of 
Pestalotia 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 whioh have developed 
valuable teohniques and which use container Itpots” 
for raising seedlings, 

rather than germination beds or boxes 
The common damping off fungi include Rhizoctonia solani and F’usarium 

SPP. 

Timber harvest is ourrently 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 odi lodia theobrome. 
season te 

Infection is more severe in the wet season than the dry 
It oan be controlled by quick extraotion followed by rapid 
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conversion and drying. As infection can ooour 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 (Moaomoh and 
Oluyide 1967, Momoh and Akanbi, 1969). 

CONCLUSION 

Although preliminary diseases and insect pest surveys have been carried out in the 
savanna areas of Nigeria there is a need for oonstant vigilance and further periodic 
surveys to ensure that any disease or insect pest outbreak is cited and ourbed before 
extensive danages are done. The root rot disease of teak and the Pachyonyx attack on 
Acacia are olear indioators of the necessity of a oontinuous survey, Such sudden out- 
s 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 oaused by Phaeolus 
nanihotis 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 hm enemies know no politioal 
boundaries. A close cooperation between the pathologists and entomologists of different 
nations is therefore essential. 
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In recent times sufficiently suoosssful methods of establishment of forest stands in 
the savanna areas of Nigeria have been developed. 

During plantation establishment ad 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 proteotion 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 suocess. 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 Kane State in particular and the savsnna zones in general. . 

The general methods of protection include fencing, mass propagenda, cultivation, and 
keeping of watchmen. 

FBNCING 

This method is found to be equally suoceesful in keeping awsy 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 praotioe is even oommon emong indigenous people as a 
means of protecting their private properties. 

In Kano State, forest plantations me fenced using 4 feet (1.2m) high cattle fencing 
wires supported by 6 feet (1.8m) high asara (B-orassus aethiopium) posts spased 10 feet (3m) 
apart with one strsnd of bsrbed wire about 4 *CT10 cm) above the fenoing wire. Alterna- 
tively, four strands of barbed wire spaced horizontally about 2 feet (6C, cm) apart up to a 
height of 5 feet (l.sm) on Borsssus posts is sometimes used in the absence of oattia wire. 

These methods have been found to be effective only in keeping off man. 

A slight modification of the first fencing method described above hss been fo'ad to 
be effective against cattle. 

Fencing a plantation by using 4 feet (1.2m) high oattle fencing wire attached to 6 
feet (1.8m) azara posts spaced 10 feet (3m) apart and putting only one strand of barbed wire 
ti :%he middle is highly effective in preventing cattle dexmge. Since cattle do not feed on 
Azadirachta indioa (Neem), Eucalyptus speoies, 
drou&t oondm, 

and Cassia siamea (Kashiya), unless in extrQmc: -- 
in a plantation of these species the fence could be removed two to three 

yeare after stand establishment or when the speoies close canopy. But in case of Khsya 
(Madaci), Dalbergia sissoo (Dalbegia), Aoacia niloticn (Bagaruwa), Acacia albida 
fences should not bcved until thewing stocks reach a hei- up to 

15 - 20 feet (4.5 - 6 m). Also, if exploited the coppice should be fenced until they reach 
the same hei@ before the fence is removed. 

The goat is readily the most notorious animal causing damage in plantations. It feeds 
on almost anythinggreen. The thorns which oharaoterise the Acacia species do not deter 

I this animal from browsing freely on shoots of the species, Also, because of its size, it 
oan easily squeeee throu& small openinge which oan keep awqy man or cattle. Effective 
fencing against goats consists of using 4 feet (1.2m) high pig or cattle wire attached to 
6 feet (1.8m) 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 addition, earth mounds are made at the base of the wire netting to 
cover the firmt two horizontal l trandr of the wire netting. ‘Thir is'to prevent the goat from 
mlipp$ag ~demeath the wirr a* ground lrval. Optiinge or entranoes~ahoald be minimired.aloqg 
the fonos. It ir dviirable to we laddere looated at convenient pointa along the fosoe M a 
rsanrpf-wing mtranoe into the fanord area- 

. _ 
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The above method is equally effective in keeping out sheep. 

One or tm strands of barbed wire alone have been found effective in keeping off 
camels. 

Ebccept in remote forest reserves, damage from wild animals is not 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 proteoting plantations 
against man if well orgsnised. However, experience has shown that this method does not work 
in sparsely populated areas. This system usually involves the broadcast of instructions in 
publio places such as markets, festival squares, ohurches, 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 shown on mobile cinemas to get the message 
aoross 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 incidental activities of man. In 
the savanna areas of Nigeria, various species of grasees are oommonly used for thatching of 
roofs, mat-making snd as fodder. People therefore go about collecting these grasses in 
plantations end very often set fires to the grasses intentionally as a q esns of promoting 
their aotive regrowth. Sometimes the fires sre set maliciously. Clean cultivation is 
nonally carried out in August and January in nrvly established plantings to keep off the 
grass. In Kano State, cultivation.is done meohanically. 

KEZPING OF WATCHM'4 

In addition to a fence, a watchman (locally known as a maigadi) should be employed in 
sn area with over 100 acres (40 hectares) of forest plantation. It has been found that in 
a plantation with over 100 aores (40 hectares), fencing alone oould not suffice unless a 
proper watohman 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 influenoe 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 snd more economical 
then fencing a whole area with chain links if it oomee to the protection against man's atroci- 
ties. 

It is important to mention that protection is sn expensive item in forest plantation 
establishment in the savanna areas (especially in the Sudan sone). Cost analyses of fencing 
in Kane State are shown in Tables 1 and 2 following. Cost figures shown do not include 
supervision. Fencing oost alone is known to aocount for about 70$ of the cost of establishing 
Plantations in the Sudan gone in Kane State. 



1. Shape of plantation: rectangular (40 x 25 ohs) 

2. Perimeter: 130 chains (8580 feet; 2574m) 

3. Azara interval: 10 feet (3m) 

4. Strands of barbed wire used: 2 

5. Number of bindings against azara 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 asaras: 6 ft (2 meters) 
10. Coat of cattle fencing wire: N30 (about U.S. $48) 

11. Cost of oattle barbed wire: Y20 (about U.S. $32) 

12. Cost of oattle binding wire: Y20 (about U.S. $32) 

13. Cost of oattle asara posts (12') - Y1.2OK (about U.S. $1.92) 

14. Labour for fenoing: 3 man-dqys/aoree (7.5 man-dayalheotare) 

15. Labour for trenoh making: 5 man-days/sore (12.5 man-da3rs/heotare) 
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COSI' ANALYSIS EOR FENCING 100 ACRES PLANTATION 
OFDIXBSSIONS 40 x 25 CHAINS 

Speoifioations 

MATERIALS NO OF ITEMS COSrPER TOTAL CO3i' RFMARKS 
NEEDED UNIT (100 acres) 

Cattle fencing wire 52 u3o.oo ~1560.00 
Barbed wire 52 Y20.00 640.00 2 strands 

Bindingwire 3 Y20.00 60.00 

Azara posts 430 ly1.20 516.GG (to be out into 2) 

Cost of materials N2776.00 

Labour for fenoing 525 .OO 

Labour for trenching 875.0 

11400.00 

Grand Total Y4176.00 

Cost per aore p141.76 (about U.S. $67) 
Cost per heotare IrlO4.40 (about U.S. $167) 
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COSJ! ANALYSIS FOB FaTCING 1 MILEOF SIELTERBELT 

Speoifioations 

1. Shaper 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-days 

7. Labour for trenching: 100 men-days 

MATERIALS NO. OF ITEHS COgIl PER UNIT TOTAL CO3.r FLEPURKS 
NEEDED ITEXS (1 MILE) 

Cattle fencing wire 65 u30.00 Wlg~o.00 

Barbed wire 34 30.00 680.00 2 strands 

Bindingwire 8 20.00 160.00 

Azara posts 1078 1.20 1293.60 (to be out into 2) 

Total for materials 
Labour for fencing 105 .oo 

Labour for trenohing 175.00 

Grand Total :gg&,o (about U.S. $6980) 

N.B. Number of aores (hectares) for the above dimension - 13 aores (5.2 hectares) 

Average cost per acre - E335.66 (~839.15 per harkre) SZl=*tP= 
Cost per aore (hectare) of agricultural land proteoted at interval of 700 feet (21Om) 

between belts - $.8.5 (Nl20.00 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 less equal dimensions. Wherever possible, 
the shape of plantation should not be linear unless the desiredobjective is shelterbelts. 

It is found that very good oattle fencing wires could continuously be used up to ten 
years. Also, black end matured azaras could be used for about six to ten years. Except 
in extreme oases, barbed wire could be used for well over two decades. 
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THE NEED FOR PLANNING 

Foresters have for many years realised the need for planning because the long 
rotation of their orop 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 always compared with the plan targets. 

g Paper for Symposium on Savanna Afforestation 



- 215 - 

Modern planning seeks to take into account the needs of the country and to set 
objectives for supplying them. Planning is the means of foreoasting how those directives 
me;y be achieved, but also retaining sufficient flexibility so that the plan c&n be altered 
to meet changing circumstances quickly. F'or 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 may be unquantified and generalised, 
e.g. llto 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 may in fact become 
constraints in certain sectors. 

F'oresfry 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 TREFOREXl'RY SEUl!OR 

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 

Sawnwood 
11 caput per 

Plywood 
M caput per 

Other panels II 0 caput per 

Paper and particle board 

II II caput per 

Roundwood Conversion 
Sawlogs 

Peelers 
Pulpwood 

!R3tal m3 

1974 I 980 ‘990 2ooo Units 

900 I 600 3500 7000 '000 m3 
0.012 0.019 0.032 0.047 m3 

45 80 175 350 ‘000 In3 
0.0005 0.0010 0.0016 0.0023 m3 

12 66 245 446 '000 m ' 0.00016 0.00078 0.00230 0.00300 m3 

110 210 600 1400 '000 In3 

l-5 2.5 5.5 9.0 kg 

2300 5000 10000 ‘000 m 3 
240 530 1000 II 
840 2400 5600 IV 

3380 7930 16600 1, 

Source : FAO High Forest Development Project, 
Federal Department of Forestry, Ibaden. 

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 iqhowever, 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 stockrmapping undertaken by, or for, the logging companies. 
There is thus a good idea of the present yields, but future yields may 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. 
Roth 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. 
Preliminary 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 overt 
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 end subsequent rotations, an important consideration in view 
of findings with some exotic crops that production falls off in the second rotation. 

PLANTATION PLANNING 

Although it may be necessary to meet much of the demand for services and products 
by the creation of plantations, they must always be seen as part of the whole integrated 
forestry sector and not be considered in isolation. The time, the location, the size, the 
species snd 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 
mesns by which the plantation programme will be carried out. It is important that this 
body 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 study 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) has 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 snd the way 
in which the project would be financed. The criteria for selection between projects have 
been summarised by Adeyoju (1975) as: maximum volume, employment, balance of payments, 
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 sooial benefit. 

NDR and IRR are the criteria most generally quoted, and sufficiently accurate data 
on costs and returns ten 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 government 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 benefit8 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 shortae 
of pulp which makes it necessary for Nigeria to satisfy this need in the rapidly expending 
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 
interaction8 with other projects within or outside the sector end 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 method8 or targets to meet 
local conditions. There will, however, be a need for monitoring at the national level for 
continuing interactions between projects, reaction8 to national policies end 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 
end services may best be met at gome future date by the creation of plantations, there 
may be implications far outside the forestry sector. 

The first is that forestry mey 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 end communally owned 
forest plantations. Large labour forces will be required near the plantation, and it will 
be necessary to house the workers and offer various social services if a permanekrt, 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 foroes are still likely to grow a small portion of their food requirements 
outside working hours, but in order to supply their total needs end 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) Scale. Manual methods on the scale of most large plantation schemes would impose 
anenormous administrative and managerial burden. 

2) Timing. Several operations, such as the sowing of crops, have to be done in a 
very short period. 

Compared to most developed countries, however, the labour component will still be 
high, especially in nurseries, for planting and in some maintenance and harvesting operation 

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 lend more thoroughly. 



More training in managerial technique8 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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INTROlMCTION 

Foresters are long established as planner8 and managers. The traditional "working 
plan" provided a basi8 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 plans 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 arbitrary decisions to a 
critical and sophisticated investigation into the whole range of possible choice8 open 
to en enterprige. The planning of a savanna afforesta-tion enterprise will be considered 
in the following sequence: 1) the "outline project", 2) preparation of the "detailed 
projecttl end 3) preparation of the "project planting plan". 

Subsequent to the planting or establishment plan it would be necessary 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 may 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 PROJECT 

The outline project may be generated by a forest department or by the national 
planners. 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 product8 in the savanna region and of possible 
trends in the ag egate levels of consumption for such products in the future. More 
recently Ehabor 1971) examined the position on 8 national basis. r Such estimates of 
future consumption provide a useful framework for examining resource allocation and research 
need8 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. Born a possible selection of outline projects or proposal8 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. 

TREDE!TAILED PROJECT 

On the assumption that the national planners have agreed on the need for afforestation 
and have broadly outlined a savanna plantation project, 
detailed project. 

the next task is to prepare the 
An afforegtation project may vary in size from the planting of a few 

hectares for shelter or soil protection, to a large-scale scheme extending over IO to 30 
years and involving considerable investment. It i8 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. % make such an enterprise efficient require8 
planning, and the objects of planning are: 

1) to minimise coete 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 end 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, 
collection and 3) appraisal and decision. 

constraints and criteria, 2) data 

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 purpoges, can reveal limitations in the original concept 
requiring adjustments. Again, having determined objectives, subsequent preliminary 
calculation8 may result in further changes of priority or modification of aims. Fbr 
example, the project objective8 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 end 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 
inteneive simultaneously. Such conflicts would require a replanning of the objectives and 
consideration of the more efficient alternatives. 

Constraints are limitations imposed on the activities of a project end are generally 
inflexible, although in certain oircumstances it is possible to remove or adjust a constraint 
when so doing materially improves the project. It is convenient to consider Constraint8 
in the following cateeries: 

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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2) Financial: These may be represented by restrictions on the financial resources 
available, or obligations to meet repayment of interest and/or capital, or 
erratic provision of funds. 

3) 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. 

4) Institutional: These are limitations imposed by the organisational and managerial 
ability of the agency executing the project, by the legal framework end by the 
gocial pattern8 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 
csn be compared and evaluated. A good criterion is applicable to all alternatives and 
ehould 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 a8 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 plsntation research or 
development in the area. Information on demands, and value of produce requires a market 
Study. Although it is necessary to have a reasonably clear idea of what the aims of a 
project are before collecting data, it may 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 end desim 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 may be classified into five categories: 
1) resource data, 2) operational data, 3) market end 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 poseible future expansion. Where tribal or other legal rights affect the use 
or availability of land, such matters require clarification before further planning is 
undertaken. 



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 end plantability. At the seme 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. 

EMablished 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 resouroes: 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 end costs should be detailed. 

Material and equipment resources: These fall into three main categories: those 
required for the administrative organisation, for operational activities or for 
maintenance snd support. Administrative requirements include offices and buildings and 
minor items such as office equipment and stationery which are common to any enterprise. 
Operational materials end 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 choice 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 plenting, 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. maluations 
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. Ebr 
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 resources: 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 pczsible 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 
end requires managers, supervisors, mechanics, machine operators, administrative end 
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; end where numbers are limited 
training will be necessary. 

The 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 &dean, 1966) increased output by up to 
300 percent, end 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, lq72) were 
giving 30 percent increases in output which is not insignificant. Productivity can also 
be improved by 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, categories and responsibility and labour is similarly recorded, but operations 
replace responsibility. To 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 costs 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 allocac 
tion required, and these figures should be set out as annual 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 time, 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 ready estimation of the productivity of men and machines end 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 end fundamental to the planning process. The information must be the best 
available. It may be extracted from costing records where available, but when lacking, 
stiyEling work-outputs as reccrded for.Ferguson (1?73) in Nigeria, provides indicatory 

. Operational data provide a basis for appraisal, for estimating resource requirements, 
and budgeting; consequently it is vital that the source end reliability of all such data is 
recorded. A project or plan is only as realistic and workable as the dzta used in its 
design. 

Market and yield data 

The project planner requires information on markets, outputs end 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 thedifferent categories; and 

3) population trends in this area* 

A survey to determine such data is 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 and 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 may 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 may 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 specifio silvicultural system and rotation 
for each. The yields are estimated by category and year to the end of the project period. 
By 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 
may be based on minimal evidence and where only young trial plots are available it may 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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!Co 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 expsnded or produce will need to be imported or substituted. 

Socio-economic data 

EWimated costs of resouroes 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 
end benefits, but they are difficult to qusntify 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 sooin-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 sn 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 oollected 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: 

I) 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 projeot decisions. 
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With large quantities 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 haaard, or selecting species with alternative utiiisation 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 feaeibility 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. 
The 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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I keep the plan as eimple as possible. For complex projects or problem areas, network 
analysis is a useful technique that may 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 projeat 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 and control. 

Detailed Prescription of Activities 

I Detailed prescriptions of work set out the method, quantity, estimated inputs and 
outputs for the following main operations: 

Plantation operations 

Allocation of land and surveys 
Establishment of nurseries and raising planting stock 
Land clearing and preparation 
Laying out and construction of access 
Planting 
Beating up 
Fertilising 
Weeding 
Brashing/pruning 
Tlrinning 
Fire protection 
Road maintenance 

Other works 

m Allocation of staff and definition of responsibilities 
n !l'raining of staff and operators 
0 Maintenance of transport and equipment 
P Maintenance of building and general servioes. 

196% 
If management has a handbook of plantation techniques as in Zambia (Allan and tidean, 
reference to this may reduce the length of the prescriptions and the plan. 

out,item d), which includes the design and delineation of compartments, 
Laying 

rides and fire traces, 
blocks, roads, 

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 updated and adjusted as necessary to the planting plan. The prescription 
in this section will require the manager to requisition where necessary and acquire by 
given dates: 

1 funds, 
2 staff and labour, 

i 
machinery,transport and equipment, 
building materials or buildings, 
project materials and seed, and 
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 Road construction 
Nurseries Maintenance 
Plantation operations Administration 
Protection 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 end 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 encompass a very wide subject in a vsry 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 Equipment and Materials for an Afforestation Project 

OPERATION 

end clearing 

Found preparation 

iurs ery 

planting 

Maintenance and 
protection 

road making 

EQUIPMENT 

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 equipment 
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 pumps and hoses 

bulldozers 
tipping trucks 
graders 
excavators 
rollers, rubber tyred 

MATERIAL 

arboricides 
fuel and oil 
hand tools 
aerial photographs 

weedicides 
fuel and oil 
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;itainers 

fertilisers 
weedicides 
fuel and oil 
insecticides 
hand tools 

culverts 
fuel and oil 
road ballast and 

gravel 
bridge materials 
cement gelignite 



CO8.C ACCOUNTING AED TEE MAINTEXANCE OF RDZORDS 

R)R MONITGRING AED JXALUATING PLANTATION PROJFGTS 

J.B. Ball 
FAO/UNDP High Foreat Development Project 

Ibadan, Nigeria 

CONTFNTS 

Objectives of cost aooounting 
General prinoiples 
Operations 
Estimation of quantities 
Labour component 
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OBJEYSTIVES OF CO3l' ACCOUNTING 

The objectives of oost aocounting are: 
1. Budgetary oontrol, 
2. Estimates, 
3. Labour control, 
4. Calculation of finanoial return6 and 
5. Identifioation of those components that would show the greatest return 

from improved methods. 

These objectives are applicable at all levels of responsibility. 

GFNERAL PRINCIPLES 

Six general principles are involved in cost aocounting: 
1. All expenditure must be included; 
2. Expenditure must be allocated to sn operation, either directly (e.g., labour wages) 

or proportionately (e.g., overheads); 
3. The aosts 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 extra& information for other purposes from the costing 
system (e.g., for oompartment histories) and 

6. The saheme must be simple to allow its use at 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 oostings heads. Fbr exsmple, 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 plsnted 
hectare. 

All jobs should be definable as operations; there should be no "miscellaneous" costings 
head. But one of the heads should cover general management coats, such as inventory, publicity 
research, training, eto., and these costs may be apportioned to quantifiable operations in 
the same wa~r as overheads. 

E8lYIblATION OF QUANTITIES 

In order to obtain the unit cost of sn operation, the total quantity of work done in 
a particular place must be known. 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 by eye, exoept for 1 ha or less, nor should they be estimated from the number of 
blocke cleared, or trees planted. 

The definition of each operation should also contain sn explanation of the relevant 
quantity. Far exsmple, if a weeding is necessary only in a small part of a compartment, 
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should it be costed to the actual area weeded or should it be oosted to the total area of 
plantation of that sge? The latter is usually the course adopted, as it is with fire 
protection, insect control, etc. 

The plaoe that an operation is carried out should also be indicated with the quantity, 
both to explain aomalies and for extraction for compartment and other rewords. 

LABOUR COMPONENT 

Allocation of Labour Time to Operations 

This is done by the man reaponnible for directing the work-in the field. At the end 
of eaoh dsy he notes the number of men working on eaoh operation in a labour abstract or dis- 
tribution book. The men da;ys for each operation are totallsd at the end of each month. 

Where a man rrorks on two or more operations, his time is usually oharged to the 
operation on whioh he worked longest. 

Calculation of Labour Cost per Man-Dsy 

The details of the wages of the labour are generally maintained on a psy 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 snd calculate an average cost per man-dsy. 
The alternative is to oombine the pay sheet and the record of the allooation of labour to 
get a tWueV1 cost, but this is time consuming and liable to error. 

Labour overheads should also be inoluded in the calculation. These are mainly the wages 
of staff who are also paid on the psy sheet with the labour, but who are responsible for 
supervision or administration, such as headmen, storekeepers, etc. Their psy is added to 
that of the labourers, along with other overheads such as paid holidqs, paid sick leave, 
allowances and the cost of food where it is included as part of the wages. The cost per 
man-daJr is then calculated in the following wsy: 

A. Total man-days worked (from the record of the allocation of labour to operations); 
B. Man-days paid, but not productive (labour overheads); 
C. Total man-dsys paid (A + B); 
D. Gross wages paid, plus allowances, to the men represented at C; 
E. Cost per msn-dsy = D A. / 

Calculation of the Labour Cost of Operations 

The men-dqys per month worked on each operation are multiplied by the oost per msn-daJr 
to get the labour cost of the operation, and divided by the quantity to get the unit wst. 

The oaloulation csn be simply checked by adding together all of the wets of operations, 
which should agree with the amount paid. 

Worked examples of the calculations for determining the labour wmponent are in Appendix 2. 

MATERIALS COMPONkNT 

For rest forestry operations, exoept building, the expenditure on materials is a fairly 
small proportion of the total cost. Approximation6 osn therefore be made in the allocation 
to operations without great loss of aoouracy. 

Ideally, all materials issued from the store should be oharged to sn operation. At 
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the end of the mnth, wpiea of the issue mu&era are used to allooate cutpenditure to opera- 
tions. This requires well-trained storekeepers with a knowledge of the wet wde and of the 
value of the materials that they are hruldling, and in the initial stages of projects they 
msy lack the experienoe to do this. 

If the storekeepers are inexperienced, then the officer in charge of the acwunts must 
allocate the expenditure to operations, and without a knowledge of the day to dsy running of 
the projeot he cannot do this entirely accurately. He will also tend to allocate the whole 
expenditure, when in fast only part of the materials mqy 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 
&ich may 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 ssme acwunt, it should be kept separate for the easier oalcula- 
tion of plant operating costs. 

PLANT AND VWICLE COMPONENT 

Logbook 

Close control of plant and vehicles is essential, both for the allooation of expenditure 
to operations end to prevent abuse, particularly of vehioles. 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, *ioh are then summarised in terms of hours or kilometres run at 
the end of eaoh month. 

Calculation of Unit Cost 

FLxpenditure on operating plant and vehicles msy be incurred under the following, uhich 
should be totalled separately for subsequent analysis: 

(a) Wsges and allowsnoes of the driver or operator. These must be kept separate 

H 

from labour wages md not included as a labour overhead. 
b Pus1 and lubricants. The expenditure csn be obtained from a materials sub-account. 
c Spare parts, repairs. The expenditure can be obtained from another materials 

sub-aowunt. 
(d) Depreciation or smortisation, insurance, etc. A record of the cost of eaoh item 

of plant or of eaoh vehicle and the date of purahase should be kept at a senior 
level, and the annual depreciation calculated. This is most easily done in equal 
annual amounts. 

Caloulation of Plant or Vehicle Component 

The simplest wsy to calculate the plant or vehicle wmponent of operations costs is to 
da it annually, but if the wstin*&s are done on a wmputer, it msy be done monthly. Unit 
wsts -8 obtained by adding together expenditure on the items above and dividing by the total 
hours or kilometres run. Unit costs should be aggregated for vehicle types, rather than 
being assigned to individual vehioles. This evens out variations due to sge. 

Another way of caloulating the plsnt and vehiole component is to use a figure based 
on theoretical calculations or on the previous year's running. This makes the reconciliation 
of costs with expenditure less easy, and due to rapidly increasing prices reduces the useful- 
ness of the figures for estimates purposes. 

Provision must be made in the system for oharging the wet of a vehicle working in 
auother projeot, or hired from a oentral pool. Generally, the details are extracted from 
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the log book snd notified to the officer to be charged, with the wst, at the end of the year. 
The offioer nho used the vehiale then allocates this wat to sn operation. 

The unit wet of towed equipment must also be aalculated, end its use identified on 
the log sheet for inolusion in the wet of the operation. 

It is possible to add even more information to the log sheet, for the identifioation 
of slost times. 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 exsmple, taking a 
worker to hospital, or a senior officer's inspection. 
ment cost head. 

Then the cost is charged to a msnsge- 

OVERHEADS 

Items Included ss Overheads 

Overheads include the following: 
1. Staff salaries and allowances; 
2. Office rents, water and electricity charges; 
3. Transport of senior officers with project-wide responsibilities and 
4.Mansgementwsts. 

The calculation of overheads charges is done at the highest level and should include 
all expenditure not previously accounted for. 

Allocation 

nent. 
Overheads should be divided between coatings heads in proportion to the labour wmpo- 

The resson 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 anyway is for the calculation of the 
rate of return per hectare. 

when, however, plantation projects reaah the exploitation stage, it ma;y 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 faenior staff 
is spent on planning, the control of harvesting and the collection of revenue. Allocation 
of their salsries rnw then be done in proportion to the time they spend on these jobs, which 
msy be determined by means of diaries or by a system of sampling. 

RECONCILIATION OF EXPFNDITURE AND COSl'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 msy 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 1 Expenditure on UnusedMaterials) 
+ Total (Cost of Vehicles, etc., Hired to other Charges) 
- Total (Cost of Veh:oles, etc., Hired from other Charges) 
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This equation omits depreoiation, staff salaries, eta., but includes management wsts. 

OTHER RECORDS 

The praotice of soientifio forestry depends upon the wllection of accurate figures and 
the maintenance of accessible records. 

Compsrtment History 

The details of work done in a wmpsrtment, with date and area wvered, can be extracted 
from the coatings system. Likewise the outturn rewrds show the amount of each type of forest 
produce and the date that it was removed. It is usually not necessary to keep rewrds of 
wsta or revenue on a compartment basis, but they should be kept on some sub-division of the 
whole project such as a forest or plsntation. 

The wmpartments should also be desoribed, and suoh information as seed sources, 
inventory results, etc., recorded. A map must be included. Descriptions should be 
stsndardized to permit wmparisons of outturn, etc., between compartments. An excellent 
series of forms suitable for wmpartment descriptions are given in Anon.( 1974). 

0 ther Works 

Descriptions and details of other works such as buildings, roads, etc., with date of 
wmpletion and a record of maintenance should also be kept. 

Distinction between Records snd Correspondence 

It is most important to distinguish between rewrds, which are permanent, and wrrespon- 
denoe, whioh is generally ephemeral. Where correspondence contains information that should 
be retained, it must be extracted and put in the records - sn annual review of the wrrespon- 
dence files is a useful wsy of doing this. Likewise, wrrespondence must not be allowed to 
olog the rewrds and prevent speedy awesa. 

SAMPLING WEMODS OF OBTAINING COSI FIGURE% 

The system of wet aowunting that has been desoribed 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 wsts. In the meantime, data may be required for estimates or project evaluation. 
In this case, the wet of operations ma;y be determined by sampling to estimate output per 
man-day or per machine-hour. The application of cost sampling in Nigerian savanna plsnta- 
tions is well described in Ferguson (1972). 

The sampling is carried out by one or more small teams Who observe sn operation over 
the whole dw. They mark on the ground the point at which work starts in the morning, snd 
note the number of men employed. At the end of the dsy, the output (generally area) is 
measured. For machines, the type of machine (including attachments), the work done, and 
the time taken are noted. Under Nigerisn wnditions, it was found that for a standard 
error of 20$ to 30$, it Was necessary to observe an operation for a minimum of four dsys, 
and ten days were preferable. The operations observed should be those carried out on a 
reasonably large scale, ssy more than ten ha. 

The times per unit for each operation are then multiplied by the cost per man-day or 
per machine-hour to get the unit wst of the operation. The cost per men-dsy is estimated 
from the same items of expenditure that are desoribed on page 236, and for maohine wets 
the ssme as are described on page 237. If materials form a significant proportion of the 
wet of sn operation, then expenditure on them must be estimated too. 



- 240- 

A ssmpling system is useful for producing cost figures quickly, but it cannot act in 
the same monitoring role ss the wst accounting scheme. There is no check on inefficiencyor 
dishonesty, one has to accept a fairly large standard error, and there are difficulties in 
the caloulation of labour overheads. A ssmpling system msy therefore precede a wet 
accounting scheme, but it should not be an alternative. 

costs: 

Campods of Cost: 

Unit cost: 

Expenditure: 

Operation: 

GIBSSARYOFTEBWS 

The expenditure attributable to an operation. 
The items of expenditure that make up the total cast - labour, materials, 
plant/vehicles, and overheads. 
The total wet of an operation divided by the total number of units 
completed. 
The money paid out on wages, materials, etc., from the accounts (or Vote 
Rook). 
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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APPmDIX 20 JOB CO3MNGS 33EEl' (1) 

NOHKED EXAMPLEOFCAXULATIONOFCOSl' PERWAN-DAY 

Centre: Shagamu Pulpwood Plantations Month: February, 1975 

C 

D 

E 

Total Man-Da;ys Worked. 
(from Labbur Abatraot) 

Field 1186 
Nureery 266 
Total A 1452 

Man-Da~ Paid but not Productive. Public Holid&~ 
(from Psg Sleet) Sick 

Leave 
Non-working 
Beadmn 
Storekeeper 
Total B 

Total Man-Da;ye Paid (Total A + Total B) 
(This must agree with the man-days paid on the pay sheet) 

65 

20 
20 

la 

Ez 

Gross Wages Paid (from pay eheet) 3445 
Labour Allowances: Bicycle allowance. 

Total D 

Coot per Man-Da;y (Total D/Total A) 2.je 
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APPWDIX 2d JOB COSTINGS W (2) 

WORKED EXAMPLE OF CALCULATION OF LABOUR CO= OF OPERATION 

Centre: Shagsmu Pulpwood Plantations Month: February, 1975 
Cost per Man-Dey (from Job Coating Sheet 1) x per man-dey. 

Code Unit Quantity 

1121 
1131 
1l.41 
1142 
1151 
1171 
1172 
1212 
1213 
1322 
1323 
1342 
1351 
1352 
1353 
1354 
1362 
1363 
1364 
1371 
1391 
1522 
1623 

17221 

Ha 
Ha 
Ha 
Ha 
Ha 
Ha 
Ha 
Ha 

Farmer 
Kg 
Kg 
Pot 

Seedling 
II 

II 

II 
Bed 
Pot 
Path 
Bed 

Plsnte 
Ha 
Km 

18 
9 

2 
150 

; 

12: 
3 

10 
20400 
32000 
46800 

9600 
7000 

26 
19 500 

80 

50;: 
650 
5-6 

Station 

Man 
WY* 

336 
28 

193 
271 

20 
34 
19 
28 

4: 
5 

z 
52 
12 
10 
26 
13 

;i 
4 

140 
73 
4 

1452 

Cost 

796T 
461 

?ii 
:; 
,“% 
2 
81 
76 

124 

i: 
62 
31 
38 

134 
3:; 
174 
10 

3465 

M.Daye/ 
Unit 

18.67 
3;11 

17.55 
4.52 
0.13 
6.80 
3.80 
0.52 
0.25 
2.00 
0.50 
1.67 
1.00 
1.11 
1.25 
1.43 
1.00 
0.67 
0.20 
2.80 
0.80 
0.22 

13.04 

Remarks 

p. thousand 
,I 
II 
II 
II 

p. thousand 

p. thousand 
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Month 

Janwry 

February 

March 

Quarterly sagemu 
-ary NW 
by Ijebu-Ode 
Centre Epe 

APPmDIX 2, JOB COSl!INGS SHEET (3) 

WOHXED EXAMPLE OF SLIMMIIRY OF LABOUR COSl' OF OPERATION 

Project: Lskki L-on Pulplrpod Scheme 

Operation: Bruehinx 
Unit: Hectare 

Centre 

ShsgamU 

Ogun 
Ijebu-Ode 

C. Epe 

Shagamu 
Ogun 
Ijebu4de 
Epe 

Ogun 26 553 1311 
Ijebu-Ode 5 117 283 

Quantity Man- Cost M.-Da@/ Y/Ha 
DWB E Ha 

I 

89 1869 
76 1350 

161 3207 
326 6426 

4,:s 
7569 

15178 

150 5000 

;i 
125 
27 

268 

336 
1793 
2800 
543 

5472 

798 
4160 
6720 
1281 

12959 

31 670 1594 

lo7 2205 
200 3696 
291 6124 
27 543 

625 12568 

5302 
8576 

14572 
1281 

28731 

C = Contract 

Code: 1121 
Year: E 

I 

21.0 
17.8 
19.9 
19.7 

18.7 
18.3 
22.4 53.8 
20.1 47.4 
20.4 48.4 

21.3 
I 

50.4 
23.4 56.6 

I 

21.6 [ 51.4 

20.6 49.6 
18.5 42.9 
21.0 50.1 
20.1 47.4 
20.1 47.6 
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ANNEX1 

SUMMARIES OF SPElCIAL CASE Sl'UDIErS 

Part A: Pinea 

ESIXBLISBMENT TFXXNIQUES FUR PINES 

G.O.A. Ojo 
Forestry Research Institute of Nigeria 

Ibadan, Nigeria 

The aims of eefabliehment techniques for Pinue caribaea and P. oocarpa are to eetablieh 
the eeedlings as quickly aa possible and to promoptimal growing conditions. Existing 
vegetation is clear-felled, stumped and burnt and the site is mechanically cultivated. 
Planting is done during the rainy Beazon, beginning hen the coil is wet to about 15 cm, 
employing eeedlinge 20-30 cm high raised in polythene pots. The apauing used depends largely 
on the method of management adopted, with 2.8 x 2.8 m being usual where mechanical cultivation 
in two directions ie foreseen, and 1.8 x 1.8 m where manual weeding ie contemplated. Weeding 
is neceesary &out three times a year (four the first year) during the rainy season for three 
to four yeara, Hand weeding is practised around individual trees, followed by mecharlical 
oultivation between the rowe. On ferruginoue tropical soil8 11 g of phosphate fertilizer is 
applied around eaoh tree about four weeka after planting and following manual weeding. Clean 
weeding ie also an effective fire prevention tool, but fire tracing around plaatatione, fire 
patrols and brauhing to a hei@ 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 

Ibaden, Nigeria 

M.A. Ogigirigi 
Shelterbelt Research Station 

Kano, Nigeria 

This paper discuaaee the results of height and girth growth atudiee of youngpinus 
caribaea and P, oocarpa in relation to environmental conditions in northern Nigeria. 
Sucoeeaive me~rements at three and four yeare of age ahowed that both species exhibited 
oontinuoua height growth and apical buds active all year round, but the rate of apical growth 
and the rate and quality of foliage production were lee8 in the dry season than during the 
wet sewn. Dry aeazon needlee of these species are generally amaller, shorter, thinner and 
greatly deformed aa a result of having to force their wa~r through the dried needle sheath. 

Girth growth ie lowest during the dry seaeon, but shows a gradual increase from May to 
June and ie highest during the June to September wet seaEon. The inoreaae from Mey to June 
meJr be due to hydration of stem tissue and bark, cambial activity or both. 

Some of the pine speciee included in elimination trials showed negative results. 
Following eix months in the nursery at Zaria, PA montezumae did not grow at all in plantatione. 
Alao at Zaria, P. miohoacana grew normally for nearly two yeere and then went into a prolonged 
period of dormEy, and at Afaka and Miango PA pseudoetrobue grew very irregularly producing 
long terminal and lateral shoots that had no needles. 



NUTRITION OF PIEES (Pinus oaribaea end P. oooarpa) 

0. Kadeba 
Savanna Fbreetry Reeeeroh Station 

Samaru, Zaria, Nigeria 

Nutritional studies on Pinus species being tried in the afforeetation programme of the 
Nigerian savanna is a recent development. So far, attention haa been focueeed primarily on 
the three major nutrient6 N, P, and K. Work to date has ahown that the eetablimhment phase 
of pines in the field would be difficult ad growth rate unsatisfactory if phoephate fertilizer 
i6 not ueed. 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 reeponee to nitroohalk and euzmonium sulphate could be obtained only when phosphate 
was simultaneously applied. In no caee was there any favourable responee to K fertilizer. 

EFFECTS OF PINE PLANTATIONS ON SDILS 

0. Kadeba 
Savanna Fbreatry Research Station 

Samaru, Zaria, Nigeria 

B.S.K. Onweluzo 
Savanna Forestry Research Station 

Samaru, Zaria, Nigeria 

Analyses of eoila under plots of Pinus caribaea,.Pfnua.oooarpa and savanna woodland 
chow some changes in the soil chemical Erties. 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 end canopy cloeure, there is a 
gradual build-up of organic matter in the top soil., A eimilar 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-deoompoeed litter under (i) 15-year Pinue caribaea (ii) 7-year Pinue caribaea 
and (iii) 'I-year Pinus oocarpa plot8 respectively. - 

THE GRGWTH ANB YIELD OF PINUS SPECIES IN THE 
SAVANNA ZONES OF NIGERIA 

J-0. Abayomi 
Forestry Reeearoh Inetitute of Nigeria 

Ibadan, Nigeria 

The growth and yield of three Pinue apecieB, PA oaribaea, P. oocarpa and P. keeiya are 
described and compered in different mitiea of the savanna zonea of Nigeria. The best 
growth of the three Pinue species has been observed at Mianp on the Jo8 plateau. P. caribaea 
appear8 to have the beetgrowth on all sitee, followed closely by P. oocarpa. SomeXmitatione 
in the compariaona made in the paper are mentioned. 
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El?FBJT OF AGE ON ROOTING OF CUTTINGS AND 
COPPICING OF 3l'UMPS OF PINGS CARIBAE4 

0.0. Okoro 
Forestry Research Inetitute of Nigeria 

Ibadan, Nigeria 

Investigations were carried out to determine the rooting propensities of cuttings taken 
from various ages of Pinus oaribaea treea and rooted under two environmental conditions: mist 
and temporary propagator. -Better callusing was obtained under mist. Some cutting6 from all 
ages of trees rooted under miet whereas only cutttiga from seedling8 and a few from ten-year 
old trees rooted in the temporary propagator. Under both environmental conditione, cuttings 
from six and 15 month old seedlings rooted best. When seedlings of theee two ages were 
coppiced, the latter had better survival percent (10%) and those stumps which had 8 - 16 
sprouts produced more uniform shoots with reasonable growth. Stumps of ten year old treea 
did not coppioe at all. 

Pinus oocarpa is one of the best 
plantation species for the northern 
Guinea savanna. This growth trial 
plot at Afaka, Nigeria,is 'I-years 
old. 
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Part B: Neem 

M.A. Ogigirigi end F.Y. Adekiya 
Shelterbelt Rerearoh Station 

Kauo, Nigeria 

This paper review8 the himtow of neem (Azadirachta indioa) in the Sudan zone of northern 
Nigeria; gives a general deroription of the tree, its phenology, silvioal charaoteristios and 
uses; and deeoribeo ourrent nursery, planting end tending praetiew. 

Following its iqtmduotion into the Sudan mne in 1928, neem has become the meet importent 
plan&&ion epeoies in the zone with nearly 1500 ha planted by 1964. The major ueee of the 
wood are for poles and fuel. 

The neem tree is deep rooting, has a large, heavy crown and ie a prolific seeder from 
age five onwerde. Planting ie primarily with nureery stock raieed in polythene tubes and 
outplauted at 2.4 x 2.4 m or 2.7 x 2.7 ni epacinge. Tm, mechanical harrowinga per yew me 
neceasejy for the first three years to reduce weed competition. Ax%xand large towns where 
both farmlmd end mod products are in short supply, fanzing in the plantation6 is ~ucoe~~fil. 
Groundnuts, beans, and oocasionally millet are raised. 

Direct sowing haa also been shown to be a promieing,simple and cheap method of enriching 
large areae of savanna. 

SDME PHYSICAL PROPERTIES OF SDIL UNDER N= 
AT YAHBAWA, KANO Sl?ATE 

J.E. Ujah 
Shelterbelt Research Station 

Kauo, Nigeria 

Measurements of particle rize dietribution, bulk deneity, particle density, total 
porosity and coil moisture oontent from four selected eiter stocked with (a) five year old 
noem, (b) one year old neem, (o) only weeds, and from a eite (d) where neem failed after one 
year, showed no ei@fioant difference6 betwesh sites where neem ie growing well and where 
it failed or wee never planted. 
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Part Ct Eucalypts 

ESTABLISHMENT TECHNIQUES FOR EUCALYPTS 

G.O.A. Ojo 
Forestry Research Institute of Nigeria 

Ibadan, Nigeria 

Eucalypts used in plantation work in the Nigerian savanna are I& 
& tereticornis, 5 oitriodora, & cloeziena and E, llsalignatl hybrid. 

camaldulensis, 

Intensive management techniques are employed. 
stumped and burnt and the site is ploughed. 

The natural vegetation is felled, 
Planting stock is raised in polythene pots to 

a height of about 30 cm for outplanting early in the rainy season after the soil is wet to 
about 15 am. 
planting; 

The species differ in their ability to withstand dry spells immediately after 
whereas most can tolerate a week of unexpected dry weather, E, cloeziana must be 

planted in very wet weather. Spacirgs 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. 
until canopy closes, 

Weedings are fewer in subsequent years but are required 
often within one to two years, depending on species. & cloeziana gives 

a dense cenopy, 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. 
period. 

On very sandy soils the application is made over a two year 

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 SO!@, EUCALYPT SPECIES 
IW THE NIGERIAN SAVANNA 

D.E. Iysmabo 
Agricultural Research Council, Moor 

Ibadan, Nigeria 
Plantations 

M.A. Ogigirigi 
Shelterbelt Research Station 

Kane, Nigeria 

Studies of the height and girth growth of Isorberlinia doka, Khaya senegalenais, 
Eucalyptus citriodora, 5 ClOeziana, s deelupta, 5 propinoua, E. robusta and E. tereti- -m- 
cornis showed the euoalypts to have growth rates and periodicit& superior to those of 
species indigenous to the northern Nigerian savanna. Anical and lateral meristems, dormant 
for part of the year in both I. doka and K. senegalensis, am remain active all year round in 
the eucalypts, enabling them to sustain aEreciable levels of growth during the dry season. 
Aocelerated height growth, however, 
sufficiently replenished. 

begins in late April to early May after soil moisture is 
Accelerated girth growth starts earlier - in March - but some or‘ 

this Blgrowthl@ 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 I. doka and all species of 
euoalypts. 

-m 
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. 



NUTRITION OFEXlCALYPTS 

O.Kadeba 
Savanna IRweetry Researob Station 

Semaru, Zaria, Nigeria 

Nutritional etudies form part of the several integrated forest cultural practioes 
employed in the eetablishment and management of exotio plantations of eucalypts in Nigeria. 

Roron, nitrogen and phosphorus are the three element8 that may limit the growth of the 
different species of euoalyptcl that are being tried in the afforeatation programme. Rezulta 
of all the field aperiments conclusively show that the incidence of dry season die-b-k of 
eucalypte is associated with boron deficienoy ; application of borate fertilieer at the rate 
of 50g per tree would oorreot this defioienoy. Growth inoreaeee were obtained on eome sites 
following applioation of nitrogen and phosphate fertilizers. A common feature is the positive 
interaotion between nitrogen end phosphorus. There was no response to potaesium. 

90MEASPElCTSOFRATERRELATIONSOF HJCALYFTUSUNBER 
NICERIAN SAVANNA CONDITIONS 

M.A. Ogigirigi 
Shelterbelt Reaearah Station 

Ksno, Nigeria 

Studies on the water relations of euoalypte in the northern Nigerizn savanna demonstrated 
that "avoidanoez in a signifioant component of drought hardiness in & oloeziaua, & robusta, 
E. pilularis and E. propinqua, while @@toleranoez is important in & ozmaldulensis. Measurements 
x transpiration fmm excised leaves of four species showed that the stomata1 mechanism of 
E. pilularie was most efficient in the control of water loss, followed by E. robusta, E. tere- 
Eoornis and & osmaldulerneis. 

-- 
The range of seasonal variation in leaf we&deficit was also 

less for & robusta, & propinqua and & cloezinana than for E. czmalduleneie. - 

Under conditions of high soil moieture stress, & camaldulensis was more efficient in 
water use and put on greater height growth than Pinus oaribaea! gteretioornie and E. robusta. 
E. robusta showed high water use and good grouth~termediate to low levels of sol1 moieture, 
but~m&tality oocurred &t the hiQPest level of moisture stress. Water use-by P. caribaea, 
on the other hand, use hi& under condltlons of high soil moisture, but' low uhen soi~moieture 
beozme limiting. 

EFmTS OF EXJCALYPTUS PLANTATIONS ON s)ILS 

0. Kadeba and B.S.K. Onweluzo 
Savanna Forestry Research Station 

Ssmaru, Zaria, Nigeria 

Analyses of soils under plots of Euoalyptue oloeziana, & torelliana end adjacent aavsnna 
woodland provide evidence that orgsnic matter and exchangeable potassium in the mineral soil 
are depleted more under the eucalypts than under noodland. No difference in calcium or magne- 
sium were evident. There is, however, much greater litter accumulation on the forest floor 
under euoalypta; dry uei&t values were 34.59, l4.20 and 6.60 tonnes per hectare, respectively, 
for 8 year old E. cloeziaua at Afaka, 9 year old E, torelliana at Mizngo and savanna woodland 
that had been fze protected for about 20 years. 
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THE GFWTR AND YIELR OF BJCALYPTUS SPIXXES IN THE 
SAVANNA ZCNES OF NIGERIA 

J.O. Abqyomi 
Pbrestry Researoh Institute of Nigeria 

Ibadan, Nigeria 

The growth and yield of come Eucalyptus species are described snd compared in different 
looalities of the savanna zonea of Nigeria. 

andie 
The best growth recorded is that for Eucalyptus 

at Ngoroji on the Mambilla plateau, while in the plains, Eucalyptus osmalduleneie 
Petford provenanoe), & teretioomis and some stands of E. grandis have produced relatively 

hi& yields. Afaka appear6 to be the most favourable exp%mental site on the plains for the 
eetabliehment of Euoalyptus plantations. 
paper are mentioned. 

Some limitations in the comparisons made in the 

The excellent performance of the Petford 
provenance of Eucalyptus csmaldulensis 
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. 
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1. 
2. 

3. 

4. 

5. 

6. 

7. 

8. 

ANNJsx2 
FJCAMPLZS OF ZAMBIAN PLANTATION COSTS 

B.C. Finch 
Division of Forest Research 

Kit we, Zambia 

1973 F,STIMATZD DIRECT ESTADLISHMEBT COSTS* 

Land Clearing 
Nursery Plants 
Planting 
(a) Pre-discing 
(b) All Other Planting Operations 

Fertilisation 
1st Season Weeding 
(a) Hand 
(b) Mechanical 
2nd Season Weeding 

(a) hand 
(b) Mechanical 
3rd Season Weeding 

(a) Hand 
(b) Mechanical 

Total Cost 

175.64 175.64 

4.89 8.32 

3-34 2.96 

9.48 11*59 
10.96 

6.53 IO.45 

17.59 id.07 

6-77 

4.51 
228.43 238.31 

+ Labour and direot field supervisory labour, their wages, social security contributions, 
clothing, leave and housing allowances, together with machinery used in operations and 
materials consumed. 

+ I Kwacha = US$ 1.56 



L 

- 255 - 

BASIC IAND CLEARING COSTS 

Knockdown 
Windrow 

Stump, Burn and Clear 

Glean and Plough 

Total Cost per acre 

Total Cost per ha 

K/acre gross K/acre net 

11.50 

22.00 
12.00 

45.50 56.74 

11.50 14.34 

57.00 71.08 

140.85 175.64 

The total cost per acre net (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. 
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PINES: ESTIMATED 1973 ESTABLISHMENT COSTS 

Nursery Stock 

Labour ' 
7 ton Lorry 
D-4 
Materials 

Supervisory Ratio 

Input Units 
per ha 

2.423 man-days at 2.82 
1.639 km at 0.13 
0.024 hours at 4.00 
Kl.189 

I:10 

Estimated Cost 

perh 8”; 
0:21 
0.09 
9 1 .I, 
2 

Based on 1490 plants raised for each hectare to allow for losses in nursery and 
beating up in field. 
2. Planting 

(a) Rediscing 
Drivers 0.175 man-days at 3.72 0.86 
Traotor 1.198 hours at 1.75 2.10 

m 
Supervisory Ratio 1:7 

(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 
Tract or 0.477 hours at 1.75 0.83 
Lorry 1.787 km at 0.13 

Supervisory Ratio 1:18 

3. 1st Season Weeding 

(a) Rand Weed (3 times) 
Labour 3.284 rruzn-days at 2.813 
Transport 9.941 km at 0.10 

Supervisory Ratio 1:7 

(b) Mechanical Weed (8 times) 
Drivers 1.000 man-days at 3.75 
Tractor 7.910 hours at 1.75 
Transport 4.784 lun at 0.10 

Supervisory Ratio 1:6 

4. 2nd Season Weeding (4 times) 
Drivers 0.371 man-days at 3.75 
Tractor 2.965 hours at 1.75 
Transport 1.853 km at 0.10 

Supervisory Ratio 1:6 

5. jrd Season Weeding (2 times) 
Drivers 0.247 man-days at 3.75 
Tractor 1.977 hours at 1.75 
Transport 1.236 km at 0.10 

9.46 

ifE$ . 

3.75 
13.84 

+- 1":oi 

0.93 
3.46 
0.12 
m 

Supervisory Ratio 1:6 
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I. GEXERAL GEOGRAPHICAL INFORMATION 

1.1 Area of country: 112 600 km* 
1.2 Location: longitude O"40t - 03045'E;latitude 06~15’ - l2O25'N 
1.3 Population: 3 250 000 inhabitants 
1.4 Main climatic and vegetative zones8 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 - lan* 
2.2 Area of savanna 1/ 22 000 lal* 
2.3 Proportion of land under high forest -$; in savanna u 2c$ 
2.4 Does the country have a written statement of national forest policy? 

2.4.1 If a national forest policy exists, what are the main objectives 
stated in it? To safeguard the constitution and conserva.tion 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 Legislation available to implement policy Yesa No /7 

-&/For the purpose of this questionnaire, savanna is oonsidered as including the full range 
of tropical vegetation types of which pass 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,innas, FAO Forestry Development Paper No.19, by M.V. Laurie, 1974. 
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2.6 Ownership of forests and savanna High forests Savanna 
Under state control - 7; 2@ 
Private ownership - 7; ..i -- /' 
Community ownership - % - y? 

No effective control - r;l - 7; 

2.7 Principal forest products from all regions (e.g. fuelwood,charcoal, sawlogs, 
gum, beeswax and honey, veneerlogs, 
posts, pulpwood). 

logs for sleepers, poles, pili;ig and 

4 300 000 steres of fuelwood and charcoal; 
20 000 m3 of sawlogs; 
200 000 poles 

2.8 Forestry staff 

Professional 
Subprofessional(with diploma 

or certificate of training) 
2.9 Gross annual budget for forestry 100,000 US$ 

State 

G 

Others 

10 

III. AFFORJ3STATION AND REFORESTATION, GEWXML 

3.1 Areas 
3.1.1 Total net area I/ of plantations at the end of 1974: - ha 

3.1.2 Net area 2/ of plantations in the savanna at 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 savanna:variable 

3.2 Organization and administration of savanna planting schemes 

3.2.1 State forest services 

3.2.2. Others (specify) 

lOc$ 

............................. ................. 

............................. ................. 

3.3 Intended principal end use (e.g. saw-timber, posts and poles, pulpwcod, fueldwood, 
proteotion,etc.), species, growth and rotation of major savanna plantation. 

Mean annual increment 

net area(ha $I !m3/ha/year) 
u b.) at rotation age 

End use Species Rotation (Yrs) 
lumber teak 6 285 60 
lumber Cedrela spp. 250 under study 

pilineposts teak 715 7-o 
pilingtposts Casuarina sp. 500 &!.O 
fuelwood Casuarina sp. 1000 &lo 

lf Net area is the nose area of plantations minus the area in roads, rides, buildings 
and other non-stocked land. 



IV. SAVANNA NURSERY PRACTICE 
4.1 Nursery types and capaoities 

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 stock 

teak stumps 
Gmelina, Cedrela bare-rooted transplants 
neem bare-rooted transplants 
Casuarina basket containers 10 x 30 cm 

4.2.2 If containers are used, state type (polythene tubes or pots; "jiffy pots", 
etc.) and give dimensions (lay flat for polythene) 
woven palm baskets 30 cm deep and 10 cm 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 Outplanting size Weeks in nursery 

Casuarina 10-15 cm 6 

4.3 Savanna nursery methods 
4.3.1 Briefly describe the sowing methods used in savanna nurseries (bed 

sowing, pricking out, direct sowing into containers,etc.) 
For teak, neem and Gmelina, seed is sown in lines about 10 cm apart 
in beds. Casuarinais broado&, sown and pricked-out after 6 weeks. 

4.3.2 Briefly describe the soil mixtures and fertilizers (and quantities) 
used. Miure 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, which has a water tower and rotary sprinklers. 

4.3.4. Briefly describe the standard savanna nursery protection measures 
(against pathogens, insects, animals, environmental elements). 
Manure is treated with BHC or DDT to guard against attacks on Casuarina 
seed in nurseries. 

v. ESTABLISHMFNT TECHNIQUES FOR SAVANNA PLANTATIONS 

5.1 Site selection 
5.1.1. Are detailed vegetation maps available for most savanna regions? 

Yea /X7 No R 
5.1.2 Are detailed soil maps and soil survey descriptions available for 

most savanna regions? Yes Tjr77 No R 
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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 T Yes fTJ No ff 

If so, indicate for which species: Anacardium. 

5.3.2 Indicate the most common spacings at which the main savanna 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 established to 
date in the savanna by means of taungya. 5 000 ha. 

5.4 Tending of savanna plantations 

5.4.1 Wiefly 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 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. No significant control measures but research is being done 
on rots, borer attacks to Khaya seneffalensis and Chlorophora galls. 

5.5.2 Is there a national fire dan er rating systenl? 
Yes /T7 No X 27 

5.5.3 Are fire breaks end fire lines allowed for at the time of savanna 
plantation establishment? Yes /5r7 No n 

5.5.4 Is controlled (i.e. prescribed or early) hurnin racticed in 
savanna plantations? Yes /L7 No X L!Y 
Around plantations? Yes /x'7 No Lx 

VI. S!#D AND THEX INPi3OVEJ4EWi' 
6.1 Is there a national tree seed coordinating centre? Yes /1 Nom 

6.2 Is there a national tree seed certification system? Yesm No= 

6.3 Are there facilities for storing seed at controlled temperatures? 

Yes f-1 No m 
6.4 Indicate the main source of seed supply for the principal sav,anna plantation 

species. Seed of teak, Anacardium, Cedrela and neem is obtained from 
selected seed trees within the country. 
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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. 
Only Cedrela odorata and Gmelina arborea,introduced a long time ago, 
are acclimatized. 

VII. REZ'ERENCEMATRRIAL 

List the main published sources of information on afforestation and nursery 
practice in the savanna regions of your country. 

Nil. 

Country: CONGO (see also Appendix 4) 

I. GENERAL GEGGRAPRICAL INFORWTIOR~ 

1.1 Area of country 342 000 km2 
1.2 Location: longitude 11°09'04t' - 18'4.0'E; latitude 03°42'30'% -05°02'031% 

1.3 Population 1 500 CC0 inhabitants 
1.4 Rain climatic end 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. FURESTS AND NATIONAL FOREST POLICY 
2.1 Area of high forests 205 000 lan2 
2.2 Area of savanna 1/ 137 000 km2 
2.3 Proportion of land under high forest 6%; in savanna 1/400;; 

2.4 Does the country have a written statement of national forest policy? 

Yes m No D 
2.4.1 If a national forest policy exists, what are the main 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 the country; conduct research to promote 
under-utilized tree species; carry out plantation programmes with eucal,ypts 
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 programmes in accordance with the 
first national three-year plan. 

2.5 Legislation available to implement policy Yes m No n 

L/ For the purpose of this questionnaire, savanna is considered as including the full 
range of tropical vegetation types of which pass is a sipflificnnt characteristic. 
At one end of the spectrum, closed forest and thickets are excluded; at the other 
end, desert is excluded. Between these extremes, savEanna 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 LV.Laurie, 1 
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2.6 Ownership of forests and savanna Sigh forests Savanna 
Under state control lOO$J lOc$ 
Private ownership 
Community ownership 
No effective control 

2.7 Principal forest products from all regions (e.g. fuelwood, charcoal, sawlogs, 
gum, beeswax and hondey, veneerlogs, 
posts, pulpwood). 

logs for sleepers, poles, piling and 

Etielwood, charcoal, posts. 
2*8 Forestry staff 

Professional 
Subprofessional (with diploma or 
certificate of training) 

2.9 Gross annual budget for forestry 

State Others 

13 

17 

- us$ 

III. AFF'ORESTATION ANI.) REJ?ORESTATION, GENE&% 

3.1 Areas 
u 3.1.1 Total net area 

L/ 
of plantations at the end of 1974: 13 827 ha 

3.1.2 Net area of plantations in the sa.vanna at the end of 1974: 7 392 ha 
3.1.3 Planned annual target area of af/reforestation: - ha/year 

3.1.4 Planned annual planting rate in savanna: 5 00 ha/year 

3.2 Orgsnieation end adminstration of savanna planting schemes 
3.2.1 State forest services 1 OC$ 
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. 

End use Species Net area(ha)g Rotation (Yrsl 

Construction Terminalia superba .6 435 35 
timber 

1Cea.n annual 
increment(U.b.) 
at rotation age 
(m3/hz/yr) 

4 

pulpwood eucalypts 5 179 4-6 20-35 

pulpwood pines 2 213 8-12 lG-20 

2 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? 2 000 000p1ants 
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 principal savanna 
plantation species. 

Species T.ype of stook 
Eucalyntus nlat.yphylla containers (polythene pots) 
&XII ABL I, 11 
g. urophylla 0 II 
Pinus caribaea II II 
-oarpa II VI 

4.2.2 If containers are used, state type (polythene tubes or pots, "jiffy 
pots",etc.) and give dimensions (lay flat for polythene). 
polythene pots 17 x 21 cm 

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 

eucalypts N-15 cm 8 
pines 10 cm 12 

4.3 Savanna nursery methods 

4.3.1 

4.3.2 

4.3.3 

4.3.4 

Briefly describe the sowing methods used in savanna nurseries (bed 
sowing, pricking out, direct sowing into containers,etc.) 
hucalypt seed is broadcast sown in irrigated seed beds; pricking 
out into polythene pots is done 4 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 5CY$ black earth and 5C$ 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 watering oans. watering with rotary 
sprinklers is done twice a day when plants exe young and once a day later. 

Briefly describe the standard savcvlna nursery protection measures 
(against pathogens, insects, animals, environmental elements). 
Insecticides (dieldrex Py or phytosol) are dusted around germinstion 
and plant holding beds. 
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v. ESTABLISBMEXT TEXZNIQUES FOR SAVANNA PLANTATIONS 
5.1 Site selection 

5.1.1 Are detailed ve 
Yes m No 

5.1.2 Are detailed soil maps and soil surve 
most savanna regions? 

yes & desc;i.. available for 

5.2 Land clearing and site preparation 
5.2.1 Briefly describe the main savanna land clearing m&hods used. 

In closed forest, clearing is done with axes end 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. 
Clearing and burning followed by ploughing with a Gropmaster or 
Crop Pulvf3risage with pulverizing discs. 

5.3 Savanna planting and direct seeding 
5.3.1 IS direct seeding used in savanna? Yes ff No ftg 

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 plantations, give the area irrigated'of each 
species, the frequency of waterin g and the quantity of water applied. 

5.5 Protection of savanna plantations 
5.5.1 Briefly describe protection measures against insects, pathogens snd animals. 

At the time of planting poison baits are placed around the base of each 
plant to protect against insect nttaok - particularly stem cutting crickets. 

5.5.2 Is there a national fire danger rating system? 

5.5.3 Are fire breaks and fire lines allowed for at the time of 
savanna plantation establishment? Yesm No n 

5.5.4 Is controlled (i.e. prescribed or burning practiced in savanna 
plantations? Yes m 
Around plantations? Yesm NOU 
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6.1 Is there a national tree seed coordinating centre? Yes= No /17 

6.2 Is there a national tree seed certification system? Yes/l7 No m 

6.3 Are there faoilities for storing seed at controlled temperatures? 
Yes fFJ No E7 

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) 

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. 
Various euoalypts and pines: Eucalyptus ml g. tereticornis, 
Pinus caribaea and p. oocarpar 

VII. REFJZWXEMATRRIAL 
List the main published source of information on afforestation and nursery 
practice in the savanna regions of your country. 

Country: GHANA (see also Appendix 5) 

I. GENERAL GECGRAPHICAL INFORMATION 
1.1 Area of country 238 539 km2 
1.2 Location: longitude 1°E to 3oWj latitude 5' - ll"R 
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 &ones namely the coastal thicket, the high forest and 
savanna, 

II. FOREST AND NATIONAL FOREST POLICY 
2.1 Area of high fo 

rp 
sts 82 258 km2 

2.2 Area of savannh 150 497 km2 
2.3 Proportion of land under high forest 34$; in savanna u63$ 
2.4 Does the country have a written statement of national forest policy? 

Yes lit-7 No n 
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 that achieve 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 

u For the purpose of this questionnaire, savanna is considered as including the full range 
of tropical vegetation types of which pass 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 e.tiremes, 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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2.5 Legislatgon available to implement policy 
2.6 Ownership of forests and savanna 

Yes /3rl No D 
High forests Savanna 

Under state control 
Private ownership 
Community ownership 10% lot@ 
No effective control 

2.7 Principal forest products from all regions (e.g. fuelwood, charcoal, sawlogs, p, 
beeswax and honey, veneerlogs, logs for sleepers, poles, piling and posts, pulp- 
wood). 
Sawlogs, veneerlogs, logs for sleepers, fuelwood, charcoal, poles, gum, export lo@. 

2.8 Forestry staff 5tate Others 
Professional 22 
Subprofessional (with diploma 
or oertificate of training) 500 

2.9 Gross annual budget for forestry 7 501 974 USt 

III. AFFORtiTATION AW REZWRESTATION, GENERAL 

3.1 Areas 

3.1.1 Total net u area of plantation at the end of 1974: 23 208.00 ha 

3.1m2 Net area u of plantations in the savanna at the end of 1974: 3 331 ha 
3.1.3 Planned annual target area of af/reforestation:7 328.00 ha/y-r 
3.1.4 Planned annual planting rate in savanna:? 176.00 ha/year 

3.2 Organization and administration of savanna planting schemes 

3 .2.1 State forest services 

3.2.2 Others (specify) 
3.3 Intended principal end use (e.g. saw-timber, posts r.nd poles, pulpwood, fuelwood, 

protection, etc.), species , growth and rotation of major savanna plantations. 

E&d use Species 
Saw Log Teak + Mahogany 
Pulp Gmelina + Eucaly-otus 

Anogeissus 
Poles Teak 
Charcoal all spp. 
Fuelwood all spp. 
Fuel Neem 

Biean annual 
increment (u.b.) 

Net area Y 
at rotation age 

Rotation(yrs) (m3/ha/year) 

60-70 years 
up to 10 yeers 

10-15 years 
lC-15 years 
E-15 years 
10-15 years 

lf Net areas is the gross area of plantations minus the area in roads, rides, buildings 
and other non-stocked land, 
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SAVANNA NlXWRY PRACTICE 
4.1 Nursery types and capacities 

4.1.1 What is the 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 savama nurseries? NIL 

4.2 Planting stock 
4.2.1 Indicate the main type of planting stock (bare-rooted transplants,stumps, 

container stock, etc.) raised for the principal savanna plantation species. 
Species T.ype of stock 
Anogeissus stumps 
Teak stumps 
Eucalyptus potted 
Khaya senegalensis stripling and potted 
Neem stripling and potted 

4.2.2 If containers are used, state type (polythena tubes or pots, “jiffy pots”, 
etc.) and give dimensions (lay flat for polythene). 
Cnly polythene bags are used: 5 x 7 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 l-=, - 2 ft. 24-30 weeks 
Eucalyptus 1* - 2 ft. I&24 weeks 
Anogeissus 1 - 2 ft. 24-30 weeks 
Khaya senegalensis 15 - 2 ft. 24-30 weeks 
Neem 2 - 3 f-t, LJii: - 30 WePlcs 

4.3 Savanna nasery methods 
4.3.1 Briefly describe the sowing methods used in savsnna nurseries (bed sowing, 

pricking out, direct sowing into containers, etc.) 

(a) Teak, Kha.ya 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 e<ld schedules (If 
mechanical irrigation equipment is used, indicate type). 
Where seedlings are raised in polythene bags, watering ca.us are used 
twioe a day, morning and evening. Canal irrigation is also practised. 

4.3.4 Briefly describe the standard savanna nursery protection measures 
(against pathogens, insect 8, animals, envir onmsnt al 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. ~TABLISRblE8T TECRNIQUE FOR SAVARNA PLARTATIONS 
5.1 Site selection 

5.1.1 Are detailed vegetation maps available for most savanna regions? 

5.1.2 Are detailed soil maps and soil survey 
savanna regions? Yes m 

5.2 Land clearing and site preparation 
5.2.1 Briefly describe the main savanna land 

descri tions available for most 
No r”l 

clearing met hods 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 savannam 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 /XL7 No 
If so, indicate for which species: Anoseissus (Nangodi F 

5.3.2 Indicate the most common spacings at which the main savanna plantation 
species are planted. 
3 x y ft., 6 x y ft. 

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 savsnna 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 

5.591 

5.5.2 

5.5.3 

5*5*4 

Briefly describe protection measures against insects, pathogens, and 
enimals. 
There have been no known severe insect or pathogenic attacks. Limited 
fencing has been practised against animals. 
Is there a national fire danger rating system? 

Yes= 
Are fire breaks and fire lines allowed for at the time of savanna 
plantation establishment? Yes m No LT 
Is controlled (i.e. prescribed or earl burning practiced in savanna 
plantations? Yes /II 
Around plantations? Yes /xc7 No /17 

VI. SEED AND TREE IMPROVJZMERT 
6.1 Is there a national tree seed coordinating centre? Yes m No /-7 
6.2 Is there a national tree seed certification system ?YesD No m 
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6.3 Are there facilities for storing seed at controlled temperatures? 

Yes a 10°C NC7 
6.4 Indicate the main source of seed supply for the prixisl so.vz.nn;. 

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 prwensnces 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. REZ'ERE3KE NATERIAL 
List the main published souroes of information on afforestation and nursery 
practice in the savanna regions of your country, 
Guidelines in the N.O.P. (Manual of Procedure) 

Country: IVORY COAST 

I. GlilNkRAL GEOGRAPHICAL II~.FCRWi'ION 

1.1 Area of country 322 500 km2 
1.2 Location: longitude O2O3O' - Og'X; latitude 04' - ll'I< 

1.3 Population: 6 000 000 inhabit,urts 

1.4 Kain climatic and vegetative zones 
Climates: Guinea (equatorial) and Sudan-Guinea (tropical) 
Vegetation: humid evergreen dense forest; humid semi-deciduous dense forest; 

pre-forest and savanna* 

II. FORiZSTY AND NATIONAL FORFXT POLICY 
2.1 Area of high forests 156 719 km2 
2.2 Area of savanna I;/ 165 781 km2 

2.3 Proportion of land under high forest 48.6$; in savanna. L/ 51.4;:. 

2.4. Does the country have a written statement of national forest policy': 
Yes fTJ No /-7 

24.1 If a national forest policy exists, what are the main objectives stated in it? 

Preservation of the ecological balance; 3ustained yield of wood through manap- 
ment and reforestation. 

2.4.2 If there is an official statement of forest policy for the savanna region, 
briefly outline its main points. 
Under study, but no particular statement for the savamna regicn yet, 

2.5 Legislation available to implement policy Yes &rJ No /-7 

2.6 Ownership of forests and savanna High fcrests 
Under state control 1 OU/d 
Forest reserves 2 598 550 ha 
National parks 548 000 ha 

Savanna 
lOC$ 

1 300 000 ha 
1 l75 000 ha 

g For the purpose of this questionnaire, savanna is considered as incI.uding the full range 
of tropical vegetation types of which grass is a significant characteristic. At cnt: end 
of the spectrum,closed forest and thickets are excluded; at the ather 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 Forestry Development Paper Norlc), by 1C.V. Laurie, 197~:. 



2.7 Principal forest products from all regions (e.g. fuelwood, charcoal, sawloga, gum, 
beeswax and honey, veneerlogs, logs for sleepers, poles, piling and posts, pulpwood). 
For 19'14: logs 4 626 000 m3 

sawntimber - 564 000 1' 
other products - 70 000 fl 

2.8 Forestry staff State Others 
Professional 53 
Subprofession (with diploma 
or certificate of training) 120 

2.9 Gross annual budget for forestry (1975) 6 031 956 US% 

III. ApFORESTATION AIW REJ?ORESTAT10N, GENERAL 

3.1 Areas 
j.i.i 1/ ^ w-m. Total net area - of piantations at the end 01 lyll+:j5 jO0 iliz. 

ki 3.1.2 Net area of plantations in the savanna at the end of 1974: 10 000 ha. 
3.1.3 Planned annual target area of sf/reforestation: 3 500 ha/year 
3.1.4 Planned annual planting rate in savanna:stopped after 1968 

Questions 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 high forest 
by launching an industrial plantations programme. 

From a beginning in 1929 and up until that time reforestation in the sama end pre- 
forest zones reached a total of 19 700 ha., of which 15 @X 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 plantinge; on forest reserves the 
following were used: 

teak 9 300 ha 
Anacardium 2 350 ll 
Gmelina 1 go0 (( 
Cassia 1 750 )1 

neem and others 700 l4 

The establishment techniques used were mechanical (in the Katiemba forest from 1964 
to 1966 for 950 ha of teak) and chiefly taungya. 

Anacardium was direct sown (2 seeds per planting spot); stumps were used for teak 
and Gmelina; while for Cassia bare root seedlings were employed. 

Planting densities were 625 - 1000 trees/ha for Anaoardium and 2 500 trees/ha for 
most other species. For mechanized teak planting, density was 2 OOO/ha. 

In addition to cashew nuts, fuelwood and general utility wood are produced as well 
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 unite 
jQ 000 units 

g Net area is the gross area of plantations minus the area in roads, rides, buildings 
and other non-stooked land. 
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Theme plantations are old enough now not to require further tending and weeding other 
than fire protection and improvement cuts. 

The valuable plantaticns:, "..... __ l he+ +q the successful onerof sufficient aresi 92~ ~un.dcr 
management. Exploitation is according to plans dram up for each plantation, the total 
area being10 000 ha. 

Although afforeetation in the savsnna sane ceased in 1968, agricultural industries 
are bringing rapid development to the region and management of rural space is ~e~cmi.ng 
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 Briefiy describe protection measures . . against insects, patnogens and 

animals. None. 

5.5.2 Is there a national fire danger rating system? 
Yes /7 No m 

5.5.3 Are fire breaks and fire lines allowed for at the time of savanna 
plantation establishment? Yes m No Lx 

5.5.4 Is controlled (i.e. prescribed or early) burning practiced in savanna 
plantations? Yes ff No /K 

Around plantations? Yes /?E7 No ff 
1 

VI. SE&D AND TREE IPiPROVEXXNT 

6.1 Is there a national tree seed coordinating aentre? Yes /-7 No rji;7 

6.2 Is there a national tree seed certification system? Yes D No m 

6.3 Are there facilities for storing at controlled temperatures? Yes z Nom 
6.4 Indicate the main source of seed supply for the principal savanr?a 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. REPERENCE UTERIAL 
List the main published sources of information on afforestation and nursery 
practice in the savanna regions of your country. 

- Etude de reboisement en zone de savane dans la r&ion de Bouakd C8te d'Ivoire 
(Nogentfiarne CTl?T 1962) 

- La protection des 801s et la restauration forestibre dans les r&-ions de savane du 
Nord de la C8tG d'lvoire CTFI' 1961 (La Mensbruge) 

- Les Essences de reboisement en savana: colloque sur les Priorites de la reoherche clans 
le d6velo pement Bconomique de l'llfrique, Abidjan les 5 - 12 Avril 1968 (G. de la 
Alensbruge f 

- Lea eqvkiences de reconstitution de la savane boisee en Cdte d'Ivoire 
(Bois fer-Trop. 1953 No.32 

- RQsultats d'exp6rience forestibres entreprises a Bouakd (Ncgent/PIarne CTPT 1942). 
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Country: KWYA 

I. GEXERALGROGRAPRICAL INFORMATIGN 
1.1 Area of country 569 252 km2 
1.2 Location: longitude 34'0' - 43'50tE;latitudc 5% - 4'4O'Y 

1.3 Population: 13 000 000 inhabitants 
1.4 Main climate and vegetative zones 

i. Afro-Alpine: Moorland and Grassland 
ii. Rumid-Dry Humid: Forests and derived grasslands 
iii.Dry sub-iiimid - Semi-Arid: Woodland - hJooded 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 savanna ti 405 343 km2 
2.3 Proportion of lcand under high forest 3s; in savanna qqA 
2.4 Does the country have a written statement of national forest policy? 

Yes /xf7 No n 
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 policy 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 dcheme 
covering most of the country. 

2.5 Legislation available to implement policy Yes /7 No m 
2.6 Ownership of forests and savanna Righ Forests Savanna 

Under state control d ****.*9/o . . . . . .$ 
Private ownership . . . ..*.y. . . . . . .p 
Community ownership . . . . . . . 0 f . . . . ..$ 
No effective control a .* 

l mmmm~mi0 ..*...p 

r/ For the purpose of this questionnaire, savanna is considered as including the full range 
of tropical vegetation types 'of which pass is a significant characteristic. At one end 
of the speotrum, 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 Forestry Development Paper No.19, by M.V. Laurie, 1974. 
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Principal forest products from all regiona (e.g. fuelncod, charcoal, sawlogs, gum, 
beeswax and honey, veneerlogs, logs for sleepers, poles, piling and posts, pulp- 
wood.) 
Sawlogs, pulpwood, fuelwood, veneer logs, poles, piling and posts, gum. 

Forestry staff State Others 
Professional At least B.So. 45 
Subprofessional 
(with diploma 
or certificate Mploma 

of training) 

Gross annual budget for forestry - US8 

200 Certificate 

III. AFF'ORkSTATION AND REFORESTATION, +NERAL 
3.1 Area 1, 

3.1.1 Total net 
f 

ealof plantations at the end of 1974~104 080 ha 
3.1.2 Net area of plantations in the savanna at the end of 1974 : NIL 
3.1.3 Planned annual target area of af/reforestation:d 570 ha/year 
3.1.4 Planned annual planting rate in savanna: NIL 

3.2 Crgsnisation 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. 

Mean annual 
increment (u.b,) 

End use Species Net area (ha) 1/ Rotation (Yrsl at rotation age 
m /ha 3 /& 

l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...* 

. . . . . . . . . . . . . . . . . . . . . . . . . l . . . . . . . . . . . . . . 

. . . . . . . . . . . . . . . . . . . l . . . . . . . . . . . ..*....... 

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. 

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 Planting stock 

4.2.1 Indicate the main types of planting stock (bare-rooted transplants, 
stumps, container stock, etc.) raised for thti principal savanna 
plantation species. 

Species‘ Type of stock 

. . . . . . . . . . . . . ..*..........*. 

. . . . . . l ...*.. 1.......*...*.* 

. . . . . . ...*... . . . . . . . . . . . . . . . 

4.2.2 If containers are used, state type (poljrthene tubes or p&B, "jiffy pcItsll, 
ate,) ZEN give dimPr?SiOnS (lay flat for polythene), 
Polythene tubes, 

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 iieeks in nursery 

. . . . . ..a.... . . . . . . ..C....... . . . . . . . . . . . . 

. . . . . . . . . . . . . . . . . . . ...*..... . . . . . . . ...*. 

. ..*........ . . . . . . . ...*..... . . ..*....... 

..I... l . . . . . . . . . . . ..*.....*. . . . ...*..... 

4.3 Savanna nursery methods 
4.3.1 Briefly describe the sowing methods used in savanna nurseries (bed 

sowing, pricking out, direct sowing into containers, etc.) 
1) Bedsowing and pricking out into containers. 
2) Bedsowing and pricking cut into boxes. 

4.3.2 Briefly describe the soil mixtures and fertilizers (and quantities) 
used . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..*.................. 
. . . . . . . . . . ..~........................................................ 

4.3.3 Briefly describe savanna nursery watering methods and schedules 
(If mechanical irrigation equipment is used, indicate type) 
. . . . . . . . ..b......................................................... 
. . . . . . . . . . . . . . . . . . . . . . ..*..............*..................*..*...... 

4.3.4 Briefly describe the standard savanna nursery protection measures 
(against pathogens, insects, animals, environmental elements). 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
. . . . . . . . . ..~..............................................~........~ 

v. ESTABLISUMENT TEGRNIQUGS F'OR SAVANNA PLANTI~TIONS 
5.1 Site selection 

5.1.1 Are detailed vegetation maps available for most savanna regions? 
Yes D No m 

5.1.2 Are detailed soil maps and soil survey descri tions available for 
moat savanna regions? Yes /jrl No 27 

5.2 Land clearing end 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 aite preparation techniques used 
zf%er land clearing in the save-I?z. 
*..*............................................................ 
..*....................*......*................................. 

5.3 Savanna planting and direct seeding 
5.3.1 Is direct seeding used in savanna Yes u No a 

If so, indicate for which species . . . . . . . . . . . . ..*...*... 

5.3.2 Indicate the most common spacings at which the main savsnna 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 Tending of savanna plantations 
5.4.1 Briefly describe the method and frequency of weeding. 
54.2 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 aeinst insects, pathogens 

and animals. 
................................................................ 

................................................................ 

5.5.2 Is there a national fire danger rating system? 

Yes m No m 

5.5.3 Are fire breaks and fire lines allowed for at the time of 
savanna plantation establishment? Yes fZJ No n 

5.5.4 Is controlled (i.e. prescribed or early) burnin racticed in 
savanna plantations? Yes n No X B 
Around plantations? Yes m No D 

VI. SEEDANDTREE IMPROVENEWT 
6.1 Is there a national tree seed coordinating centre? Yes m No /-7 

6.2 Is there a national tree seed certification system? Yes /x'7 No /T7 

6.3 Are there facilities for storing seed at controlled temperatures? 
Yes m No n 

6.4 Indicate the main sources of seed supply for the principal savanna 
plantation species. Local supply from established seed areas <and 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.REFERENGEIWTERIAL 
List the main publishedsources 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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Country: SENECAL 

I. CEWRALGSOGRAPHICAL IRFORMATI~ 
1.1 Area of country 220 000 km2 
1.2 Looation: longitude 11'22' - 17'32 W; latitude 12°18f - 16'41'N 
1.3 Population% 4 320 000 inhabitants 
1.4 Rain climatic and vegetative zones 

a) Sahel - Senegal climate, b) coastal Sahel - Senegal climate, c) Sahel - Sahara 
climate, d) Sahel-Sudan climate, e) Guinea climate. Vt:Letation types employing 
the same names corresponding to these climatic types, 

II. FORESTS AND NATIONAL FOREST POLICY 
2.1 Area of high forests 500 km2 
2b2 Area of savanna L1 110 000 km2 
2.3 Proportion of land under high forest 0.2@; in savanna u6c$ 

have a written statement of national forest policy? 
No ff 

2.4.1 If a national forest policy exists, what are the main objectives stated 
in it? 
a) Manage forest exploitation in the short run for the production of 

b 
fuelwood, general utility wood and construction timber; 
Rnrich the forest domain by introducing high value exotic species; 

o j Promote the protection of nature and wildlife conservation. 
2.4.2 If there is en official statement of forest policy for the savanna 

region, briefly outline its main points. 
Same as 2.4.1 abwe 

2.5 Legislation available to implement policy Yes fiJ No n 

y For the purpose of this questionnaire, savanna is considered as including the full range 
of tropical vegetation types of which H 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 Forestry Development Paper No.19, by N.V. Laurie, 1974. 
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9.6 
-w- 

2a7 

2.0 

2.9 

Wnership of forest8 and savanna 
Under state control 
FMvate ownership 
Community ownership 
No e2fective control 

Principal forest product8 from all region8 (e.g. fuelwood, charcoal, sawlogs, 
gum, beeewax and honey, veneerlogs, logs for sleepers, pole8, piling and 
pOEt8, pulpwood). 
Sawnwood, construction timbers, veneer, stakes, prop& poles, posts, and 
a;tytiSaZl wood. 
Forestry staff State Others 

Profeseional 4 

Subprofessiortil (tith diplom 
or certificate of training) 208 

Groes annual budget for forestry 1 260 870 US$ 

III. AJ?FCR~TATION AND REFCRESTATION, Gl!XWRAL 
3.1 Areas 

Li 3.1.1 Total net area 
1/ 

of plantations at the end of 1974: - ha 

3.1.2 Net area of plantations in the savanna at the end of 1974:- ha 

3.1.3 Planned annual target area of af/reforestation:- ha/year 
3.1.4 Planned annual planting rate in savanna:1 700 ha/year 

3.2 Organization and administration of savanna planting schemes 
3.2.1 State forest services lOc$ 

3.2.2 Others (specify 

3.3 Intended principal end use (e.g. sawtimber, posts and poles, pulpwood, 
fuel wood, protection, etc.), species, growth and rotation of major 
savanna plantations. Mean annual 

End use Species Net a.rea( ha)l;/ Rotation years increment (u.b.) 
at rotation age 
(m ha 3/ /yr) 

Construction teak 2 133 50-80 
timber 
Sawtimber and Gmelina 1 266 20-25 
veneer 

Charcoal eucalypts 
Protection 

stands Casuarina 3 200 8-10 
General utility 

wood Casuarina 1 900 8-15 15 
Line plantings neem _- 
Windbreaks Anaoardium 6 200 

r/ 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 NIJRSWY PEACTICE 
4.1 Nursery type8 and oapacities 

4.1.1 What is the total annual capacity of existing permanent savanna 
nurseriee? 3 - 4 000 000 plants 

4.1.2 What is the actual annual production (average from last 3 yeara) 
from permanent 8avanna nurseries? 3 000 000 plants. 

4.1.3 What is the annual production (average from last 3 years) from 
temporary 8avanna nurseriee? 500 OGC plante. 

4.2 Planting 8t00k 
4.2.1 Indicate the main types of planting stock (bare-rooted transplants, 

StUmp8, container stock, etc.) raised for the principal savanna plantation 
8peoies. 

Species T.yDe of stock 
teak stumps 
Gmelina striplings 
neem bare-root 
Caeuarina polythene tubes 
eucalypte polythenetubes 

4.2.2 If container8 are used, state type (polythene tubes or pots, "jiffy pots", 
etc.) and give dimensions (lay flat for polythene). 
Polythene pots 8 - 10 cm diameter and Pj cm long are used for some species 
(eucalypt e 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. 

Specie8 

teak 
Gmelina 
euoalypts 
Casuarina 
Belaleuca 

4.3 Savanna nursery methods 

Outplanting size Week8 in nursery 

stumps 52 - 104 
striplings or stumps 52 

60 cm 17 
60 cm 25 
40 cm 25 

4.3.1 Briefly describe the sowing methods used in savanna nurseries(bed sowing, 
pricking out, direct sowing into oontainers, etc.). 
Teak, Gmelina and neem are sown in seedbeds; Casuarina, eucalypts ,e- 
leuca and Acacia albida and 4. 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, Borne of which are rich with a high humus content while others are 
poor snd sandy or clayey. For Caauarina in sandy soil 1 kg of MPK 
fertilizer is used per m3 of ax. 

4.3.3 Briefly dexribe savanna nursery watering methods and schedules (If 
mechanical irrigation equipment is used, indicate type). - 

4.394 Briefly describe the standard savanna nursery protection measures (against 
pathogens, insects, animals, environmental elements). 
Protection method8 asin& pathogens, insects and animals are almost always 
the 8ame - knowledge of use of baits, anticoagulants and antiseptic products 
against rodents; insecticides dieldrin and BHC against termites; erecting 
fence8 against animal8; and fire protection and surveillance. 
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&S'TAbLISHMEWT TEXRNIBU~ MIR SAVAN@ PLANTATIONS 
5*1 Site selection 

5.1.1 Are detailed vegetation maps available for most savanna regions? 
Yes /?r7 No n 

5.1.2 Are detailed soil maps and soil survey descriptions available for most 
8avanna regions? Yes fTJ No L7 

5.2 Land clearing and site preparation 

5.2.1 

5.2.2 

Briefly describe the main savanna land clearing methods used. 
The principal land clearin method is manual and occasionally mechanical. 
Agri-silviculture (taungya P is often practised, with farmers aiding 
in the land clearing, burning, planting, protection and weeding. This 
method is generally used for nlanting teak and Gmelina (with mountain 
rice 

I 
Anacardium (with millet) and Acacia albi&m millet and gound- -- 

nuts . 
Briefly describe the principal site preparation techniques used after land 
clearing in the savanna. 
Where rainfall is greater then 1100 mm, normal planting holes are prepared. 
In drier regions, large holes and sub--soiling are used. On dunes fertilizers 
are needed if the soil is poor. 

5.3 Savanna planting and direct seeding 
5.3.1 18 direct seeding used in savanna? Yes fTJ No /7 

If so, indicate for which species:Anacardium occidentale, teak end 
Gmelina 

5.3.2 Indicate the most Common spacings at which the main savanna plantation 
species are plant& 
teak: 2.5 x 2.5 m euoalypts: 3 x 3 m Anacardium: 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 weeding, Weeding is usually 
manual and is required only once after the winter and rarely in the dry 
8ea8on. Watering every two days during the first dry season is not always 
done. 

5.4.2 If irrigation ie used in plantations , give the area irrifated of each species, 
the frequency of watering and the quantity of water applied. Irrigation is 
not used. 

5.5 Protection of savanna plantation8 

5.5al 

5.5.2 

5.5.3 

Briefly describe protection measures against insects, pathogens and animals. 
Where means permit, firebreaks are maintained. Insecticides (BHC powder) are 
used; pesticides and anticoagulants are employed against rodents (especially 
the palm rat) and barbed-wire fences are erected to guard against animals. 

' Is there a national fire danger rating system? 
Yes /x'7 No Lx 
Are fire breaks and fine lines allowed for at the time of savanna 
plantation establishment? Yes m No ff 
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5.5.4 Is controlled [lie, ~reetrib& cn- 
plantations? Yes /1 No 

turning practiced in savanna 

Around plantations? Yes /1 No /x'7 

VI. SFxDAND!rRExIMPRovENENT 
6.1 Is there a national tree seed coordinating centre? Yes /-7 No m 

6.2 

6.3 

6.4 

6.; 

Is there a national tree seed oertification system? Yes m No n 
Are there facilities for storing 
Yes n No m 

seed at controlled temperatures? 

Indicate the main sources of seed supply for the principal savanna 
plantation species. 
after 1976 Gmelina, 

Sufficient supplies of teak, Casuarina, eucalypts and, 
seed is available locally. 

List the spe&.eS 'L-' ualng tested in comparative trials in the savanna. Indicate 
in paretheses the number of provenances being tested of each species. 
Euoal.yptus oamaldulensis (100 Australian sources) 
Nelaleuca sp. (8 prwenances) among which the best are from Cassmance). 

VII. REZWBNCEMATERIAL 
List the main published sources of information on afforestation and nursery 
practice in the savanna regions of your country. 
"L'axbre dans le paysage s&Agalais: sylviculture en zone tropicale sOche" 
by P.L. Giffsrd, CTFT, 1974. 
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Country: SUDAN 

I. GENERAL GEOGRAPHICAL INFORMiATION 
1.1 Area of country 2 506 800 km2 

1.2 Location: longitude 22 E - 37 E;la.titude 4 - 22 N 
1.3 Population: 16 000 000 inhabitants 
1.4 Main climatic and vegetative zones 

(i) Desert (ii> Semi-desert 
(iii) Llow rainfall savanna (iv) High rainfall 

Savanna (v) Montane vegetation (vi) Flood region 

II. FCREk5TS AND NATIONAL FOREST POLICY 
2.1 Area of high fp 

-7 
sts ..,..../........kn? 

2.2 Area of savanna 445 000 km* 

2.3 Proportion of land under high forest . . . ../.....$. in savanna g @q 0 

2.4. Does the country have a‘written statement of national forest policy? 

Yes m No ff 
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 areas. 

2) To combat desert creep. 

2.4.2 If there is an official statement of forest policy for the savanna region, 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 Sines 

(v) Establishment of shelterbelts (2-4s) in every agricultural scheme. 
2.5 Legislation available to implement policy Yes m No ff 
2.6 Ownership of forests and savanna 

High forests Savanna 
Under state oontrol lOC$ lW$ 
Private ownership 
Community ownership 
No effeotive control 

l/ For the purpose of this questionnaire, savanna is considered as including the full range 
of tropical vegetation types of which pass is a significant characteristic. At one end 
of the speotrum, 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 deoribed in Appendix 1 of Tree planting Practices in African SaVanna.6, 

FAO Forestry Development pap& No.19, by M.V. Laurie, 1974. 



2.7 

2.8 

2.9 

Principal forest products from all regions (e.g. fuelwood, charcoal, sawlogs, gum, 
betswaru and honey, VGiS~Fl op , logs for sleepers, poles, piling and posts, pu;~;.;:ood). 
Sawn timber, fuelwood, charcoal, gums, beeswax, honey,poles. 
Forestry staff State Others 

Professional 38 
Subprofessional 
(with diploma 
or certificate 211 
of training) 
Gross annual budget for forestry 2,5OO.OOO US8 

III. AFF0REsTATIoN AND REFORESTATION GRNERAL 

3.1 Areas 

3.1.1 Total net area y of plantations at the end of 1974: 119735 ha. 

3.1.2 Net area I/ 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,COO ha/yr 
3.2 Organization and administration of savanna planting schemes 

3.2.1 State forest services lOc$$ 

3.2.2 Others (specify) s 
3.3 Intended principal end use (e.g. sawtimber, posts and poles, pulpwood,fuelwood, protection, 

etc.), species, growth and rotation of major savanna plantations; - 
. . 

Mean annual increment 
(u.b.) at rotation age 

End use Species Net area ha'/ Rotation (yrs) m)/ha/yr 

Fuelwood A. nilotica 29117 30 - 35 
Fuelwood iJ. mellifera 1600 
Gum arabic A. Senegal 36554 25 - 30 
Post+poles Euc. spp* 8 - lo 
SawnTimber mona gandis ;g: 80 
Protection Prosopis chilensis - 

IV. SAVANNA NURSERY PRACTICE 
4.1 Nursery types and capacities 

4.el.l What is the total annual production camcity of existiing savanna nurseries? 
6 000 000 slants. 

4.1.2 What is th; actual annual production (average from la& 3 yews) from permanent 
savanna nurseries? 2 586 251 piah 

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 Planting s-took 
4.2.1 Indicate the min types of planting stock (bare-rooted transplants, stumps, 

container stook, etc.) raised for the principal savanna plantation species. 
Species Type of stock 

A. Senegal Container stock 
A. nilotica 
Tectona grandis stumps 
Eucalyptus sp. 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 cm 
x 20 cm. 

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 siz3 Weeks in nursery -- --- -- 
Euo. spp. 30 cm 32 
Tectona grandis 8 om 40 
A . Senegal 20 cm 4-O 

4.3 Savanna nursery met hods 
4.3.1 Briefly describe the sowing methods used in savanna nurseries (bed sowing, 

pricking out, direct sowing into containers. etc.1 Bed sowin? is used for 
prapuring teaic stumps. Seedlings are transplanted directly after germination 
into raised beds 20 cm apart and after 49 weeks stumps are planted out. 
Euoalypt seeds are also sown into beds and then transplanted into tubes. 
Other species are already sown into containers. 

4.3.2 Briefly describe the soil mixtures and fertilizers (and qu<a,ntities) used. 
Soil mixture is prepared by mixing sand and loamy soil in the ratio of 2:l. 
Fertilizers are not generally used; sometimes farm yard manure is added if deemed 
neoessarye 

4.3.3 Briefly describe savanna nursery watering methods and schedules (If mechanical 
irrigation equipment is used, indicate type). 
1 Spraying transplants once daily. 
2 Flooding once (1 - 5 days) 
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 Thorn, barbed wire enclosures are used against animals and rodents. 
3 Shelterbelts are used in exposed areas. 

v. EsTA3LISRMEWl' TEXRNIQUES FOR SAVANNA PLANTATIONS 
5.1 Site selection 

5.1.1 Are detailed vegetation maps available for most savanna regions? 
Yes fYJ No c7 

5.1.2 Are detailed soil maps and soil survey descriptions available for most 
savanna regions? Yes m No ff 

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 savanna. 
(i) Soil working by ploughing. 
(ii) Ridge and furrow. 

5*3 Savanna planting and direct seeding 
5.3.1 Is direct seeding used in savanna? Yes m No /7 

If so, indicate for which species: Acacia nilotica 

5.3.2 Indicate the most common spacings at which the main savanna plantation species 
are planted. 2 m x 3 m - Acacia Senegal: 4 m x 4 m - Acacia mellifera: 4 m x 4 m 

5.3.3 Give the total number of hectares of plantations established to date in the 
savcanna by means of taungya: 40 000 ha 

5.4 Tending of savanna plantations 

5.4.1 Briefly describe the method and frequency of weeding. Hand weeding is usually 
carried out once in the first and second year. Another weeding if need arises 
is oarried out in the third year. 

5.4.2 If irrigation is used in plantations , give the area irrigated of each species, 
the fre?rlnnry of lfa.fering a.nd the y~--+it;l -f -ter z~nnlied. 

Eucalypts 30 000 ha 
Frequency fortnightly 
Quantity 10 000 ou.m./ha (approx.) 

5.5 Protection of savanna plantations 
5.5.2 Is there a national fire danger rating system? 

Yes /7 No m 
5.5.3 Are fire breaks and fire lines allowed for at the time of savanna plantation 

establishment? Yes /x'7 No D 
5.5.4 Is controlled (i.e. prescribed or earl ) burning practiced in savanna 

plantations? Yes m No d- 
Around plantations? Yes /x';i7 No m 

VI. SEEDY AND TREE IMPROVEMENT 
6.1 Is there a national tree seed coordinating centre? Yes ff No m 
6.2 Is there a national tree seed certification system? Yes /jr7 No /7 

6.3 Are there facilities for storing seed at controlled temperatures? Yes m No a 

6.4 Indicate the main sources of seed supply for the principal savanna plantation species. 
Locally oollected 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) hucalyutus hybrid (B!ysore) 

ii) Acacia seneml (selgtcted seeds from high yielding trees). 
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VII. IUB'mENCEMATmIAL 

List the main published sources of information on afforestation and nursery practice 
in the savanna regions of your country. 
i) Badi, K.H. (1972) Afforestation in the clay plains of Kassala province, For. 

new series No.13 
ii) Booth, G.A. (155) Afforestation in Dueim Range while Nile Sudan Silva. No.1. 

iii) Foggie, A. (1966) Forestry and forestry policy in the Gezera area,F'AO, N'A.P 
Rep. Soudan Govt. 

iv) Khan, R.A.W. (1966) Improved methods and devices in nursery practioe,UPIDP 
for Res. Ed pro Sudan 28. 

Country: TOGO 
I. GKNEXUL GUXZAPHICAL INFORIUTION 

1.1 Area of country 56 000 km2 
1.2 Location: longitude 0' - l"401E; latitude 06' - ll"N 
1,3 Population: 2 000 000 inhabitants 

1.4 Rain climatic and vegetative zones: a) Guinea climate in the south, corresponding 
to relatively dense tree savanna with some forest relies; b) ;juden climate ir the 
north, with tree and shrub savanna, savanna woodlands and steppes; c) Xyuatorial 
climate in mountainous regions, with dry, dense forest formations and montane l.r*r~b 
GZbVCUUlt.Z. 

II. FORESTS AND NATIONAL FCREST POLICY 
2.1 Area of high forests 1 680 km2 
2.2 Area of savanna Y 21 280 km2 
2.3 Proportion of land under high forest 3$; in savanna r/ y$; 

2.4 Does the country have a written statement of national forest policy? 
Yes m No ff 
2.4.1 If a national forest policy exists, what are the main objectives stated 

in it? Immediate objectives: Regulate the flow of fuelwood and general 
utility wood from the main supply centres; 
years): a) 

Short term objectives!10 - 15 
establish plantations of fast-growing species; b manage and 

exploit some forest blocks in order to reduce imports; Ledium ?and ion,:: term 
objectives: supply wood from plaxrt;ttions to processing industries bencxficial 
to the country. 

2.4.2 If there is an official statement of forest policy for the savanna rceion, 
briefly outline its main points, The above outlined policy is implemented 
on 8~$ of the savanna area with an annual rainfall of lOOO-l>Oc' mm. In the 
north, in grass savanna and in denuded zones, the policy is still under study. 

2.5 Legislation available to implement polioy Yes &-J No ,F 

m 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 
Between these extremes, 

excluded; at the other end, desert is excluded. 
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.15, by KLaurie, 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 Prinoipal forest products from all regions (e.g. fuelwood, charcoal, sawlogs, 

gum, beeswax and honey, veneerlogs, logs for sleepers, poles, piling and posts, 
pulpwood). Fuelwood, sawtimber, sleepers, posts, piling, gum, besswax and honey. 

2.8 Forestry staff State 
Professional 11 

Others 

Sub-professional (with diploma or 
certificate of training) 42 

2.9 Gross annual budget for forestry - US$ 

III. AF'FOREsTATION AND REFORESTATION, GE;NERAL, 
3.1 Areas 

3.1.1 Total net area L/ of plantations at the end of 1974: 5 500 ha 

3.1.2 Net area I/ of plantations in the savanna at the end of 1974: 4 500 ha 

3.1.3 Planned annual target area of af/reforestation:l 000 ha/yr 
3.1.4 Planned annual planting rate in savanna:600 ha/year 

3.2 Organieation and adminl6rzti;n ;f ;&vovnn2 planti;& uoilsmes 

3.2.1 State forest services 100 is 
3.2.2 Others (specify). Private plantations are rare. 

3.3 Intended principal end use (e.g. saw-timber, posts and poles, pulpwood, fuelwood, 
protection, etc.) species , growth and rotation of major savanna plantations. 

Kean annual 
E?nd use Species 

firewood eucalypts 
general utility teak 

saw-timber Terminalia 
veneer Cedrela 

IV. SAVANTJA NURSERY PRACTI(;E 

Net area (ha)u 

300 

Rotation(Yrs) 

lo-12 

increment (u.b.) 
at rotation age 
( m3/Eia/yr) 

SO-50 

4.1 Nursery types and capacities 

4.1.1 What is the total annual production capacity of existing permanent savanna 
nurseries? 1 500 000 plants 

4.1.2 What is the actual annual production (average from last 3 years) from 
permanent savanna nurseries? 500 000 plants. 

4.1.3 Idhat is the annual production (averaWe fror 'last 3 years) from temporary 
savanna nurseries? 500 000 plants 

1/ Ret 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, 

stumps, container stock, stc.) raised for the principal savanna 
plantation species. 
Species 

eucalypts 
teak 
Gmolina 
Cedrela -- 

T.ype of stock 
poly-thene pots 

stumps 
stumps 
stumps 

4.2.2 If containers are used, 
"jiffy pots'l, 

a-ta.te type (polythene tubes or pc?ts, 

etc.) and giv e dimensions (lay flat for polfihane). 
Polythere pofu: 25 cm long, 8 - 10 cm dicnleter 

4.2.3 Give average size (height) of savann? outplanting stock a.& !.en@h 
of time (weeks) required to raise it in the nursery. 

Species 

eucalypts 
Cedrela 
G:?el ina 

Outplanting sizs 

2.5 - 5 cm* 
5 -10 cm* 
5 - 10 cm* 

;rt3el:s in nursery 

1 :i - 15 
20 - 24 
2c - 24 

4.3.1 Briefly describe the sowing methods used in savanna nurseries (bed 
sowing, pricking out, direct sowing into containers, et%.) 
Sowing is into plastic or &vanised frames of il 000 omL are?, Sf!BQ '- 
beds, or for teak stumps ir.to prepared open hods. PrickingLout is o.one 
into polythene pots or beds. 

4.3.2 Briefly describe the soil mi:.tures and fertilisers (and gfuantities) 
used: Soil mixture is composed of 5C$ Pluvial sand and 5~7~ earth or 
sifted humus. Fertilisers are not used. 

4.3.3 Briefly describe savanna misery watering methods and schedules (If 
mechanical irrigation equipment is used, indicate type): Framed beds 
are mist irrigated; watering cans are userj for other beds. 

4.3.4 Briefly describe the standa.rd saxanna nursery protection measures (against 
pat hogens, insects, animals, environmental elements); For eucalypts, the 
soil/sand mixture is steam sterilised on metal sheets and sifted. 

V. ESTABLISHNNT TfXXNIQUES FOR SAVANNA PLANTATIONS 
5.1 Site selection 

5.1.1 Are detailed vegetation maps available fcr most savanna, re,+ons? 
Yes /7 No /ji7 

5.1.2 Are detailed soil maps and soil survey 
most savanna regions? Yes m 

5.2 Land clearing and site preparation 

"riokineout size 
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5.2.1 Briefly describe the main savanna land clearing methods used, 
a) Manual clearing by eliminating understorey lants and the 

herbaceous cover followed by windrowing; b 7 Mechanical 
clearing using crawler tractors with or without windrowing. 
Note: Charcoaling is practised in sax? areas in conjunction 
withclearing 

5.2.2 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 ~-6 tractor; others 
are turned with a IEassey-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? Yes D 

If so, indicate for which species. 
No /3c7 

5.3.2 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 Tending 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 following 
establishment; b) Mechanical clean weeding with a rotavator twice a year 
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 water applied. 

None 
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 d,anger system? Yes m No /3i7 

5.5.3 Are fire breaks and fire lines allowed for at the time of savanna 
plantation establishment? Yes fZJ No 0 

5.5.4 Is controlled (i.e. practiced in savcanna 
plantations? 
Around plantations'? 

VI. SEJU AIJl) TRJD II@ROVEJMENT 

6.1 Is there a national tree seed coordina:ting centre c' Yes /x'7 MO f--J 
6.2 Is there a national tree seed certification system? Yes & No ff 
6.3 Are there facilities for storing seed at controlled temperatures? 

Yes m No R 
6.4 Indicate the main sources of seed supply for the principal savanna 

plantation species. Ghana, Nigeria, Venezuela, France, Costa Rira, 
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 provenanoes being tested of each 
speoie0. 

Afeelia aflricana 
Anogeieeus leiocarpus 
Anthocephalus cadamba 
kraucaria cunninghamii 
Azadirachta indica 
Callitris intratropioa 
Calophyllum sp. 
Caeuarina equisetifolia 

Cedrela odorata E.citriodora 
Ceiba pentandra 

Khaya grandifoliola 
E. ferruginea K. senegalensis 

Cordia alliodora E. grandis 
Dalbergia sp. 

Pterocarpus angolensis 
E. microtheca Sterculia foetida 

Erythrophleum guineense E. nesophila 
Eucalyptus alba 

Tectona sandis 
E. robusta 

E. brassii 
Triplochiton sclercxylon 

E. tereticornis 
E. oamaldulensis E. torelliana 

VII. REFERENCE lUTEKUL 

List the main published sources of information on afforestation and nursery 
practice in the savanna regions of your country. - 

Country: UGANDA 
I. G-EN&AL CE,OGRAPIIICAL INl~OR1&ATIOl~ 

1.1 Area of country 235 890 km2 
1.2 Location: longitude 29'3u' - :s"<l latitude, 1@30f :5 - ~OPortil 

1.3 Population: 10 million inhabitants 
1.4 Main climatic and vegetative zones: (1) Closed 

grass land (3) Steppe and grassland.. 
forest (2) Open forest and 

Tropical climate With 2 peaks pattern 
rainfall April/Kay and October/%ovember. 

II. PORrl:STS AIJD NATIOfiJAL F'OREST POLICY 

2.1 Area of high forests 6 323 km2 
2.2 Area of savanna L/ '1473 km2 

2.3 Proportion of' land under high forest tl:i,; in savanna L/ L:. F,/; 

2.4 Does the country have a written statement of national forest policy'? Yes m Ko r/ 

24.1 If a national forest policy exists, what are the main objectives stated 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:7 and export, b) Protection of water catohments, soil, wildlife and - 
amenity of land; (2) To develop that estate so as to obtain maximum economic 
returns to the country; (1) To ensure efficient conversion of wocrd and good 
products so as to reduce wastes (4) Help people and organisations to grord :nd 
protect their own trees3 5) Education of the public to the role of forestry 
and forest industries. 

2.4.2 If there is an official statement of forest policy for the savanna region, 
briefly outline its main points. Rot offioially stated but understood to be 

(1) Establishment of forest plantations,both softwoods and eucalypts, for 
building poles and fuel. (2) As in (1) above, i.e. protection soil, wildlife 
end amenity of land. 

2.5 Legislation available to implement policy Yes /x'7 No n 

-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 woodland, 
eavanna and steppe as described in Appendix l-of Tree PlantinE Practices in African 
Savannas, FAO Forestry Development Paper IJo.19, by 14.V. Laurie,. 1974. 
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2.6OmmrMp of fonmtr and mvvamm 
Under etrte control 
Frivat e ownerehip 
Community ownership 
No effective control 

2.7 Principal forest products from all regions (e.g. fuelwood, charcoal, sawlogs,gum, 
beeswax and honey, veneerlogs, 
Fuelwood 18 000 m3, Particleboard 5 584 m, char 

4 

logs for saeepers, poles, piling and posts, pulpwood). 

m3, 
oal 

m. 9 
600 000 

board 635 
"3, plywood and block- 

, aawlogs 175 000 poles 32 500 

2.8 Forestry staff 
Professional 
Subprofessional (with diploma or 

certificate of training) 

2.9 Gross annual budget for forestry 

State Others 
43 

225 
2 000 000 US8 

III. AFFORESTATICN AND REFORESTATION, GRNl$RAJ, 

3.1 Areas 

3.1.1 Total net area Li of plantations at the end of 1974:45 000 ha 

3.1.2 Net area A/ of plantations in the savanna, at the end of 1974: 35 000 ha 

5.1.: Plsnned annual target area of af/reforestationFJ 5~ ?A:;--;.;;- 

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 957: 
3.2.2 Others (specify) Tobacco Society Wooclfuel Plantations 5% 

3.3 Intended principal end use (e.g. saw-timber, posts and poles, pulpwood, fuelwood 
protection, etc.), species, growth and rotation of major savanna plantations. 

End use Species Net Lea (hag Rotation(Yrs) Kean annual 
increment(u.b.) 
at rotation agi 

(m3 ha yr) 
Sawtimber Cupressus lusitanica 20-25 

,I Pinus patula 

P. oaribaea/oocarpa 

Euc. camaldulensis 
11 tereticornis 
I, grandis 

P.caribaea, P. sp. 

Euo.camaldulensis 
'I tereticornis 
II grandis 

x-25 
(1 

Post+poles 

Pulpwood 

Fuelwood 

20-25 

5-14 
15 

4-a 
Protection others Unlimited 

1/ 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 PRACTPCE 

4.1 Nursery types and capacities 

4.1.1 What is the total annual production sacity of existing permanent savanna 
.nurseries? 20 ooo ooa plants. 

4.1.2 What is the actual annual production (average from last 3 years) from 
permanent savanna nurseries? 15 000,OCG plants. 

4.1.3 What is the annual production (average from last 3 years) from temporary 
savanna nurseries? 1 500 000 plants. 

4.2 Planting stock 

6.3.1 Indicate the main types of planting stock (bare-rooted transplants, stumps, 
Cctntti2~1= stock, etc.) raised for the principal savanna plantation species. 

Species Type of stock 

P. caribaea Container stock 
P. patula 11 
P. oooarpa tt 
Cup. lusitanica tt 
Euc. camaldulensis 

I 
1, 

Euo. tereticornis 
Fillc. gr2ndis tt 

4.2.2 If containers are used, state type (pol,ythene tubes or pots, "jiffy pots;, 
etc*) and give dimensions (lay flat for polythene). 
Polythene tubes and mill pots 4 tt lay flat and 7” for ornamentals 

4.2.3 Give averags size (height) of savanna outplantilg stock and length of 
time (weeks) required to raise it in the nursery. 

Species Outplanting size Heeks in nursery 

Cypressus tipp. 1 ft (30 cm) 36 weeks 
Pine spp* 1 ft (30 cm) 16 - 20 weeks 

4.3 Savanna nursery methods 

4.3.1 Eriefly describe the sowing methods used in savanna nurseries (bed sowing, 
prihking out, direct sowing into containers, etc.). 

1) The seed is sown by broadcasting after mixing with sand and pricked out in 

2) 
containers when 0.5 - 1 cm tall. This is both in softwoods and eucalypts, 
'iJhen containers are 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 
bith cow manure are 'u ed. 

9 
Fertilizer is mixed thus: 1 500 gms/m3 of soil 

in heaps and 100 @s/m for top dressing. 

4.3.3 Briefly describe savanna nursery watering methods and schedules (If 
mechanical irri@tion equipment is used, indicate type) : 1) hhtering cans 

are used at least twice daily, morning and.evening, 2) Overhead irrigation 
water-pumped by hand pumps. 

4.3.4 Briefly describe the standard savanna nursery protection measures (against 
pat hogens, insects, ani~mals, environmental element s)i 1) Spraying and 
soil pre-treatment with fungioides and insecticides, 2) Clearing around 
nurseries discourages rats, 3) Ditch drains prevents floods and washout, 
4) Fencing prevents large animals from walking over plants. 
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V. ESTABLISHEENT TECJJNIQUES FOR SAVANNA PLANTATIONS 

5.1 Site selection 

5.1.1 Are detailed vegetation maps available for most savanna regions? 
Yes /-7 No m 

5.1.2 Are detailed soil maps and soil survey descri tions available for 
most s2vann2 regions? Yes /j77 No 27 

5.2 Land clearing and site preparation 

5.2.1 Briefly describe the main savstnna land clearing methods used. 
1 
2 j 

Manual cutting of trees and grass slashing is followed by burning, 
Peasant farmers may be allowed to clear the bush 2nd cultivate 
before planting, 

3) Poisoning of large trees with aboricide in more open grassl2nd. 

5.2.2 Briefly desoribe 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 

marked pits ready for planting. 
5.3 Savanna planting and direct seeding 

5.3.1 IS direct seeding used in savanna Yes /7 No /x'7 
If so, indicate for which species. 

5.3.2 Indicate the most common spacings at which the main savanna 
pia,ntati.on species are planted. 
For Eucalyptus - 1.8m by 1.8m, 2.lm by 2.lm 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 2nd frequency of weeding: In fir& rotation eu&lypt 
pla&,ations,weeding is done 4 times the first year,twice the second year by cleen 
hoeing,and once in the third year by slashing,Afrer felling only one line slashin& 
is needed, In cypress 2nd pine plantations,line slashing is done twice the first 
year 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 water applied. 

5.5 Protection of savanna plantations 

5.5.1 Briefly describe protection measures against insects,pathogens and 
animals: 1) Insecticide treatment of plants before planting to control 
termite attack as well as fungus. 2) Clean weeding protects young trees 
from rat attack. 

5.5.2 Is there a national fire danger rating system? Yes /-7 140 fT-J 

5.5.3 Are fire breaks 2nd fire lines allowed for at the time of savanna 
plantation establishment? Yes m Nr ff 

5.5.4 Is controlled (i.e. or early) burning practiced in sava.nna 
plantations? Yes 
Around plantations? Yes m 
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VI. SERDiWDTF@EINPROVEXlWI' 

6.1. Is there a national tree seed coordinating centre Yes /xlir7 No ff 

6.2 Ie there a national tree seed certification system? Yes /XL No E7 
6.3 Are there faoilities for 

Yes m 
storing seed at controlled temperatures? 

No &I7 
6.4 Indicate the main source of seed supply for the principal savanna plantation species. 

1) For qpressus and pines most of the seed is imported mainly from Central America 
end 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 the savanna, Indicate in 
parentheses the number or provenances being. tested of each species. 
Pinus patula (3), 
-0. 

C;upressus lusitanica (2j., Pinus caribaea (21, Pinus oocarpiz 

VII. R-CE MATERIAL 

List the main published sources sf information on afforestation and nursery practice 
in the,savanna regions of your ccuntry. 
nose N/59, 

(1) Uganda Forest Department Teohnical Kotes 
135 67, 

103/72,etc. (2 i 
W/67, 139/67, 144/Q t 145/Q, M/6? I 159/69, 179/71, 181/71, 

A Forest Resources Development Study Report by CIDA. (3) Uganda 
Forest Department Annual Reports. (4) Uganda Forest Departmental Standing Order9 
revised Edition 1970. (5) Forests and Forest Administration of Uganda 1961. 
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Countryt ZADBIA 

1.1 Area of country 752 613 h2 

1.2 Location: longitude 220E to 34'E;latitude 8'~ to 18'~ 

1,3 Population: 4* million inhabitants 

1.4 Rain olimatic and vegetative zones: Tropical savanna* 

II. FOREBTS AND NATICWL FoREsiT POLICY 

2.1 Area of high forests Nil 

2.2 Area of savanna ti 600 coo km2 

2.3 Proportion of land under high forest: Nil; in savanna uw 
2.4 Does the country have a written statement of national policy? 

2.4.1 If a national forest policy exists, what are the main objectives stated in it? 
I\--. .* l-1"CeliCI"Il WI J,"J,"".-. a n----+-r7 areas and. p-+~=g&& 

Provide forest produce for industry and rural users 
Research into indigenous end plantation wood 
Extension work and advice to public 
Training of staff 

2.4.2 If there is an official statement of forest policy for the savttnna 
region, briefly outline its main points& No separate policy except 
"early burning". 

2.5 Legislation available to implement policy Yes m No /-7 
2.6 Ownership of forests and savanna High forests Savanna 

Under state control Nil w 
Private ownership Nil 2.4% 
Community ownership Nil 88.7$ 
No effective control Nil 

u 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 speotrum, closed forest and thiokeeare excluded; at the other e&desert is ex- 
cluded. Between these extremes, savanna comprises the various types of savanna woodland, 
aava.nna 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 Prinoipal forest products from all regions (e.g. fuelwood, charcoal, sawlogs, 
gum, beeswax and honey, veneerlogS, logs for Sleepers, poles, piling and posts, 
pulpwood)r Sawlog8,8leepe~poles,fuelwood, charcoal, honey, beeswax. 

2.8 Forestry staff 
PCofessional 
gUbprOfe88iOnal (with diploma or 

certificate of training) 

State Others 
44 17 

222 336 

2.9 ,Gross annual budget for forestry 7 543:740 us9 (~4 8~4 930) 
111. AFFQRESTATIGN AND REPGRRSTATION, GRNFRAL 

3.1 Areas 
3.1.1 Total netqa;rea L1 of plantations at the end of 1974: 24 900 ha 

3.1.2 Net area gof plantations in the savmna at the'end of 1974: 24 900 ha. 

3.1.3 Planned annual target area of &f/reforestation:3 300 ha/year 

3.1,4 Planned annual planting rate in savanna: 3 300 ha/year 

3.2 Organization and administration of savanna planting schemes 

3e2.1 State forest services 99% 

3.2.2 Others (specify) : Agricultural scheme 

3.3 Intended principal end use (e.g. sawtimber, posts and poles, pulpwood, 
fuelwood, protection, etc.), species, growth and rotation of major savanna 
plantations 

Net area (ha)L' 
Mean ~n---l ----a 

End use Species Rotation i.yrs) increment (u.b.) 
at-rotation arire 

Saw1 oga 
Sawlogs 
Polee 
Poles 
Polea 

P. kesiya 
Pa oocarpa 
E. grandis 
E. cloeziana 

other8 

13 000 30 
(mj/ba/yr) 

15 
2 loo 
6. ooo 
1 go0 
1 900 

k 
8 

10 
various 

15 
12 
11 

IV. SAVANNA NURSERY F'RAC'I'ICE 

4.1 Nursery type8 and capacities 

4.1.1 What is the total annual production capacity of existing permanent 
8avanna 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-l Indioate the main types of planting stock (bare-rooted transplants 
8tuJllDS, oontainer stock, etc.) raised for the principal savanna 
plantation speoies. 

Specie8 - Type of stock 
Pinus keeiya Polvthene tubes 
Pinus ooc&pa VI tt 
Euoalyptus cloeziana 11 11 
Eucalyptus grandis II VI 

met area is the groaa area of plantations minus the area in roads, rides, buildings 
and other non-stocked Ian& 



- 298 - 

4.2.2 If containers are used, state type (polythene tubes OF potrr, "jiffy potsfl, 
etc.) and give dimensions (lay flat for polythene): Black polythene tubes 
12 cm x 10 cm* 

4.2.3 Give average siee (height) of savanna outplanting stock and length 
pf time (weeks) required to raise it in the nursery. 

Species Outplanting sisi Weeka in nursery 

Pines 20 cm 16 weeks 
Eucalyptus 15 cm 8 weeks 

4.3 Savanna nursery methods 

4.3.1 Briefly describe the sowing methods 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 fertilieers (and quantities) 
used: top soil collected in woodland, fertilised with sWelgro*' or 
ltWusealtl 

4.3.3 Briefly describe savanna nursery watering methods and schedules (If 
mechanical irrigation equipment is used, indicate type)8 Spray 
irrigated by perforated pipes or 9ainbirdsss 

4.3.4 Briefly describe the standard savanna nursery protection measures 
(against pathogens, insects, animals, environmental elements). 
Watering with Zineb funsioide. Treatment of Dotting soil with 
methyl bromide watering of E&alyptus with Aldrin as insurance 
against termites in the field. 

V. ESTABLISHMENT TEXXNIQUES FOR SAVANNA PLANTATIONS 

5.1 Site selection 

5.1.1 Are detailed vegetation maps available for most savanna regions? 
Yes /557 No /-7 

5.1.2 Are detailed soil maps and soil survey descriptions available for 
most savanna regions? Yes /7 No m 

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? Yes /7 NC ff 

If so, indicate for which species. 

5*3.2 Indicate the most common spacings at which the main savanna plantation 
species are planted: Pines and Rucalvntus E: 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 desoribe the method and frequency of weeding: Disc harrow 
bet ween rows, in both directions. First year 6 times; for all 

. species: second year twice for Eucaly-&us and 4 times for pines; 
third year twice for pines. 

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: Not used. 

5.5 Protection of savanna plantations 

5.5 .l Briefly describe protect ion measures aeinst insects , pat hogens 
and animals: None in the plantation. 

5.5.2 Is there a national fire danger rating system? 
Yes /-_7 No JJ 

5.5.3 Are fire breaks and fire lines allowed for at the time of savanna 
plantation establishment? Yes /x'-7 No ff 

5.5.4 Is controlled (i.e. prescribed or early) burning practiced in 
savanna plantations? Yes /ir7 No /7 

Around plantations? Yes m No /7 

VI. SEED AND TBEE IMPROVEMENT 

6.1 Is there a national tree seed coordinating centre? Yes /E-J No a 
6.2 Is there a national tree seed certification system? Yes /x’l No f-J 

6.3 Are there facilitiessr storing seed at controlled temperatures? 
Yes /jr7 No u 

6.4 Indicate 
species: 

6.5 List the 
Indicate 
speciesl 
from the 

the main sources of seed supply for the principal savanna plantation 
Locally collected from selected stands and seed orchards. 

opecies being tested in comparative trials in the sasfanna. 
in parentheses the number of provenances being tested of each 
All the tropical pines have been tried and all the &'cal.vntus 

East Coast of Australia. 

VII. FUFERENCE MATERIAL 

List the main published sources of information on afforestation and nursery 
practice in the savanna regions of your country: Iiethods developed loaal.ly 
by Forest Department. 
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SAVAEEA AFFORESTATIGE 
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INTRGDUCTIM 

The People8e Republic of the Congo, which lies in Central Africa between 11°9'41t~ and 
18°~n East longitude and between 3°42130" North and 5 02'3" South latitude is 342 000 km2 
in size. Fomste in the Congo occupy choice land, covering a little over 60$ of the total 
area. The mst of the country is savanna, comprising some 137 000 km2 of relatively flat, 
unbroken land. 

Thme type8 of savanna am usually distinguished, namely: 

baren zavanna 
bueh savanna 
and gallery foreete. 

Because of these exceptional natural oonditione, Congo foresters have for both 
economic and scientific, masonfi been drawn to work largely on savanna. 

BACKGRCUNB - F'URPOSES 

Trial afforestation o? savanna in the Conga dates back to 1950. Initially, trials 
wem started with looal species. The first-man-made stands were laid out in association 
with food orops (maize, groundnuts 

e 
eanutg j using mainly 'limba' (Terminalia superba), 

I teak, Ceiba pentaudra, the 'iroko' Chlorouhora excelsa), and Caszia siamsa. -- 

Later on, meearoh and studies worn devoted mainly to the introduction, aoclim8tization 
and growing of emtio, faet-growing epecies - in 1953, euoalypts (Eucalyptus saligna, 
g. robusta, E. alba, & paniculata and E. camaldulensis, 4. 12 ABL and g. tereticornis) and 

~ 
toward 1959, piTPinus caribaea and py oocaroa). 

Three plantation operations were launched initially and eimultaneously at the forest 
meearoh etatione of Loandjili (Pointe-Noim) and Loudima (Bouenza) and subsequently at 
the km 45 station (Brazzaville) and at Ma1010 (Niari). 

The original purposes were: 

- to provide timber and f'uelwood to the inhabitants of the large urban centres of 
Points-Noire, Loubomo (Dolisie) and Nkayi (Jacob); 

- to ~tippiy the Congo4cean railway (CPCO) with fuelwood (this line having used eteam 
engines before its complete changeover to diesel engines); and 

- to eupply pulpwood for a pulp and paper industry to be eet up. 

ECOLOGICAL UXVDITIORS 

Soils and Vegetation 

Trials were oonduoted on three types of savanna: 

- ooastal ~evanna on aandy ehoree in the Kouilou ama with poor, deep and highly 
filtering soil containing 5 to 8% clay and covered with ehort graeeee and Annona 
arenaria; 

- clayey savanna in the Niari and Bouenza valley, covered with shrub vegetation 
(Hymenooardia taoida, Annona arenaria, Bridelia fsrnaginea, Hsuclea esculenta), 
ories-croseed with gallery foreztz. The soila are clays, resulting from decalcifi- 
cation, rather poor in sxohangsable baeee and somewhat acid (pH: 4.7 to 5) but of 
good etruotum from the &art; 
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- madly savanna of the Pool and the Bat6kir plateau n&on, mparmoly ~%overed Yith 
zhrpbz and in epota with drgradod gallery fore+{. the eoilr are poor zande 
oo&aining a little organio matter, and are hi&ly fiikring. 

Climate 

The tropioal olimzts iz &araoterizsd by moderate rainfall (from 1 200 to 1 700 zm), 
thou& with great fluotuations from one year to the nert, and high atmozpherio humidity 
that does not ohange much over the year. The rainy zeaeon runz from October to May, with 
short dry zeaaone of one month between 15 December and 1 kroh. The dry aeazon is well 
marked and laztz for four monthz, from June to September. Ail this time there iz no rain. 
The average annual temperature ranges from 24OC to 26% (24.9 C in 1973 at Point+Hoire). 

Table of Climatic Data 

Number of rainy dayz 96 123 120 
Averaa maximum tempslature of 
the hottest month 27.0°bri1 26.9'Maroh 26dl"Maroh 
Average minimum temperature of 

- the ooldaet month 22.(PJuly 21.7: July 21.6'July 

Relief 

The topography iz rather flat on all three t.mes of savanna where the forezt stations 
are located: 

-- 

Loandjilir ooaztal savanna 
LoudimW 

at 100 m elevation, 
eavannz in the Riari valley at 150 q 

andBinRouge: savanna of the Bat&& Plateau at 
elevation, 
700 m elevation. 

AFFO~TATION ME7JXODS USFX&@OR EvCA&lS 

SDeOibS of Euoa1yota Ueed 

Ehoalsotue 12 ABL 

This iz a partioularly exoellent provenanoe derived from Euoalyptue tereticornis 
introduced in 1956 with eeed from Ibdagaecar. This spsoiez cover8 over 3 500 ha at Loudima 
and ite mwth on all forezt zitee is excellent. EuoalsDtuz timber ie fire reeiztant. 
Ninety-nine percent of the etemz give off ehootz. The main drawback of EXlcalylJtue 12 ABL 
iz that it doe6 not protect the soil well and is sensitive to oompstition of other 
wgetation. 
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Eucalyptus platyphylla Fl 

This is a hybrid, the mother stook of which was introduced into the Congo in 1957 
under the name I& platyphylla of Java. Apparently the mother stock itself is a hybrid 
4. UrODhYlh X-g. a. The father stook is a eucalypt 
underths name&kirtoniana. 

related to I& uronhylla introduced 
This species givee higher yields than the preceding one. 

All of the atoms give off shoots. 

Euoalsptus s8liau8* 

This was introduoed wry early at Loandjili (1953) using stock from South Africa, 
MadagascarandBrazil. However, it proved unsuited to ecological conditions along the 
Congo coast, One finds that the bark bursts, there is some gummatous tumor formation that 
causes death of the tree in most cases. 

Etaoalystus denluDt8 

This epeoiee grow6 particularly well on the clayey heavy and wet soils of Loudima, but 
meems unsuitable for sandy savanna. 

Other Euaalypte 

Theso are Euoalyptue urophylla, g. teretioornis, E. cloeziana, E. m, g. 
oitriodora, I& calmadulensis, & m. E. uronhylla, g. tereticornis, E. saligna and 
g. alba are now being used in propamtion of hybrids. 
prozvery promising and gives good yields. 

The hybrid I& saligna x 12 ABL has 

One of the most interesting species for the Congo seems to be E. uroohvlla. One trial 
with a few zpeoimenu of different provenance shows that at & years of age at Pointe-Noire 
and 1 year of age at Loudima average growth seems to be greater than that of 5. platy-ohilla 
?1 (prownanoe Portuguaee Timor and the Sundra Islande). 

Nurseries 

The fine aced of Euoalyptuz 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 of Septrmber. 

The seedbeds at these stations in sandy areas are double-walled boxes, 300 I 70 cm, 
the spco between the two walls fanning the irrigation canal. 

The soil of these seedbeds is a mixture of 2/3 biack earth and l/3 sand (200 and 
100 litnr), freed of insects by powdering with 25 g of 'dieldrinl or 'aldrin' per 
seedbed. 

Right after having been aown, the seedbeds are covered with shades and are irrigated. 
Metering is begun immediately after sowing through the irrigation canals around the edges 
of the seedbed, the moisture oontet of the soil being kept constant in depth, combined 
with a ayetern of indirect watering using a fine zpray. The plants germinate about 8 days 
after the seed hao been sown. 

Careful hand-weeding of the seedbeds is necessary, 
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Priokina out 

Four weeke after sowing, toward the end of September or the beginning of October, the 
plants, which by then are about 5 om tall, are pricked out uith bare roots in polyethylene 
pots, 17 x 21 om in size on the average. These pots are filled with a sifted mixture of 
black earth and sand in the same~roportions as the soil in the seedbeds, to which is 
added 0.8~ of Thornacr slag per m to ensure a good start,. 

The pricked out plants are then placed in a storage area, 1 GGG plants per board. 
Instructions regarding shede, watering and weeding must be followed meticulously up to 
planting time at the beginning of November, right at the start of the rainy season. A 
minimum of one week's cover is desirable. 

Ground Preparation 

Stump Removal 

In the bush savannas on olayey soil of the Niari (Melolo) and Bouenza (Loudima) valleys 
stumps can be removed by machine, whereas on the sandy coastal s8vannas (Loandjili) and on 
the Bat&g Plateau (Km Rouge) it has to be done by hand labour. 

Mechanical exixaction of stumps is done by tw3 TO-hp caterpillar tractors with an old 
caterpillar Chain tied between; both tractors pull at the s8me speed and the chain clears 
all brush as it moves 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. 

DestNOtiOn of Gr8ss 

Grsss has to be destroyed just before the dry season, in .4Say. For this purpose one 
can use either 8 rail pulled by dxaught enimals, an 86hp wheel tractor, or 8 am811 cater- 
pillar tr8otor ('ohenillard*). This rail flattens the grass as it moves along; the grass 
is killed off by two p8asages of the tractor, first in one direction and then in the 
opposite. 

Burning 

The flatte:ed 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 plou&ing; and hoeing (of the mcrin crop or cover crop) followed by disk ploughing. 

Planting and Management 

Peg&Rout and Digging of Holes 

Ground that hae been broken as described above is then marked out in small 50 x 50 III 
rquams. Stakes are then set out at a spacing of either 2.50 x 2.50 m or 3.12 x 3.12 18. 
(With the heavy equipment, 
is better.) 

which is coming more and more into use, the 3.12 x 3.12 spacing 
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As soon as the stakes have been Set out, holes are dug using semi-circular shovels, 
The holee should have a diameter of 20 cm 8nd aleo 8 depth of about 20 cm. The digging of 
the holes must be oompleted at the latest by October. 

Setting Out of the Plants 

In October, one month before planting, 1% g of fertilizer (complete, 10-10-20 ferti- 
lizer or potassium fertilizer) are applied to each hole in Bandy 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 nursery, the planta are watered heavily and the polyethylene pots removed. By 
that time, the plants are from 10 to 25 cm in size. There is about 8 98% ?ake~* 8nd no 
need to fill in failed Bpots. 

Protection 

A dusting of the holes with either & Dieldrex or Phytosol prior to planting eliminates 
termites. To combat stem-outting Cricket8 in plantations, poisoned bait is applied 
(mixture of l/3 flour, 2/3 bran with Dieldrin CE 20). 

Meintenanoe 

After planting, maintensnoe work has to be done. Initially this can be done by 
machinery - with either a stubble-plough (Bcarifier) or a rotary plough (rotavatar) - at 
least three or four times during the first year after planting and once or twice during the 
second year* IWzaal weeding by hoeing around the plant completes the maintenance work each 
time the etubble-plough is used. 

Protection Against Fire 

Usually brush fires sweep across the savanna B in about the month of 3une. They occur 
earlier on sandy savanna than on clayey savann8* 

Prevention of bJuBh fires is accomplished by breaking up the 25 he plots into 500 x 
500 m plots separated by 10 m wide firebreaks. These firebreaks have to be maintained 
regularly espeoielly just before the start of the dry season in hay and June. The bare 
firebrealr strips around the Bitee or statione also have to be kept up at the same time. 
After the rail has been dregged across the ground@ an early preventive and controlled 
burning of the bare firebreake is done, prior to the start of the usual brush fires. 

Cutting of Stands - Rotation 

Eucalyutue is cut at the age of 4 to 6 years. The first rotation comprises the cut of 
fully grown trees derived from Beed. 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 cuts. 

Finanoial InfOrnMiOn 

The 8ver8ge cost of one heotare of Eucalyptue was estinrated in 1973 to 8mOUnt to about 
95 000 CFA fr8ncs. 



Results and Future Prospects 

Results 

In the People's Republic of the Congo, Eucalyptus stsnde 
savann8, the main species being the hybrida koalyutus 12 ABL 

Volume increment ie about 20 m3/h8/year at Lo8ndjili and 

cover almost 5 200 ha of 
and E. platyuhy11a (PEI). 

35 &/ha/year at Loudima for _- 
the high-yielding species, g. Wl. Average annual increment in hr;ight is about 3.60 m at 
Loandjili and 4.60 m at Loudima. Annual growth in girth is 7.5 cm at Loandjili and 9 cm at - 
Loudima. 

Initial trials with prop8 tion by outtingB 
research station of Loandjili Points-Noire) are r 

hhllla PIDSueOt B 

installed Binoe 1973 at the forestry 
p8rtioularly encour8ging. 

Such propagation by cuttings is expeoted to -_ giv? poh higher productivity of stands as 
a result of both the intensity of selection of plue (+) trees for propagation purposes and 
due to the homogeneity of the stands (pure stands). It is believed that starting from vexy 
specislized silvioulture, adapted not merely to the species but to the clone, it will be 
possible to attain mean annual inCMments 40 &/ha/year at Loandjili - 'j0 m3/h8/ye8r at 
Loudinla. 

Paper Pulp Project 

The aim of this project is to establish an ensemble of pl8nts producing 250 OGO tons 
of bleached pulp 8nnually for the m8king of kraft p8per. The raw materials for this paper 
plant would consist of a mixture of eucalypt and pine wood. 

Pl8ntatione to feed this paper plant would consist of 27 500 ha of Eucel.~~t~s eatab- 
lished at the rate of 5 500 ha per year, snd 22 000 h8 of pine eetabliehed at the r8te of 
2 200 h8 per year. 

Ch8rOO81 &king Project 

This projeot calls for the cutting of approximately 650 ha of Eucalyptus per year for 
the making of IO 000 tons of charcoal for oxport. 

APPORESTATICX? WERYIGDS FOR PINE 

Species of Pine Used 

Both Pinus oaribaea and E. oooarpa were introduoed into the Congo in 1958 after the 
hC8lYDtUB: They have proven entirely satiefactory and well suited to loos1 ecological 
oonditionB. Other speciee tried were II. kesiy,a, E. merkusii, E. hondureneie. 

Nurseries 

Seed 

Genaination beds are prepared starting at the beginning of Way. These are actually 
3.00 x 0.70 III boxee filled with a mixture of 6 black earth and 8 aand to which fertilizers 
have been applied, The seed is sown in theae boxes between 15 May and the end of June, in 
rows9 Using a plank with sorew nuts for alignment snd spacing of the seed (1 x 1 om). 
After sowing, the boxea 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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Prickintit 

Genzination occurs within about a week. Six weeka after sowing, the plante already 
reach a height of 1 cm and are then pricked out into polyethylene pots filled with a mixture 
of sand and bl8ck earth containing fungi (myoorrhiza), the earth being obtained from old 
pine plantations. It ie abeolutely neoeeeary to use complete fertilizers (10-10-20) when 
pricking-out the plants. 

In priokinwt, care ha6 to be taken to keep the taproot straight by enclosing it in 
a pellet of liquid mud. 
watering and weeding hew 

Subeequantly, the instructions regarding applicatione of fertilizer, 
to be followed carefully. 

Soil Preparation 

Thi@ iS the same as for 0W8lyptB. 

Planting and Management 

Planting 

This ie the same 8s for eucalypts. 

Maint en8nce 

The technique is the s8me as that used for euoalypts. During the first year mechanic81 
and manual m8inten8nce work has to be done 3 to 4 times, 
3 timee, in the third year twioe 

in the secolid year at least 2 to 
, 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 euch plots are grouped together (making 25 ha in all) and between each set 
10 m wide, bare firebreake are opened. Between each set of four plots (25 ha in all) there 
is laid out a peripheral firebreak, ueuslly oonsisting of Eucalyptus torelliana. 

HanaRQmentoftheng 8nd Thinning 

Tropioal pines o8n be used for two purpoees: 
lumber. 

either for making paper pulp or for 
In 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 yeara old they be thinned out. 

In both oases pruning with 8 lumberjackIe maw is necessary when the Bt8nds reaoh 4 or 
5 years of agee 

For the produotion 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 Proepeote 

Results 

Ezn+z&de pine etande alre8dy cover almost 2 600 ha in the People's Republic of the 
Congo. The increment is from 8 to 10 mJ/ha/year at Pointe-Noire and from 15 to 20 mj/ha/ 
year at Loudims for rapid growth tropical pines that adapt well. 
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Future FToePeot6i 

Phnr for genetio improvement and tested eeed or&ax& started in 1975 should make it 
poeeible to increaao the produotion of these speoie~. 

Projecte 

The Congo's Development Plan inoludes induetrial planting of pine and eucalypts on 
the 88 vannaa to feed a faotoTg with an anuual capacity of 250 000 tone. About 22 Ooo ha 
are to be planted to pino at an annual rate of 2 200 ha. 

Finally, steps are being taken to est out plantations of Arauoaria hunsteinii and 
4. ounninpbamii, trial8 with which have ehown them to be promieing species capable of 
producing excellent timber on savanna* 

Table 1, 

SAVANNA PLANTATIONS (PINES AND EUCALYPTS) CB' THE 
OFFICE C6NGOLAIS DES FOM!l?S 

Yearof 
Planting 

1953-54 
1954-55 
1955-56 

:;:g; 

i;:;z 
1960-61 
1961-62 
1962-63 
1963-64 
1964-65 
1962-66 
196~67 
1967-68 
1966-69 
1 W-70 
1970-71 
1971-72 
1972-73 
1973-74 
19 74-75 
1975-76 

Potsl/ 
Station 

LOANBJILI (P/Noire) I LOUDIHA (Bouenza 
Pine 

-3.50 
1.00 

16.00 

:$I 
2.10 
5.40 

17.50 
14.80 

7590 
46.70 
57.00 

;tl*: 
1o:oo 
4.57 

10.76 

2&:6!, 

1451 77 5736 1 28 388 00 302 I 73 

Ekxbl.votu 

17.78 
1.04 

25.90 
93.20 

150.10 
170.92 
261.00 

66.80 
18.00 
30.44 
30.30 
32.20 

I 
35.10 

I 
26.50 
33.40 
20.80 
77.60 
29 .oo 

4.53 
10.00 
18.43 
47.62 

1%!&c? 

Pine oal tu 

-I- 10.00 10.00 

::: 
7.00 

25.00 
22.00 
16.00 

g:: 
206.00 
182.00 
740.00 

13.60 
10.00 
50.00 

419.78 

E?2& 

5.00 
17.00 
13.00 
86.00 

838.00 
396 .oo 
572.00 
512.00 
493.00 
go0 .oo 

43.00 
7.40 

12.00 
16.50 

u&o, 

MALOLO (Niari) KM ROUGE (B/city) 
Pine 

50=0 
100.00 
100.00 

75.00 

325.00 

8.00 
16.00 
14.00 

25.00 

63.00 111.1. 

0.20 
3.05 
7.99 
5.63 
0.79 

17.91 
75.50 

0.60 
0.37 
1.42 
1.80 
4.60 
1.17 
1.40 
3.00 
1.00 

3.00 
13.54 

A!E 

Total for the 
Bavanna: 7878.78 hectares, pines = 2652.32 hectares, Eucalyptus I 5226.46 hectares 
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IBTRGDUCTIOR 

Ghana has an area of 238 539 square kilometers and lies between longitudes lo East and 
3' West and latitudes 5O and ll” Barth. The current population is estimated at 10 million. 

The country hae a tropical climate which ranges from humid to dry, the southern portion 
receiving the greatest amount of rainfall. 

There are four main vegetation zones; the coastal strand with mangrove swamps, 
followed by a narrow belt of thicket, the high forest, and the savanna zone. T5s high 
foreet oovers approximately an area of 82 258 square kilometers or 34.#$ of the country, 
while the savanna oovers 150 497 square kilometera or 63.06, the remaining 2.43% being 
taken by the strand, mangrove swamps and thicket. 

There exists a written National Forest Policy which hae as its main objective the 
cz3ation of euffioient permanent forest resources by reservation to supply dire& and 
indireot benefits neceesary for the welfare of the people of Ghana and the management of 
the forest reeouroea by methods that achieve sustained maximum productivity and value. The 
other objectives of the forest policy include research into all Branches of scientific 
forestry, emphasis being laid on silvioulture, ecology and utilisation; the training of 
both profeeeional and field staff and the provision of technical advice to non-Government 
forestry. 

In order to implement the forest policy successfully, a Forests Ordinanoe was passed 
on the 30 Maroh 1927, and in 1949 the Trees and Timber Ordinance was passed. Under the 
powere oonferred on the Governor, later President of Republic, a number of regulations were 
m8de and a serierr of aote were also passed. 
(Silvioultural Worka) Rogulatione, 19%; 

Among the regulations are the Forests 
the Trees and Timber, Property Marks Regulations 

1950; the Treer and Timber (Control of Cutting) Regulations 1956; the Trees and Timber 
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(Meaaunment) Regulation8 1958; the Trees and Timber (Control of measurement) Regulations 
1960; and the Treee and Timber (Control of Export of loge) Regulatione 1961. Aote passed 
under the Forest Ordinance to &WI affect to the forest policy include the Protected Timber 
Lands dot, 1959; the Foreet Offencea (Compounding of Fines) Act 1959 and the Foreet 
Improvement 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 
(chiefs ruld people) by Government. The portion of land under purely state control is 
exceedingly small. 

The prinoipal forest products from the high forest zone are sawlogs, veneer logs, logs 
for sleepers, charooal, poles and export loge, and in the savanna eonel poles, charcoal 
and gum. 

There exists a Forestry Training Sohool in Ghaua which turns out sub-professional 
officers who are mainly field officers. In the past years the intske of students was small 
but recently with the inception of the reforestation scheme, the intake has been appreciably 
inoreased. 

The current serving sub-professional staff number 500. The number of serving pro- 
feeeional offioers now stands .at 22, the bulk of them having been lost to the educational 
inmtitutione, the research institutions and industry. 

The gross annual 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. 

AFPORSSTATIGN ARD REFORESTATIGN 

As a rrsult of the massive exploitation of timber from the high forest and the 
increased reequirement of timber and timber products in the savam areas, a decision was 
taken in 1972 to plant certain arean both in the high forest and savanna zones. Up to the 
end of 1974, the total area of plantation for the whole country 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 afforestatix and reforestation is 7 328 ha, of which 2 176 are for the 
mavanna area. The refor-estation/afforestation schemes are controlled by the state, there 
being virtually no private forestry organizations in Ghana. 

The species currently being planted in the savanna zone include teak (Tectona grandis) 
mahogany (Khaya senegalensis) Gmelina arborea, Anogeissus leiocarous, neem (Azadirachta 
indica) and Dalbergia eiseoo. 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 
species being planted, the intended end use is lumber, In areas where the soil and rai+ 
fall conditions are not so favourable, teak, Anogeissus, noem and Dalbergia are grown 
mainly for poles and firewood. The Gmelina is intended for pulp. For most of the species, 
no rotation has been fired. 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 I?ursery Practice 

The selection of permanent nursery 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. 
nurseries. 

In resent years however emphasis is being shifted onto irrigated 
The irrigated nurseries are situated near dams. 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 nursery stock production capacity of the permanent savanna nurseries 
ie 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 spetaies. Teak and Anogeissus are stumped before planting. 

In recent yeare, most Eha.ya and neem are planted either as striplings or as potted plants. 
of the seedlings are raised in polythene bags which measure 5" by 7" or approximately 
13 cm by 18 cm. Seedlings are normally transplanted after they have attained an average 
height of between 30 - 45 om. Thie height is attained between 24 - 30 weeks, 

The methods used in savanna nurseriee are: 

Broad-casting on germination beds 
Bed sowing (single or in drills) 
Direct sowing into containers ( polytheno bags). 

Seeds broad-cast onto germination beds include teak, neem and mahogany. Prickinmut 
is carried out as soon as germination starts. These species may also be bed sown, or sown 
dusct into containers. Species with tiny seeds e.g. Anogeissus am sown into drills and 
thinned out when genaination 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 direat watering is 
oarried out in the irrigated nurseries. 

Shade is always neoessary to protect the young seedlings from the heat of the sun. 
Grass msts raised on poles provide adequate proteotion. 

Nurseries in the savanna zones are often disturbed by domestic animals. 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 @!. , 

Establishment Techniques for Savanna Plantations 

In the savanna zone1 the grass burns invariably during the dry season* In mny cases, 
the burning is 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 2 m or 2 m x 3 me 

Little dire& sowing is practised. 

No severe insect attsaksin savams plantations have been recorded. Fire, however, 
poses a serious threat, several plantations being affected each year. It is suspected that 
meet of the fires in the plantations are deliberately set, ae measures are alwaye taken at 
the beginning of 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 
traoes and early burnings which are carried out around the plantations. 
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At the height of the dry season, twenty-far hour firs patrols a" or8atized. Forsst 
@strdS and labourers are detailed to ksep watch, detect and control fires befors they & 
out of hand. In some oases, these patrole have been veny sffsotive and In One particular 
instanoe no fires wers reported in the plantation for a period of lo yea** 

. 


