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PEEFACE

This compilation is the result of a Training Course on Foreat Nursery and Establish—
ment Techniques for African Savennss which was to have been held in Kaduna, Nigeria, from
16 February to 21 March 1976 at the invitation of the (Jovernment of Nigeris with funds made
available from both the Danish, International Development Agency (DANIDA) and the Forest
Remearch Institute of Nigeria-~/. The course was planned in collaboration with the Foresat
Ressarch Institute and the Food and Agriculture Organigation of the United Nations (FAO)
and was 10 have bhesn held in conjuction with the Sympesium on Savanna Afforestation
organized by the Forest Reasearch Institute, with part of the training course rumming jointly
with the symposium. Regretiably, the cloming of Nigeria's international borders in response
to political disturbances in the countyy forced cancellation of the training course. The
synposiun was held as scheduled but with reduced participation.

The training course was to have been the latest in a series financed by DANIDA on
agpecte of foreat plantation establishment with smphasis on tree improvement and seed
handlirg. Previous courses in the series were held in Denmark (1966) and Kenya (1973) on
forest tree improvement and in Thailand (1975) on forest smeed collection and handling.

Althongh it wae not posaible to realize at leasi iws of the main murppess of the
training couree — to provide demonstiration of good nursery and plantation establishment
techniquea in savanna Africa and to facilitate the interchange of ideas and axperience
between francophone and anglophone participante = it was thought that reproduction and
distribution of the lecture notes and papers prepared for the training course and symposium
would be useful. Thie report (printed both in Englich and French) therefore, contains a
set of lecture notes prepared in advance of the training course, the principal symposium
papers and the country statements contributed by “"would-be" course participarts. As lecture
notes were plamnnad to complement, but not duplicate, material in Tree Plantingz Practices in
African Savannas (FAO Forestry Development Paper No. 19 by M.V, Lawrie, 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 & number of ghort case studies on appecte of
planting pine, neem and encalypts in the Nigerian savanna. Only the summaries of these
case studies ares reproduced here; the full texis are available from the Forest Research
Institute in lbadan, A few lectures and papers have been ghortened for inclueion in thisz
report, especially in cases whers duplication ocourred. The order of presentation here

departe from that plamned for the symposium and training courge, in that all papers on a
given subject are together.

Permisgion from the Forest Regearch Institute of Nigeria to publish papers prepared
for the Symposium on Savanna Afforestation is gratefully acknowledged. Thanks are also due
to that organigation, and especially its staff at the Savanna Forestry Research Station in
Samaru, for the many local arrangements and preparations made for the training course and
to the forest deparimenis of Kaduna, Kano and North East atates for similar assistance in
providing for the planned study tours. The support of the FAO/UNDP forestry project im
Samaru, the UNDP offices in Kaduna and Lagos and the FAQ Senior Agricultural Adviser was
invaluable and ia most gratefully recognized. Appreciation is also extended to the many
anthora of symposium papers and training course lscture notes for their efforts. Finally,
regreta are offered to the training course participants who were inconvenienced and
disappointed by the unavoidable cancellation of the course.

A then the Federal Department of Forest Research.
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The natursl savanna woodlands are
sparsely siocked, low ylelding and mede
up of species ¢f poor stem form,

illupirated here by Uapaca togoensig
and Igoberlinia doka in the_:ggﬁﬁr_n

Guinea savanna.

By the judiocious selection of exotio
gpecias for the planting sites available
and the sppliceticn of intensive cultural
techniques, savannas can be converted to
fast-growing forest plantatione, such as
this O=year old stand of Eucalyptus
closziana at Afaka, Nigeris.
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DEFINITION, CLASSIFICATION AND EXTENT OF AFRICAN SAVANNA 1/
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DEFINITION

The word 'savamna’ is from the Spanish gevana or cavana and is thought to have Carib
origin. It means a grassy plain with scattered trees and in particular refers to such
plains in tropical and subtropical regions. The term is used also for a tract of level
land covered with low vegetation or any large area of tropical or subtropical grassland
covered in part with trees and spiny shrube.

Richards (1952) gives the following definition, and remarks on the probable ecolo-
Zical status of savannas,

"Savenna is & name applied to plant communities of varied physiognomy and status
found over a wide range of climatic conditionm; some are seral stages, others are
certainly stable ciimaxes, Savanna on which trees are dominant (with or without a
continuous ground-cover of grasses) may be a climatic climax, but many types of
savanna should be regarded as fire-ciimaxes ..... Open savarmas with trees growing
scattered or in occasional clumps, and treeless grasslande may arise by the de-
gradation of the forest or savamna woodland by excesaive culiivation or burming
but in some cases they are probably edaphic climaxes due to local soil conditions
wnfavourable to the growth of trees. The nature of the factors responsible is un-
certain but ome which probably operates in some cames is seasonal waterlogging
sltermating with dry conditions during the rest of the year. There is little
support for the view that lowland tropical grasslends are ever a climatic climax
in equilibrium with a 'tropical grassland climate'; grassland therefore should

not be regarded as occupying a place in the natural climatic ecotone from

tropical rain forest to desert.”

Bohimper (1903) gives the following defimitionmss

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

1/ Papsr for Symposium on Savamna Afforestation




park-like, very poor in wnderwocd, lisnes and epiphytes, rich in terrestrial herbs,
especially grassen.”

"Thorn forest, as regards foliage aud average height, resembles savanna forest,
but is more xerophilous, ie wvery rich in underwood and in slender-stemmed ligmes,
poor in terrestrial herbs, especially in grassee, and usually has no epiphytes.
Thorn plants are always plentiful."

Cged loosely and in the African context the term may cover an array of types of tropi-
cal vegetiation, ranging from the res.utivaly dry to the @emi-arid, which-lie betweun the
tropical rain forests of the squatorial region and the deserts to the north and vou the south,
These consist of a wide variety of traumition types ranging from woodland savanna, including
the so-called derived savama (Eeay 1959), to the semi-arid steppe with scattered trees,
consisting mostly of species of Acacia. Thim belt extends from near the equator to latitude
25 to 30 degrees north and south.

A distinguishing climatic feature of the savanmna is the distinct dry esesson. The
rainfall cycle resulis from the poleward shift of the global wind belis in ths summer and
their squatorward shift in the winter. A savanna climate has one or more months with less
than 60 mm (2.4 ins) of rainfall, The climate is warm with a short sumner rainy season
and a dry winter. In areas of heavy rainfall there is a season of up to 1 000 to 1 500 mm
(4¢ to 60 inches) of rainfall .uterrupted by a distinct dry weason.

The general appearance of the savanns is one of rolling plains, and the vagatotiom is
1zll g7a55 wilh sompbteren iresa, Tne iree cover rangss SSiween the one extreme of a clomed
canopy near the border with the rain forest and where there huas been little haman inter-
ference, and the other extreme of very open grassland with dwarf trees (or even with very
few trees) dotted all over the landscape. The latter occurs at tbe edge of the demert and
wheres excasmsive cultivation or extensive burming or heavy grazing has resulted in the dis-
appearance of the original iree cover.

The grass grows %o a great height, 1.5 %o 4.5 metres (5 to 15 £t) in some places,
particularly where the giant elephant grass (Pennisetm purpureum) grows in the wet season.
At the other extreme the grass is very short reaching up to a height of 30 em {12 inches).

In order {o combai ithe effecte of the long hot dry season, savanna vegetation has
developed a number of edaptations: +the deciducus habit, leathery leaves, thick or corky
barks, the thorn habit, small leaves, cactum nature and the development of storage syotems,
long and extensive root systems, and so on.

Several floriwitic types are easily recognimed, wuch as the Danie¢llia — Parkia, the
Dapiellis - Hymenocardis - Lophira and Combretum woodlands which are characteristic of
certain areas in Central Africa, the siretches of Acacia woodlande covering vast areas in
Weat, East and Central Africa; also ihe Hyphasne palm savannas, snd the Borassus savanna
which is associated with seasonally floodad sites.

CLASSIFICATION

While it may not be true to may that there are ss many clasaifications as there are
workers in the field, the literature on African vegetation is replete with systems of
claseification end of names used by individual workers for the varioue types of vegetation
encountered (Kuchler 1970), MNost often different names are applied to the same type. Thise
is, of course, inevitable in view of the vast urea involved in the study, the general lack
of commmiocation and consultation between workers, the large number of hsbitate and life
forme encountered in the field and the detemination of each worker to map what he con-
siders are clearly distinot and diecrete typem in his area of operation, even ihough this
may be & very mmall and irrelevant type in the context of the whole continent. The situ~
ation i’ also bedevilled by the lack of a generally accepted criterion for classification,




Individual authors have used the climate, the moil, the general geographical location, the
physiognomy of the vegetation emd the phyto-chorological divisions (Phillips 1959, Monod
1957, Keay 1956).

In Higeria, this problem has for aome time been resolved by the acceptance by most
workers of the classification proposed by A.P.D. Jones and R.W.J. Keay (Jones 1945, Jones
and Keay 1946, Keay 1953). In thim classmification, the Nigerian savanna is arranged as
follows (from south to north) (=ee Figure 1):

Derived Savamma
Southern Guinea Savanna
Northern Guinea Savanna
Sudan Savamna

Sahel Savanna

This im in line with the claseification adopted by French workers in ths neighbouring
countries of West Africa.

Recent workers in Figeria have rightly questioned the validity of the basis of this
classification, and consequently a new classification bamsed on the recommendations of the
Scientific Council for Africa South of the Sahara (C.S.A.) Specialist Meeting on Phyto-
geography in Yangambi (C.S.A. 1956, Boughey 1957) and on the Aemociation pur 1'Etude
taxonomicque de la Flore d'Afrique tropicale (A.E.T,F.A.T,) Vegetation Map of 4frins (Keay
et al 195Y) has Leon adopted by Charter (1970) for the new Vegetation Map of Nigeria,
which is included in the Hational Atlae of Nigeria.

The aims of the Yangambi meeting were:

1. "$o establish a common terminology for all African phytogeographera™;
2, "to limit this termminclogy to African vegetation only", and

i, "o exclude from African nomenclature some of the terms used in other
countries of ithe world which illustrate variocus types of vegetation the
homology of which is not proven",

The meeting accepted the proposal “to illustrate, partioularly by profile diagrams, the
demcription of tha warious types of vegetation or plant communities", It concluded that in
the interests of a co-ordination which was highly desirable, there was a need for essentially
physiognomic definitions of the various types of wvegetation. It therefore recommended the
adoption of a broad system of classification based on this principle, but left the use of
intermediary physiognomic terms corresponding to the various recognisabla transitions in

the field and the designation of certain very particular formationa to the initiative of

the phytogeographers, according to local conditions.

Two main groups of vegetation formations were recognised, namely:

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

2, Mixed Forest-Gramsland Formations and Orassland Formations.
The latter is the subject of this Sympoeium. There are four primary subdivisions:

1. "Woodland", defined as open forest: itree stratum deciduous consisting of small
or mediun-sized trees with the crowns more or less touching, the canopy remaining
light; grass stratum sometimes sparae or mixed with other herbaceous and suffru-
tesmcent vegetation,




2,

3.

4.

"Savanna¥, defined as formations of grasses at least 50 cm high, forming a
oontinmous layer dominating a lower siratum; usually bturnt anmally, leaves of
grasses flgt, basal and caunline; woody plants usually present. Thix iz sub-
divided imto:

(a) Sevamma woodland, having trees and shrubs with iight canopy;

(b) Tree savama with scattered tress and shrubs;

(o) Shrub savarna;

() Grass savanna, in which trees and shrubs are generally absent.

*Steppe"™, delined as open herbaceous vegetation sometimes with woody plants,
usually not burnt, perennial grasses ususlly lees than 80 cm high, widely spaced;
laaves of grasmes narrow, rolled or folded, mainly basal, annual plants very
often altundant between the perennials. This is almo subdivided into:

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

(b) Dwarf shrub steppe;

{¢) Succulent steppe;

(2) Orass and/or herb steppe in which trees and shrubs are virtually absent.

"Irassland", sub-divided into:
(s} Aquatic grasslend;

{b) Herd mwemp;

(¢c) High montane grassland.

Following this meeting, Keay and other authors ( 1958) published "Vegetation Map of
Africa South of the Tropic of Cancer" on behalf of L'Association pour 1'Etude Taxonomique
de la Flore d'Afrique Tropicale (A.E.T.F.A.P.) with the aseistance of Uneaco, which is the
basia of the vegetation map given in Tree Planting Practices in African Savannas (Lanrie,

Altogethar 35 types in 19 broad groups are recogmnised of which the following come

A,

B.

c.

D.

within our definition of savanna:

8. Forest « savanna mosaic

9. GCoastal forest = savanna mosaic

10, Dry deciduous forest (with savamnna): with
abundant Baikiaea plurijuga

11, Dry deciduous forest (with savanne):
Madagascar types

12, Thickets: Itigi types
13. Thickeis: Madagascar types
14. Thickets: Ethiopisn evergreen iypes

16, Undifferentiated: relatively moist types

17. YNorthern areas: with abundant Isoberlinig doks and I. tomentosa

18. South-eestern aress: with abundant Brachystegis and
Julbornardia

19. South ~ western areas (principally on Kalshari mand): with

atundant Brachystegia, Julbernardia, Cryptosepalum psuedotaxus,
Guibourtia coleosperma and areas of steppe (type No. 24).




E. 20. Undifferentiated: relatively dry types
21. Ethiopian types

22, With abundant Colophosperswm mopane

F. 23, Madagascar grass savauma and grass steppe
24. UGrass steppe on Kalahari sand

G. 25. Wooded steppe with abundant Acacia and Commiphora
26. Grass steppe with thick clumps: western Uganda type
27. Gress stoppe: Luanda type

I. 28. Karoo succulent steppe

J. 29, BSubdessrt steppe: Karoo shrub and grass
30, BSubdesert steppe: +tramsitional and mixed Karoo
31, Subdesert steppe: +tropical typems

Do these may be added the following:

Montane grassland, Sub-tropisnl grasalend amd
Oxytenanthera hamboo thickets.

A Becond edition of the A.E.T.F.A.T, map deeigned to incorporate the criticisms and
rovisions of the first edition ie in preparation (White, in press). An interim report
(Hhite 1974) indicates that there are now 60 mapping unite (a8 against 15 in the earlier
edition). These have been reduced to 14 in the report, of which the following represent
the sgvanna types:

€. Broadleaved woodland and wooded graseland;

7. Thorn (Acacig) woodland, wooded grassland and semidesert vegetation;

8. Karoo-Namib semidesert shrubland;

9. Grassland.
To this may be added:
Deciduous thicket.

EXTENT

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

Area Area
{Square miles) (Square kilometres) Percemtage
Forest 2 056 700 5 326 853 18.4
Grassland 4 736 400 12 267 276 42.3
Desert 4 406 900 11 413 871 39.3

Total land surface (without lakes
and excluding Madagascar) 11 200 000 29 008 000 100.0




In Wemt Afrioa, the savaina belt eweeps from Mauritmnis, Senegal and Uambis in the

west through Mali, parts of northern Guine
Niger, the northern four-fifths of Nigeri

Ivory Coast, Ghana, Togo and Benin, Upper Volta,
Chad and northern Cameroon, contimuea into the

Sudan snd through the greater part of the Eastern Horn (Ethiopia, Afars and Issas, Somalia
and Socotra), It then wheels south to the three East African countries of Kenya, Uganda
and Tanzania and thereafter tums to the west to Rwanda, Burundi, Zaire (surrounding the
central forest block) and Gsbom (15% of the murface area). Further smouth it fans out to
Angola, Zambia, Nalawi, Mozsmbique, Rhodemia, Botswans, Nemidia and northern parts o”
South Africea. It ooours too in the territories of Lesotho and Swaziland ss grasslend,

thorn savanns and mixed itree savama.

Much of the island of Madagascar is covered with

grass savemna snd grass, snd thickets, perhaps as a result of severe degradation of the

forest by cultivation and burning,

I+ is not possible, nor indeed is it demirable, in a paper of this length to describe
in any detail all the savanna types in all comiries in which they occur. But, perhaps as
& suitable conclusion to this paper, the new classification adopted by Charter (1970) for
Higeria's savama vegetation is shown in the table below against the well-established

clasgiflication by Keay and other authors.

Table 1

Charter

Keay and Jones

and other suthors

Rosevear (1953)

Forest-savanne mosaio

Mixed Leguminous wooded savanna
a. with Afgelia africana

b, with Isoberlinia doka and
I. tomentosa

c. with Burkea africana
d. with all the species above

Mixed Combretaceous woodlanda with

Combretum nigricens or Anogeisus
leioom

Mixed Acacia woodland with
Acacia lmﬂ

Undifferentiated wooded savanna

Wooded tropical steppe

Plateau grass savanna (sub-montane
grasa savanna)

Derived savanna

Southern Guinea
savanna
Horthern Guinea
aavamna
-ditto-

-ditto~

Sudan savanna

Sudan savanna

Sahel eavanna

Montene vegetation

Guinesa savanna

Guinea savarma

~ditto-
-ditto-

Sudan savanne

Sub-Sudan savanns
of Clayton (1957)
and other asuthorn

Sahel savanns

1/ The aotual extent of the savsmne in Nigeria is 86.4% of the land surface (Anon. 1974)
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Figure 1 « MAP OF WEST AFRICAN VEGETATION ZONES l/
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INTRODUCTION

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

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

GENERAL CAUSES OF THE WEST AFRICAN CLIMATE

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

The effect of the tropical continental air mass is more predominant from September to
February. It spreade southwards from the Sahara to about 59N latitude, causing the hot,
dry weather which characterises most of West Africa during this time of year. It im often
accompanied by the dry north-easterly wind known as harmattan.

The {ropical maritime air mase is predominantly active over much of West Africa from
March to August extending northwards to about 21°N latitude, Associated with it are the
rain~-bearing southwesterly winds,

These two air magses are separated by a zone known as the intertropical front (some-
times referred to as intertropical discomtimuity or intertropical convergence zone), From
- Maroh onwards, the position of the intertropical front moves northwards allowing tropical
maritime air to penetrate far inland. From about September it moves southwards toward the
equator and the drier continental air spreads southwards across the Weat African land mass.

This alternating northwerd and southward movement of the intertropical front is
largely responsible for the orientation of the climatic and vegetation zonee in an almost
latitudinal pattern in West Africa.

Ocean currents largely comtribute toward the dry weather comditions which partly
result in the coastal savamma of eastern Ghena, Togo and the Republic of Benin (formerly
Dahomey). Cool ocean currents of uncertain origin occur in the middle of the year off
these coaste thereby cooling sea and air temperatures and restricting convection. In
addition to the offects of the ocean currenta, the relief features of the Guinea Highlands,
Cape Three Points, the Nampong Scarp and the Akwapim-Togo Mountains cause the rain-bearing
southwesterliies to lome their moisture om the highlanda, so becoming dry weaterlies.

Similarly, the occurrence of monsoonal and mountain grassland along the latitudinal
belts of Guines and Swdan savanna in Senegal and Guinea are due to the effecta of the Fouta
Djallon Mountains, The Jos Plateau has a similar effect on the occurrence of derived
savanna vegetation on its scuthwestsrn slopes.
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GENERAL CHARACTERISTICS OF WEST AFRICAN CLIMATE
Rainfall

In the tropics rainfall is the momt vital eiement in the climate as the natural vege-
tation largely depends upon its quantity (and especially its effectiveness), its degree of
certainty, its length and how it falls, Figures 1 and 2 show the gemeral piciure of the
snmual rainfall, The very heavy rainfall of the southwestern coast and the Camercon
Highlande is evideni. The low rainfall of ceniral Ivery Coast, eastern Ghana and Togo are
also clear., Apart from thess cenirssiing featurss along the West African coast, anmual
rainfall decreases regularly northwarda from the coast, beth in amcunt and duration. There
is a south to north epread in the beginning of the rainy season and a corrssponding north
to gouth retreat at the end, For thie reason the rainy season gets progressively shorter
further north in the area.

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

Temperature

Because of iis situation in the tropice, there is the gemeral belief, sgpecially
apong non-Africans, that temperatures in West Africa are exceedingly high throughout the
year. Thie ia more often an exaggeration. The very high temperatures characterigstic of
many montha in the lowland parts of similar latitudes in East Africa and India are atiained
in West Africa only in or near the desert for short periods of the year,

On the whole, average temperatures in West Africa are lower than the world average
for similar latitudes in the morthern hemisphere during winter, during the rains in the
south and almost all year round in Senegal, the coastline of easiern Ghana and Toge, and
in highland areas., On the other hand, temperaturee are higher than the world average for
gimilar latitudes in April, July and October,

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

Sunshine

Because West Africa is situated in the tropics, night snd day lengths are almost
always equal. For this reason sunshine seldom exceeds twelve hours. During the wet meason,
clouds and zarly wmorning mist of‘ten obscure the sunshine, while during the dry season, the
s is often obscured by dust — haze., Aa & result of this, the recorded sunshine is often
reduced. Table 1 shows represeniative figures of mean daily sunshine in hours for Freeiown
(Sierra Leone) and Kumasi (Ghana).

Relative Humidity

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

CLIMATE OF THE GUINEA SAVANNA

The map on page 8 shoys the yegetation zones of West Africa. The Guinea savanna lies
roughly betwsen latitudes 7 and 9 30'N and oocurs to the north of the lowland rain forest
except for the southern portions of Ghana, Togo and the Republic of Benin where it extends
sonthward 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 enongh

to subdivide it into southern and northern Quinea savamna. The climatic differences between
the southern amd morthem portions of the Quinea savanna, however, are more a degree of
severity of conditions rather than of kind,

Acora - Togo Dry Coastal Savanna

Some of the reaBons for the occurrence of this type of vegetation in thie area have
already been mentioned.

The rainfall pattern for this southward extension of the Guines savanna is similar to
that of the lowland rain forest, but the monthly and yearly totals are low. The coastal
fringe between Elmina and Grand Popo has an average amnual rainfall of below 35 inches
(875 mm). The mumber of rain days are few and thers are only two or three months in the
year with more than 4 inches (100 mm) of rainfall,

Reiative hmidity is only a little lower than in the rain forest zone. Temperatures
are generally a little higher than in the rain forest zone except from July to September
when they are much cooler for reasons already mentioned above.

Table 3} shows average monthly maximum and minimum temperatures and rainfall for Accra
(Ghana) and Lomé (Togo).

Southern Quinea Savanna

This zome lies roughly between latitudes 7°30' and 9°¥ and extends from Nigeria to
Guinea.

Temperatures are moderately high with a wide diurnal variation in the dry season
wh' .n lasts about four to five months. Then follows a rainy season of about seven to eight
months with lower temperatures and less variation.

Relative humidity varies between 50 amd 80% tut is generally below 70% at 9.00 a.m.
during the dry meason. Tallle 3 shows mean monthly maximun and minimum tempearatures and
rainfall for some principal towns within the zone.

In Nigeria, total annmal rainfall in this beli ranges from about 40 to 50 inchea
(1 050-1 250 mm), with two peaks. The rainy season begins in early March and reaches its
firat peak in May. Rainfall then declines till July and increases again at about August
to reach a second peak in September before declining sharply to an end in October/November,
Because their timing varies from year 1o year, the peaks are often not evident from average
figures (e.g. Table 3). .

In Lokoja (Nigeria), mean maximum temperatures range from about 96°F (36°C) in
Pebruary/March to about 85%F (29°C) during July to September, while mean minimus temperstures
renge from about T6°F (24°C) in Pebruary/March to about 66°F (19°C) in November o January.
Corresponding figures for Mokwa (Nigesria) are: mean maximum temperatures 100°F (389C) in
Pebruary/March to 86°F (30°C) in July to September, while mean minimum temperatures vary
from about T6°F (24°C) in March to about 60°F (16°C) in December and January.

At Nokwa, although mean daily relative humidity during the dry season ranges between
70 and 30%, humidity often drops sharply during the day to below 20% by early afterncon.

Northern Guinea Savanna

The northern Guinea savanna extends from about 9030'11 to about 11°F latitude in
Nigeria, 12°F in Upper Volta and 13°F further west. = .
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Maximun diurnal variation in temperature occurs in ihe dry season, with leas variation
during the wet season (see Table 3;. At Afaka (near Kaduna, Nigeria), mean maximum tempera-
tures range from about 100°F (389C) during February to April to about 78°F (26°C) in July
4o August. MHean mininum temperatures rsnge from about T4°F (2300) in April to about S80F
(14°C) during Fovember to January.

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

Mean relative humidity is in the range of 45 - 35% during the dry season months.
Hunidity figures of below 20% are commom in eariy afternoon from November to January.

Joa Platean

The Jos Plateau within the Guinea savanna is regarded as a highland varien} of the
northern Guinea savamna (Harrison Church, 1968) and, because of its sltitude, temperatures
are gemerally lower. Table 3 shows mean monthly maximum and minimum temperatures as well
ae rainfall for Jos (Nigeria).

The rainfall pattern on the plateau is similar to that of the northern Guinesa, but at
the southwestern edge of the platean, ammual rainfall is gemerally higher. Average annual
rainfall for Miango (Joa Platea.u) and Nimbia {eouthweat of the pla.teau) are about 55 inches
(1 375 mn) and 70 inchea (1 750 mm) respectively.

At Miango, diurnal variation of temperature is wmmall compared to typical northerm
Guinea savarma. Mean maximum temperatures vary from about 949F (33°C) during February to
April to about 78°F (25°C) im July to September. Mean minimum temperatures are gemerally
about 66°F (19°C) from March to May, dropping to about 56°F (13°C) during December and
January.

Mean relstive humidity is genmerally above 80% during the height of the rains from
July to September and drops to below 30% during December to February,

CLIMATE OF THE SUDAN SAVANNA

Thie vegetation zone lies north of the northern Guinea savarma and extends between
approximately 11° and 13%F ilatitude in its southern limit and between 129 and 14°N im its
northern limit. It includes the southern interior of Senegal, interior Gambia, central
Mali, most of Upper Volta and most of the extreme northern parts of Nigeria.

In comparison with the northern Guines pavanna, rainfall ie lege - aboul 22-40 inches
(550 - 1 000 mm) anmually. The rains fall for five to six months followed by a dry season
of six to seven monthe, The rainfall is much more variable than in the nerthern Guinea
savarma. Table 3} shows mean monthly temperatures and rainfall for some principal towns in
the Sudan savanna,

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

Mean maximum temperatures in both_localities are about 102°F (3900) in April and May.
During thie period, temperatures of 106°F (410C) are often attained during the day. o At the
height of the rains during July to September, maximum temperatures average about 88°F (319C),
Nean Iu%;u talp.raturu are lowest during tge montha of December and January averaging
abgut 54 F (12°C) but often dropping below 50°F (10°C). Minimum femperatures rise to about
75 E24 c; in April and May just before the onset of the rainy season and drop to about

70°F (21%) at the peak of the rains,
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SOME _INPLICATIONS OF CLINATIC CONDITIONS FOR
SAVANNRA AFFORESTATION

The raine begin first in the southern portion and progrese northward, while their
cegeation begins firet in the morth and progresses smouthward, resulting in the relative
shorinesa of the rainy season in the north compared to the south.

-

North of about latitude ?°30'H, total ammal precipitation becomes progressively leas
than anmial evapotranspiration. This means that ali aress above thie latitude are deficient
in moieture on an smnual basie. Thie 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 days respectively (Kowal and Knabe, 1972).

Forest plantation establishment in the morthern savanna zomes would therefore require
more drought hardy species which can sufficiently establish themselves during the compara-
tively sghort rainy season to be able to survive the long dry season. It appears that the
gouthern Guinea and possidbly the southermmost parts of the northern Guinea savanna zones
could support a greater mumber of plantation aspecies than the Sudan and Sahel zones because
of the comparatively lese critical moisture conditions.

Irrespective of how favourable moisture and light conditione mey be, plant growth
ceanes when the temperature of the environment either exceeds a certain maximum or falls
below a certain minimwr value., Between these maximum and minimum values, there is usually
an optimum range, It i important to diatinguish between air and soil temperatures in
conpidering the effect of temperature on plant growth. Equally important is the fact that
rlants differ in their adaptation to ranges of temperature regines.

While many annual and biennial agricultural eropa have been classified inte cold
season and hot scason crops on the basis of their adaptability to different temperatures
(Kowal and Enabe, 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 may be & decieive factor in the success or failure of exotic or indigenous species
as plantation candidates in the savanna zonee of Weat Africa. Air temperature conditionse
have never been found too drastic to limit plant growth in the savanna areas.

Table 4 shows mean monthly moil temperatures at three principal towns in the savamna
zones of Nigeria., Too high 80il temperatures may inhibit proper root development and
growth. Consistently high so0il temperatures at places such as Mokwa may militate against
successful development of mycorrhizas for good growth of pines in spite of ite low latitude
and anmal rainfall compared to places like Afaka.,

Other factors of the enviromment such as daylength and sunshine and values of potential
photosynthesia computed from them have been eastimated to be adequate for plant growth in
the savanna zones, Sucoessful afforestation in the savanna zones of West Africe, therefore,
will depend on the proper melection of plantation species which are sufficiently adapted fo
utilize the very limited s0il moisture (and sometimes the very low levels of nutrients) for
maximum dry matter production under the prevailing envirommental conditions,
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Figure 2 «~ MAP OF ANNUAL RAINFALL (MILLIMETRES) IN WEST AFRICA l/
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TABLE 3
MAXINUM AMD MINIIOIN TEMPERATURES AND RATNFALL IN WEST AFRICAN SAVANMA
[focation ] dem JFeb | NaT | Apr | May | Jun jJuly | Aug |Sept | Uct | Nov |Deoc | Nean Tot. Amn,
Nax & Nin Rain
Toap (°F) | (iaches
o ° Acor Coantel Sw
cora (Chana): 20 £t g;‘l'l! O 12'W
39 wax 187.9 1 87.9 .3 0 .7 84.14 82.7, 80.8, B2.4, 84.9, 87.1, 87.5 85.6
29 min {73.6 | T4.9 ] 75.6] T5.6] T4.&] T3.5] 72.5]| 71.4| 72.3| 13.3] 14.2 ] 74.2 73.8
4? EYE .0-1 105 2.2 300 500 705 2.0 0-6 1.5 2-3 1.4 1'.0 2806
Loné a: 34 rt 6%8'W, 1°11'E ‘
5 @AT )85, 1 <711 B1.9 86.2, 85.5; 82.8, 79.7, 78.8, 80.2, 83.3, 85.5, 85.3 , B3.8
15 avg °.6 009 1.3 4.6 5.7 B.B 2.8 0-3 1.4 2.4 1.1 0.4 30.8
Southern Guinea Savanna
o {Ghana): 637 £t 9%24'N, 0°S53'W
34.“ o3r00-3 101.1 03 94.2 90-2 8701 8‘- 8705 91-8 95-3 93.2 93.5
34 min |66.4 {1 70.4 { T4.0| 73.8] T2.7] 70.8| T0.9] 69.8| 69.71 T0.5] 69.6] 69.5 T0.7
38 avg] 0.1] 0.3 2.2] 3.2| 4.7} 5.5] 5.50 8.1 8.9[ 3.7| 0.7| 0.2 42.9
ida (Wigeris): 605 £t 9°04'N, 5°59'E
S max 193.8 1 97.0 ¢ 98.3) 98.1) 93.3) 88.0y 85.7; 84,3 86.1,89.8, 94.6 , 94,0, $2.0
5 min }70.0 | 73.4 { 76.0| 77.3} 74.2} 72.7| 72.1| 71.8| T1.5] T1.6]| 7t.1| 68.5 | 72.5
R25 avg | G.1| 0.3 1.0] 3.0] 6.0 T.71 T.61 8.4} 10,21 3.8] 0.3]| © 48.5
) Northern (Quinea Savams
sa (Guinea): 1 7t 10°30'm, 9%53'w
5 mazx §E.Z '5%.5'_%.0“ 98,5, %4.5 53.1" 86.2, B5.1, 86.8, 89.5, 91,2, 90.8 , 91,6
5 min 56.8' 62.8| 0| ool 13:1] 10l8) 60%6] esle] es.s | es.) dslol selof s
bo Dioulssso (Upper-Voltal: 1 1ﬁ 11°12'%, 4°17'%
5.“ 93. » |100. 1W. 13 1.2 TO 5.5 BT.B 93-0 9502 94-6 93-6
5 min 60-.3'62.1 69.5 12.2| ?0.6| 11.ol 69.6] 69.3} 68.8] 69,3} 66.8) 62.0] 67.6
10 avg | 041 0.2 1.3] 2.1] 4.0l 4.8] 9.8] 12.0] 8.5] 2.5] 0.7 © 46.4
. Jos Plateau
os (Wigeria): 4 230 £t 9°52'm, 8°54'E :
max )82 5. T2y 08,5y 85.0; 80.9, T6.4; T4.9, T8.6, 82.2, 83.4, 82.4, 82.2
5 min |57.0 ] 59.3 | 64.1 65.4] 63.4]| 62.7| 62.3] 62.2] 62.2 31 57.2| 61.9
Mavg| 0.1] 0.1 1.1§ 3.4F 8. 8.9] 13.0{ 11.5] 8.4] 1.6] 0.1l 0.1 56.3
. Sudan Sevanns
bacounda (Semegal): 187 £t 13°46'N, 13°11'NW
5 aax 4 94. «0 3 102.8,105.8; 103.3; 97.0, 90.0, 87.3; 88.8, 90.0, 95.2, 93,0 95.7
5 ain [58.8 [ 61.0 | 67.1%1 70.2] 75.6] 73.6] 71.5] 71.5] 72.21 71.5] 63.4| 59.4| 67.9
10 avg 0 4] o 0.1 1.1 609 7.6 12,0 805 3.2 0.1 o 3906
iYs 1076 £+ 12%39'% "W
5 HAX L] - 10 .4 03. 100- 9403 8?.6 8516 3312 9200 94-0 91 90 94-0
5 min {63.0] 67.0 | 73.6] 76.6] 77.8] 74.2) 72.0) Tt.1]| Tt.3) 71.6] 67.0| 63.8] 70.8
0 avg1 O 0 0.1 0.6 2, 5.3] 11,01 13.7] 8.1F 1.7] 0.6] © 44.0
er-Volta): 991 £t 1222w, 1231w
5 max #0101, 106.0,107.0, 102, T.d, 92,6, 89,3, 92,4,100.1,101.8, 97.6 98.7
5 min |57.6 | 61.0 | 69.6] 75.8] 76.8] 73.6] 71.8] 70.4| 70.0} T1.6| 66.2| 59.6] 6B.7
RWDavg' 0 ' 0 .1l 0.3' 2.7 4.5] 8.0} 12.4] 5.1} 0.5] o© 0 313.6
i rn. 1 549 £t 12%2'%, 8°32'E
5 III .9 5- 00- pr -4 4.5 87.2 85.1 88.0 93.5 ,2-5 BT. 91.6
5 min 56. 59.5 | 65.9) 12.4] 74.8 T3.9) 1.1} 63.6[ 63.4] €8.1] 61.6] 56.9]  66.6
0,1] 0.3 2. 8.0f 12.4] 5.11 0.5 33.6

Note: The mborl after T and R indiocate tho maabear of yearn from which tuporth:re (-) and

rainfall (R) values were calculated,
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INTROICTION

The termm West Africa is commonly used in referring to countries laying east of and
along the Atlantic coast of continemtal Africa. In' this paper West Africa will include
(Pugh and Perry, 1960) Nauritania, Senegal, Gambia, Guinea-Bissau, Guinea, Sierra Leonme,
Liveria, Ivory Coast, Ghans, Togo, Benin, Mali, Niger, Upper Volta and Nigeria. These
countries lie between the latitude 5°N and the Tropic of Cancer and cover about 2 200 miles
from east to west and 1 200 miles from north to south with a total area of 2 31313 041 square
miles., The 10-inoh imoliyet where the density of population ia about 2 persons per eguare
mile is more or lems the morthern boundary of the Sudan zone and of West Africa.

CLIH&!I.‘EI/

Climate is a very strong and active factor affecting moil formation as well as plant
growth in Weat Africa. Iite effect on the Boil is showm directly in rock weathering,
leaching of basem, soil development and indirectly 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 magses - & dry continental air mass to the nmorth and a moist body of
tropical maritime air to the south.

The latter brings rain which produces the wet and dry seasons, whiist the former
br in the cold, dry air from the north which is called hamattan. North of latitude 8°
or 9N there ie only a single wet sepson with a single peak and followed by a long dry
seagon. South of this latitude there are two distinot rainy seasons with double peaks,
namely April-July and Qctober-Hovember,

In the pavanna aress, average anmial rainfall is generally less than 1 150 mm; the
range would be from 510 mm to 1 150 mm. Potential evapotranepiration ranges from 1 270 mm
to 1 520 oo (50 to 60 inches) a year (Ahn, 1970). .This creates a general deficit of soil
moisture throughout the zome. The findings at Afaka Forest Reeerve (Samie, 1973) showed
that the 1 360 mm (54 inches) of rainfall in 1969 provided an ample supply of available
soil moisture to grow plantation trees in this area. It wae also reported that regions
with less than 380 mm of rainfall are unlikely to support matural forests (USDA, 1938)
and areas with less than 760 mm do not readily allow economic production of timber. Heavy
and concentrated rainfall effects leaching of weathered materiala in the profile. The
amount of rain infiltrating into the aoil depends upon its intensity, vegetation cover,
slope of land, @¢il moisture content, Boil texture and compactnese and time of day. Less
rainfall and eparse vegetation with warm temperatures allow less percolation in the soils
of the northern parts of the savarmas than in the high rainfall, high foreat beli of the
southern parte of West Africa., Slow and even rainfall permite the water to peneirate into
the ms0il, whereas a sudden downpour creates runoff and aleo causes soil eroeion. Due to
this difference in amount of rainfall betweem the northern and the southern parts of West
Africe, (see Rainfall map, page 16). leaching also varies, being great where the rainfall
ie heavy so that the tendency of the s0il reaction would be slightly alkaline to neutral
in the northern part and acidic toward the southern part (Ahn, 19713.

GROLOGY

West Afriean geology comsists mainly of three lmown classes of rock formations, The
first two are crystalline rocks,or igmeocus (granite) and metamorphic (gneiss and quartzites),
which are the oldest (pre-Cambrian) %:ee Map 1) and together these are commonly called rocks
of the Basement Complex. Less extensive are the younger sedimentary rocks which cover most

1/ A more detailed discugsion on climate is. presented in the preceding paper
by M.A, Ogigirigi.
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of the Niger River valley and western parts of Senegal and Guinea, The very much older
sedimentary rocks (sandstones) are found mainly in the Northern areas of the Ivory Coast
and Guinea. Most of these sedimentary rocks alsc 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 upiand features of the Guinea Highlands, the Atakora
Ranges, ithe Jos Plateau, the Fouta Djallon and the Adamawa Highlands. Most rocks on the
Basement Complex are less resistant to erosion and subsequently levelled the lands almost
to wide plaine, lmown by some authors as peneplains, Widely scattered over the peneplains
are isolated hills in the form of domes made up mainly of granite. They are commonly bare
or covered by very thin soils or gravels and stones and are known as insolbergs. Rocks of
the Basement Complex produce poor soils as the minerals compoasing them are very resistant

to weathering and contain very low reserves of weatherable minerals., Upon cropping, the
soil fertility is soon depleted. Through traditional experience the farmers have learned
that in order to produce good crops it is better to abandon the farmas for a while and settle
in another virgin area. Five or more years later when native vegetation has been re-
egstablished in the abandoned area, farmers will clear and farm again. This is the basis of
what is known as "shifting cultivation®.

Volcanic¢ rocks are located in the area around Mambilla, south of Potislkum, on the
Jog Plateau and to a emall extent in Semegal, Soils formed from this rock are generally
much more fertile than those from the Basement Complex, as the content of weatherable
minerals ia high.

SOILS, GENERAL

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

The breaking of rocks into fine particles ie accomplished by either az mechanical or
chemical proceas, or by both. Where temperature is high and rainfall is low as in the
northern partea of Weest Africa, rock weathering is mainly by mechanical means and thus pro-
duces coarse textured soils which are usually of low fertility. DBut towards the southern
parts, rainfall becomes progressively greater and rock weathering gradually changes to
chemical means producing fine texiured soils. The rock minerals change into more soluble
forms thus producing more fertile soils. In the drier areas, the savamna vegetation (grass
and trees) dominates, but in the much weiter areas, high forest becomes dominant. In

eral, the volume of vegetation in savanna areas is less than that in the forest arecas
%::n, 1970). "Trees tend to exiract nutrients from the soils at much greater depths than
Zraseee. Due to seasonal burning in the savarmae, large anounte of organic matter and soil
nutrients are lost. Purning is not frequent in high forest areas and the mutrients in the
top soils are greater than in savanna soils. Prom 15 om and deeper the amount of nmutrients
in the horigzons is practically the same for both savanna and high forest soils.

SOIL CHEMICAL PROPERTIES
The chemical aapecia of Weat African savanna guvils were discussed in detail by Nye
and Greemland (1960), Ahn (1970) and Jones (1973). The following discumsions will be
limited to the chemical characteristics of the 80il that were found to influence the
establishment and growth of exotic tree species.

Organic Matter and Nitrogen

Many West African savanna soils are low in organic matter and nitrogen. This is
caused primarily by the effects of envirommental factors and human interference on vege-
tative growth. Usually in undisturbed soile, the level of organic matier builds up to a
limit govermed by the type and production of vegetative materiala,




Table 1 shows amounte of m0il carbon and nitrogen for some mites in the savanna areas
of West Africa. At Tambawa in Sudan savanna, for exsmple, the average contents of carbon
and nitrogen were 0.22 and 0.022 percent, respectively; whereas corresponding meen values
of 0.98 and 0.058 percent were recorded at Afaka in the northern Guinea savamna., A stiriking
feature of organic watier apd nitrogen in savanna eoils is the similaprity in their distri-
tntion to vegetation patterma. This ie basically so, as the vegetation serves s a medium
through which other factora that influence organic matter level express themselves.

TABLE 1

CARBON AND NITROGEN CONTENTS OF SOME SURFACE
WEST AFRICAN SAVARNA SOILS

e [ B | [ % [ a | o
Ghml/ 1 143 9 6.0 0.44 0.034 12.9
Ivory Goastl/ 1 780 5 4.6 1.15 0.063 18.3
Upper Higer 381 10 6.2 0.23 0.022 18.5
Afaka, Nigeria 1 245 24 5.9 0.98 0.58 16,8
Mokwa, Nigeria 1 18 19 6.3 0.88 0.060 14.6
Yambawa, Nigeria T62 5 5.9 0.22 0.022 15.0
Hade jia, Nigeria 610 3 6.0 0.23 0.021 10.9

1/ Data quoted by Kye and Greenland (1960).

Jones (1973) has shown that the two major factors governing the amount of carbon and
nitrogen in well drained West African savanna soils are clay content and a moisture factor
measured by the length of the wet season. Recently, Kadeba (1975) showed strong significant
correlation between organic matter and mean annual rainfall for some sites in the savenna
zone for Nigeria. The effect of latitudinal poeition on organic matter level was also
demonstrated. There was a decrease of 0.40 and 0,03 percent, respectively, in soil carbon
and nitrogen contents por degres latitude to the morth. Not only does quantity of organic
matier in the 80il vary with envirommental conditions, but also the quality. Work done on
savanna soila showed the C/N ratio decreases with decreasing rainfall, in keeping with the
findinge that the degree of humification of organic matter increases with drymess of
climate (Puchaufour and Dommergues, 1963; Jonee, 1973).

Burning, cultivation and grazing are common features of peasant agriculture in West
Africa. The degrading effects of theee practices on soil organic matter and mitrogen have
been demonstrated (Jenkine, 1964; Moore, 1960; Nye and Greenland, 1960; Jones, 1971:

Jones 1973). The suppression of nitrogen mineralization by anmual early burning was docu-
mented in a study at Afaka in northern Guinea savanna (Kadeba, 1973).

Available data provide evidence of the influence of Boil parent material on soil
orgenic matter. This ia expected, in as much as parent material determinea soil texture.
In a region of predominantly eandy seils, the influence of clay on soil fertility and hence
on vegetative growtk could be considerablie.

Phosphorus

Phoaphorug iz one of the primary elements limiting the growth of forest trees in
savama areas of West Africa. Most savanna soils have less than 100 ppm total P. Little
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concentration of phosphorus occurs through vegetative cycling and spectacular responses to
applied P have been observed in several areas (Nye and Greenland, 1960),

The data of Ipinmidun {1973} shown below provide information on the levels of total
and organic P that could be met on some sites in the Nigerian savenna region,

- Organic P Total P

Soil Cat
Location oil Category (ppm) {(pom)
Azare Juvenile soil on

aeolian sand 10,6 37.6
Mokwa Undifferentiated

ferrisol and lithosol 25,3 73.6
Ochanja Ferrallitic 39,8 82,2

Many West African studies have shown that values of organic P constitutes a signifi-
cant propotion of total P (Omotosho, 1971; Acguaye, 1963; Friend and Birch, 1960), It
hae aleo been suggested that input from organic P through mineralization to available P
could be comparatively large in theee 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 inetances 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 satisfectory P concentration in the
eoil solution, Residual effects of phosphate gave significant correlation with crop yield
on such soils in a field experiment in Samaru (Ipinmidun, 1973).

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

Exchanggable Nutrients and CEC

The mest important parameter determining the cation exchange capacity (CEC) of savanna
surface soils is the soil organic matter content, In +the Guinea savanna, it has been
estimated that between 60 and 85 percent of the cation sxchange surface is provided by the
organic matter (Kadeba and Benjaminsen, 1975); the CEC of organic matter was calculated as
lying between 282 to 322 mE /1003. In the subsoil it is the minersl fraction of the soil
that makes significant contribuiion to the CEC, In keeping with the kaolinitic nature of
the clay as well as the low organic matter level, the CEC of the soile are generally low,
often less than 10 mEq/100g.

The levels of the exchangeable catisens are determined primarily by the kind of soil
parent material, Soils derived from Basement Complex contained between 0,35 and 3.99 per—
cent total K compared with 0.06 and 0,11 percent total X for soils derived from sandstone
(wild, 1971). Except in sandy soils, cation deficiency is not a seriocus problem uwnder the
non~intansive farming conditions which prevail over most of the savanna region of West
Africa, Moreover, because of the low CEC, the percentage saturation of the exchange
complex by the individual cations is relatively high and this might be a favourable factor
in their availability,
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Micronmutrients

There is limited evidence of the effects of micromutrientis on growth of exotic tree
species in the savanna zone of West Africa. In Nigeria, the die~back of eucalypts has been
associated with boron deficiency. At Samaru, hot-water-soluble boremn, which is used as an
index of availability, ranges from 0,03 to 0.13 ppm with a mean velue of 0,076 ppm. There
is evidence that sulphur and molybderiwn levels are often marginal for groundnute,

SO0IL CLASSIFICATION

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

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

Zone of lateritic soils. The soils in mest of this area are poor and clearing of new
landes 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
Cropsa,

Equatorial forest soils, High foreste 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 soile, The s0ils in this claes are mostly mud and sand mixed with
organic matter and are ueuslly saturated with brackish water. Vegetation is mostly
mangrove. When properly washed and drained, the soil cen be used for farming.

Another more precise and technical claseification was prepared by D'Hoore {1964), 4
similar soil classification was also prepared by Unesco and FAOQ, but in as much as the
50il map published in FAO Forestry Development Paper No, 19 (FAO, 1574) 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 FAQ
Forestiry Development Paper No., 19, Only soil unite covering the Sudan and Guinea zones of
West Africa are included in the following discussions, The s0il units numbered in figures,
correspond to those in the legend on the s0il map.

Raw Mineral Soils

The term "sgoil" may scarcely be applied under this group, The environmmentel condi-
tions sncountered here are so unfavourable to biological activities that living processes
and the pedogeneeis they promote are lacking almost completely., These are "pre-soilg", or
golils near gero time in soil formations The raw mineral "msoils" are of particular import—
ance because of the enormous surface they cover, specially in the northern parts of West
Africa,
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1. Desert Soils, Undifferentiated

Definition., This includes all loome materials, mostly sandy and submitted to desert
conditiens. 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 mich value for foresiry.
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. )

Heak;x_Devaloped Soils

Soils in this group are classified with the order emtisols {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 differesntiation of horizons. Factors contribu-
ting to their poor development are:

a) Parent materials low in alterable or trensferable minerals and

b) Erosion processes that remove loome superficial layers as soon as they are
formed, either due to strong relief, intense winds or rainfsll, or by all of the
theze factors, '

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

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

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

Value for foresiry. Generally low. This soil requires erosion control measures,
such ag contour tremching, planting on the contour and application of fertilizers, to raise
the level of fertilitiy. This s0il can be used for reforestation of shallow rooted trees
or trese whose roots can penetrate the plinthite layer,.

T Weakly Developed Soils on Young Allevium, Often Halomorphic or Hydromorphic

Definition, Deposition is still proceeding intermittently in these seils 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 depozits 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 diecermible, but on clder formations covered by vegetation there
are humic horizons, showing structural development and a gley horizon becomes perceptible,

Distritution, This seoil unit although not very extensive, is well distributed. It
may 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 the type of climate, Alluvial plains often comprise the soils with
the highest potential for planting. 1% 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 iz sufficient moisture available,
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3. Lithomorphic Soils with Dark Non-Kaolinitic ClﬁaI Developed on Calcareous and Basic
Igneous Hocks, but as a Mule net in the Humi €8s

Definition. These lithosols on & calcareous crust may still be forming and are a
product of present day soil formation, They are found on loose sediments, generally in
asgociation with brown soils of arid and semi-arid tropical regions and in areas with flat
or slightly undulating relief, A thin layer of brown to red aeolian sand overlays a
calcareous crust of variable thickneas, 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 sc far as the loose overlying layer is sufficiently
thin (30 om).

Distribution. This formation is limited to the relatively arid regions situated near
the border of the desert or in the northermm part of Senegal. In North Africe its presence
seeme linked to calcarecus hedrock,

Value for forestry. 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 probiem 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 eoils are darkened by organic matter in the greater part of the
profile under sieppe vegetation, are without an As horizon, but have a textural strecturai
or colour B horizon. The reserve of weatherable minerals in the soils is often consider—
able but this depends on the composition of the parent material. Ordinarily they contain
appreciable quantities of clay minerals with 2:1 lattice, The cation exchange capacity of
the mineral complex,which iz medium to high, is more than 50 percent saturated in horizons
B and C and often contains free carbonates, These s0ils are situated between the desert
areas and the equatorial region,

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

Definition. These soils are formed under a hot dry climate where annual rainfall
rarely exceede 500 mm, Thay are of'ten formed on aseolian deposits where the climate is
rather more humid and the parent rock rich in bases., Impeded extermzl drainage seems to
favour their development,

Although the total organic matter content is low (less than 1%) it is well distributed
throughout the profile, The French classification subdivides the group "sols brune sub-
airdes" into two subgroupst the brown soils proper and the red brown zoils. 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
chronologioal successions to explain their present co-existence, '

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

Value for forestry. Uenerally, these soils are not suitable for forestry due to low
rainfall, but under irrigation they may be able to produce early maturing trees, fultiva-
tion tends to deteriorate the good structure and permeability of the soil., Addition of
organic matter should be maintained but excessive irrigation should be avoided as this
could induce more 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. African
vertisols have all of the morphological characteristice of trme vertisols but the clay
fraction is rather lower in expandable minerals and consists more of amorphous gels, than
thone defined under the U,S.D.,A, Tth Approximation,

Vertisole are subdivided inrto (1) lithomorphic vertimols and (2) vertisols of
topographic depressions. Each subdivision is related to distinet geomorphological features
that can be mapped readily and correspond respectively to the usterts and aguerts of the
USDA Tth Approximation, ’

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

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

Distribution, These soils are found only in areas under conditions of relatively
well marked seasonal droughtt three months of dry season and a mean annual reinfall 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 dresinage and desalinization. After
drainage, these soils may be used to grow trees with high water requirements like Eucalyptus
robusta, In the Sudan 2one trees like Acacia nilotica, A, seyal, A, albida and A. Senegal
may be tried.

Perruginous Tropical Seils (Fersiallitic Soils)

These are soils with an ABC profile; some have an A2 horizon and a textural B horizon
cghowing uniform or a weakly prismatic structure. There is & 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 ailt/clay ratio is generally above 0,15, The clay is mostly
kaolinitic but often contains small amounts of 2:1 lattice clays, OJibbsite is generally
absent, The 3102/£1203 ratio is near 2 or slightly higher, while the SiOz/R203 ratio is
alwaye below 2, The cation exchange capacity of the mineral complex is low but higher than
that of ferrisols and ferrallitic soils having comparable (granulometric) clay contents.
The cation saturation of the B horizon generally exceeds 40 percent (normal ammonium
acetate at pH7),

As compared to the ferrallitic soils that often overlay weathered layers several
moetres thick, the ferruginous tropical seil profiles are seldom thicker than 250 cm, The
thickness of the altered layers that separate them from the fresh rock is always lees than
100 em over crystalline acid rocks,

Colours are duller than those of ferrallitic seils and fall in the 100 YR and 7.5 YR
range, exceptionally in the SYR 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 wnder the ultustalf,




Their high content of alierable ferruginous minerals may give rise to impaz;tant
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
Wﬂinant Kaoclinitic, Nore Tﬁan!“ztmaturated. Often Appreciable Mineral Reserve.
ontined to Semi-Rumid Areas

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

Distribution. The distribution of this s0il is zonal, generally covering the Sudan
zone and the northern parts of the Guinea zone,

Value for forestry. This soil is generally usged for planting of many species of
Bucalyptus and some species of pines, Although relatively poor, the land is suitable for
mechanized farming and gives good response to fertilizers, DBetter response to fertilizers
is achieved by increasing the organic matter content of the soil. 1In spite of the low
rainfall in the area, soil erosion needs attention,

16, Ferruginous (Fersiallitic) Tropical Soiis: on Miscellaneous Rocks.

Definition, Because of the high quartz content of their parent materials, these soils
are generally lighter then 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 o
a textural B horizon.

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

Value for foresiry., 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, thie is
effected mainly by surface erosion which forces the profile to develop in depth at the
expense of lese weathered parent material, The ferrisols, just as the eutrophic browm
soils of tropical regions, are distinguished from neighbouring soils by their better
structure, their higher bislogioal activity and, therefore, by their higher fertility.
More widespread than the eutrophic brown soils of tropical regions, they also developed
under more humid climates,
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17, Ferrisols: Clay Complex Almost Entirely Kaolinite and Oxides, Less than SO
Saturated, Low ﬁeml Reserve, Confined to Hwmid and Semi-Humid Areas
Definition, Ferrisols have a profile closely resembling that of ferrallitic soils,
often having a structural B horizon with aggregates having glossy surfaces, These coatings
are not always evideni when a profile has become dry. They are not necessarily coatings of

clay btut may be due to the presence of mixed alumino-silics gels. The reserves of weath-
erable minerals are generally low but may exceed 10 percent of the 50-250 micron fraction.

The clay fraction consista almost entirely of kaolinite, free iron oxides and
amorphous gels, sometimes with small quantities of 2:1 lattice clays and gibbsite, The
5102/A1203 ratio is near 2, mostly slightly below 2, The cation exchange capacity of the
(granulometric) clay fraction of the B horizon gemerally exceeds 15 mEg per 100g and is
intermediate between that of ferruginous tropical seoils and that of ferrallitic soils
sensu. gtricto. The saturation of the B and C horizons is less than 50 percent (normal
ammonium soetate at pHT).

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

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

Vaiue Ffor forestry. Although these soils are higher in plant nutrients than ferralli-
tic seils (sensu stricto), they appear to be relatively poor soils as compared to the
eutrophic brown soils of tropical regions which have developed on similar parent materials.
When climate, landform and altitude permit, they are suitable for most trees like ieak,
Gmelina and pines,

Ferrallitic Soils (Semsu Stricto)

On the African continent ferrallitic soils cover approximately 5 338 000 km€ or more
than 18 percent of the total surface., Consequently, the ferrallitic soils are the most
extensive group of soil unite in Africa. (Less homogeneous desert detritus, with
5 913 000 kmz, 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 spils is
not exclusively the result of present day soil formation. Many are polygenetic, i.e. recent
goils developed in old weathered layers thal have undergone ferrallitic pedegenesis and
swhich have remained in place or have been reworked and redistributed according to the new
relief of the rejuvenated landscapes, Such ferrallitic mantles are most frequent in inter-
tropical Africa, whers they persisted due to the flatness of the major part of the conti=-
nental massif.

The eubdivision that has been maintained ie a compromise among the different systems
of classification that were in use in Africa at the time when the partial maps were
establighed. It is based on criteria that at first glance may appear somewhat ill-assorted
and where colour occupies a paramouni place.

20, Perrallitic Soile: on Miacellaneoua Rocka

Definition, These are soils that are often deep, whose horizons are only slightly
differentiated with diffuse or gradual transitions, but sometimes having an A5 or textural
B horizon. This B horizon may have slight structure in the more clayey profiles but the
aggregates do not show clearly developed glossy surfaces as are described for the ferrisols.
The structural elements are often very fine subangular blocky peds, more or less coherent
and forming a very frisble, porous masa, There is little or no reserve of weatherable
minerals.
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The silt/olaar ratio (20/2 microns) is generally less than 0.25 in horizona B and C,
Clay minerals are predominantly of the 1:1 lattice type and are mostly associated with large
quantities of iron oxides, Although they are generally associated with hydrated oxides of
aluminum, gibbeite, one of the orystalline forms, is not an essential conetituent, though
it is frequently present, The 3102/A1203 ratio ip sometimes near 2 but usually below. The
cation exchange capacity of the {granulometric) clay fraction is generally below 20 mEq per
100g and the level of saturation in horizons A and B is generally below 40 percent (normal
ammonium acetate at pHT). It must be noted that this definition is slightly more restric-
tive than that of the French classification. In the USDA classification, 7th Approximation,
certain ferrallitic soils could be ranged among the oxisols, but the absence of oxic
horizons excludes many others which tend toward the ultisols,

Diptribution, This element is ap egually well distributed to the north ag to the
south of the equator but the total surface occupied is much less then 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 ~ 60%), witE the nature of the rock from which they are directly or indirectly

derived, with the present-day climate that ranges from per—humid to sub~humid and with the
vegetation the climate has induced.

Due to their low base saturation, the quantity of bases that must be added 4o increase
yields epignificantly 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 Soilsg, 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 eoils is not as
extengive ag 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 halamcrphy.

Walue for forestry. Several of these soils have relatively litile value for foresiry
espeoially those that are waterlogged either temporarily or seasonally., Their reclamation
may necessitate control of the water level., However, some species of trees like Eucalyptus
robusta may be tried,

SUMMARY AND CONCILUSIONS

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

The different kinde of parent materials and living orgsnisms acted upon by the
different elements of climate resulted in the formation of different kinds of soils, To
be able to study diligently all these kinds of soils would first require a systematic
clagsification so that similar soils needing similar treaiments or management could be
grouped together,
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The ferruginous troplcal soils are the most widely encountered scils 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 seomed to favour their formation. Many pilot plantation trials of
different species of eucslypts and pines (P, caribasea and P, cocarpa) have given very good
resultis when grown in the Guinea zones,

The soils north of the ferrugineous tropical soils are the larmzest in extent in West
Africa but, having very little rainfall (less than 500 mm per year), produce scanty
vegetation. They alec have very little value for forestry, Trees like Azadirachta indica
seemed to be favoured north of the 500 wm isoyeth, but lately, Acacia genegal, A, albida,
A. seyal and A, nilotica are becoming important trees in this area; A, senegal for its gum
arabic and A, nilotica for its tanning material, '

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

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

In relation to chemical properties the soils most suited to plantation development
are those in which there is a) sufficient depth of soil above the parent rock and
b) a sufficient amount, and in proper proportions, of mineral nutrient elements, Pew
sites meet these criteria. Quite a good number of the various species of eucalypts being
tried in the afforestation programme will thrive well on sites with marginal fertility if
the problem of die-back caused by boron deficiency is rectified. FPinus species need an
adequate lavel of phosphate for succeseful establishment in the field, Because of the
acute phosphorus deficiency of most savarma soils, application of phosphate fertilizer to
vines has become a standard practice both in the nursery and in the field, Significant
responsas 1o nitrogen are obtained if P deficiency is firat 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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Dagert, undifferentiated.

Skeletal solls mostly debris with pockets of amoila.

Weakly developed soils on young alluvium often halomorphic or hydrcmerphic.

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

Lithomorphic soils 4ith dark non=kaolinitic clays.

Soils of dark nen-ksolinitic clays confined to topographic depressiors in semi-arid arees.
Perruginons (fersiallitic) tropical moils on sandy parent material,

Ferruginous {fersiallitic) tropiocal soila on miscellaneous rocks.

Ferrisole: clay complex almost emtirely kamclinitic and oxides less than 50% saturated.
Ferrallitic soila: on minosllaneous rocks.

Hydromorphic soils, temporarily or permsnently water loggwd,

AN

For greater detail end other regions, wee Laurie (1974}).
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The olimate claseification most commonly used in French-speaking Africe im the one
established by Aubréville and discussed by him in particular in the texts Climates, Fordis
et Dépertification de 1'Afrigue ical (Aubréville, 1949) and Flore Porestisre Soudeno—
Guinfeme (Aubréville, 1950 ). ese climates are described only schematically in Tree
Planting Practices in African Savannas (F20, 1974).

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

a) the first gives the number of very rainy months {T>>100 mm);
b) the third gives the number of ecologically dry monthe {<<Z30 mm);

¢) the second, usually the smallest, is that for the intermediary monthe, neither
dry nor wet.

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

The next mont important factor after rainfall is the saturation deficit and its
fluectuation over the year, Unfortunately only very few weather stations record atmospheric
hygrometric measmirements.

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

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 typicalj;
the Ssahel-Sudan;

the Sahel-Sahara;

the Sshara,

[ I ]

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 a2 long strip roughly
paralleling the equator from Senegal to the mountains of BEihiopia., It is definjtely con=
tinental and does not reach the seas. On the west, the Sahel-Sudan gives way to maritime
climates that may be considered as vaeriants (e.g., the Sahel climate of Senegal and the lower
Casamance climate).

The area stretches ) to 49, its limits being slightly inclined on the parallels with
itz northern limit in Senegel at 16° N latitude and at the Nile, 129 or 139 N latitude,

Temperature

Average anhual temperature: 26° to 31,5°
Average maximm monthly temperature: 30.5% to 36.5°
Average minimum monthly temperaturs: 249 to 28.2°

Minima: in January and August
Absolute maximum: in April
Relative maximum: 4in October



Rainfall

Rainfall index: 400 to 1 200 mm, almost always less than 1 000 mm

Rainy season: short to very short with 2 to 4 very rainy months; maximum in August
Dry seasen: severe with 6 to 8 dry months, more rarely 5 '

Rainy seasgon index:

2-2-~8 3-2-17 3-3_2

3-1-8 4 =1 =7 -2 -

2-3=7 2-4-6 ' 4-3-5
Sahel--Senegal Climate

ransition climate between the marine trade winds climate of the coast of

el-Sudan continental climsts,

o et
&

The temperature regime is similar to the Sahel-Sudan,

Average annual temperature: 26,5% to 28,3°
Average maxinum monthly temperature: 292 to 320
Average minimum monthly temperature: 23° to 23,89

Rainfall

Rainfall indext 500 to 900 mm

Rainy season: short, rwmning June to October with three very rainy months
Rainy season index: 3 = 2 - 7

Cuines~Lower Cagamance Climate

Thie ie a maritime subzone climate of the Sahel-Sudan occurring in Gambia, lower
Casamance, OQuinea-Biesau,

Tﬂerature

Average annual tempertaure: 25,2° to 26,30
Average maximum monthly temperature: 26.5° to 27.8°
Average minimm monthly temperature: 23.2° to 24,6°

Absolute minimum: in January
Relative minimmum: in August (contrary to the maritime Guinea climate)

Rainfall

Rainfall indext 1 200 to 1 750 mm
Rainy season index: 4 -1-Tor5 =071

Sahal—Smaﬁgl Coastal Climate

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




Tmture

This olimate is mach cooler than the Sahel-Sndan at the same latitudesn,
Average anmmal temperature: 23,7° to 25°

Average maximum monthly temperature: 28,4°

Average minimum monthly temperatures 209 to 21,69

Rainfall

Rainfall index: 400 to 550 mm
Rainy seacon indexs 2 = f{ = 9} 2 a2 aB; 2-3=7

Sahel-wghara Climate

Thiz ie a subdesert olimate, transitional between the Sahel-Sudan and Sshara climates,
It ocours across & broad strip of Africa rumning from Mauritania to the Red Sea along the
southem fringes of the Sahara,

Temperature
Averaga anmusl temperaturet 24,59 to 28,5°

Average maximum monthly temperature: 29,5° to 330
Average minimm monthly temperature: 18,5° to 219

Absolute minimum: in January, sometimes a second minimum in August
Absolute maximum: in May/June

Rainfall

Rainfall index: 200 to 400 mm, meximum in August
Reiny season index:

0=1-11 1 =0« 11 Tw1=10
0-3-9 1-2 2-1=9
0=-4-8 T__‘ga '

Sahara Climate

{1 4

The 200 mm isohyet is conventionally considered the limit of +the Sahara,

Temgera.ture

Average armmal temperature: 27,59 to 29°
Average maximum monthly temperature: 32,5° to 36,5°
Average minimam monthly temperature: 169 to 22,20

Expessive maximum: in June

Absolute minimm: in January

Relative minimumt esometimes, in August
Relative maximum: in September and October

Rainfall

Rainfall index: 200 mm
Rainy season index! Q0 m 0 =12} G =1 =11; 0-2=10; 0~31=9




CLIMATIC CHANGES

Geologi cal-Scale Fluctuations in Climate

During the Quaternary period and, especially the Pleistocene epoch, the whole world
underwent extremely severe changes in climats and in Africa, as it has been posesible to
demonstrate, there were three major rainy agest +the Keguérien, Kamasien and Gamblien,
These wet ages lasted far longer than the arid ones between,

In the Gamblien age, between the VIII and III millennium B.C,, the Sahara was par-
ticularly wet. Between 8000 and 6000 B,C,, it sheltered an equatorial type fauna that
attracted many hunters, From 6000 to 3000 B,C., 2 Neolithic civilization flouriched in the
Sahara (Adrar des Iforas, A¥r, Tibesti) while Ténére, Niger, this "desert in the desert",
was then a large lake that became a vast marsh toward 3000 B,C,

Between 31000 and 2500 B,C., there was a brusgque change of climate in which it tumed
dry, so that the population moved toward the south along the valleys {in particular the
Azawealk wadi),

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

The discoveries of geologists and stuients 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 algo went along with the
general withdrawal, it was possible for them to retain a hold on certain sites. Aubréville
mentions several of these species, namely:

- Anogeissns schimperii, found in an area extending from north of Tahoua, Niger,
along certain marshes and streams although with some difficulty there; regeneration
ig not easny;

- Celtin inteF.fol:la.;

- Baniellia oliveri; and

— The tamarind, the regeneration of which is becoming more and more rere.

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

From these observations, it might be concluded that what happened was an encroachment
of the desert during geologlcal ages, leaving behind a few islands of vegetation to the
south, tut can it also be concluded that at present the desert ie etill encroaching on
other land? Certainly not because, inversely, there are vestiges of an advance of the
desert further southward. For instance, throughout the Sshel one finds traces of meny sand
duwnes that once were moving and are now fixed; the most notable examples are in the Ferlo,
in Senegal, but there are also some in Mali, Upper Volta and Niger, if even only in the
immediate vicinity of Niamey, It is often surprieing, too, to find in the Sudan species of
definitely Sahel affinity, suoh as the numerous acacia {Acacia gourmensis down to the border
of Ghana and Upper Volta) and Balanites ae iaca, that ie found as far south as Parekou
in Benin. Tt is possible to attribute 8 to tranaport of the seed by livestock, btut it
ip also not impossible that these may constitute vestiges of a more proncunced thrust of
the Sahara than at the present time,

The above analysis, therefore, does not explain the current desertification in Africa
g0 it is necessary to consider present-=day changes in its ¢limate,




Present-Day Changes in Climate

Studying such changes of climate means essentially comsidering fluctuation in ammual
rainfall over meveral years, In certain localities marked fluotuationa ocour from one year
1o another, For instance, following are the fluctuations recorded at Niemey between 1948
and 1952

1948 6575 mm
1949 357.5 mm
1950 596.5 tm
1951 566,0 mm
1952 900,5 mm

Under these circumstances, it ie understandable that it is haszerdous to draw con—
clusions from fluctuatione 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, because of which the "prophets of doen” scream sbout "rapld 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 Figer mince 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 wneven, 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.

Average Rainfall

Place ¥umber of fmm Maximum Mintmum
Readings Recorded Recorded

15t half } ond half () {mm)
Agadbs 48 157.3 168,6 288, 2 39,7
Bilma 48 19.1 18,1 63.5 0
Dogon~Doutchi 46 647.3 586.7 1 011.6 158,86
Dosso 36 7042 658,8 1 048,0 433.1
Filingué 19 483.0 6705 878,3 284.4
Gayn 36 831.5 887,5 1 108,1 655+ 7
Maradi 39 6175 623.0 928,1 3623
Nguigmi 47 18646 24245 472,4 40,9
Fiamey Ville 50 59, 2 60349 900,5 308,8
Tahoua 47 36642 446,5 611,1 208, 6
Tillabéry 47 483,8 506,.8 74641 26549
Zinder 49 528,8 511.7 800.3 230.3

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, annwal
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 iz a trend toward rehumidi-
fiocation (8 stations out of 13 give figures showing that reinfall 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
¢limate,
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In eny case the above figures show at least that, if there is any change, it is
extremely slow and definitely dees not explain the rapid desertifioation that is occurring
at present, So other reasons for thia conversion into desert than a change in climate have
to be sought,.

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

Our conclusions are, therefore, identical to those of Aubréville in 1936: +to date
there is nothing to prove any trend toward a permanent change in climate, I+t would,
however, be extremely valuable to pursue such research in depth beceuse rainfall is fapr
from being the most important factors rainfall distribution and the duration of the rainy
season are equally useful factors for both agronomists and forezters,

CHOICE OF FOREST TREE SPECIES IN RELATION TO CLIMATE
AND DIFFERENT SOIL TYPES

The Climate

Laurie (FAD, 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 sciemce, 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, "What species will give the best results on
a certain type of soil?™

In order to conduct trials along these lines, it is necessary to have several dif-
ferent kinds of terrain (often difficult to £ind) and to do replicated planting all during
the same seaspon 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 valuazble,

Produotion stands

The goal of the Upper Volta project is to obtain the maximum yield of timber per unit
area, esaentially to supply the town of Ouagadougon with fuelwood and poles, it being
uwnderstood that this should be done in the context of maximum profitability. If the
production goal is itaken 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
accepteds In fact, usually after a soil soimoe/morphologr survey the land is claseified
as followst

= the moet fertile soils are defined as suited for farming;

= bottomlands, generally flooded during the crop-growing season, are defined as
suited for grazing (i.en as gresslands);

~ s0ils which from a glance are seen to be unfertile (definitely granite or lateritic
hardpen) 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 foreat trees, grassland or as suited only for forest trees,
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Such a classification is uselees because a= fiAr as concerms foresters the most
fertiley; rich soils should be those suited for growing crops——whether they be agricultural,
foreat or forage and fodder crops. On the other hand, soile defined in the past aa sulted
for growing graee or fTorest trees are not generally, with some exceptions, really cropland,

Proper management would consist of intensive utilization of fertile land for all
three purposes - agricultural, forest, and forage or fodder c¢crope — entailing a dividing
up of the land for these varlous purposes, As for the rest of the land 1t could be managed
on an extensive basis, natural forests being put under management with regular felling
cycles,

Choice of Spscies 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 ig, the more they will produce, and the poorer the soil, the less,

Bucalyptus camaldulensis, From the site comparisons, it appears that it ie possible
to grow E}aiﬁtua camaldulensis almost everywhere. As a matter of fact this is an
astonishingly plastic“ or adaptable epeciez and is the one that will certainly be used for
most plantations,

It mst 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 a2 suiteble species, even though its use
is still recommended,

It actually has a very short life span and begine to die when it reaches gix or seven
years of age so, in fact, the plantations are cut only shortly bvefore they would naturally
disappear.

Omelina arborea. Thisz species has been imported from the East Indies, the specimens '
of forelgn 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 meddy bottom=lands where it does not flourish should be avoided.

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

From the standpoint of soils, best conditions are achieved with a light soil, with
the water table at & depth of 1,5 = 2,5 m, although these are rather exceptional conditions.
The plasticity of the species is however such that no soil is excluded except those that are
extremely heavy which are to be avolded,

Casgia siemea, This species, like neem, gives good resulis within a rainfall renge
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 years ago in responme
%0 the poculiar ciroumstances of the area. The natural savanns woodlands are sparsely
stocked and low yielding (Jackson and Ojo, 1970) and, more often than not, have suffered
from overoutting in the past. Near the larger towns and centres of population tree
growth has virtually disappeared leading to acute local shoriages of woed., The result of
this was the introduction of a few species such as Azadirachia indica A, Juss (neem),
Dalbergia 8iss00, Gmelina arborea L. and Tectona grandim L.f. (teak), The fuel plantations
around such towmm as Solmto, Katsina, Nguru, Hadeija, Maiduguri etc, are s temtimony to
the efforts of the sarly foresters.

It was not, however, until 1959 that a comprehensive programme of species trials was
started; provenance trials are even more recent, the firmt having been established in 1964.
About 130 species have been itried so far including a few indigenous species, about 20
"tropical" pines and 60 eucalypts.

METHODOLOGY

The primary objective of the mpeciea trial is {0 teat plants of identical seed
origin and nursery ireatment simultaneously on mites covering a range of different climatic
conditions under identical cultivation snd maintenance regimes. 3

Savanna vegetation occurs in 17 of the 19 statea of Nigeria and covers about 85
percent of the land ares -~ about 800 000 square kilometres (300 000 aquare miles).
Ecologists recognize four different zones, namely the Southern Guinea, Northern Guinea,
Sudan and the Sahel (Keay, 1955). In addition to these four true savanna szones, a
iransition zone along the border with the rain forests, the derived savanna, is distinguished.
Theme zonea correspond well with climate = increasing length of the dry season from south
to north, and decreasing mean ammusl rainfall from south to north.

It was, therefore, recognised from the start that all the forest reserves could not
be covered at the same time and that representative sites would have to be chomen., It
was also underatood that the trials should be on the best sites available for afforesta~
tion. Initially only one or two sites in each vegeiation zone were selected and all the
seedlings were raised in a central nuraery under clome pupervision. Later planting was
expanded to about 50 other sitea, This necessitated the raising of plants in several
widely scattered nurseries with consequent poorer supervigion. The value of the extra
information obtained from these mites was diminished because the planting stock was not
wiform. In addition, care and maintenance almo varied because supervision was inadequate.
It became obvious that the number of sites had to be limited to one or two within each
vegetation belt. This led to the development of the present experimental arsaa in
Yambawa, Afaka, Mokwa, Miango and Nimbia.

PROCEDURE

The procedure used, which has been fully describved by Kemp {1969), consists of

three stages, namely: (a) elimination trials; (b) growth trials and (c) plantation
trials.




-47 =

Species Elimination Trialas

Thease started as nine iree plots with a randomised blook deaign and four replications
but with & provision to include one large plot, of 36 trees, of each species in each trial.
The ides was to maintain the larger plots as arboreta after the final assesament of the
trials at the end of the second dry season. High mortality of moat species led to the
Plot size being incressed to 25 trees and the discontinuation of the larger arboreta plots.

Normal plantation espacement of 1.8 m'x 1.8 m (6ft x 6ft) was used initially but
this was changed to 0.9 m {3ft x 3ft) in 1962 +o Teduce maintenance coats and the poBaibi-
lity of pite variation within each irial.

Certain criticisms have been levelled againat this atage of the mpecies trials.

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

bhile it is true thet atatistical analysis wes not necessary to distinguish gross
differences in survival and growth, the woil conditiona of the savanna, which vary
greatly over short distances, make replication very important.

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

This is a justified criticism, and in practice the length of trial was increased
1o four years because some mpecies are alow starters while others may show early promise.
This caused other difficulties as very vigoroualy growing species tended to suppress those
growing in adjacent plote. The anawer to this may be to increase the empacement to
between 5ft = 6£t (1.5 w = 1.7 m).

{c) The trees were not planted under normal fieid conditions e.g. large espacementa
with mechanised weedings.

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

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

The elimination trials were not designed to do more than eliminate useless species.
The gecond stage is meant to yield all the other information that may be required of the
chosen gpecies. The time lag in obtaining these data (2-4 years) if the smpecies elimina-
tion trials had bLeen larger is more than compenasated for by the reduction in costs and
space. It must be remembered that only about a quarter to half of the species reach the
second siage and if the trials are repeated for two or three years in succession, management
of the experimental areas will be difficult because of the “empty"™ plots.

The authors, therefore, recommend that (1) this stage be retained in mpecies
introduction, with replication or without depending on moil variability on the siies on
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on which afforestation is envisaged and (2) that spacing be determined by existing techno-
logy and facilities of the countiry making the introduction. For example, if Nigeris were
to try new species in the savanna areas, they would protably be planted at 2.6 m x 2.8 w
(9rt x 91¢), about 0.4 ha (1 acre) in size at a corner of the yearly plantations.

Species Growth Trials

These are ususlly of randomised Ylock or latin square demign with four replications,
and were originally spaced 1.8 mx 1.8 m (6f¢t x Gﬁz. Mhen mechanical cultivation was
introduced, spacing was increased to0 2.7 m x 2.7 m (9ft x 9ft) or 2.7 w x 1.8 m (9f% x 6£t)
depending on whether cultivation was to be in one or two directions. The trials are
ansensed throughout the entire rotation of the apecies.

Plantation Trials

This, the third stage, consists of unreplicated plots at normal spacing comprising
an area of 0,4 to 2 ha or more. Ideally this stage should be reserved for spacies that
have pagsed through the growth trial stage; in practice species that perform matisfactorily
in growth trials for five years are considered qualified.

The objective is to obtain quantitative data on crop performance under plantation
conditiona, in addition to supplying information on problems encountered in planting on a
larger scale than amall trial plots. They also provide material for further experimeantal
work, such as thinning and pruning irials. Aseesaments follow usual "sample plot" procedure.

RESULTS

Jowe species emerged through the three smtages and today form the basis for the
reforestation in the savanna aress. To this extent, the procedure adopted could be said
to have fulfilled its purposs. Although some species tried and rejected might be found to
be moTe promising if certain improved techniques were used (e.g. mechanical cultivaiion,
application of boron to eucalypis, and of phosphates to pines), it is believed that no
spscien of improtance has been mimaed.

Detailed results were published by Kemp (1969); Appendix 1 shows a list of species
that were used in the trials. The results may be summarised az followm.

Sudan Zone

More than 40 species have been tested but resulis have been almosi entirely negative
and no species has yet proved equal to the performance of neem (Agzadirachta indica) on sites
favourable to it. Pucalyptus microthecs has consistently showed high survival and satis-
factory growib; its main defect being poor stem form. E. camaldulensis, Katherine
provenance, shows promise. E. tesselaris has sbown high survival, but its rate of height
and dismeter growih is poor. An interesting feature of this zone is the success of
indigenous species. Such species include Acacia albida, A, senegal and A. nilotica which
are planted for specialised products such as fodder and shade during the dry season, gum
arabic and tannin materials, respectively.

Northern Guinea Zone

The most encouraging progress has been achieved here. Thirty six species, of which
20 were sucalypts, reached the species growth irial stage and about 15 of these qualified
for the plantation trial siage. Among these are Pinus caribaea, P. oocarps, P, merkusii,
P. kesiya, Eucalyptus camaldulensis, E. tersticornis, E. citriodoras, E. "ealigna” (hybrid),
E, ¢loesiana, E. punctata, E, propingua.
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Of importance here is tha lesson learnt from the early success of some species which
later failed, These "early starters" inolude Acrocarpus fraxinifolius, Eucal
pilularis, E. robusta, Albisis lebbek and Callitris intratropica. If the various stages
of irials bad not been gone through before a choice was made for plantation work in this
gone, any of theme speciea could have qualified but would have resulted in a collosal waste
of funds some years later,

Jouthern Guinea Zone and Derived Savanna

Generally the results of these sones correspond with those of the Northern Guinea
Zone with the excepiion of the pines for which a successful establishement technique has
not been found. It ia probable that pine plantations will not be poseible here until a
suiteble mycorrhisa (that can survive high temperatures) has been introducedal/. In this
gone, however, teak and Gmelina are the current plantation species. ‘

On the Jos Flateau, 1 300 m (4 000 ft), epecies which have shown promige include

Pinus caribaes, P. kesiya, P, cocarps and P. merkusii. The list of eucalypis is as for
the Northern Guinea Zons.

At the still higher altitude of the Mambilla Plateau, 2 000 m (over 6 000 fit),
Pinus patula and P, merkusii show promise. Cupressus lusitanica grows well in this area.
M*ﬂ geandis (probably a hybrid, but not the same as the hybrid grown on the lowe
lands) which was introduced about 30 years ago from Bamends, Cameroons, gives the best
growth of the Bucalypius epecies iried so far. Growth of a few scaitered trees of Bucalyptus

globulus suggesis that trials of this and other sucalypts which prefer cooler climates
would be worth-while.

PROVENANCE TRIALS

Some of the earlier species trials included more than one provenance of a species
and from theme and other trials it was clear that provenance was very important in some
gpecies, especially those with wide geographical natural distribution. Provenance trisls
are, therefore, a logical stage after the species trials. Systematic provenance trials of

¢camaldulengis began ini1967. and of pines in 1968. 'T™ey have since been
extended to Bucalyptus tereticornie, E. citriodora, E. grandis, E. saligna, E. decaisneana,
E, alba, E, cloeriana, Pinus caribaea, P. oo y Pe kesiya, P, merkusii and Tectona
Eﬂdil-

Nost of these are replications of intermational trials with seed supplied by the
Commonwealth Forestry Ilu'titu‘te{ Oxford (Pinug caribaea and P. cocarpa), Foresiry Research

Inatitute, Canberra, Australia (P, kesiya), Comité de la Recherche Forestidre Méditerra~
néene (E. camaldulensis).

A full account of the results of the E, camaldulensis provenance trials has been
given (Jackeon and Ojo, 1973). The important results ares

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

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

_1_/ Jee also the articls by Nomoh, Odeyinde l.ﬁd Gbadegesin entitled "“The role of mycorrhicza
in afforestation - the Nigerian experience, page 100.




3. Ganeral superiority of provenances from the northern summer rainfsll areas of
Australia, sgain with the excepiion of ithe Sahel Zone, and the lLake Albacutys
Provenance.

4., The very great improvement in volume production which can ba obtained by waing
the best provenance. At Afaks the ratio of the volumes of the best and wvorst
provenances ig 3.4 to 1,

Preliminary results of the pine provenance triasls have been published (Ojo and Shado,
1973)« The results were summarised as follows:

(i) That Pinus caribaea var. hondurensis is to be preferred to the other varietiea
and that Belige ifornerly British Honduras) and Guatemala are likely the best
seed sources.

(ii) That Pinue oocarps gives better growth than P. carilaea and that the only source
of seed that should be ruled out at the moment is the Mexican provenance
because of its poor stem form (on the Jos Flateau) and low yield on the lowland.

(iii) That Pinus kesiys and Pinus merkusii are likely to remain "second string"

species in Nigerian foremiry.
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APPENDIX 1

List of Species Used in the Species riple

Acacia cyanophylla
Acrocarpus fraxinifolius
Albisia faloataria
A+ lebbek

Arancaria cunninghamii
Agtronium urundeuva
Agadirachta indica
Baikiaesa plurijnga
Callitries endlicheri
G, buegelii

C. intratropica

C. robusta

Cagnis siamea

Cedrela odorata
Coeratonia siliqua
Chlorophora regia
Cryptomeria japonica
Cupreasus arizonicsa
C. lindleyi

Ce lumitanica
Dalbergia latifolia
D, aissoo

Eucalyptus alba

E. albena

E. astringena

E. bicolor

E. blakelyi

E. blesgeri

E. bridgesiana

E. ecalophylla

E. camaldulengis

E. campanuista

B citriodora

E. citriodora x E. torellians

Eucalyptus oladocalyx

E.
E,
E.
E.
E.
E.
E.
E.
E.
E,
E.
E.
E.

E.
E.
E.
E.
E.
E,
E.
E.
E.
E.
E.
E.
E.
E.
E,
E.
E.
B,

E.
E,

cloeziana
comboia.
crebra
deglupta
faatigata
gomphocephala
grandis
hemiphloia
intertexta
kirtoniana (hyb.)
laevopinea
leucoxylon
maculata
marginata
melliodnra
micrantha
mierocorys
microtheca
obliqua
occidentalis
oleocsa
paniculata
patenn
Pilularie
polycarpa
propinqua
punctata
robusta
rudis
saligne
salmonophloia
sideroxylon
tereticormie
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Eucalyptus tereticornis (Mysors) P. kesiya

E. tereticornis (Zansibar) P. leiophylla
E. tessellaris P. luchuensis
E. tatrodonta P. maosoniana
E, torelliana P. michoacana
E. transoontinentalis P. montezumae
E. viminalis P. oocarpa

E. wandoo P. palustris

E. woollsiana P. patula
Melalouca leucadendron P, pesudeatrobus
Pinus ayacahuite P, radiata

P. canariensis P, eabinians

P. caribasa P. taiwanensis
P. douglasiana P. teocote

P. slliottii Widdringtonia cupressoides
P, engelmannii W. achwartzii

P. halepensis

Although early irials with Pinus kesiya
were promising, with the Philippine
provenance shown here giving beat results,
the speocies as a whole has not performed
well in Nigeria below 1 200 m elevation
where development ie apparently hindered
by high temperature. Even at higher
elevations, growth has not been as good
as P, oocarpa or P. caribaes.
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INTRODUCT ION

Provenance trials are the logical continunation of the process of selection that
began with the species elimination trials, and the methodclogy involved is essentially
eimilar. However, one fundamental difference exists that affects all stagea of provenance
research from exploration and sesd collection to field trials and evaluation., Whereas in
apscisa trials we try to determine accurately the comparative values of populations which
we know to be genetically different, provenance research is oconcerned with differences
which at the cutset ocan only be surmised., One of its functions is therefore to establish
whether real differences sxist between the populations, as well as to determine their
comparative value for particular uses in various environments.
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Definition _of the Term “Prowvenance™

There have been several published definitions of gmos (see Jones and Burley,

1973, for a review) bdut in this lecture the word means the place in which any stand of tree

18 growing or refers to the saed derived from those tress. For an indigenous stand the

provenance i: also the origin but for a non-indigenous stand the origin is the Eh“ from
ce

¥hich t%! Be:d or plante were originally introduced. These usages are in acco
the O definitions and are now widely accepted,

PLANNING PROVENANCE TRIALS

Well designed comparative experiments are needed to determine genetic differences
between populationa, The principles governing the location, design, replication and
managenent are the same as in species triale but the need for careful control at all stages
is even greater, Therefore, the need for written conirol plans met be emphasised, showing
clearly the objeotives, the expected duration, the methods and the rescurces to be employed
in the experiment., Since representative seed collections for provemance research are more
difficult to obtain than single samples of a species, and may neceseitate special collecting
expeditions, planning of provenance trials muat start several years in advance of their
aoctual establishment in the field, ’

Phasing of Trials

Three successive phases of provemance ¥rials are commonly recommended { 2.g. Burley,
1969; Kleinschmit, 1974). The first range-wide phase is intended to investigate the extent
and pattern of inherent variation between populations (provenances) and may reveal broad
regions which are either suitable or uneuitable as peed sources for a given area of intro-
duction. This phase is analagous to the species elimination trial, but the mmber of pro-
venances may be large or emall depending on the extent of the natural range ani the varia=
bility of the Bpecies and its environments within the range. The mmber included should
not be less than five and 10 to 30 widely separated sources are recommended (Lines, 1967).
Large plots are not nesied as the duration of the trial ie normally not more than half
rotation age. These trials may be located on two or threes of the major site types.

In the secopd phase s restrioted mumber of provenances are tested for a longer
period, usually up to a full rotation, on a&ll the important site types, These trials must
be designed to reveal relatively emall differencee between provenances., Larger plots are
needed, to provide sufficient trees for reliable estimation of population differences
throughout the life of the trial, amd to minimise the effect of tree to tree differences,

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

Design of Trials

Even in the first stage of provenance trials, it is essential to use walid statisti-
cal designs that will reveal sigmificant differences between populations at a given level
of precision (9.g. for height measurements, a difference of 5% of the mean). It is also
important to estimate the variability within each provenance, particularly for stem fomm
and branching habits In savanna conditions, it is desirable to maintain the trials long
enough to {est the security of different populations agesinst severe drought, particularly
if the moisture storage oapacity of the soil, or effective rooting depth, are limitsd.

1
v OECD = Organization for Economic Co-operation and Development
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In such cases, important differences between provenances may only become apparent after
several years. For all these purposes, it is preferable to use square plots of several
trees, in replicated, randomised designs. When the mmber of provemances in a trial is
very large, oingle-tree plots may sometimee 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 euch uniform site conditions
throughout the trial amd can accommodate differences of treatment between blocks, However,
if very large mmbers of provenances {(e.g. 16 or more) are included, the large size of the
blocks increases the danger of site differences within blocks. In such cases, the use of
an incomplete block design may be indicated), in which each block contains fewer than the
total mmber of plots. These designs are complex and the analyses are best undertaken on
an electronic computer, The lattice designs have the advantage that they can be analysed
a8 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 matoh environmental conditioms ( 8.8. latitude, altitude, rainfall distri-
bution, temperature, soil iype) between the source area and the siie of introduction, by
homoclimal o risons, 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 conditons. 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 ssvere drought may
be important and marginal popuiations which have been subjected to such conditione are
likely to be more resistant aes 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 provision of all information (climate, soil, vegetation, history,
methods of oollection, etc.s, 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 gollecting from relatively large mumbers of
trees - Callaham (1964} suggested 25-50 trees in heterogeneocus populations - well spaced to
avoid closely related neighbours (half-sibe), It is best to collect only in a year of
abundant seed production. The selection of better than average phenotypes is not reconmended.
For some purposes, it is preferable to kesp seed of each ires separate and to preserve the
identity of each parent tree, but for most provenance triale this is not essential and
often not possible,

For further information on seed collection see e.g., Kemp (1976} and Turnbull {1975).

CONDUCTING PROVENANCE TRIALS

Fursery Practices

The primary concerns are (i) to maintain the identity and integrity of each prove
enance at all stages and (ii) to ensure uniform treatment so that results are truly

comparable, Differences in mrsery 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 im easier to avoid accidental mixing or wrong lebelling of provenances
if each is kept in one discrete block with physical barriers between. On the other hand




to guard agsinst unknown mrsery effects it is preferabls to use the same replicated,
randomised designs that will later be employsd in the field trial. Conditions within each
repliocation should be as uniform as possible and sowing should be done one replication at

a time, Pricking-out and transplating are iwo cperations during which the danger of mixing
different provenances is high, This danger can be lessened by careful attention to
labelling and by moving only the seedlings of ome provenance, in each replication, 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 psmmissible in accordance with normal mursery
practice, tut the mmber of planta culled of each provenance should be recorded. Edge
effecta in transplant bede or in blocke 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 imnner assessment plotis
of the field triels, If, due to shortage of stock, it is necessary to uee such plants, or
those that would normally be culled, their field positions should be recorded.

NHursery recordis of germination, survival and growth at successive stages in the
mraery mst be meticulously maintained, Additional assessments to reveal differences
between provenances should also be made whenever possible, such as the rumber, length and
colour of cotyledons, length of hypocotyl and phenological observations, s.g. production of
secondary needles in pines or mature leaves in eucalypts., It is sufficient to make such
obaervations and measurements on ramilom samples of parhape 20 seedlings in each plot. Where
facilities are readily available, comparative studies of different provenances in controlled
environments ( growth cebinets or phytotrons) may reveal differences in physiological
response to drought, for example, which could he significant for savanna afforestation.
Biochemical etudies may also be helpful in revealing differences beiween populations, based
on characters which are under more direct genetic control than euch production variables
as height and diameter {Lever and Burley, 1974) ., The value of such studies lies not only
in their ocontribution to biosystematics, but aleso in the possible indications they may give
of later performance in the field. They also help to prevent or reveal errors in identi-
fication, if consistent differsnces beiween provenances at this stage are esiablished.

Field Trials

The main principlse involved in selection of representative sites for trials,
collection of site data, the use of valid experimental designs and careful labelling and
racording, are ithe same an those applied to speciea trials. However, because all apecies
included in provenance triale have already been shown to be sufficiently well adapted to
the local enviromnment to make them potential plantation species, we are concermed not with
grose differences, such as very high mortality, but with eubtler differences of growth and
form, For this reason even greater care is needed in all aspecis of design apd execution.
This applies particularly to plot labelling amd recording, since it is usually mch more
difficult to recognise different provenances than different species.

To minimise possible errors due to differential effects of weed growth on different
parts of the experimental site, complete removal of competing vegetation prior to planting
is recommended, followed by a very high etandard of submequent weedings and cultivations.
The uve of insecticides, or fertilisers, may alsc be recommended in certain circumstances,
if uniform treatmsnt throughout the experiment can be agsured. Generally larger plots are
used in provenance trials than in the equivalent stage of species trials, to minimise the
offects of tree to tree differences, and to provide sufficient trees for reliable estimation
of population differences throughout the life of the trial. The recommemded size of the
immer assessment plot is 25 trees, with a surround of one or two guard rows. Recommended
spaoclng between trees is 3 x 3 m as a goneral rule.
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Information from species trials may be avamilable that can be used to calculate the
desirable mumber of replications, in order to achieve a certain probability of cbiaining
a significant result ( see Cochran and Cox, 1966). In practice some compromise is usually
reached betwesn the degree of precision deeired in detecting differences and the practical
limitations imposed by the site, the availability of planting stock and so 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 Aspessment and Hecorde

The principles in regard to method and frequency of measurement of survival, height,
diameter and volume production are the same as in species triale, although the degree of
precision demanded may te greater. In addition to these basic data, very often consider—
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 bresding. (See e.g. Hane, 1972). For aseess-
ment of branch characters a standard assessment point for all trees is needed (e.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 diameter of the bole at that point. Burley, ei al,
(1975) give further informetion on uniform standards of aseessment.

When provenances are grown in vifferent 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 Enotm(enviroment interactions., It ie important when comparing provenances
to teke into account poesible differencee 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 prodwet for certain end uses., Studies to detect differences
between populations may include detailed examination of leaf or needle-morphology,
cytological characteristice or biochemical products { see Lever and Burley, 1974).

The use of standard forme 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
epecial collecting expeditions are usmially required, The same expedition can collect seed
for ues in a mnber of triale in different countries apd this can have advantagee not only
in reducing the comt that would otherwise be involved in several separate expeditions, but
also in making seed for provenance research avaflable to countries that could not otherwise
obtain it, Where the country of origin has the staff and other resources to undertake
exploration and collection, it may extend the activities as a form of aid overseas, as in
the case of Australia, where substantial quantities of seed of many sucalypte are stored
and tested at the Australian Government's eeed bank in Canberra and samples are made freely
available for research in other countries, Elsewhere, where local resources are inadequate,
bilateral aid programmee of countries outside the region concerned have financed similar
seed collections, euch as the work of the Danish/FAC Forest Tree Seed Centre in S.E, Asia,
or of the Commonwealth Foreeiry Inatitute, in Central America (Kemp et al, 1972) . ‘These
activities are cooxrdinated through FAO (1974a) whick has prepared proposals for an inte-
grated Global Programme (FAD, 1974b).

These international programmes have the further advantage that it ie poesible to
compare the performance of the same provenance on a wide range of sites in many different
countries and thereby to gain a better understending of the plasticity of the population
and its site requirements. This may help in predicting performance on other sites where
trials have not been established, In order to maks such comparisons possible, centralised
systems of data storage and retrieval are needed (Burley, et al, 1973). By this means also
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results of trials, or of more detailed laboratory studies, may be made more widely and
readily available, to aseist the interpretation of local experimente and the choice of
provenances for plantation establishment, or for further trials. The greatest amount of
information poseible ia needed in order to identify precimsely the pattern of phenotypic and
genetic variation. Intermational programmes may also provide the basie for effective
conservation of genetic resources and for future tree improvement through selection and
breeding.

REVEHRENCES

Burley, J. Methodology for provenance trials in the tropics. Unasylva 23(3), 24-8.
1969

Burley, J. eds A manual on species and provenance research with particular reference
1976 to the tropics, C.F.I,, Oxford.

Burley, J. et al, INTFORPROV: - computer based data banks for international tropical

1973 provenance experiments, In: [Tropical provenance and progeny ressarch and
international cooperation. Ed. J, Burley and D,G. Nikles, Proc, IUFRO Mtg,
Kenya. Commorw, For, Inst., Oxford pp. 357-65.

Burley, J. et al. Information collection, storage and retrieval in forestry., Paper 10th
1975 Oomom. For. 00nf., Oxford, 39 Ps

Callsham, R.Z. Provenance research - investigation of genetic divereity associated with
1964 geography. Unasylva 18 (2 - 3): 40-50.

?;ghran, W.G. and Cox, G.M. Experimental designs. 2nd ed. Wiley, New York. 611 p.

FaO, Report of Third Session of the FAO Panel of Experts on Foresi Gene Resources,
1974a FAQ, Rome,
Fi0,. Proposals for a Global Programme for improved use of forest genetic resources.

1974b FO:MISC/74/15, FAO, Rome.

Hans, A.S. Development of an inetrument for assessment of stem straightness, Commorm, For,
1972 Rev, 51, 336=45.

Jones, N, and Burley, J. GSeed certification, provenance nomenclature and genetic history
1973 in forestry. Silvae Genetica 22, 53 - 8

Kemp, R.H. Seed procuresment for species and provenance research. Int A mamal on
1976 fipecies and provenance reeearch With particular reference to the tropics.
Fi, J. Burley, C.F,I., Oxford,

Kemp, R.H. @t 8l, International cooperation in the exploration, coneervation and
1972 development of tropical and sub-tropical foreet gene resources, Paper No,071,
7th World Forestry Congreses, Buenos Aires. 15 p.

Kleinschmit, Von J. Geechichtliche Entwicklung, Stand und zukiinftige Aufgaben forstlicher
1974 Herkunftsforsohung, Allg. Porst— u.J.Ztg., 1451 197-205.

Lever, K.G, and Burley, J., The application of biochemical methods in forestry. Paper
1974 1Cth Commonw, For. Conf,, Oxford, 20 p.

lines, R. Standardisation of methods for provenance research and testing. Proc. XIV
1967 IUFRO Congrese, Vol. 3, Munich,

Turnbull, J.W, Seed ocollection — sampling considerations and collection techniques. In:
1975 Report on the F&OQANIDA training course on forest seed collection and handling,

Thailand, 1975. Rome, FAQ,




SEED COLLECTION AND CERTIFICATION

H. Keiding
Danish/FAO Forest Tree Seed Centre
Humlebaek, Denmark

CONTENTS
Page

. Features of Seed Procursment for Savanna Regions 59
Documentation, gensral 99
Seed procurement, general 60
Seed Collection 80
Certification €3
References 66

FEATURES OF SEED PROCUREMENT FOR SAVANNA REGIONS

Pres Planting Practices in African Savannas (FAO, 1974a) diwcusses the present and
future requirements for forest products in the savanns region of Africa., Certain trends
relevant to seed procursment emerge in spite of the difficultiee in making much foreocastms.
Due to expected inoreases in population and living standards and in the development of wood-
based industries, wood consurption i estimated to increase from 29% for fuelwood to 185%
for paper and paperbecard in the period 1960-1975. Such a rise in consumption cammot be met
from the existing low productive savanna woodland; the esiablishment of plantations, there-
fore, becomes a necessity,

The next quegtionm that arise are what species may be the most suitable under varying
conditions and purposes and what areas are required for fulfilling the atipulated demand.
A number of speciems and provenances have already been tested and those most widely planted
are listed and described in the above mentioned FAC publication on Africen savannas (sae,
for instance, Chapter 7). A good deal of testing, however, still remains. In mowt circum-
stances, experience from species testing has shown that exotice are superior to indigenous
species with respect t¢ sase of establishment, growth and utiligation. This results in the

problem of having to import seed, or the long term process of developing seed preduction
100311y.

Documentation, General

The importance of tracing promising plantings back to their origins, irrespective of
their status as small-soale or lerge-scale plantings, has been recognized for quite a long
time in forestry and ham led to the formation of control syetemse for seed and plant tranefer.
Where more deliberate action has been taken to establish improved seed sources, including

selective breeding and the formation of mseed orchards, the control syatem has developed
into certification schemes.

In the savanna region, the problems in thesme respects do not differ from those of
temperate regions, but they may be more proncunced as the procurement of smeed for some time
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to come will be largely dependent on import. One oharsoteristic of seed import is that it
invelves cooperstion betwesn oountries; it is, thereofore, of great importances that inter-
national agreements be reached on the terms and documentation of collections. Such an
international systea presupposss the development of national or local control systems, and
in order to discuass the coordinstion of these we shell need toc look briefly at the principal
aapects of meed collection and documentation.

Seed Procurement, General

The considerable role that meed import may play, as indicated above, has certain
implications which may decisively affect the procursment and production of meed. Problems
comnected with the impertation of tree seed may comprime:

1. Inadequate resources in funde, manpowser and organization for seed collection
in the host countries;

2. Lack of accesaible seed stands and seed production areas, especially of desired
originm;

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

4. Risks of reduction in quality of meed, i.e. reduced germination capacity due
to traneport; and

5+ Reairictions on the export of meed in bulk quantities imposed in mseveral
countyies.

In addition to these problems there avre those which are apecific 40 individual species.
They may comprise periodicity in seed production, short viability, low seed produotion,
difficulty of access to epecified stands or ecotypes, eto.

In general it is easier to obiain mmall gquantities of seed for experimental purposmes
either through international seed centres or by eixchange of seed. However, because of the
difficulties and restrictions in getting bulk imports of desired apecies and provenances,
it is necessary to seriously contemplate how to produce seed locally =@ soon as a seed
source has shown promime.

SEED GOLLECTION

Two things make it relevant to dipcuss seed collection in comnection with tree planting
practices in African savannas, The first is the general trend for countriea in the savama
region to tuild up their own seed production and thus free themselves of the dependency on
import; the mecond is that a better understanding of the various operations applied in
other regions with tradition and knowledge of meed collection may help to make one's own
collectiong more efficient in a shorter time. Therefore, we shall briefly consider the more
important and principal aspects of Beed collection., The subject is extenmive, aB is evident
from the report of a recent training course on ssed collection and handling in Thailand
(FAO, 1975a). It is recommended to consuli the repert of that training course for details
on the principles and techniques of sesed collection and handling, especially gs concerns
tropical tree species,

When discusming seed collection in general terms, it is convenient to ask "where",
‘when" and “"how" to collect.




Where %o collect locally will mainly depend on the extent of trials with exctic
species and the length of time they have been conducted. Indigenous species in the savanna
regions are aoc far only used on a very limited scale, Looking st table 9, page T8-T9 of
Tree Planting Practices in Africen Savannas, it appears that cut of 35 species only 6 may
be considered indigenous to partes of the mavanna region. It ie natural 1o start cellection
of a wpecies as soon am it has shown itself promising. This has been done in many inetances,
sometimes with remarksbly good results (e.g. teak, gmelina, southern U,S5.A. pines, Cupreagus
sp.), but sometimes also with dimappointing effects perhaps ehowing up only a fairly long
time later.

A common case ia collection from an early introduction of a species with very vague
or inscourate information about origin and which often was planted at only one or two places
in small plots (% acre or 0.2 ha) without replications., Here the problem is that the seed
to be used is from a single, very small population of trees, which perhaps has shown promias
in only a limited mumber of the varied environments in which ii is to be planted, The un-
certainty concerns the genetic effect of using a small population, perhaps from a restricted
location, for improvement purposes and the adaptability of the offepring to conditions
differing from the test site, Although good resuits have been obtained by using seed from
such mmall intreductions, it is advisable to carefully select meed sources or to collect
sesd from stands which have a broader basis for selection and more precision in testing.
From a technical point of view, sesd colleotion in excessively aemall uwnits, say below 2-3 ha,
is generally less satiafactory. Cost of collection is relatively high and the seed may be
of lower quality due to insufficient interpollination. See Keiding (1975a) for details on
geed atands and Jones and Burley {1973} for information about the genetic implication.

To improve seed collection possibilities within the shortest possgible time in arezss
relying on exotiom, it has been recommended, and I believe also practised, to establish
larger blocks of certain provenances beside the actual provenance trials, The purpose of
this is to have larger units ready as seed sources, ag soon as the results from provenance
teating become available. Such blocke of provenances may aleo serve the purpose of con-
sarvation ex situ if the mources of origin are threatened in one way or another. A valuable
reference material for thie very important aspect of seed collection is "The Methodology of
Conservation of Forest Gemetic Remources" (FAO, 1975h).

Goncerning “where" to collect, circumstances vary considerably within the savamna
region, from having very little choice of sources lacally to having selected seed stands
and weed orcharde. Procurement of seed is very often an act of balance between getting
sufficient quantities of seed and getting sesd of satisfactory genetic quality. Thus,
vwhiokh sources to use and how to utilize them should be closely coordinated with tree
improvement programmes, This appiies to all stages of meed procurement from importation to
pelaction of seed atands and establishment of seed orchards. Ae it is not possible to cover
the broad subjeot of the relation between seed procurement and tree improvement in the
present paper, reference is made to more thorough treatments of the wvarious aspects involved
af given in the Report on the mo/mmm Training Course on Forest Seed Collection and
Handling (FAO, 1975a) and by Guldager (1974).

"When" to collect ie a matter of timing in reapect of age and season, When planning
seed collections it im essential to know at what age the individual tree species can be
expected to reach sexual maturity, their posasible periodicity in flowering and fruiting,
and at what time of the year the seed collection is best carried out. Por the more
important economic species such as pines, teak, Umelina arborea and eucalypts, plus a
munber of other species, a fair amount of kmowledge about flowering biology has been
accumulated, Still, fairly large variations may ocour within a species depending on
origin (provenmce) and the envirorments to which it may have been introduced. In some
cases flowering and fruiting starts at a younger age in exotic environments than in the
natural habitat, e.g. teak in Trinidad and certain areas of West Africa, while other exotic
stande hardly produce any viabie meeds at all, e.g. some tropical pines in Malayeia. 3%ill
ather wpscies may change their mode of flowering from being distributed more or lesa evenly
throughout the year to becoming seaeonal, e.g. Pinus merkusii on Java. It is, therefore,
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important to obmserve and regisier the flowering and fruiting habit of species, especially
exotice, under local conditions. Such studies of the reproductive biology are also neces-
sary to build-up and improve sesd production, am they may help t¢ dstermine the size and
scope of meed production units, treatment of seed siands, meed handling and storage, eto.
Ever individual trees show variation in mseed production which may be of eome concern for
the composition of seed orcharda (see Keiding, 1975b).

Clomely related to flowering and fruiting hadbite is the physielogical quality of the
seed which, among weveral factors, im also influenced by the right time and mathod of col-
lection. Within the collection period of a certain species there is usually an optimum
pericd in which the quality of the meed im best. Teak sced in Thailand, for exsmple, may
be collected over 1 months: February-April, but the month of March is normally the best,
while the first and early fall in February often has a certain portion of immature seeds.
S8imilarly, it can bs of great importance to collect pine cones when they have reached just
the right stage of maturity, indicated usually by the colour of the cone scales. Pinus
merkusii is particularly sensitive to the timing of weed collection whioh is further compli-
cated by the variation in ripening of cones between localities, bestween tress and even within
treen.

Although the majority of species being used in the savanna region have more or lesa
seasonal fruitbearing correlated with the change between wet and dry measons, there may be
fluctuations between years., 1t is often advantageous to make a survey and an assessment of
the coming seed harvest well ahead of the actiual collection in order to determine the beat
time for c¢ollecting and the ®ize of the crop to expect. Again, for further information,
reference is made to the report on the FAO/DANIDA Training Course on Forest Seed Collection
and Handling (FAQ, 1975a).

Finelly in reapect of "how", the eubject of collection techniques has been reported on
and desoribed for many different eituations. Naturally, the techniques vary according to
the scale of collection, tree species and their economic importance, funds available,
organization, etc. and they represent all stages from highly mechanized equipment requiring
very little wmanpower, such as tree shakera, to climbing with or without ladders and to
picking of seed from the ground with many collectors involved, It ie not pomsible here to
discuss the merit of the different methods and how to apply them under different circum-
stances, but it may be useful to briefly consider some of the more general aspects. Techni-
cally apeaking, seed collection should aim at getting the largest possible quantity of seed
in the best conditions, i.e, the higheat pomsible physiological quality as efficiently and
econonically as possible. For the majority of speocies, the fruits have to be taken onm the
trees, which usually implies ¢limbing., This requires a certain skill and training ard may
become fairly technicel, involving ladders of different kinds, eafety and other equipment.
In highly developed seed production areas such ag special Beed stands and meed orchards of
easy access, tractors with elevating platforms or tree ehakers may be considered. As in
nearly all circumstances it is important to ntilize selected seed mources contimously, the
fruitbearing portion of the tree should not be damaged. The practice of collecting fruits
or conea from felled trees or by lopping large branches 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 bage they make "“take heat'", especially
if they are picked a little too early. Similarly, fruite of Cmelina may be difficult to
store if the pulp ie allowed to ferment for too long a time.

To get a seed collection programme to0 function preperly a certain amount of specialiged
knowledge and technical ekill is required, combined with gocd coordination of the various
operations involved. In many countries, therefore, it may be advantageous te establish
seed centres or seed handling statione where all seed collection and sesd handling are con-
centrated. Such seed centres may contain seed extraction machines, such as drying kilns
for coniferous mpeciea, and equipment for clesening, dewinging and grading the seed. Further
facilities for seed testing, i.e. teats of germination capacity and moisture content, plus
adequate atore rooms should be available. ' It is also necessary to properly register all
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operations comnected with seed handling and seed dietribution. Depending on the magnitude
of seed collection and the funda available, equipment may be more or lese refined, but a
fairly great flexibility can be exercimed; oftem rather simple arrangements may work satis-
factorily. For consultation regarding the establishment of sced centres gee, for instance,
Guldager (1974) and the previously mentioned FAO/DANIDA treining course report (Fa0, 1975a).

CERTIFICATION

The importance of obiaining seed from the right sources and of good quality has been
stressed meveral times already. Another question which needs to be discussed is how the
consumer can be assured of receiving the seed he wants or, if he does not know exactly what
to request, how he may be provided with intelligible information to help him in his
selection. For this purpome, certifiocation schemes have been introduced in peveral countries
and regions, Certification in relation to forest trees is defined as follows (Matthews,
1964, ex Barmer, 1974a):

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

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

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

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

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

If a certification scheme ie t0 be successfully established, it is necessary to con-
sider all parties involved in the proourement of seed and reproductive material, including
comuercial sesd dealsrs and nurserymen, state agencies for seed collection and plant pro-
duction, research institutes and conmumers., Inaddition, the scheme must be backed by




legismlation. National certification schemes are operating in many countries, tmt a few
regional ones have also been established(e.g. North America). As seed and, to some extent,
plants or parts of plants are moving across atate boundaries, the need for internmationally
applicable rules has besn felt for some time. As a consequence of this and on the recom—
mendation of the World Consultation on Forest Tree Improvement im 1963, work was initiated
by the Orgamization for Economic Cooperation and Development (OECD) thai year. Four years
later, in 1967, the OECD certification scheme was finally implemented. Amendments were made
in 1970 and 1974 (OECD, 1974).

This scheme is based on voluntiary participation by members of the organization, tut
is epen to other states which are members of the United Nations. Thus the OECD scheme is
the first of its kind which aims at world-wide application. For a detailed desecription of
the scheme, ita background and definitions of terms, see Barner (1974a). There are,of
courge, many problems involved in getting such a scheme ‘o function for so many different
conditions, However, & very useful framework is available from which a better control of
genetic identitiem may be obtained and thereby some mafeguard against groes mistakes.

A few main pointe of the scheme are outlined in the foliowing:

If =& certification scheme ia contemplated, the necessary funds must be allocated and,
therefore, authorities controlling the finance have {o be convinced about the justification
of the scheme. To gquote Barmer (1974a) the best approach is "to furnish estimates of the
real losaes caused by sustained carelessness rather than those of coete and benefite of
initiating long-term breeding programnes".

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

"Planning

1. Preparation of meps showing distritution of important aspecies,

2. Delimitation of regions of provenance of these speciss,

3. Delimitation of mejor regions of afforestation and reforestation and
4, Estimation of supply and demand of seed and plants;

Implementation

5. Organization and menagement,

6, Classification and approval of sources,

7. Recommendations for choice of provenances and transfer of reproductive material,
8. Production and control procedure,

9. Data recording and documentation and

10. Marketing of reproductive material,”

Items 1 and 2 have special reference to countries or regione with extensive areas of

apecies covering different ecological conditions., The direction and distance of seed
transfer may be of considsrable importance.

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

Item 6 is a broad apd fundemental subject in connec;ion with the development of the
scheme (Barner, 1974b). Basically the scurces may be classified according to an increasing
degree of selection:




a) regions of provenance
b) stands

¢) weed production areas
d) individual $rees

¢) 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 ligt of
thege sources must be made in which the most necesBsary information is recorded, such as:
Latin name, identification (reference no. or letter), location, origim, ecslogical conditions
and test results. Definition of clasmes and prescriptions for the recording of information
are given by Barmer (1974b)., It should be emphasized that the nationallist does not neces-
parily comprise all the types of sources stated above, as they eimply may not be present,
ut allowance should be made for extending the list ae new sources become productive,
Another important aspect of setting up a national list is ite applicability in an inter-
national context.

A further development of the approval of sourcee is the "recommendations" (item 7) of
them for either general or specific utilization. Very often seed mources are approved on
the basia of the performance or phenoiypic appearance of the seed trees without, or with
very limited, testing of the offepring. Recommendations must be based on tests, but am
these take time and meed has to be produced, it is neceasary ‘o make use of aeed sources
whioh are not yet tested., Certification schemes, therefore, distinguiesh between tested
or untested material within each class of approved sources. For species which have & wide
geographic distribution, it may be appropriate to give Qirectives for the transfer of seed
both in respect of altitude and in latitude and to delineate plenting zones and regions.
The establishment and the development of a certification scheme, therefore, should take
place in close co-operation with research, especially in the field of itree improvement.

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

Although the description above is just a brief outline of a certification schems in
operation, it mey give the impression ¢f a fairly cumbersome system with a hemvy load of
bureaucracy or papers, True, a scheme which has to cater to 80 many interests will require
a good deal of checking and registration. But it has also provided a clarification of the
many concepte and terms which are used in comnection with collection, hendling and testing
of seed, and thus given an intermational basis for the procurement and control of seed, It
should be siresmed that the OECD scheme has been developed with particular consideration
given to circumstiances in temperate regions of the Northern Hemisphere. Therefore, before
implementing the rules and directives to tropical conditions the scheme should be critically
oxmnined and altered whers rules do not apply, which may mean simplification. Referring to
the purpose of certification am defined by Matthews (1964), the scheme should make available
seed from the bLest sources, properly identified gemetiocally, and of the highest poasible
physiological quality. As explained above, this necessitates control and registration, tui
it may be appropriate to warn against a too elaborate control sysiem if the result becomes
either & hindrance to the provision of seed or a temptation to evade the system.
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INTROIICTION

The importance of seed in any forest plantation programme camnot be over-emphasized
a8 soed im a kay slement in plant production. A prerequisite in any planting progrsmme is
an assured supply of meed (FAO, 1955), Usually, the ideal thing would be to sow meed in
the field or nursery as soon as¢ it is collected. However, in view of the great demands for
sead by large-soale plantation programes, this iz not always possible mo mseed must be col-
lected in advance and stored. The aim, howsver, should be to store meed for as short a time
and as perfectly as possible in order to emsure minimum losa of gemminative enerzy.

Baldwin (1942) defined storage as the preservation of seed from the iime of collection
or extraction until it is desired that it shall germinate. From a physicologioal point of
view, however, the storage period alwo includes the time on the plant between maturity and
harvest, whers weathering is often & serious factor. Detailed aspects of phymiological con-
siderations involved in storage will be given less treatment in this lecture; eamphasis in-
stead will be on the practical aspects of sesd preservation from the time of collecting to
sowing.

PREPARATION OF SEEDS FOR STORAGE

Transportation of Fruite

Seads require transportation from their souroces of collection to their destination
for extraction snd ocleaning before storage. When fruits or ocones are oollected they should
not be delivered to the processing centres in such air-tight containers that air ciroula-
tion is prevented. On the other hmnd, cloth hage should not be of such open weave thet
seeds can esmoape during transportation. 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 soon as possible, It is sdvisable to move bags aboui daily teo
provide sufficient aeration.

Seed Extraction

After collecting cones or other fruits, a very important witage in seed handling is
the extrasction and cleaning of seed. Generally, cones and several other iypes of fruits
require pre~drying to facilitate extraction of the sseds., On the other hand, some fruits
require a period of soaking in water before seeds can b released for easy extraction.
Whether drying or moaking in water im required, great care is needed during the operation
in order to ensure minimum injury to ths mseeds.

Mechanioal devices have bheen dsveloped for the extraction of seed, but in Nigeria
and many other developing couniries, seed extraction is etill done by hand. In either
case, be it manual or mechsnical extraction, the techniques vary with the species.

Seed Cleaning

There im wwually the practical problem of inadvertently colleoting immature fruite
during harvesting, This is beceuse not all the fruits of a given crop mature at the same
time, and since it im not usually economical to harveat sach seed or fruit as it matures
by repeatedly going over the crop, immature seeds are often harveated along with mature
ones. Jince immature seeds are low in viability and have a shorter longevity than mature
geeds, 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 seeda which
should be separated from the wound meed bafore storage. However for some spscies, such as
wost eucalypts, it is not practical to meparate sound seed from the smallest impuritiee
(e.g. unfertilized or aborted ovules called "ohaff"), Almo,as more and more evidence
indioxtes that the meeds of greatest longevity in a given seed lot are thome with the
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groatest density, it is desirable that only seeds of high density should be kept for long

storage (Harrington, 1972). Proper cleaning procedures for seeds are well covered in the
bandbook by Hamond et al (1968).

Effects of Exiraction and Cleaning Treatments

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

Methods of Seed Drying

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

Sun-Drying

Seods can be dried by spreading them on to the ground, on a paved surface or on a
canvas for eun-drying. This method, however, fails during rainy or highly humid periods.
Alno, seed gemmination capacity can be decreased if the days are extremely hot,

Ume of Ambient Air

Seeds can be placed in a bin or other container through which ambient air is blown.
Such drying i inexpensive, but is effeotive only as long as the relative humidity of the
eir is lower than the equilibrium moisture content of the smeeds. IT the relative humidity
of the air exceeds equilibrium moisture, the seeds will gain moisture, Algo, if the seeds
are not dried fast emough, storage fungi will invade the seeds, thereby reducing lengevity.

Use of Heated Air

Thie method is mest commonly used. The temperature of the drying air is heated to
increase the moisture gradient between the moist meeds and the hot air, thua drying the
seeds faster. However, excessively high temperatures and rapid drying can be harmful and
may seriously diminish geed vigour or evem kill the meeds outright. The maximum safe
drying temperatures will vary depending on the species,

PRINCIPLES OF SEED STORAGE

Reasons for Storage

The main reasons for storage of tree seeds can be summarised as followas (FAC, 1955):
(i) to preserve meeds under conditions that best retain germinative energy
during the interval between colleoction and time of mowing;

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

(iii) to preserve quantities of seed colleoted during years of heavy seed to
furnish a supply during years of little or mo crop,
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Techniques of 3toring Seed

Tres saeds are ocommonly stored under one of the following conditions as described
by Baldwin (1942):

(1) Dry and cold storage, simulating conditions in the come or ary fruit on
the tree; or

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

Dry and Cold Storage

211 meeds can be kept longer at low temperatures than at high temperstures, since
respiration and chemicel processes are refarded, Cold dry storage involves the comtrol of
temperature, moisture, snd to some extent light, atmospheric conditions (pressure, gases)
and other envirommental factors (Baldwin, 1942). GJenerally, it ham been established that
fluctustion of factors, especially temperature and/or moisturs, has adverss effects on seed
under storage.

Moist and Cold Storage

Large heavy meeds are best preserved in cold moist storage. Prevention of mould and
maintenance of moisture may be obtained by mixing the seeds thoroughly with clean, moisi
Sphagnum moss. Damp eand, peat, sawdust, cork, or ground charcoal have also been used
successfully (FAO, 1955).

Factors Influencing Storage

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

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

(b) stage of maturity at collection;

(c) prestorage treatment including extraction and cleaning operation;

(4) viability and moipture 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 stimulant of vital activity,
if not germination, it is generally belisved that seed retain their wviability
better in darimess (Baldwin, 1942); and

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

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

n{i) Fully ripened aeeds will retain viability longer than seeds collected when
immature.

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

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

(v) At low moisture content or low tempsrature, the adverse activities of insects
and diseases are effectively slowed or stopped.

(vi) Fluctuations in temperature or moisture are less favourabls Lheu constant
conditions.

(vii) Por many specien, the lower the temperature and the lower the seed moieture
content, the longer the period of viability,"

Proper storage should, im fact, begin with sound seed. Civen seed that is mature,
highly viable, and undamaged, its life span will hinge primarily on smpecies characteristics
and the temperature amd humidity conditions prevailing during storage. Obviously, seedlota
known 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 envirommental factors affecting seed longevity is storage temperature,
Generally speaking, all seeds keep better at relatively low temperatures than at high, In
other words, the cooler the temperature the more slowly meed vitality declines. Thims rule
continues to apply even at temperatures below freezing.

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

Juet as with high relative humidity, high temperatures are conducive to the activity
of micro-organisms, especially insects. At 5°C and below, insects becoms 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 knmown. It
is generally asmummed that the high meed respiration at high temperatures is related in some
way to rapid loss in germination. In spite of this assumption, it is quite obvious that
the caume 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 Moisturs Content

Seed moieture content ie 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. DBut, at extremely low moisture contents of meeds, a slight increase in the
rate of loss in germination occurs.

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

Seed moisture oontent is probably more important than temperature in its influence on
keoping qualities and rather more diffioult to control. It is hard to measure or determine
escourately without laboratory teste. Standard methods of determining moisture contents of
seed are described in the ISTA Rules and Regulations (ISTA, 1966 amd 1974).

Probleme of storing seed of high moisture content, The problems of maintaining via-
bility increase with seed moisture content. Harrington (1972) ceme to the following con-
clusions: )
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(a) When seed moisture is above 40-60 percent, germination will ocour;

(b) When it is 18-20 percent, heating may ocour;

(o) When it is 12~14 percert, multiplication of mioro-organisms will result; and
(d) When it is 8-9 percent, insects become active and reproduce.

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

Critical moisture oontemt levels, It im important to note that oritical moisture
content levels for meeds of most genera have not been worked out, btut a range between 5-12
percent has been recommendsd for moat apecies which can be dried. It ims aleo important to
note that even though low moisture increasea longevity, over-drying can alsoe be harmful,
often leading to complete death of the seed.

Homally, Seeds are stored with a moisture content low emough so that germination,
with resulting death of saed, will not oocur during storage.

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

(:i.) Air-drying in the sun, or in a warm room, or in a seed extraction shed. This
is the safest and the most simple,

(ii) Oven-drying. This is often not economical, and great care ie required to avoid
over-drying.

(iii) Ume of desioants, e.g. calcium oxide, charceal, and silica gel beads. These
are very effective and harmless to seeds if used in the right proportions.

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

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

At seed moisiure contents of 12-20 percent, the activity of micro-organiems, particu-
lariy fungi, can be great. The higher the moimture content in this range the more rapid
ie the growth of orgsnisme and 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 decaying organio matter.

Since it ie almost imposeible io keep seeds free of storage fungi, the easiest and
best altermative im to keep sesds dry — in equilibrium with a relative humidity of 65% or
drier, Under such conditicns, these orgunimms cannot damage seeds (Harrington, 1972).

At seed moimture contenis below B-9%, little or no insect activity oocurs and insect
reproduction will not take place, If meed moisture content iB maintained below 8%, and tha
storage is complately smealed so that respiration reduces the oxygen content below 14%, in—
sects camot survive in the seed (Harringtom, 1972).
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CONSTRUCTION OF SEED STORAGE FACILITIES

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

Protection Against Theft, Rodents, Birds and Insects

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

Wooden construction is lemse desirable tham brick, stone, concrete or metal. When
vooden constructions are used, the foundation should be of stone or concrete and should
extend three feet$1 m; above the ground. There should be a lip around the building at a
height of 3 feet (1 m) extending out & inches (15 em). Such a comstruction makes entrance
by rodents through the walls virtually impossible as long as the foundation remains un-
oracked.

Storage ineacts can even be more damaging than rodents and usually constitute a
greater problem in the tropice then in temperate countries. Construction of the floor,
walls and ceiling of the storage should be such that no cracks exist which can harbour
insecta. Plaster, insulation and plywood, properly applied, can minimize cracks., Venti-
lation openinge should be soreene . against insects. All openings, such as electric condunite,
ventilation opsnings and doors, should be thoroughly mealed, A yearly painting of the
interior with a residuwal insecticide will further minimize the poseibility of insect infesta-
tion.

Sanitation

Sanitation, both inmide and outside the building,is very important. Discarded
seed and cleanings should be hauled away and not dumped just outside the door and left io
harbour storage insects.

Fumigation

Once the seed storage is coupletely free of insects, the mort serious source of re-
infestation is infested seed which is brought in. Seed may be brought in from the field
already infemted or it may be transferred from an infested storage. OSuch infeatation ins
controllsd by fumigation.

Rather than fumigate the whole storage, it is advisable {0 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 ie only after fumigation that the peed ehonld be brought into the siorage area.

I+ ie important to note that fumigation (particularly repeated fumigation) may
seriously reduce vigour and even germinative capacity of seede. This is particularly true
of seeds with high moisture conlients. Seeds with moisture content greater than 14% ehould
be dried to below thie value before fumigation.

High temperatures also increase damage to seeds by fumigants. Therefore, fumigation
is only used with entering seed. However, when a storage unit containing much seed does
become infesied, then fumigation ie necessary.
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Temparature Control

Temperature is ome of the two most important faotora influencing seed longevity.
The lower the temperature the longer seeds maintain their gemminative capacity. Tempsraturs
control may be achieved by ventilation, imeulation and refrigeration. These methods are
not mutually exclusive and are normally used to supplement each other,

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

Moisture Control

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

I1f sasede are dried to safe moisture levels and then etored scaled in moisture-
vapourproof containers, the low moisture content of the meed will be maintained even under
storage conditions of high relative humidity. Seeds sealed in such coniainers ané stored
in cold storage can keep their germinative capacity for long periods.

Use of Desiccants

Since moisture-proof containers are difficult to open and reseal, they are not uase-
Tul for plant breedere and seed control officials, who must store many small samples that
must be readily accessible. Such samples could be atored in a dehumidified,refrigerated
room. Such rooms sre in use though they are very expensive, Also in many areas of the
vorld, electricity is often unreliable, so refrigeration and dehumidification may not always
work, An alternative is to store seed samples in metal boxee with gaskeited enap-on lids,
with desiccants {e.g. silioca gel) enclosed with the seed samplesn.

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 pilica gel ia enclosed with the meed in the metal box in the ratio of 1:10. When the
indicator granules turn pink, the silica gel ia removed, reactivated by drying in an oven
at 175%C, cooled in a sealed container, and returned %o the metal box. Thus, the seeds are
kept below equilibrium with 45% relative humidity, a moipture content demirable for several
Years of storage in a temperature range of 20 to 25°C,

In addition to easy accemssibility, the metal box or such other container has other
advantagos:
(i) It is rodent and insect-proof as well as moisture-proof;

(i1) The hoxes which are not very expensive are easily stacked on shelves
in a mmall ares;

(iii) Also, seeds in equilibrium with 4%% RH will not be damaged by stored
fungi ;

(iv) The only care required is periodic inspection to make gure the indicator
gilica gel remaina blue,

Effects of Airtight/Sealed Storage

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

Choice of Containers

Several typee of storage containers have already been mentioned. The important factor
in the choice of containera is primarily the degree of mealing required.

Most large-scale etorage of seeds is done in tightly-clomed containers. Such con-
tainers slow dewn 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 betwzen
inside and outside, the greater the need for minimiging exchange. Other factors to consider
in the choice of the best container for a given use were listed by Stein et al (1974) as
follows:

“(i) When Beed requires further drying in storage, do not use a tight-clesing con-
tainer because encloeing excese moisture is harmmful to the seed (Barton, 1961).

(ii) Use & tight-cloming 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 storsge. Waming to room temperature is recom-—
mended before opening a container brought out of such ptorage.

(iv) Pour 4o 10 mil polythylene bags will exclude or retain moisture but still
allow exchange of oxygen and carbon dioxide with air outside. BSuch exchange
may be beneficial or harmful depending on the ampecies,

(v) A container that is easy 1o open and close is desirable when quantities of
seed are likely to be added or removed repeatedly. Open only when neceesary
to minimize tempersture and relstive humidity fluctuations. Altermatively,
store seeds in amall containers, so that the entire content can be stored or
emptied at once,

(vi) Pill containers completely to ensure minimum exchange of moisiure between the
seed and the entrapped air.

(vii) When seed moisture content or relative hwnidity 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 bage are often used as liners for rigid con-
tainers.

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

(x) Some containers may bs of substances that are harmful to tree and shrub seeds
(Barton, 1954). Unproven containers should be teated for toxity."
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TESTING SEED QUALITY

Any seed storage programme, whether for commercial seed or germ-plasm seed, needs
to have a peed testing programme as well, The storer of commercial seed needs to know
which lots will begin %o deteriorate most rapidly so he can sell them first. Also, the
director of a gemm-plesm storage must be able to asccrtain when to "grow out" a seed lot
befoz)'e it is seriously reduced in gemmination capacity or even completely lost (Harringtonm,
1972).

The various kinds of seed temting and the procedures are described in the Inter-
national Seed Testing Association (ISTA) rules and regulations (1966 and 1974). Among other
tests, it is important that every seedlot should bs germination-tested when it is received
for mtorage, #o that the seed quality is recorded. Subsequent periodic tests should be
made to detect deterioration. If deterioration ocours, storage oconditions should be checked
to dimcover the reason and corrective measures taken (Harringtom, 1972).

PACKING AND TRANSPORT OF

Packing for Shipment

Experience has shown that loss of viability has been iraced to exposure ic high
temperatures and varying humidity in transit. Some seede require preservation in dry con-
ditions, others moist.

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

(i) Double-wrap the seed. Enclose the seed container in a sturdy, preferably
rigid, outer container,

(ii) Suall or moderate mize containers generally withstand shipment better than
large contsiners,

(iii} Fill containers completely to minimize air content and jostling of seeds
during ahipment.

(iv) Seal in plastic, foil, or moisture-resistant kraft bags or in rigid containers
such ae vials, plastic bottles or tine.

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

(vi) For mome species, a chemical germination inhibitor may be added to the
moistened mediun (Barton 1961).

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

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

(ix) PFor long distances, shipment of sensitive meeds by air is desirable.
Hemetically smealed containers may explode at high altitudes.

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

In addition to transportation from field to etorage, seeds also undergo transporta-~
tion between storages, as well as from siorage to the planting site. All these involve
periode of storage during which deterioration can be serious. It is important to note that at
all stages of tramsportation, the primciples of good storage apply equally. Steps must be
taken t¢ avoid high and fluctuating temperatures and adverse humidity which are the major
canses of loass of viability.

y With adequate packing and carefully planned shipment, most lots should arrive at
their destinations in good condition. It ie wise to mend adequate instructions on post-
shipment care with each lot.
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TREE IMPROVEMENT

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 ipherited 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 circumsitances
and at varying degrees of intensity ranging from the conservation of gene resources and
species and provenance trials to seed orchard establishment, controlled crossings and
progeny irials.

A prerequigite for a tree improvement programme is plantation forestry. A4s soon

ag ageed im collected and planis are raised and artificially cultivated, there is a chance
to select and improve. Thus, it is convenient to conpider tree improvement in relation
to afforestation and reforeastation programmes. It is obvious that tree improvement ie
particularly relevant to msavanna conditione as all forest establishments will have to rely
.on planting, and to a large extent with introduced species.
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Tree improvement, aud in & more narrow sense itree hreeding, or selective breeding,
invelves various stages of selection, beginning at the species and population level and
ending with individuals, if we use the logical sequence. Species and provenance selection
have already been discussed; we shall therefore turn to selection of superior single trees.

Phenotypic Selection and Environment

Any gelection 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
astages of tree breeding, wbere single treeas are gelected in replicated experimenis, the
aselection becomea increasingly "genotypic®, but the most common mituwation is probably
the pelection of plus trees or superior phenotypes in natural standa or plantations in
order to initiate an improvement programme.

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

Fhenotype » genotype + environment

The breeder's interest lies in securing the good genotypes, i.e. the trees that
irrespective of environmental influences perform well or beiter than average. Such trees
will possess a favourable genetic conetitution, and they will, when grouped t{ogether,
change the gene frequencies in a pogitive direction.

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

Which gelection procedure to follow will have to be decided for the individual
breeding programme, ag each species and local market will have different requirements.
Some guidelines on which method t0 follow may be attained by examining the relative
importance of the individual characteras in utilization or economic return. If a grading
syatem {characters weighted) ia employed, as for instance in the Texas Forest Service,
U.S.A.; the compomite evaluation of the individual tree may be expressed as: total
geore = height gcore + diameter score + form mcore, 1In the allocation of a point acore
for a given characteristic, three factors have to be taken into account: (1) the amount
of superiority of the trait, (2) the sirength of inheritence of the trait, and (1) the
economic worth of this superiority.

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

1. Superior height growth

2, Superior diameter growth

3. Good pruning mbility

4. Straight, no crook or aspiral bole
Se Flat (= wide) branch angle

6. Narrow, compact, well-formed crown
T« Disease resistance

8. Inmect resistance

9. Drought remistance

10. Wood characteristics

Of the three factors to be considered before employing a grading sysiem, the firsi
can be measured,tut the other two may be much more diffioult to estimate. The sirength
of inheritence 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 & breeding prvgramme it may be advisable to use a selec—
tion procedure for individual trees which only regiatera the necessary information without
weighting. What is actually "necessary" may be difficult to foresee so there is an under-
standable tendency to work out more elaborate plus tree record forms than is reslly justi-~
fiable. A measure of how much is reasonable to register can be obtained from breeding
programmes which have been in operation for some time and from actual usage in the field.
From the former it may be seen how much and to what purpcae the data have been used and
from the latter whether the forms and descriptions are practical to handle,

A measure of the intengity of selection is the selection differential, which is the
difference between the mean of the selected trees and the mean of the population from which
they are selected (see Fig. 1). As mentioned above, the mean of the whole population may
be replaced by the mean of the four to five nearest, dominant trees. The reason for doing
this is partly the difficuliy or impomgidility of measuring the whole stand, especially in
natural mixed forests, and partly that a better basis for comparieon is probably obtained
ag the nearest trees are more likely to have been exposed to the same envirenmental
influences as the potential plus=tree. The comparigon trees should be found within a
radiue of 25 to0 50 m from the plus~tree.

Selection Intensity

(a)

Diagrams show how the selection differential, S, depends on the

proveriion of the population selected, and on the variability of
the character. All the individuals in the stippled areas, beyond
the points of truncation, are selected, The axes are marked in

hypothetical unita of measurement.

a) 50% selected; standard deviation 2 units: S=1.6 units
b) 20% selected; standard deviation 2 units: Se2.8 units
c) 20% selected; siandard deviation 1 unit: S=1.4 wnits

Pig. 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 same selection intensity iz applied to two characters with different
beritabilities, the one with the lowest heritability will give the smallest response.

Vegetative Propagation

A technical problem which by no means should be ignored is the ease with which the
different species way be propagated vegetatively. In several cases the development of
a suitable method of grafting, budding or cutting has been decigive for the progress of
breeding., The patch-budding method, for instance, gave riee to the iniensive breeding of
rubber ?havea bragiliensis) and was later used for large-scale catablighment of clonal




plantations. The same method with certain modification has made breeding of teak feasible,
and it seems suitable for some other troplcai bhardwosde ss well, Thus the development of
techniques for vegetative propagation ia an indispensable part of individual iree selection.

Progeny Testing

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

Teating of progenies is also a means of eatimating genetic parameters such as
variances of different kinds (phenotypic, gemotypic, additive and interaction between them),
breeding value, combining ability, heritability etc. The latter, which may be termed
#gtrength of inheritance", is of great importance for our selecticn work, as indicated
above under selection of individualsa.

Types of Progeny
The type of the progenies, among other things, determinea how mach information may
be retrieved from the trials. Distinction is made beiween iwo main groups: half-giba
and full-siba,.
Half-gibs

Half=gibs comprise individuals deriving from one mother tree or one mother clone
pollinated by the surrounding trees. Thus only the female parent is lmown., Meny progeny

irials are composed of half-sib families, a family being the group of irees with a common
mother,

Full-gibs
In fullesib families both parents are lmown, as in the case with controlled crosses.
More information can be obtained from such trials than from 4rialsg with helf-sibs becauwse
an estimate of genetic variance can be made for both the female and male partnera.
SFED STANDS
The following definitions are adopted in accordance with the OEBDl/ gcheme?

Stand: "A population of trees possesaing sufficient wiformity in composition,
constitution and arrangement to be distinguished from adjacent populations".

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

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

1/ OECD = Organization for Economic Co-operation and Development
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The objectives of forming seed production areas, or seed stands, are, according to
Matthews (1964) 4o

1. produce geed of improved inherent quality by selecting and favouring seed trees
which are vigorous, gtraight stemmed and healthy and produce wood of good
quality;

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

3. improve the germinative eneorgy and germinative capacity of the geed collected.

Age, Area and Development of Stand

The stend must be 0ld enough to have proved its value in various respesis and i
ehould be in a good stage of flowering and ased production, and not too old to allow seed
10 bte collected for a reasonable number of years ahead,

In apecial cases, however, it is justifiable to select younger stands, if they are
showing great promise. It is recommended to regisier such astands as canditate seed gtands
for later inmpections. See Barner (1974).

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

Isolation

Igolation from inferior sources is very important. In wind-pollinated tree species
such as most conifers, proper isclation can be quite difficuli to obtain, while insect—
pollinated gpecies like teak and rubber are easier to handle. If the geed gtand is
aurrounded by undesirable poliination sources, contamination may be aveided or at least
reduced by using imolation belts or filiers 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
digtinguished from a seed source by the treatments given fo it in order to promote meed
praoduction.

Such treatments may comprise:

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

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

3. Removal of undergrowth to facilitate aeed collection.
4. Application of fertilizers to improve seed production and seed quality (technical).
5. Proper demarcation of the geed atand.

6. Various other ireatmenta, such as pruning and application of insecticides to
protect flowera and fruits.
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SHED ONGHARDD

Seed Orchard Approach

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

Thue a tree seed orchard is a planted stand that is located, designed, established,
composed, and menaged to produce a reliable supply of genetically definable geed for
purposes of foreat management.

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

Clonal vs, Seedling Orchards

Seed orchards may be established with clones (grafted ramets or rooted cuttings) or
geedlings of selected irees. An entire double igsue of the journal Silvae Genetica (1964)
was devoted to discuseiong of seedling and clonal seed orchards ('Ibda, 19335; reference
can be made to the several papers therein and a more recent and brief resumé of Kellison
(1969) for details of arguments for and againat each of these types of orchards. Suffice
it to asy 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 Gaing

A comparison of geed orchard offspring of P. radiata {30 olones) with that Srom
commercial sources showed after )% years an improvement of 16 percent in height growth
and 20 perceni in diameter, Yoth characters of fairly low heritability. The experiment
waa conducted in Ausiralia and reported by Griffin (1969). Hybrid seed orchards for larch
{(Larix decidua x leptolepis) have constantly given offspring with a 10 - 30 percent increase
in vigour plus improved form and resistance ito canker when compared with the respective
species in Denmark, In Tubber {Hevea brasiliensis), where seed orchard development has
reached an advanced stage, offepring are yielding 4=5 times as much latex az the bame
populations from which breeding started (Keiding, 1972).

Porterfield (1974)1 as quoted by Zobel (19?4), had analysed the heritabilities of
different qualities and worked out the gains that might be expected. In reiation to the
economic conaiderations of seed orchards his results were as follows:

"1. Total volume gains from seed orchard seed over unimproved plantations varied
from 12 to 14 percent for unrogued seed orchards in the tree-improvement pro—
grammes asaessed. Additionally, there was a gain of 5 percent for gpecific
gravity, while bole straighiness and crown improvement were in excess of 5
percent., Volume gaina of more than 20 percent are gquite possible by increaszing
roguing intensity and intensifying wild-stand selection intensitiea.
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The profitability of a tree improvement programme ig closely related to geed
yieldas from the orchard. The best gemetic stock im of ne waluc unill sullicient
seeds are collscted and pianied -~ the more seeds, the more acres that can be
planted with superior seedlings. Porterfield's atudy illuetrates the extreme
importence of maximizing seed yields from orchards by use of the best parent
trees, fertilization, irrigation and pest control. Only 8§ pounds of seed per
acre per year in the seed orchard (after age 10) are necessary to break even for
seed which produces seedlings 10 percent genetically auperior in volume, at an
eight percent rate of return; however, each pound of this kind of seed hae a
present value of $ 116 and every effort should be made to obtain maximum seed
yields.“
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INTRODUGTION

The production by the forest mursery of a sufficient mamber of plante of the right
Bize and adequate quality at the right time ie an importani factor in successful plantation
establishment. The first step towarde the achievement of this is to have a properly-~aited
well-designed mursery with an efficient system of irrigation. Good mursery techniques,
however skilfully applied, can rarely make up for a badly sited or badly designed mrasery
or one with an unsatiafactory system of irrigation. It must be remembered, however, that
without a geod mrseryman even thes besi-designed mursery is unlikely to produce good stock.

CHOOSING A NURSERY SITE

The decision must first be made whether the programme can best be met by having a large
central mrsery or several scattered small ones. Where commnications are inadequate or
transport facilities not avmilable there is no altermative to a mumber of amaller murseries.
When there is a choice, one has to consider the relative economics of the two systems as
well as several technical fastors :

(a) The cost per plant of mass production in a large mirsery is likely to be
much lowsr but the cost of transport from such a nursery to the planting
sites is bound to be higher., There may be a labour fransport and subsis-
tence cost to be conaidered in the case of remote smaller murseries.

(b) The totsl capital cost of eatablishing several small nurseries has to be
balanced against that of establishing the large cemtral mursery, Equipment
in the emall rmurseries will be simpler and the housing and related facilities
of poorer quality but the total labour force will be higher and many items




may have to be duplicated.

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

(d) When you have a eeries of small murseries, then you have the advantage
of being able to imalate disease ocutbreaks and limit their effects on
total production. The overall effect of equipment breakdowns will be
less, and it will usually be easier to obtain the necespary quantities
of s0il and water.

(e) The effect on the mrsery plants of transporting them long distances
from & cemiral mireery over rough roads mst be taken into consideration.
Plants can suffer from wind-burn if not protected, btut even with
adequate protection deathe can occur as the result of the breakage of
Tine roots by comtimal vibration.

Each mrsery site shounld be on well-drained level ground., Where wall-drained land is
not available, then a slight slope is desirable but care im needed to see that erosion does
mot develop. A system of surface irrigation dependent on gravity flow may alsc demand the
wse of a sloping site, A mid-slope position to allow cold air to drain away is preferable
and one hes to avoid the temptation to choose a topographically unsuitable site such as a
valley botiom or stream bank in order to facilitate the supply of water.

The mursery must of courss be situated where an adequate and suitable supply of water
can be provided (mot forgetting domestic demands) and it must be eituated as nesr as
posaible to 2 source of suitable seoil or of the major comstituentas of whatever soil mix
way be used (balancing the cost of iransport of soil against the cost of transport of the
planting stock).

Shelter is very important amd unleas the site is naturally sheltered a wind-break
againot the prevailing wind will have to be established. Hedges should alao be
eatablished around the mirsery, with gaps for ocold air drainage, and in large murseries
internsl hedges may be helpful provided they do not interfere with tramsport and work flow.
In short-term mrseries artificial acreens can take the place of hedges and wind-breaks and
are likely to be needed in the early stages of a long-term mirgery before the hedges and
wind-breaks are fully established, '

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

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

PLANNING THE NURSERY LAYOUT

It is convenieni for both planning and operational purposea to divide a mrsery into
blocks, sections and beds:

(a) The bed ie 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 tramsplant bed,



(b) The section might comsist of anything from two to eight beds and is the
unit which will be subjected to the same trestment at the same time.

{¢) The block im merely a group of a convenient mumber of sections which will
vary aocording to the ground layout of the mrsery. A block must always
have gpace for a road through the centre, along the long axis preferably,
80 that iruck off-loading or loading ocan take place from both sides.

4 seed bed or transplant bed should be not more than 1 metre in internal width for
comfortable working but standing-oui beds in which containers or boxes are stacked may be
up to 1.2 metres wide, the actual width preferably being arranged to {take a round mmmber of
containers. Bed lemgth is a matter of scale of operations and space available. The length
of standing~out beds should be arranged to take a round mmber of containers, as this sim-
plifies counting and organisation. It is usually not convenient to have any bede longer
than 10 metres or latsral soccsss iz impeded, The oriesntation of geed beds should ideally
be East-West to avoid sun=-soorch.

Seed beds would normally be in separate blocks from the transplant apd standing-out
beds but shonld not be remote from them.

The total mumber of beds and sections required has to be calculated from the planned
Plantation programme taking account of ¢ulls, an allowance for blanking, and a safety
margine Allowance also has to be made for future expansion in the case of long-term
mrseries., It mist also be remembered that where plants have to remain in the mirsery
for over a year, additiomal bed space will be required.

PFacilities 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 technicques employed
and the materials available locally. Where rcot pruning by means of a wire is standard
practice, the design of the shade supports and other bed features must allow for this,

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

The paths botween the beds must be wide emough to take whatever hande~trucks, trolleys
or barrows are used. One metre width is usually ample (see aketch 1).

The layout should be such as to enable a "flow" aystem 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 minimuw.

The type of irrigation system in use will also affect the specific layout. Examples
of the layout of parte of actual marseries in Zambia are given on the diagrams (sketches 1=3)
to illustrate this.

In murseries where soil has to be mixed with fertilimer or other ingrediznis, or where
the soil is to be gterilised in 'clamps', then a section of the mirasery has to be set aside
for thias, If the soil is to go into containers, then a further space immediately adjacent
1o the mixing/ateriliaing area will have to be set agide for the filling operation. In
rmurgeries where soil is used without any admirxture or where sterilisation is either not done
at all or done in the pots in situ, then these specisl aress will not be required as the soil
will be offloaded directly in the bed areas. Where such areas are required they must be
located with work flow and minimum handling and within-mursery transport in mind (sketch 3),

In areas where mycorrhizal inoculation is expected to be necesmary, it ie useful in a
long=-term mirsery to have a special mycorrhizal bed where pines are kept growing, The scoil
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with which the bed is started =hould be brought from an established pine stand, but it can
be kept topped up thereafter with ordinary woodland soil,

In long-term murseries, it is always as well to allow exira space in any case, to allow
not only for unforeseen expansion but alsc for changes in technique and experimentation with
new techniques, o

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

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

WATER SUPPLY REQUIREMENTS

It is important to estimate the quantity of water which will be required. Where a
domestic supply is aleo 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 mirsery requirements obviously vary emormously according ic local conditions and
the type of stock being raised. Where there is no local experience on which to base an
estimate then rough calculationa can be made on the basis of evapot{vanspiration rates (see
Appendix 6 of Lamrie, 1974). Figures on which to base domestic demand estimates will
ugually be obtainable locally.

WATER QUALITY

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

WATER_SUPPLY INSTALLATIONS

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

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

For hand watering by hose-pipe and spray rose and for all syetams 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 pressurs required to produce small droplets. One should
not rely upon contimious pumping against a closed vaelve to produce the required pressure.

Where domestic water is supplied from the same gource, the domestic main must be
separate from the mursery mein so that varying domestic demands do not cause a fluctuation
of pressure in the irrigation system. If a completely separate system can be provided
then so much the better.
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Wherever pumping is involved it is advisable to have a standby pump. If thie 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 dietributed to various
pointe in the rmursery by a series of either stationary or portable linea. Detzils of the
various alternatives are described in App2niix 6 of Laurie.

Silt traps should be installed and a means of flushing out the system provided wherever
ler irr

rrigation is in use.

IRRIGATION METHODS

Hand watering with cans fitted with a spray-rose or with knapaack mist sprayers is the
obvious method for small mrseries (say, up to 10,000 pianta). An adequate mumber of
filling-points must be provided.

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

Surfaca irrigation can be applied to large rmurseries bui it iz mot 2 method very widedy
used, A good deal of skill ie 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. Pertilisers, insecticides and fungicides
which cannot be used in aprinkler systems can be introduced with the water in surface
systems but this also tends to be wasteful and difficult to control.

The ideal syetem for large murseries is overhead eprinkler irrigation. A large
rumber of syeteme are available but they can all be classed as either rotary sprinklers,
nozzle lines, or perforated pipes. Rotary systems tend to produce larger {roplets than
the other two and owing to the shape of their spray pattern it is more difficult to arrange
uniform coverage. They are however more tolerant of small particles in the water and so
lens liable to blockages. Nozzle lines are easjier to maintain than perforated pipes. Both
give a good uniform coverage.

Ro sprinkler system is perfect, however, and it is often found in practice that aocme ..
supplementary hand watering is required, particularly in turbulent conditiona.

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

(1) Area to be covered
(ii) Frequency, strength and direotion of wind
(iii) Maximum permissible droplet size
(iv}) Required rate of delivery per square meirs of bed
(v) Pressure available
vi) 8ize of main pipe from storage tank
(the last two where water supply already installed)

If you cannot get advice then at least get hold of the makers' mamials and atudy them
before ordering the sguipment.

REFERENCES

Laurie, M.V. Tree planting practices in African savamnas. FAO Forestry Development
1973 Paper No. 19. Rome, FAD. 185 p.
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The same system is used at Mukutuma and Kafubu
with slightly different spacing due to the existing
sprinkler systems. See sketch 1
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BASIC RESEARCH OF NURSERY SOIL NIXTURES

Two contrasting hypotheass have bssn put forward for plant=raising in the particularly
difficult conditions of the Sahel:

1. (Great oare ahould bes taken to rairs vigorous plants in the best nursary
oonditions s0 that they can grow rapidly duwring the first rainy season
and aurvive the following dry season,

2. Nursery plants should not be givan spscial care in the mursery, in order
that they become used to the diffioult oconditiona which they will
exparience in the field and in arder that only the most resistant indi-
viduals swvive to be planted.

In order to aettle this question, trials were conducted in Niamey (Niger) in 1970
involving the following nursery treatments:

Seil:

51 = compost

32 = blaock sarth and sand

S3 - sand

Fortilizers:

1 = no fertilizer application

F2 = 2 g Tertilizser applied per pot
P} = 4 g fertilizer applied par pot
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Matering:

W1 - limited watering
W2 = avarags wtering
W3 ~ heavy uatering

Thus, by factorial combination, 27 different treatmenta were given. The test species
8clected was Eucalyptus camsldulensis 8298.

Theas plants were planted out in the field in July 1971 in a cubic lattice design
3
{3” treatments), 25 plants per plot, spmced 3 x 3 m, with three replications.

Starting with the firet season, important differences in rate of growth were dis-
tinguichable, depending on the typea of acil = S1, S2 or 33 and on the amounte of fertilizer
applied, F3, F2 or 1. No clear difference was revealed as regards resnlts due to different
ratea of watering.

The oonclusion was that good trestment of plamka in the nwraery is desirable bascause
it helps the "take—off" of plants out in the field and gunrantees better growth and better
rate of taks.

Another experiment of the same kind, but in whioh the plante were followed only
through the nursery stage, was undertaken in 1975 at Ouagadougou (Upper Volta). The test
species was Eucalyptus cammldulensin and the trial involved meven different treatments
using mixrtuwres of sand, earth, manure (uow-dmg) and compoat in different proportions as
follows:

1. 1/4 manvre 1/4 ssnd /2 earth 3. 1/4 compest  1/4 sand  1/2 earth
2. 1/10 manuwre  3/10 sand  6/10 earth 4. 1/10 compost 3/10 sand 6/10 earth

5. - 1/2 sand  1/2 earth
6. - - 1 mth
To — 1 md -

The resulis as of 14 July 1975 were as followa:

Treatment % of live plante height reached | average height

" (a) (on)

1 T0 0.927 66.2

2 85 1.044 61.4

3 100 1.604 80.2

4 95 1.433 T5.4

5 100 1.213 60.65

(] 100 1.250 62.5

7 100 1.162 58.1

The best results wers obtained with the mixture: 1/4 oompost, 1/4 sand and ¥2 earth.

A definite depressive sffeot was noted when manure (cow-dung) was used, an effect which needs
40 be disoussed, beoause thers is "manure™ and "manure”.

Aeide from the oonclusion that it is worthwhile to provide good treatment of planta
in the nursery, these results still refer to looal sites and it would be necessary to
determine the best mirtures for use on other sites, and to determine what are the possibili-
ties of obtaining local suppliea of potting media.




The pointe in the discussion of soil potting wixtures in Tree Planting Practices in
African Savannas (PAO, 1974) are valid as broad prinoiples; that is, the soil should be
relatively light and oohesive, and bhave good water retentiom capacity and a high organic
and mineral mstter comtent. The mractical forester must never forget, Liwever, that these
ars only general principles and hism skill coneista entirely in working out which mixtwre
of mterials available to him is most appropmriate for each asite,

GROWING SEEDLINGS IN NURSERY BEDS VS. POTS

Plants traditionally uwsed for forestation purposes in the Sahel - Sudan zone are
usually grown in sesd beds, vis: neem (Asadirachta indica), cassia (Cassia siamesn), and
gmelina (Cmelina arborea). BSince this simple method proved satisfactory, no further
expsrimemtation has been dona, 3Still it should be noted that potted plants have better
chances of good "take" than those set out with bare roots, this being all the more true
the harsher conditions are. By way of illustration, following are the survival
retes for nesm 6 months after planting in a trisl conducted in Niger in 1972 (total annual
rainfall only 2681 mm).

Plants grown in: | Date of planting Survival rate
in the fiald
pota 5/11/T 88
pots 4/ 19/ 7i 81
pota 4/12/1 80
pots 5/1/12 7
bada a/12/1 35
pote 19/2/12 3
bads 5/1/12 31
beds 16/11/1 29
beds 5/10/T1 20
beds 5/11/71 17

T:e Tesults are particalarly clear. They were obtained during an extremely dry year.
When rainfall is more abundaut these differences diminish; and when rainfall iz on the order
of 500 mm, no sharp differences are found between the field swrvival rates of plante orig-
imally grown in pots and those grown in beda and planted bare-rocted. Below the 800 mm
isohyet, it ia therefore normal to plart neem, Cmelina, Cassia, and Dalbergia with bare
roots. It is, however, not impoesible — and this is a mtter for discussion - that one
would be quiokly led to advise the planting of ewdalypis bare-rocted.

SE OF POPS

The uss of plastic {polythene) pots is now very common in the arid parts of Africa.

The manmm] Tree Planting Practices in African Savannas (FAO, 1974) dwells a great deal on
this point.

In some cases the use of small pota, which im often advised and certainly makes for
appreciable savings in transportation ocosts, may lead to ths production of sickly and
genarally too small plants, The pots which we fssl combine maximum advantagea for many
8pscies have the following apecifioations:




- 96 =

Height: 20 t6 25 om
Diameter: 10 om

Thickness: 40 miorons

Color: mefwrably black

Holea: approximately 10, the higheat at 13 om from the seam.

Partioular emphapis should bs laid on the need to cut awmy the bottom of the pot at
planting time in order %0 eliminmate curled roots at the hottom of the pot, whioch are a
moblem for many species. The plastic aheath obviously also las 40 be carefully removed;
this point can stand repetition because all too often bad plantings ars the result of care-
less methods used in removing the plastic pots.

OTHER METHODS OF RAISING PLANTS

As thera has been mrevious discussion on the growing of plants in beds, coveraga
here will be confined to the use of cuttings and direst sowing.

Growing of Shoot Cuttings

It is necessary to stress the great hopes vested in the growing of genetically
selected Eucalyptus clones, mist propmgated from shoot cuttings. The People's Republic
of Congo has accumulated valvable experisnce in this field and it was intended that ita
research programme would lead £o0 industrisl plantations of Ewcalyvtus clones (which have

Perhape aiready veen BSUArGed).

Quite aside from the programme of genstic improvement of plamts, which goss beyond
the scope of this report, the multiplication phaseas commrise:

- felection of plua tress from among improved species;

= possible multiplication by grafting;

~ felling the grafted treea (above the graft) or plus trees to produce coppice
aprouts;

= taldng cuttings from among the sprouta (with consideration of the position

along the branch);

determining what ldnd of s0il is suitable for striking outtings (very welle

drained, inert soil like gravels);

= definition of mist;

=~ hormonal tresatment ;

- pricking out of rooted cuttings;

= pcasible establizhment of olone banks for industrial-acale produstion of
outtinga or for other ressarch purposes (controlled hybridization, eto.)

A3 regards the using of Eucalyptus cuttings for planting, note that the techniques
devised in the Congo are rather local in character: they are not suitable for use either
in Tunisia, where other techniques have been worked out, or in Niger, where after 4 years
of suoh trials the mroject was abandoned.

Direct Sowi

Nention should also be made of forestation by means of direct sowing in the field,
but in the savanna this method is wseful only in very spscial cases (e.g. Anacardium and
Acacia senegal) as described by lauwrie (FAO, 1974).

REFERENCES
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INTRODUCTION

Other lectures are dealing with sowing, soil mixtures, irrigation and protection, so
the subjects to be considered now are shading, sheltering, weeding, root pruning, grading
and packing.

The notee which follow refer mainly to plants raised in polypots as this is the mosi
common practice in savanna regions.

SHADE AND SHELTER

The use of shade in forest nurseries is a mtter of considerable difference of opinion
ameng foreasters. In Malaysia 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 Thailsnd, where conditions are more severe
than in Malaysia, shading pines after pricking out is only recommended during March and
April, the hottest time of the year, and then only for three days after pricking (Granhof,
1974)., In Samaru, Nigeria, seedlings weve usually unshaded though there was some mortality
from overheating in the outside rows of blocks of polypots, and one experiment did show
increased height growth of pine seedlinga when these were grown under shade. Unfortunately
the performance of the shaded and unshaded seedlings in the field was untested, Sheding is
needed for small seedlings sown in hoxes or trays, but for pricked out seedlings, or
seedlings Teised by direct sowing into containers, shade, if needed at all, should be
removed one to three weeks after sowing or pricking out.



. A nusber of different materials oan be used for shade. For seed trays & building with
a tranrlucent corrugated perplex roof such ae is uwsed in Samar, Nigeria, is very suitable
though expensive. A special type of shade cloth, known as "Sarlon" is used in Malaysia for
trangplant beda in the form of high shade about 2 m above the ground; the material used in
Palayeia trancsmits sbout 50 per cent of the light felling on it, bul this shade cloth can
also be obiained in cther shade intensities from 30% to 95%. White cotton cloth has been
uwsed in Thailand. Often only partianl shade is needed; this can be made from laths, or
bamboos, or corn stalks, separsated so a8 to give about half shade. It ie poszible o
fasten these together with wire or cord to form rolls. This enables the shade o be
rolled up during the early morning and later afternoon, and also to be relled up while the
plants are being irrigated by spray lines or sprinklers,

In areas expoeed to drying winds, such as the harmatian of northem Nigeria, provision
of shelter in the form of screens of mats or coarse oloth round the nursery is desimable.
A hedge or windbreak of closely planted trees would serve the same purpose., Such shelter
not only reducesn the desiccating effect of the wind, but also by reducing the effect of
wind on spray irrigation, gives a more regular irrigation pattemn.

Smmll seodlings sometimes need protection against hesvy rains occurring at the begin-
ning of the rainy season. Light cloth or polythene sheeting ¢an be used for this.

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

WEED ING

Hand weeding is still the commonest method in African savenna nurseries, but in Zambia
the weedkiller "Gramoxone" is uwsed. This might well result in considerable savings in cost
(see laurie, 1974, pp. 126-127). Fumigation of the soil before the seed is sown can greatly
reduce the number of weed seeds in the soil; a full description of the method, ueing methyl

bromide, is given in Appendix 5 to laurie's paper. Weeds on paths etc. can be controlled by
the use of a flame gun.

ROOT PRUNING

If planis are grown in containeras the roots will tend to emerge from the drainage
holes into the s0il 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 bmazes of the pots
and the soil., The method of air pruning, in whioch the plants ere raised above the soil
surface, so that when the roots emerge they are killed by exposure to the air, is described
in Laurie, p., 98, where there are also descriptions of other pruning methods. Methods of
root—-pruning in boxes, and in undercut beds, are described on p. 94.

QGRADING

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 culle are discarded. Culls are plants which are excessively stunted, forked, or
otherwise abnormal. They may also include oversized plants, If planting is to extend over
two or three monthe the large plants should be planted firgt, and the rest as they success-
ively atiain a pize large enough for planting, Otherwise a2n attempt mey be made to attain
more miformity of sigze by reducing water to the larger plants, and increasing that to the
smller plants, and alesc possibly by applioation of fertilizers to the smaller plants.
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Holding back smaller plants wntil they become big ensugh for planting has certain
drawbaoks, as these plants my be genetically inferior, o~ have been so checked in the
nursery that subsequent growth in the field is poor. It is better to try to spread out
sowing dales 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 mtter of soms controversy, and
little experimental work appears to have been done on this. There iz some discussion of
this in laurie, p. 99. 1Ii may be that a much greater range of sizes can be planted satis-
factorily than is commorly thought., Certainly in Thailand exeellent results have been
obtained from one year oli Pinus kesiya ssedlings 310-40 cm high, though there the standard
aize is 15920 e¢m. In India alsc Euoa%xgtus plants over 1 m tall are sometimes used,

Factors influencing the optimum =ize of plante include the size of the contsuiner, the
peverity of the climate, and the armount of competition by gress and weeds. Another factor
which should be considered is that lerge plants will be more expensive to transport, and
more likely to be damaged in the process,

PACKING AND TRANSPORT

Packing of container-raised seedlinga presents few problems. They are merely put in
trays, and are loaded into vehicles. Wooden trays are sometimes used, but these are
heavy, and irays mde of wire mesh &re preferable, A simple trey of wire mesh has been
designed in Thailand, ocapable of holding 20 to 25 seedlings. These are provided with a
spacer, 8o two or three tiers can be carried. This type of tray was designed =so that it
could be used in conjunction with a carrying frame, so that a labourer can carry twoe full
trays on his back. This is very useful in mowmiainous country, where planis often have to
be carried fairly long distances by human transport.

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

Bare~rooted plants should have the roots puddled in wmud, and “2 packed in bumdles of
50 or sc in a large polythene bag.

Teak stumps are very easy to transport., Trials in Thailand have shown that plants
gtumped tc about 2 om stem and 15 om root, with all side-roots removed, can be stored in
boxag or trenches filled with dry sand for several months without losing their viability.
Stumps are thus prepared in March or April, for planting in June.
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INTRODUCTION

Thers are assveral records in different parts of the worldwhich ghow that exotic pines
usually fail to establish unless suitable mycorrhizal fungi bave been imported for inocula-
tion purpomes (Mikols, 1973). This atatement is also irue for Nigeria where it has been
shown that pine plantations cannot be establighed unless the asedlings bhave been infected
by mycorrhizal fumgi.

According to Redhead (1974), the first record of introduction of pine into Nigeria
wes in 1925 when Pinus longifolia Roxb, was initroduced into the country from India.

This and several other introductions in the following decade failed apparently
because no mycorrhiza was supplied. According to Madu (1967), P, halepensis Mill. and
P, canariengis Smith were tried in Naragute nursery, Jos, in 1950 while P. cocarpa waa
aleo sown in the nuramery in 1951. In 1952 they were inoculated with soils collected from
pine stande in Oxford and flown to Kigeria. These seedlingas were planted out in Vom in
1954 without any visible evidence of .ycorrhigal infection., Also in 1954, P, patula
Schiede & Deppe and P. radiata D. Don aeed from South Africa was sown and inoculated with
#0il collected from P, patula stand in Bamenda, Camercons. These seedlings wers also
planted in Vom in 1954. The set of 1954 plantings in Vom were the first succeasiul pines
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Redhead (1974) quoting other unpublished records indicated that soil amnd fine root
material was brought from Ndola Hill, Zambia, in 1959 and used to inoculate P. insularis
and P, kesiya. Thege and other one year old seedlings of P. caribaea, P. patula, and
P. radiata previously inoculeted with mycorrhiza soil and root material collected from
Vom and Naraguta were planted out in Miango in 1961.

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

Attempts to study smycorrhizae, technically, in Higeris were initiated by Olatoye
{1966) who made some general observationas on mycorrhizae of pines at Ibadan. He also
noted that soil inoculum collected from under pines at Vom, Naraguta and Bamenda were
suitable for inoculation purposes. Mikola {1968) visited Nigeria among other countriea to
study the importance of mycorrhizae in afforestation. He made a number of valuable
recommendationa for future work., Momoh {1970) noted that temperature and aeration probably
played vital roles in mycorrhizal establishments. Later on he synthesiged mycorrhiza of

Pinus oocarpa, using pure culture of Rhizo n luteolus. The seedlings wo raised were
successfully grown in the field (Momoh, 1975;

Redhead (1974) carried out a number of studies on mycorrhizae in Nigeria, includin
pome ectotrophic associations. Ekwebelam (1973) as well as Odeyinde and Ekwebelam (1974§
also made some attempta to study mycorrhizae in Nigeria. They worked with pure cultures
of mycorrhizae forming fungi with limited degrees of success. They found that Genoriz

(a mixture of different species of Boletus) and Coenococcum graniforme promoted better
growth of P. caribasa than the other fungi they worked with.

Deapite thesme various studies, the normal practice of raising pines in Nigeria is
gtill by using soil inoonlum collected from established pine plantations.
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ARTAY OF SUCCEISES AND FAILURES

With the curr:nt technique of using s0il inoculum collected from under old pine
plantations for the inoculation of seedlings, a reasonable degrees of success has been
achieved in the country. Pines have been successfully grown on the Jos Plateau (elevation
1 200 metres), Mambilla Plateau (average elevation of about 1 600 metres) and Obudu Cattle
Ranch Plateau (about 1 600 = 1 700 metres). Pines have also been grown fairly successfully
at lower elevations in Afaka (600 meires) and Ibadan (about 180 metres). In the case of
Ibvadan, there are osnly 3-4 reinlesa months while in some other localities such es the
Jos Flateau or Afaka, the rainless periocd can be of 4=6 months duration.

In most places where pines grow well the best ones are Pinus caribaes and P.
COCATpa.

In gome localities such as Bida and Mokwa (elevation of about 140-160 meires and
about 4~5 rainless months), pines have almost always failed to grow successfully even
after a successful mycorrhigal infection of the seedlings in the nursery. The reasons
for this are not yet completely known but it is puspected that certain soil factors and
the soil temperatures in particular might be a major factor.

The sporocerps of Bhizopogon luteolus have been found in some plantations in the
country (at elevations shove 20D matiwas ,i- Lahnvrotary atudiea of cultures ra%sed from
guch sporocarps ashowed the optimum growth of this gus on Hagem ag 23 G. In
culture the fungus was incapable of growing above 34 C (Momoch, 1970). It ia alao lmown
that the temperatures of the soil near the surface can sometimes be as high or even higher
than 34°C. When the temperature remains high in the desiccoated soil over a prolonged
period in the dry season, it is not impossible that this might lead to the death of
mycorrhizae and subsequent failure of the pines.

In nurseries situated in dry areas of the country such as Samaru, Zaria, it is
common t0 see dead inactive mycorrhiza on the sides of polythene bags facing the sun {in
a block of bags) while the mycorrhiga remains active on the opposite side of the msame

PROSPECTS OF PISOLITHUS TINCTORIUS

Redhead was the first to import Pisolithus itinctorius (Pera.) Coker & Couch into
Nigeria. He got his cultures from Dr. Zak in Oregon, U.3.A. He tried to inoculate
seedlings with this and other e cultures of mycorrhizae fungi but did not get any
infection. In his report, he (Redhead, 1974) noted ihat "None of the pines showed any
sign of mycorrhizal development™ after 4 montha. Redhead however gave some cultures to
Ekwebelam who indicated that he had some succeseful inoculations (Ekwebelam, 1973). Since
Ekwebelam worked with many fungi under a closely packed mituation, it was not clear if the
reported success with some of the cultures was not due to contamination from others.

Nevertheleas, P, {inctorius is kmown to be a very good mycorrhizal former in some
hot zones of U.S.A., especially in Georgia. DBoth cultures and sporocarps of this fungus
were therefore imported into Nigeria for further triale in the areas where other fungi
like Rhizo?%n luteolus initially introduced into Nigeria through soil inoculum had
failed. moh ana Gbadegesin (1975) have deascribed the introduction of this fungus and
the succeasful initial experiments carried out with it., Successfully inoculated seedlings
of Pinus oocarpa were planted out in the field at Miangd, Afaka, Molkws, Bida and
Ejidogari, So far, the inoculated seedlings have continued to grow quite well, The
fungus is algpo being inoculated onto P. caribaea for similar and more extensive trials.
Eventually, it is hoped that "mycorrhizal banks" of P. tinotorius will be available to
all pine growers in the country.
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It is clear that P. tinctorius hag great proapoogl in Nigeris. In culture it has
its optimum growth at 30°C and continues to grow at 42°C, while other known mycorrhizse
fungi in Nigeria are incapa‘bls or growing at tgia high temperature. For example, R.
luteolus has an optimum of 23 C and dies at 34 C. The rate of growith of seedlings inocula~
Ted with P. tinctorius is very much faster than what has been achieved with any other
mycorrhizal fungi tried in Samaru. The fungus also forms sporocarps very readily (Momoh
and Gbadegeain, 1975). Thus large quantities of pure forme of inoculum could be readily
obtained through spore inoculation,

FUTURE LINES OF RESEARCH

In his studies Redhead (1968a & b} discovered that some indigenous Nigerian forest
trees have ectotrophic mycorrhigae which ia the type found in pines. These wers Afzalia
bella, A. africana, Brachystegia eurycoma and Uapaca togoensig. Thia fact suggests that
there might be naturally existing fungli in Nigeria that might be capable of forming :
mycorrhiza with pines. PFurther studies in this respect are demirable. If guitable pine
mycorrhiga fungi are found in natural savanna landas, a new dimension might be introduced
inte pine inoculation problems.

The current success of FPigolithus tinctorius will be pursued with vigouwr. The Pungue
will be introduced into various localities on & wider scale po that its inoculum can be
available %o all pine growers in Nigerias and probably elaewhere, The seedlings of pines
already inoculated with P. tinctoriue and planted out in the field will be assesmed from
time to time and more field triale will be met wup.

TECHNIQUES OF COLLECTION AND INOCULATION

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

Most foresters, tend to collect their inocuwlum from under old pine stands. This is
very practical. However, in areas with pronocunced dry season, as is normally the case in
savanna areas, the mycorrhiza in the moil may not be active all the year round especially
at lower elevatione. The inactive phage is the dry season which ie 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 ie in its active phase.

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

Since excemgive temperature can be detrimental 1o many mycorrhizal fungi,light shading
might be necespary in very hot areas. It must howeover be remembered that excessive shading
can lead to etiolation of the seedlings.

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

After some initial failures, pines were guccessfully introduced into Nigeria in 1954
after necessary mycorrhigal inoculations. There are now some promising stands of pines,
eapecially P. caribasa and P. oocarpa, in different parts of Nigeria. Pisolithus
tinotorius appears to be & very promising fungus for the areas where pine growth is still
aifficult as a result of mycorrhizal failures.

411 pine growerg in tropical savennas are adviged to always cnsure that their seedlings

ars 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 amall part of the programme, as satisfactory techniques for raiming most of the
important epecies had been found before the establishment of the station. These included
the uge of polythene bags for raising seedlings, the incorporation of dieldrin dust in the
potting mixture to prevent termite attack on Bucalyptus, and the technique of pregermina=-
ting seeds, eapecially of pines, in a mixture of sand and vermiculite., However, thia is
not to say that more research into nursery methods would not be desirable. Although the
methode used are successful in producing satisfactory planting siock, it is certainly
poseible that even betier and cheaper methods could be found.

1/ Papsr for Symposium on Savenna Afforeastation




CONTAINER SIZE

The standard polythene bag used in northern Nigeria when full had a length of 25 cm
and a circumference of the same length, and weighed, when full, about 1 800 g. Obviously,
considerable pavings in the amount of soil needed in the nursery, in nursery space, in road
tranaport of seedlings, and in handling seedlings in the field could be obtained if smaller
pots were usasd, Thus a number of experiments were undertaken t0 compare survival and growth
in the field of plants raised in containers of different eizes. Results are given in
Table 1; both survival and height were recorded nine months afier planting.

In the Eucalyptus trials, the smaller baga had little effect on survival, but caused

gome 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 bage are satisfactory, bui not the smaller ones, in the
conditions of Afaka. This will save about 40 percent in weight. The smallest bags would
give a much greater saving, as they are only 22 percent es 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 aevere conditions than those at Afaka, larger bage might be desirable.

POTTING MIXTURES

Different combinations of potting mixtures and fertilizers have been experimented
with for Euealypius camaldulensis,E. grandis hybrid, and Pinus caribaea. A full account
ie given in Jackson et al (1971 ,. Some of the more impertant resultas are given below.

For eucalypts three rooting media were tried: river sand, sand mixed with rotted
cow dung, and sand mixed with loamy top soil from Mairabo Forest near Zaria, both of the
last two in the proportion of three parts mand to two parts of the other conatituent., For
both Eucalyptus species, tested germination was best in the sand and cow dung mixture,
though there were indications that the cow dung increased moertality in E. grandis hybrid
seedlinga, though not enough to offset the better germination. E. camaldulensis sheowed
little difference in germination between the sand, and the sand and goil mixtures, but
germination of E. grandis was alightly better in the sand.

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

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

There was also & very pronounced response to nitrogen, whether in the form of urea,
or of hoof and horn flakem. A4t a level of 0,3 gm of phosphate per plant, each additional

gra.ane of nitrogen increased height growth of 96-day old E. camaldulensis seedlings by
17.8 om,
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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 puperphosphate at the rate of 3 kg/m3 and
fertilizer at the rate equivalent to 700 g of nitrogen per m3 was added. However, in $0
days this produced seedlings 50 cm high, which are probably over the optimum gize for
planting. Indeed, if cow dung is used in the potting mizturs, satiasfactory growth of
geedlings can be obtained without additional nitrogen fertilizer. In the soil and sand
mixture used, about 500 g per m3 of nitrogen equivalent would need to be added. Sand
alone, even with the addition of fertiligers, gave generally poor resulis.

Pinus caribaea differed congiderably from the eucalypta in its reaponsea, especially
to nitrogen. There were two experimenta. The first compared different mixtures of sand
and topsoil in proportions of 5:0, 431, 3:2 and 2:3 respectively, combined with the
addition of urea, at 0, 1 and 2 kg/m3 and superphosphate at 0, 1 and 2 kg/m3. The topmsoil
had a clay content of 16 percent, a nitrogen content of 1.16 percent and a phosphorus
content of 75 prm. Survival was beat in the 4:1 and 3:2 soil mixtures, but the mean height
of survivorg was much the same in all mixtures, except in the sand without soil, where
it was markedly lower. Two kg of urea per m3 significantly increased mortelity from
an average of 14 percent to an average of 32 percent but the slight increase by 1 kg/ml
was not statistically significant. Urea had negligible effects on the height growth of the
seedlings. Superphosphate increaged the mean height of é~month old seedlings from 10.2
to 17,7 cm, except ir the pure send, where effects were negligible: 1 kg of superphosgpate
per m> was as effective as 2 kg. The superphosphate, except in the sand, increaged the
percentage of seedlings with mycorrhiza visible to the bare eye from 33 to 66 percent.
There was also better mycorrhiza production in the 411 and 3:2 spand-soil mixturea, than
in the pure sand or the 322 mixture. When no phosphate was added, over 60 percent of the
peedlings were ptunted and with yellowish needles, and even with the phosphate 35 percent
of the seedlings grown in pure sand were of thie type. In the other mixtures the number
of these stunted meedlings was neglegible.

The second experiment compared the effectsm of uaing topsoil (as above), compost,
and cow dung in the potting mixture, at the ratio of 3 parts of sand to 2 _of the other
conmtituent, together with addition of urea at 0, 0,25, 0.5 and 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 numbere of seedlings with mycorrhiza. Urea had negligible effects
at all levels tried.

Thus pines showed great benefits from phosphate, but 1 kg/m3 was gufficient. Added
nitrogen {at least in the form of urea) had negligible effecta at lower levels, and was
harmful at higher levels. Cow dung alsoc contained gome substance injurious to pines.

The harmful effects of urea on pines were alpo found in plantation experiments,
where it greatly increaged mortality. Thus a suitable mixture for pines would be sand
and topeoil in the proportions of 4:1 or 3t2, and ay sand is easier to obtain than foreat
topeoil the former proportions would be preferable. One kg of superphosphate (or its

equivalent in phosphorus) should be added per m3 of mixture, btut no nitrogenous fertilizer
is necessary or desirable.

SHADING AND MYCORRHIZA INOCULATION

In general it hag been found at Samaru that satisfactory nursery seedlings ocan 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. HBowever an experi-
ment was designed to compare the effect of shade, and of different methods of inoculation
with mycorrhizal fungi, on Pinug oocarpa seedlings in 1970,

Shade was provided by guinea corn (Sorghum) stelks tied in a roll, in two ways, one
with the stalks as clome together as posaible, and the other with them separated to give
half shade. No shade was the third treatmsnt., Eight and a half months after priciding



out percentage survival in full shade was 80, in half shade 82, and in the open 71. The
differences were not significant stetistically, but the test, based on only four degrees of
freedom, was not very sensitive. Nean heighis of surviving seedlings at the same age

were 24.1, 24.0, 16.1 cm reapectively, showing highly significant effects from shade.

Mycorrhizal inoculation was effecied in the following ways: use of roots and moils
from bags containing 1 year old seedlings of pine, chopped up and added o the potting
mixture, at two months before the time ihe geedlings were pricked out, immediately before
pricking out, and 45 days after pricking out (three treatments); use of topsoil from a
Pinuas caribaea plantation inmediately before pricking out, and 45 days after pricking out
(two treatments); and no inoculation. Use of the foremt topsoil either before pricldng out
or 45 days after, produced the best height growth, but mycorrhizal development was slightly
better when the topsoil was added before pricking out. It ia alao much simpler to mix
the topsoil with the potting mixture, than to apply it to individual seedlinge in bags, a=o
thia method would be preferred on economic grounds.

CONCLUSIONS

It is obvioua that this research has only touched on a few aspects of nursery
production, and even in the subject most studied, potting mixtures, considerably more
could be done, in particular to find the cheapest satisfactory potting mixture. This
might differ at different localitiea. Other important factors, at preaent little studied,
include watering regimes; use of soil fumigants to control fungi and weeds, and herbicides
to control the latter; and the optimum size of planting stock in relation to bag size,
based on performance in plantations. Another aspect of nursery work needing study is how

to organize and manage nurperies go that seedlings can be produced as economically as
possible,
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1
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INTRODUCTION

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

Soil oritically affects the gzrowth of trees, and good growth requires that the soil
be in such condition as to favor good voot development. The seven important soil factors
that affect development of tree root systems are: (1) depth, (2) texture, (3) structure
and consistency, (4) meisture, (5) asration, (6) soil fertility and (7) toxic subsiances.
An ideal s0il for the proper develiopment 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 moistwre in an available form throughout the ye=ar;

- be well aerated {Aeration is correlated to moil texture, structure,
consistency and depth of water table. Proper aeration is important in
the metabolism of the plants and also preventa the formation of toxic
substances in the soil.);
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- be fertile (A fertile soil has the ability to provide the proper
compounde in the required amounta and in the correot balance for the
growth of plants when other environmental conditiona are faveurable); and

- low in toxioc substances (Any layer of toxic substances will limit soil
depth by preventing the roota from developing downwards through the
toxic lﬂyer-).
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tree growth are: (1) s0il depth and (25 g0il drainage. In the Sudan zmone, they are
(1) availability of eoil moisture and (2) soil texture.
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S0il conditions, however, vary tremendously from one place to another due to differ=
ences in climate and living organisms acting on the different kinda of parent materials.
Some 50ils are very shallow and others are very deep; some are very compact and hard, others
are friable; some ave high in fertility, others are iow; some are very wet and others are
dry, etc. Forest trees alsc vary in their soil requirements. One has either to choose the
kinds of trees t¢ suit the s0il or to a certain extent, change soil conditions to suit the

regquirements of the trees.

The scope of this prper is to show the procedwres used in determining soil conditions
in the field that will serve as a guide in selecting sitea for afforestation.

ESSENTIAL REQUIREMENTS

Site selection for afforestaiion purposes involves soil surveys, i.e. the study of
woils in the field. Bquipment both for the office and for the field is needed (see
Appendix 1). Prior to field work, aerial photographs {stereocscopic pairs), maps and refer-
ences covering the ares under study for afforestation should be cbtained, If aerial photo-
graphs are not available, the 30il surveyor has to make the base map himself. Needless to
say, the aerial photographs should be of very good quality. Geological, topographical,
vhysieal, climatic and vegetation maps covering the area for soil aurvey are important
prerequisites. References involving the geology, climate, geography, agriculture and
forestry of the area of study, or nearby areas are alsc needed.

PROCEDURE OF S0IL SURVEYS

Dapending on the objectivea, soil swrveys can be classified as detailed, semi-detailed
or reconnaissance, For site selection, a aemi-detailed soil survey is required; this calls
for mapping of acil unite on a selected scale from 1:20,000 to 1:50,000 (see Appendix 2).
The s0il units used in mapping are series, types and phases.

The field work atarts by examining the soils along the roads; later traverses are made
from several poimts along the roads. The characteristiocs of the soil profiles are studied
in as many places as required using, as much as possible, the hydraulic powered soil corer
mounted at the rear of a Land Rover truck. When the lLand Rover cannot be used due to lack
of acceasibility, the s0ils are examined with the use of an hand auger. Pits one metre
squars by 1.5 metres deep ars dug for the detailed desoripiion of 2 representative profile
of each s0il wnit. One side of the pit facing the light is cleaned t¢ show the horizona
or layers. The boundaries of the different horizons are marked and their depths measured.
The FAO Gujdelines for Soil Profile Description (FAO, 1968) are used as the basis for
describing the colowr, texture, structure, consistence, pores, inclusions, presence of
roota and reaction of soil in each horigon of the profile. The Munsell Colouwr Chart is
wsed to describe soil colours in wet and dry conditions. The finger feel method is used in
the field to determine soil texture, plasticity and etickiness. The soil reaction is de-
termined using ocolowr indicatora (Ghlorophen01 red for so0ils with reactions between pH 5.2
and pH 6,8 and Thymol blue for soils with reactions between pi 6.0 and pH 7.6).
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Whenever poasible, the seils below 150 om depth are also examined with the soil auger.
S50il 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
fartility analyeis.

The trees, shrubs and grasses growing around the area of each pit described are
identified. Likewiae, other physical characteristics of the area such as relief, slope
of the land, class of drainage, degree of soil erosion, stoniness, depth of water tavle,
land forms, and animal activities are also noted. Prepared forms (see Appendix 3) for this
purpose are used and the items rocorded. on the spot. The use of such forms prevents the
poraibility of some features of the land being overlooked.,

S0ils with similar characteristios in profile development and external conditions are
classified as a s0il series and are given a geographical name. Lokoja, Afaka, Okene and
Osara are aome of the 80il series described in the Guinea Zone. When the textural class
of the A horizon is added to the series name, together they are called the soil type., In
the case of the Lokoja s0il series, the texture of the A horizon is loamy sand, thus, the
soil type is Lokoja icamy sand. Sometimes within an area of a aoil type, minor differences
in characteristics 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 ancther soil
gseries. Thus, in the cage of Lokoja loamy sand, some areas with relatively shallower soils
than is normal for the Lokoja meries, 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 colowred pencil. The linea made by this
type of pencil can be erased with & 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 matie surface where the 80il data can be written on with a pencil or crayon.
Boundariea of terraces, depressions, ironstone hills, eroded areas, inselbergs and escarp-
ments are determined from stersoscopic study. Soil boundaries can also be determined on
the photograph from the differences in tones of the vegetation, density of vegetation and
colowr tones of the soils. All soil information on the aerial photographs is transferred
to the 80il base map with the use of a Grant Projector.

The base map becomes the draft of the soil map and this is given to a draftsman to

make into final form for reproduction. The arsa 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 capability classes s0il units with similar characteristics or suitability for
plant. growth and similar responses to treatment or soil management., There are five land
capability classes defined for agriculture in Nigeria. These have been broadly related to
plantability or gwitability clasaes for tree planiations as follows:

1. 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, Thers is no impediment to mechanization, Trees adapted to the area respond very
well to ordinary soil conservation practices,

II1. Moderately euitable: Thia tlass includes; (1) land with moderately deep soil with
good drainaég;lt25 “1and with deep 80il 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 poseible. Simple so0il conservation practices are needed.
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I1I. Fairly suitable: This class includes; (1) land with moderately deep to shallow soil
but well drained; (2) land with poorly drained but deep soils; and {3) land where the
supply of soil moisture is often times a oritical factor. Few apecies of trees are adapt-
able to the ares, and the soil may be moderately affected by salinity. Mechanization is
somevhat restricted due to some physical ohstacles. Intenasive goil congervation practices
are needed.

IV. Poorly suitablet Thias clase includes; (1) land with shallow but well drained soils;
(2; very poorly drained but with deep soils; (3) land with extreme climatic conditions;

(4) 1and where mechanization is very difficult due to obatructions like boulders; (5) land
with very hard and compacted scils; and (6) land whose s0ils are very severely eroded.
Scils in the profile may be highly saline or alikmline, thereby adversely affecting the
growth of many tree species. The choice of trees for planting in thie class is very limited.

V. [Not suitable: Thie class includes; (1) land with very shallow or skeletal soils
where the bedrocks are near or exposed on the surface; and (2) land with extremes of mois=
ture conditions (too wet or too dry). Mechanization or planting of trees is not recommended.

The suitability classes are determined from data on both the physical and chemical
analyses of the soil wnits, taking into consideration the local climate. 1In classifying
90ils for plantability or suitability for trees, the soil surveyor should bear in mind that
what constitutes a very suitable soil, cognizant of climate, should favow 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 ite place in the
suitability classification,

Rainfall of the area should be considered when one determines effective soil depth.
Under similar rainfall conditions, aite quality generally inocreases with so0il depth. A
100 em so0il depth with 1,270 mm of rainfall may be just as good a site as another with
deeper s0il receiving less rainfall. With restricted growing season rainfall {1,000 mm},
a suitable soil depth is over 2 metres (Samie, 1973).

Flinthite, which is a very common characteristic of savanna soila, is often a limiting
factor in goil depth, but the roots of some species of trees iike Eucaiyptus propingua can
penetrate 120 om of dense plinthite. On the other hand, roots of Isoberlinia doka bend
horizontally upon encountering the plinthite layer., Bffective soil depth also varies
depending upon soil textwres, kind of clay mineral in the profile and the bulk density of
the plinthite layer. An average bulk density of savanna soils is (surface s0il) 1.55 g/cc;
those with 2,05 g/ec are impenetrable by roots of most species {Samie, 1973).

Soil fertility is another factor in mite quality., Based on the results of chemical
apalysis, roots of endemic trees concentrate their growth in the upper part of the solum
where 80il 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 ancther limiting factor in tree growth, Preliminary studiss on a
80il catena at the Afaka Forest Reserve planted to Pinus caribaea, showed it to be progres-
sively affected as drainage became poorer. However, in the case of Bucalyptus citriodora,

E. saligna and E. tereticornis, these trees do not seem to be affected by seasonal drainage
impediments.

Eroded soils, iron stone outcrops and soil depth (effective depth) directly affect
tree growth. AgRin, the preliminary studies made in the 1971 pilet plantation at the Afaka
Forest Reserve on a j-year o0ld E. camaldulensis 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 E. grandis, the presence of ironstones affected their height
growth by 2 metres over those where ironstones were not pregent.
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Als0 in a s0il catena at the Afaka Forest Reserve, growth of E. saligna dwring the
first year a9 adversely affected by difference in soil depth (thickness of soil horizons).
However, ic appears that after subsequent years {3rd year) growth difference bacame gradu—
ally less significant. In this case, effective depth is more important than soil horizon
depths as B site quality factor.
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Plinthite can be a limiting facior for tree growth,
sspecially when indurated and near the soil surface.
Some epecies, howsver, are able to penetrate the
plinthiie snd draw water from beneath. Here Eucalyptus
closgiana roots pass through a 10 am thick plinthite
layer about 60 om below the surface,
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Appendix 1
OFFICE AND FIELD EQUIPMENT FOR SOIL SURVEYS

Office ant

4. Stereoscops. This can be either the scanning or the mirror type but large enough to
examine the full view of a 23 x 23 om aerial photograph. This machine is esaentisl in
studying the physical features of the serial photograph as it will reveal the landscape

in ita tri=dimensional faatwraa.

At A WAT WA A AR HRAS e o HAAAT . WOWE U Wim o e

2, Pantograph (mechanical). Used for enlarging or reducing waps.

3. Projector. Similar in use to the pantograph above, this is used generally for en-
larging the features from aerial photographs to the acale of the desired map. This equip-
ment, however, produces some distortion in the size of image, being a natuwral physical
characteristio of the lenses., This distortion can be correoted by proper manipulation of
the machine.

4. Planimeter. An instrument used to determine areas on maps. It registers the number

of square units {usually square centimetres), so that by correlation with the scale of the
map, the area of any soil unit can be determined.

Field Equipment

1. Soil augsr. 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 conditione.

2, Spade. To dig =0il profile pit or to get soil samples.

3, Bronton compass with attached clinometer. The former to determine directions and the
latter slope of the land.

4. Mmaall Colowr Chart with supplementa for wse in the t{ropics.

5. Geological hammer, with one prong chisel-shaped. Used to break rocks for examination,
t0 break hard pans or for sampling small lumpas of moil,

6. Soil testing kit for pH. The reactions of most soils in West Africa range from pH 3.5
to pi 8.5, pH 5.0 to pH 6.5 being the most common,

7+ Trowel. This will be used to sample s¢ils, especially in the profile.

8. DBroad blade knife. To examine and mark on faces of soil profiles,

3. A 3-metre steel tape measure. Tuv measure depth of horizona,

10. Plastic bottle with spout. To moisten moils with water for examination with fingers.
11. Hydraulic-powered s0il coring machine. (Opticnal). This is a versatile machine which
can save much of the asurveyor's energy. It can bore holes with augers to any depth as long
as there are extension rods. It can thrust a steal coring tube through soft soil to get
an undistwbed s0il profile sample,

12. Vehicle. For movement of personnel and to carry eguipment, supplies and s0il samplea.
A four-wheel-drive vehiole is preferable. If there is a hydraulic powered coring machine
this has to be mounted on a pick-up truck. This vehicle should alec be of four—wheel
drive and provided with power take-off.

13+ Soil sample bags, either cloth or plastic,




ndix 2

A

*sfaams Tenjo®w ul peoustasdxe
golud seatfoxl Jo sBuel sprm oy} wody sefeiesw ajmurxoadde jusesddas ueatrd soamdrg 2

(*stseq sTqy uo dew
Jo NEo\moﬂnE.mm 0° L puw {z*+Q ueemiaq saduwy Lirensn L31susp Fuirdums a7qeydesce)
tdew 3y3 Jo wode SITIUS oy} Joao AjIsusp Bultdwes Jo sFedeaw uw juesdtdad saamdTg -

t
°
T 30UBES TRUUODD ‘ :
, 21 002 Lo 2/t oL T i 000‘00t :i
05 6L v 06/l T 0°G2 P TBIep-TURG 000%05 s1
vy 006°1L ey §*21/L T 62°9 perTeIed 000‘Ge i
v 052°1L " g/l 0V patT TR 000‘0z  :L
Y 008 Wzl L TA ! poTTEISP Adop ooo'ol &
=i 006 vy S0/l ey 20 portTRYep Lasp 000'S  :1
[T (qwow Xep Og Jed) (dew Jo (dew Jo _moi}
\mwmo.%o& Jo 93%Y wo /gardaes G+Q}) h&m
edvaoay *xoaddy ¢ urtdureg pejuegsddey Aoaang Jo spury e1eog
o £i1sueg hoided

[@013832a0253UT 030Ud—JTE JO 950 SUOS YIIM)
TEAdNG 1105 OTJBWSSAS JO S180T PUE SSododg 3O o6y




Appendix 3
S0IL FROFILE DESCRIPTION
nit Profile No. Date
lassification
ocation
egetation
Blevation Rainfall
Physiography
[Slope and Aspect Relief
Permeability
Gr. Water
Egii-' Depth Colowr Texture EE;:B- E:gzis- FPores Inelu~ i Bound-

sions ary
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LAND CLEARTNG AND SITE PREPARATION

D.E. Greenwoodi
Division of Forest Research
Kitwe, Zambia

The objectives of ground preparation in savanna conditions are summarised in
Chapter 9 of Laurie (1974). The choice of methods by whioh to achieve them will depend
on local conditions and on the resulte of local research and user triala.

The faciors to be congidered im choosing between band and mechanical methods are
also stated in Lauwrie but an additional factor which has arigen fairly recently is the
rapid rige in the price of fuels and oils — & rise which gseems likely to continue, This
seriouply affects the relative cost of mechanical operations, not only directly, by
increasing the cost of carrying out the operations but also indirectly, by increasing the
cost of the machinea themeelves, their gpares and their tranaportation. In gome countries
ths cogt of labour is also rising, but usually not nearly enough to maintain the relative
coats of hand and mechanical operations.

Where the supply of labour is inadequate, or the time available is $oo short, for
hand methods to be practicable, there appears to be little aliernative %o mechanical
methods of clearing, In view of the already enormous and still rising costs, however,
further thought needs to be given to the situntion. Several approaches are poasible,

(a) Recoup some of the costs of the clearing by making another use of the land before
raising trees on its

(i)  utilise the standing timber before clearing takes place or after knocke
down e.g. producing veneera from selected stems, chipping or pulping,
producing charcoal efficiently on a large scale in ldlns (these processes
algo affect the clearing cosis, mostly favourably);

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

(iii) produce sgrioultural crops on the land using paid foreatry labour.

The practical, technical and economic aspects of these schemes need careful
study; field trials, and in some cases research, are essential.

(v) Devise cheaper methods of doing the prement job:
(i)  Ume lighter machine:

Whether this is practicable or not depends very much on the density of
the bush and the average size of trees to be dealt with. If the buah is
light enough then lighter machinery cam be used. Not only is this
cheaper to operate on the clearing process itself but such machinery can
be esoonomically umed on other forestry jobs during the remainder of the
year, thus reducing the capital costas to be charged to the land=clearing.
The Nimbia project described by Laurie (1974) has shown that the job can
be done, but careful supervision and skilled operators are essential.
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It cannot be too strongly emphasimed, however, that where the tree cover
is heavy, ocalling for machines such as Gaterpillar D-7's and D-8'g, then
it is no economy %o try to "make do" with lighter machinery. At best,
you will end up with greater expenae owing to delays and breakages; at
worst, you may find yourgelf with broken machinery and the job unfinished.

Une new types o:.t machinery

Machines such as the Hydra~stumper and Tree Extractor, which are mounted
on wheeled tractors and are said fo be able to puli up the whole tree by
the roots, have recently been publioised and demomgtrated. 'The published
regults of the demonstrations have been difficult to assess owing to lack
of data about the trees concerned and the time taken. The only demonstra-
tion in Zambia so far convinced the audience that the machine was not
likely to be of interest to the Industrial Plantations Project. It was
t00 slow and did not appear able to cope with trees of the gize we are
ugually dealing with. It might be of use to have around, however, for
cleaning up operations and might even have a use in amall-scale clearing
operations in areas of light woodland,

(¢) Eliminate parts of the present job.

(i)

(i1)

(iii)

The windrowing could be eliminated to & large extent if more charcoal

were made or if the wood could be chipped (as already mentioned this could
also bring in revenue to help pay for the knoch—do:nd{. Te do the job
within the season, however, charcoal would have to be made in kilns.

Alternatively, the kmocked-down timber, instead of being windrowed could
be left in mitu and burned in the late dry season. Two such burns would
be necessary, howsver, and there might atill be a difficulty in getting

the larger logs to burn. On many soils a heavy growth of Hyparrhenia
and Loudetia species can also aripe.

Omit the ploughing, research in Zambia has ghown that this ploughing
is not atrictly necessary. However, the maintenance of the crop in a
clean-weeded condition during the first year is necessary, and if the
land hag not been ploughed the first-year weeding will be much more
expensive. So these costs have to be balanced against each other, not
forgetting the possible saving in capital investmeni in heavy Ploughs.

(4) Re-examine the need for the present complete clearing of the land.

(1)

(1)

Methods of ground preparation which were written off ag failures in the
early days of exotic plantation silviculture might now be modified to
produce a viable plantation. New factors favouring this include the
ability io produce high quality nursery stock, the development of chemical
methods-of bush killing and weeding, and the development of atump-jump
ploughs and harrowa.

Regearch in several directions is in progress or planned in Zambia, but
the applicability of results elsewhere can only be determined by local
trials and cogtingn. Successful establishment is not the only consi-
deration - the overall effect on growth rates will influence the final
cost of the plantation. ‘The saving on land clearing has to be balanced
agninst a possibly longer rotation and other incidental costs.
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The essentials of the various methods of clearing by hand and by machine are
described by Laurie (1974) and do not need to be repeated here. If hand methods are
used, then getting the job done is a atraightforward matter of organisation and administra~
tion. If mechanical methods are to be used, then the situstion is more complicated (quite
apart from the considerations discusged above, decisions on which have to await the results
of field trials end research). Thie is particularly the case where the woodland is heavy
and demands the use of heavy machinery which is expensive enough when in use but moast
uneconomic if lying idle a large part of the year.

Zambia's Industrial Flantations Project has been lucky in the past in having in the
country a contractor with the necessary heavy equipment and with a lot of experience. This
is now changing in Zambia and may never be the case in other countries. In such cases then,
several courses of action may be posaible.

(a) join forces with another government agency which already doea land-clearing
for agrioulture and/or road making. The addition of a forestry coniract
could help to make their operations profitable.

(b) encourage private enterprise with some sort of initial loan or eubsidy to set
up a land clearing unit, the government support involving some form of contractual
obligation Yo undertake government's clearing programme. The promotion of one
large company on which government then becomea dependent has many drawbacks. It
may be betier to support several gmaller enterprigses which could each do part of
the work. 'This bas many 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, i{ may be necessary io hire out the
unit for other land=clearing or road-making projects.

Whatever methods of land=clearing may be choasen from thege currently lmown to be
effective, the operation will take a fairly high proportion of the costs of plantation
establishment in savanna areas. Nevertheless, the growih 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 atill be able to compete
in the market at & price which gives & reasonable rate of return on the investment.
Furihermore, preliminary results in Zambia at leegt show that it may yet be possible to
devise other methods of clearing which will reduce the overall cost.
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DEFIFITIONS

In relation to land clearing operaticns the following terms and abbreviations are
used in the text:

(i)  "Operating time" (0.T.) for a tractor wnit operation is the total working
time in mimntes per specific area or unit, and is celculated by adding
working, minor stop and turning times,

(ii) "Basal area” (B.\.) of a tree is the ares of the cross section of the stem
at breast height (b.h.), or at 127 o (4 £t 3 in) above ground level.
The basal area of a crop or vegetation type is the sum of the cross mectional
areas of its comstituent trees and im often expressed as the total basal
area per wnit land area (e.g. mquare metres per hectare, m2/ha).

(iii) In relation to costings, decimal currency based on the Nigeria Naira (®)
was introduced w.e.f, 1 Jamuary 1973 and is used in the text. Rate of
exchange as at 1 October 1975 was:

H1 (Haira) = US $1.626
¥0.615 = US $1.00

INTRODUCTION

Land clearing in the savanna region requires the removal of the natural woody vegeta~
tion cover for a specific purpose. As the removal of woody vegetation constitutes a major
ecological change, it is essential to carefully survey and plan the use of any site, B0
that only thome areas which will be adsquately developed within a reasonable time are
cloared, Land liable to erode should be neither clearsd nor cultivated without plamning
sdequate measures to prevent woil damage. In forestry, the main reason for land clearing
is to remove woody material which would obatruct or hinder site preparation cultivation.
Except for a few mmall and special sites, successful establishment of foremtry plantations
in the savamna region requires clean weeding (FAO, 1974; Iyamabo and Ojo, 1971). Main-
taining clean weeding regimes, excepi on a minor scals or where taungya is possidble,
necessitates a high input of mechanical cultivation. For efficient mechanimed weeding, land
should be free of all murface woody vegetation and of all roots and stunps to the maximum
depth of pemetration of the weeding implements. To achieve this state requirea the stumping
of all standing trees and the disposal of all stumps, roots and other woody debris from the
site. '

For generally small-scale plantation devslopment, land clearing using labour and hand
tools is the oldest and most common method in Nigeria. Initial studies of land clearing
costs for a range of sites indioated that they were mome 30 to 70% of total establishment
cost, which represents a major initial investment. An early mechsanised kmockdown trial
using orawler tractors and an anchor chain was completed at Afaka in the northerm Guinea
sone in Deoember 1965. The trial, which took place mome two months after the end of the
rains, showed up some of the initial problems of tractor operation but indicated that
chaining was possible and that further investigation should be considered. Further mechani-
sed clearing snd preparation work was recorded by Barrot (1968 amd 1970) at Nimbia in 1568,
vhere even with a high level of mechanisation, lsnd preparation costs comprised 50% of
establistment costs, He also noted that there was little difference betweaen hand or
mechanised olearing costs at that time. Since that exercise, however, labour costs have
risen 340% and tractor operating costs 40% to 1004, & trend thet Barrot foreoast although
it is unlikely he anticipated the actuel pace of increase, Land clearing is not difficult,
given sdequate labour or suitable tractor power, but the area requiring elucidation relates
to thai method or combimation of methods, which will give the best results under specified
conditions.
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LAND CLEARING AND PREPARATION OPERATIONS

Lanid preparation for plantations in the broad sense consists of the followingz main
operstions (Allen and Akwadas, 1974; Caterpillar Tractor Co., 1970a):

i) Stumping or mechanised Imockdown
1i) Windrowing or hand piling

1ii) Cleaning up

iv) Buming

v Laying out

vi) Preplanting cultivation.

Such activities an cleaning up, burning and laying out have not as yet been studied
in deteil. There is, however, a considerable ramge of techniques for carrying out the other
operations emmerated. The following are the main methods studied for plantation develop-
ment in Figeria.

Stumping is mainly by casual labour; the main tools are the native hoe and axe, The
operation involves excavation, cutting of roots and felling of the main trees. MNechanised
Imockdown nay be by eingle tractor or by a chaining unit. In the mingle tractor technique
a orawler tractor uses a bulldoger blads to push over standing treem. There im little or
no digging of soil. The method is adequate mt capable of improvement. Chaining employs
two or thres heavy orawler tractors with front mounted blades or rakes and a heavy anchor
chain rear-hitched betwesn two of the tractors, The chaining tractors advance in parallel
15 10 25 m apart depending on the density of the bush, and the trailed chain pulls down a
wathe of trees behind the tractors, In haavy bush the third, or back-up, tractor, sgquipped
with s tree stinger, mupports the forward tractors by pushing over any large trees which
hold up the chain, In efficient operations the impact of the chain sxiracts a high pro-
portion of the main snd lateral roots.

If the stumped or kmocked down trees camnot be 30ld as firewood or processed as char-
coal, then it is necessary to wirndrow or pile this woody debris on site for burning, Wind-
rowing of the debris into linear heaps, commonly 40 to S0 m apart, is usually done by orawler
tractors equipped with front end rakes. In undulating terrain the windrows are usually
sited roughly on the contour. Hand piling necessitates cutting the debris into mamageable
billets and packing these into tight piles or heaps for burning.

Cleaning up can be defined as an operation following windrowing or burning in which
any stunps, roots or other woody debris which yemain in or on the soil, are gleaned from
the ares and sdded to the windrows or are heaped separately, Burning of the debris is a
straightforward activity requiring only consideration of timing relative to season and time
of day.

The aperation of surveying, pegzing and beaconing the plantation layout including
roads, rides and compartmentation is demignated laying-out.

Pre-planting ocultivation conmists of two main activitiss: pioneer ploughing and
harrowing. Ploughing following clearing is designated a pioneer operation becanse it
involves breaking-in land for the first time. 3Such newly cleared sites are much harsher
and more diffioult to cultivate than developed agricultural land. A ploughing depth of
23 om im probably just adaquate, tut a depth of 30 om or more is preferable. Heavy duty
harrow ploughs and conventional mounted disc ploughs allow matisfactory ploughing cultiva-
tion, The object of pre-planting harrowing is to create a favourable enviromment for
planting, whioh it should imuediately preceds., Such harrowing creates a tilth whioch
faoilitates plamting and tends to level the lamd, By olearing the area of all weeds and
vegetation there is greater latitude in plamning subsequent weeding and the rumber of first
season weedings should be reduced. This cultivation requires only 15 am penetration and the
operation can be effectively exsouted by a range of heavy and light harrows. Timelinees is
often of greater conmsequence than economic efficiency in these cultivations.
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ENVIROBMENTAL FACTORS: CLIMATE AND VEGETATION

There are msxy varisbles which affeot land clearing and preparation investigations
snd without mmercus replications it im difficult to measure the effect of, or allow for,
such factors as scil, topography, labour or opsrator eofficiency, The two main environ-
mnt.J). variables to whioh work must be related are climate and vegetation (Allan end Akwada,
1974e).

Climate affects many facets of land preparation. Dry season mechsnised imockdown
tends to result in mmerous above—ground tree breakages and the subsequent removal of broken
stumps can be an expensive operation. Am investigation in northern Guinea savarma to re-
late tree breskages to rainfall, indicated that afiter some 100 mm of rain had fallen at the
beginning of the rainm, breaksges ceasad to be significant. At the end of the rains after
the last significant recordsd rain, there remains some twenty dayms when effectiva knockdowm
free of breakages is possible. Hand stumping outputs also tend to be greater during the
rains when excavation is easier in moist soils; this factor also has a significant effect
on sdequate ploughing and penetration., Rainfall and temperatures affect the timing of wind-
row burning., Climate is critical to the whole land clearing and preparation cycle, and the
following is an outline of the sequence of operations, asasuming that land cleared during
ons wet season will be planted up at the beginning of the next.

Ssason Operation Heievant month at
Afaka Forest Remerve
Start of rains after Commence knoclodown or stwmping, early June
100 s recorded Windrowing, cleaning-up and
ploughing between windrowa may aleo
begin during this peried.
20 days after end of 3top knockdown. Complete windrowing. mid Novembesr
rains Clean up between windrows,
End of dry season Barn off windrows. Karch
Beginning of rains Complete ploughing. Harrow before AprilMay
planting.
Start of reine after Commence planting., Commence knock~ early June

100 om Tecorded

down and ploughing for following

year's planting erea.

The first column indioates the timing of operations relative to rainfall for any part
of the Nigerisn savanns and the third coluan eimply converts this dats to calendar monthe,
in this instance, for Afaka Forest Remerve, btut similar conversions could be made for amy
other station with sdequate rainfall records.

In the savanna, density of woody vegetation is wariadble not only between climatic
sones but even within a zone or ecological type. The density or volume, including the main
root systen of vegetation, is the fastor oritical to land clearing productivity. Outputs
expressed as time per unit aresa (minutes/hectars) do not give suffiocient indication of true
performance unless the vegetation in the area is markedly uniform in density. Accurate
determination of volume is diffioult ngd. time consuming, Investigations, howsver, have
shown basal area (B.A., expressed in m?) to be & useful and relatively easy to determine,
wnit for measuring productivity or comparing effioiency between different types and denmities
of bush cover. As land clearing records are built up and given basal area per hectars,
average itres height and type of wegetation for a partioular area, it should be pommsible to
give an estimation of the rate of productivity for a particulsr olearing techmique.
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INVESTIGATIONS AWD RESULTS

Pollowing studies of past records and current methods of land ~learing and prepara-
tion up to 1977, & subsequeni series of iriais and investigations was set up 1o detemmine
the relstive efficiemcy of a range of methods. Theme irials covered kmockdown, stumping,
windrowing, piomeer ploughing amd pre-planting harroewins, _

To determine the oomparative economios of the various methods investigated, comts
have been applisd. The bLasis of dosting is indicated in Appendix A amd in greater dstail
in Allan and Jackson (1972), Allan (1973a and 1973b) and FAO (1965). The oosts are valid
for oomparison, but where more relsvant data is available, such figures may be fed into
cost calcnlatiens 1o maike the result more memningful to looal conditions. The ocosts are
based on ressonably sffiocient govermment operation costs excluding management overheads
or equipment movement charges; to use the data for commercial type operations, estimates
for insurance, licemsing snd profi{ margine would need to be added, The faot that all comts
are historic is particularly evident in the present inflationary era. To render the
evaluations oomparable and up to date, all costs in the text have besn reocaloulated on the
bamis of 1975 labour rates snd machine costs in Nigeria. In relation to tractors, thims cost
concept does not allow for the faoct that 1975 equipment tends to be more powerful with
greater produotion potential than past models., Labour contract rates have been doubled on
the basis of the 100% rise in diresot labour rates but this may not prove to be the case in
‘pracstics. The main objeot of these cost evaluations is to indicate management options and
provide a reascnable base for planning and budgeting.

Knockdown and Stumping
A mmber of kmookdown and stumping investigations were set up:

(a) In the morthern Ouirea zone

(i) To evaluate hand stumping and single tractor kmockdown
(Allgn and Jackson, 1972; Allan and Akwada, 1973);

(1i) To evaluate chaining and single tractor kmockidown (Allan, 1973a;
Allan and Alvads, 1974a; Savarma Forestry Research Station, no date);

(1ii) To evaluate & range of equipment for mechanimed lmockdown (illsn
and Jackson, 1972; Allan, 1973a; Aller and Akwada, 1974a and 1974b) and

{b) In the soutbern Guinea sone

(i) ' To evaluate chaining and oontract hand clearing in heavier bush
conditions (Allan and Akwade, 1974b).

Table 1 neje out costs and operaiing times (0,7.) per hectare and per mquare metre
of basal area (n“B.i.) for a selected range of irials,

In ohaining, trial 1 at a unit oost of lO.47/m2 represents a high level of effiociency,
vhereas trial 2 with unskilled operators and lesss servioceable tractors gave poorer effiocienoy.
A ressonsble cost efficiency would be in the order of ¥0.62/m2. Trial 3 ettempted to lower
power ramge and cost by using lighter tractors. Excessively wet conditions at the time of
this trial caused flotation and traction difficulties, which adversely affected the resulis.
The trial showed that a lighter chaining unit oould oclear the bush tut that there was no
saving in cost: the trial requires repeating under more favourable climatic conditions.
Trial 4 took place in heavier southarn Guines vegetation with average basal area 274 greater
and average tree height 50% more than that of the first trial i northern Guinea vegetation.
The trisl was of medimn effioiemcy and the wnit cost of ¥0.99/m® compares with the average
of that of the first two trials if & factor of 1.5 im applied {0 allow for the greater
volume of woody debris, A1l of these results compare favourably with_the introductory 1965
trial, where the estimated unit cost would be in the order of 113.30ﬁn2.
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Single Traotor Enocllown

The single tractor knookdown trials 5, 6 and 7 gave coaparable results with variations
mainly attributable to differences in operator sfficiency; an antioipated average comst
efficiency would be ¥1.50. Trial 8 using s larger tractor reduced cost efficiemcy by 26%,
indicating that by the naturs of the opsration the additional powsr ocould only affect cost
efficiency siversely., Bsrrot's 1968 trisls guve figures of 826 to K101/hs but are not
directly comparable as dansity of vegetation was not calculated. The general quality of
stump extraction wes high,

Hand Stwmping

z'l'rinl 9 showed that hand siumping in northern Guinea wsgetation required 7.7 men-days
per m° or 65 man-days per hectare with an average basal area of 5.55 n2/ha. The work was
herd and the unskilled labour found it arduous and tiring. The tools used were sdsquate to
the ll:i.li of the operaiors but by no mesns ideal for the job. The unit cost efficiency of
F14.66/n% could be considersd average. Trial 10 with a cost efficiency of ¥22.86/m? in
southern Guinea wvegetation, is comparable with the previous trial if the factor of 1.5 iws

aguin applied.

When oatiparing the mechsnised techniques with hand stumping in the northern Guinea
gons, it is obvious thwt chaining is the most efficient, the unit cost being 4.2% that of
hand labour and singie tractor kmockdown 10.2% of hand labour. Similarly, in the scuthern
Guinea, chaining costs are only some 4.3% of hand stumping oosis. Expreossed ss area per
wnit cost, the same data indiocates that for the cost of clearing 1 he by hand, 10 ha may be
cleared by single tractor or 27 he by obaining in light savamna; the ratio ie 1:23 ha in
southern savaxna. It should also be noted that mechanimed operations tend to extract e
graater volume of root and the general quality of stumping is greater than hend operstions.

These figures indicate the cost efficiency of opticns open %0 menagement and for a
particular project should be related to soale snd timeliness of operstion. To justify the
metting up of a chaining wnit, there would have to be & large mcale clearing programme for
& uumber of years. Even very large programaes can be done by hand labour, but (1) the
lebour and supervision musi be availsble when required and {2) the social bemsfit of pro-~
viding employment has t0 be weighed against the cost bemefit of using more sconomic alterna-
tives, For saaller soale progranmes, whem the costs of moving sgquipment are oconsidered,
there are occasions when hend or single tractor clearing may prove the less expensive
alternatives,

Timely completion of clearing ie important as it affects such subssquent operations
as windrowing, ploughing spd planting. It has been observed that planting as early ass
possible in the rains improves and expedites establishment. Timeliness in clearing dapends
on the rate of productivity, which is itself dependent on available working time and the
resources whioh oan be applied to the work. For example, from Table 1 the following produc-
tivity rates provide a basis for determining options on how work might be completed relative
10 time and rescurocest

In an wverage 6.5 hour working day in northern Cuines savarma

(i) 65 labourers cem stump 1 has or

(ii) & 65 horsepowsr orawler trector oan kmockdowm 2.95 ha when a 25%
time loss is allowsd for rest and maintemance; or

(ii1) o ohaining umit can knocldown 33.2 ha when allowing a similar 25%
time losm.

Similar figures can be readily ocsloulsted for cther operations and sones. It should
be noted that the mechanimed operationsl day may reslily be extended whilst mainteining s
£904 rate of productiyity; whereas hand labour productivity tenda to fall off when the normal
work period is sxtended.
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Windrowing and Hand Piling

The meries of windrowing trials, which used a range of available equipment, under-
lined the superiority of the fromt emd rake over the bulldozer blads (Allan and Jackson,
1972; Allan and Akwada, 1974b). The front end reke causes little moil disturbance and con-
sequently wipdrows contain less soil and burn more freely. In the heavier savanna bush an
investigation was set up to compare the efficiency of linear windrows or irregular heaps.
In the latter, the debris is etacked round the larger trees, theoretioally reduoing the
volume of debris to be moved, Any difference in cost efficiency was negligible, although
on the oredit sids the heaps appeared more tightly packed for burming, whilst on the debit
aide cultivation in the irregular pattern created by heaping was difficult tut is readily
feasible between windrows (Allan and Akwada, 1974b). The general optimum spacing for wind-
rows was S0 m apart.

Table 2 records the rates and costs for selected windrowing and hend piling triasls.
In lighter sevemna, trials 1 end 2 using different makes of tractor, record similar results
and indicate an average wmit cost of 31.44/112. Trial 3 showed that in this vegetation,
inoressed tractor power did not improve cost efficiency. In the heavisr southerm Guinea
vegetation using a heavy iractor, Zha increased volume of debris, as would be anticipated,
inoreased the unit cost to E1.98/a°.

In all cages mechanised windrowing was considerably more cost efficient than hand
stacking and mechanimed costs were between 9.2% to 11.7% of corresponding hand costs in
different densitiem of vegetation. Thus, for the cost of mtacking 1 ha by hand,some 8 or
12 ha may be windrowed by tractor im the southein or northern Guinea gones, respectively.

Pre-planting Cultivations

Total cultivation by hand labour is possible in small scale plots, but observations
indicate that costs are so high and, perhaps of greater importance, the quality of cultiva-
tion is so poor am to precluds large scale hand cultivation as a reasonsble possibility,
Trisls have shown that oxen may be successfully used to cultivate saall soale plantations
but the practioal development of oxan power for plantation cultivation would take consider-
able application and time. The main practical cultivatiom alternatives lie im different
types and powera of traoctor and a renge of ploughs snd harrows. Table 3 records unit cosis
(l/ha.) for a melected number of ploughing and harrowing trials. Some of the produotivities
recorded are averages from sxtensive investigations (Allan, 1973b; Savanna Forestry Remearch
Station, no date).

With reference to pionser ploughing, trials 1 and 2 using medium wheeled tractors show
consideradly different productivities, which may be attributed mainly to variability of
oparators and of eo0il conditiona. The average unit cost is ll10.55/‘ha. Triale 3 to 6 employed
crawler tractors and heavy duty Rome disc harrow ploughs. Trial 4 was a skilled operation
with & high level of efficienoy and is directly comparable with trial 6, where effioiency
vwas less and the tractor was at the limit of its power pulling the TACH 12-30 plough; perhaps
an average unit cost between K11 and N14/ha would be readily attainable in practice and
would lesve mome rvom for improvement. Trial 5 iliustrates once again that additional power
does not necessarily yield greater cost efficiency, with the unit cost at ¥21.56 being more
than doubls that of the comparabls trial 4.

The wheeled tractor/disc combinations are slightly more cost efficient than the crawler
unite, tut quality and depth of cultivation is less, In the heaviar ploughing units the
TACH 12-30 harrow gave the best penetration and effectively severed any remaining roots or
stumps. Although the heavy duty harrow plough gives a quite different cultivation from that
of a disc plough, results have shown that thie type of soil working is generally adequate
for plentations., For larger scale ploughing operations a 70 to 80 horsepower crawler tractor
with the metohing TACH harrow is recommended. A amall trial employing a large 100 hp wheeled
tractor as powsr unit to & ™R harrow, showed thim to be a feasible ploughing unit and further
trials are recomended.
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When pioneer ploughing has bsan sdequately completed and the land iw largely free
of all impediments, then pre-planting harrowing is a strajghtforward operation. Trials 7
and 8 in Table 3, at some NB8.17/ha, record similar it costs for different harrows of
2,1m cultivation width. There i® no great difference hetween these implaments although the
34/20 has proved slightly more durable in practice. Both harrows by adjustment and reduwo-
tion in nuaber of dimcs can be adapted for inter-row weeding. Trial 9, umsing the M/F 28
harrow with & 3 m cultivation width and a unit cost of I3.57/hn,i- economically efficient
and gilves a bigh rate of productiviiy offering an acceptable option where the soale of
operation justifies having an implemani specifically for harrowing. Similar obmervations,
relative to soale, apply to the trial 10 pulverising harrow TCW 40/24 which prodnced quite
the best tilth or seed bed; indeed the cultivation was mo0 good asm to require the greatest
care in using this implement in areas iiable to eromion.

With reference to rates of produotivity during a 75% effective 6.5 hour working day,
the 3} disc plough would cultivate 2.4 ha and the heavy TACH harrow plough between 2.9 and
5.0 ha; pre-cultivation harrowing rates very between 3.2 ha for the 14/20 and 8.0 ha for
the TCW 40/24 harrow,

CONCLUSIONS

i) There im a well established need for plantation development in the Nigerian savanna
(Allan emd Ojo, 1974). 'The need to accelerate this development continues to require
study and investigations to ascertain the more efficient techniques for main opera-
tiong and to provids a sound base for plantation planning and budgeting.

ii) Initial plantstion development generally requires the clearing of the indigenous bush
and cultivation of the e0il prior to planting. Land clearing operations are mnot
particularly difficult but require careful forward plaming; firstly, to ensure that
only suitable land is clesrsd and, secondly, to ensure a timely sequenoce of operations.
With information on vegetation density and rainfall for a particular area, the pre-
paration of a sound calendar of opsrations is the basis of good plamming.

iii) The costed resulte of a series of investigstions to determine the efficiency of
different techniques for clearing and cultivation indicated that:

2) Chaining cost efficiency is less than 5% that of the cost of comparative
hand stunping operations;

b) Similarly, single tractor knockiown is only some 10% of hand operations;
¢} Mechenised windrowing cosis are only 9 to 12% of comparative hand piling coste;

d) The mechanimed clearing operations offer fast rates of productivity and the
possibility of expediting dsvelopment;

s) Pionesr ploughing with a light agricultural tractor and mounted disc plough
unit is 4 to 32% more ooet efficiemt than using heavier crewler units., The
heavier crawler diso harrow plough unit, however, improves the quality of culti-
vation and can double the rate of output;

f) For pre-planting harrowing, the unit comt for the most efficient implement is
only some 43% that of the least efficient unit cost recorded and the heavier
crawler unit cultivates at more than double the rate of the lightest agri-
cultural units., '

The results from theese trials indicate some of the options open to management, but
decisions require considsration of the resources availakle, the scale of operstion
and the pericd during which the work has to be completed.



iv) For large scale planiatien, mechanised operations have considerable advantage over
other less economio altermatives. Due consideration, however, must be given to some
of the comstraints to efficieni mechmnisation which are commen iz a number of dewel-
oping countries (Creese, 1974). Such problems may be lack of spare paris, shortage
of skilled operators, poer servicing facilities and lack of incentives. Unless theme
problems are eliminated by the plamming and provision of an adequate infrastructurs,
successful mechanimation im wmlikely to sventunte,

v) If the conmiderable sconomic sdvantages of mechanisation over stumping and hand
piling conld be ignored, then mechanimation of such operations might be meen as
erasing an opportunity for large scale employment. These economic advantages cannot
be ignored, however, and the applicntion of selective mechanimation to a marginal,
labour intensity project may firstly maks the project ecomomically feasible and,
secondly, the application of btudget savings could allow the undertaking to be acoel-
erated or expanded. It is suggested that a moundly based, smalective, machanimed
plantation project will, in the longer term, provids more psrmanent direct employment,
as well as indirect employment in processing industries than a marginally econocmic
labour intensive undertaking (Oluwasammi, 1975).
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the northern Guinea savanne mist be cleared away prior
to plantation establishment, Mechanised clearing with
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coat-afficlent method for theee conditione.
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APPENDIX A

BASTS OF COSTING TRACTORS, EQUIPMENT AND
LAROUR OFERATIONS 1N LAND CLEARING AND PREPARATION

Costing Crawler Tractors and Matched Equipment

The costing method im mainly based on FAC Foresiry Equipment Notes C 14-56 (FAO, 1965).
Operating rates per hour are based on costa 1o FHigerian Govermment agencies as at 1975.

The basis of tractor cost calculations

1 Eptimated irreducible costs are baged on the mumber of hours asmming:

a) Annual interest at 6% averaged and
b) Garaging cost at N0.02 per hour.

Insurance and road tax are omitted ae Government equipment ie free from such charges.

1l Estimated depreciation and repair costs are based on the emntimated operating houra
(H) in the lifetime of the tractor (satandard life). Standard life spana of 10 000
hours over 8 years have been assumed for crawler tractors and 5 000 houra over 5.6
years for wheeled tractors.

a) Depreciation is caloulated on the straight line method by dividing the net
1975 purchase price of the tractor (A) by the estimated life in hours or A.
Scrap value ima taken as nil, K

b) Estimated cost per operating hour for repairs is expressed as a fraction (r) of
the depreciation per operating hour. Bamed on experience, the index of 1.0 is
used for standard lives.

IITI Tractor costs directly incurred when working are taken as follows:

a) Cost per operating hour for diesel oil comsumptiion is based on average per—
formance figures, diesel being costed at K0.46 per gallon;

b) Cost for lubrication is also bamsed on handbook datae (Caterpillar Tractor Co.,
1970b) and current costs for materials;

¢) Additional cost for maintenance and cleaning im estimated as NO.10 and can be
coneidered a non operative comt against the tractor operator.

Ir Wagen and associated expenditure are based as follows:

a) Wages per hour of machine operatora are based on the Federal Tractor Driver
1975 award at the top of the scale, i.a. N3.75 per 6.5 hour day. Allowing that
only 75% of time will be operational and assuming that total hours should be
charged to tractor work, this gives an hourly operating rate of NO.77. It im
further assumed that when a tractor driver is on other work hie $ime will be
charged to such work;

b) Estimeted expenditure for pemsion, paid holidays and sick pay is taken aa 15%
of IV a) i,e, N0.72, Estimated hourly tractor and implement costs are detailed
in Table 4.

v Inplements are costed am per tractor calculationa under items I and II.



Costing Labour Operations

The costs for hand labour stunping are based on actual 1975 rates assesmed as
follows:

a) Daily labour is based on a basic ¥2.02 per man day with working hours of
7 hours per day Nonday to Thursday, S hours on Friday and 6 hours on Saturday
giving a total of 39 houra and an average of 6.5 hours per day over a six day
week. An allowsnce of 10% to reflect leave and public holidays and other
benefitas makes the total cost of labour per man day N2.22;

b) The cost of hand tools has been excluded.
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IABLE 3

ESTINATED 1975 COSTS FOR PHE-PLARTING CULTIVATION

Year of Cost/nr | 0.T./ha Cost ha

Operation Equipment snd Ref, No. Trials ®) {wins) [ (B) 1 (0S8)

Pioneer Ploughing

1 x wheeled traoctor 50 hp 1 1972 5.23 139.10 12.121 19,70
with 3 disc plough

1 x wheeled tractor 50 hp 2 1971 5.23 103,02 8.98 | 14.60
with 3 diso plough

1 x 65 hp orawler with 3 1972 10.21 72,61 12,35 } 20,08
Rome TMR 10-30 disc harrow

1 x 70 hp crauwler with 4 1972 10.72 57.98 10,35 ] 16.82
Rome TACH 12-30

1 x 180 hp orsmwler with 5 1972 23.18 55.81 21.56 | 35.05
Rome THE 16-30

1 x 65 hp crewler with 6 1974 10.72 102.18 18.25 | 29.67
Rome TACH 12-30

Pre-planting Harrowing

1 whesled tractor 50 hp 7 1972 5.41 91.62 8.26{ 13.43
with N/F 34/20 harrou

1 wheeled tractor 50 hp 8 1972 5.49 88.41 8.09} 13.15
with H/R 35/70 harvow

1 wheeled tractor 50 hp 9 1974 5453 38.82 3.57| 5.80
with M/F 28/26 barrew

1 x orawler 70 hp with 10 1972 11.87 36.78 T7.27] 11.82

Rome TCW 40/24 harrow
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PLANTATION PLANTING AND WEEDING IN SAVANNA

T.G, Allan
Foreatry Department, FAQ, Home, Italy
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This discussion is based on Chapter 12 of Tree Planting Practices in African
Savannas (FAO, 1974); the following notes supplement the relevant sections,

SPACING AND PEGGING

Spacing

Recommended spacings in savanna have usually been determined from silvicultural in-
vestigations largely based on rates of growth and form, but they can influence plantation
mofitability. The costs of planting, beating up, weeding, pruning, harvesting and yield
are affected by spacing.

The closer the plant spacing, the greatsr the number of plants and the larger the
actual planting input required per unjt area, DBoth 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 could be easential. The closer the initial plant spacing the earlier
oanopy clopures can be anticipated and this in twrn affects the duration of the weeding
regime. The supmession of ground vegetation by canopy closure also reduces fire hazard.
Wider spacing ie likely to induce heavier branching with consequent higher pruning costs,
but on the other hand there are fewer trees to be mruned. Plantation revenue is dependent
on the volume and timing of mroduction; apacing obviously can influence both factors.
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If it is asoumed that plantation weeding will be mechanised, then the first constraint
is that the spacing must be suffiocient to allow a tractor and implememt between the planted
trees. Specialised small or narrow tractors are not a reasonable possibility at this point
in time 80 use is made of the normal agricultural type tractor which requires a minimum
spacing of 2.8 m. Accepting this constraint, the main objectives in selecting a spacing
are $o achisve an economic establishment and $0 close canopy (or take over the site) as
sarly as possible,

Planting may be on the square allowing mechanised weeding in two directions at right
angles, on the diagonal or with reduced spacing in the lines allowing mechanised irnterrow
! weeding in one direction only. Table 1 gives some cost indications of the effect of spacing
on establishment costs for the following options:

Option 1. Planting eucalypte on the aguare at 3 m x 3 m (1111 plants per ha)
with one year's spot weeding and two way mechanised interrow weeding.

Option 2. Planting eucalypte in lines at 3 m x 1.5 m (2222 plants per ha)
with one year's line weeding and one way mechanised interrow weading,

Table 1

Indicative Bstablishment Costs

Conts per hectare
Operation

Option 1 Option 2
N Uus $ N s o8
Planting stock 33.33 53.99 66.66 107.98
Flanting T.26 11.76 14.50 23.49

Hand spot weeding x 4 24,00 38.88 - -
Hand line weeding x 4 - - 60,00 97.20

Mechanised imterrow (a) ' (b)

weeding 19.80 32.07 13.20 21.38
Total 84.39 136,70 154 .36 250.05

(a) 6 mechanioal weedings, 3 in each direction at N 3.31/ha
(b) 4 mechanioal weedings, all in one direction at ¥ 3.31/ha




In this example, by reducing the spacing from 3 mx 3 mto 3 m x 1.5 m the selected
first year costs are inoreased by some 83%. The benefits of closer spacing such as elimin-—
ation of beating up and increased selectivity for thinning should also be quantified.

The optimum spacing clearly depends on a number of factors that do not allow general
conclusiong 0 be drawn. In the firat instance, it is often necessary to choose that
apaoing 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
otner variations in spacing and their interaotion with other factors.

Baving decided on spacing, the marking for planting by pegs has t0 be related to the
pPlantation and compartment layout. In undulating country it may be necessary to use con-
tour planting, but in savanna the general pattern is square or rectangular. Marking for
planting may be done by tractor with a tool-bar and tines, but this requires a skilled
operaior; pegging by hand is more commonly the method used. Pegging may range from marking
each individual planting apot to pegging squares and subsequently using marked chains to
indicate planting spots in the squares. At 3 m x 3 m epacing the former method requires
1111 pega/ha and the latter alightly under 3 pegs/ha.

Pegging Squares Method

Assume a plant spacing of 3 m x 3 m on clean harrowed ground with a ready supply of
6 pegs. The pegging is based on 60 m2. (The length of the gsides of the aquares must be
a maltiple of the plant spacing.)

Equipment Prismatic compass or right angled prism,
2 mallets or hammers
Pogs (allow 3 per ha.s, and
1 x 60 m ohain,

Manpower 1 supervisor and 2 minimum of 4 labourers consisting of
2 chainmen, 2 carrying pegs and mallets,

Met hod From the starting point, lay out and peg an exact 60 e uging
the prismatic compass or optioal square., From these pegs lay
out two base lines at right angles with pegs at 60 m intervals.
From the init§a1 square wsing the chain aight in the corners
of other 60 m“, wntil the entire area is gguared.

It is important to carry out periodic checks to ensure that pegs
are exactly 60 - apart., The chain should be checked for stretch-—
ing dwring the exercisze. When pegging, it is important firstly
to leave a margin around the compartment for weeding and secondly,
at compartment ends with stretches of leas than 60 m, pegs should
be put in at the multiple of 3 m that can be fitted in.

Qutputs  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 completed early in the rains in as short a time as possible, to
allow the trees to beoome well established mrior to the severe dry season, The importance
of timely and good quality planting should be atvessed. The Zambian method of commencing
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
evapotranspiration (caloulated by Penman's formula using e 25 %
reflection co-efficient)

() the ten day period during which the cumulative annual rainfall is
at least 100 mm, with falls of less than 10 mm in any decade
excluded. :

The following are Nigerian samples.

Table 2

Start of rainy asason for selected stations in northern Nigeria

date of start of rains 1
Station Estimated Target
method (a) method (b) Planting Date

average { lat estl/ average | lat eat17

Sokoto T June | 29 June 22 June 10 July 1 July
Maiduguri 22 May 14 June 5 June | 23 June 14 June
Samru 12 May 4 June 26 May 14 June 5 June
Kaduna 4 May 26 May 17 May 5 June 26 May

1/ The latest likely date of the atart of the rains at a confidence limit 1:9; i.e. only
once in 20 years is the start of the rains likely to be later than the dates.

Such data give & planning date for planting and for such associated operations as ground
preparation and nursery mroduction., For plantation planting, the object should be to
complete the planting progremme within a period of four weeks from the starting date.

The effect of timely planting is related to and can affect the results of such other
factors as fertiliser application, weeding regimes and consequent growth, but measuring
such imteractions is not easy. Research into this aspect has been done in savanna agricul-
ture and for maize it was found (Baker, 1975) that pPlanting 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.

Trangport of Plants

One of the important factors related to tranaport and distribution is the weight of
full plant-carrying bores; trials in Nigeria used the following types:
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Table 3
Weight of plant—carrying boxes and different typea of polypots

Weight empty Weight full Weight full
with 15 with 15
Type of Box large pots medium pots
(xg) (xe) (xg)
Wire tray
41 x 29 x 1¢ om 1.10 28.5 14.7
Hooden boxes
9 x24 x10cm 1.53 29.3 15.1
Metal boxes

large pota: 25 em x 7.5 cm diameter
Medium pots: 15 om x 7.5 om diameter

The weight of over 28 kg of the boxes with large pots proved to be a strain for lifting

and carrying during a working day. The wire basket with medium pots proved the more success-

ful in uwse. For drier areas where larger pots are easentml the use of smaller boxea
holding 9 ar 10 planis should be considered.

Planting Method

When using polypots, the plant and its growing medium are transferred ¢o the field,
and as long as the plant has been hardened-off there is no severe shock in changing the
environment. Mechanised planting is possible, but the well organised use of labour is
generally preferable in savanna areas, The adequate and timely distribution of plants to
the eite is of coritical importance to planting efficiency.

Planting comprises the following activities:

Pitting,
Distribution of plants on site,
Planting.

By pre-plantingharrowing and using specific hand tools it is possible t0 combine these
saparate activities so that they are mainly carried out as a single operation by one man.
This type of combined oparation can considerably improve productivity,
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The following section gives an outline planting method for specified assumpbions,
but requirements and productivity can be readily recalculated and measured when these
assumptions are varied. In describing this planting method the following assumptions are
mader

(a) that the land has been harrowed and pegged in 60 m squares;
(b) plant spacing iz 3 m x 3 mjand

{c) +that medium sized polypots 15 cm high by 7.5 om diameter are
used; and that there is an adequate supply of full planting
trays on gite.

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 tractor with plant-carrying trailer.

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

Method: Distribute plants for line planting 20 seedlings at each
peg. Using chain and 20 planters, plant in parallel lines
60 m apart. When this line planting is complete, just
over one twentieth of the area is covered. Thease plants
gerve as markers 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 treea, lay out 19 full planting boxes 3 m apart.
To start planting, the chain is placed between the base
line tree markers to indicate the 3 m planting spois where
planters with trowels pit and plant. The chain is advanced
3 mto the next markers and the process is rapeated. A4fter
planting 15 trees each, the emply 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. 3Siretching of the chain is possible
and requires cheoking,

Ot puk 2 8.5 to 9.5 ha/da.y 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 ia generally
better to start plantation development with & clean weeding regime, whilsi research deter-
mines what degree of tolerance to weeds the selected species might have. It is of equal
importance to clean weed species trials and early research plots, as the presence of weeds
often affects or negates the results obtained. Under most conditicns, even outside the
savanna region, clean weeding will produce faster growth and increased yields, but it is
necessary to have some indication that the value of the increased growth is greater than
the cost of the weeding inpute. It is of consequence to maintain a weeding cycle that does
not allow the weed cover to become heavily established, as heavy weed is often difficult
and extremely costly to eliminate.
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The main methods or combinations of methods of eliminating weede are hand, mechan-
ised or chemical weeding.

Complete Hand Weeding

Hand weeding in savanna implies cultivation of the soil by hoe or a similar imple-
ment. Scraping only severs roots and can produce undesirable aoil capping. Cutting back
of weeds generally stimulates growth and does not reduce competition for soil meisture

(Chapman, 1973}.

The main constrainta to hand weeding, particularly in large scale operations, are
the size and cost of the labour inputs. 2Zambian 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-
days/ha., Task weeding in heavy grass in Nigeria required 32 man-days/ha. Assuming 1000 ha
and that it iz 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 weoding season. A%
1975 rates each weeding would cost N 55 ($89) to ¥ 70 ($113) per hectare. In general, hand
weeding seldom produces as intense a cultivation as mechanised cultivation.

Mechanised Weeding

Mechanised weeding covers only the interrow area and requires supplementary hand
weeding of the area adjacent to the trees left uncultivated in the mechanised operation
(Baker, 1975). To avoid damaging the plantation crop, initial mechanised weeding should
be kept fully 30 t0 45 om from the trees, and as the crop grows this distance should bhe
increased. Interrow weeding may be by oxen or tractor power.

When evalwdting 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 m? {length x width) of effectively cultivated plantation land. For management pur-
posas, however, the "gross plantation hectare” is the unit measwre used and refers to a
hectare of trees i.e. when the number of trees including blanks treated equals the number
of trees per ha planted, the area is a G.P. ha., The G.P. ha includes the area to be hand
weeded, but that actual area will vary with the width of the implement used for the inter-
row weeding.

Investigations employing oxen with Ariana spring tine cultivators have indicated
the feasibility of interrow weeding with this combination in the Nigerian northern Guinea/
3udan zones (Allan, 19724 Makin-Taylor, 1974)}. A two oxen team averaged some 94 to 1471 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
¥ 3 ($4.80) to N 4 {86.40). {The 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 50 far been implemented at other than the investigatory level.

A number of trials to evalwdte a range of weeding implements have been carried out
in Nigeria and Zambia (Alla.n, 1973; Deveria, 1972; Forestry Department Zambia, 1971).
Coelumne 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 reached in Zambia. The average trial output of the medium wheeled tractor and harrow
is indicated as 1.58 G.P. ha/hr (column 3) but for practical purposes a standard time would
be of the arder of 1,0 to 1.2 G.P, ha/hr. mechanised interrow weeding may be done in one
direction with supplementary line weeding, or in two directions at right angles with supple—~
mentary spot weeding. Referring back to Table 1 shows that a complete weeding in one
direstion would cost N 18,30 ($29.65) whereas spot weeding and two mechanised weedings at
right angles would cost N 12,60 ($20.41); and the cogt difference over a season is 67 %.
These are not directly comparable because the two-way weeding gives double cultivation to
60 % of the area and, as Deveria (1972) points out, cross cultivation can put a strain on
the tractor and implement.
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Considerable studies of supplementary hand spot weeding have been completed in
Zambia (Forestry Department Zambia, 1971). The vegetative weed cover is assessed by the
number of hoe strokes required to weed around each tree aa:

Extra light — less than 10 hoe strokes i
Light - 10/20 hoe strokes

Medium - 20/30 hoe strokes I
Heavy -~ 30 or more hoe strokes per spot. i

Table

Standard times and outputs for spot weeding

Weed Cover
Ttem & Unit Extra Light Medium Heavy |
light |
Standard time in 1
minut es 0.28 0.38 0.55 0.96 |
Time per ha in ]
minutes (3m x 3m) 3N 422 611 1067 |
Output in man-days/ f
ha* 1.25 0.92 0.60 0.36 \
i

* 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 caleulated from this data. Spot weeding costs would vary
from N 1.76 (832.85) per ha in sparse weed to ¥ 6.11 {$9.90) in heavy weed ocover.

Chemical Weeding

The use of herbicides or arboricides have been curtailed in many countries, due in
aome measure to fear of the danger in using such chemicals, in particular health hazards
to operators and adverse ecological effects, Many of the dangers have been exaggerated
(see Dost et al, 1975, on 2, 4, 5 = T and T.C.D.D.} but discussions have become emotional,
and though clearance investigationa have been run and proved it is not alwsys easy to
change public opinion. It is vital, therefore, to make a careful study of the background
information and correct usage of any chemical weedicide before introduction into planta-
tion practice (Barring, 1974).

The main reasons for trying out chemical weeding are:

i) where labour is in short supply,

ii) where prosent weeding methods are inefficient,

iii} where the land is liable to erosion, or where rocks or
outerops mreclude mechanised weeding,

(iv) as a supplement to hand or mechanical weeding.
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There is a need for an extensive research programme which would offar an opportunity for
co—oprdinated work between savanna countries. Use should be made of agricultural results
as many of the problems are common to both disciplines. One basiec 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 CHEMICAL WEED CONTROL
Advantagen

1., Risk of srosion readuced through the mulching effect;
2. Generally specific to one type of weed and
3. Effscte generally longer lasting than mechaniocal methods.

Disadvantages

1. Generally (btut not always) more costly than mechanical weeding;

2. Timing of application ia usually important;

3. Large quantities of diluent must be carried into the field (but this is being
overcome by ultra low volume applications) and

4. Toxicity,

NURSERY WEED CONTROL

Sterile Seed Bed Technique

Ueing paragquat (trade name Gramoxons), the beds are rade up before transplanting and
watered 1o encourage the weeds to germinate before they ars sprayed. Paragquat is an overall
herbicide that kills all green tissue. It ie not translocvated to the roots: therefore the
weeds muat be young (no more than 5 cm high).

Rate: 1 litre product/ha. Can alsc be used on nursery paths,

Cost: Approximately 0,20 (about ¥.S.$0.32) per 30 x 1 m bed, generally cheaper than
hand weeding.

Toxioity: Very high if ingested, but quickly inactivated in moet scils.

Fumigation

Methyl bromide is used. It kills weed seeds and pathogens, but aleo kills nitrifying
bacteria; therefors a soluble fertilizer must be used., It is applied in gaseous form before
iransplanting.

Toxicity: Very high.

WEED CONTROL IN THE EJTABLISIMENT PHASE

Dalapon

. Dalapon is specific to grasses. Best kill is when the grasses are freshly shooting.
It can 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 ¥15/ha (about U.5. $24/ha)
Toxiecity: Low.

Triagines

Simazine, atrazine, etc., act on emerging seedlings principally through root uptake.
Some of the newer formulations ares more soluble and also aot through the leaf, but generally
good s0il , .paration ie necessary to remove the existing vegetation. Triazines give overall
weed control of most species except maize (physiological selectivity).

Rate: 1 - 3 kg active ingredient per ha.
Coat: About W15/ha (about U,S, $24/ha)
Toxicity: Low.
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WOODY WEEDS

Although most savanna plantations will be established by complete clearing, some woody
weeda may still arise from roots or seed. The usual chemicals for their conirol are 2,4-D
and 2,4,5-T or more recently, picloram. They may kill through foliar or bark sprays, but

they may also aff:ot many of the apecies (especially broadleaves)} used in savanna afforesta-
*ion.

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

METHODS OF APPLICATION

1. Hand, Knapsack sprayer, often with guardas to prevent drift, Cheap to buy, but
slow (1 = 2 ha per day).

2. Tractor. Paster, but ground may be toc wet at the best time for application.
Dangers of drift. 5 - 10 ha per day.

3. Aeroplane. Very fast, btut need runways and support facilities close at hand.
Independent of s0il condition. Considerable dangers of drift. 100 ha + per day.

FURTHER 1INFORMATION

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

Fryer, J.D. & Evans, S.i. Weed Control Handbook., Vol. I Principles. Blackwell, Oxford.
1970

Fryer, J.D. & Makepeace, H.J. Weed Control Handbook. Vol, I1 Recommendstions. 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 %oo great if they were used for a relatively slow-maturing crop like
foresi trees. MNowsdays it is realized that if the diminishing area of land available for
forestry is to meet the needs of a world population which is both increasing in numbers
and demanding a higher standard of living, this land must be managed to produce the
maximum economic yield. This is being achieved by improved cultural practices, selection
and breeding of higher yielding trees, and, in appropriate circumatances, by the use of
fertilizers.
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There are twe 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
gatisfactorily 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
inereased if they are applieds In this case the decisgion is an economic onej do the increased
yields compensate for the extra cost, compounded appropriately?

The work of the Savanna Foreatry 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 savanne region of Africa iz dealt with by Laurie
(1974) pp. 37, 104-105.

ESTIMATICON OF FERTILIZER NEED

A number of techniques are available for estimating the need for fertilizers.
Shortage of certain plant nutrients will show up in visual symptoms, such ags diacoloration
and deformation of leaves and stems. With experience it is often possgible 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 ie unknown. Frequently, also, plants show no
outward signa of rutrient deficiency, but still give greatly increased yields if fertilizers
are applieds

Soil analysie 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 yet be unavailable to plants, An example iz certain soils on the Mambilla
Plateau, which have a high phosphorus content; yet trees on these goils show a marked
response to phosphate fertilizers. Also different species ¢f trees vary in their nutrient
requirements, and a soil which has adequate supplies for one speciea may have insufficient
for another.

Studies of nuirient 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 sc that optimum levels can be determined.

Pot experiments can give valuable indications of likely nutrient deficiencies, but
it is rarely possible {0 extrapolate directly from the regults of guch experiments to field
practice. For one thing the volume of goil available in a pot is much less than the
volume available to the roots of a growing tree.

Thuas the basis of estimation of fertilizer needs must eventually be field experiments.
When these have been established, reaults of soil and tizgue analysis can be correlated
with them, and used for further estimations.

In field experiments, factorial designs with nutrients at, if possible, at least
three levela each, are to be preferred. Thia method not only shows what nutrients are
needed, but alzo ensbles 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 gsingle trial.
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RESPONSE OF DIFFERENT SPRECIES TO FERTILIZERS

Buc ts

Boron deficiency is a common cause of poor growth of eucalypts in many parts of the
savanng region of Africa., It was first described from Zambia by Savory (1962). Iis
symptoms are distorticn and digcoloration of the leaves, followed by diehack of the
leading shoot; this di.back may be repeated for several years, until in the end all that
is left is =2 densely bracching 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=00 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, and 144 g on the deep sands or in
areas of high rainfall" (Laurie, 1974},

Caution must be used in applying borate to very sandy soils of low buffering
capacity, as in these conditions boren toxicity is very likely. GConsiderable damage
was caused to Bucalyptus trials in the area north of Kano by application of borate. In
such circumsiances very light doses, repeated a number of times, should be tried.

Eucalypta generally alsc respond to other fertilizers, easpecially 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, toc much can be as harmful ag too little.

Tables 1-3 give some results from fertiliwer trials on eucalypts in Nigeria to
illustrate scme of these points.

In Zambia, Laurie (1974) reports that standard practice is to apply an NFK
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 £ ammonium sulpha.te), 70 g of superphosphates, and
about 12 g of muriate of potash (KCL) per tree.

Pinesg

In Nigeria phosphate has been found to be the most commonly limiting nutrient, and
on many soils i{ is essential to add phosphatic fertilizers to obtain satisfactory
survivel and growth, FPhogphate—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 forme have been found
to be injurious, especially urea. For examples sece Tables 4 and 5. At Mokwa, even with

the phosphate, growth is unsatisfactory, but the striking difference in mortality should
be noted.

Boron deficiency has been recorded {rom pines in various parts of Africa, but so
far there are no records of trials in the savanna region,
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Teak (Tectonsa dis

In Nigeria, on good mites, the general effect of applying fertilizers to teak has
been an improvement in growth during the first thrse or four yeara, after which the
unfertilized plots caught up with the rest. On poor sites fertilizers had a marked effect,
but even with their use growth was ungatisfactory; growth of fertilized trees was poor,
that of unfertilized trees even poorer.

48 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

Resulta from ¢rials in Nigeria phowed a considerable variation from smite to mite.
In some cases there was & responae to urea but not tc 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:P,0c 5314, when the nitrogen waa applied
as urea. In one group of trials thie combination cons?clerably increased height growth in
the firat year, but cauvsed a marked colour schange in the leaves, the lamina turning bright
yellow while the veins and a narrow strip along them remained bright green., This is
presumably due ito 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 indica)

Some trials were made north of Kano on a very poor sandy site. Although nitrogen
and phosphate atimulated growth during the first two years, this increased growth was not
maintained, and it was clear that the main obetacles to good growth were the very poor
physical conditions of the mite, 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 FERTILIZERS

There are many types of commercial fertilizers on the market,; and often the decision
on which cne 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. Thiz effect of freight costs
algo means that, in countries remote from a port or source of manufacture, highly concen-
trated fertilizers may be congiderably cheaper in use than lesa concentrated ones. For
instance it may be cheaper to use triple superphosphate (45 percent P205) than aingle
superphosphate (18 percent), although the initial cost of the former is higher.

The nutrient content of commercial fertilizers is usually expressed as percentage
nitrogen, percentage phosphorus pentoxide (P20) or its equivalent, and percentage
potassium oxide (K20) or its equivalent in potassium. (P,0; contains 42 percent P, and
K20 containa 70 percent K). Thus a compound fertilizer with 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. Thia allows the copt of the nuirients in different fertilizers to be
compared.

Sometimes local sources of fertilizers can be located. For instance in the north
of Thailand locally produced rock phosphate costs $67 per ton, with 25 percent P205,
while superphosphate (18 percent P205) costa about $270 per ton. Per unit of phosphorus
the superphosphate costs over 5 timed as much as the rock phosphate.



Rock phosphate ia a “slow release" fertilizer, in that its phosphate is only converted

into a form usable by plants over several years {though it can be releaged more quickly if
the finely ground rock phosphate is mixed with sulphur). This is sometimes an advantage
for foremt treeas, and in different parts of the world other slow releamse fertilizers as
sources of nitrogen, boron, and other elements, are being experimented with quite widely,
though little has been done in the savanna zone in Africa.

Some fertilizers have pide effects which may be harmful. The harmful effecis of
urea on pines have been already mentioned. Ammonium sulphate if used over a number of
Yyears increagses the acidity of the soil; this might not be important for soms species of
trees, bui can be harmful to agricultural crops. Not harmful, but in som¢ c¢circumgtances
beneficial, is the fact that superphosphate contains a high percentage of sulphur in the
forn of calcium sulphatej sulphur ig known to be deficient in some savenna soils,

METHOD OF APFLICATION OF FERTILIZERS

The simplest method of application is to apply the fertilizer in two small patches
on each gide of the tree, 15-30 cm from the stem, and hoe it in, (If the plantation is
mechanically cultivated by disc harrow, the harrow will turn the fertilizer in during
weeding operations). Especially with borate and potassium chloride, care should be
taken that the fertilizer does not come in direct contact with the foliage of the tree.

The fertilizer should be applied a few weeks after planting, preferably during a
relatively dry period, if this is possible.
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TABLE 1

EFFECT OF FERTILIZERS ON HICALYPTU

PLANTED 1967 AT KABAMA, ZARIA, ASSESSED SEPTEMBER 1972
MEAN BASAL AREA m%/ha

Borate
Superphogphate 0 28 g 57 &
0 6.7 8.4 10.4
57 & 9.2 9.1 11.9
13 ¢ 8.5 10.5 10.6
Mean 8.2 9a3 11.0

Least significant difference means within table ¥ 2,25

Least significant difference marginal means X 1.30

No significant effects from urea in this experiment

EFFECT OF FERTILIZERS ON BUCALYPTUS C
PLANTED 1965 AT MAIRABO, ZARIA, ASSESSED S
MEAN BASAL AREA m2/ha

TABLE 2

[TRIODORA

Ammoniuwn Sulphate

PTEMBER 1969

Superphosphate 0 113 ¢ 227 g
0 4.9 4-9 503
113 & 5.6 8.0 5.5
227 ¢ 8.7 11.5 6.7
Mean 5.8 8.2 5'9

Least significant

No borate added,

difference means within table X 2,98

Least mignificant difference marginal means X 1.72

No effect from potassium chloride

Mean
8.5

10.1
9.9

Mean

51
6.4
8.4
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TAELE 3

EFFECT OF FERTILIZERS ON EUCALYPTUS TERETICCRNIS
PLANTED 1971 AT AFAKA. ASSESSED MARCH 1972
MEAN HEIGHT cm

Ammonium Sulphate
Superphosphate 0 100 g 200 g Mean
0 158 190 152 167
100 g 171 189 191 184
200 g 172 212 207 197
Mean 167 197 183
Least significant difference means within table ¥ 32
Leagt pignificant difference marginal means ¥ 18
TABLE 4
EFFECT OF DIFFERENT FORMS OF NITHOGEN ON PINUS CARIBAEA
AT AFAXA, PLANTED JULY 1969, MEASURED MARCH 1972
Phogphate absent Phoaphate present Mean
Mean Mean
Nitrogen Deaths height Deaths height Deaths Height
fertilizer m m % m
Nil 12 1.17 6 2.45 9 1.81
Urea 30 1.04 33 2.45 n 1.74
Ammonium 16 1.10 5 2.77 10 1.94
sulphate
Nitrochalk 3 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 X 0.29 m
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TABLE 5

EFFECT OF SUPERPHOSPHATE ON GROWTH OF PINUS CARIBAEA
AT MOKWA PLANTED 1969. ASSESSED SPRING 1972

Soil Series

Superphosphate, g/ treoe

Kulfo sandy loam

Takumah loamy sand

percent mean percent mean
survivors | height, | survivors | height,
m m

0 12 1e1 21 81

100 T 1.9 50 1.0

200 66 1.8 52 1.5

Leant pignificant

difference $0.48 +0.49

Boron deficiency is a common cause
of poor growth of sucalypts in many
savanng soils, and without addition
of borate fertilizers plantations
such ag this Eucalyptus tereticornis

(three years old and beginning to
close canopy) at Afaka, Nigeria,
would not be possible,
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Huphasis in this paper will be on village woodlots and the role of Acacia albida and
A. senegal in Sahel-zone forestry.

ESTABLISHMENT OF VILLAGE WOODLOTS

A village woodlot is a emgll area, ususlly less than 5 hectares in size, to be planted
to trees by villagers with the technical assistance of the forest service,

Arousing Public Consciousness

The first step in creating a village woodlet is to interest the local population by
explaining the intended goals, how they will be expected to participate, and who will own
the woodlot (a8 a rule it is the village). For an operation of rather large scope, this
rhase calla for the participation of administrative cadre, the customary chiefs, forest
agenta and rural extension officers,
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Site Selection

The problems of sclecting a site is particularly diffiocult because aucceseful estab-—
lishment of woodlois can only be accomplished on farmland, whereas the villages naturally
prefer to donate only poor land for woodlote. It is abeolutely neceseary to refuse such
land and to seek a compromise, even being prepared to use a smaller plot of land than
initially antioipated.

Land Clearing

Clearing of land for village woodlots is done by hand. The following sieps are usually
followed (unlese the land had been cultivated previously):

1} felling of all trees on the plot;

2) extraction of stumps; and

3} removal of roots and cuiting up into steres.

Obviously, the time required for clearing will depend on the type of vegetation. On

pavanna Sites moderately densely covered with Combretaceae and below the 600 mm ischyet,
roughly 85 man~days per ha will be required.

Pegging Out

It is noi absolutely necessary that staking out be highly accurate, but trees shouid
be spaced approximately 4 m apart. It im, therefore, advisable that this operation be done
under the supervision of a forester.

Soil Horl:ing

In eetablishing 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 wvillagers in the operation,

Two types of tasks have to be done:
1) initial ploughing of the entire area for the sole purpose of improving the
catchment of the first rains; this should be done with traditional famm implements;
2) digging of holes on the land where the plantation is to be set out,
Many trials of manmual soil working have been conducted in the Sahel iun order to find
out which techniques are mosi effective, In particular, techniques devised for the arid

zonen of North Africa (mounding. ridging, etc) were tested and did not prove good, Following
is a brief description of one such trial:

Place of trial: Niger
Total annual rainfall: 2851 mm
Treatmentes, corresponding to five soil working techniques:

A, control plot (holes of pot size)
B, digging of holes 60 x 60 x 80 com
C, digging of holes 40 x 40 x 40 cm
D. burrowing

E. furrowing and ridging

Design: 1 species of tree, 250 replications, or 1250 plants spaced 3.50 x 3.50 m apart.

Species used: Fucalyptus camaldulensis 8411
Date of planting: 11 and 12 July 1972
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Results by end of November 1972: given in table below,

TREATMERT A B c D E

Percent survival 86.8 96,4 91.6 59.2 79.6

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

From thie trial, as well as others, the following conclusion ie drawn: In arid zones
the best results are obtained by the method of large holes ("erand potet").

The cost and time involved in digging holes vary greatly depending on the kinds of
Boil. On soils of average difficulty, from 10 to 25 holes of 60 x 60 x 60 cm dimengione
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 Paitern

In the arid zone most of the water that falle on the plot has to infiltrate into the
80il; losses due to runoff must be reduced to a minimum, It is also advisable, if possible,
1o concentrate the water around the plants, as this can especially help them withstand a
drought period. To that end a so—called "fishbone" pattern or design has been worked out,
On sloping ground (no matter how slight the slope) a slight ridging 10 om high is required
below the plants, forming for each plant a curved waier retention basin. Two furrow—drains
for each basin lead off fo two other basine below. In a quincunx plantation pattern, one
obtaine the following design:

AYAVAVAVAVAVA

- \x___a” \\n,__sz \““~__.—’/ \~5___,4’/ \“~n__a”/ ‘\\xn__afjf

\/\/\/\/\/\/\
NN TN TN ATAT

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

Meagurements have been taken in such an arrangement to determine the Boil water content
around the plamts and between two plants. The following average figures were obtained one
month after the end of the rainy season:




soil water content around the plant: 4.92%
between two planta: 4,11%

These notable differences are maintained for up to 6 months following the end of the rains,

Construction of the fishbone pattern is done entirely by hand and requires only a few
man-days: 15 to 20 per hectare, However, careful instructions may need to be given before
the work is started.

Fencing

For any plantation in the arid zone, fencing is absolutely essential and, indeed, is
decisive for success. Where there is no fencing or if the fencing is poeorly made or not
kept up, livestock quickly penetrate and can ruin the plantation within a few hours.

There are several possible types of fencing, including barbed wire, grillwork and
live hedges, The simplest and most rustic type, requiring no investment of funds, ie the
“zeriba". By zeriba is meant an entanglement of spiny or thorny branches kept erect by
wooden stakee, If well made, it i®s fully efficient as a fence but it has to be kept in good
condition. About 180 man-hours are required to erect a 1 000 m long zeribe.

Planting

Although termite damage in the arid zone is generally rather limited and termites are
often incorrectly blamed, as they often appear to devour deadwood of plants of the previous
season, whenever possible it is necessary to give the scil an anti-termite treatment,
usually with dieldrin, prior to planting. In such cases, the technical assistance service
muat be called on to help,

An absolute rule is that planting muet be done after the rains have started. From
experience it ie known that this is generally around 15 July in the Sahel. It is always
too rieky to plant in June and it is too late to plant in August, the best planting season
being, in at least 90 cases out of 100, between 15 and 30 July.

In the arid zone it is always necessary to set out potted plants (mee also paper
entitled "Soil 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 siamea, Prosopis chilensis, Parkinsonia aculeata or certain African acacias
(A, nilotica var. adansonii, A, seyal, A, nilotica var. nilotica, A, tortilis, etc. ).
These plants will be furnishea'by the nearest forest tree nursery. Planting is an easy
task but it may require certain preliminary explanstion (eepecially regarding the cutting
away of the bettom of the pot), It is relatively rapid, requiring a maximum of 8 man-days
per ha.

Maintenance

Unfortunately it often happens in the Sahel that plantations set out under good con-
ditions are not well maintained, usually for lack of funds or follow=-up of the cperation.
“ven if such plantations are not ravaged by fire, their growth is very poor becsuse of the
tremendous competition from grasses, causing the foreet 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 mainienance work has to be done
twice — once during the rainy season before the grasses go to seed, that is in the second
half of August, and again at the end of the rainy season, during the first half of October,
The maintenance work done at the end of the rainy season needs to be repeated in the second
and third years. In subsequent years such maintenance seems desirable but is not absolutely
esgential. Maintenance is done with traditional farm implemente (the hoe or 'daba’ end
'hilaire' in partioular).



- 164 =

ACACIA ALBIDA

Agacig glbida has many local names -~ it i® called 'gao' by the Haoussas, 'cadde’ by
the Wolofs, 'balanza' by the Bambaras, 'zaanga' by the Mosesis and 'tchaski' by the Peuls,
It is a common iree in many farming areas of the Sahel-Sudan zone,

it is & valuable tree for farmers because it enriches the soil and, being decidious,
loses its leaves during the rainy season so that it does not interfere with crops., 'This
characteristic has long been recognized and it deserves the name of "miracle tree" given it.

The following sections on A. albida will provide some suceinct information,in annotated
outline form, which shows the value of this 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 B8oils, Increamses in soil properties umder 4. albida were:

% - clay content
134% - assimilable phosphorus
60% - total carvon content :
43‘% - sguivalent moisture, consequently, water retention capacity
100% ~ total nitrogen
100% ~ exchangeable calcium content
704 - exchangeable magnesium content

In Niger, O.R,85.T7,0.M, measurements showed that the increase in the contents of certain
minerals in soiles under Acacia albida corresponds to the following quantities of fertilizers
and goil amendmente:

synthetic fertilizer - 50 to 60 t/ha. {300 kg of organic nitrogen}
potassium chloride ~ 50 kg/ha (24 kg of potassium)

bicaloium phosphate - 80 kg/ha (31 kg of soluble Pa0s and 25 kg of Ca)
dolomite - 125 kg/ha 515 kg of Mg and 25 Eg of Ca)

lime - 100 kg/ha (43 kg of Ca)

The reasons for the beneficial effect of A, albida on the 80il are the following:

Ta
2,
3.

4.
S

very active decomposition of leaves when crops are starting to sprout;
fertilization by livestock which finds shade under the acacia;

diminution of dessication by wind, and of evapotranmpiration during the dry
Season, as well as of leaching by rain, and of fluctuations in {emperature
at all seasons;

possibility of fixing atmospheric nitrogen;

bringing fertilizing elementa up to the surface from very deep in the soil
(in relation with point 1),

The fertilizing and improving action of A. albida on soils is beneficial to crops.
In experimental plots of I,R.A.T. in Senegal mean yields of millet were:

A.
b,
Co

600 kg not under A, albida (traditional millet growing);
1 000 kg at a distance of 5 m from A. albida stems and
1 700 kg at less than 5 m from the tree.
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Planting under A. albida it is possible to obiain millet yields three times greater
than thoee in open fields were there are no Acacia.

Acacia albida and Stockraising

4. albida is valuable as forage and fodder orop. The leaves are edible and assimilable.
An regards protein content, they provide an sxcellent forage or fodder.

As for the pods, a yield of from 400 to 600 kg may be obtained from a stand of 60
acaciase per ha, equivalent to the fodder consumed between two over-wintering perioda.

Planting

The planting of one hectare of Acacia albida at the rate of 100 stems apaced 10 x 10m
apart, preferably in gquincunx, costs about 30 000 CFA francs, Spacing of 10 x 10 m is opti-
mum. Even when reduced to 50 trees per hectare due to gaps, failure to trke, natural
selection or artificial thinning, the trees etill cover the s0il, yet without interfering
with the use of draught animals in crop faming.

Operation Cost (CFA F)
Raising of 100 nursery plants in polyethylene wrappings 3 500
Marking out the plantation area, soil preparation and
staking out
10 man-days at a rate of 400 CFAF/man~day ) 000*
2 man-days at a rate of 600 CFAF/man-day 1 200

Traneporting of nursery plants to the plantation grounds, and
distribution on the ground (using an all-purpose vehicle) 5 100

Actual planting
) man-days at a rate of 400 CFAF‘/man-da,y 1 200%

Small implements 1 000

Surveillance and protection against livestock

st year 5 Q00%

2nd year 5 000%

3rd year 4 QOO*
TOTAL 30 00C CFA F

These coets are distributed am follows:

18t year 21 000 CFA F
2nd year 5 000 CHA F
ird year 4 000 CFA F

* Thege prices may pessibly be reduced if, as is desirable, the local population
is directly involved in the operation (bonuses awarded for good plant survival).




ACAGIA SENEGAL

As for Acacim albida, it would be possible to discuss A. senegal, the gun-tree, at
great length. Here only certain ideas will be expressed relative to the various poseibili-
ties for ita use offered foresters in the Sahel - that is, the establishment of groves of
gum-trees.

Organization of Gum Oathering

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 ineignificant, certainly less than 100 fons per year. Then in the geographic departments
of Ouaddai and Biltine a publicity campaign was lauwnched and an agency was set up to pur-
chase the gun at a price fixed anmually. This caumed a coneiderable increase in the annmual
production in Chad, to about 2 000 tone 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 anmually. Certainly the drought in recent years was largely
regponaible for this decline but it was accelerated by the almost complete stoppage of
publicity and a purchase price that offered no incentive whateoever; in fact, a good portion
of the gum produced had to be Bold in the Sudan.

Wherever natural stands of gum treee exist, the first step to be taken is therefore
%o make the population aware of the wvalue of this commodity, to be followed by organization
of the market and setting of good incentive prices.

Safeguarding Natural Stends

The gum-tree is a pioneer species that gains a fooihold on abandoned land, especially
former cropland. Gum-trees grow in virtually pure, even~aged stands and start ito preoduce
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 gwn-
trees. Consequently where there were gum-trees in full production, around the years 1940
to 1950, there are now dying stands on land which bear no other trees. This is what was
observed during a study tour on the gum-tree in 1972 in Niger, in the 'manga’ country,
where the only large stends of gum-treee that were seen were outside clamsified forests,

Spotas where regensration is occuring, sometimes large onew, do appear almost every
Year on abandoned land., These regeneration epote will turn into future gum~tree stands but
they are expomed to three hazards, eepecially during the first 3 years, namely: fire, live-—
atock browsing and renewed crop growing,

It peems that a wellthought out gum-tree policy should have among its goals, and
before any planting work is undertaken, the safeguarding of such naturally regenerated
stands. Also forest laws should give foresters the authority to protect young gum-tree
etands discovered in this way so long as they continue to produce., This solution, which is
being developed in Niger, seeme far preferable to establishment of man-made stands.

Man-made Gum-tree Standes

The planting of potied gum~trees om land that has been worked is easy from the techni-
cal standpoint but a heresy in economic terms because of the high cost of working the soil
and planting,

It was thought that it would be possible to establish man~-made gum-tree stands by
direct seeding after harrowing of the soil, This is technically possible but definitely
raises the question of protection. However, from results obiained with the gun-tree project
now underway in Chad in the Chari Bagwimmi (a Buropean 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 imposeible to work large arsas by machines beceuse they can be used
for only 15 dayms 1o one month, it being necessary to have a rainfall potential of 250 mm
after meeding. Such a solution is therefore only possible if done by the locel farmers,

a8 in the Budanese system.

The Sudanese Syatem

The Sudan supplies 80 to 90% of the world market for gum, thiem being due to the fact
{that the gum-tree is incluaed in the normal crop rotation. In that part of the Sudan where
guu~trees are grown, the farmers practice the following rotation: 4 to 5 years of millet
growing and about 20 years of gum-trees., The Boils are appropriate for this purpose. Gum-
trees are grown and gum cellected by farmers; thie makes possible the practice of tapping
the irees, a practice which is almost impossible to develop in countries where nomadiem is
ueual, nomads not being gum gatherera.

It ia in thowe parts of the Sahel where there is a settled farm population and which
lie within the natural range of the gum-tree and in its production area, that this solution
is advisable., The matter of production area is particularly important because the gum—tree
yields little or no gum when it grows om sitea which get too much water (500 mm). Apparently
the trial development of gum-irees in Asscle, Chad, failed to take this particular aspect of
the ecology of the gum-tree into account.
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INTRODUCTION

Irrigated forestry plantations have been established in the drier parts of Asia for
many years; the famous Changa Manga plantations in the Punjab were begun in 1866. In the
savanna region of Africa, on the other hand, there has been relatively little development
of irrigated plantations. The most important area in which they have been established is
in the Gezira area of the Rapublic of the Sudan. This paper, therefore, will begin with a
desoription of the plantations in the Gezira, and then go on to discuss some more general
problems of irrigated plantations.

THE SUDAN GEZIRA

The Swlan Gezira is a vast plain, of alluvial origin, lying betwsen 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 oracking clays, or vertisols, with a
high pH (over 8,5), and high clay content. During the dry season they are divided into a
network of deep and wide cracks. When the goil is moiat these ¢lose, and further penetra-
tion of water into the soil becomes very slow, so much so that no matter how much water is
applied to the surface of the soil, moisture movement below two or three metres is
negligible., The original vegetation was probably mainly open grassland in the north,
Acaoia mellifera scrub in the cenire, and open Acacia seyal-Balanites aegyptiaca woodland
in the sowuth.
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The Gezira Irrigation Soheme came into Yeing in the years immediately following the
Firat World War. It was based on the oultivation of long-staple cotton as a ocash crop and
sorghum as a subsistence orop for the farmers. The scheme was originally a partnership
betwsen the Sudan Govermnment, the tenant farmers, and a private oompany, the Sudan
Plantations Syndicate, who shared the proceeds of the cotton crop in the ratio of 40 per
cent, 40 per cent, and 20 per cent respectively. Other crops, incluwding the sorghum,
weTe entirely the properiy of the tenant farmers. ‘the Govemment constructed the dam at
Sennar and the major irrigaticn works, and was responsible for supplying the irrigation
water; the company took care of technical supervision of agrioulture in the field, and of
marketing the cotton erop; and the tenant farmers provided the manpower., A few ysars
before The Sudan attained independence in 1955, the Government bought out the Sudan
Plantations Syndieate whose functions were then taken ovaer by a quasi-Qovernment organiza-
tion, the Sudan Gezirsa Board,

The amownt of water whioch could be used in the Gezira was regulated by the Nile Water
agreement with Egypt. This has since been amended several times, but originally allowed
free use of water between August and December, when the Blue Nile was in flood; between
January and March water use was restricted to the amount which counld be stored in the
Sennar resgervoir; while from March onwards water supplies were severely restricted to the
drinking water needs of stock and people, and very limited irrigation of orochards and
other perennial crops.

In the early years of the Gezira scheme the Suwian Plantations Syndicate was strongly
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 small scale, partly on land allotted for resettlement of the
people who were moved from theix homee when the Jebel Aulia dam was established on the
White Nile (o help regulate waber supplies in Egypt), and partly on land managed by a
smaller company, the Kassala 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
Plantationas Syndicate. After the formation of the Sudan Gezira Board irrigated plantations
weTe extended to other parts of the Gezira. '

The original irrigated plantations were of two types, village woodlois on a very smll
scale to provide firewood and small timber for individusal villages, and larger areas of
plantation, usually on land relatively unsuitable for sotton. The village wood lots Were
on the whole a failure, as it was difficult to profect these mmll scattered areas,
egspecially from the depredations of goats and other domestic livestock. The other areas
were more successful. '

A number of species were tried initially including neem (Azadirachta indiea), sunt
(Acacia nilotica}, sissoo (Dalberg&' gissoo) and various euwsalypts. Swunt was disliked as
it provided a refuge for graineeating birds, and neem was susceptible to moderate salinity.
Sisso0 never did very well. The most promising species was found to be Eucalyptus
microtheca ¥.V. Mull. (including E._coolabah Blakely end Jacobs)., This is a species
occurring near seasonal water-courses in dry regions of Austmlia, Its form is not very
good, and, for a euwsalypt, its growth rate is not very rapid; however it has the supreme
advantage of being able to withsiand the long, hot pericd hetiween Maroh and August when no
irrigation water is available and there is very little rainfall,

Originally the Bucalypius ssedlings were maised in metal containers 25 cm long by
T+5 om in diameter, made from old petroel tins. They were slit up one side, and provided
with tabs 86 that they oould be removed when the seedlings were planted and re—used.
Nowadays these containers have been replaced by polythene tubes, The potting mixture was
river 8ilt mixed with sand, and the seed was pown direct into the tubes, No anti-termite
treatment was uged.
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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 metres apart, and 60 om to
4 m vertioally from orest to hollow. The plantations were irrigated by letting water into
the channels between the ridges.

In theory the plantations were irrigated at 15 day intervals from August to March., In
practice this was not often attained. During periods of water shortage cotton and other
crops had priority, and sc one or more walerings might be missed at times of high water
demand, particularly in September and October. On the other hand, the plantations were
often used as dumping grounds for surplus water and some suffered from waterlogging. Thus
inorement rates have been very uneven, ranging from just over one to nearly 10 min /yea.r.
A good average yield from fairly regularly watered plantatione would be about 6 m3/ha/year
for first rotation trees, with about 25 per cent more from subsequent coppice rotations.
The norml rotation is 8 years for the firat rotation, and 6 years for subsequent coppice
rotations.

LATER DEVELOPMENTS IN THE SUDAN

In the sarly 1960's work was begun on the establishment of an irrigated "Oreen Belt®
to the south of the city of ¥hartoum, The first part was irrigated by purified effluent
from the recently installed Khartoum sewage worka; later extensions received their water
from a canal, In this area year-round watering was possible, and thus & much wider range
of species could be grown. Among the more promising are Congcarpus lancifolius, Euealypius
camaldulensig, and E. tereticomis (especially the Mysore provenanoce).

The kKhartoum Green Belt included some areas of very saline soils, and there were
doubts on Low these would behave under irrigation. However, in the early stages at any
rate, although there was considerable deposition of salt &t the seil surface in some
places, it was still possible to grow satisfactory tree crops.

SOME GENERAL ASPECTS OF IRRIGATED PLANTATIONS

Weter Requirements

Water needs will vary with the climate, the type of soil, the species of tree to be
grown, and the method of application. Obviously in hot, dry climates where there is =
high rate of potential evapo-transpiration the amount of water needed will also be high.
A very permeable soil, whioh allows muwh 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, MWater requirements can be
reduced by special methods of application (see below).

In the Sudan Gezira reasonable growth of Eucalyptus microtheca has been obtained from
the application of about 1100 mm of extra water, by irrigation per year, but Foggie (1967)
conaiders about 1700 mm is necessary to obtain optimuwm growth. 1In the Central Qezira the
total amount of water received, incluling rainfall, wouwld be abou! 1550 and 2050 mm
respectively. In Pakistan the optimum water requirements of five year old Dalbergia sissoo
were estimted at 1200 mm, but rates as high as nearly 2000 mm were applied (5iddiqui,
1967). In Irag, GUlgur and Nouri (1975) estimate water application in existing plantations
at between 200 and B0O mm annually, but suggest that optimum water requirements might be
considerably higher (1200-1360 mrrS. All this data is from furrow irrigetion.
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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 zalt
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
cropa., If saline water is used, larger quantities must be supplied, to leach the salis to
depths where they will be harmless to the threes (Wormald, undated).

METHODS OF APPLICATION OF WATER

The most common method is by furrows, either very large furrows as used in the Sudan
plantations, or in smller trenches for instance 30 om deep, as in Pakigtan. In the
Khartoum (Green Belt, where furrows 2 m wide by 60 om deep were used, Bosshard (1966)
fownd some advantages in applying water to every second or third furrew 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 Suden, will tend to increase losses of water by
evaporation.

Flood irrigation, of level land, has genemally been found to be impracticable for
tree crops, a8 it ia very difficult to obtain uniform d_stribution of water using this
method,

Of more sophisticmted methods of irrigation, roteting sprinklers were used at Malam
Fatori on the shores of Lake Chad in Nigeris, to establish a provenance trial of
EBucalyptus camaldulensis, This was on & 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
amall area of slightly higher ground, more distant from the lake, growth wes poorer and
there were some deatha from drought., This method, although needing a fairly heavy capital
outlay, is worth considering in areas where there is a high water table, and only
temporary irrigation is needed,

Drip irrigation, developed originally for fruit trees, has been used for establishing
forest plantations in Abu Dhabi {Wormald, undated) and experimentally in Pakistan {Sheikh
and Masrur, 1972), In Abu Dhabi the water is pumped from wells to a control head and
filter. From the control head it is piped through pelyvinyl chloride laterals 10-15 mm in
diameter, which are provided with noazles at intervals. These nozzles are designed so .
that, provided a constant pressure ie maintained in the drip lines, a firxed quantity of
water per hour is delivered through each nozzle. One nozzle serves each tree. This is
again 8 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.

CHOTAR (R apmaTm

Hare it is impossible to generalize, The use of Eucalyptus microtheca in the Sudan
CGezira was dictated by the peculiar circumstances there, in the soil type and in the times
at which water was available. For most other areas it iz probable that better species can
be found. Some further references to choice of speciea for irrigated plantations, and on
irrigated plantations generally may be found in Laurie (1974) pp. 44-47, 49, 52, 114=115,
and 141,
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The term shelterbelis will be used to embrace live hedgeas and windbreaks. This
paper is confined to arid tropical Africa.

LIVE HEDGES

General Remsrks

From experience in recent years one can make some very positive statements on certain
points pertaining to the growing of live hedges in the 3ahel-Sudan zone, viz?

a) Any planted stand not protected during the first three years of life is doomed
to failure.

b) No live hedges are absolutely impenetrable to livestock, particularly goats,
either because of failed gpots or because the lower portion of plant stems
become more or less bare in time.

¢} Not even barbed wire fences will keep livestock out; a2 common sight is goats
forcing their way on the run into areas protected with five rows of barbed wirel
Fencing of this type moreover never resists the assault of large animals very
long (by large animals is meant cows, camels, antelopes, giraffes, etce)e

d) The combination of live hedges plus barbed wire fencing provides almost complete
protection against invasion of protected areas by animals. From the above it
follows that live hedges should be planted inside enclosed areas up against the
fencing which delimits them.

Tree Species that can be Used

The main reason for planting live hedges is to protect certain areas againsi
intrusion by animals. The apecies 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 thorna 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 uves of

live hedges should be looked into, namely, supplying forage or fodder, or producing edible
seed, nuts or fruit.

Prosopis

Prosopis juliflora (= P. chilensis), or mesquite, is & spiny deep-rooted tree or shrub
of southwestern USA, Mexico, Venezuela, Peru and Colombia. This is the species most commonly
used as live hedges due Yo its rapid growth, eaze of producing nursery stock, the high rate
of "take" on appropriate soils and its ease of clipping. Disadvantages are its small
spines, which make it not entirely impenetrable, and its tendency to shoot up in height so
that frequent topping is neceasary.

Seeds. Prosopis seeds number from 20 000 to 35 000 per kg. Fruiting occurs around
the month of March, When old seeds are used it is necessary to dip them in boiling water
and then let them cool for 24 hours before sowing.

Additional uses. Prosopis is also used for fuelwood and stakes bearing inscriptiona.
The leaves yield an excellent forage or fodder and their ghoots 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 plantations, to twelve tons
per year.
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Soil. Prosopis adapts well to many itypes of soil asxcspt those that are two sandy or
in bottomlands so wet as to asphixiate it.

Acacias

There are about 24 apecies of Acacia in Africa but only a few of them have been
experimented with as live hedges.

Acacia nilgtica var. adensonii. This species is particularly well adapted to arid
lands and can also grow fairly well on aandy soils. Its rate of growth, although less than
that of Prosopis is fairly rapid. The size (from 6 to 10 cm) of its very hard, siraight
white thorns makee it a species that iz highly recommendable am a live hedge,

Seeds are coilected in December in stands along watercourses and near stagnant ponds.
The seed has to be scarified in boiling water before being sown. It is sown directly in
pots in March, with an B0 percent germination rate.

Acacia seyal. This Acacia is usually grown on loam or sandy-clay seils that are
flooded during the rainy season. Sometimes however it is found on hill crests that remain
dry all year round, so there could be several races. When grown as live hedges it gives
good results, and this is probably also true of its close relative, Acacia ehrenbergiana,
which is suited to drier soils.

Acacia ataxacantha. We have had only limited experience with this sarmentous or
rambling species which, because of the intertwining of its branches and its big thornms,
should be excellent for live hedges. The plants are easily grown in nurseries but we have
always found that when it was planted out in the field the "take" was not good. We do
know of one instance of a succesaful planting of a live hedge of this species.

Parkingonia aculeata

This sarmentous bush has terrible thornas, but if not pruned quickly it tends to
become barren at the base. This species succeeds better on heavy than on sandy soilsa.
Paradoxically, the finest specimens that we know of are found at far northern latitutes
(Agad2z, 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 plentiang in pois 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 mosi common being Z.
mauritiana and mucronata. The seeds have to be sown in pots because pricking out is a
very delicate matter. Sowing is done toward mid-February. Haising in nurseries and
plantation ie easy, and the live hedges are particularly thick and inextricable, although
once they have been set out in plantations growth ia rather alow.

Bauvhinia 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 im not always excellent however.
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Planting of Live Hedges

Flanting should be done as soon as the rainy season starts, usually about 15 July.
A good live hedge consiats of two, or even better three, rows of plants spaced 80 cm apart
in quincunx formation. Prior to planting subsoiling should be done or elme 50-cm deep
trenches shouwld 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 two wind regimes in the continental Sahel - dry season winds and rainy
geagon winds. The harmattan dry season wind blows very regularly each morning from about
9 to 13 hours from November to March. It is a hot, dry wind usually from the northeast.
Rainy seagon 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
againat either the harmattan or the rainy season winds.

Effect of the Wind

Winds affect both soil and vegetation in several ways:

a) by causing moil erosionj
b) by mechanical impact on vegetation; and
c) by affecting evapotranspiration.

Windbreaks

Here we shall discuss only live windbreaks consisting of {rees or bushes or even
simple rows of annuals such as millet, sorghum and certain grasses (Pennigetum purpg;eum).

Mindbreeks as Mechanicel Obgtacles

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 whers the wind
passes. As & rule it ie said that a windbreak protecte a distance up to itas own height on
the windward side and up to 10 to 12 times its height on the leeward side.

The effectivenegs of the windbreak depends on its permeability. Low permeability
lessens the speed of the wind but because it creates turbulence, the protected ares is
gmaller, Optimum permeability ie that with 40 to 50 percent of space (i.e. 50 to 60 percent
dengity of vegetation). Gaps in the hedge are particularly dangerous because the wind
rushes violently into them; therefore, windbreaks must be continuous. The thickness of

windbreaks is of little importance and,provided that there are no gaps in theory, a single
row of trees suffices.

Windbreaks should be at least 12 iimes as long as they are iall in order to eliminate
turbulence along the sides.
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Maximum rrotection is afforded when the windbreak runs perpendicular to the direction
in which the wind blows,szo it ias very important before nlanting windbreaks 1o make a therough
study oi locai winds and make & graphic representation showing the reiaiive strength of the
winds blowing from different directions.

The length of the protected zone (10 o 12 times the height of the windbreak) is
lessened as the speed of the wind increases so it is almoat always necessary to plant
several parallel succesmive rows in order to protect large areas: Optimum spacing between
rows is from 10 to 20 times the height of the windbreak. Cloger apacing increages air
turtulence and diminishes the effectivenmess of the system.

Effect of Windbreaks on Microclimate

Windbreaks in addition to presenting mechanical obatacles also affect the microclimate,
and the importance of this is no less great than that of reducing wind speed. Generally
apeaking, windbreaks diminigh evapotranspiration. Experimenis conducted in the USSR in
1953 enable certain authors to state that water losses due to evaporation are reduced by
at least 20 percent in the shelter of windbreaks. This reduction of evapotranspiration
leads {9 increased photosynthesis in the vegetation, the stomata remaining open for a
longer part of the day. In arid zones, however, windbreaks cause increased evapotranspi-
ration due, in particular, %o 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 regult of thege changes in microclimate is markedly increased yields of the
protected cropa.

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 sirip
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 algo 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 irees are cut it is neceasary
to be able to leave at least one row standing in order for the windbreak to continue to
perform ita function. Finally, young trees are better protected against violent winds if
planted more thickly. Experience haa shown that the most effective windbreaks are those
conaisting of at least four rows of trees, that is, those from 10 to 12 m wids.

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 amount of land
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
reagonable proportion considering that crop yields may be increased by as much as 40 percent




because of the combined mechanical and physiological effect of windbreaks on the vegetationi
but it is best not {0 exceed this size of windbreak.

The ppecies wped for windbreaks should insofar ap possible have the following
characteristicet ademuate height, rapid growth, evergreen foliage, compact form, limited
root competition and resistance to windfall and wind breakage.

Planting should not be too close in order tc allow sufficient air permeation of the
windbreaks. Trees should therefore be spaced not leas than 1.50 m apart.

For the rest, the manner of goil preparaiion and planting are the game as thoge in
conventional reforestation work (subeoiling or digging of holes 50 x 50 x 60 om). However,
since in this omse what one is dealing with are row plantations usually cutting across
grassland or cropland where animala are allowed to pasture on atubble eor siraw, special
attention should be paid ito the protection of cropes or plantations, lest the success of the
operation be jeopardized. To that end it may be advantiageous to plant thorny vegetation
along the edges of the windbreaiks to protect forest tree species from livesiock,

Finally, no matier what species is used, the correct planting dates must be respected
{cf Prosopis).

Maintenance of the windbreaks is indispensagble in order to:

a) make sure that they remain coniinuous (obviously veplacement of any failed
trees is neceasary) and

b) prevent them from becoming too thick and consequently absolutely impervious to
wind; the branches therefore have to be clipped or trimmed frequently.

Y% is beet not to top the trees, since the size of the protected zone depends on the
height of the windbreak.

ENVIRONMENTAL FORESTRY

Under this heading one could discuss planting of woodlois inside or around the large
towms of the Sahel and even the growing of ornamental trees. We shall not elaborate on
these poinis, however, except possibly during the discussgion, considering it preferable
here to apeak of the role of treeg 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 viclent winds blow over vast expanses of sandy desert, sand dunes
are formed. There are comtinental dunes, particularly in the Sahara, but more ofien such
duneg are formed along the sea coaat, on the sandy shores at sea level awept by regular
winds (in Africa and Madagascar, ususlly the trade winds),

When sand dunes are not covered with vegetation or when, for any reason whatsoever,
whether it be repeated passages over ithe land, pasturing or grazing of herds and flocks, or
cropping, whatever vegetation once covered them has been destroyed, they start to move in
the direction of the wind at a speed which may attain as much as 10 m per year. When this
happens they cover everything as they move along - crops, plantations, roads and railways
and sometimes even houses and villages; all the inhabitants can do is to abandon land
invaded by moving sand dunes.

To prevent this from happening and in order to protect engineering works and crops
againgt being covered with sand, the vegetative cover has either 1o be established or
re-egtablished, 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 costly.

Sand Dune Fixation Technigues

One technique for fixing coastal sand dunes was devised in Europe in the last century;

it can be applied without great change in Africa and Madagascar except of course as regards
the plant species to be used.

The firat operation conaigte of constructing as close as pogsible to the sea an
artificial sand dune, called the coastal cordon, in order to stop the piling up of more
gand on the dunes. The way to gtart is by erecting along the coast a 0.75 to 1 m high
wattle fencing; thiz wattle fencing is composed of wooden stakes driven into the sand and
tied together by branches sufficiently closely matted to form an obstacle to the sand
blown against it by the wind. The graing of sand pile up behind this palisade and when the
little hill thus formed reachea a height of 0.50 %o 0.75 m, a second wattle fencing ia
built up on top of it and so on until one has a dune of & slope and of a height such that
it is impossible for the sand to be blown up over it. For a 30 to 40 percent slope this
equilibrium goil profile is reached in 2 or 3 years. If the sea coaat runs obligquely to
the direction of the prevailing winds, it is necessary in addition to consgtiruct transverasl
spurs that will prevent the formation of "“whistle holes" into which the wind penetrates.

It then is pogsible %o fix the sand dunes behind the coastal cordon by planting
either slips or seed of plant aspecies that provide good ground cover and are able to
withstand being at least partly buried in sand. Ammophila arenaria, whichk is very useful
in Europe and North Africa, does not give good results on the sand dunes souih of the
Sghara 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
beat is a plant of the Convolvulaceae family, Ipomea pescaprae, which sprouts very easily
and quickly covers the soil. Certain grase species can also be tried under the same
conditions, namely Sporobolus gpicetus, Arigtida stipoides, Panicum turgidum. Sand dune
fixation trials have also been conducted in the Adamaocua (Northern Cameroon) with Stylosanthes

ilim, Melinis tennissima, Digitaria unifolozi, Cynodon daciylon 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, enrichea the sand with humus; and, finally, the creeping roots hold the
pand and help stabilize the dunes.

Deapite the rapidity of growth of the plants used for sand dune fixation it sometimes
happens that the seeds or the glips are either exposed by the wind or buried in sand, so
in regionas where the winds are particularly violent it is neceasary to keep the sand down
by means of cover materiale 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 iransport

often involves a difficult problem and considerably increases cost prices of such fixation
work.

On the arean most exposed to wind it is also posaible to do some dense checkering,
that is petting out squares of wattle fencing dug into the sand. Obviously plants will
grow much better if protected by such wattls 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
bughes will grow. Tree growth is badly slowed by wind, fog and drift; furthermore the
first rows of the plantations are acorched by the mea winda. Nevertheless certain species

ars fairly resistant and can be used for planting, this being the ultimate purpose of the
operation. -
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The species most commonly used ares
a) Arborescent species

Acacia cyanophylla, A. ataxancantha
Casuarina equigetifolia (filao)
Prosopis africana and P. juliflora
Eucalyptus spp.; E. camaldulengis

b} Bush species

Opuntia
Euphorbia balgaminifera

Atriplex halimug
Gymnosporia senegalensis
Solanum sp. (tsingivy of Madagascar)

It is necessary to set out fairly large, nursery-grown plants very close together,
that ia t0 say 1 x 1 m on the side expoged to the wind and 2 x 2 m on the sheltered side.
Such planting is customarily done at the onset of the rainy season.

In arid climates, it is much more difficult to plant trees on sand dunes already
colonized by grass vegetation than on barren sand dunes because of the considerable
competition of the roots for water and because the presence of already well developed root
systems hampers the "take" of young plants. It is therefore preferable to plant the trees
at the same time as the grass vegetation; this always gives a definitely better take.

Flantations must be well maintained, as always in the tropics; this must be done by
hand to avoid having machinery crigsecross 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 liveamtock to cross the sand dunes, they

should do s0 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 snd delimited on either side by hedges of bushes, whether

thorny or not, viz: Euphorbia balsaminifera, Opuntia, Fegara xanthoxloides and Acacia
ataxacantha.
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INTRODUCTION AND BACKGROUND

The Mambilla Plateau, situated on the eastern border of Nigeria and at the southern
extremity of the North~Eastern State, forms part of the Cameroon Highlands geographically
and is an extension of such, The plateau ooccupies an ares of approximately 1 500 square
miles (388 500 hectares) with a high proportion of it topographically gently undulating to
steep slopes. Afforestation started in the early 1940's with introductions from the
Cameroon Republic (Fox,1971), and continued on a local moderate scale until 1962 when the
Mambilla Afforestation Soheme was first started under the First National Development FPlan,
This plan has been enlarged through successive plans, and a Hillside Afforestation Scheme
has 8lso been added to the present Forestry Development Programme, which was initially in-
troduced in the Second National Plan 1970-74.

Land uwse allocation on such a potentially produciive area results generally in for-
estry being given the steepest slopes., Although there is a need for the afforestation of
the steep slopes, there is also a need for large scals mechanised plantations which require
relatively gently sloping areas. A large part of the government and local authority affor-
estation mrogramme, however, has been confined to the steep, eroded hill slopes, and has been
implemented mainly by mamual means. At present sufficient information is available on
species and techniques to embark on a larger scale programme, either by mechanical means on
the flatter areas, or by mamual meazne on the steeper, eroded slopes.

1/ Paper for Symposium on Savanna Afforestation




temperatures are generally around 50°F. There is a heavy cattle population in the area and

ma -
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The alivitude of the main stuiicins on Mamhilla vairies from 1 524 m to some 1 981 m.
The annwal rainfall at Gembu is 1 981 mm with some slight variations over the rest of the
plateau. The mean monthly temperature is probably B859F {Kemp, 1969) and minimum monthly

the soils are subject to over grazing and annmual burning and consequently there are signs
of accelerated erosion in some of the steeper areas.
ara, therefore, shallow highly acidic lithosols with a silt loam texture and free drainage,
developed under a temperate, high rainfall climate.

hybrid.

SPECIES /GROWTH/FROVENANCE TRIALS

These steeper miteg for afforestation

Provenance trials can indicate the best Bpeciea/provenance for a prticular aite.

Replicated species elimination trials of pines and esucalypts were started on the
plateau in 1966 at Maisamari, Nguroje and Gembu, Of all the Eucalyptus species/provenances
teated in the programme, none is as successful as the long established Eucaiyptus grandis

Of the pines, P. caribaea, P. kesiys and P. oocarpa were selected for further
testing after the initial elimination trials.

The results of a specias elimination trial
at Nguroje, planted in 1966 on basalt soils, Number SM2/66/1 ig as follows:

Table 1

Mean height and survival of coniferous species trials planted in 1966

Species

Origin

Mean height (m) after

Survival % after

32 months | 46 months | 32 months |46 months
Cupressus lusitanica Bussaco 3.8 540 93 93
Pinus ayacahuite Mexico 1.1 2.0 86 83
P. caribaea Belize 242 3.6 90 30
P. kegiya Fhilippines 3.1 51 97 36
P. massoniana Hong Kong 2.6 4.0 100 100
P. montezumaa Mexico 0.1 0.6 36 25
P. oocarpa (I. 1136) Mexico 0.1 1.8 56 44
P. oocarpa (I. 1157) Belize 4.3 6.3 97 97
P. pseudostrobus Mexico 1.0 2.1 89 85
P, teocote Mexico 0.8 2.9 80 72

of 3mby 3 m.

Species growth trials commenced in 1967 with mainiy four pine species which were
planted in four large replicated blocks per species and at the normal plantation espacement

Further development of apeciea/provena.nce testing was limited by the avail-

al?ility of seed, and thanks must be recorded to the Federal Department of Forestry, Ibadan,
Nigeria and to the Commonwealth Forestry Institute, Oxford, U.K. who provided all of the

seed for the further trials.
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Table 2: CSummary of mean height, maximum height and survival,
% of 4 year old P. caribaea and P. kesiya,
mrovenance trial, Maisamari, Mambilla.
Basalt Site Basement Site
Species Origin Mean | Maximum h Swrvival | Mean Maximum Survival
ht (m})] ht (m) ht (m) ht {m)
P. caribaea | Gt. Abvaco,
Bahams 2.7 505 99 3.3 8.6 93
" Cub& 1.8 6.4 93 2-4 8.6 81
" Puerto Cabezas|
Nicaragua 1.1 Gof 95 3.2 75 80
P. kesiya Baw Lwang,
Thailand 3.6 4.9 96 4.6 Te2 89
" Dalat,
3. Vietnam 6.3 9.0 98 5T 9.4 95
" Rangoon,
Burma 3.9 5.6 95 3.8 7.0 93
" Khasi Hills,
Assam 4.9 7.2 96 4.5 7.0 93
" Philippines 3.1 6.7 18 - - -
Table 3: Summary of mean height, maximum height ard survival % of
3 year old P. ovcarpe provenmance trial, Nguroje, Mambilla.
1 Mean Maximum 3urvival
Provenance ht {m) ht (m)
K1 1/70 Nicaragua/Camelias 4.7 6.4 96
K7 7/70 Honduras/San Marcos 302 5ed 94
K9 9/70 Guatemala/Canas 3.6 5.1 97
K34 3/71 Guatemala/Bucaral 2.8 4.6 95
K35 4/71 Honduras/Angeles 3.5 5.6 98
K36 5/71 Hondwras/Zamorano 3.6 5.7 96
Oxon 1.2326 Guatemala/El Lobo 3.8 6.2 100
K44 27/71 Nicaraguwa/Rafael 4.9 7.2 99
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Two provenance trials <f F. carivaea and P. kesiya were plantea on iis soile Aderived
from basalt and granite at Maisamari in 1971. In 1972, 113 g of auperphesphate was applied
to each plant and after 4 yoars, P. kesiya from Dalat, South Vietnam, was dominant on both
aites. The mean height on the granite soils was 5.7 m and on the basalt soils 6.3 m. PFor
the trial results pese Table 2.

A P, oocarte provenante trial was planted at Nguroje in 1972 on a s0il derived from
basalt. After three years, the provenance from Rafael, Nicaraguws, was superior with mean
and maximum heights respectively of 4.9 and 7.2 m, whereas the poorest provenance was one
from Guatemzls 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 should be available in commercial
quantity and that a luocal programme be deasigned and implemented to produce future seed
requirements.

FERTILIZER TRIALS

In 1966, MoComb, Ojo and Jackson (1970) conducted a laboratory experiment of the
'Fertilizer Reaponse of E. grandin grown in a basaltic soil from the Mambiila FPlateau'.
The results suggested that it would be virtually imposeible to grow E. grandis from seed on
subsoil exposed by erosion, unless fertilizers were &pplisd. Fhoaphate was indicated as
the principal limiting element, but boron was alsc indicated as being necessary.

Also in 1965, Jackson (1913) conducted experiments with borate and superphosphate
on E. grandig at Maisamari, Nguroje, on fairly level sites derived from basalt and at Gembu
on an erocded steep mlope derived from granite. At Gembu the fertilizers were applied to
& two year old plantation which had been beaten up in the year prior to the application of
the fertilizer. Borate was applied at(Q, 57 and 113 g per tree ard single superphosphate at
0, 85 and 170 g psr tree. At Gembu 113 g of borate gave a rasponse but not 57 g. The in-
crease due to superphosphate was not significant. Generally, the application reduced ter-
minal shoot die-back and leaf discolouration, thus improving the health and shape of the
crown and hastening canopy closure.

In 1972, Fox conducted three experiments at Maisamari 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 & significant
difference between the untroeated and treated areas. There appears to be no difference be-
tween the formulations and the implication is to0 use the least costly treatment, The results
are shown balow in Table 4.

Table 4: Correllation of height growth of E., grandig
hybrid and fertilizer applications 1972.

Heighta (m)
Treatment
On application| 13/7/72 11/73 10/74
Borate & superphosphate 141 5.2 8.3
Borate & ammoniun sulphate 0.8 4.6 8.0
Borate 0.8 5.1 8.6
Hil 0.9 1.9 2.9
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In trial 2, in the P, 72 comparimeis, ammonium sulphate and single superphosgphats
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
8 poor a@oil in a asteep rocky area. Sixteen monthe after application the greatest reaponses
wera:

Treatment N1P2B1 N2P1B1 NszBz N2P1BO NOPGBO

Mean height 5.2 5.3 5.3 5,8 1.2
increase (m)

After 27 months, there appears to be a substantial response to N, although there is little
difference between the twe rates., There is some, though rather less, evidence of a positive
effect of applying B. There is als? come 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 twe forms as a granular fertilizer
in a drill below ground level and as a foliar espray. All plots alzo received 114 g of
single superphosphate. Twenty-zeven 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 apray.

Generally, any fertilizer application should be done in the year of planting and as
soon as posaible 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
aslopes. Whereas on the gentler slopes, mechanical application is possibls.

SITE PLANNING AND 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. 3Sufficient
land must be obtained above and below the steep slopes for afforestation. Abcve the steap
glopes, 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
obbtained above the slopes to arrest the surface flow of water down the slope by land use
techniques and to promote ground water parcolation. Contowr ploughing and contowr bunding
are useful conirols. Below the slopes, land ia required for access at the time of planting
and throughout the life of the plantation te¢ 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 contowrs. These roads are normally
put in by mechanical means before planting starts while visibility in layomt im eamiest.
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 expesrience, it ia of greal advantage to have a rcad
system throughout the plantation from the very start rather than making the roads when re-
quired, often through young plantations.

Some eite grading is occcasionally reguired on the over-hanging alopes and this should
be done before planting starts to allow the site to resettle and to reduce site disturbance
down the glope. Fencing against animals should be done as soon as possible and befors
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 boundariss where fencing is un-
necessary. It is generally cheaper to fence the entire area initially than to fence only
current planting areas. However, on the Mambilla Plateau it is good polioy to allow cattle
to graze over unplanted areas sc long as they are attended by a herdaman. It is also good
for public relations since the herdsmen see forestry as an acquisition of land lost 1o the




criginal cattle owners. Cattle are useful in controlling the grase growth, redusing both
the fire hazard and the amount of cultivation required prior to planting. They alsc con-
tribute manure to the site. They should be at all times controlled and kept out of the
rlantation areas and off the ateepest slopes.

Fencing and the exclusion of arimals allow for the rapid recovery of the site if fire
is alao excluded, but is only a temporary asolution, since degradation will follow when cattile
are again allowed to utilise the site. A more permanent solution is to put the area under
forestry with maintenance of canhopy For the maximum period under the chosen silvicultural
syatem.

Nurseries should be sited within the plantation area and near to water. On long
Blopes over saveral kilcmetres it may be better to use temporary nurseries for each yeart's
planting as long as water and labowr &re availabls nsarby. For encalypts, a three month
nurgery season from early March to early June is adequate for potted stock. After germina-
tion in March much of the watering is froam precipitation, eince the rainy season normally
gtarts in Amil.

Labour shortage can be a muck more serious problem, aince hillside afforeatation on
Mambilla is a very labour intensive operation. It is worth trying to encourage labour to
gettle close to plantation developments since tranaport and labour availability are con-
straints to such developments. At present most of the availavle labour reside in larger
towns and villages and only limited numbers are available in more remote areas. The cattle
owners do net generally contribute to the labour ferce, only the Mambilla farmers.

PLANTAPION ESTABLISHMENT

Nursery techniques for Buca us spp. are based on Pisuwick (1966) with modifications
to the semi-temperate climate of the area. Leocal humus and soils are used together with
fertilizers and dieldrin in the potting mixture 10 produce strong trees of 0.3 m in height,
balanced in root and shoot growth, with a reservoir of nutrients in the pot at planting time
to encourage initial sstablishment. Tall plants are a disadvantage on the plateau due to
the strong winds and occasionally have to be cut back after planting. For pine seedlings,
an addition of ammonium sulphate and superphosphate to the potting mixture is recommended,
bt urea and potassium have been found to have harmful or negative effects.

Site clearance, either mechanical or manwal, of the grass cover normally occurs in
April when fire can be used carefully tc reduce the heavy grass. If fire happens to enter
the area earlier, then grass regrowth can form a heavy sward by the time of site cultivation.
It is, therefcore, best to leave the clearing as late as posasible 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 twrf placing roots uppermost {o dry in the hot sun, On
gent ler slopes, complete cultivation is carried out, but on the steep slopes cultivation is
restricted to minimum contour lines about 3} metraes apart. It should be noted, however, that
grasa not killed during the pre= or post-planting operation will swrvive throughout the ro—
tation and responds as soon as the canopy is opened. Since grass is the main retardant to
eucalypts, the guestion of the duration and periodicity of cultivation for successful estab-
lishment is a matter of experience.

The mroblems 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 aite dimtribution has to be manual, The seedlings are planted at
about 3 m by 3 m and the whole of the pot is removed. Normally, the holes are prepared by
a separate labour force and only a few labourers actually do the pot removal and planting.
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Approximately 4 weeka 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 manvally in a slit below the surface, or by mechani-
cal techniques on flatter sites. Af{erwards, 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 mocelerated erosion, but grass should be mevented from hindering
the growth of the traees,

Inadequate weeding causes trees to quickly show signs of ill health on the steep
slopes but appreciation of such indications are often toc late to rectify the situation that
same season, As much as possible should be done in the year of planting to achisve a healthy
vigorous tree which will continue to grow over the dry season and take advantage of the early
rains for maximum growth opportunity in the second year., The weedings should be continued
along the contowr when required. On good sites canopy closure can be obtained 18 months
after planting, i.e. just before the onset of the second dry season. Bucalyptus grandis
hybrid will continue 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 dise
colouration ococur which require expensive treatment to return the orop to healthy growth.

The use of selective weed killers has been tried on the plateau employing mschanical appli-
cators. OSuch itrials have been unsuccessful due to the high cost of the wesd killer, the
slow rate of application and the quick recovery of the grasses. Herbicides, ).owever, are
worth further trials.,

Modern technological advances are tending to overcome the inherent difficulties of
species utilisation (Hardie, 1974; Alders, 197%) ; And at rragent for the steepn 2lanes nn tha
plateau, 1. grandis aybrid can be recommended for rapid site coverage and for the production
of large volumes of wood as a utilisable resource.

HILLSIDE AFFORESTATION MANAGEMENT

Frotection should always be the prime consideration on steep glopes, bui once a large
wood rescurce is available there is likely to be a demand to utilise this basic raw material
for some industry.

Fnd vuse 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 reguired, a
seleation or olear felling aystem 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 E. grandis hybrid on steep slopes, However, experiments conducted on the
plateau, indicate that maximum coppice regeneration is obbtained at the height of the rains
when forest produce is not normally required in any quantity locally. Such forest produce
as poles and firewood is normally required in the dry season when coppice regeneration
results in up to 25% stump mortality. On high rainfall areas greater site protection is
necessary during the exploitation period but this is to some extent counteracted by the
faster growth and speedy site recovery.

Although most of the silvicultural and management problems in the selesction and
establishment of the best species for particular sites have been dealt with, research on a
local scale should continue to select superior breeding material and to produce superior
seed. Infact, such a wrogramms which would confer benefits both locally and nationally
might be a mtter of some priority.
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SUMMARY AND CONCLUSION

The afforestation of stcep and eroded slopes free of tree vegetation and with shallow
80ils requireas tha aselection of a fast growing tree species employing establishment tech-
niques giving speedy establishment. Local species should be atudied first but if no local
species are suitable, a much longer process of species and provenance trials has to be tried.

After initial selection, there is room for further improvement through more advanced
provenance trials and triala of establishment techniques. A4 research and development pro-
gramme is required to further improve the melected species, and in the longer term to pro-
duce the estimated requirements of improved seed.

Having selected the apecies, for a large afforestation scheme where protection is the
rimary requirement, there is always the risk that demand for woody raw material conld have
an adverse influence on the silviculture and management of the plantation., Where poseible,
such demands may be accomodated within the programme, but the primary protection objective
should not be asacrificed.

Fortunately on the Mambilla Plateau the species E. grandis hybrid was established and
suited the forestry requirements, but even s0, for the past 10 years species, growth, mroven-
ance and fertilizer trials have been conducted t0 try and improve efficiency and economy of
establishmest, With E. 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
P. ovcarpa and the southern Vietnam provenance of P. kesiya, have shown promise for further
development. AT Present a provenance trial or Lupressus lusitanica 1s required v ey Sulb
the new canker resistant strains and to select provenances with finer and less persistant
branchea. 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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INTRODUCTION

There has been extensive open=cast mining on the Jos Plateau for the past 60 years.
The mining operation leaves a desclate landscape of earth mounds, dried ocut mud ponds, tin
tailings and reserveirs which render the land unproductive for agriculture, forestiry or
grazing, without expensive rehabilitation programmes.

A recent (1972) amerial photography of mined areas indicates that the tall steep-
gided 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 Govemmen}', of the Federal Republic of Nigeria puts
the total revenue from mining at ¥ 336 872 264 /. Of this value, the greater part came
from the Jos Platean. At preaent the area of land held under mining leases for tin and
other minerals on the plateau exceeds B! Q00 ha. A conservative estimate of the arees
actually disturbed by active mining is in the region of 26 730 ha, As Howard (1974) has
peinted out,the rehabilitation of the mining speil areas is important for a number of reasona:

1 Paper for Symposium on Savanna Afforestation.
2/ 1974 exchange rates 1 N = US$ 1.62.
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(a) Land is at a premium because ¢ the high population and low yields in
the existing agricultuwral aystem,

(b) Erosion is caused by the mining scars because the base level of a
stream ia often lowered, thereby cauzing gulley ercsion higher up the
stream,

(¢) The plateau is viriually ireeless and trees are needed for firewood
and polec for house building. Areas of tin mining apeil may be suit-
able for extensive tree plantations, because Eucalyptus will grow on
them.

(4} The plateau is heavily grazed in both the wet and dry seasons. If
palatable grassea or legumes could be established on the mining spoil,
this would provide valwable zidditicnul gragzing.

(e) The extensive network of deep reservoirs is a valuable water resource

providing possibilities for dry season irrigation, not at present
utilised on any large scale for agricultural production.

PIATEAU CLIMATE, WEATHER AND VEGETATION

The Jos Plateau is situated between latitudes 9° 50' and 10° 50' W and longitudes
8° and 9° E at an elevation of about 1 200 m and covers an area of 4 662 8q km. Weather
conditizing die venirviied vy muist scuth-westerly winds during the summer, and dry north-—
easterlies during the winter months,

The highest temperature recorded since 1914 is 1009 F (38° C) while the minimum is
41° F (5° C); average temperatures are around 709 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 raine occur during eight momths of the year and thunder—
atorms of high intensity are frequent especially at the beginning and towards the end of
the wet season., The variation in rainfall from year to year is considerable. Tree felling
and overgrazing on the plateau have tended to reduce the efficiency of the rainfall by
allowing & more rapid runoff., Relative humidity on the plateau is seldom uncomfortably high.

The plateau has been an enclave for surface mining for many years. The area consists
of undulating grassland dotted with granite outcrops end occagional flat-topped hills of
lateritic ironstene. During the rainy season, May - September, grain orops such as "Acha"
Digitaris excilis, millet, Eleusine coracana,are extensively grown on the open plain by the
Birom people, whilst numerous herds cf cattle owned by nomadic Fulani graze during the wet
monthe. When the grass is exhausted they descend to the Benue plain for the duration of
the dry season., . ’

Native amelting of tin and iron in past centuries must have vaused a great deal of
woodland destruotion, but the present treeless state of the plateau has resulted from the
development of the tin mining industry. The influx of people from the rural areas to tin
mining locatione such as Bukuru and Jos resulted in large increases in population and con-
sequent demand on land for cultivation of food crops, The Birom practice of digging out
tree stumps on farms does not allow coppice regeneration. Only afforestation oould provide
for an ever-incressing demand for firewood and poles, In the 1940's firewood became so
scarce that the aotivities of the mining companies became threatened and it was necessary
to transport firewood from Jema's,

Thus, early recognition of the need to conaerve and aupplement indigenous wood spacies
lad t0 the development of an afforestation programme under the Minea Reclamation and Affor-
estation Unit. There is & great demand on land for farming and mining and it is difficult
%o have additional land set aside for communal tree plantations, One possible solution to
the problem lies in planting up land which mining has rendered useless for farming,
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Modern tin-mining on the plateau calls for the uae of heavy earth moving equipment
involving the removal of up to 12.20 m of earth to reach the tin-bearing ground which lies
underneath. The larger companies, e.g. the Amalgamated 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 excavated "paddock", as the pit is called,

RESTORING TIN MINING LAND

Site Preparation and Fertilization

In 1948 a trial was made on the mine dumps planting sucalyptus camaldulensis, and
this proved successful at litile expense. Shortly afterwards, the Ministry of Agriculture
followed up with land restoration experiments involving levelling the dumps, using bull-
dozers and cravler tractora. Night-sc¢il compost from Jos town was spread thinly over the
levelled surface at the rate of 50,18 tonnes per hectare and cover—orops such as elsphant
grass Penisetum purpureun “gamba" grass (Andropogon gayamus) and Stylosanthes. gracilia, were
aown., It wans intended that after a few years under cover~crops the restored mining land
could be returned to the native owners for normsl oultivation., In 1955 and 1956 experi-
mental growing of 'achs' Digitaris excilis and other iocal stapie ¢crops on reclaimed mining
land was further undertaken by the Ministry of Agrioculture. Theae experiments indicated
that norml yields of staple oropgs on restored mining land could only be attained using
large application of organic compost aad fertilizers. It was considered to be beyond the
means and capability of the local farmers to procure fertilizers on the scale required to
enable staple orane 0 aeou

The satisfactory indications obtained from the 1948 experimemtal 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 Loocal
Authority. Seedlings raised in the nursery were for hoth mine reclamation areas and com~
munal forestry areas.

In 1959 obaervation plots were set up to determine if the practice of establishing
Eucalyptus trees, with a headpan (18.2 kg ~ 22.7 kg) of compost added to each planting hole,
was the most efficient.

The following treatments were included:
(a) One headpan of (18.2 kg - 22.7 kg) compost per planting hole!
(b) 1/4 headpen of (4.5 kg - 5.4 kg) compost per planting hole;

{¢) 1/4 headpan followed by 112 g of sulphate of ammonia applied
one month after planting;

(d) Nothing applied to the planting hole and 112 g sulphate of
ammonia applied to the geedling one month after planting;

{e) No trestment,
Subsequent trials in 1960 and 1962 applied nitrogen and compost at differsnt rates.

Aa a result of the above trials, when the Mine Reclamation Unit took over complete
responsibility for rehabilitation and afforestation of mineland, a new method was started
which employed a shovelful of organic compost and 84 g of ammonium sulphate mixed with the
soil from each planting hole before planting. The results were mromising and trees attained
heights of 3.05 m to 3,66 m in the first year. In subsequent years, the use of compost was
dropped as the distance and cost of tranaport from the depot 10 some of the planting sites
became 00 great. Nevertheless, measurements taken in such plots eight years after estab-
lighment, averaged 9 m — 14 m height which is reasonable on disturbed soils.
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In the first planting season, planting holes were dug either by hand or by post-=hole
digger mounted on a Ferguson 35 tractor. In the subsequent year, the planting lines were
cultivated by heavy ripper or sub-soiler (powered by a D-8 caterpillar) which had the heavy
tines set at a suitable planting distance. Experience has shown, however, that better
rasults 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 t0 some depth, OGrowth of Eucalyptus and of
grass improved on areasz 8o treated.

Speciea of Trees Planted

The main species used in planting on the plateau both in. mine reclamation areas ani
communal forest areas are as followas

(1) Eucalyptus camaldulensis: Thie is the main species for afforestation of
restored mining land and is uwsed extensively in communal foreet area
piantations.

(ii) E, punctata: This species is now being used in preference to E. rostrata
on coarse-grained quartz soils, which generally have a low ¢lay content
and are consequently well-drained. It forms a dense canopy at 2 years
of age, supmresses 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.

(iii) E. robusta: This species has one great advantage over E. rostrata and
E. tereticornig; it will readily form a closed canopy and can greatly
minimige weeding costs and also reduces the danger of damage by fire.
It is susceptible to termite attack and its use has been mainly on the
red basalt so0ils in areas of high rainfall,

(iv) B. rostrata:l/ This species has proved to¢ be generally reliable, being
eaBy 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 firewcod and peles and after felling
coppices atrongly. It is considered to be the best all=-purpose short
rotation plantation species on the Jos Plateau.

(v) E, saligna (hybrid}: A fast growing species with a straight stem capable
of forming dense canopy. Due to hybrid swarm there is a proportion of
misshapen or dwar? trees. It grows successfully only on deep soils in
the heavy rainfall areas of the plateau (south and weat).

(vi) E. tereticornis: This species appears to be similar to E. rostrata but
is generally straighter in form. It is being planted extensively on the
same sitea as E. rostrata.

All the foregoing species are classed as commercial timbers in Auwstralia, E., robusta
and E. saligna in the joinery class (e.g. window frames, doors and furniture) and
E. rostrata and E. tereticornie in the construction class (e.g. beams, railway sleepers,

bridge timber, etc.). Thus they have some potential beyond fuel and building poles if they
can be grown on larger rotations,

Table | shows growth rates of Eucalyptus on mining spoil (Howard,1974). According
1o Howard, Du CFA (D 345) and D 346 are situated on &n undisturbed ironstone gravel soil,
MRA 25 (D 348) and MRA 33 (D 353) are compacted mining spoils.

1/ syn. B, camaldulensis.
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TASLE 1

GROWTH OF EUCALYFTUS ON MINING SPOIL AND ON UNDISTURBED SOIL

dverage Ave.d.| diam.
Plot No.j Location Species Age Treesfha height bh inor
(m (em) om/yr
D M6 MRA 25 E. camaldulensis 13 1 300 11.9 12.0 0.9
D 347 MRA 25 E. camaldulensis 13 1 525 9.6 10.0 0.8
D 348 MRA 25 E. camaldulensis 13 115 8.7 7.0 0.6
—];,_3;; MRA 33 E. m‘u.ltifloraal/ 14 1150 21.6 17.0 1.2
D 152 MRA 13 E. camaldulensis 14 1 420 14.6 12.9 0.9
D 153 MR4 33 E. camaldulensis 14 950 8.4 B.4 0.6
D W4 MRA 11 E. camldulensis 12 1 300 9.9 9.7 0.8
D 339 Ryom CFaA E. mult ./oamald, 8 1 025 18.6 12.5 1.6
D 338 :wang CFA E. camldulensis 11 1100 14.3 1141 1.0
Ou
D 345 Du CFA E. camldulensis 1 1 000 7.8 Tl 0.7

1/ 8yn.E. rcbusta




-195-

PROBLEMS AND FUTURE OF THE MINE RECLAMATION AREAS

The area of restored mining land which has been planted since 1960 ia 1 336.5
hectares of which more than 202.5 hectares were established immediately after restoration.
A further 202.5 - 243.0 hectares were established on land restored some years previously
and sown with cover-crops of grass and legumes. It may be noted that little land has been
suwrrendered 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

beginag, often raveals the presence of small values of tin. To larger companies these values
may not be worth recnvering, but they may be sconomically exploited by amall private miners
who use simple hand methods and have low overhead expenses, There is always some optimiam
that a rise in the market value of tin or minerals in general might make it profitable for
the recovery of the remaining 1in, or even cther minerals not presently capable of sconomic

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,
iz a sound form of land uasa,

CONCLUSION

Most of the Bucalyptus 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
g0il improvement potentialities of Zucalyptus and other apecies, This mine land reclamation
roject has assumed a amall 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 comtrolled.
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FIRE FROTECTION

History

The present sysiem 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 Pree Planting Practices ‘n African Savamnas (Laurie, 19745. This led to the getting

up of a Fire Control Sectior o get the organization going; work is now sufficiently
advanced 1o bring it under the contrel of line management from the beginning of this year,

Degree of Hazard

The long dry aeason with increasing temperature, decreasing humidity and often
gtrong winde, especially in September, combined with plentiful fuel, give conditions for
severe firea. The exotic trees grown are inkeren{ly fire prone and there is a considerable
build up of fuel from pruning and thinning wastes \nder the trees, eapecially pines.

Large blocks of even-aged trees, sometimes unavoida.ly orientated along the prevailing
wind, give a potential, according to Cheney, of fires up to 1 600 ha.
¢

The population traditionally uses fire for land clearing and hunting and is only

slowly becoming aware of the need for avoiding fire in plantations.

In 1975, the worst season to date, a total of fifty eix fires occured, eighteen of
them originating outsgide 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,

Fire

Pines are most suscepiable to death and severe damage up to year twelve, and
eucalypis throughout the rotation. Damage i by leaf scorch and degtructddn of the
cambiume 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 very readily, and for this reason fuel reduction by burning cannot
be practised.

Cost of Fire Control

The approximate cost of establishment per hectare of pines is K 3 9851’/ and eucalypts
K 670 calculated at 7 percent compound interest to the end of the rotation (based on 1975
costs), Fire control costs are about 5 percent of this figure.

FIRE FPREVENTION

(General

Fire prevention within the pine plantation only becomes a problem after the sencond
year when weeding normally ceasea., Some third year weeding is carried out in dangerous
locations, but this tends, owing to the work load, to be just a rolling down of the grass.
Pagt fires indicate that it will be possible to burn thig 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, especialiy
if there is any wind.

1/ 1K =uss 1.56.
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Pruning to 2.2 metres 1g carried out when the mean top height is 10.5 m (at approxima~
tely 5 years of age), which leads to a consideradle increase in the fuel on the ground.
This iz perhaps the most dangeroua atage in the life of the tree from the point of view
of fire. A programme of control bturning after pruning has been carried out since 1971,
It should be noted that slash is scattered asm evenly as possible and no of piling branch
wood muet take place as this leads to hot spots and consequent damage.

Control Burning

The objeot ie to reduce the amount of fuel on the ground %o keep damage by scorch
to a minimum, It hag been found that trial fires can only give an indication of rate of
spread and flame height and that when firea join up both are increaged, flame heighta being
almopt doubled. As scorch height is approximately five times flame height it is necespary
10 keep flames as low ag possible, The fuel which causmes difficulty is the dry needles
on pruned branches not lying flat on the forest ficor; it may be necessary to burn these
off in one operation and bwrm again later to reduce the compaci needle litter remaining.

Practical application

Burning is carried out in March/April when the raine are tailing off and in the
late afternoon when there is little or no wind. Lighting is done on a grid pattern uging
the lines of trees as a guide. A trial fire gives the rate of spread and as a Tesult of
this lighters are spaced out along the gide of the compaviment and giveu o biath aichg
whiech they must walk, counting lines of trees as they go. Empacement is generally beitween
30 and 40 metres, and men must be cautioned only to light ene spot of fire at the prescribed
distance,

¥When lighters emerge on the other gide of the compartment they are assembled and
again gent off in the oppomite direction till the area is completed. General direction of
advances is into the prevailing wind. Deiailed directions for carrying out control burning
are given in Cheney's report, and persons interested in this work should study these
carefully. Caution is necessary in the use of fire as once lighting up has taken place
it is usually too late to put out the many spots burning in one compartment. While
isolated cases of crowning have occurred, damage is usually minor, but this should not be
confused with treem with persistent needles which ooccasionally flare up in an alarming
faghion, but seem to puffer no damage aa a result., Weather conditions must be taken into
congideration and any cumilonimbua clouds in viecinity treated with suspicion as they can
cause severe turbulence., In case of doubt a weather forecast for the locality should be
aobtained.

Succeggive burns

There is no doubt that control burming reduces danger of demage from will firz and
gives mupression forces a better chance of success, but this is dependent on the amount
of fuel removed. It is therefore recommended, as a result of 1975 experience, that fuel in
dangerous edge compartments exposed to the prevailing wind be kept to an abselute minimum.

Normally in other compartments additional control burning should be carried out when
there is a significant increase in the fuel on the ground. Poigoning of unproductive
thinnings has been gucceaafully oarried out. Thia allows the trees poisoned to remain
standing and gradually dieintegrate instead of encumbering the foreat floor as they would
do if felled, This iam of course better from the fire point of view, but has now been
abandoned owing to a change in thinning achedules which delays the firat thinning to age
nine when more utilisable material can be obtained,

Effect on inorement

Measurements carried out in & series of nine plots in three compartments and burned
yearly asince 1972 indicate that so far there is no mignificant effect on increment.
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Understory species

At Chichele Plantation infestatlion by Lantana camera ie extenaive, and it has been
found that the stocking of this has been considerably reduced by repsated comirel burning.
It is unlikely that compleie eradication by fire will be poasible due to infested anthills,
but lantana can be kept sufficiently in check to allow almost unrestricted access. This
is important in sllowing foresi operations to take pla.ce and for fire control, especially
as lantana burns severely later in the dry season.

Cogta

The cogt of the operation uging an average gang of eight men and two vehicles is 0.301!:1/
per hectare. This does not include the cogt of one forester, and one forest ranger who
are also normally in attendance. About 80 ha can be burned in one night by this force.

Firebreaks
Internal firebreaks

In the past a number of different firebreaka have been tried, but now the leaving
of large areas of unplanted land, with a high work load for no retuwn, and of doubtful value
for stopping high intengity fires, has been dimcontinued. It is considered that graded
compartment roads combined with santral burning and compartments of thick barked eucalypts
strategically placed across the prevailing wind te break up large pine areas will be
adequate. The graded roads will stop low intensity fires and allow speedy accesa, and
controal burning will provide areas of low fuel loading. The species favoured for planted
firebreak compartments is Eucalyptus cloeziana which can be safely burned at about age
four and is useful commercially.,

External firebreaks

Boundaries are protected by a graded sirip five metres wide immediately alongside
the plantation. In addition between this and the indigenons woodland a ten meire wide
etrip ia rolled and burned off at the end of the rains. On certain dangerous boundaries
shere there ig much foot traffic, there ig a further graded ptriP outaide this.

There are obvious sdvantages in sireamlining boundaries and this im being done in
new areas even though it may mean the inclumion of some poorer planting land.

Woodland

The adjacent woodland is intenaively early burned as the grass dries out, and again
after leaf fall, oare being taken to avoid damage to the canopy. Anthills in the fire
break and on the edge of the woodland have in the past provided a spring-board for fire
to jump into the plantation mo these are now being systematically cleared of vegetation.
Dead and dangercus trees on the woodland edge need to be felled and oleared away.

Cogts

Grading with a caterpillar 120 Grader coats K 15l/par kilometre and rolling a
further K 15/km.

1/ 1K = US$ 1.56




FIRE WiRNING SYSTEM

Fire Towers

Fire warning is baged on @ series of steel towere strategically placed ihroughout
the plantation at roughly 10 km intervala. Advantage is taken of any suitably placed
hills to reduce the height of towera at these points.

It is imporiant in locating towers that good cross bearings can be obtained,
Equi pment

Towers are fitted with a bearing indicator with a simple sighting device reading
horizontal angles to the nearest degree. These are et up to coincide with protractora
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 ateel box at ground
level., Batiteries lagt on an average three weels before having to be brought in for
charging, Look-outs are provided with binoculars, water bag, protective clothing and a
geat,

Manning

As fire danger progressively increanea. tower mammine i1z incrsagsd from 2 single
shift at the veginning of the season to three eight hour shifts on strategic towers. Only
five fires were recorded as having started between 22,00 hours and 06,00 hours during the

1975 meason; these did little damage and were readily controlled.

Fire Control Centres

Ezach plantation group has its own control centre manned by a radio dispatcher on
an eight hour shift basis. This man is responaible for plotting esmoke reports from the
towers and taldng appropriate action, He maintains a log book, checks vehicles and
towers in the field hourly, changes batteries and takes meteorclogical resdings. Much

of the radic time is occupied by adminisirative messages, but in case of fire these can be
h&lt&do

Frequency 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 watch begins in May. There iz & build-up of fires until June when
the total remaine fairly constant. It starts falling off in October, with the fire
season ending towards the end of November.

FIRE SUPPRESSION

General Organigation

Every employee is liable to fire fighting duties, but initisl investigation and
suppreagion is carried out by trained teams normally conaisting of two gangs of six men
Plus pupervisor stationed at each plantation centre and travelling in fully equipped vehicles.
It is only when conditions warrant that the larger organization is called into service,
a8 detailed in the fire plan. FMull-time fire teams are backed up by stand=hy gangs. It
is hoped that the whole labour force will eventually become versed in the elements of fire
guppression.
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Types of Fire

(1) Grass fires in young plantations spread rapidly, but vehicles using water
can usually be driven into the compartments. Knocke-down can be accomplished quickly, but
thers is need for efficient follow-up by men on foot to ensure that the fire does not
reptart.

*

(2) In older compartments trees reduce the wind, and rate of spread is less,
eapecially if control burning has been practiced, but here vehicles are confined to roads
and s0 are 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 ent

ola imported and fitted with bamboo handles locally, are excellent for fire line
congtruotion in litter fuels.

Shovels are used nomed, fitted with long handles and sharpened.
Brush hooks are used for clearing branches and light growth ashead of fire line construction.
Axeg are useful when larger material such as trees felled in thimmings, is encountered.

Knapsack sprayers—An excellent demign has been imported from Australia consisiing of a
gixteen litre plagtic tank with pump and hose ¢lipping neatly round the outside.

Drip torches are very efficient when quick lighting up is required.

Mechanical Equipment
Yehicles

For Zambian conditions experience indicates that a fast (at least 100 lcm/hour top
speed) 4-wheel drive vehicle of about 3 tons capacity is best, This ghould be fitted with
an internally baffled steel tank capable of holding about 1 A00 litres of water, pump,
hose reel and hand tools. At least one larger tanker should bs available in each area.

Water pumps

A centrifugal pump producing a pressure of at least 10 bars with a good filling
rate at low pressure aend hand or other priming facilities is recommended.

Other equipment

Foge reelg should be of the vehicle {type supported at both ends and capable of
carrying up to 60 metres of 20 mm rubber hoge.

Branch pipes should have spray and jet facilities and positive shut off.

Hope ~S8trong fabric reinforced rubber hoge of 20 mm and 25 mm ig used. Canvas

hese is mainly used for tank filling, but a few lengths of 38 mm are carried on the large
tankers for use in case of 2 sawmill or other static fire, Generally, vehiclea fight
fires while on the move sc it is undemirable %o have them anchored to long lengths of hose.

Slip-on units can be useful on conventional lorries ox light truckms, and should

conmigt of light steel, internally baffled tanks with a small pump and hose reel mounted
on the top. These are loaded empty and then filled with water. Hand tools and all other
equipment necessary should be kept at the loading point.
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kheeled bowsers towed by tractor oxr land rover can be useful,

Fire Weather Information

Generally apeaking, fire weather in Zambia gets progressively worse as the dry
geagon progresses, though there are days when conditions can be more severe than expected.
With this in mind forecasts are obtained form the Meteorological Department each afternocon
for the following day of: (1) maximum wind epeed, (2) wind direction, (3) maximum
temperature and (4) minimum humidity.

This givea a chance to plan activities ahead and to alert any extru forcea which
may be necessary.

In addition, local weather information is collected at fire control centres at
09100 and 16230 daily consisting of air temperature, wet bulb and maximum and minimum
temperature, Wind direction and speed are recorded hourly. Any rainfall is measured
and a thermohygrograph makes a seven day chart of temperature and humidity.

Weather information is used in compiling fire reports, calculating the drought index
figure (see Cheney, 1971) and computing the fire danger rating using the McArthur Forest
Fire Danger Meter.
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INTRODUCTION

The savanna occupies between T75-80% 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 kmZ,
However, much of the savanna reserves are low value forests with a lot of grasslands, On
the other hand, the eatimated 20 000 km? of high forest reserves which have considerable
industrial potentieal may bve unable to sustain the extremely heavy demand to which timber is
put.

At present, about 1% million cubic metres of wood is consumed annually in Nigeria. At
this rate, the high foreat wonld 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 circumstances, the vast savanna needs to be converted into productive forests.
Such massive efforts to establish man-~made forests require intensive research and large-
scale management techniques. No doubt, the resulting artificial forests would conspicuously
lack the biological balance which is obiainable in natural forests, Subsequently, this has
given rise to & number of forest and timber diseases and insect problems, some of which have,
on occasions, assumed epidemic dimensions in monocultiural practices, Some of these have
either direotly seriously discoureged the successful establishment or the management of

1/ Paper for Symposium on Savanna Afforestation
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certain tree species, or have adversely influenced the morphogenesis of nursery and planta—
tion stends, resulting in very poor yield.

There has been very littie research conducted on forest and timber insect pests in *he
savannes 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 only the lowland rain forests.
Earlier, the West African Timber Borer Research Unit (WATBRU), with ite main activity
centre in Ghana, also extended its timber insect research to Nigeria but on a relatively
smaller scale. However, detailed biological studies on some important timber insects,
mainly beetles, were carried out {WATBRU Reports 1953-58, 1959, 1960, 1961=62), In
addition, effective methodaz of control of termite in yommg Bucalypius 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 Bucalypius 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 damages, notable exceptione 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 30 mignificant that much attention was devoted to it (Momoh, 1973 and 1974). Other
disease problems relating to plantation establishments in the sevanna have also been
recorded and studied briefly or in detail (FA0, 1970),

MAJOR INSECT PEST PRUBLEMS

The savanna forests have had less frequent serious outbreaks of insect pests compared
to the rain forests. The major reason for this is probably climatic. Nonetheless, there
have been sporadic insect problems of major dimensions.

Perhaps one of the major serious insect problems is found on the mahogany. The
mahogany is & composite name embracing the group of trees in the Meliaceae family. This
family represents some of the most prized and popular indigenous tree species of local and
export value., In Nigeria, all members of one subfamily, the Swietenoideae, are attacked
by the well-lmown "Mahogany Borer® Hypsipyla, a pyralid, and closely related species. They
attack the shoot, stem, bark, flowers and fruits of the host trees. The impact of this
pest generally discourages the establishment and successful management of the susceptible
species. However, in the savanna Khaya senegelensis, aptly called the sevanna mahogany, is
the more widely planted (as shade trees) particularly in the northemm Guinea and Sudan
zones, In the derived savanna, K. ivorengis and K. grandifoliola are examples of the other
common plantation mehogany speciea. ALl these are similariy severely attacked, although,
acoording to Roberts {1969), there are usually fewer generations annually than in the rain
foreets of the south,

There are & 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
include: Pachypasa denticuls Bethune-Baker (lasioccampidae); Pseudobuneae epithyrena
(Maamen & Weyding), Lobobuneae christyi Sharpe, Nudaurelia dione (Iabricius) I‘Sa.turniida.e);
Cryptoblabes ghidiella (Milliero y Pyralis manihotalis {Guenee) (Pyralidse), the calliphorid
fly Lueilia cuprina (Hiedmn) and a host of others, including some beetles, Some of these
pests have a wide host range. For example, Roberts (1969) found P. denticuls to occur
throughout most of the savamna and was recorded on Eucalyptus camaldulensis, the favoured
host, E. deglupta, E. microtheca and E. tereticomis, The larvae of this species atiacked
eucalypts of between 3=16 years old, while they attacked as much as about 18% of older
stands measuring 14-20 m high.
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The major insect pests of Daniellis spp. are some of the beetles which attack felled
timber and lumber, Others are those which attack wood and feed on cambium of plantation
and natural trees. However, mmoh of the infeastation is apparently secondary because often
predisposing factora such as reduced vigour or mechanical damege, play important roles,
Among the beetle timber borers of D. oliveri are the longhorn beetle (Cermmbycid)
Plocaederus viridipennis (Hope) which attacks felled as well as living trees, and
Pachydissus camerunicus Aurivillius., In the latter case, a heap of dust under a severely
attacked tree is diagnostic,; and ococasionally heavily attacked trees are killed, The con-
dition of predisposed trees may be worsened by the following insects: Xyloperthella
crinitarsis Imhoff a common polyphagous species, Sinoxylon ruficome Fabricium
(Bostryohidae); and certain volydid and curculionid species,

Isgberlina doka is another common indigenous savanna species which is attached by a
host of insects, major among which are certain lepidoptera. Two of these, Elaphrodes
duglex (Gaede) and the processionary Epanaphe moloney, (Druce) (Notodontidee} are
defoliato~s of I, doka, the former to such a serious level that attacked trees are often
completely stripped. The Iasiocampid G. rufescens is also a serious defoliator, but such
heavy defoliation is usually localized.

The nootuid Crypsotidia conifers Hampson severely defoliates certain Acacia spp.,
especially A, albida. It is capable of ceausing up to 50% defoliation on large trees.
Among the other numerous insect pests of the Acacias is the unctuid Pandesm anysa Guenee,
whose habit on its host is similar to that of C. conifers, and Characome nilotica Hmp.,
which attacks fruits of A, nilotioa; and the psychid Cryptothelea junodi {Heyleerts),
which is a widespread defoliator of the Acacias. Recently a new, undescribed insect
species was reported severely attacking Acacia nilotica. The weevil, Pachyonx sp. bores
the shoot of the host and forms galls. It is considered to be a potentially dangerous
pest which has affected about 150 acres of plantations. Other important hosts of C. Junodi
inoclude the exotics Bucalyptus cameldulensis, E. deglupta, the particularly favoured
E. torelliana; and the native Anogeissus leiocarpus and __Eauhinia rufescens. Certain
gpecies of eucalypto also suffer attack by Bunea alcince Cram, & saturniif defoliator whose
wide host range also includes some species of mahogany, Balanites aegyptica and Cussonia
bateri. )

Other insect pests also oocur on the eucalypts and these include defoliators, miners,
rollers, and case bearers, apart from the damage done by wood and cambium colecpterous
borers es 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 damage done to Bucalyptus spps by termites. Usually, eucalypts have to be treated
at the nursery or early plantation stage against termite infection. A lack of treatment
might lead to excessive losses 1/.

Termite attack also occurs on some other exotica 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 ireatments against termites have considerably improved the situstion, 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 =torage, transit
and use,

1/ See laurie (1974) for use of insecticides dieldrin and aldrin for protection against
termites,




The widespread orthopteran Zonogerus variegatus L. {Pygomor Phidae) feeds on pines,
but with no severe effect, Generally, the pines, Gmelina arbores and Agzadirachia indica,
among others, are attacked by only few insects. Dalbergis sissco and the eucalypts, on the
other hand, suffer attack by the Discrisia lutescens (Walker}, This arctiid is found in
murseries and plantations. Also Tectona grandis harbours some insects but the damege done,
though sometimes to a significant dimension, has not often caused serious concern. In
general, numsrous other insecis 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 PROBLEMS

The most economicai plantation disease that has been recorded in Nigeria is the root
rot of teak (Tectona grandis Lin. F.) caused by Rigidoporus limosus (Klotzsch) Imezeki,
The disease ocecurs widely in the derived savanna areas of Nigeria, except in Nimbia. The
percentage death due to this disesse varies from one locality to another., A loss of about
30% has however been Tecorded (Momoh, 1974) at age 5 in Egabada {Idah area).

The disease is more severe on poorly drained sites, although it is capable of ocouUrring
over a wide range of geological formations. 'The first visible signs of the disease are
normally yeliowing 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 my or may not develop on the affected host,

Teak trees have also been found to die in some localities from & die-back disease
caused by Stemphyllium sp. The pathogen is closely followed by Belirania,

Although Eucalyptuns spp. are widely grown in the savanna zone of Nigeria, its diseases
have been few. A Ceratocystis ep. has been found to be associated with water stress in the
death of E, robusta in a few areas. Such deaths only occur at the peak of the dry season.
Unidentified bacteria have also been found to cause necrosis of leaves on E. camaldulensis.

In some parts of the southerm Guinea savanna there has been sporadic ocourrence of the
root rot of gmelina (Gmelina arborea) raised from stumps. Such infeotions &lso sometimes

occur on stumped teak and are normally due to fungi of a wide host renge such as Geotrichum
and Gloesporoides.

Species of Pestalotia and Pestalotiopsis are frequently associated with ihe die-back
of a number of pmtation treea, 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 Dothistroms 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, the common ocourrence 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 which have developed
valusble techniques &and which use container "pots" rather than germination beds or boxes
for raising seedlings. The common damping off fungi include PBhizoctonia solani and Fusarium
8PP

Timber harvest is currently done only in areas of the derived savanna. The harvested
species include various light ¢oloured tinbers that are susceptible to the blue staining
fungue Botryodiplodia theobromee. Infection is more severe in the wet season than the dry
season (Momoh, 19365. It can be controlled by quick extraction followed by rapid
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conversion and drying. As infection can ocour within a few days, chemioal treatment
immediately after felling ie desirable if logs are to be left in the green state for up
to a week or more, Different chemicals can be used for spraying or dipping (Momoh and
Oluyide 1967, Momoh and Akanbi, 1969).

CONCLUSION

Although preliminary diseases and insect pest surveys have been carried out in the
savanna areas of Nigeria there is a need for constant vigilance and further periodic
surveye to ensure that any disease or inseot pest outbresk is cited and curbed before
extensive damages are done. The root rot disease of teak and the Pachyonyx attaock on
Acacia are clear indicators of the necessity of a continuous survey., Such sudden out-
breaks of diseases or inseot pesis have also been noted in savanna areas of other parts
of Africa. The 1972 outbreak of Phorgcantha recurva in Zambia, a sporadic outbreak of
Plagiotriptus pivinorus in Malawi and the root rot of Eucalyptus cawsed by Phaeolus
ranihotis in Ghana are other notable examples.

Thus it is desirable 1o have a periodic routine survey for diseases and inseot pests
in forest nurseries and plantetions. These natural human enemies know no political

bomndaries.,

A close cooperation between the pathologists and entomologists of different
nations is therefore emsertial.
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In recent times sufficiently successful meihods of establishment of forest standa in
the gavanna areas of Nigeria have been developed.

During plantation establishment and maintenance, foresters met with many problems,
dangers and various bottlenecks before achieving their desired objectives. The most difficult
problem that has plagued foresters in savenna regione has, however, bean the protection of
plantations against the biotie elements of the environment. For this reason, various methods
of protection have been devised over the years, all with varying degrees of success. Of the
biotic factors, man and animals present a special type of problem. This paper deals with
gome aspects of the methods presently in use to protect plantations against man and animale
in Kano State in particular and the savanna zones in general.

The general methods of protection include fencing, mase propaganda, cultivation, and
keeping of watchmen.

FENCING

This method is found to be equally succeesful in keeping away both men and animale
from plantations., The presence of a fence impresses upon any individual the fact that the
area fenced is out of bounds, as this practice is even common among indigenous people as a
means of protecting their private properties.

In Kano State, forest plantations are fenced using 4 feet (1.2m) high cattle fencing
wires supported by 6 feet (1.8m) high azara (Borassus aethiopiumn) posts spaczd 10 feet (3m)
apart with one strand of barbed wire about 4 inches (10 cm) above the fencing wire, Alterna-
tively, four strands of barbed wire spaced horizontally about 2 feet (50 om) apart up to a
height of 5 feet (1.5m) on Borassus posts is aometimes used in the absence of cattia wire.

Theae methods have been found to be effective only in keeping off maua,

A slight modification of the first fencing method described above has been found to
be effective against cattle,

Fencing a plantation by using 4 feet (1.2m) high cattle fencing wire attached to 6
feet (1.8m) azara posts spaced 10 feet (3m) apart and putting only one sirand of barbed wire
in the middle is highly effective in preventing catilc damage. Since cattle do not feed on
Azadirachta indica gileam), Eucalyptus species, and Cassia siamea (Kashiya), unless in extrome
drought conditions, in a plantation of these species the fence could be removed two to three
yeare after stand establishment or when the species close canopy. But in case of Khaya
senegalensis (Madaci), Dalbergia sissoo (Dalbegia), Acacia nilotica (Bagaruwa), Acacia albida
i(}auui, eto,., fences should not be removed until the planting stocks reach a height of up to
15 — 20 feet (4.5 - 6 m}), Aleo, if exploited the coppice should bs fenced until they reach
the same height before the fence is removed.

The goat is readily the most notorious animal causing damage in plantations. It feeds
on almost anything green. The thorms which characterize the Acacia species do not deter
thie animal Irom browsing freely on shoots of the speciea, Also, because of its eize, it
can easily squeepe through small openings which can keep away man or cattle. Effective
fenoing againet goats conasists 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 adltition, earth mounds are made at the base of the wire netting to
cover the first two horisontsl strands of the wire netting. This is to prevent the goat from
slipping underneath the wire at ground level., Openings or entrances should be minimized along
the fence. It is advisable to use ladders located at convenient points along the fenoce as a
moans of gaining sntrance into the fenced area. - '
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The above method ie equally effective in keeping out sheep,

One or two strands of barbed wire alone have besen found effective in keeping off
camele,

Except in remote forest reamerves, damage from wild animale 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 meihod uaed for
keeping out goate will be sufficiently effective in keeping out some wild herbivora.

MASS PROPAGANDA

Thie could easily be one of the most important methods of protecting plantations
againet man if well organised., However, experience has ahown that this method doee not work
in eparsely populated areas. This system usually involvee the broadcast of instructions in
pudblic places such as markets, festival squares, churches, and Friday Mosques, etc., that
apecific areas have been declared out of bounde, It is usual to etipulate a penalty of
either a fine or term of imprisonment or hoth for offenders.

Sometimes radio discussions on the reasone for protecting these areas are Leld in
local langnages. Doocumentary films are also shown on mobile cinemas to get the message
acroes to the population,

However, people are still known to trespasa without being caught in spite of the
pPropaganda.

CULTIVATION

This is a wethod of protecting plantations againet incidental activities of man. In
the savanna areas of Nigeria, various mpecies of grasees are commonly used for thatching of
roofs, mat-making and as fodder. People therefore go about collecting these grasses in
plantations and very often set fires to the grasses intentionally as a means of promoting
their active regrowth. Sometimes the fires are set malicioualy., GClean culiivation is
nornally carried out in August and January in n~wly established plantings to keep off the
grass. In Kano State, cultivation. is done mechanically.

KEEPING OF WATCHMEN

In addition to a fence, a watchman (locally lmown as a maigadi) should be employed in
an area with over 100 acres (40 heotares) of forest plantation. I% has been found that in
a plantation with over 100 acres (40 hectares), fencing alone could noi suffice unless a
proper watchmen is employed to look after the area.

The main duty of a watchman is to cater for the general welfare of the plantation.
This includes the repair of fences, reporting any out-break of diseases, pests, fires, etc.
His main attributes should be high influence among the entire people of the area, fearlessness,
devotion to duty and knowledge of the area or beat he is watching.

Experience has shown that putting & watchman in an area is much better and more economical

than fencing a whole area with chain linke if it comes to the protection against man's airoci-
ties.

I+ is important to mention that protection is an expensive item in forest plantation
establishment in the savanns areas (especially in the Sudan zone). Cost analyses of fencing
in Kano State are shown in Tables 1 and 2 following, Cost figures shown do not include
supervision., PFencing cost alone is known to aocount for about 70% of the cost of establishing
plantations in the Sudan zone in Kano State.



COST ANALYSIS FOR FENCING 100 ACRES PLANTATION
OF DIMENSIONS 40 x 25 CHAINS

Specifications

1. Shape of plantation: rectangular (40 x 25 chs)

2. Perimeter: 130 chains (8580 feet; 2574m)

3. Azara interval: 10 feet (3m)

4. Strands of barbed wire used: 2

5. HNumber of bindings against azara posta: 3

6. Length of fencing wire: 165 ft (50 meters)

7. Length of barbed wire: 660 £t (220 meters)

8. Length of binding wire: 1000 £t (333 meters)

9. Length of azaras: 6 It (2 meters)

10. Cost of cattle fencing wire: N30 (about U.S. $48)

11. Cost of cattle barbed wire: W20 (about U.S. $32)

12. Cost of cattle binding wire: ¥20 (about U.S. $32)

13. Coat of cattle asara poata (12') - W1.20K (about U.S. $1.92)

14. Labour for fencing: 3 man-days/acres {7.5 man-days/hectare)

15. Labour for trench making: 5 man-deys/acre (12.5 man-days/hectare)

cost
MATERTALS " NO OF ITHMS  COST PER  TOTAL COST REMARKS
NEEDED UNIT {100 acres)

Cattle fencing wire 52 ¥30.00 N1560.00
Barhed wire 52 ¥20.00 640,00 2 strands
Binding wire 3 ¥20.00 60.00
Azara posts 430 ¥1,20 516,00 (to be cut into 2)
Cost of materials ¥3776.00
Labour for fenoing 525,00
Labour for trenching 875.00

¥1400,00
Grand Total N4176,00

Cost per acre W4l.76 (about U.S. $67)
Cost per hectare M104.40 {about U.S. $167)
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COST _ANALYSIS FOR FENCING 1 MILE OF SHELTERBELT

Specifications

1, Shape: linear, 1 mile by 110 feet (1.6 km x 33m)
2. Perimeter: 10780 feet {3593 meters)
3. Azara intervale: 10 feet (3m)

4.

Strands of barbed wire ussd: 2

5. No. of bindings agsinst azara posts: 3
6. Labour for fencing: 60 man—days
7. Labour for trenching: 100 man-daysz

cOST
MATERTALS NO. OF ITEMS COSr PER UNIT TOTAL COSI REMARKS
NEEDED ITEMS {1 MILE)
Cattle fencing wire 65 N30,00 N1950.00
Barbed wire 34 30.00 680,00 2 strands

Binding wire 8 20,00 160.00

Agara posts 1078 1,20 1293.60 (%o be cut into 2)
Total for materials m
Labour for fencing 103 .(-)0
Labour for trenching 175,00

Grand Total ¥4363.60 (about U.S. $6980)

N'B.

H.B.

Number of acres (hectarea) for the above dimension - 13 acres (5.2 hectares)
Average cost per acre - ¥335.66 (¥839.15 per hsctare)

Cost per acre (hectars) of agricultural land protected at interval of 700 feet (210m)
between belts - N48.00 (8120.00 per hectare)

With reference to the tables of cost analysia, it could easily be seen that it is much
cheaper to fance a plantation with more or less equal dimensions. Wherever possible,
the shape of plantation should not be linear unless the desired objective is shelterbelits.

It is found that very good cattle fencing wires could continuously be used up to ten
years. Also, black and matured azaras could be used for about six to ten years. Except
in extreme caces, barbed wire could be used for well over two decades.
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THE NEED FOR PLANNING

Forestera have for many years realimsed 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 con
a particular area and from this prescribed the action that was {to be izken over a period
of years to achieve the objects of management of the plan. At ifs simplest the working
plan might prescribe no more than that records should bve 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 foresiry 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 compered with the plan targets.

1/ Paper for Symposium on Savanna Afforestation



Modern planning seeka to take into account the needs of the country and to set
objectives for gupplying them. Planning is the meana of forecasting how thoge directives
may be achieved, but also retaining sufficient flexibility so that the plan can be altered
10 meet changing circumstancea quickly. For this to be done, there must be a constant flow
of accurate information from the project or sector which can be readily analysed.

THE NATIONAL DEVELOPMENT PLAN

Moet countries have a nationgl development plan whose objectives are the outcome of
political processes, In the long term the objectives may be unquantified and generalised,
e+gs "to improve the standard of living of the people', but in the short term the objectives
mey be quantified, e.g, “to produce enough pulpwood Yo meet the country's requiremeni before
the end of the five year periocd". 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
constrainta in certain sectors.

Foreatry will heve an important place in the national development plan of many countries.
Demand for forest products is increasing rapidly and there ig also the attraction that
development takes place in rurai areas.

PLANNING IN THE FORESTRY SECTOR

Regardless of the structure of the forestry sector (i.e. the division between State
control and private enterprise) there must be an overall policy. This is a statement of
the objectives laid down for the foreetry sector.

Within the forestry sector, a planning wnit should be set up to determine the means
of achieving the objectives of the policy. In arder to do this, the organisation should be
capable ofs '

1) collecting and analysing the data;
2) formulating alternative courses of action for atiaining 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 firat identify the services and products demanded by the
sector. Table 1 illuatrates this for Nigeria, and similar trends are apparent in other
African countries.




TABLE 1

Projected Demand for Forest Products in Nigeria

1974 19580 1990 2000 Units
Sawnwood 900 1600 3500 7000 | '000 m°
" per caput 0.012 0.019 0.032 0.047 m>
Plywood 45 80 175 350 | '000 m3
" per caput 0,0005 0.0010 0.0016 0.0023 m3
Other panels 12 66 245 446 1000 m3
" " per caput 0.00016 | 0.00078 | 0.00230 | 0.00300 w3
Paper and particle board 110 210 600 1400 | 1000 m3
" " per ca.put 105 2.5 5.5 9.0 kg
Roundwood Conversion
Sawlogs 2300 5000 10000 | '000 m>
Peelers 240 530 1000 "
Pul pwood 840 2400 5600 "
Total m> 3380 7930 16600 "

Source: FAD High Forest Development Project,

Federal Department of Forestry, Ibadan.

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
plantaiions because there is unlikely to be any natural tree cover where these services
are required, Plantations are likely to bes 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. Preasent
areas of natural forest and plantations are generally well knwon through the records that
are maintained in working plans, etc. It is,however, imporiant 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 plantetion species must next be determined. In
the natural forest, low sampling intensity inventories have been carried out in most countries,
supplemented by high intensity stock-mapping undertaken by, or for, the logging companies.
There is thus a 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.
Both of these points need to be incorporated into present day inventories to allow for
technologicel 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 congtruction 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
acquigition of more data ag the crops are usually fairly young. The importance of
eatablishing permanent sample plots as a routine in all plantation areas cannot be overw
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 firat and 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 ito meet much of the demand for services and products
by the creation of plantations, they must always be secen as part of the whole integrated
forestry sector and not be considered in iselation. The time, the location, the size, the
gpecies and the technology to be used in the establishment of the plantation must all be
congidered, and in evaluating the benefits there must be knowledge of the product, the
quantity, the type, the price and the date that it will be available.

The planning body for the forestry sector must identify projects which will be the
means by which the plantation programme will be carried out. It is important that this
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 pogsible within certain constraints
of site, gtaff capabilities, etc. Close contacis should be maintained too with the
organization reaponsible for foresiry research go that promising lines of study may be
developed at any early stege. In faci, 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 agpects and the way
in which the projeot would be fipanced. The criteria for selection betiween 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, benefii/cost ratio, marginal per capital reinvest-
ment and net social benefit.

NDR and IRR are the criteria most generally quoted, and sufficiently accurate data
on costs and returns can usually be collected to make the figures obtained reasonably
reliable. Criteria based solely on direct economic returns such as NDR, IRR, profits,
value added, etc., present only part of the picture, and may lead to a choice of project
which conflicts with government social policy. Other benefits are therefore also calculated,
end two of the most frequently used are employment and net social benefit. BEnployment may
be meapured 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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indugtry the benefits of home production may be more than outweighed by the cost of imported
machinery or raw material and the cost of servicing loans. There iz increasing world shortag
of pulp which makes it necessary for FNigeria to satisfy this need in the rapidly expanding
home market and perhaps alse for the export world. Inflation makes it better te invest now
rather than to delay into the fuiture,

In order to pselect between projects, they may be ranked according to several of the
criteria, but even then the final choice may be influenced by other factors. These include
interactions with other projects within or outside the sector and the flexibility of the
project to adapt to unforeseen circumstances, in particular inflation.

The monitoring of the performance of the project against its targets will largely be
done within the project as will much of the adaptation of the methods or targets to meet
local conditions. There will, however, be a need for monitoring at the national level for
continuing interactions between projects, reactions to national pelicies and evaluation of
the performance of the project. The sectoral planning unit will also be responsible for
co=ordination between projects.

IMPLICATIONS OF A NATIONAL PLANTATION PROGRAMME

Where it is decided that all or part of the national requirements of forest products
and gervices may best be met at some future date by the creation of plantations, there
may be implicationg far outside the forestry sector.

The first is that forestry may be an excellent means of implementing government plans
to raise the rural standard of living and check the drift to the towns. For example in
Nigeria, it is hoped to achieve this through rurazl forestry development projects such asg
agri=-gilviculture, promotion of the development of farm wood lots and communally owned
foregt 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 permanert, skilled
labour force ig to be retained. But full time employment of labour will remove them from
subgigtence farming where they worked mainly to feed themselves and their families and to
pell gurplus foodatuffm.

Labour forces are still likely to grow a small portion of their food requirements
outgide working hours, but in order to supply their total needs and to produce more food
for the rest of the population, large agri-gilvicultural schemes will have 1o be developed,
basad upon the proper plamning of the potential of the land for growing various crops.

The gavanna and derived savanna are potentially guitable 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 gome degree of mechanization for the following reasons:

1) Scale. Manual methods on the scale of most large plantation schemes would impose
an enormous administrative and managerial burden.

2) Timing., Several operations, such as the sowing of crops, have to be done in a
very short period.

3} Cost,

Compared to most developed countries, however, the labour component will still be
high, especielly in nurgeries, for planting and in some maintenance and harvesting operations,.

It will be necessary, too, to integrate the present timber industry more closely with
the plantation schemes to0 get the most suitable areas of high forest harvested at the right
time. More coercion may be necessary to force the industry to take more of the secondary
species in order to clear the land mere thoroughly.



- 219 -

More training in managerial techniques for graduate staff will be required, possibly
with a reduction in biological studies. More specialists will also be required, and there
will be a need for re-training staff at frequent intervalas to update their skillas, 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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INTRODUCTION

Foresters are long established as planners and managers. The traditional "working
plan" provided a basis for effective continuity, and by collecting records a reasonable
bage for future planning was built up. Modern planners (Johmson, Grayson and Bradley,
1967) have suggested that theme plars have three main deficiencies: they lack flexibility;
there ia no definition of criteria by which to judge the relative succens of alternatives;
and the planning was generally only at the forest level.

Planning is used to describe anything from a series of arbitrary decigions to a
oritical and sophisticated investigation into the whole range of pospible choices open
to an enterprise. The planning of a savanna afforestation enterprise will be congidered
in the following sequence: 1) the "outline project", 2) preparation of the “detailed
project” and 3) preparation of the “project planting plan®.

Subgequent 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 maximime 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 guccessive approximations, and many
possible activities may be repeatedly analysed with different data, but in the final
analysis that what is plamned on paper should be realiged 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 ideniifying a project is a measure of the supply
and dewand for forest preduce which should indicate where priorities for development might
occur. For instance in Nigeria, Thulin (1966 and PAO, 1970) prier to 1970 carried out
a gurvey of the general consumption of wood products in the gavanna region snd of pogaible
trende in the egate levels of consumption for such products in the future. More
recently Ihabo:g?:971) examined the pogition on a national basis. Such estimates of
future consumpiion provide a useful framework for examining resource allocation and research
needes for the foresiry sector in relation to the national economy. Supplemented by input
and output data, these e¢stimates form the main basis of outline projects but are insufficient
for the detailed planning and analyeis of a particular development project.

From such data, the national or development planners should be able to indicate on a
national or sectoral basis the extent and priority for forest development. This project
generation and selection should form a preliminary process prior to detailed project
planning. From a possible selection of outline projects or proposals the forest planners
in turn will allocate prioriiies and select thome which merit immediate planning in greater
details 3Such projects should be technically feasible and commercially viable. This choice
of outline projects represents selection and priority at the national level.

THE DETAILED PROJECT

On the assumption that the national planners have agreed on the need for afforestation
and have broadly outlined a savanna plantation project, the next task is to prepare the
detailed project. An afforestation project may vary in size from the planting of a few
hectares for shelter or soil protection, to a large-scale scheme extending over 10 to 30
years and invelving considerable investment. It is with this latter type of large-scale
project that this paper is mainly concerned. It is obviously impossible to implement on
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an ad hoec basis a large-scale planting programme involving complex establighment systems
without plunging the enterprise into chaos. To make such an enterprise efficient requires
planning, and the objecta of planning ares

1) to minimise costs in achieving specified ends;

2) 4o ensure that aims are likely to be achieved in practice by anticipating
congtrainte;

3) %o provide continuity; and

4) +to provide estimates of the resources nceded and the time sequence in which
they will be required.

The deteiled project ia essentially a document metting out objectives, recording
whatever data relevant to the project are available, considering alternatives and indicating
what programme should be completed and when, and putting values on inputs, outputs and the
project as a whole. At an early stage of development it is essentially a paper exercise
based on the best aveilable information, indicating the economics of the enterprise under
specified assumptions and conditions. It provides the evidence which allows higher authority
t0 decide whether and on what basis the project should be approved and financed. Once
approved, it provides the bagis for operational planning, budgeting and implementation.

The more sound the planning the easier the subsequent implementation. Planning the detailed
project falls inte three main phasea: 1) objectives, constraints and criteria, 2) data
collection and 3) appraisal and decision.

Objectives, Constraints and Criteria

The outline preoject may have broadly based and possibly muliiple objectives which
require clarification in the detailed stage. Objectives have to be attainable, clearly
defined, consistent and quantitative (FAO, 1973). The refinement of generally stated
objectives for detailed planning purposes, can reveal limitations in the original concept
requiring adjustments. Again, having determined objectives, subsequent preliminary
calculations may result in further changes of priority or medification of aims. For
example, the project objectives may be?

3

1)} +o produce x m per/annum of wood for local industry;

2) +to be labour intenmive; and
3) to earn y percent on capital invesied.

Subsequent study might show that as supervision is limited, the required labour force
cannot be employed and the rate of planting required to attain objective (1) cannot be
achieved. Or it may prove impossible to earn the required rate of interest and be labour
intensive simultaneously. Such conflicts would require a replenning of the objectives and
congideration of the more efficient alternatives.

Constrainits are limitations imposed on the activities of a project and are generally
inflexible, although in certain circumstances it is possible to remove or adjust a consiraint
when so doing materially improves the project. It ig convenient to consider constrainte
in the following categories:

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 unguitability of certain eucalypts to sawing or
preservation.
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2) Financialt These may be represanted by remtrictions on the financial resources
available, or obligations to meet repayment of interest and/br capital, or
erratic provision of funde.

3) Social and Economic: These can be related to opportwnity costs, in that the
regources 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 and by the
gocial patierns and attitudes of the local people.

Criteria are used to ascertain the ability of a project to achieve its objectives.
They also provide a measure against which alternative methods of achieving the objectives
can be compared and evaluated. 4 good criterion is applicable to all alternatives and
should be readily calculable to provide in a single figure, all the information needed for
decision making. One of the better known economic criterion for messuring the profitability
of a project is "net discounted revenue', or the "present worth" of the future benefiis
created net of the capital and operating cosis. Other criteria which might be applied are
meagurements 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 restricied, it is advisable to limit as far as possible,
the number and complexity of objectives and criteria.

Collection of Data

Much of the background data such as methods, costs and yields required for the
formulation of a project have to originate from established piantation research or
develomment in the area. Information on demands, and value of produce requires a market
study. Although it is necessary to have a reasonably clzar idea of what the aima 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 msources %o allow the constructiion of a
realistic plan. Such data may indicate possible alternative courmes of action which can
be evaluated to facilitate decision making. Where data are lacking, it may be necessary to
postpone planning and desipgn 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
operationa in practice.

The data required for a plantation project may be clasaified into five categories:
1) resource data, 2) operational data, 3) market and yield data, 4} socio—economic data
and 5) institutional data.

Regource 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
cogt. .

Land resources: The firgt essential is sufficient plantable land to accommodate
the project planting programme; indeed, excess land is required to allow for unforseen
problems and possible future expansion, Where tribal or other legel rights affect the use

or availability of land, such matters require clarification before further planning is
wndertaken.
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In the early stages of development it is not possible to agsign aite quality classes
{0 s0il 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 Zambis and the preparation of
maps showing soil types, vegetation types and plantability. At the same time as the
vegetation is recorded the tree cover should be sampled for bamal area to give a measure
of tree denmity, a major factor in land clearing.

Established growth trials of plantation species should indicate the productivity for
the range of plantable sites. There is some merit in planmning 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
cogts for the resources, but where land is acquired by purchase or oompensation, such costs
are recorded and debited, The annual planting land requirements should be allocated using
the plantable land map.

Pianting stock resources: The primary requirement is an adequate and sustained
supply of meed of the selected species and provenances. Selection of gpecies iz a major
gubject but it is presumed that speciea and provenance trials have been extenaively
evaluated prior to the preparation of a large-scale project. Seed supplies often prove
major boitlenecks to the proposed rate of development. Sources of pupply and storage
facilitiea should be thoroughly determined. If importation represents a risk then loeal
seed production and methods of expediting this must be given priority. Availability of
seed mgt necessarily have pome influence on the planting rate of species previously '
selected for ailvicultural and utilisation reasons. Seed is readily raised to planting
atock provided that the nurgeries and expertime are available to produce sufficient
quantity of adequate quality seedlings at the required time. When purchasing seed it is
the cost per plantable geedling and not the cost per unit weight which is of consequence.
The annual requirements of seed and seedlings and costs should be detailed,

Material and equipment resources: These fall into three main categories: those
required for the adminigirative organisation, for operational activities or for
maintenance and support. Administrative requirements include offices and buildings and
minor items such as office equipment and sfationery which are common to any enterprise.
Operational materials and equipment are apecific to plantation development and a general
outline is listed in Appendix A. Maintenance and support iteme include workshop equipment,
transport and gpare 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 materiala, together with spares, are available on site when required,
which necessitateg the provision of ample storage.

Equipment offers a considerable range of options, and past experience ghows 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 extengive zupplies of hand tools.
If, however, for reasons of efficiency this operation is to be mechanised, then clearing
should commence one year before planting, and the order for clearing equipment would
require to be placed at least two years before planting. If only mechanised clearing is
feagible and the scale of operation does not merit purchase of a chaining unit, then such
alternatives as shering this activity with another project or projects, employing a
different mechanised technique, or hiring equipment need to be considered and evaluated.

The productivity of equipment is critical to the efficiency of a project. Evaluations
aof the output of equipment may be of little value unless allowance is made for variables
and the bagis of meagurements is stated (Allan and Akwada, 1976). Good productivity
requires as full an annual or geasonal utiligation of equipment as posgible. Scale of
operation and operational data are required before any storeas or equipment reguirements
can be set out. When the types of equipment and materials have been finalised, an
agaessment of the total requirements by years should be drawn up for the full peried.




- 225

The purchage or capital cosi of all project materials and equipment is the true cost
and is required for estimates, budgets and coating the total project requirements. For
comparative evaluations the planner requires the equipment hourly operating coat, which is
largely a hypothetical calculation, and from which a unit productivity coat can be calculated.

Human resources: Man is the moat imporiant resource in the project, and due coneidera-
tion of hip abilities and reactions ie required in deciding on possible coursea of action.
The pocuible gources of labour and staff require study, as they determine the need for
additional investment in transport or housing. Employces benefit from a plantation project
not only in cash wagea but also from training, improved housing and mecurity. Hastie and
MacKenzie (1967) point out the benefits of employees living in mixed communities rather
than exclusive project settlements or villages. A plantation project involves many skills
and requires managers, supervisors, mechanics, machine operators, administrative and
clerical staff, medical staff and both skilled and casual labour. In particular, if a
project is to be melectively mechanised then the provieion of a suitable infrastructure
employing skilled wmechanicg and operators is mendatory: and 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 effieciency.
Initial hand weeding studies in Zambia {Allan and Endean, 1966) increased output by up to
300 percent, and planting studies in Nigeria showed increases of the order of 200 percent
to 500 percent. In the early stages of a project there is scope for very large increames
in productivity, but even at a later stage improved methods in Zambia (Allison, 1572) were
giving 30 percent increases in output which is not insignificant. Productivity can also
be improved bty the payment of incentives. This is not always easy under government fiscal
regulations, but where benefits are significant, sanction fer such payments should be
pursued.

The cost of human resources is the sum of salery or wages, social and fringe benefits,
leave and sick time. fThe manpower requirements of the project should be get out for ataff
by years, categories and responsibility and labour is gimilarly recorded, but operations
replace regponsibility. To calculate the annuval labour force, a calendar of operations and
labour inputs not only gives the necessary data but also allows fluctuations in requirements
to be gmoothed out to provide more regular employment. Information on the productivity
and unit coats of labour may be extracted from operational data.

Financ:al resources: Generally some indicgtion of the finance available for the full
project, or a development plan phase of the project, will have been given at the outline
stages, The detailed project should be planned to fit this financial framework, but where
finance proves to be a critical congtraint, the cage for an additional allocation should
be made. The total costs of the other resources, plus contingency, represent the alloca-

tion required, and theae 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 dmamic 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. Thig means that delays
in funding or erratic allocations will not only effect the year of occurrence, but also
pagt 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 inveatment.
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Operational data

The deta to be recorded in this section for all plantation operations are:

1) unit of measurement - ha, km or '000 plante;

2) input - man-days, machine operating time, materials;
3) output - units per hr, per day, eic. and

4) cost - cost of each resource per wnit

These data allew a ready estimation of the productivity of men and machines and of the total
requirements of such resources for particular project operations. Where management considers
that two or more techniques offer a reasonable choice of operating method, data for each
should be recorded to allow comparative evaluation. The collection of operational data is
critical and fundamental to the planning process. The information must be the beat
available. It may be exiracted from cogting records where available, but when lacking,
sampling work outputs as recorded for Perguson (1973) in Nigeria, provides indicatory

data. Operational data provide a basis for appraisal, for estimeting resource requirements,
and budgeting; consequently it is wital that the source and reliability of all such data is
recorded. A project or plan is only as realigtic and workable as the data used in its
design,

Narket and yield data

The project plamner requires information on markets, outputs and the value of
different categories of plantation produce. To obtain markei data in the probable project
catchment area it is neceseary to study:

1) the current consumption of different wood categories;
2) +the current price level for the different categories; and
3) population trends in this area.

A survey to determine such data is more detailed and specific than a national wood
consumption survey. A relevant example is the survey made by Grut (1972) of +he market
for firewood, poles and sawn wood in the major towns ard 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 %o 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
poggibilities, 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 epecific silvicultural syetem 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 f¢ 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 plota are available it may be
necessary 1o extirapolate date from elsewhere on the assumpiion that later growth will be
comparable. Where growth data is plentiful, a supply forecaast can be made noting poasible
changes in method, which might alter yields, quantifying the effect of these changes and
predicting potential supply under different specified conditions.
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To check on the commercial viability of the project the supply and demand forecasts
should be reconciled. If the balance guggests a shortfall, then either the project will
have to be expanded or produce will need to be imported or substituted.

Socio=economic data

Egtimated costs of regources and egtimated project revemue give the financial
composition of the pruject but do not fully account for the real cost and the real benefit
to the commmity as a whole. Socio-economic factors atiempt to assess these resl costs
and benefits, but they are difficult to quantify and economists are still developing
improved {techniques to measure these factora.

The project is essentially a joint production by the practising forest manager with
hig support services end the forest economist, and it is in determining and calculating
socio=economic data that the latter comes into his own. The main socic—economic dasta
required are:

1)} shadow costs of labour;

2) opportunity cosis of land;

3) discount rate to be used;

4) shadow price of produce; and

5) value of non~marketable benefits.
For an indicative approach to deriving socio-economic data, refer to Ferguson (1973), who
completed preliminary studieg of the economica of selected savanna plantation enterprises
in NWigeria. Socio=economic factors may often seem to be of little comsequence to
practising foreasters, but when projecta are in competition with others for limited capital,
it is just such fectors that can transform a marginal forestry project into a feasible and

viable one. Spears (1967) siresses the importence of presenting foresiry economic data in
the beat 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
a#s treining, which might influence the acceptability of the project. Other factors on
which information should be collected are the interrelationship of the local commnity and
the project, facilities for multiple land use and information on plantation research in
progress but insufficiently advanced for appraisal.

Appraisal and Decigion

Having compiled all available information relevant to the project, the appraisal stage
congists of the following steps:

1)} identifying different courses of action which will achieve the objectives and
analysing these for inpuis, outpuis and costa;

2) testing courses of action against identified congiraints;

3) comparing alternatives, using project eriteria to determine the beiter
ones; and

4) making final project decigiong.
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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 he 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 limitlesas. Project plannera usually operate againast target dates and time pressures
which necegsarily limit{ the number of alternatives that may be considered. The forest
planner restricts the sltermatives for analysis to those which are feasible and might give
some significant benefit when judged by the project ceriteria. More obvious areas where
different coursea 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 mechanigation; and

6) insurance factors related to timeliness or using a range of species to reduce
diseaze hazard, or sgelecting species with alternative uviilisation possibilities.

At an early stege in the development of a plantation project, with the main criteria
being the financial and sccial net present values per hectare, the following analytical
processes, incorporating alternative data where necessary, should indicate firastly the
better alternatives and secondly the feasibility of the project:

(1) Financial analysis. Using the national development plan rate of interest, the
project "net preaent 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 analysig. This is similar to the financial analysis but the input and
output data are revalued to determine social cost benefit, The proceas 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
oprortunity cost of net capital expenditure, foreign exchange factors and a
social digcount rate or social rate of time preference.

The application of mensitivity testing 1o both typee of analyses to gauge the effect
of changes in such assumptione 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 %o decide
whether the projeet will be undertaken and which specific course of action will be adopted.
When the detailed project is approved the next atage ia the planning and implementation
of the initial phase which is mainly concerned with plantation eatablishment.

THE PLANTING PLAN

On the assumption that the detmiled project is approved and the necessary finance
authorised, the next stage is planning initial implementation by preparing a planting plan.
The planiing plan can be considered the operational planning section of the detailed praject.
It records for the plantation manager what is to be done over & period. Assuming a 30 year
project, the initial planting plan should cover five years, although circumsiances may
vary thig pericd. The remainder of the project time will be implemented by similar periodic
plans. At this stage in development the object should be to allow some flexibility and to
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keep the plan as simple as possible. For complex projecta or problem areas, network
analysis is a useful technique that may be used by management.

The 5 year planting plan forecaste all of the project requirementa annually over the
period. This annual data may be extracted and set out as the annual programme of work for
all project activities and represents an inatructional plan for aseistant mesnagers 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 z:md control.

Detailed Prescription of Activities

Detailed prescriptions of work set out the method, quantity, estimated inputs and
outputs for the following main operations:

Plantation operations

PFire protection
Road maintenance

a Allocgtion of land and surveys

b kytablishment of nurseries end raising planting stock
c Land clearing and preparation

d Laying out and construction of access
e Planting

T Beating up

& Fertilising

h Weeding

i Braghing/pruning

J Thinning

k

1

Other works

m Allocation of staff and definition of responsibilities
n Training of staff and operators

o Maintenance of tranaport and equipment

P Meintenance of building and general servioes,

If management has a handbook of plantation techniques as in Zambia (Allan and Fndean,
1966}, reference to this may reduce the length of the prescriptions and the plan. Laying
outyitem d), which includes the design and delineation of compartments, blocks, roads,
rides and fire traces, constitutes an important management decigion, 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 ghould be up-dated and adjusted as necessary to the planting plan. The prescription
in this section will require the manager to requisition where pecessary and acquire by
given dates:

funds *

staff and labour,

machinery, transport and equipment,
building materials or buildings,
project materials and seed, and
eapential spares.

OV P L WY =
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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 prescripiions, and is veually set out for the plan period by years and main
operations., Much of the information for the budget may be extracted from the project

finaneial 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
Frotection Services

The approved budget is the authority for the alleocation of funds for the enterprize and
when subsequently compered with actual expenditure for the same period, is a measure of
planning and management efficiency. When releage of funds is requested allowance must be
made for inflation, changes in methods and increaged efficiency in plantation operations.

Records and Control

Complex recording methode will inevitably cause problems and fail, so it is essential
to keep systems simple whilst recording only essential deata. Compartment, or block records
if areas are uwniform, 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 expendifure within
the limite set by the programme of work and budget for the year. Periodic progress
reportes give simultaneous information on work completed and expenditure., It is necessary
to train supervigory staff in completing these reporta and t¢ adviee on the reasons for
submitting such data, Bgually it devolves on management 1o check such reporis and to
inguire into the reasona, firatly for major deviations from budget estimates and secondly,
for widely variable outputs from different supervisers for the same operation.

CONCLUSION

This paper attempta 4o encompass a very wide subject in a very short presentation
which follows the outline of the FAO Manual on the Planning of Man Made Forests (Fao,
1973). Brevity has undoubtedly introduced some imprecisions and omissions., The outline
covers planning from project initiation to point of implementation, and although this
terminates the defined discussion it does net end the planning process. A4s hag already
been pointed out, ihe project is a dynamic conception. Experience gained, problems solved,
changea 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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Weeding is one of the cultural operations with which
savanna planiation planners and managers must reckon.
The good growth of this 4-year old Pimus cocarps stand
at Afaka, Nigeria, is in part the result of regular
mechanical weedings in one direction, supplemented
occasionally by manual spot weeding.
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APPENDIX 4

An Outline of Bquipment and Materials for an Afforestation Project

OFERATION EQUIFMENT MATERIAL
land clearing survey equipment arboricides
tractore, crawler fuel and oil
anchor chaing hand tools

ground preparation

nursery

planting

Maintenance and
protection

road making

tree dozer blade
giinger

front end rake
root plow

tractors, 50100 HP

ploughs, disc
angle doger blade

wheel tractor

trailer

loader attachment

sprinkler equipment

801l mixer

hand iools, spades,
forks, hoes

sprayer

tractor, 50=-100 HP
trailer

iractor, 50=100 HP
soil cultivators
pruning saws

fire towers

fire engines

water pumpgs and hoses

bulldozers

tipping trucks
graders

excavators

rollers, rubber tyred

aerial photographs

weedicides
fuel and il
hand tools

fertilisers
pots
ingecticides
fungicides
weedicides
fuel and oil
hand tools

fertilisers

fencing astakes

fencing wire

hand tools, spades,
mattockn

fuel and oil

iree carrying
coatainers

fertilisers
weedicides
fuel and o0il
insecticides
hand tools

culverts

fuel and oil

road ballast and
gravel

btridge materizls

cement gelignite
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ORJECTIVES OF COST ACCOUNTING

The objectives of cost accounting are:

1. Budgetary control,
2. Egtimates,

3+ Labour control.

4. Caloulation of finaneial returns and

5. Identifiocation of those components that would show the greatest return
frop improved methods.

Theae objectives ares applicable at all levels of responeibility.

GENERAL PRINCIPLES

Six general principles are involved in cost sccounting:

1. All expenditure must be included;

2. Expenditure must be allocated to an operation, either directly (e.g., labour wages)
or proportionately (e.g., overheads);

3. The costes mugt 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 levele of responeibility,
and the system must be capable of extracting the components (see diagram in
Appendix 1);

5. I+ must alepo be possible to extract information for other purposes from the cosiing
aystem (e.g., for compartment histories) and

&. The acheme nmust be simple to allow ita use at the lowest levels of reaponsibility
and to ensure that the cost figures are speedily produced.

OPERATIONS

Operatione must be rigidly defined to enable comparisona ito be made beiween years and
betvweon plantations.

A code number should be given to easch operation to enable easy identification and for
computer processing,

Operations can be grouped together under costinge heada., For example, in the nurasery
the operations of sowing, making transplant beds, transplanting, weeding, watering, etc.,
could all be added together under the nursery head to give a nursery unit cost per planted
hectare.

All jobs should be definable as operations; thers should be no "miscellaneous” costings
head. But one of the heads should cover general management costs, such as inventory, publicity

regearch, training, etc., and these costs may be apportioned to quantifiable operations in
tha same way as overheads.

EJTIMATION OF QUANTITIES

In order to obtain the unit cost of an operation, the total quantity of work done in
a particular place must be known. Area iz the guantity in which moet coste are expressed.
Acourate mape to ehow net afforested areasm are thersfore essential. Areas should not be

estimated by eye, except 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 an explanation of the relevant
quantity. For example, 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 costed to the total area of
plantation of that age? The laiter is wsually the course adopted, as it is with fire
protection, insect ocontrol, ete,

The place that an operation is carried out should also be indicated with the quantity,
both to explain anomalies and for extraction for compartment and other records.

LABOUR_COMPONENT

Allocation oi Labour Time to Operations

This is done by the man responsible for directing the work in the field. At the end
of esach day he notes the number of men working on each operation in a labour abstract or dis-
tribntion book. The man days for each operation are totalled at the end of sach month.

Where a man works on two or more operations, his time is usually charged to the
operation on which he worked longest.

Calculation of Labour Coat per Man-Day

The details of the wages of the labour are generally maintained on a pay sheet or muster
roll, separate from the record of the allocation to operatione.

Although labourers are paid at different rates depending on experience and responsibility,
it is simplest to add all of the wages together and calculate an average cost per man-day.
The alternative is to combine the pay sheet and the record of the allocation of labour to
get a "true" cost, but this is time consuming and liable to error.

Labour overheads should also be included in the calculation., These are mainly the wages
of gtaff who are also paid on the pay sheet with the lakour, tut who are responsible for
supervision or administration, such as headmen, storekespers, etc. Their vay is added to
that of the lalourers, along with other overheads such a8 paid holidaya, paid sick leave,
allowances and the cost of food where it is included as part of the wages. The cost per
man-day is then cal¢ulated in the following way:

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-daye paid (4 + B);

D. Gross wageo paid, plus allowances, to the men represented at C;

E. Cost per man-day = D/A.

Calculation of the Labour Cost of Operations

The man-days per month worked on each operation are multiplied by the coet per man-day
to get the labour cost of ithe operation, and divided by the quantity to get the unit ocoat.

The oaloulation cen be eimply checked by adding together all of the coata of operations,
which should agree with the amount paid.

Worked examplea of the calculations for determining the labour component are in Appendix 2.

MATERIALS COMPONENT

For moest forestry operations, except building, the expenditure on materials is a fairly
amall proportion of the total cost. Approximatione can therefore be made in the allocation
to operations without great loss of acouracy.

Ideally, all materials imsued from the store should be charged to an operation. At
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the end of the month, copiea of the issue wouchers are used to allocate expenditure to opera-
tions. This requires well-trained storekespers with a knowiedge of the cost code and of the
valus of the materials that they are handling, and in the initial stages of projecta they
may lack the experience to do this,

If the storekeepers are inexperienced, then the officer in charge of the accounts must
allocate the expenditure to operations, and without a knowledge of the day to day running of
the project he cannot do this entirely accursiely. He will also tend to sllocate the whole
expanditure, when in faot only part of the materiales may have been used. He must therefore
have some meane of finding out unueed balances.

In either case, approximations will have to be made in the cagse of small hand toola
vhich may be uged for several jobs. The allocation of the expenditure to operaiions ahould
then be done in proportion to the labour expenditure on them.

Although the erpenditure on materianls used for the operation of plant and vehicles is

also usually charged to the same account, it should be kept separate for the easier calcula~
tion of plant operating costs.

PLANT AND VEFICLE COMPONENT

Log Book

Close contrel of plant and vehicler ie essential, both for the allocaiion of expenditure
to operations and to prevent abnase, particularly of vehioles. Every item of plant znd every
vehicle must have a log ook which must be maintained to show the reason for its use for
allooation to operations, which are then summarised in terms of hours or kilometrea run at
the end of each month.

Calculation of Unit Cast

Expanditure on operating plant and vehicles may be incurred under the following, which
should be totalled separately for subsequent analysis:

(a) Wages and allowances of the driver or operator. These must be kept separate
from labour wages and not included as a labour overhead.
Eb; Fuel and lubricanis. The expenditure can be obtained from a materials sub-account.
¢) Bpare parts, repairs. The expenditure can be obtained from another materials
sub-account.

{4) Depreciation or amortisation, insurance, etc. A record of the cost of each item
of plant or of each vehicle and the date of purchase should be kept at a senior
level, and the annual depreciation calculated. Thig ias most easily done in equal
annual amounie.

Caloulation of Plant or Vehicle Componeni

The simplest way to calculate the plant or vehicle component of operations costa ia to
do it annually, but if the costings are done on a computer, it mey be done monthly. Unit
oogts are obtained by adding together expenditure on the items above and dividing by the total
houre or kilometres Tun. Unit costs should be aggregated for vehicle types, rather than
being assigned to individual vehicles. This evens out variations due to age.

Another way of caloulating the plant and vehicle 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, snd due to rapidly increasing prices reduces the useful-
ness of the figurea for estimates purposesa,

Provision must be made in the system for charging the cost of a vehicle working in
another project, or hired from a central poel., Generally, the details are extracted from
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the log book and notified to the officer to be charged, with the cost, at the end of the year,
The officer who used the vehicle then allocates this cost to an operation.

The mnit cost of towed equipment must also be ocalculated, and ita use identified on
the log aheet for inclusion in the cost of the operation.

It is possible to add even wore information to the log gheet, for the identification
of "lost time". This might include travelling to the job, minor or major repairs, time
lost due to bad weather, lack of a driver, or the vehicle having no job to do. As projects
become more sophieticated, this information is very useful for the ocontrol of vehicles.

Quite often the time cannot be allocated to an operation - for example, taking a

worker to hoapital, or a senior officer's inspection. Then the cost is charged to a manage-
ment cost head.

OVERHEADS

i1iems Included as Overheads

Overheads include the following:

1. Staff salaries and allowances;

2. Office rente, water and electricity charges;

3. Transport of senior officers with project-wide responsibilities and
4. Management costa.

The calculation of overheads charges ism done at the highest level and should include
all expenditure not previously accounted for.

Allocation of Overheads to Operations and Costings Heads

Overheads should be divided between costings heads in proportion to the labour compo-
nent. The reason for this ie 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~
tione, and the only purpose of adding in overheads anyway is for the ocaloulation of the
rate of retum per hectare,

When, however, plantation projects reach the exploitation stage, it may 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 iime of Menior staff
is spent on planning, the control of harvesting and the collection of revenue. Allocation
of their salaries may then be done in proportion to the time they spend on these jobs, which
may be determined by means of diaries or by a system of sampling.

RECONCILIATION OF EXPENDITURE AND COSTINGS

The total expenditure should be checked againat the total costs in order to ensure
that all items of expenditure have been included. This ise generally done at the end of the
year, btut a running check on sub~totals may be done each month,

The equation for the annual reconciliation ig:

Total Expenditure = + Total Ecoat of Labour)
+ Total {Cost of Materials Used)
+ Total {Cost of Plant Operation on the Project)
- Total {Depreciation of Plant)
+ Tota)l {Expenditure on Unused Materials)
+ Total (Cost of Vehicles, etc., Hired to other Charges)
- Total {Coat of Vehicles, etc., Hired from other Charges)
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This equation owits depreciation, staff salaries, eto., but includes management costs.

OTHER RECORDS

The practice of scientific forestry depends upon the collection of accurate figures and
the maintenance of acceasible records.

Compartment History

The details of work done in a compartment, with date and area covered, can be extracied
from the costings ayastem. Likewise the outturn records show the amount of each type of forest
produce and the date that it wes removed. It is usually not neceasary to keep records of
cogts or revenus on a compartment basis, btut they should be kept on some sub-division of the
vihole project such as a foreat or plantation.

The compartments should also be desoribed, and such information as seed sources,
inventory results, etc., recorded. A map must be included. Descriptions shouvld be
gtandardized to permit comparisens of outturm, sto., between compariments. An excellent
geries of forme suitable for compartment descriptions are given in Anon.(1974).

Other Worke

Denscriptions and details of other works such ag buildings, roads, etc., with date of
completion and a record of maintenance should alse be kept.

Digtinction between Records and Correspondence

It iz most important to distinguish between records, which are permanent, and correspon-
dence, which is generally ephemeral. Where correspondence containa information that should
be retalned, it must be extracted and put in the records - an annual review of the correspon-
dence files ic a useful way of doing thim. Likewise, correspondence must not be allowed to
clog the records and prevent speedy accees.

SAMPLING METHODS OF OBTAINING COJT FIGURES

The system of cost accounting that has been described in this paper is the ideal,
but until it has been in operation for at least a year, there will be no reliable figurees
for unit costs. In the meantime, data may be required for estimates or project evaluation.
In this cass, the coet of operations may be determined by sampling to estimate output per
man-day or per machine-hour. The application of cost sempling in Nigerian savanna planta-
tiona is well described in PFerguson {1972).

The sampling is carried out by one or more small iteams who observe an operation over
the shole day. They mark on the ground the point at which work starts in the morning, and
note the number of men employed. At the end of the day, the output {generally area) is
meagured. For machines, the type of machine {including attachments), the work done, and
the time taken are noted. Under Nigerian conditions, it was found that for a etandard
srror of 20% to 30%, it was necessmary io observe an operation for a minimum of four days,
and ten days were preferable, The operations obaserved should be those carried out on a
reasonably large scale, say more than ten ha.

The times per unit for each operation are then smultiplied by the cost per man-day or
per machine-hour to get the unit cost of the operation. The cost per man-day is estimated
from the aame items of expenditure that are desoribed on page 236, and for machine cosis
the ssme as are described on page 237. If materials form a significant proportion of the
cost of an operation, then expenditure on them muat be estimated too.
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A sampling system is useful for producing cost figures quickly, but it cannot aet in
the same monitoring role as the cost accounting scheme. There is no check on inefficiency or
dishonesty, one has to accept a fairly large standard error, and there are difficulties in
the calculation of labour overheads. A sampling system may therefore precede a coat
accounting scheme, but it should not be an altermative.

GLOSSARY OF TERMS

Coats: The expenditure atiributable {0 an operation.

Components of Cost: The items of expenditure that make up the total cost - labour, materials,
plant/vehicles, and overheads.

ﬁnit cost: The total coet of an operation divided by the total number of units
completed.

Expenditure: The money paid out on wages, materiale, etc., from the accounts (or Vote
Book).

Operation: A forestry job or process that is definable and distinet from other jobs.

The smallest sub-division of the costing code,
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APPERDIX Z2c

JOB COSFINGS SHEET (1)

WORKED EXAMPLE OF CALCULATION OF COSI' PER MAN-DAY

Centrs: Shagam Pulpwood Plantations

A Total Man-Days Worked. Field
(from Labtour Abstract) Nursery
Total A

P Men-Daye Paid but not Productive. Public Holiday=
(from Pay Sheet) Siok
Leave
Non-working
Headman
Storekeeper
Total B

C Total Man-Daye Paid (Total A + Total B)
(This muet agree with the man-days paid on the pay sheet)

D Gross Wages Paid (from pay sheet)
Labour Allowances: Bicycle allowance.
Total D

E Cost per Man-Day (Total D/Total A)

Month: February, 1975

1186
266

1452

63

20
20
103
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APPENDIX 24 JOB COSTINGS SHEET (2)

WORKED EXAMPLE OF CALCULATION OF LABOUR COST OF OPERATION

Centre: Shagamu Pulpwood Plantations Month: Feb: 1
Cost per Man-Day (from Job Costing Sheet 1) 2,39 per man-day.
Code Unit Quantity Man Cost | M. Days/ Remarks
Days Unit
1121 Ha 18 336 798* 18.67
1131 Ha 9 26 67 311
1141 Ha 11 193 461 17.55
1142 Ha 60 271 648 4,52
1151 Ha 150 20 48 0,13
1171 H= 5 M 81 6.80
1172 Ha 5 19 45 3.80
1212 Ha 54 28 67 0.52
1213 Farmer 163 40 96 0.25
1322 Kg 3 6 14 2.00
1323 Kg 10 o 12 0.50
1342 Pot 20400 3 81 1.67 P+ thousand
1351 Seedling 32000 32 76 1.00 n
1352 " 46800 52 124 1.11 "
1353 " 9600 12 29 1.25 "
1354 " 7000 10 24 1.43 "
1362 Bed 26 26 62 1.00
1363 Pot 19500 13 31 0.67 p. thousand
1364 Path 80 16 a8 0.20
1371 Bed 20 56 134 2.80
1391 FPlants 5000 4 1¢ 0.80 P. thousand
1522 Ha €50 140 335 0.22
1623 Km 5.6 13 174 13.04
17221 - Station & 10
1452 3465

1o make Total agree with

Checked with A on Sheet 1
®5 Bubatracted from x
D on Sheet 1




APPENDIX 2e¢

JOB COSTINGS SHEET (3

WORKED EXAMPLE OF SUMMARY OF LABOUR COST OF OPERATION

Project: Lekki Lagoon Pulpwood Scheme

Operation: Brushing

Code: y_._g_]_..

Unit: Heotare Year: 1975

Month Centre Quantity Man- Cost M.-Days/ | B/Ha
Days N Ha

January Shagamu 89 1869 4504 21.0 50.6
Ogun 16 1350 3105 17.8 40,9
I jebu-Ode 161 3207 1569 19.9 47.0
126 6426 15176 19.7 46.6
G. Epe 150 - 4000 - 1,3
February Shagam 18 336 198 18,7 44.3
Ogun 98 1793 4160 18.3 42.5
I jeu-0de 125 2800 6720 22.4 53.8
Epe 27 543 1281 20.1 A47T.4
268 5472 12959 20,4 48.4
March Ogun 26 553 1311 21.3 50.4
I jebu-Ode 5 117 283 23.4 56.6
31 670 1594 21.6 51.4
Quarterly Shagamu 107 2205 5302 20,6 49.6
Summaxy Ogun 200 3696 8576 18.5 42.9
by 1jebu-Ode 291 6124 14572 21.0 50.1
Centre Epe 27 543 1281 20.1 47.4
625 12568 2871 20,1 47.6

¢ = Contract
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ANNEX 1
SUMMARIES OF SPECIAL CASE STUDIES

Part A: Pines

ESTABLI SHMENT TECHNIQUES FOR PINES

G.0.a, Ojo

& W

The aims of establishment techniques for Pinus caribaea and P. oocarpa are to estiablish
the seedlings as quickly as possible and to provide optimal growing conditions. Existing
vegetation is clear-felled, stumped and burnt and the aite is mechanically cultivated,
Planting is done during the rainy season, beginning when the soil is wet to about 15 om,
employing meedlings 20-30 om high raised in polythene pots. The spacing used depends largely
on the method of managemeni adopted, with 2.8 x 2.8 m being usual where mechanical cultivation
in two directions is foreseen, and 1.8 x 1.8 m vhere manual weeding ie contemplated. Weeding
is necessary aout three times a year (four the first year) during the rainy season for three
to four years. Hand weeding is practised around individual trees, followed by mechanical
cultivation between the Tows. On ferruginous tropical soils 11 g of phosphate fertilizer is
applied around each tree about four weeks after planting and following manual weeding. Clean
weeding is also an effective fire prevention tool, but fire tracing around pla iations, fire
patrole and brashing to a height of four to five feet at age four are also emp ryed.

EARLY GROWTH PATTERNS OF PINES IN THE NIGERTAN SAVANNA

D.E. Iyamabo
Agricultural Reeearch Council, Moor Plantation
Ibadan, Nigeria

: M.A. Ogigirigi
Shelterbelt Research Station

Kano, Nigeria

This paper discusses the results of height and girth growth studies of young Pinus
caribaea and P, ooocarpa in relation to environmental conditions in northern Nigeria,
Successive measuremants at three and four years of age showed that both species exhibited
oontinucus height growth and apical buds aotive all year round, but the rate of apical growth
and the rate and quality of foliage production were less in the dry season than during the
wet season, Dry ssason needles of these species are generally smaller, shorter, thinner and
greatly deformed as a result of having to force their way through the dried needle sheath.

girth growth is lowest during the dry eeason, but shows a gradual inorease from May to
June and is highest during the June to September wet sempon. The increase from May to June
may be due to hydration of stem tissue and bark, cambial activity or both.

Some of the pine species included in elimination trials showed negative regulte.
Following six months in the nursery at Zaria, P. montezumae did not grow at all in plantations.
Also at Zaria, P. michoacana grew norwally for nearly two years and then went into a prolonged
period of dormancy, and at Afaka and Miange P, pseudostrobus grew very irregularly producing
long terminal and lateral shoots that had no needles.




- 248 =

KUTRITION OF PINES j'Pinun caribaes and P. oocarpa)

0. Kadeba
Savanna Forestry Research Station
Samaru, Zaria, Nigeria

Rutritional studies on Pinue speciea being tried in the afforestation programme of the
Nigerian savanna is a recent development. So far, attention has been focussed primarily on
the thres major nutrients N, P, and K. Work to date has ahown that the eetablishment phase
of pines in the field would be difficult and growth rate unsatisfactory if phosphate fertilizer
is not used. Effects of nitrogen fertiligers varied depending on type of material used.

Urea was found to be injurious to pinea with or without supplementary phoaphate application.
Popitive response to nitrochalk and ammonium sulphate could be obtained only when phosphate
was simultenecusly applied. In no case was there any fawvourable response to K fertilizer.

EFFECTS CF PINE PLANTATIONS ON SOILS

0. Kadeba
Savanna Forestry Reasearch Station
Samaru, Zaria, Nigeria

B.5.K. Onwelugo
Savanna Forestry Hesearch Station
Samaru, Zaria, Nigeria

Analyses of soils under ploie of Pinue caribaea, Pinus oocarpa and savanna woodland
gshow some changes in the soil chemical properties. Acidity ie intsnasified with inereaeing
ages of the pines. The data provide evidence of an initial reduction in organic matter content
of the mineral mpil, Hewever, with inoreasing plantation age and canopy closure, there is a
gradual build-up of organic matter in the top soil., A gimilar trend is demonstrated by
exchangeable K. Values of 14.70, 5.44 and 6.00 tonnes/ha are sstimated as oven dry weight of
acoumulated and un-decompeged litter under (i) 15-year Pinus caribaea (ii) T-year Pinus caribaes
and (iii) 7-year Pinus oocarpa plots respectively.

THE GROWTH AND YIiELD OF PINUS SPECIES IN THE
SAVANNA ZONES OF NIGERIA

Je0s .&'ba,yomi
Forestiry Research Inatitute of WNigeria
Ibadan, Nigeria

The growth and yield of three Pinus species, P, caribaea, P. vocarpa and P. kesiya are
deacribed and compared in different localities of the savanna zones of Nigeria. The best
growth of the three Pinus species has been obssrved at Miango on the Jos plateau. P. caribaesa
appears to have the best growth on all sites, followed closely by P. oocarpa. Some limitations
in the comparisons made in the paper are mentioned.
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EFFECT OF AGE ON ROOTING OF CUTTINGS AND
~GOPPICING OF STUMPS OF PINUS CARLEAFA

0.0. Okoro
Forestry Research Institute of Nigeria
Ibadan, Nigeria

Investigations were carried out to determine the rooting propensities of cuttings taken
from various agees of Pinus caribaea trees and rooted under two environmental conditions: mist
and temporary propagator. Petter callusing was obtained under mist. Some cuttings from all
ages of trees rooted under mist whereas only cuttings from seedlings and a few from ten-year
0ld trees rooted in the temporary propagator. Under both environmental conditions, cuttings
from eix and 15 month old seedlings rooted beat. When seedlings of theae iwo ages were
coppiced, the latter had better survival percent (100%) and those stumps which had 8 - 16
sprouts produced mere wniform shoots with reasonable growth. Stumps of ten year old treea

did not coppioce at all.

Pinus oocarpa is one of the best
plantation species for the northern
Guinea savamma, This growth triel
piot at Afaka, Nigeria,is T=years
old.
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Part B: Neem

NEEM

M.A. Ogigirigi and F.Y. Adekiya
Shelterbelt Research Station
Kano, Nigeria

This paper reviews the history of neem (Azadirachta indica) in the Sudan zone of northem
Nigeria; gives a general description of the tree, its phenol0ogy, silvical characteristice and
uses; and desoribes ourrent nurssry, planting and tending practices.

_ Following its introduction into the Sudan zone in 1928, neen has become the most important
plantation speciea in the zone with nearly 1500 ha planted by 1964, The major uses of the
wood are for polea and fuel.

The neem tree is deep rooting, has a large, heavy crown and is a prolific sesder from
age five onwardes., Planting is primarily with nuraery stock raised in polythene tubes and
outplanted at 2.4 x* 2.4 mor 2.7 x 2.7 m epacings. Two mechanical harrowings per year are
necegsary for the first three years to reduce wsed competition. Around large towna where

both farmland and wood products are in short supply, farwing in the plantations is successful.
Groundnute, beans, and occasionally millet are raised.

Direct sowing has also been shoun to be a promising,eimple and cheap method of enriching
large areas of savanna.

SOME PHYSICAL PROPERTIES OF S0I1L UNDER NEEM
T AT TAMmWR, OWO GMTE

J.B. Ujah
Shelterbelt Research Station
Kano, Nigerisa

Measurements of particle size distribution, bulk density, particle density, total
porosity and soil moisture comtent from four selected sites stocked with (a) five year old
neem, (b) one year old neem, (c) only weeds, and from a site (d) whers neem failed after one

year, showed no significant differences between sites vhere neem is growing well and where
it failed or was never planted.
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Part C: Eucalypis

ESTABLISHMENT TECHNIQUES FOR EUCALYPTS

G.0.,A, Ojo
Forestry Research Institute of Wigeria
Ibadan, Nigeria

Eucalypts used in plantation work in the Nigerian savanna are E. camaldulensis,
E, fereticornis, E, citriodora, E. cloeziana and E, “saligna® hybrid.

Intensive management {echniques are employed. The natural vegetation is felled,
stumped and btumt and the site is ploughed. Planting stock is raised in polythene pots to
a height of about 30 om for outplanting early in the rainy season after the soil is wet to
about 15 om, The species differ in their ability to withstand dry spells immediately after
planting; whereas most can folerate 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,
manuelly around individual trees and usually mechanically between the rows, are carried out
the first year during the rains. Weedings are fewer in subsequent years but are required
until canopy closes, often within one to two years, depending on species. E. cloeziana gives
a dense canopy, but E. citricdora is thin orowned and requires weeding for three to four
years. Borate fertilizer applied to the soil a few weeks after planting at the rate of 56 £
per plant is highly benefieial. On very sandy e0ils the application is made over a two year
periﬂdo

Owing to their light crowns, clean weeding, fire tracing and fire patrole are required
fire protection methods in savanna eucalypt plantations,

EARLY GROWTH PATTERNS OF SOME EUCALYPT SPECIES
IN_THE NIGERIAN SAVANNA

D.BE. Iyamabo
Agricultural Research Council, Moor Plantations
Ibadan, Nigeria

M.A, Ogigirigi
Shelterbelt Research Station
Kano, Nigeris

Studies of the height and girth growth of Isorberlinis doka, Khaya senegalensis,
Eucalyptus citriodora, E, cloezians, E. deglupta, E. propingua, E. robusta and E, tereti-
cornie showed the eucalypts to have growth rates and periocdicities superior to those of
species indigenous to the northern Nigerian savanna. Apical and lateral meristems, docrmant
for part of the year in both I. doka and X, senegalensig, remain active all year round in
the eucalypts, enabling them to sustain appreciable levels of growth during the dry season.
Accelerated height growth, however, begins in late April to early May after soil moisture is
sufficiently replenished. Accelerated girth growth starts earlier = in March = but some o
this "growth" may be attributed to hydration of stem tissue following increasing atmospheric
h'l.mﬂ.dity.

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 1. doka and all species of
eucalypts. This can apparently be atiributed to the heavy leaching of nitrogen from the
forest litter which accumlated during the dry season, rather than water stress.
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NUTRITION OF BUCALYPTS

0, Kadoba
Savanna Forestry Hesearch Station
Samaxu, Zaris, Nigeria

Nutritional studies form part of the several integrated forest cultural practices
employed in the establishment and management of exntic plentations of eucalypis in Nigeria.

Boron, nitrogen and phosphorue are the three elements that may limit the growth of the
different species of sucalypts that ers being tried in the afforestation programme. Hesults
of all the field exrperiments conclumively show that the incidence of dry season die-back of
encalypte is associated with boron deficiency; application of borate fertiliger at the rate
of 50g per tres would correct this deficiency. Growth increases were obtained on some sites
following application of nitrogen and phosphate fertilizers. A common feature is the positive
interaction between nitrogen and phosphorus. There was no response to potassium,

SOME ASPECTS OF WATER RELATIONS OF EUCALYPTUS UNDER
NIGERLAN SAVANNA CONDITIONS

M.A. Oglgirigi
Shelterbelt Remearch Station
Keno, Nigeria

Studiea on the water relations of esucalypts in the northern Nigerian savanna demonstrated
that "avoidance" im a significant component of drought hardiness in E. cloeziana, E. robusta,
E. pilularie and E. propinqua, while "toleramnce" is important in E, camaldulensia. Heasurements
of transpiration from excised leaves of four species eshowed that the stomatal mechaniem of
E. pilularia wae moet efficient in the control of water loss, followed by E. robusta, E. tere-
ticomis and E. camaldulensis. The range of seasonal variation in leaf water deficit was aleo
Tess for E. obusiea, E. propinqua ingua and E. cloeginana than for E. camaldulensis.

Under conditions of high soil moisture siress, E. camaldulensis was more efficient in
water use and put on greater height growth than Pinus oaribaea, E. tereticormnis and E, robusia,
E. robusta showed high water use and good growth at intermediate to low levels of soil moisture,
but heavy moriality occurred at the highest level of moisture strems. Water use by P. caribaea,

on the other hand, was high under conditions of high soil moisture, but low when #0il moisture
became limiting.

EFFECTS OF BUCALYPTUS PLANTATIONS ON S0ILS

0. Kadeba and B.S5.K. Onweluzo
Savanna Forestry Research Station
Samaru, Zaria, Nigeria

Analyses of s0ils under plots of Eucalyptus cloesziana, E. torelliana and adjacent savenna
woodland provide evidence ithat organic matter and exchangeable potassium in the mineral soil
are depleted more under the eucalypte than under woodland. No difference in calcium or magne-
gium were evident. There ia, however, much greater litter acoumulation on the forest floor
under eucalypts; dry weight values were 14.59, 14.20 and 6.60 tonnes per hectare, respectively,
for 8 year old E. cloeziana at Afaka, 9 year old E. iorelliana at Miango and savanna woodland
that had been fire protected for about 20 years.
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THE GROWTH AWD YIELD OF WICALYPTUS SPECIES IN THE
SAVANNA ZONES OF NIGERIA

J.0. Abayomi
Forestry Research Insgtitute of Nigeria
Ibadan, Nigeria

The growth and yield of some Eucalyptue species are described and compared in different
localities of the savanna zones of Nigeria. The best growth recorded is that for Eucalyptus
andis at Ngoroji on the Mambilla plateau, while in the plains, Eucalyptus camaldnlensis
Petford provenance}, E. tereticomie and some stands of E. grandis have produced relatively
high yields. Afaka appears to be the most favourable experimental site on the Plains for the
establishment of Euocalyptus plantatione. Some limitations in the comparisons made in the
vaper are nentioned,

The excellent performance of the Petford
provenance of Eucalyptus camaldulensis
in the northern Guinea savanna creates a
demand for adequate seed supplies., This
6~year old seed stand, spaced 12 x 12 ft
(3.8 x 3.8 m) at Afaka, Nigeria, began
seed production after 4 years, but the
tall, narrow crowns make collecting
difficult,
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ANNEX 2
EXAMPLES OF ZAMBIAN PLANTATION COSTS
A.C. Finch
Division of Porest Research
Kitwe, Zambia
1973 ESTIMATED DIRECT ESTABLISHMENT COSTS*
Eucal p‘ia Pines +
&/l ¥ (k/pa) *
1. Land Clearing 175.64 175.64
2, Nuraery Plants 4.89 B.32
3, Planting
(a) Pre-discing 3.34 2,96
(v) All Cther Planting Operations 9.48 11.59
4. Pertilisation 10.96 -
5. 1st Season Weeding
(a) Hand 6.53 10.45
() Mechanical 17.59 i3.07
6, 2nd Seamon Weeding
(a) Hand - -
(b) Mechanical - 6.77
7. 3Ird Season Weeding
{a) Hand - -
(b) Mechanical - 4.51
8, Total Cost 228.43 238.31
»*

Labour and direct field supervisory labour, their wages, social security contributions,
clothing, leave and housing allowances, together with machinery used in operations and
materials consumed.

+ 1 Kwacha = US§ 1,56
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BASIC LAND CLEARING COSTS

K/acre gross | K/acre net

Knockdown 11.50
Windrow 22.00
Stump, Burn and Clear 12,00

75450 56.74
Glean and FPlough 11.50 14.34
Total Cost per acre 57.00 71.08
Total Cost per ha 140.85 175.64

The total cost per acre net {K71.08) assumes an additional charge for plant movement
of § 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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ESTIMATED 1973 ESTABLISHMENT

COSTS

Input Units
per ha
2.423 man-days at 2.82
1.639 km at 0.13
0.024 hours at 4.00
K1.189

110

Estimated Cost
per ha
6.83
0.21
Q.09

Based on 1490 plante raised for each hectare to allow for losses in nursery and

beating up in field.
2, Planting
(a) Prediscing
Drivers
Tractor

Supervisory Ratio

0,175 man-days at 3.72
1,198 hours at 1.75

1:7

(b) Other Operations including Staking, Plant Distribution and Planting.

Labour 3.356 man-days at 2.76
Drivers 0.361 man~-days at 3.52
Tractor 0.477 hours at 1.75
Lorry 1.787 km at 0.13
Supervisory Ratio 1:18

3. let Season Weeding
{a) Hand Weed {3 times)
Labour
Transport

Supervisory Ratio

3.284 man-days at 2.88
9,941 km at 0.10

17

(b) Mechanical Weed {8 times)

Drivers
Tractor
Transport
Supervisory Ratio
4. 2nd Season Weeding (4 times)

Drivers
Tractor
Transport

Supervisory Hatio

5. 3rd Season Weeding (2 times)

Drivers
Tractor
Trensport

Supervisory Ratio

1.000 man-days at 31.75
T+910 hours at 1.75
4.784 km at 0.10

1:6

00371 mn"'dﬂyﬂ at 3.75
2,965 hours at 1.75
1.853 km at 0,10

1:6

0.247 man-days at 3.75
1.977 hours at 1.75
1.236 km at 0.10

1:6

QD
-
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[
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COUNTRY STATEMENTS
Country: BENIN

I, GENERALI. GEOGRAPHICAL INFORMATION

1.1 Area of country: 112 600 im°
1.2 Locations longitude 0°40' - 03045'E;latitude 06°15¢ - 12025
1.3 Populaticn: 3 250 QOO0 inhabitants

1.4 Mein climatic and vegetative zonesy Equatorial climete with vestiges of semi-
deciduous forests; continental climate with tree savamna formation; continental
climate with savanna woodland formation.

11, FORESTS AND NATIONAL FOREST POLICY
2.1 Area of high forests - kn°
2e2 Area of savanna 1 22 000 km®
2«3 Proportion of land under high forest ~%; in savanna Y/ 20%
2.4 Does the country have a wriiten statemert of national forest policy?

Yes /X / Yo /7

2.441 If a national forest policy exists, what are the main objectives
stated in it? To gafeguard the constitution and conservation of the
national forest domain and to carry out reforestation and raticnal
exploitation,

2edeé IT there is an official statemeni of forest policy for the savamna

region, briefly ocutline its main points. Control of bush fires;
authorization of early burning under state surveillance.

2.5 Legislation available to implement policy Yesm Ko D

~1/For the puwrpose of this questionnaire, savanna is considered as including the full range
of tropical vegetation types of which grase is a signifiecant characteristic. At one end
of the spectrum, closed forest and thickets are excluded; at the other end, deseri is
oxcludeds 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 Savunnag, FAO Forestry Development Paper No.19, by M.V. Laurie, 1974.
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246 Ownership of forests and savanna High forests Savanna
Under state control - % 20%
Private ownership - % —4
Commmity ownership - % - %
No effective control - - <

2.7 Principal forest products from all regions (e.g. fuelwood,charcoal, sawlogs,

gum, beeswax and honey, veneerlogs, loge for sleepers, poles, piliug and
posts, pulpwood).

4 300 000 steres of fuelwood and charcoal;
20 000 m3 of sawlogs;

200 OO0 poles
2.8 Forestry ataff State Others
Professional 6 -
Subprofessional{with diploma
or certificaete of training) 10 -

249 Gross annual budget for forestry 100,000 US§
II1. AFFORESTATION AND REFORESTATION, GENERAL
3+1 Arcas
3el.1l Total net area l/of plantations at the end of 1974: - ha

341.2 Net areas l/ of plantations in the savanna at the end of 1974t - ha
3s1s3 Planned annual target area of af/reforestation: - ha/yr
3ele4d Planned anmmual planting rate in savannagvariable

Je2 Organization and administration of =savanna planting schemes

342+1 State forest services 1005
3e2a2e OQthers (s;peoify)
(R RN R IR SN AR EERNNRRNR YN FR FE] [ EE R IR EEN NN ENNENNLDN)
FRAARARSPRSRO BV RENPRERREPREEN [ A EFE SN NR RN NNNNN N

3.3 Intended principal end use (e.gs Sawtimber, posts and poles, pulpwecod, fueldwood,

protection,etcs), epecies, growth and rotation of major savanna plantation.

Mean annual increment

1/ Eﬁsb.) at rotation age
End use Species net area(ha) Rotation (Yrs) m”/ha/year)
lumbeyr teak 6 285 60 -
lumber Cedrela spp. 250 under study -
pilingtposts teak s 7-8 -
pilingtposta Casuarina sp. 500 810 -
fuelwood Casuarina sp. 1000 8-10 -

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 FRACTICE
4.1 Nursery typee and capacities

4.1.1 What is the total annual production capacity of existing permanent
savanne nurseries? 1 000 000 planta.

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 yeere) from
temporary savanna nurseries? - plants.

4.2 Planting stock

4+2.1¢ Indicate the main types of planting etock (bare-rocted 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-rocted transplants
Casuarina basket containers 10 x 30 em

4.2.2 If containers are used, state type (polythene tubes or pots, "jiffy pots",
etce) and give dimensions (lay flat for polythene)

woven palm baskets 30 cm deep and 10 om in diameter

4423 Give average size (height) of savanna outplanting stock and length
of time (weeks) required to raise it in the nursery,

Species Qutplanting size Weeks in nursery
Casuarina 10-15 om 6

4«3 BSavanma 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. Casuarina is broadmst Sown and pricked-cut after 6 weeks,

4¢3.2 Briefly desoribe the soil mixtures and fertilizers (and cquantities)
used, Manure is used, but guantities are not measured. No chemical
fertilizers are used.

4e3s3 Briefly describe sevanna mursery watering methods and schedules (If mechanical
irrigation equipment is used, indicete type).
All nurseries are watered manually with watering cans, except the Casuarina
nurasery, which has a water tower and rotary sprinklers.

4e3ada Briefly describe the standard savarma nursery protection measures
(against pathogens, insects, animals, environmental elements).
Manure is treated with BHC or DUT to guard against attacks on Casuaring
seed in nurseries,

Ve ESTABLISHMENT TECHNIQUES FOR SAVANNA PLANTATIONS

5el Site selection

Selels Are detailed vegetation maps available for most savanna regions?

Yes vo /7

Sele2 Are detailed soil maps and soil survey descriptions available for
most savanna regions? Yes /X7 No
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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.

Ge2e? DBriefly describe the principal site preparation techniques used
after land clearing in the savenna,
After felling, the site is burned and large holes are filled in.
Pegging out follows,

5«3 Savenna planting and direct seeding

5¢3.1 Ig direct seeding used in savenna ® Yes X/ No [ 7
I1f 30, indicate for which speciea: Anacardium

H5ele2 Indicate the moat common spacings at which the main savanna plantation
species are planted.

5 x5 to 6 x 6 mj later thinned to 10 x 10 or 12 x 12 m.

Se¢3e¢} Give the totzal nmumber of hectares of plantations established to
date in the savanna by means of taungya, S5 000 ha.

5.4 Tending of savanna plantations

S5eflsl Briefly descoribe the method and frequency of weeding,
Two weedings per year for young teak, and after the fourth
year one anmual elashing and one singling, For Anacardium
two weedings and one cultivation annually.

5ede2 If irrigation is used in plantations, give the area irrigated of
each apecies, the frequency of watering and the quantity of water
applieds None.

545 Protection of savamma plantations

551 Briefly describe protection measures against insects, pathogens and
animals., No significant control measures but research is being done
on rots, borer attacks to Khaya senegalensis and (hloropiiora galls.

5452 IB there a national fire danger rating systens
tes /7 vo /X7

5«53 Are fire breaks and Fire lines allowed for at the time of savanna
plantation establishment? Yes E No

savanna plantatione? Yes D No

5e5¢4 Is controlled {i.e. prescribed or early) hurm’.nE }racticed in
Around plantations? Yes X/ No [ 7

VIe SEED AND TREE IMPROVEMENT

64l
6.2
6.3

644

Is there a national tree seed coordinating centre? Yes D No/ X_/
Is there a national tree seed certification system? Yes@ NOD
Are there facilities for storing seed at controlled temperatures?

Yea£:7 No m

Indicate the main source of seed supply for the principal savanna plantation
8pecies., Seed of teak, Anacardium, Cedrela and neem is obiained from
selected reed trees within the country.
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6.5 List the species being tested in comparative trials in the savanna.

Indicate in parenthesea the number of provenances being tested of each
apec:ea.

Only Cedrela odorata and Gmelina arborea,introduced a long time ago,
are acclimatized.

REFERENCE MATERIAL

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, GENBERAL GEOGRAPHICAL INFORMATION

l.1
l.2
1.3
1.4

Area of countiry 342 000 K@
Location: longitude 11°09104" -~ 18%)0'E; latitude 03%2'30"% -05%02'03"3
Population 1 500 000 inhzbitants

¥ain climatic apd vagetative zones

Bquatorial climate with two seasons: dry season from May to September:

wet season from October ito April, Vegetation: high forest, mangrove forest,
eavanha and gallery forest,

1l. FORESTS AND NATIONAL FOREST POLICY

2s1
242
2e3
244

irea of high forests 205 000 km2

Area of savanna l/ 137 000 km2

Proportion of land under high forest 60%; in savanna l/ﬁo%

Does the country have a written statement of national forest policy?

Yes X/ No [ 7

2e4a1l 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 sxploitation; increase the amount
of wood which is processed within the country; conduct research to promote

under—utilized tree species; carry out planiation programmes with eucalypts
and pines.

Z2ede2 1If there is an official statement of forest policy for the savannz region,

245

briefly outline its main peoints.
Carry out eucalypt and pine plantation programmes in accordance with the
first national three-year plan.

Legiclation available to implement policy Yes /X 7 Yo /7

17 For the purpose of this questionnaire, savanna is considered as including the full
range of tropical vegetation types of which grass is a significant charscteristic,.
At one end of the spectrum, clesed foreast 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 desoribed in Appendix 1 of Tree Planting

Practices in African Savannas, FAO Forestry Development Paper No.19, by H.V.laurie, 1974.




246 Ownership of forests and savamna High forests Savanna,
Under state control 100% 100%
Private ownership - -
Community ownership - -
¥o effective control - -

247 Principal forest products from all regions (e.g. fuelwood, charcoal, sawlogs,
gum, beeswax and hondey, veneerlogs, logs for sleepers, poles, piling and
posts, pulpwood}.

Fuelweed, charcoal, pests.

2.8 PForestry staff State Others
Profesmsional 13 | -
Subprofessional (with diploma or
certificate of training) 17 -

2.9 Gross annuel budget for forestry - U3l

111, AFFORESTATION AND REFORESTATION, GENERAL

3¢l Areas
3.1.1 Total net areal/of plantations at the end of 1974: 13 827 ha
3.1.2 Net area Y of plantations in the savanna 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 savarma: 500 ha/year

3.2 Orgenisstion and adminstration of savanna planting schemes

3.2.1 State forest services 100%
3¢2.2 Otherse (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,

Mean annual

increment (U.ba)
. 1/ ) at_rotation age
End use dpecies . Net area(ha) Rotation (Yrs) (w3 /he/ )
Construction Terminalia superba 6 4235 35 4
timber
pulpwood eucalypts 5 179 4-6 20-35
pulpwood pines 2 213 8=12 10-20

l/'Net area is the gross area of plantations minus the area in roads, ridee,buildings
and other non-stocked land.
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IV. SAVANNA NURSFRY FRACTICE
4.1 Nursery types and capacitiles

401l What is the total annual produciion capacity of existing permanent
gavanna nurgeries? 2 000 000 plants

d.1.2 What is the actual armual production (average from last 3 years)
from permanent savanmna nureeries? 630 400 planis.

4¢ls3 What is the amnual production (average from last 3 years) from
temporary savanna nurseries? - plants.

4+2 Flanting stock

4e2,1 1Indicate the main types of planting stock (bare-rooted transplants,
stumps, container stock, ete,) raised for the principal savanna
plantation apecies,

Species ‘Tvpe of stock
Eucalyptus platyphylla containers (polythene pots)
E. nI ABL LI L1
_E_. urgp_lgglla it "

Pinus caribaea " "

P+ oocarpa " "
44242 If containers are used, state type (polythene tubes or pots, "jiffy
pots",etc.) and give dimensione (lay flat for polythene}.
polythene pots 17 x 21 om

4+42.3 Give average size (height) of savanna outplanting stock and length
of time {weeks) required to raise it in the nursery,

Species Qutplanting size Weeks in nursery
eucalypts 1015 cm 8
pines 10 om 12

443 BSavanna nursery meihods

4e3el Briefly describe the sowing methods used in savanna nurseries {bed
gowing, pricking out, direct sowing into containers, etc,)
Eucalypt seed is broadcast sown in irrigated seed beds; pricking
out into polythene pots is done 4 weeks later. Pineg are line sown
in seed bede and pricked out {aleo in polythene pots) 6 weeks later.

4+3.2 Briefly describe the soil mixture and fertilizers (and quantities)
uged: 30il mixture is 50% black earth mnd 50% sand, & complete fertilizer
(10-10-20) and slag are used.

4¢3+3 Briefly describe savanna nursery watering methods and schedules (If
mechanical irrigation equipment is used, indicate type).
Hanual watering is with fine rose watering cana, wWatering with rotary
sprinklers is done twice a day when planta are young and once a day later,

4344 Briefly describe the standard savanna nursery protection meagures
(against pathopens, insects, animals, environmental elements).
Inseoticides (dieldrex Py or phytosol) are dusted arownd germination
and plant holding beds,
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V. ESTABLISHMENT TECHNIGUES FOR SAVANNA PLANTATIONS
51 Bite selection

5¢1s1 Are detailed vegetation maps available for most savanna regions?
" Yoo KT o[ 7

S5:1.2 Are detailed ecil maps and soil survey desoriptions available for
mo&t savanna regiona? Yea ﬁ{ 7 NDD

Se2 Lend clearing and site preparation

5:2:1 Briefly deseribe the main savanna land clearing methods used,
In closed forest, clearing is done with axes and power sawsj
in the savanna crawler tractors are used,

5e2¢2 Briefly describe the principal site preparation techniques used
after land clearing in the savama.
Clearing and burning followed by ploughing with a Cropmaster or
Crop Pulvérisage with pulverizing discs,
543 Savanna planting and direct seeding
5¢3¢1 Is direct seeding used in savaina? Yes [/ No X7
If o, indicate for which species

5¢3+2 Indicate the most common spacings at which the main savanna plantation
species are planted,

2,5 x2,5m and 3,12 x 3,12 m

5¢3¢3 Give the total numbsr of hectares of plantationg established to
date in the savanna by means of taungysa: - he
a4 Tending of savanna plantations
S5+4a1 Briefly describe the method and frequency of weeding

Harrowing between the rows using a wheeled tractor equipped with a
dige 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,

Se4e2 If irrigation is used in plantations, give the area irrigated of each
speciea, the freguency of watering and the quantity of water applied.
5¢5 Protection of savamna plantations
5e5el DBriefly describe protection measures against insects, pathogens and animals,
At the time of planting poison baits are placed around the base of each

plant to protect against insect attack - perticularly stem cutting ecrickets.

5e5e2 18 thers a national fire danger rating system?

tes 7 vo [X7
He5e3 Are fire breaks and fire lines allowed for at the time of
savanna plantation establishment?  Yes/ X / Yo

5s5¢4 18 controlled (i.e. prescribed or early; burning practiced in savanna
plantationa? Yes X_/ Non?

Around plantations? Yes/ X/ No/__/
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VI. SEED AND TREE IMFROVEMENT

6.1 Ie there a nationa) tree seed coordinating centre? TYes o 7
6.2 Is there a national tree seed certification system? Yes/ /7 No [X 7

6.3 Are there facilities for storing seed at comirolled temperatures?

Yes /X 7 No
6e4 Indicate the main scurces of seed supply for the principal savanna

plantation species: .
eucalypts: Australia, New Guinea and Congo (old plantations)

pines: Central America and Congo (old plantations)

645 List the species being tested in comparative irials in the savanna,
Indicate in parentheses the number of provenances being tested of each

specien.
Various eucalypts and pines: Eucalyptus urophylla, E, tereticornis,
Pimug caribaea snd P, 0ocarpa.
VII. REFERENCE MATERIAL
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 GEOGRAPHICAL INFORMATION
1,1 Area of country 238 539 km®
1.2 Loocation: longitude 1°E to 3%; latitude 5° - 11%W
1.3 Population: 10 million inhabitants

144 Main climatic and vegetative zones: The climate is humid to dry tropical. There
are three main vegetation zones namely the coastal thicket, the high forest and
BaVAalng .«

I1. PFOREST AND NATIGNAL FOREST POLICY
2.1 Area of high fopgsts 82 258 kn®
‘{50 497 xol
2:3 Proportion of land under high forest 34%; in sawannal/GE%
244 Does the country have a written statement of national forest policy?

Yes /X7 No /7

2e4s1 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 benefiis necessary for the welfare of the people of Ghana
and the management of the Forest resources by methods thzt achieve sustained
maximum productivity and value,

2e¢2 Area of savamma

2e42 If there is an official statement of forest policy for the savamna region,
briefly outline its main points,

Same a8 in Zedel

1/ 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 epectrum, closed forest and thickete are excluded; at the other end, desert is
excluded. Between these extremes, savanna comprises the various types of savanna woodland,
savannez and steppe as described in Appendix 1 of Tree Flanting Practices in African
Savannas, FAO Forestry Development Paper No,19, by M.V. Laurie, 1974.
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2.5 Legislation available to implement policy Yes [X /] Wo /7

2.6 Ownership of forests and savanna High forests 3avanna
Under state control - . -
Private ownership - -
Commnity ownership 100% 100%
No effective control - -

2.7 Principal forest producte from all regions (#ege fuelwood, charcoal, sawlogs, gum,
heeswax and honey, veneerlogs, logs for sleepers, poles, p111ng ané posts, pulp-
wood) .

Sawlogs, veneerlogs, logs for sleepers, fuelwood, charceal, poles, gum, export logs.

2.8 Porestry ataff State (thers
Prefessional 22 -
Subprofessional (with diploma
or certificate of training) 500 -

Pe9 Croass annual budget for forestry 7 501 974 US3H

I1I. AVFORESTATION AND REFORESTATION, GENERAL

Jel Areas
34141 Total net areal/ of plantation at the end of 1974: 23 208,00 ha
32142 Net area v of plantations in the savanna at the end of 1974: 3 331 ha
3,143 Planned annual target area of af/reforestation:7 328.00 ha/yr
3.1.4 Planned annual planting rate in savenna: £ 176.00 ha/year
342 Organization and administretion of savanns planting schemes

3eZs1 State forest services 100%
30242 Others (specify) -

3.3 Intended principal end use (e.,g., sawtimber, posts end peles, pulpwood, fuelwood,
protection, etc.), species, growth and rotation of major savanna plantations.

bean annual
increment (u.b.)

-/ at _rotation age
End use 3pecies Net area!ha! Rotation{yrs) (m3/ha/year)
Saw Log Teak + Mahogany 60-T70 years -

Pulp Gmelina + BEucalyptus - up to 10 yesars -

Anogeissus

Poles Tenk - 10-15 years -
Charcoal all spp. - 1015 years -
Fuelwood all epp. - 10-15 years -

Fael Neem - 10~15 years -

1/ Net areas ie the gross area of plantations minus the area in roads, rides, buildings
and other non—siccked land,
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IV. SAVANNA NURSERY PRACTICE
4.1 Nursery types and capacities

4.,1,1 What ie the total aymual production capacity of existing permanent
eavanna nurseries? 3 million plants.

44142 Whnat is the actual annual production (average from last 3} years)
from permanent savanne nurseries? Unknown

4,1,3 What is the annual production (average from last 3 years) from
temporary pavanna nurseries? NIL

4.2 Planting stock

442.]1 Indicate the main type of planting stook (bare-rooted transplants,etumps,
container stock, etc.) raised for the principal savanna plantation specien.

Species Type of stock
Anogeissue stumps

Teak stumps

Bucalyptus potted

Khaya senegnlensis etripling and potted
Neem stripling and potted

4+2,2 If containers are used, state type (polythene tubes or pots, "jiffy pots®,
etc,) and give dimensions (lay flat for polythene).
Only polythene bags are used: 5 x 7 inches

44243 Give average size (height) of savanna ocutplanting stock and length
of time (weeks) required to raise it in the nursery.

Species Qutplanting size Weeks in nursery
Teak 1y = 2 £, 24-30 veeks
Eucalypius 1z - 2 ft. 18-24 weeks
Anogeissus l -2 . 24-30 weeks
Khaya senegalensis 15 - 2 £%, : 24-30 weeks
Neem 2 -~ 3t 24 =30 weeks

4.3 Savanna nursery methods
44341 Priefly describe the sowing methods used in savanna nurseries {bed sowing,
pricking out, direct sowing into containers, etc.)

{a) Teak, Khaya and Neem are sown on seed beds and pricking out is done
immediately on germination either onto transplent 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.
Ho fertilizeras are used, Normally the containers are filled with top soil
from the nuraery aite., Also compost is used,

#a3e3 Briefly describe savanna nursery watering methods and schedules (If
mechanical irrigation equipment is used, indicate type).
Where seedlingw are raised in polythene bags, watering cans are used
twice a day, morning and evening. Canal irrigation is also practised.

4e3e4 Briefly describe the standard savanna nursery protection measures
(against pathogens, insects, animals, environmental elements),
Aldrex is used against insects. Fencee are erected against animals
and sheds are raised as environmental protection for shade.
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V. ESTABLISHMENT TECHNIGUES FCR SAVANNA PLANTATIONS
B¢l Site selection

S5elel Are detailed vegotation maps avsoilable for most savanna regions?

Yes D No E

S5ele2 Are detailed scil maps and soil survey descriptions available for most
savanna regiona? Yes [X/ Noﬁ

5«2 Land clearing and site preparation

5¢201 Briefly describe the main savanna land clearing methods used.
The annual bush fires normally leave clumps of grass which is cleared
either with hoes or cutlasses, After that the area is stumped.

5242 Briefly describe the principal site preparation teciniques used
after land clearing in the savanna. After etumping a two-disc
plough is used to make ridges on which the seedlings are planted.

5+3 Savanna planting and direct seeding,

Se3ele Is direct seeding used in savanna?  Yes /X / No
If 80, indicate for which species: Anogeissus (Nangodi

5e3+2 Indicate the most common spacings at which the main savanna plantation
gpecies are planted,
3 X 9 ft., 6 X 9 ft-

5:3:3 Give the total number of hectares of plantations established to
date in the savanna by means of taungya: - hoe
S«4 Tending of savanma plantations

S5edel Briefly describe the method and frequency of weeding
Weeding on ridges twice a year.

S«ds2 If irrigation is usged in plantations, give the area irrigated of each
species, the frequency of watering and the quantity of water applied.
There are no irrigated plantations in Ghana,

5.5 Protection of savanna plantations

5.5.1 Briefly describe protection measuree against insects, pathogens, and
animale.

There have been no known severe insect or pathogenic attacks. Limited
fencing haa been practised against animals,

5.5.2 Ie there a national fire danger rating system?

Yes/ ] No/X_7

553 Are fire breake and fire lines allowed for at the time of savanna
plantation establishment? Yes /X /  No

5¢5¢4 18 controlled (i,e. prescribed or early) burning practiced in savanna
plantations? Yos /7 No

Around plantations? Yes X/ No /7

VI. SEED ARD TREE IMPROVEMENT

6.1 1Is there a national tree seed coordinating centre? Yes E Yo C:?
6.2 1Is there a national tree seed certification system?Yes/_ /  No X7/




- 271 -
6.3 4re there facilities for storing seed at oontrolled temperatures?

Yes /z 7 10°¢ No/ ?

6.4 Indicate the main source of seed surply for the princisal covenng
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 savapna.
Indicate in parentheses the number of provenances being temted of each
gpecies,

The only species being tried at the movement ie Acacia senegml.
Seeds have been obtained from the Senegal, Mali and Ghana,

II. REFERENCE HATERIAL

List the main published sources of information on afforestation and nursery
practice in the savanna regions of your country.

Guidelines in the M,0.Ps (Manual of Procedure)

Country: IVORY COAST

I. GENERAL GEOGRAPHICAL INFCRMATION
1.1 Ares of country 322 500 km®
1.2 Leccation: longitude 02930' - 09%; latitude 04° - 119K
1.3 Population: 6 000 000 inhabitants
l.4 Wain climatic and vegetative zones

Climates: Guinea (equatorial)} and Sudan-Guinea (tropical)
Vegetations humid svergreen dense forest; humid semi-~deciduous dense {orest;
pre-forest and savanna.
I1. FORISTS AND NATIONAL FOREST POLICY
2.1 Area of high forests 156 719 ln°
2.2 Area of savanna Y 165 761 ot
2+3 Proportion of land under high forest 48,64 in savannal/ 51,44

2.4 Loes the country have a written statement of nstional foreat poliey?
Yes E Ho

2e4el IF a national forest policy exists, what are the main objectives stated in it?

Preservation of the ecclogical balance; Sustained yield of wood through manage-—
ment and reforestation.

24442 If thers is an official statement of forest policy for the savanna region,
briefly outline its main poinis.
Under study, but no particular statement for the savanna region yet.

2,5 Legislation available to implement policy Yes X7 Wo [ 7

246 Ownership of foresis and savamnna High forests davanna
Under state control 10 1004
Forest reserves 2 898 558 ha 1 300 000 ha
National parks 548 000 ha 1 175 000 ha

1/ For the purpose of thie questionnaire, ssvanna is considered as ineluding the full range
of tropical vegetation types of which grass is e significant characteristic. it 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 savarna wood-
land, savanna and steppe as described in Appendix 1 of Tree Planting Practices in
African Savannas, FAO0 Forestry Development Paper No.l9, by E.V. Laurie, 1974.




2.7 Principal foreet products from all regions {e.gs fuelwood, charcoal, sawlogs, gum,
beeswax and honey, veneerlogs, logs for sleepers, poles, piling and posts, pulpwood).

- P 3
For 1974: logs - 4 626 000 m°
sawntimber - 564 QOC v
other products - 70 600 ™
2.8 Forestry staff State Others
Professional 53 -

Subprofession (with diploma

or certificate of training)

2.9 Gross annual budget for forestry (1975) 6 031 956 USH

II1., AFFORESTATION AND REFORESTATION, GLNERAL
3.1 Areas
3ele)l Total net area l/of plantations at the end of 1974: 35 300 ha.

ket areal/of plantations in the savanna at the end of 1974: 10 000 ha,

Jela2
3.1.3 Planned annual target area of af/reforestation: 3 500 ha/year
3.1.4 Planned annual planting rate in savannasstopped after 1968

tuedtions 3,2 — H.d.2

For all practical purposes, reforestation in the savarma 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 savanna and pre-

forest zones reached a total of 19 700 ha., of which 15 400 ha, were in forest reserves and

4 300 were on village lapds, Of the 15 400 ha. of plantations in reserved land, 10 000 ha.

are still regularly looked after.

inacardium was the species most used for village plantings; on forest reserves the

following were used:

teak g 300 ha
Anacardiaum 2 350 *
Cmelina 190C »
Cagaia 175¢ n
neem and others T00 ™

The egtablishment techniques used were mechanical (in the Matiemba 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 Anacardium and 2 500 trees/ha for
most other species, For mechanized teak planting, density was 2 000/ha.

In addition to cashew nuts, fuelwood and general utility wood are produced as well
as construction timber from Gmelina and teak. Expected commercial production for 1975

from these plantations is:

firewood 16 000 steres
poles 32 000 units
stakes 11 000 units
poets 30 000 unitse

l/ Net area is the gross area of plantations minus the area in roads, rides, bu%}dinga

and other non-stocked land.
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These plantations are old enough now not to require further tending and weeding other

than fire protection and improvement cuts.

The valuable plantstionz, that is the successful onesof sufficient area, ars under
management, Exploitation is according to plans drawn up for each plantation, the total
area being 10 000 ha.

Although afforeatation in the savanna zone ceased in 1968, agrioultural industries
ere bringing rapid development to the region and management of rural space is becoming
indispensible. Concerning forests and woodlots, the permanent state forest domaine will
be conaolidated and it ie 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 typee of schemes are envisaged:

private plantations; village and commmal plantations; and afforesteiion on state- con-
trolled land.

Se5 Protection of savanna plantations

S5e5el Briefly describe protection measures against insecis, pathogens and
animals, None,

5452 I8 there a national fire danger rating system?

Yes [/ No [X]

5.5.3 Are fire breaks and fire lines allowed for at the time of savanna
plantation establishment? Yes / X 7 No

5.5.4 I8 controlled (i.e. presoribed or early) burning practiced in savanna
plantations? Yes £_—_7 No / X/

Around plantations? Yes /X / No /7

VI. $EED AND TREE IMPROVEMENT

6.1 Is there a national tree seed coordinating centre? Yes Z:::7' o 1:::7
6.2 Is there a national tree seed certification system? Yes /_/ Ne [ X/

6.3 Are there facilities for storing at controlled temperatures? Yes , 7 Ko/ X J
)

644 Indicate the main source of seed supply for the principal savenna 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 especies. Nene.
VII., REFERENCE MATERIAL

List the main published sources of information on afforestation and nursery
practice in the savarma regions of your country.

-~ BEtude de reboisement en zone de savane dans la région de Bouaké CBte d'lIvoire
(Nogent /Mlarne CIFT 1962)

Nord de la ¢81& d'Ivoire CTFT 1961 (La Mensbruge)

le développement &conomique de 1'Afrique, Abidjan les 5 - 12 Avril 1968 (G. de la
Rensbruge

Les expériences de reconstitution de la savane boisée en (8te d'Ivoire
(Bois fer-Trop. 1953 Noa.32
Résultats 4'expérience forestidres entreprises & Bouaké (Nogent/Harne CITFT 1942},

La protection des sols et la restauration forestidre dans les régione de savane du

Les Kssences de reboisement en savane: collogue sur les Priorités de la recherche dans
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Country: KINYA

I. GENERAL GEOGRAPHICAL INFORMATION
1,1 Area of country 569 252 km‘
1e2 Location: longitude 34°0' - 43°50'E;latitude S5U - 4°%0°'s
1.3 Population: 13 000 000 inhabitants
l.4 Main climate and vegetative zones

i, Afro-Alpine: Moorland and Graseland

ii, Humid-Dry Humid: PForests and derived grasslands
1ii.Dry sub-immid - Semi-Arid: Woodland — sooded Grasaland
ive Arid - very Arid: Dry Woodland and Grasgland

II., FORESTS AND NATIONAL FOREST POLICY
2.1 Area of high forests 17 O77 km°
2.2 hrea of savanna & 405 343 km@
2.3 Proportion of land under high forest 3%; in savannal/?O%
24 Does the cozgf;y have & written statement of national forest policy?

Yen No E

2eds1 1If a national forest poliby exists, what are the main objectives stated
in it? To manage forests, develop and control foresiry for the greatest
common good of alls. Objectives include Reservation of land for Forest,

protection and management of forests, conservation, provision of timber
and other forest producis.

24442 1If there is an official statement of forest policy for the savanna region,
briefly cutline its main points.
The Savanna regions are mainly under Private Ownership. Farm Woodlots
and Afforestation are encouraged through a Rural Afforesation Scheme
covering most of the country.

245 Legislation available to implement policy Yes /_/ No [X/

2.6 Ownership of forests and savanna High Forests Savanna
Under state control oo.o-oc% oaocc-%
Private ownership aew l..i?‘" “ew .oo%
Community ownership canen ..% ccaoco?‘é
Ko effective control .....o.% ...0..?‘"—'

1/ For the purpose of this questionnaire, savanna is considered as including the full range
of tropical vegetation types of which grass is a significant characteristic. At one end
of the spectrum, closed forest and thickets are excluded; at the other end deseri is
excluded. Beiween these extremes, savanna comprises the various types of savanna wood—
land, savanna and steppe as described in Appendix 1 of Tree Planiing Practices in
African Savamnas, FAO Forestry Development Paper No.19, by M.V. Laurie, 1974.
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2.7 Principal forest products from all regions (e,g. fuelwood, charcoal, sawlogs, gum,
beeswax and honey, veneerlogs, loge for eleepers, poles, piling and posts, pulp-

wood )
Sawlogs, pulpwood, fuelwood, veneer logs, poles, piling and posts, gum,

2.8 Porestry staff State Others
Professional At least B.So. 45 -
Subprofessional
(ﬁtﬁeﬁﬁiﬁu Diploma 140 200 Certificate
of training)

29 OGross anmual budget for forestry -~ US$

I:Y. AFFORESTATION AND REFORESTATION, GENERAL

3,1 Area i/

3s1s1 Total net1 ea~ of plantations at the end of 1974:104 080 ha

3el.2 Net area of plantations in the savamna at the end of 1974 : RIL
3.1.3 Planned annual target area of af/reforestation:4 570 ha/year

3.1.4 Flanned annual planting rate in savamna: NIL

3.2 Organization and administration of savanna planting schemes

3.2.1 State forest services -

30242 Others (aspecify):
Rural afforestation covers moet districts in Kenya

3.2 Intended principal end use (e.g. sawtimber, posts and poles, pulpwoed, fuelwood,
protection, etc.), species, growth and rotation of major savanna plantations,

Mean annual

. ' increment (u.b,)
End use Species Net area (ha) Rotation (Yrs) g rotation age
m>/ha/yr)
[T X 3 N2 N] akraes RN EDD *IERBARSE ABFNADERAERS
dE0000 8 aeke ks [ R AR R RN} [ R AT RN DN [ E N RN NN N L)
[ EE R E XN J [ R XN N J I E R 2 XX K] [ EE RN E N EN] L E R N N ERDNENNDNNEZE]

IV. SAVANNA NURSERY PRACTICE
4.1 HNursery iypes and capacities

4.1.1, What is the total annual production capacity of existing permanent
gavanna Nurseries? sseeeeses plants,

4.,1,2 What is the actual amual production {average from last 3 years)
from permanent savanna nurseries?,.sessssplants,

1/ Net area is the grosa area of plantations minus the area in roads, rides, buildings and
other non-stocked land.
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1

dele3 What is the annual production {average from last 3 years) from temporary
gavamna nurseriea? seeeessss plante

442 Planting etock
4.2.1 Indicate the main types of planting stock (bare-rooted transplants,

gtumps, container stock, etc.) raised for th: principal savenna
plantation speciea,

Spaciea‘ Pype of stock

PERRIARRITERPD

BN AR SR N ARENDNER)

XA RN AR RS ) deteisndeentads

SEAPERRA BN O [ R R R ENNE NN DENN)
44242 If containers are used, state type (poljthene tubes or pots, "jiffy pots",

etc,) and give dimensions (lay flat for polythens).
Polythene tubes,

de2¢3 Give avera:ge size (height) of savanna outplenting stock and length
of time (weeks) required to raise it in the nursery,

Species Cutplanting size Weeks in nursery
SRESPRFRIIRNEN AR BERENERSIOERN (R A XN R NN REN]
LA N ER LR RN N [ EZ N ARENRSERRNREN) [ER X ER YRR ELD ]
[ R AR ER X B ERXKR) [ AR N ERE SR N ERNNENR] [EAE RSN RN R NN
[ B RN AR RRREDNN) [EA N L RREREDRNENLERSESNDN.] (EX IR RN RE NN ]

4.3 Savanna nursery methods

4¢3s1 Briefly describe the sowing methods usad in savenna nurseries (bed
sowing, pricking out, direct sowing into containers, etc, )
1) Bedsowing and pricking out into containers.
2) Bedsowing and pricking out into boxes.

4.3¢2 Briefly describe the soil mixtures and fertilizers (and quantities)
“Bed...."'....I.....l...lll.l..l!".'.‘...........C.....‘...I.t..ll
T ey xR SRR R RN R NN R R N AR RS RN R RN LR
4+3¢) Briefly describe savanna nursery watering methods and schedules
(If mechanical irrigation equipment is used, indicate type)
T s ey sy ey ey e N R RN RS RS RN N R RN RS R R AR L AR S0 RLN)
T I ey yrr xx a a xe  rar R SR N R R DR AR E S R E R R E S R LN N
4+3e4 Briefly describe the standard savanna nursery protection measures
(against pathogens, insects, animals, environmental elements),
T A s e P E R R SR N R R N R SR AR R R AR N AR A B R B LR 0

R Iy ey e N R A RN SRR R R R RS RN R R R R AN A R AR AR AN AR

V. ESTABLISHMENT TECHNIQUES FOR SAVANNA PLANTATIONS
5¢1 Site selection

5.1.1 Are detailed vegetation maps available for most savanna regions?

Yen D No E

S5el.2 Are detailed soil maps and soil_survey descriptions available for
most savanna regions? Yes E Noé

52 Land clearing and site preparation

5e2s1 Briefly describe the main savanna land clearing methods used

Yl e e R R N N R SRR R RN R AR R R R L

Tl ey s s Y RN RN R R RN R AR R AR R R N AR AR A Rt
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54242 Briefly deacribe the principal site preparation techniques used
after land clearing in the savamms,

YIS XXX IR IR NN R IR SRR RN L AR L R AR AR R ARl )l

XTSI NSY SRR SR SRR ARR AR R AR AR R AR AR REL AR LR AR LR RRRLNES)

5.3 Savanna planting and direct seeding

5.3,1 I8 direct seeding used in savanna Yes /__/ No /X /
If 80, indicate for which BpecieBesessessssssnsosccnsss

5+3.2 Indicate the most common spacings at which the mein savanna plantation
gpecies are planted.

2.5 m x 2,75 m

Se3e3 Give the total number of hectares of plantations established to
" date in the savanna by means of taungyaeesssess ha

5.4 Tending of savanna plantetions
5¢4+1 Briefly describe the method and frequency of weeding.

S5e4+2 If irrigation ia 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 deseribe protection measures against insects, pathogens
and animals,.

A R N RN R RN E R R SRR N RSN RN AR DA SRR AR R0/

[TXTEFFEYREN RN YN SNNRRESRSRRRR SN RRRN RS SRR R LR RS E AN E L LR R R ERE)

£.5.2 Is there a national fire danger rating system?
Yea /7 Yo [X7

54503 Are fire breake and fire lines allowed for at the time of
savanna plantation establishment? Yes [D No

5«54 1Is controlled (i.e. prescribed or early) burning practiced in
savanna plantations? Yes Et%p

Around plantations? Yes [_‘x_‘?
VI. SEED AND TREE IMPROVEMENT
6.1 Is there a national tree seed coordinating centre? Yes /K /7 No [/
6.2 Is there a national tree seed certification system? Yes /X / Mo /_/

6.3 Are there facilities for storing seed at controlled temperatures?
Yes E No

6e4 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 apecies being tested in comparative trials in the savanna, Indicate
in parenthesea the number of provenances being tested of each species.
Bucalyptus tereticornis, saligna, camaldulensis
Pinus caribaea,oocarpa, kesiys

VII, REFERENCE MATERIAL

List the main published sources of information on afforesiation and nursery
practice in the savamme regions of your country.

Technical notes, published for Depariment use.

Technical Orders, prescriptions published for the Department.

Porest Bulletine - cccasional publications.
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Country: SENEGAL

GENERAL GEOGRAPHICAL JNFORMATION

1.1 Area of country 220 000 km°

1,2 Looation: longitude 11°02' — 17°32 Ww; latitude 12°18' - 16°41'N
1.3 Population: 4 320 000 inhabitants

l.4 Main climstic and vegetative zones

a) Sahel - Senegal climate, b} coastal Sahel — Senegal climate, c) Sahel ~ sahara
climate, d) sahel-Sudan climate, e) Guinea climate. Vegetation types employing
the same names corresponding to these climatic types.

FORESTS AND NATIONAL FOREST POLICY

2el Area of high forests 500 km°

2.2 Area of savanne ¥/ 110 000 kn?

2.3 Proportion of land undey high forest 0.,27%; in savanna yGO%

244 Does the coun:%have a written statement of national forest policy?

Yes No /7

2e4.1 If a national forest policy exists, what are the main objectives stated
in 417
a) Manage forest exploitation in the short run for the production of
fuelwood, general utility wood and construction timber;
b; Enrich the forest domain by introducing high value exotic species;
c¢) Promote the protection of nature and wildlife conservation.

2¢4+2 If there ie an official statement of forest policy for the savanna
region, briefly outline its main points,
Same as 2,41 above

2.5 Legislation available to implement policy Yes X/ No [/

1/ For the purpose of this questionnaire, savanna is considered as including the full range

of tropical vegetation types of which grass is a significant characteristic. At one end
of the spectrum, closed forest and thickets are excluded; at the other end , desert is
excluded., Between these extremes, savanna comprises the various types of savanna wood-
land, savenna and steppe as described in Appendix 1 of Tree Planting Practices in

African Savannas, FAQ Foreatry Development Paper No.l9, by M.V, Laurie, 1974.
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2.4 twmership of forests and savanna High forests Savanna
Under state control 100% 100%
Private ownership - -
Commmity ownership - -

No effective control - -

2,7 Principal forest products from all regions (e.ge. fuelwood, charcoal, sawlogs,
gum, beeswax and honey, veneerlogs, logs for sleepers, poles, piling and
poste, pulpwood),

Sawnwood, comstruction timbers, veneer, stakes, props, poles, posts, and
artipan wood.

2,8 Foreatry staff State Others
Profeseional 4 -
Subprofessional (withk diploma
or certificate of training) 208 -

2.9 Gross annual budget for forestry 1 260 870 US§

IIT. AFFORESTATION AND REFORESTATION, GENERAL

321 Areas
3.1.1 Total net a.real/of plantations at the end of 1974: - ha
3.,1,2 Net area l/ of plantations in the savanna at the end of 1974t= ha
3.1e3 Plammed annual target area of af/reforestationi~ ha/year
3elsd Planned annual planting rate in savanna:l 700 ha/year
3.2 Organization and administration of savanna planting schemes
3+2.1 State forest services 100%

3e2.2 Others (specify

3e3 Intended prinecipal end use (e.g. pawtimber, posts and poles, pulpwood,

fuel wood, protection, etc.), species, growth and rotation of major

savanna plentations. ¥esn annual

End use Species Net area.(ha)y Rotation years ;:c;::l::}_oﬁu;g;)
(w3 /ha/yr)

Construction teak 2133 5080 -
tiober

Sawtimber end Gmelina 1 266 20-25 -
veneer

Charcoal eucalypts - - -
Protection

stands Casuarims 3 200 8-10 -
General utility

wood Casuarina 1 900 8-15 15

lLine plantings neem - -~ -
vwindbreaks Anacardium 6 200 - -

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 PRACTICE
4.1 Nursery types and capacitiea

4elal What is the total annual capacity of exisfing permanent savanna
nurseries? 3 = 4 000 000 planta

de1.2 What ia the sctual amnual production (average from last 3 years)
from permanent savanna nurseries? 3 000 000 plants,

Aels3 What is the annual production (average from last 3 years) from
temporary eavanna nurseries? 500 000 planta.

4,2 Planting stock

4.2,1 Indicate the main types of planting stock {bare-rooted transplants,
stumpe, container stock, etc.) raised for the principal savanna plantation

apecies.
Species Type of stock
teak stumps
Cmelina “atriplings
neem bare-root
Capuarina polythene tubes
eucalypta polythene tubes

442,2 If containers are used, state type (polythene tubes or pots, "jiffy pots",
etc,) and give dimensions (lay flat for polythene).
Polythene pots 8 - 10 om diameter and 25 cm long are used for some species
{eucalypts and Casuarinpa)

44243 Give average size (height) of savamnna outplanting stock and length of time
(weeks) required to raise it in the mursery,

Species Outplanting size Weeks in nursery
teak etumps 82 = 104
Gmelina striplings or stumps 52
eucalypts 60 com 17
Casuarina 60 cm 25
Helaleuca 40 cm 25

443 Savanna nursery methods

4+3.1 Briefly describe the sowing methods used in savanna nurseries( bed sowing,
pricking out, direct sowing into containers, etc.).
Teak, Gmelina and neem are sown in seedbeds; Casuarina, eucalypts , Mela-
leuca and Acacia albida and A. genegal are direct sown into tubes,

4.342 Briefly describe the soil mixtures and fertilizers (and guantities) used.
The quantities of fertilizers and soil mixture are not the same for all
s0ils, some of which are rich with a high ms content while others are
poor and sendy or clayey. For Casuarina in sandy soil 1 kg of NPK
fertilizer is used per m3 of soil,

4.3.3 Briefly deacribe savanna nursery watering methods and schedules (If
mechanicael irrigation equipment is used, indicate type). -

4+3¢4 Briefly describe the standard sevanna nursery protection measures (against
pathogens, insects, animals, environmental elements).
Protection methods againet pathogens, insects and animals are almost zlways
the same - lnowledge of use of baits, anticoagulants and antiseptic products
against rodents; ineecticides dieldrin and BHC against termites; erecting
fences against animals; and fire protection and surveillance,
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ESTABLISHMENT TECHNIQUES POR SAVANNA PLANTATIONS

Sel

5e2

5e3

Sed

Site selection

Selsl Are detailed vegetation maps available for most savamna regions?
Yes [ X/ Ko

Sela2 Are detailed soil meps and soil survey descriptions available for most
savanna regions? Yes /X /  No

Land clearing and site preparation

5¢2.1 Briefly describe the main savanna land clearing methods used.
The principal land clear method ie manual and occasionally mechanical,
Agri-silviculture (taungya)} is often practised, with farmers aiding
in the land eclearing, burning, planting, protection and weeding. This
method is generally used for planting teak and Omelina {with mountain
rica; Anacardium (with milletg and Acacia albida (with millet and ground-
nuta ).

5422 Briefly describe the principal site preparation techniques used after land
clearing in the savanna,
Where rainfall is greater than 1100 mm, normal planting holes are prepared.
In drier regions, large holes and sub-soiling are used, On dunes fertilizers
are needed if the scil ia poor.

Savanna planting and direct geeding

5«3s1 Ie direct eeeding used in savanna? Yes /X / No
If so, indicate for which species:Anacardium occidentale, teak and
Gmelina

5e3s2 Indicate the most common spacings at which the main savanna plantation
species are planid.
teak: 2.5 x 2,5 n eucalypte: 3 x 3 m Anacardium: 10 x 10 m
Gmelinat 2.5 x 2.5 m Acaciat 4 x4 m

Se3e3 Give the total number of hectares of plantetions established to date in the
savenna by means of tammgya: 12 000 ha,

Tending of savanna plantations

Sedel Briefly describe the method and frequency of weeding, wWeeding is usually
manual and is required only once after the winter and rarely in the dry
season. Watering every two days during the first dry season is not alweyse
done,

5.4.2 If irrigation ie used in plantations, give the ares irrifated of each species,
the frequency of watering and the quantity of water applied, Irrigation is
not used,

Protection of savanna plantations

S¢5.1 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,

5¢5.2 Ia there a national fire danger rating system?
Yen E No

5¢5¢3 Are fire breaks and fipve lines allowed for at the time of savanna
plantation establishment? Yes /X / No
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5¢5¢4 I8 controlled {i.e, prescrited or eariy) burning precticed in savanna
plantations? Yea No é

Around plantations? Yes [/ / No X7
S5

SEED AND TRER IMPROVEMENT
6.1 1Ie there a national tree seed coordinating centre? Yes /_/ No [XJ

6.2 Is there a national tree seed certification system? Yes /X / No D
6.3 Are there facilities for storing Beed at controlled temperatures?

YTes D No

6e4 Indicate the main sources of seed supply for the principal savanna

plantation species., Sufficient supplies of teak, Casuarina, eucalypts and,
after 1976 Gmelina, seed is available locally,

6¢5 lipt the speciee being tested in comparative trials in the savapna. Indicate

Vii.

in paretheses the number of provenances being teated of each species,
Eucalyptue camaldulensis (100 Australian scurces)
Melaleuca sp. (8 provensnces) among which the best are from Casamance),

REFERENCE MATERIAL

List the main published sources of information on afforestation and nursery
practice in the savanne regions of your country.

"L'arbre dans le paysage sénégalais: sylviculture en zone tropicale sdche"
by P.l. Giffard, CTFF, 1974.




- 283 -

Gountry: SUDAN
I GENERAL. GEOGRAPHICAL TNFORMATION
1.1 Area of country 2 506 800 im?
1.2 Locationt longitude z22 E - 37 Ej;latitude 4 - €2 F
1.3 Populaticn: 16 000 000 inhabitants
1.4 Main climatic and vegetative zones
(i) Desert (i1) Semi-desert

(iii} Low rainfall savamna (iv) High rainfall
Savanna (v) Montane vegetation (vi} Flood region

I1. FORESTS AND NATIONAL FOREST POLICY
241 Area of hlgh fOi'jBta ...O.l./'l...lllmz
22 Area of savanna 445 000 Ym@

Y

2.3 Proportion of land under high forest ssese/seased; in savanna  40%
Z2+4 Does the country have a written statement of national forest pelicy®
Yes Z::? No Z::7
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.

2e4e2 1If 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 fcorests (iii) prohibit
overgrazing, overfelling and fires (iv) opening of fire lines

(v) Establishment of shelterbelts (2-4%) in every agricultural scheme.

2+5 Legislation available to implement policy Yes E Ko D
2.6 Ownership of forests and savanna
High forests Javanmna
Under state control 100% 100%
Private ownership - -
Community ownership - -
No effective control - -

1/ For the purpose of this questionnaire, savanna is considered as including the full range
of tropical vegetation types of which grass ie a significant characteristic. At one end
of the spectrum, closed forest and thickets are excluded; at the other end, desert is
excluded, Betwean these extremes, sevamma comprises the various types of savanna woodland,
savanne and steppe as decribed in Appendix 1 of Tree Planting Practices in African Savannas,
FAO Forestry Development paper No.l9, by M.V. Laurie, 1974.
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2.7 Principal forest products from all regions (e.g. fuelwood, charcoal, sawlogs, gum,
Leeewny and honey, veneeriogs, logs for eleepers, poles, piling and posts, pulpuwood),
Sawn timber, fuelwood, charcocal, gums, beeswax, honey, poles,

2.8 Forestry staff State Others
Professional 38 -
Subprofessional
(with diploma

or certificate 211 =
of training)

2.9 Gross ammual budget for forestry 2,500,000 US$

II1, AFFORESTATION AND REFORESTATION GENERAL

3.1 Aroans
3.1.1 Total net area y of plantations at the end of 1974 119735 ha.
34142 Net area 1/ of plantations in the savanna at the end of 19748 100352 ha
3¢1.3 Planned annual target area of af/reforestation:10,000 ha/yr

3.1,4 Planned annual planting rate in savannag 20,000 ha/yr
342 Organization and administration of savanna planting achemes

3e2.1 State foreat services 100%

3422 Others (apacify) %

3.3 Intended principal end use (e.g. sawtimber, posts and poles, pulpwood,fuelweod, protection,
etc, ), species, growih and rotation of major savanna plantations,

Mean annual increment
(u.b.) at rotation age

End use Species Net area ha]'/ Rotation {yrs) ' m3 /na/yr
Fuelwood A. nilotica 29117 30 - 35 -
Fuelwood A. mellifera 1600 - -
Gum arabic A. senegal 36554 25 = 30 -
Post+poles Buc. sppe 9860 8-10 -
Sawn Timber Tectona grandis 9690 80 -
Protection Progopis chilengis - - -

IV. SAVANNA NURSERY PRACTICE

441 Nursery typee and capacities
4elel What is the total annual production capacity of existiing savanna nurseries?
6 000 000 plants.
41,2 What is the actual annual production (average from last 3 years) from permanent
savamna nurseries? 2 586 251 plants

1/ Wet ares is the gross area of plantations minus the area in roads, rides, buildings and
other non-stocked land,
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4¢ls3 What is the annual production {average from last 3 ysars) from temporary savanna
nurseries? - Flants.

Planting stock

4+2,1 Indicate the main types of planting stock {bare-rooted iransplants, stumps,
container stock, etc,) raised for the principal savanna plamtation species,

Species Type of stock
A+ Benegal Container stock
Ae nilotica —_
Tectona grandis Stumps
Eucalyptus sp. Container stock

4422 1If containers are used, state type (polythene tubes or pots, "jiffy pots",
stc.) and give dimensions (lay flat for polythene). Polythene tubes 10 cm
x 20 o

4.2+3 Give average size (height) of savanna outplanting stock and length of
time (weeka) required to reise it in the nursery,

Species Cutplanting size Weeks in nursery
Ence Sppe - 30 em 3z
Tectona grandis 8 om 40
A + Benegal 20 em 40

Savanna nursery methods
4e3¢l Briefly describe the sowing methods used in savenna nurseries {bed sowing,
pricking out, direct sowing into containers, ¢tc.) Bed sowing is used for
propuring teak atumps, Seedlings are transplanted directly after permination
into raised beds 20 cm apart and after 4D weeke stumps are planted out.
Eucalypt seeds are also sown into beds and then transplanted into tubes.
Other speciem are already sown into containers,

44342 Briefly describe the soil mixtures and fertilizers (and quantities) used.
So0il mixture is prepared by mixing sand and loamy Soil in the ratic of 2:l.
Pertilizers are not generally uesedj sometimes farm yard manure is added if deemed
necessary.

44343 Briefly describe savamna nursery watering methods and schedules (If mechanical
irrigation equipment is weed, indicate type).
1) Spraying transplents once daily.
2} Flooding once (1 - 5 days)

3) Rain nurseries (mainly in the South)

443¢4 Briefly describe the standard savanna nursery protection measures (against
pathogens, insects, animals, environmental elements),

1) Insecticides (o.g. Dieldrin)are used againet insecte,
2) Thorn, barbed wire enclosures are used against animals and rodents,
}) Shelterbelts are used in exposed areas,

ESTASLISHMENT TECHNIGUES FOR SAVANNA PLANTATIONS
el Site selection

5s1.1 Are detailed vegetation maps available for most savanna regions?
Yos /X / No

5«12 idre detailed soil maps and eoil survey descriptions available for most
savanna regions? Yes /X / No

5s2 Land clearing and site preparation

5s2e1l Briefly describe the main savanna land clearing methods used.
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(1) Mechanical clearance ( in mechanised crop production schemes)followed
by fire.
(i1i) Aze ~ felling.

5e242 Briefly describe the principal site preparation techniquee used after land
clearing in the savanna,

(i) Soil working by ploughing,.
(ii) Ridge and furrow,

543 GSavanna planting and direct seeding
He3el Is direct meeding used in savamima? Yes

S

Ne [/ 7

;

If 80, indicate for which species: Acacia nilotica

5+3¢2 Indicate the most common spacings at which the main savanna plantation species
are planted, € M X 3 m - Acacia senegal: 4 m x 4 m — Acacia mellifera: 4 mx 4 m

54343 Give the total number of hectares of plantations established to date in the
gavanna by means of taungya: 40 000 ha

5«4 Tending of savanna plantations

Se4al 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
ie carried out in the third year.

5e4e2 If irrigation ie used in plantations, give the area irrigated of each species,
the frameancy of watering and the gquantite of water annlied,

BEucalypts 30 GOC ha
Frequency fortnightly
Quantity 10 000 cu,m,/ha (approx.)

5¢5 Protection of savanna plantations

5e5¢2 Is there a national fire danger rating system?
Yes [ ¥o [X7

5+5¢3 Are fire breaks and fire lines allowed for at the time of savanna plantation
establishment? Yes E No

5«5+4 Is controlled {i.e, prescribed or early) burning practiced in savanna
plantations? Yas E No

Around plantations? Yes E Ho D

Vi. SEED.. AND TREE IMPROVEMENT

6.l Is there a national tree seed coordinating centre? Yes D No /K 7

642 Is there & national tree seed certification system® Yes /X No /7

6+3 Are there facilities for storing seed at controlled tsmperatures? Yes E Ko D

6.4 Indicate the main scurces of seed supply for the principal savanna plantation species,
Locally collected from mother irees.

6.5 List the species being tested in comparative trials in the savenna. Indicate in parenw
theses the number of provenances being tested of each species,

i) Bucalyptus hybrid (Mysore)
1i) Acacia senegal (selaoted seeds from high yielding trees),
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VII. REFERENCE MATERIAL

L.

I1.

List the main published sources of information on afforestation and nursery practice
in the savamna regions of your country,

i) Badi, K.H. (1972) Afforestation in the clay plains of Kagsala province, For.
new series No,13

ii) Booth, Gade (155) Afforestation in Dueim Range while Nile 3uden Silve No,l,

iii) Poggie, 4. (1966) Forestry and forestry policy in the Cezera area,F40, KTAP
Rep- Scudan Govt.

iv) Khan, M.A.W. (1966) Improved methods and devices in nursery practice, UNDP
for Res. Ed pro Sudan 28, )

Country: TOGO
GENERAL_GEOCRAPHICAL INFORMATION
1.1 Area of country 56 000 kn®
1e2 Location: longitude 0° - 1°0'k; latitude 06° - 11°n
1.3 Population: 2 000 OO0 inhabitante

lo4 Main climatic and vegetative zones: a) Guines climate in the south, corresponding
to relatively dense tree savanna with some forest relics; L) Sudan climale ir ihe
north, with tree and shrub savanna, savanna woodlands and steppes; c) hguatcrial
climate in mountainous regions, with dry, dense Fforest formations and montane tvan
GV clllitye

FORESTS AND NATIONAL FOREST POLICY
2.1 Area of high forests 1 680 fn®
2.2 Area of savanna y 21 280 kn®
2¢3 Proportion of land under high forest 3%; in savanna Y 365
2.4 Does the country have a written statement of national lorest policy?
Yes /X7 No
2e4.1 If a national forest policy exists, what are the main objectives stated
in it? Immediate objectives: Repulate the flow of fuelwood and gepners]
utility wood from the main supply centres; Short term objectives{10 - 1%
years): a) establish plantations of fast-growing species; h) manage and
exploit some forest blocks in order to reduce imports; Ledium and long term
objectives: supply wood from nlantations to processing industries beneficizl
%o the country.
2ede2 If there is an official statement of forest policy for the savanna reginn,
briefly outline its main points. The above omtlined pelicy is implemented
on 80% of the savanna area with an annual rainfall of 1000-1:00 wme In the
north, in grass savanna and in denuded zones, the policy is still under study.
2.5 Legislation available to implement policy Yes /X / Yo [T

17 For the purﬁose of thia questionnaire, savenna is considered as including the full range of

tropical vegetation types of which grass is a asignificant characteristic. At one end of the
spectrum, closed forest and thickets are excluded; at the cther end, desert is excluded,
Between these exiremes, savanna comprises the various types of savanna woodland, savanna
and ateppe as described in Appendix 1 of Tree Plenting Practices in African Javannas,

FAQ Porestry Development Paper No.19, by H,V. Laurie, 1974.
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2+6 Ownership of forests and savanna

Ownership of the 430 000 ha of officially claseified forests in the savanna
and high forest regions ie not yet determined,

2.7 Prinoipal forest producis from 2ll regions (e.g. fuelwood, charcoal, sawlogs,
gum, beeswax and honey, veneerlogs, logs for sleepsrs, poles, piling and posts,
pulpwood)}, PFuelwood, sawkimber, sleepers, posts, piling, gum, besawax and honey.

2.8 Porestry staff State Others
Profassional 11 -
Sub-professional (with diploma or

certificate of training) 42 -
2,9 Gross annual budget for forestry - Usg

I11. AFFORESTATION AND REFORESTATION, GENERAL

3el Areas 1/
3elsl Total net area =/ of plantations at the end of 1974z 5 500 ha

3els2 Net ares l/of plantations in the savanna at the end of 1974t 4 500 ha
3ele3 Planned annual target area of af/reforestation:l 000 ha/yr

3¢le4 Planned annual planting rate in savanna:600 ha/year
342 Orgenisation and adminietwaticn of savonna planting sviemes

3.2.,1 State forest services 100 %

34242 Others (specify). Private plantations are rare.

3.3 Intended principal end use (e.g, sawtimber, posts and poles, pulpwood, fuelwood,
protection, etc.) species, growth and rotation of major savanna plantations,

Fean snnual

End nse Species Net area Lha)if Rotation{Yrs) ;:czsgzgzoﬁuéz;)
(m>/a/yr)
firewood eucalypts 00 10-12 -
general utility teak ;
sawtimber Terminalia 700 20-50 -
veneer Cedrala g

IVe SAVANNA NURSERY PRACTICL
4s]1 Nursery types and capacities

4+.1s1 What is the total annual production capacity of existing permaneni savanna
nurseries? 1 500 000 plants

44,1,2 What is the actual annual production (average from last 3 years) from
permanent savanna nurserieg? 500 GCO plants,

4.1.3 Whet is the amnuel production (avepage fror last 3 years) from temporary
savanna nurseries? 500 000 plants

_1/ Net area is the gross area of plantations minue {the area in roads, rides, buildings
and other non-stocked land,
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442 Planting stock

4.2,1 Indicate the mairn types of planting stock (bare-rooted transplants,
stumps, container stock, 2tc,) raised for the principal savanns
plantation species,

Species Tvype of stock
eucalypts polythene pots
teak shumps
gmelina stumps
Cedrels stumps

442.2 1f containers are used, state type (polythene tubes or pots,
"jiffy pots", etc.) and give dimensions (ley flat for polythene),
Polythere pots: 25 cm long, 8 - 10 om dismeter

4+2¢3 Give average size (height) of savanne cutplanting stuck and length
of time (weeks) required to raise it in the nursery,

Species Outplanting sizs wizeks il nursery
sucalypts Ze5 =~ 5 cm* 12 - 15
Cedrela 5 =10 cm* 20 - 24
Ginslina 5 — 1G cm* 20 -~ 24

-

a0 ~ e AR T T
el NHavaiuia DURATY MOV S0

4e3.1 Briefly describe the sowing methods used in savanne nurseries (hed
sowing, pricking out, direct sowing into containers, =tc.)
Soving is into plastic or gelvanised frames of 2 00Q cm” arer, seed-
beds, or for teak stumps into prepared open beds, Pricking-out is acne
into pelythene pots or beds,

4s3e2 Briefly desoribe the soil mirtures and fertilisers (and quantities)
used: Soil mixture is composed of 50% fluvial sand and 50% earth or
sifted humus, Fertilisers are not used,

4¢3+3 Briefly describe savanna nursery watering methods and schedules (If
mechanical irrigation equipment is used, indicate type): Pramed beds
are mist irrigated; watering cans are used for other beds,

443.4 Briefly describe the standard savanna nursery protection measures (against
pathogens, insects, animals, environmental elements)s For eucalypts, the
soil/sand mixture is steam Sterilised on metal sheets and sifted.

V. ESTABLISHMINT THCHNIGUES FOR SAVANMA PLANTATIONS
51 Bite selection

S5+lsl Are detailed vegetation maps available for most savanna regions?
Yes D No

5142 Are detailed goil maps and so0il survey descriptions available for
most savanna regions? Yes E Ko h

5.2 Land clearing and site prepsration

¥ pricking-out size
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Briefly describe the main savanna land clearing methods used,

a) Manual clearing by eliminating understorey plants and the
herbaceous cover follovwed by windrowing; b) Mechanical
clearing using crawler tractors with or without windrowing,
Note: CGharcoaling is practised in sowm= areag in conjunction
with clearing

Briefly describe the principsl site preparation techniques used after land
clearing in the savanna: Some mechanically cleared areas to be planted
are worked with a heavy plough (Rome) pulled by a D-6 tractor; others

are turned with a Massey-Ferguson and a 3-disc plough; while on lands

to be planted by local people, traditional methods of cultivation are
used,

Savanna planting and direct seeding

Se3al

5e3e2

S5e3ed

Ie direct seeding ueed in savanna? Yes _D No E
If so, indicate for which species, -

Indicate the most common spacings at which the main sevanna plantation
species are planted. -

Give the total number of hectares of plantations established to
date in the savanna by means of taungya: about 5 000 ha

Tending of savanna plantations

5-401

Bede2

Briefly describe the method and frequency of weeding: a) Clean weeding
manually by hoe and machete twice a year for the first two yeara following
establishment; b) Mechanical clean weeding with a rotavator twice a year
in some etands,

If irrigation is used in plantations, give the area irrigated of each
species, the frequency of watering and the gquanlity of water applied.
Nene

Protection of savanna plantatione

S5e9e1

He5e2
5053

54544

Briefly describe protection measures against insects, pathogens and
animals: HNone

Is there a national fire danger system? Yes /[ _/ No [ X/

Are fire breaks and fire lines allowed for at the time of savanna

plantation establishment? Yes /X / lo

Is controlled (i.e, prescribed or early) burning practiced in savanna
plantations? Yes Ko

Around plantatione? Yes Yo

SEED AND TREE IMPROVEMENT

6el Is there a national tree seed coordinating centre * Yes /X / No [ 7
6.2 Is there a national tree seed certification system? Yes /X No [/ 7

6.3 Are there facilities for storing seed at controlled temperatures?
Yes

No

6.4 Indicate the main sources of seed supply for the principal savanna
plantation species. Ghana, Nigoria, Venezuela, France, Costa Rica,

Australia and local stands,
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6.9 List the species being tested in comparative trials in the savamna.
Indicate in parentheses the number of provenances being tested of each

gpeciea.

Af'zelia africana Cedrela cdorata Ee.citricdora Khaya grandifoliola
Anogeissus leiocarpus Ceiba pentandra E. ferruginea K. senegalensis
Anthocephalus cadamba Cordia alliodora E, grandis Ptorccarpus angolensis
Araucaria cunninghamii  Dalbergia ep. E. microtheca Sterculia foetida
Azadirachta indica Erythrophleum guineense E, nesophila Tectona grandis
Callitris intratropica PFucalyptus alba E. robusta Triplechiton aclercxylon
Calophyllum sp. Es brassii E, tereticornis
Casuarina equisetifolia E. cameldulensis E. torelliana
REFERENCE MATERYAL

List the main published sources of information on afforestation and nursery

practice in the savanna regione of your country, -

Gountry: UGANDA

I, GEN.RAL GROCRAPHICAL INIPORBATICN

1.1 Area of country 235 890 Ilm®
1.2 Location: longitude 29°3U‘ —_ 3500 latitude, 1030' 3 — A%orth
1,3 Population: 10 willion inhabitants

1.4 Main climetic and vegetative zones: (1) Closed forest (&) Open forest and

grass land (3) Steppe end grassland, Tropicel climate with Z peaks pattern
rainfall April/Hay and October/Movember,

1I. FORKSTS ANV NATIONAL FOREST POLICY

1

Zel area of high forests 6 323 kmz
Ze? Area of savanna 1 1473 ki

Ze3 Proportion of  land under high forest 41%; in saganna Y L%

2+4 Does the country have a written statement of national forest policy? Yes 127 Ke [:7

244el If a nat.onal forest policy exists, what are the main cbjectives stated in
it? (1) To reserve adequate land as forest estate so as to ensure a) a
sugtained production of timber and other forest products for the needs of the
countr; and export, b) Protection of water catchments, soil, wildlife and -
amenity of landj (2) To develop that estate so as to obtain maximum economic
returns to the country; {3) To ensure efficient conversion of wood and wood
products so as to reduce waste; (4) Help people and organisations to grow :nd
protect their own treesy 5) Education of the public to the role of forestry
and forest industries.

2¢44¢ If there is an official statement of forest policy for the savanna region,
briefly outline its main points, Not officially stated but understood to be
(1) Bstablishment of forest plantations, both softwoods and eucalypts, for
building poles and fuel. (2) As in (1) above, i.e. protection soil, wildlife
and amenity of land,
2¢5 Legislation available to implement policy Yen [::7 No [::7

For the purpose of thie questionnaire, savanna is corsidered 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 zre excluded; at the other end, desert is
excluded. Between these extremes, savanna comprises the various types of savanna woodland,
savanna and steppe as described in Appendix 1 of Tree Planting Practices in African
Savannas, FAO Forestry Developmeni Paper No,19, by M,V. Laurie, 1974,
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246 Ownership of forests and ssvanns High forests Savanna
Under state oontrol 97% 85%
Private ownership 1% 10%
Community ownership - -
Ko effective control % 5%

2.7 Principal forest producte from all regions {e.g. fielwood, charcoal, sawlogs,gum,
beeswax and honey, venserlogs, logs for slespers, poles, piling and posts, pulpwood)s
Fuelwood lmz 000 m% Particleboard 5 584 n5, chargoal 600 Q00 m3, plywood and block-

]

board 635 sawloga 175 000 m% poles 32 500 m-.

2.8 Forestry staff State Others
Professional 43 -
Subprofessionel (with diploma or

certificate of training) 205 -

2,9 Gross annual budget for forestry 2 000 00C Usg

TI1. AFFORESTATION AND REFORESTATION, GENIRAL
Jel Areas
3elel Total net area l/ of plantations at the end of 1974:4%5 000 ha
3ele2 Net area l/of plantations in the savanna at the end of 1974: 35 00O ha
3e3s3 Plonned annual target area of af/reforestationsl 500 hn/ycar

3.1.4 Planned annual planting rate in savenna:2 000 ha/year
3.2 Organization and administration of savanna planting schemes
34241 State forest services 95%
3,2.2 Others (specify) Tobacco Society Woodfuel Plantations 5%

3«3 Intended principal end use (e.g. sawbimber, posts and poles, pulpwood, fuelwood
protection, stc.), species, growth and rotation of major savanna plantations.

End use Species Net area (ha}l/ Rotation(yrs) Mean annual
increment (u.b, )
at rotation ag.

(m3/ha/yr)
Sawtimber Cupressus lusitanica 20-25
" Pinus patula 20-25
" P. caribaea/occarpa 20-25
Post+poles Euc, cemaldulensis
" tereticornis
" grandis 5-14
Pulpwood Pscaribaea, P, sp. 15
Fas)lwood Buc.camaldul ensis
" tereticornis
" grandis A-B
Protection others Unlimited

1/ Net area is the gross area of plantations minue the area in roade, rides, buildings
and other non—stocked land,
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IV. BSAVANNA NURSERY FRACTICE
4.1 Nursery types and capacities

4.1 What i3 the total annual production capacity of existing permznent savanna
_ -nurseriesT 20 000 000 plants,

4ele2 What im the actual annual production (average from last 3 years) from
permanent savenna nurseriest 15 000,000 plants,.

4.1,3 What is the annual production (average from last 3 years) from temporary
sgvanna nurseries? 1 500 000 planis,

442 Planting stock

4.,2.1 Indicate the main types of plenting stock (bare-rooted transplants, stumps,
container stock, etc,) raised for the principal savanna plantation species.

Species _ Type of stock

P, caribaea Conteiner stock
P« patula "

P. ococarpa "

Cup, lugitanica "

Buc. camaldulensim

Buc, tereticornis ;
Euec, grandis "

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 ond mill pots 4" lay flat and 7' for ornamentals

4.2,3 Give average size (height) of savanna cutplantiqg stock and length of
time (weeks) required to raise it in the nursery,

Species Outplanting size deeks in nursery
Cyprressus dpp. 1 £t (30 om) 36 weeks
Pine sppe 1 ft (30 cm) 16 - 20 weeks

4.3 Savanna nursery methods

4e3el Briefly describe the sowing methods used in savanna nurseries (bed sowing,
prigking out, direct sowing into containers, etc.).
1) The seed is sown by brosdcasting after mixing with sand and pricked out in
containers when C.5 — 1 cm tall, This is both in softwoods and sucalypts,
2) When containers are not available pricking out is done into Swaziland beds
or hoxes,

4.3.2 Briefly describe the soil mixtures and fertilizers (and quantities) used:
Soil mixtures vary eite to site but normally forest or black soil together
with cow manure are -uged, Fertilizer is mixed thus: 1 500 gms/m3 of soil
in heaps and 100 gms/m” for top dressing,

4433 Briefly describe savanna nursery watering methods and schedules (If
mechanical irrigation egquipment is used, indicate type) : 1} Watering cams
are used at least twice daily, morning and -evening, 2} Overhead irrigation
water-pumped by hand pumps.

443+4 Briefly describe the standard savanna nursery protection measures {against
pathogens, insects, animals, environmental elements)s 1) Spraying and
soll pre-treatment with fungicides and insecticides, 2) Clearing around
nurseries discourages rats, 3) Ditch drains preventz floods and washout,
4} Fencing prevents large animals from walking over plants.
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V. ESTABLISHMENT TECHNIQUES FOR SAVANNA PLANTATIONS
5+1 Site selection

5e¢lel Are detailed vegetation maps available for most savanna regiona?
Yes B No

Yele2 Are datailed scil maps and soil survey descriptions available for
most savanna regions? Yes /X/ No é

He2 Land clearing and aite preparation

5e¢2s1 Briefly desoribe the main savanna land clearing methods used.
1) Manual cutting of trees and grass slashing is followed by burning,
2} Peasant farmers may be allowed to clear the bush and cultivate
before planting,
3) Poisoning of large trees with aboricide in more open grassland.

De242 Briefly describe the principal site preparation techniques used after
land clearing in the savanna: (1) Lining out using a pre-marked rope at
planting spacing intervals and pegging, 2)Pitting using hoes and

marked pits ready for planting.
5+3 BDavamna planting and direct seeding

Hedal Im direct meeding used in savamna Yes D No E
- 1f sBo, indicate for which species.

5e3¢2 Indicate the most common spacings at which the main savanna
piantatiion species are planted.
For Eucalyptus - 1.0m by 1,8m, 2.1m by 2.1m and 2.4m by 2.4 m have
been tried, but 2.1m by 2.1 m now predominatess. For cypressus and
pines 2.,7m by 2.7 m is used,

523:3 Give the total number of hectares of plantations established to
date in the savanns by means of taungya.

5S¢4 Tending of savanna plantations

5edel Briefly deecribve the method and frequency of weeding: In first rotation eucglypt
plantations,weeding is done 4 times the first year,twice the second year by clean
hoeing,and once in the third year by slashing,Afrer felling only one line alashing.
is needed, In cypress and pine plantations,line slashing is done twice the first
year and once the second year,

Hade2 1If 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 profection measures agzinst insects,pathogens and
aninals: 1) Insecticide treatment of plants before planting to control
termite attack as well as fungus, 2) Clean weeding protects younpy trees
from rat attack.

5+542 I8 there a national fire danger rating system? Yes D Ko E
5e5e) Are fire breaks and firse lines allowsd for at the time of savamns
plantation establishment? Yes /X / Ne

5¢5+4 Is controlled (i.e, prescribed or early) burning practiced in savanns
plantations? Yes /X / Lo
Around plantations? Yes /X _/ No [/ /
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VI. SEED AND TREE INPROVEMENT _
6.1 Is there a national tree seed coordineting centre Yes E No D
6.2 I8 there a natiomal tree seed certification system? Yes X7 No /7

6.3 Are there facilities for storing seed at controlled temperatures?
Yes E No

6.4 Indicate the main source of seed supply for the principal savenna plantation epecies,
1) For cypressus and pines most of the seed is imported mainly from Central America
and the Caribbeans. 2} For Bucalyptue 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 specier,
Pinus patula {3}, uLupressus lusitanica (2), Pinus caribsea (2), Pinus oocarpe

VII. REFERENCE MATERIAL

List the main published sources o>f information on afforestation and nursery practice
in the eavanna regions of your country, (1) Uganda Forest Department Technical Notes
nos, 78/59, 135/67, 138/67, 139/67, 144/67, 145/67, 146/67, 159/69, 179/71, 181/71,
183/72,etcs (2) A Forest Resources Development Study Report by CIDA. (3) Uganda
Forest Department Annual Reports. (4) Uganda Forest Departmental Standing Orders
revised Edition 1970, (5) Forests and Foreet Administration of Ugsnda 1961.
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Country:s ZANBIA
T. GENERAL GEOGRAPHICAL INFCRMATION
lsl Area of country 752 613 ku®
1.2 Location: longitude 22°E to 34°E;latitude 8°S to 18°%
1,3 PFopulation: 43 million inhabitanta
1.4 Main climatic and vegetative zones: Tropical savanna.

II. FORESTS AND NATICNAL FOREST POLICY
2¢1 Area of high forestis Wil
2,2 Area of savanna ¥ 600 000
2+3 Proportion of land under high forest: ¥Nil; in savanna L/ 1y A
2e4 Does the country have a written statement of national policy?

Yes E No D

2e4s1 If a national forest policy exists, what are the main objectives stated in ity

R AN T . ~ I P P
rruveviiun uvi 1oicsted areas and wetarchcoio

Provide foreet produce for industry and rural users
Research into indigenous and plantation wond
Extension work and advice to public

Praining of staff

2e4.2 1If there is an official statement of forest policy for the savanna
region, briefly outline its main pointss No separate policy except
“early burning®.

2.5 Legislation availabls to implement policy Yes /X / No [ 7

[ - -

2+6 Oworship of forests and savanna High forests Savanna
Under state control Nil 8,9%
Private ownership Nil 2e4%
Community ownership Nil 88, 7%
¥o effective control Wil -

y For the purpose of this questionnaire, savanna is considered as including the full range
of tropical vegetation types of which grags is a significant characteristic., 4t one end
of the speotrum, closed forest and thickets are excluded; at the other end,desert is ex-
cluded. Between these extremes, savenna comprises the various types of savanna woodland,
savanna end steppe as described in Appendix 1 of Tree Planting Practices in African
Savannas, PAO Forestry Development Paper No.1%, by M.,V. Laurie, 1974.
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27 Principal forest producte from all regions (e.g. fuelwood, charcoal, sawlogs,
gum, boeswax and honey, veneerloge, logs for sleepers, poles, piling and posts,
pulpwood)s Sawlogs,sleepergpoles, fuelwood, charcoal, honey, beeswax.

2.8 Forestry staff State Others
Professional 44 17
Subprofessional {with diploma or

certificate of training) 222 336

2.9 Cross annual budget for forestry 7 543.740 US$ (K4 804 930)
II1. AFFORESTATION AND REFORESTATION, GENERAL

3el Areas
da1,1

3.112
3elal
l.l44

Total net area yof plantations ai the end of 19743 24 900 ha

Net area l”!of plantations in the savennra at the'end of 1974: 24 900 ha
Planned annual target srea of af/reforestation:3 300 he/year

Planned annual plenting rate in savanna: 3 300 ha/year

3s2 OrganizZation and administration of savanna plantiug schemes

30241
Je2,2

State forest services 9%
Cthers (specify) : Agricultural scheme

3¢3 Intended principal end use (e.g. Bawtimber, posts and poles, pulpwood,
frelwood, protection, etc.), species, growth and rotation of major savanna

plantations p : Maan swmual
End uge Species Net area !ha[b Rotation {yrs) increment (u,b,)
at3rotati.on age
(m”/ha/yr)
Sawloga Pe kesiya 13 000 30 15
Sawlogs P+ cocarpa 2 100 30 15
Poles BEs grandis 6 000 8 12
Poles E. cloeziana 1 900 10 11
Poles others 1 900 various -

IV, SAVANNA NURSERY FRACTICE
4.1 Nursery types and capacities

4.1.1

de1,2

4.1.3

What is the total annual yroduction gapacity of existing permanent
savanna mireeries? 4 miliion plants

What is the actual annual production (average from last 3 years)
from permanent savanna nurseries? 3} million plants

What is the annual production (average from last 3 years) from
temporary savanna nurvsgeriea? Nil

4.2 Planting stock

4e2el

Indicate the main types of planting stock (bare-rooted transplants
stumps, container stock, etc,) raised for the principal savanna
plantation species,

dpecies Type of stock
Finue kesiya Polythene tubes

Pinue cocarpa " "
Bucalyptus cloeziana n "
Eucalyptus grandis " "

17 Net aren is the gross ares of plantations minus the area in roads, rides, bmildings
and other non~stocked land,




' 44242 If containers are used, state iype (polytheme tubes or pots, ®jiffy pots",
etc.) and give dimensions (lay flat for polythene): Black polythene tubes
12 em x 10 om,

44243 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
Pines 20 om 16 weeks
Bucalyptus 15 cm 8 weeks

43 Savanna nursery methods

4+3s1 Briefly describe the sowing methods used in savanna nuseries (ved
sowing, pricking out, direct sowing into containers,etc,): Pines,
direct sowing, Eucalyptus, seed beds and priclding out.

443e2 Briefly describe the moil mixture and fertilizers (and quantities)
useds top esil collected in woodland, fertilised with "Welgro" or
"Wuseal®

44343 Briefly describe savanna nursery watering methods and schedules (If
mechanical irrigation equipment is used, indicate type)s Spray
irrigated by perforated pipes or "rainbirds",

4+3e4 Briefly describe the standard savanna nursery protection measures
(against pathogens, insects, animals, environmental elements},
Watering with Zineb fungicide. Treatment of potting soil with
methyl bromide watering of Bucalyptus with Aldrin as insurance
against termites in the field,

V. ESTABLISHMENT TBECHNIQUES FOR SAVANNA PLANTATIONS
5¢1 Site selection

5elel Are detailed vegetation mseps available for most savanna regions?
Yes X7  No [/

S5ele2 Are detailed soil maps and soil eurvey descriptions available for
most savanna regions? Yes /7 No

5«2 Land clearing and site preparation

5e2+1 Briefly describe the main savamna land clearing methods used,
Large areas cleared mechanicelly by contractors, Small rural areas
stumped by hand.

5e2+2 Briefly describe the principel eite preparation techniques used after
land clearing in the savanna: Ploughing and disc-harrowing,

5¢3 Savanne planting and direct seeding
Se3el Is direct seeding used in saverma? Yes /_/ ¥ [7
If 80, indicate for which species.

5+342 Indicate the most common spacings at which the main savanna plantation
species are planted: Pines and Bucalyptus = 1 000 per hectare.

533 Give the total number of hectares of plantations established to
date in the savanna by means of taungya: Wil
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54 Tending of savamna plantatione

5.4.1 Briefly descrive the method and frequency of weeding: Disc harrow
between rows, in both directions, First year 6 times; for all

epocien: second year iwice for Eucalyptus and 4 times for pines;
third year twice for pines.

5.4.2 If jrrigation is ueed 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+5.1 Briefly descrihe protection measures aganinst insects, patheogens
and animals; None in the plantation,

5¢5.2 Is there a national fire danger rating system?
Yes [/ No X

5¢5¢3 Are fire breaks and fire lines allowed for at the time of savanna
plantation establishment? Yes /X / No

5.5.4 I8 controlled (i.e, prescribed or early} burning practiced in
savanna plantations? Yes E No

sround plantationa? Yes X/ No [/
V1. SEED AND TREE IMPROVEMENT

6,1 Is there a national tree seed coordinating centre? Yes /X / No [ 7
6.2 1Is there a national tree seed certification system? Yes /X / Yo [ 7

6.3 Are there facilities for storing seed at controlled temperatures?
Yes /X7 No

6.4 Indicate the main sources of seed supply for the principal savanna plantation
gpecies: Locally collected from selected stands and seed orchards.

6,5 List the opecies being tested in compasrative trials in the savanna.
Indicate in parentheses the number of provenances being tested of each

speciess All the tropical pines have been tried and all the ducalyptus
from the EBast Coast of Australia,

VII. REFERENCE MATERIAL

List the main published sources of information on afforestation and nursery
practice in the savanna regions of your cowntry: Methods developed locally
by Forest Department,
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ANNEX 4
IN THE PEOPLE'S REPUBLIC OF CQNGO
Zinga Kanza
Office Congolais des For8is
Pointe~-Noire, Congo
TABLE OF CONTENTS

Page

Introduction iom
Backgrouni - purposes mn
Ecological conditions 301
Soile and vegetation E{o)
Climate 302
Reliaf 302
Afforsstation methods used for sucalypts 302
Speciea of eucalypts used 302
Hurseries 303
Ground preparation ' 304
Planting and management 304
Results and future prospects 306
Afforestation methods used for pines 106
Spacies of pine used 306
Rurseries 306

Soil preparation . 307
Planting and management 307
Remulte and future prospects 307

Table 1: Savanna plantations (pines and eucalypts) of the Office
Congolais des For8is 308




- 301 =

INTRODUCTICN

The People's Republic of the Congo, which lies in Central Africa between 1199'43" and
18%20" East longitude and between 3242'30" North and 5 ©2'3" Scuth latitude is 342 000 km?
in size. Foreets in the Congo occupy choice land, covering a little over 60% of the total
area, The rest of the country ie savanna, comprising some 137 000 km? of relatively flat,
unbroken land. '

Three typee of savanna are usually distingnished, namely:

baren savanna
bush savanna
and gallery foreets,

Because of these exceptional matural comditions, Congo foresters have for both
sconomic and scientific reasons been drewn to work largely on eavanna.

BACKGROUND - PURPOSES

Trial afforestation « savanna in the Congo dates back to 1950, Initially, trials
were started with local species., The first man-made stands were laid out in association
with food orops (msize, groundmtis /pearmts/ ) using mainly 'limba’ (Terminalia superba),
teak, Ceiba pentandra, the ‘ircko' { Chlorophors excelas), and Cassia siamea,

Later on, ressarch and studies were devoted mainly to the introduection, acclimatization
and growing of exotic, fast=growing epecies = in 1953, eucalypte (Ehca;n‘lms saligna,
E. robuste, E. slba, E. paniculats and E. camaldulenais, E., 12 ABL and E. tereticornis) and
toward 1959, pine {Pimue caritaea and P. ooca .

Theee plantation operations were launched initially and simltaneously at the forest
research ststions of Loandjili (Pointe=Noire) and Loudima (Bouenza) and subsequently at
the km 45 stetion (Brazzaville) and at Malolo (Niari).

The original purposes were:

= to provide timber and fuelwood to the inhabitants of the large urban centres of
Pointe=Noire, Loubomo {Dolisie) and Nkayi (Jacob);

—~ %o supply the Congo=Ocean railway { CFCO) with fuelwood (this line having used steam
engines before its complete changeover to diesel engines); and

=~ to supply pulpwood for a pulp and paper industry to be set up.

ECOLOGICAL CONDITIONS

Soils and Vegetation

Trials were conducted on three types of savanna:

- coastal savanna on sandy shores in the Kouilou area with poor, desp and highly
filtering soil containing 5 to §% clay and covered with short grasses and Amnona
arenaria;

= clayey savanna in the Niari snd Bouenza valley, covered with shrub vegetation
(ljﬂamo&rdia acida, Annona srenaria, Bridelia ferruginea, Nauclea esculentsa) ,
oriss-croseed with gallery foreste, The soils are clays, resulting from decalcifi-
cation, rather poor in exchangeable bases and somewhat acid (pH: 4.7 to 5) but of
good structure from the start;
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- sandy savanna of the Pool and the Batékés platean region, sparsely coversd with
shrubs and in spots with degraded amllery forests; the scils are poor sands
containing & little organic matter, and are highly filtering.

Climate

The tropical climate is characterized by moderate rainfall {from 1 200 to 1 700 =m),
though with great fluoctuations from one year to the next, and high atmospheric lumidity
that does not change much over the year, The rainy season runs from October to May, with
short dry seasone of one month between 15 December and 1 March, The dry season is well
marked and lasts for four months, from June to September, A}l this time there is no rain,
The average anmal temperaturs rangss from 249 to 26°C (24.9C in 1973 at Pointe-Noire).

Table of Climatic Data

Loandjili Km Rouge
1973 Loudima {Pointe-Noire) (Brazzaville)
Latitude 401" 4°451 4%49+
{__Altitude (elevation) 150 m 80 w 700 m
Total ammal rainfall 1 150 mm 1 318 mm 1 513 mm
Number of rai 96 123 120
Average marimam temparature of o o °
the hottest momth 27.0 April 26,9 March 26.4 ¥arch
Average minimum temperunture of o o
the coldsst month 22,8 July 21.7° July _21.6° July

Relief

The topography im rather flat on all three types of savanna wherq& the foreet etations
are located: e

Loandjilis ocoastal savanna at 100 m elevation,

Loudima: savanna in the Niari valley at 150 m elevation,
and Em Rouge: savanna of the Batékés Platean at 700 m slsvation.

AFFORESTATTON NETHODS USEDFOR BUCALYPTS
Speoioa of moalrgts Uaed

Bucalyptus 12 ABL

This is & particularly excellent provenance derived from Eucalyptue tereticormis
introduced in 1956 with seed from Madagascar, This species covers over 3 500 ha at Loudima
and ite growth on all forest sites is excellent. Hucalyptus timber is fire resistant.
Ninety-nine percent of the stems give off shoots. The main drawback of Bucalyptue 12 ABL
ie that it does not protect the s0il well and is sensitive to competition of other
vegetation,
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Eucalyptus plat 1la F1

This is & hybrid, the mother stock of which was introdwced into the Conge im 1957
under the name E, platyphylla of Java, Apparently the mother stock itmelf is a hybrid
E. urophylla x'E. alba, The father stock is & eucalypt related to E. urophylla introduced
under the name E. kirtoniana, This apecies gives higher yields than the preceding one.
411 of the stems give off shoots.

Eucalyptus saligma

This wae introduced very early at Loandjili ( 1953) using stock from South Africa,
Madagascar and Brazil. However, it proved uneuited fo ecological conditions along the
Congo coast, One finde that the bark bursts, thers is some gummatous tumor formation that
cauaes death of the tres in most cases, ’

Bucalyptus deglupta

This species grows particularly well on the clayey heavy and wet soile of Loudima, but
seens unsuitable for sandy savanna.

Other Eucalypts

These are Eucalyptus urophylla, E. tereticornis, E. cloeziana, E. grandis, E.
citriodora, E. calmadulsnsis, X, glba, E. urophylla, E. tereticornis, E. paligna and
E. alba are now being used in propagation of hybrids. The hybrid E. saligna x 12 ABL has
provad very promising eand gives good yields,

One of the most interesting species for the Congo seems io be E, urophylla., One trial
with a few specimens of different provenance shows that at 2k years of age at Pointe~Noire
and 1 year of age at Loudima average growth seems to be greater than that of E. platyphilla
71 (provenance Portuguess Timor and the Sundra Islandse).

Nurseries
Seed.

The fine seed of Eucalyptus 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 bveginning of Septsmber,

The seedbeds at these stations in sandy areas are double-walled boxes, 300 x 70 cm,
the space betwesn the two walls forming the irrigetion canal,

The soll of theme meedbeds is a mixture of 2/3 black earth and 1 /3 sand ( 200 and
100 litres), fresd of insects by powdering with 25 g of 'dieldrin' or ‘aldrin' per
nseedbad,

Right after having been sown, the seedbsds are covered with shades and are irrigated.
Watering is begun immediately after sowing through the irrigation canals around the edges
of the seedbed, the moisture ocontent of the soil being kept constant in depth, combined
with a system of indirect watering using a fine spray. The plants germinate about 8 days
after the seed has besn sown.

Careful hand-weeding of the seedbeds i necessary.



Pricking out

Four weske after acwing, toward the end of September or the beginning of Ooctober, the
plants, which by then are about 5 cm tall, are pricked out with bare roote in polyethylene
pote, 17 x 21 om in size on the average, Theae pota are filled with a eifted mixture of
black earth and sand in thes same 3l:o::-ol:u:nrl;i.o:u:m as the eoil in the seedbeds, to which is
added 0,8 kg of Thomas slag per m” to ensurs a good start.

The pricked out plants are then placed in a storage area, 1 000 plants per board.
Inatructions regarding shade, watering and weeding mist be followed meticulousiy up to
planting time at the baginning of November, right at the start of the rainy eeason., A
minimum of one week's cover im desirable,

Ground Preparation
Stump Removal

In the bush savannas on clayey soil of the Niari {Malolo) and Bouenza ( Loudima) valleys
otunps can be removed by machine, whereas on the sandy coastal eavannas (Loandjili) and on
the Batéké Plateau (Km Rouge) it has to be done by hand isbour,

Nechanical extraction of stumps is done by tw> TO-hp caterpillar tractors with an olid
caterpillar chain tied between; bLoth tractors pull at the same 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 iree stumps are stacked in piles,

Destruction of Graes

Grase has to be deetroyed just before the dry season, in ¥ay. For ihis purpose one
can use either a rail pulled by draught animals, an 80=hp wheel tractor, or z small cater—
pillar tractor ( *chenillard'}, This rail flattens the grass as it moves along; the grass
is killed off by two pasaages of the tractor, first in one directivn and then in the
opposite.

Burning

%
The flattened grase dries rapidly and then the piles of wood and the grase over the
entirs area to be worked are burnt.

B ing the Ground

Two methods can be used to break the ground: ploughing with a plough, followed by
disk ploughing; and hoeing (of the main crop or cover crop) followed by disgk ploughing.

Planting and ant
Pegging=out and Digging of Holes

Ground that has been broken as described above is then marked out in small 50 x 50 m
squares, Stakes are then set out at a spacing of either 2,50 x 2.50 m or 3,12 x }.12 m.
(With the ;mwy equipment, whioh is coming more and more into uese, the 3,12 x 3.12 epacing
is bat‘\;il‘.
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As soon as the stakes have heen set out, holee are dug using semi=circular shovels,
The holes should have a diameter of 20 om and also a depth of about 20 cm. The digging of
the holes must be complated at the latest by October.

Setting Out of the Planis

In October, one month before planting, 150 g of fertilizer { complete, 10=10=20 ferti-
lizer or potaesium fertiliszer) are applied to each hole in sandy soils, In the Bouenza and
Niari valleys, there is no need for fertilizers.

Starting at the begimning of November the plants are set in place. Before removal
from the mursery, the planta are watered heavily and the polyethyleme pote removed. By
that time, the plantse are fromw 10 to 25 cm in size, Thers is about a 98% "take" and no
need to fill in failed spots, ' .

Protaction

A dusting of the holes with either 4% Dieldrex or FPhytosol prior to planting eliminatee
termites, To combat stem-ocutting crickets in plantations, poisoned bait is applied
(mixture of 1/3 flour, 2/3 bran with Dieldrin CE 20).

Maintenance

Af'ter planting, meintenance work has to be done, Initially this can be done by
machinery — with sither s Btubble~plough (scarifier) or a rotary plough ( rotavator} - at
leant three or four timee during the firet year after planting and once or twice during the
sescond year. Mamual weeding by hoeing around the plant completes the waintenance work each
time the situbble-plongh ie uced.

Protection Against Fire

Ugually brush fires sweep across the savanmnas in about the month of June. They occur
earlier on sandy savanna than on clayey savamna.

Prevention of brush fires ie accomplished by breaking up the 25 ha plote into 500 x
500 m plois separated by 10 m wide firebreaks, These firebreaks have to he maintained
regularly sspecially just before the etart of the dry season in May and June. The bare
firebreak stripe around the sites or stations also have to be kept up at the same time.
After the rall has besn dragged across the ground; an early preventive and controlled
burning of the bare firebreaks is done, prior to the start of the ueual brush fires.

Cutting of Stands -~ Rotation

Bucalyptue is cut at the age of 4 to & years. The first rotation comprises the cut of
fully grown irees derived from seed, At Loandjili, the rotation cycle takes from 7 to 10
years and at Loudima, from 5 to 7 years. Theoretically this firat out is followed by two
copplce cuts,.

Financial Information

The average cost of one heoctare of Euncalyptus was estimated in 1973 to amount to about
95 000 CFA francs.



Results and Future Prospects

Resulte

In the People's Republic of the Congo, Eucslyptus stands cover almost 5 200 ha of
savanna, the main species being the hybrids Eucalyptus 12 ABL and E. platyphylla (FF1),

Volume increment ie about 20 m3/ha/year at Loandjili and 35 m3/ha/year at Loudima for
the high-yielding species, E. FF1. Average ammal increment in hcight is about 1.60 m at
Loandjili and 4.60 m at Loudima, Anmual growth in girth ie 7.5 cm at Loandjili and 9 cm at
Loudima,

Initial trials with pru tion by cuttings installed since 1973 at the forestry
research etation of Loandjili { Pointe-~Noire) are particularly emcouraging.

Future Prospecte

Such propagation by cuttings ie expected to give much higher produnctivity of stande as
a remult of both the intensity of selaction of plus (+) trees for propagation purposes and
due to the homogeneity of the stands (pure stands). It is believed that starting from very
epecialized silviculture, adapted not merely to the species but to the clone, it will be
poseible to attain mean anmual incremente 40 m3/ha/ysar at Losndjili - 50 m>/ha/year at
Loudima.,

Paper Pulp Froject
The aim of this project is to establish an ensemble of plants producing 250 000 tons

of bleached pulp ammally for the making of kraft paper. The raw materials for this paper
plant would consist of a mixture of eucalypt and pine wood.

Plantations to feed this paper plant would consist of 27 500 ha of Eucalyptys estab-—
lished at the rate of 5 500 ha per year, and 22 000 ha of pine established at the rate of
2 200 ha per year. '

Charcoal Making Project

This project calls for the cutting of approximately 650 ha of Eucalyptus per year for
the making of 10 000 tone of charcoal for export.

AFFORESTATICN METHODS FOR PINE

Species of Pine Used

Both Pinus caribaea amd P. ocoarpa wers introduced into the Congo in 1958 after the
Eucalyptus. They have proven sntirely satisfactory and well suited to local scological
conditions. Other species tried were P, kesiya, P, merkusii, P. hondurensis,

Rurseries
Seed

Germination beds are prepared starting at the beginning of May, These are actually
3.00 x 0,70 m boxes filled with a mixture of % black earth and % sand to which fertilizers
have been applied, The seed is sown in these boxes between 15 May and tha end of June, in
rows, using a plank with sorew mits for alignment and spacing of the seed (1 x 1 om),
After sowing, the boxes are covered with a layer of chopped pine needles. They are left
open ard not irrigated, but watered frequently. Weeding has to be done contimously,




Pricki 1

Germination ocours within about a wesk. Six wesks after sowing, the planis already
reach & height of 1 cm and are then pricked cut into polyethylene pots filled with a mixture
of sand and black earth containing fungi (mycorrhiza), the earth being cbtained from old
pine plantations. It is absolutely necessary to use complete fertilizers ( 10~10=20) when
pricking-out the plents,

In pricking-out, care haa to be taken to keep the taproot straight by enclosing it in
& pellet of liquid mud. Subsequantly, the instructions regarding applications of fertilizer,
watering and weeding have to be followed carefully,

Soil Preparation

This im the same as for eucalypts.

Planting and Managzement
Planting
Thie is the same as for eucalypts.

Maintenance

The technique is the same as that used for eucalypts. During the first year mechanical
and mamal maintenance work has to be done 3 to 4 times, in the second year at least 2 to
J times, in the third year twice, and once again in the fourth year,

Fire Control

Again brush fire conirol nere calle for the division of the area into small 6.25 ha
plots. Four such plote are grouped together (making 25 ha in all} and between each set
10 m wide, bare firehreake are opened. Beiween each set of four plots (25 ha in all) there
is laid out a peripheral firebreak, usually consisting of Eucalyptus iorelliana.

Management of the Stand: Pruning end Thinning

Tropical pines can be used for two purposes: seither for making paper pulp or for
lumber, In the first instance, no thinning will be done. In the mecond 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
abaolutely essential that when the treea are 4 or 5 years old they be thinned out,

In both cases pruning with a lumberjack's saw is necessary when the stands reach 4 or
5 years of age,

For the production of paper pulp, the rotation cycls is from 10 to 11 years, whereas
it is from 20 to 25 years for ths production of lumber,

Results and Future Prospecie
Results

Man-made pine stands already cover almost 2 500 ha in the People's Republic of the
Congo. The increment ie from 8 to 10 m3/ha/year at Pointe-Noire and from 15 to 20 md/ha/
Yyear at Loudims for rapid growth tropical pines that a.dapt well,



Future Frospects

Plans for genetio improvement and tested ssed orchards started in 1975 should make it
possible to inerease the production of these speocies,

Projucts
The Congo's Development Plan includes industrial planting of pine and eucalypts on

the savannas to feed a factory with an anrual capacity of 250 000 tons,

are to be planted to pine at an annusl rete of 2 200 ha.

Finally, steps are being taken to set out plantations of Araucaria

&.m

About 22 000 ha

hunsteinii and

i, triale with which have shown them to be promieing species capabls of
producing excellent timber on savanna.

Table 1

SAVANNA PLANTATIONS (PINES AND BUCALYPTS) OF THE
CFPICE CONGOLAIS DES FORETS

Year of | LOANDJILI tP?ﬁoirei LOUDIMA {Bouenza)| MALOLO (Niari KM ROUGE tﬁ?eityi

Plantingpine  IPucalyptus| Pine [ucalyotus| Pine  [ucelyptus| Pime  Pucalyptus

195354 | = 17.78

1954-55 | - 1.04

1955~56 | = - 10.00 [ 10,00

1956-57 - 25,90

1957-58 | - 93,20

1958=59 3.50 150.10

195960 1,00 170.92

196061 16,00 261,00

1962=63 1.20 18,00 3.00f 17,00

1963~64 4,80 30.44 7.00 13.00 0,20 0.60

1964=65 2.10 30,30 25.00| 86,00 3.05 0.37

1965=66 5.40 32,20 22.00{ 838,00 799 1.42

1966=57 { 17.50 35.10 16,000 396.00 5.63 1.80

1967=68 | 14.80 26.50 50,00 572,00 0.79 4.60

1966-69 7.90 33.40 50,00 | 512.00 50.00 8.00 17.91 1.17

1969-70 | 46.70 20.80 206.00| 493.00 | 100,00 16,00 75.50 1.40

1970-11 57.00 T7.60 182.00] 900.00 [ 100,00 14,00 51.60 3400

19'1'2-?3 10088 4!53 13060 7040 - - 3.00 -

1973-74 | 10,00 10,00 10,00 - - 5+00 -

197475 4.57 18.43 50,00 12.00 - 25,00 5460 3,00

1975=T6 10,76 47.62 419,78 16,50 - - 38,56 13,54
231211 ] 1200,66 | 1803281 3930.90 } 325,00 | _63,00 | 210,83 | _31.0¢0

otal/

tation [1451 77 5736 28 388 00 302 73

Total for the

Bavanna?

7878.78 hectares,

pines = 2652,32 hectares,

Bucalyptus = 5226,46 hectares
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ANNEX 5
SAVANNA AFFORESTATION TN GHANA
A. Yawo Komla
Porestry Department
Bolgatangs, Chana
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INTRODUCTION

Ghana has an area of 238 539 square kilometers and lies between longitudea 1° East and
3° West and latitudes 5° and 11° North. The ourrent population ie estimated at 10 million.

The couniry has a tropical climate which ranges from humid to dry, the southern portion
receiving the greatest amount of rainfall,

There are four main vegetation zonest <the coastal sirand with mangrove swamps,
followed by a narrow belt of thicket, the high forest, and the savanna zone., The high
forest covers approximately an area of 82 258 square kilometers or 34.48% of the country,
while the savamnna covers 150 497 square kilometers or 63.,09%, the remaining 2.43% being
taken by the strand, mangrove swamps and thicket,

There exiates a written National Forast Policy which has as its main objective the
c)ation of sufficient permanent foresti resources by reservation to supply direct and
indirect benefits necessary for the welfare of the people of (hana and the management of
the forest remources Ly methods that achieve sustained maximam productivity and valme, The
other objectives of the forest policy include research into all branches of scientific
forestry, emphasis being laid on silvioulture, ecology and utilisationy +the training of

both professional and field staff and the provision of technical advice to non=Government
fon'tryo

In order to implement the forest policy succeesfully, a Forests Ordinance was passed
on the 30 March 1927, and in 1949 the Trees and Timber Ordinance waee passed., Under the
powars conferred on the Governor, later President of Republic, a mumber of regulations wers
made and & series of acte were also passed. Among the regulations are ihe Foresis
(Silvioultursl Works) Regulations, 1958; +the Trees and Timber, Property Marks Regulations
1950; the Trees and Timber (Control of Cutting) Regulations 1958; the Treee and Timber
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{ Moasurement) Regulations 1958; the Trees and Timber (Control of measurement) Hegulations
1960; and the Trees and Timber (Control of Export of logs) Hegulationm 1961, Acte passed
undsr the FPorest Ordimance to give affect to the forest policy include the Protected Timber
Lands Act, 1959; the Forest Offences ( Compounding of Fines) Act 1959 and the Forest
Improvemert 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 ard psople) by Government. The portion of land under purely state control is
exceadingly small,

The principal foreet products from the high forest zone are sawlogs, veneer logs, logs
for sleepers, charcosl, poles and export loge, and in the savanns zone, polea, charcoal
and gum.

STAFFING

There exists a Forestry Training School in Ghana which turne ocut sub-professional
officers who are mainly field officere., In the past ysars the intake of students was small
but recently with the inception of the reforestation scheme, the intake has been apprsciably
increased.

The current eerving sub-professional staff mumber 500. The mumber of serving pro=
fessional officers now stands at 22, the bulk of them having been lost to the educational
institutions, the reesarch ipstitutions and infustry,

The gross anmal budget for forestry for the financial year 1975/76 amounted to
US$T 501 774. Embodied in this amount are the recurrent expenditure, reforestation
expenditure { development) and forest improvement expenditure.

AFFORESTATION AND REFORESTATION

As a result of the massive exploitation of timber from the high forest and the
increassd requirement of timber and timber products in the savanna areas, & decision was
taken in 1972 to plant certain areas both in the high forest and savanna zones, Up to the
end of 1974, the iotal 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 eavamma zone, The planned anmal
target area of afforestati.: and reforestation is 7 328 ha, of which 2 176 are for the
savanna area,. The refomsta.tion/afforestation echemes are controlled by the state, there
being virtually no private forestry organizations in Chana.

The species currently being planted in the savanna zone include teak ( Tectona grandis)
mahogany (m aoneglemiab Gmelina arborea, Anogeissus leiocarpus, neem { Azadirachta
indica) and Dalbergia sissoo. The growth rate varies for the various species
in the different parts of the savarma zone., In areas where the savanna borders on the high
forest and whers rainfall and soil conditione are favourable, and where Yeak ie the main
spscies being planted, the intended end use is lumber., In areas where the soil and rain-
fall conditione are not se favourable, teak, Anogeissus, neem and Dalbergia are grown
mainly for poles and firewood. The Gmelina is intended for pulp. For most of the species,
no rotation has been fixed. It is estimated however that in 60 - 70 years the teak may
reach gizes capable of being sawn. Species grown mainly for firewcod and polee are ready
for uss between 10 and 15 years.




Savanma Nursery Practice

The selection of persanent yursery sitee in the savanna area is limited mainly by the
avallability of water. In the past, desp wells were dug and the water from these wells was
used to water the plants. Ir recent years however emphasis ie being shifted onto irrigated
mrseries, The irrigated mirseries are situated near dame, Water from the dams is brought
to the planizs either through pipes driven through the earth work of the dam or through
pumping.

The total anmeal mursery atock production capacity of the permanent savanna nurseries
is in the neighbourhood of three million plante. Figures are however not readily available
for actual annual production, as the records are not up to date. The types of planting
stock vary according to the species. Teak and Anogeissus are stumped before planting.

and neem are planted either as striplings or aes potted plante. In recent years, moet
of the meedlings 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 beiween 30 = 45 cm, This height is attained between 24 = 30 weeks,

The methods used in savanna rureeries are:

a8) Broad-casting on germination beds
b) Bed sowing (single or in drills)
¢) Direct sowing intoe containers { polythene bags).

Seeds broad-cast onto germination bede include teak, neem and mahogeny. Pricking-out
is carried out as soon as gemmination starts. These species may sleo be bed mown, or sown
direct into containers, Species with tiny seeds e,g. Anogeissus are sown into drills and
thinned out when germination ie completed. Seeds,whether they have been broad-cast on
gemination bede or sown into containers, are watered profusely twice daily early in the
morning and late in the evening., Watering continmues after germination, and in the abmence
of rainfall until the plants attain a suitable size for planting., No direct watering ias
carried cut in the irrigated murseries.

Shade im always necessary to protect the young seedlings from the heat of the sun.
Grass mats raised on poles provide adequate protection.

Nurseries in the eavanna zones are often disturbed by domestic animels, In such cases,
strand-barbod wire fences are errected to keep the animals out., There have not been many
complainte about insect attmck., The termits attacks which have been reported were treated

¥

Establishment Techniques for Savanna Plantations

In the savanna zone, the grass burns invariably during the dry season., In many cases,
the burning is quite thorough and the few trees left standing are stumped. After stumping,
& 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 mx 2mor 2 m x 3 m,

Little direot wowing is practised,

No severe insect attacke in savanna plantations have been recorded, Fire, however,
posee g ssrious threat, several plantations being affected each year, It is suspected that
most of the firee in the plantations are deliberately sat, as measures are always taken at
the beginning of the dry season to forsastall the ount-break of firs, Some of the measures
adopted to forestall fire out-break include the maintenance of internal and extermal fire
treces and early burnings which are carried out around the plantations,
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At the height of the dry season, twenty=four hour fire patrols &re organized, Foreat
guarde and labourers ars detailed to keep watoh, detect and control fires before they get
out of hand, In Some cases, these patrols have been very effeotive and in one particular
instance no fires were reported in the plantation for a period of 10 ysars,




