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Preface 

IN MANY parts of the world the loss of vegetation cover is causing
 
widespread soil erosion and desertification, further leading to
 
siltation of rivers, lakes, dams and oceans. It 
is also threatening

the majority of third world populatioas with loss of their primary
 
source of fuel for cooking and heating.
 

In African countries, the scale of deforestation las reached
 
such alarming proportions that cicizen groups of all kinds 
-

churches, schools, women's groups, conservation organization. ­
have initiated tree planting and reafforestation programs.
 

In an efiort to assist the hundreds of environmental NGOs in
 
Africa that have begun to replace felled trees with nev young

seedlings, the Environment Liaison Centre (ELC) has sponsored the
 
preparation of this booklet on 
tree planting techniques. It is
 
intended to act as a general guide for a wide range of groups

which may consider undertaking such a program. Available in both
 
English and French, the booklet is being distributed to interested
 
NGOs in African countries and may also be requested directly from
 
the ELC, by other groups.
 

ACKNOWLEDGEMENTS
 

The Environment Liaison Centre and the author, David Kamweti 
wish
 
to thank the U.S. Agency for International Development for its
 
generous support of this publication, Appreciation is due also to
 
the following persons for various forms of assistance:
 

- Mr. James Seyler, Forest Advisor with U.S. AID - for
 
advice and suggestions on an early draft;
 

- Dr. B. Lundgren, Director of International Centre for
 
Research in Agroforestry (ICRAF) - for most helpful

suggestions both aboit layout and technical contents;
 

- Mr. S.J.A. Maina and Mr. Mathenge - for drawings and 
design; 

- Eileen Mutiso - for typing and retyping drafts and the
 
final copy of the booklet;
 

- Other ELC staff members for editing and proof-reading
 
assistance.
 

The author retains full responsibility for any errors or omissions
 
and invites suggestions for improvements to be sent to Environment
 
Liaison Centre.
 



Contents 

CHAPTER PAGE
 

Introduction ... ... ... ... ... .. 1
 

1 The importance of tree planting ... ... 3
 

2 Climate and Tree planting ... ... ... 9
 

- Temperature ... ... ... ... 9
 
- Rainfall ... ... ... ... 10
 

3 Soil Consideration in tree planting ... ... 12
 

- Soil Depth ... ... ... ... 12
 
- Permeability .. ... ... ... 13
 
- pH of Soil ... ... ... ... 14
 
- Soil fertility ... .. . ... 15
 

4 Major Ecological Zones ... ... ... ... 17
 

- Deserts ... ... ... ... 19
 
- Mediterranean ... ... 19
 
- Semi-Arid ... ... ... 20
 
- Savannah ... ... ... 22
 
- Moist Highland .. ... ... 22
 
- Wet Hamid Tropical ... ... 23
 

5 Seeds ... ............. . ... ... 24
 

- Seed Collection ... ... ... 24
 
- Extraction of Seeds ... ... 26
 
- Cleaning ... ... ... ... 26
 
- Storage ... ... ... ... 28
 
- Viability ... . ... ... 28
 
- Pretreatment . ... ... 29
 
- Direct Sowing ... ... ... 29
 

6 Tree Nursery Management ... ... ... ... 31
 

- Siting of Nursery ... ... ... 31
 
- Nursery Administration and
 

- Subsequent watering and plant
 

Planning ... ... ... ... 32
 
- Sowing in Nursery ... ... ... 33
 
- Pricking out method ... ... 34
 
- Watering and Shading ... ... 35
 
- Root Pruning ... ... ... 36
 

hardening ... ... ... ... 37
 
- Quality control of Seedlings ... 38
 



11 

12 

cAPTER 


7 Selecting Sites for Tree Planting 
... 


- Cultivated site 
- Rocky or stony site ...
- Understocked site 
- Grassland site 
- Waterlogged site 

8 Selection of Species 
 ......... 


- Common Species 
 ...... 

9 Land Preparation. 
 ............ 


10 	 Transportation and Distribution of
 
Planting material 
 ... 
 ... ... 
 ... 


PAGE
 

... 39 

... 39 

... 39 

... 39 
... 40 
... 41 

... 41 

... 42
 

... 48
 

... 50 
- Transport of Naked Root Stock
- Transport of seedlings in Boxes 

50
 
- Transport of potted plants 50
 

51
 
Planting 
................ 
... 


- Hand planting 
 ...... 


- Machine planting 
......
- Espacement... 
... ... 

- Intercropping 

- Planting in cormunal land 

-
Planting techniques for arid
 

areas 	.
 .. 
 ... 
 ... ... 
 ... 58
- Planting steps for open and
 
rooted stock 
..... ... 
 ... 59
- Potted Stock .. 
 ...
- Planting a Potted stock... ... 60 ... 60
- Planting areas prone to erosion 
 61
- Planting in wet 
areas 
.. 	 ... 62
- Cuttings 
 ... 
 ...- Planting ornamental trees 

62 
...- Stripling and stump planting 

64
 
.. 66 

Protection ................. 

... 68
 

- Excessive loss of water 
 .. 	 68- Overgrazing .......... 

- Burning 
 ... 

- Diseases 
 ... 

- Pests 
... 	 ... 


References 
 ...... 
 ... 


... 52
 

... 
 53
 

... 56
 ... 57
 
... 58
 
... 58
 

... 69
 
... ... 
 ... 69
 
....... 
... 	 69
 

... ... 
 ... 70 

....... 
... 72
 



Introduction 

FOR 	MOST of the African populations in 
the 	rural areas, where
fuelwood is 
a major source of energy, tree planting is therefore
 an essential activity to 
achieve a sustainable supply of fuelwood.
Although tree planting requirements in Africa vary, 
one 	needs to
follow some general principles and techniques to achieve success.
In most cases 
tree planting is undertaken by laymen, and these
will continue to play an important role in the activity.
 

One 	can 
safely say that, generally, governments, non-govern­ment or.ganizations and many individuals 
realize the importance

of trees and the need to plant more trees in deforested areas.The 	 tempo of tree planting is inquite high African countries butfor 	various reasons, tne hopes are usually not fulfilled due to 
many facters, such as:­

a) There is, for example, the issue of shortage of finance 
to do large-scale tree planting, 
for 	tree planting is a
long-term investment and is unlikely to attract many
 
investors.
 

b) 	 There is also the issue of incentive in tree planting.
One can say incentives in tree planting, in many partsof Africa, are not devised, bt if they were worked outthey might go a long way to stimulating viable projects. 

c) 	 Besides financial problems there is, of course, the
oscilla ion of weather in many parts of AIrica. 

d) There are some cases where skilled manpower, mainly for
supervision, may be lacking although a number of countrieswill soon be self-sufficient in professionally trained 
manpower for imaginative tree planting programmes. 

e) 	 In some countries, due to pressure 
to use suitable land

for 	food production, the land available for 
tree planting

is indeed limited.
 

f) While there may be institutional potential to carry out
some effective afforestation schemes, arethere indeed
effective situations in 
some countries where the land 
tenure system itself does not 
facilitate tree planting,

and 	 this is particularly so where land is owned commurally. 

g) 	 Some scanty information on tree planting ismaailable but 
substantial information is 
lacking partly because some
concerned institutions may not be 
aware of the magnitude
of the tree shortage. For example, tree planting exper­ience in French-speaking African countries is 
not 	readily

available in English-speaking countries.
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h) It is also true that co.-munication limitation acts as
 
a bottleneck in tree planting in some cases. For
 
example, some research is being undertaken in several
 

corners of Africa but the coordination of results is
 

not as effective as it should be. There is a need for
 

people to know which species of trees will succeed in
 
different sites before they incur the expense involved
 
in tree planting.
 

Due to a combination of many of the above factors tree planting
 

in Africa has often fallen short of expectations among those ch ,ed
 

with tree planting. It is importa-t to consider these constrajits
 
planting projects.
in evaluating tree 


This booklet is a useful guide to tree planting. It explains
 

the relevant aspects and factors worth considering in tree planting,
 
such as climate, type of soil, ecological zones and species adaptabi­
lity. It outlines the essential steps in tree planting, from
 

acquiring seeds to the actual field work. Recognizing that tree
 

planting schemes have failed due to lack of adequate care, leading
 
to high seedling mortality, the author has given some advice on how
 

to look afteryounT' seedlings both in a seed nursery and in the lield
 
plantations.
 



The Relevance of Tree Planting 

WHY PLANT trees? 
 Since the earliest time, man has maintained a
 
close relationship with trees. 
 Early mal derived his livelihood
 
from 	forest products, such as fruits, nuts, roots, leaves and
 
shoots. Even today 
trees provide large quantities of the
 
dietary requirements of humans and livestock. 
 People have also

depended on trees for shelter as as for numerouswell 	 other 
purposes.
 

Trees play an important role in our daily 1 i ft - no wonder 
a tree has been termed the friend mnan on earth.beat of 	 However,
due to the population e:plosion atnd the expansion of land under 
agriculture, the economic. demands on forest products have been 
enormous. Man has deforested large arteas of indigenous Forest
 
cover leaving balre eart.h beh1ind . )(,sert. encroachment in Africa

is now aon ats l ity and the onll, practical way to combat
 
desertification is to plant appropriate trees using appropriate 
techniques.
 

Most 	 African goVel'n1n1eltH ale striving to raise the standard
 
of living of some 90', )f their rural populations through rural

development progratnmm*s. One way of alleviating poverty is to
 
undertake projects that wi Il gelorate local employment opportiu­
ni ti os and which are local ly sel -support i ng. 

The bohnefits accruing from rurai (Ideve lopill'nt a]so 	 flow 1.o
i rban areas, especially to the major i t y of urban poor who depend 
on rural products for dlai ly stubs ixtenci' In itway, tLhen,
employment in rural areas iIrmiates tli II'Iitrad spectrun of the 
soc e t y. 

Apart from inployment, t('h( lt (,ii s ( 1 Ir'f. to ilnklit are111illd
otherwi Se too lany to 'nuillnlatle. It('low alelut 1t)1 a few oxamplos: 

a) 	 'here is tih' provision of t iinh'r for t'construction 
and joinery plywood, pulp for paper, po;ta a1d polhs; 

b ) 	 pharlai'eu t i ctal oi I an led ic i n 

c) 	 some minor products such as hol('y, foddeir, fruits, resin, 
gum, fibre, rulilior, and myriads of food priduhCts, all 
play a very import ant role it som(, comlmunitiC's (Kamwoti).
Vor , ,xaNmp in gim Arabic fr1inIe , Su(dan, 1 1.0: 11. A' 1 N ,, I 
and Citr1' spec.i, i produc.Ie an annutal income of about 4 
mi II ion US ol]]1l's (Ami n). 

There is also tho. a Il important issue of biomass energy.
Fuelwood and charcoal are increasingly becoming very important 
sources of energy not only for domestic use but also for various
industrial uses. While the fossil fuel price continues to
 

http:produc.Ie
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escalate, it is comforting to bear in mind that tueIelwood is a 
renewable resource, Pi'(led i t is h'rv-sted ill a sstainaible \Way. 
Woodf tuII Dl ,Vs MlI anirl impo'tant r'ole i n Alc'ira tha0 illsome 
countries like Kenya nearly 100% of' rural people d,pled on Futl­
wood ole"dlomiestic ei1e'gy and in urtiali alr'ell- 80', , lltliiiy ill LAr 
form of ciarcoal (Kiumwet i). 

El wse ro Africit, same trend .w in IIe tgtere'al exi.s-t li 
Fact i t as heen(0 Sti mI'.tt,I th t ;it 1(,east hal f t linh tul, cut in 
tie world It ilII 've,-i its originl: lole for ainairkiid - as fuel 
for cookinig and heat ig (Spairs). In most, of the West Af'|jcan 

countries, 80 - 85': of wood hirvested is sed its Fl I wood (Okigho). 
IllAfrica ;is a whol(e, it is est irnaited thait wito dl'uel accounts t'or 
66% of tot~l ter'r'gy ( rileHy) . Ini aih olute t rtits, it is est i iat'd 
thl ahoirt :300 i I o tteucu it tt "('.s of fltwlw(ood is 'ornstmed lannual ty 
(lPoll I-;n ) . The poi'centIage sllre of' woodt conlitell d ini th('i orll of' 
eellrgy iin At'icea is impressive - ats crt1 t1W iii Fteied !I'otII IhtiO 
fol lowi rg :rmple coul t lri('s (Ishengoma): 

- Kenya 75"'
 
- Ma law i 89('
 
- Taizai ii 96'
 
- Uganda 00%
 

Wotodftel is nlo longerit a poor man's coinodit v. As costmpt ion 
coltilrlus to ris's abivo StLuplly, I)antiring of t's' 1111ta l" dorre 
close to pOptilatiorn Centr'os, othte'wise sitlration-, will arise wlie'r'( 
Fol'exaiiplp C, it htoL.'sw 1t' spi us t i ti , it fill 1 ,.r'c'qtuiVal(nl work- \'-
gatherilng wood o- r 1 i 1 ter'cllh. i(Wsesiwoodl 'l has hto llie V'Y 

' 
i y%ei N i Ir('l il'ra r I 
one four' LI of hris i icorie, oil r i r'ewoodt arid cthir'coal I 
0expe 	 S . r , t'01' exainpi e , ii e lge Illall I .hoit 'en' slleilds 

Fijrwood is i tdeld t'sse'n I., i tmld 1I jil co'oI r i t i1 Fe arI is 
food is. To nliniizo ruelvword shortage, it is Ipori'talllt to aipply 
good ti,,,,irlaillt i g ochniqtis to a.'oi l hi gh rati'l .sef-dling intOrral'ity. 
In helping to solve oner'gy t)i-otl 'ris, 'xlr,'irnentilla r'sulls fr'om 
Ghana s-uggest, that. ,10,000.1;a. of lrlttit. ion of fast growing 
speciew can lhi' qrr of tons coalut(luce t eiviilent 50,000 rrf per 
year without, unusually i (ifcapit.al-iiionsivi'1tar'ge OiprU's 
technology (Mye:s 

'tr'ees ar'e also calihle of pr'oviding tnarny ilrdi'ect, hne'Fits, 
some of which may iot lie quite otbviots it tll(' fi'sF iIt ait tbill 
are never'theless itipor'Iant : 

do i 	 idea) 	 T'ees i mprovIlicc rc I i l nt; t hey prrv shrade' For 
Livestock and people. It has beern obser'v'd thatt 
tornperature i s!-;till ie ,r thlrthe can gre'itt than ini 
the shade by as inch is 10o rent igrade (Nornair et al). 
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b) 	 Trees are ef feet i vt tools for water and soil 	conser­vation, a major issute in most of the African countries. 

c) 	 Trees also provi(h, a hab itat for wil(li', - an 
important cons i (hrat ion for gellitI ic onser-vat. ion (Myers). 

d) 	 Tree play a major roh' ill pl'ot(-ir iig, rin tin:lijning and

improving (ih(, envirnimt,nt. 'Iriss, ('.p'e'ially in ill(,
form of' Forests, Ih'r'axr-( of' their' spollg( r f't 
 oilrain wat.er, pl ax' critical rolh( if) i'r'gulI ,t ilg ill(, flowof water and I I' pill[ 1i y ­w-ped(.ed fiat t( r which would 
oLherwis(? I)ot, wa . 

e) 	 As for land d legradatI ion, t ir','i rio] tw!I t' cov i-r' I)r

soil t han i I 's(-. Siii' ' i 'ill l I
t ri.XI i t N'A lr \'v' lhuol­strat 	 ed that 'ol l l'i ]ir Iw: ()i i t o l I ( 15 cm (hop)
tinder 'tire ot'ivi'' has [i''nI 1"', an d 	

1 
rildi'r' r'iiir('(llrt iviris 20', tho .in Ii' aiii I' n ii INi'i n it l ) . Il m inrAfi 	 arian 'n'a , os Iiiss -'sreaI

csti nm ilt 	
Ir'is ('l'- i; n ji;uv(' lI)'i'iia ted )(, wef,n 200 and! 2 ,000 ionsl w.r iq i(l -l( 

kilon tr( t w'r' yi 	:r'. In l( rlns of va liii, i t i.s t ,greatet,[ [)(o1 cap.)ii : il,. o()H A F r w a;lll c',llllll'ri es-; 

especial ly in l ping arias h'iuiod'i ''I t.r i.'s. 'Ifhi, 
prevent ion of soil 	 ('r'm livi( m1i) tIh' si of] I r'('i' rivir'Iin t.trn wii'[lini ia iin i rig si I 1i t i on o I 'ss iof ' iiv , 'c Is,.
an(I darns ( Wor I( if ank 

f ) 	 Also for (olihti iing aref 'x(I ir r,.' a iii r ,j ,l .... ''I H, ti '(
planitirig is I l h,.s!t
us tool. It is itt' f() tIr(. IcI r' I.irg
reco~rnilwndat ions 	 srince I h1 U.N. ( l'r(''r'i ('i on ('S l' if-­c ationl held in 1977 i Nai r'ofi 'h ('o l'i' !1r'ri noted
that 	oil the S ath ,rn orlrr (,' if tll( Slth:ii a ;ilorIi' 650,000 
sq. kin. of Ori('-I)l'(idl(i' iVt'' 	 Ilard ha ecoul''iirii, ih,.sirtwi thi n I the las-t 50 yia rs. 'rli 	 of'; i4 	 Ill: Iriniri.l los.s
13,000 5(o. krI. 

g) 	 l'wr aijr peopli' br'(atl is puril* f d hy ti' as Ihe'
exhale Oxygen ivOlldor t)i'(t'st.s- 11o oe'i lvi' rijgl Igly i)ei'called "Natur.'s Lungs'" (l)Doglas ,&Klark). An acceptable
erIVi'orInIerit Witholi t t r'i's is iraijmag inaiIi'. Indeed oee(r;In say that agi' icnliiur'e in margijnal Iarids 1nay he
diS stl'oIS ItI r11- ii','4 Ill( ol ' u-;o tioll ()logla.s . 
Hlark ). 

hi) 'r'e's r(' tltially not del ltiv e on th ('a rth in which
they a'i gro, ilr; the'y tend to (.rll'i-h soil fly their
nutrien t re''cycling effect. A riiinimber of'trtni's, such isIlie ' Ss ryCii'S, have a fit(I j rilitV,ifect by I.l ir
ablit,y to fix atmwiplieric rlitrogen (Wilson). It isknown that if on' pl ants l(gum(es it may noi. he necessary 

http:w-ped(.ed
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to add fertilizer to improve the nitrogen content in
 

the soil. Leguminous crops can add up to 500 kg of
 
per annum (National
nitrogen to the soil per hectari 


Academy of Science). Indeed any substitute for ferti­

lizer is most welcome in Africa, bearing in mind the
 

cost of fertilizer and also the energy needed to orake
 

it. Trees are a partial solution to this problem which
 

is often associated with foreign exchange expenditure.
 

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

It iG necessary to keep in mind the above-mentioned uses of
 

trees beciuse, if tree planting is looked at from one angle only,
 
it does not meet some economic criteria.
it may be discarded because 


It should be emphasized that a number of trees have many advantages,
 
or rather they play a multi-purpose role in rural development. In
 

is common knowledge that forestry supports agriculture.
fact 	it 


In view o2 the above advantages of trees, it is a logical
 

conclusion that, 
for those African countries with a deficit of
 

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


take placej
 

a) 	 Land devoted to afforestation or forest reserves where
 

large plantations could be created.
 

b) 	 Farm land where agroforestry could be practised.
 

c) 	 On roadside reserves, in towns, and on any unused land
 

earmarked for such tree planting.
 

Whatever category of the area to be planted there are essen­

tially four categories of plantations (Lundgren):
 

i) 	 The eucalyptus species.
 

ii) The tropical hardwoods.
 

iii) The softwood, mainly conifers.
 

iv) The legume species.
 

The concept of tree planting is simple if the techniques are
 

well understood.
 

Tree planting programmes have failed for many reasons, such as
 

bad planting methods, improper ground preparation and inadequate
 

care at the early stages of growth.
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To have a successful tree plantation, the people need to be
 
trained in basic skills 
that, would help them to look after their 
plantations successfully. To achieve community participation,
they must be made aware of the economic values of trees as 
relates to their daily l ives. 

For people providing thie plants, some silvicultural knowledge
of the behaviour of different species is essential. It is most un­
likely that the local community will reject a tree unless it is 
obviously unsuitable for the particular end-use in mind. 
There
 
are a few cases when there is a belief that some species will 
take too much water e.g. E'xf':ac species. But in most cases
people will plant what is made available by the relevant authority
issuing seeds or seedlings. It is therefore of paramount importance
that suitable species which have been test.ed and appropriately
selected are used as much as possible. I,ocal species which may
have withstood bulning, overgrazing, pests, and diseases are
likely to be successful candidates in planting for that particular
local i ty. 

If growth performance of a species is known and a knowledge
of appropriare planting methods, considering climate, soil, and
 
locality, are well communicated to the people involved, then 
planting of trees is likely to succeed. It is the aim of this 
booklet to analyse the relevant factors and current planting
methods which have been used in Africa with some success. There 
are a lot of local variations for which local experience is
 
necessary. In an attempt to increase productivity per unit area 
(in most countries suiLable land for 
tree planting is definitely
 
very limited), most people are inviting failure by planting

exotic species without a proper provenance trial. It is coammon
 
knowledge, and indeed a reasonable precaution, to plant those
 
trees which have done well 
in other areas with similar or almost
 
identical growing conditions such as climate, soil and altitude.
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Figure 1 Tree Benefits
 



Climate and Tree Planting
 

IN AFRICA, climate is the single most decisive and limitingfactor to tree growth. By climate we mean temperature,pitation and preci­to some extent wind. Wind is important in thesense that it accelerates evapotranspiration and hence decreasesthe amount of moisture available for plants in) any locality. 

Iiwerqity of vegetation in Africa is mostly tied toclimate of a particular 'one. Il fact, as will 
the 

the nap be seen later,of major cl imates is nattiuralty correlatedvegetation in valious parts 
to the major

of Afr ica. Uslally in making thechoice of speie.e; for plant ing, the major question, otherthe purpose for which a thanLr',, is being planted, is whether thespecies wviII have ttw abi I i ty to grow in a certain cl imate.the answer is "No", the spoc ites 
If 

is ilriujodi tely discardedmat terr how important noi t may be ot irwiso. 'ITheredi versity of climat( is a great
in Africa; the tontient has been describedas both tlie hottest and Itio driest in ti', world. 

Temperature affects 
when i t 

tree pl]ant illg ill V;'itLis ways. UstLaIl y
is very co ld, a nttte r o1 1)1 tlanl clw down i n t lit i
f ­growtIh. In most cases t mnli v of l)1: t %iir i1. 
at a Ii wII g row faste rglie, temperaLlutIe 
high 1(lp -r a ( 

t. ,han11 a 1 I Ow t t ; t tiUl'e proV i ted theit?l' does lie t i'(ad to ulitliti illtti store loss. Indeedhiigh uflpera t,Ute may lead
d'rtIlland is highly 

to high 'v'apor'at ion ( Ivalporatliv 
oin liit'i d by It't)tlaturtii'), rind te froestmiy thinl grow ht'ter ill a tow itrll lt'r 

I 

r it iti.ll(',. E'xt l' l( 

t,wilt ret tl.ively more
ts ol VI('ry l ht11 l a It itt I( il vy hit'- t I toot[' |ltplanI's, es l).aIty whin I toy ale(, young. It ha. wl(?Ii ob .­that hig h Iitmtitl'Ltu v[',dt I 1o1tdill'il I hit' 1ight Mtid tliat e .I the gtowlh of SOtiB' slwc ie. 
day, t.atn

(l1ibl to,y , I .t;illal](IoritlillNet [)hotosyint h[cc. hcse t iet n).
tiltill ill toI' rites sier I'r: at al' 1llld 

2 5 - 35t (Clitdgri 

The (.tjriar or is chtiai'stti'l'iw.tis(,d etcIlM igi's of t( ttItratLand h igh 11(pall .ei i tt lt'Li'i, Neihl wi 5ll0(
sti sO 1 tthwtid Ih'llipi'rat Uoranges tecimts tiigh . M(-ai t 'I lmpi Iitae( is tiigtir it1 15 - 90North ndir SouL ti 1' .l,, slat or', ma5 illI dile to i lndil ssoquato r. Usulal I atit leI rtltnlf,,w I tilf, i r lf()ai %,etr'v I i m i I i iigtree fagl Iit: il1plant ing inlA r i(i . A'Itlloiol.gi
decreases a gen' l'aI I'll I(ilnpe vattl revi l Iat i t li(i l ()i lii(', q 11 o , it i Idh icuinflutence a b i gon the teilipetlt Il't'1,eilt''suit
high er 

u ii it ot ill atr'ea. Ulitthe, aIlt i ttd' ot all a (ow I 1due to 
I 1 ,i , av( age I el peraturemore reradiat ion ( Iowl lileshv,' iitiil'i' tt Ib itnket effect
on ai r); there is also less i.vapora t it)llture.s. Dile 

, ltiii tj)tO i()lIe'tempera­to the infl hence moontains have on cil, i t is athat rainfal I generall y inc'reases 
common experience 

w', altitude. 

http:lloiol.gi
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This means that even in the equatorial zone, some temperate
 

climate exists, for example in the highlands of East African
 

countries.
 

RAINFALL
 

important 	parameter in climate as
Rainfall is, however, the most 

far as tree growth is concerned. Climate is influenced by the
 

and the attendant
biannual swing of the sun across the equator 

lagging behind about a
wind system. Wet seasons follow the sun, 


month with the heaviest rainfall, usually being associated with
 
sun. Mean annual rainfall is Lhe
the northwards movement of the 


critical factor and for tree growth seasonality and distribution
 

of rain make a big difference. Well distributed rain will be
 
is concentrated in a shortmore effective than a downpour which 

have different
time. The absolute amount of rain falling will 


effects on plant growth depending on other factors such as 

evaporative demand; whether water penetrates the soil or is lost 

as a runoff; and also whether soil will hold water in such a way 

that a plant has regular doses of the moisture. An example Df 

a very different effect coming from the same amount of rain on 

vegetation is evident in the northern Sahara, south Algiers, 
where 10 mm of daily rainfall in March, April and November, on 

less sloping areas, supports forests of evergreen oak, and in 

the Southern area, north of Nigeria, where the same amount of 

just supports savanna bush (Goor & Barney).rainfall 

is that rain is very 
is a wide variation in some localities 

One feature of rainfall in Africa 
unpredictable. There 	 from 

area generally coisidered to one year to another. In fact, one 

be drier than another may have t he rainfall pattern reversed in
 

some years. Not only that, rainfall seasons cannot be described
 

Rain may come at a period when it is not supposedas constant. 

to 
rain and vice versa. Local experience is quite often better
 

than any systematic prediction of rainfall pattern.
 

noted for 	 tree planting purpos(s, two wet 
single wet season. Where wet 

It should 	be 
seasons are better than one 
seasons coalesce into one - followed by a long dry period - such 

areas would require about 250 mm more rainfall than areas which 

have two wet seasons. The single wet season pattern begins at
 

about 80 north and south of the equathor.
 

Any successful tree planting takes place only where there is 

moisture in the ground. As a general rule for treeenough 
seasonplanting one should remember that the length of dry 


increases as the total rainfall decreases. Also, usualiy. high
 

rainfall areas have lower pol.enti al evaporat ion demand and low 

rainfall zones have higher potential evaporation. With these
 

considerations in mind, tree planting techniques should be
 
rainfall variation.
modified to meet 
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It must be emphasised that where there is no rainfail at all, 
unless there is underground water or irrigation is contemplated, 
the qtuostion of tree plant i ng should he discarded. There are aIls() 
some cases where evapora t i ve demand is so high iu It ;a I the 

precipitcation that falls is immediately evaporated due to high 

temperature and low itumidi ty. Such , -O S ia I ify as (,erS t wh1­

plant growth is generaly I iimlossi Ile un Ie.ss ir'vigIateod. 

For conwvei ence, the cI im, to in AfIica ,itt he s ij I lid 

into 	five major vat egoris:
 

i h \tW Villll and dry 

stlllmet's ; 
a) 	 Mhedi tirc'all n -limnatj- t te 1()11,t 

b) 	 desert., wi(,te there is no rain I ir a I I pta(t i a:iI purposes; 

c ) 	 sLb-d sort, (ext old i 1g to dry I1'0pi 'al ; 

d) 	 moist tropical c(overing wide .illl.; (d (.1 it 

e) 	 and the niicnid I ropical zono ()f Zaire ;inl sol hein parts 
of West. Aftica. 

It is emphasized that this is a crv sinlpli ied ()lit. iini, and 

there are nulrO' iSV trial ions with al;kjol' (lilniat. I Z lltUs, ,il. lined 
is shown.
 

Med-tit,,rranean cl irn't1m
 

c)-t C'e I iti t dI; i~ 
subll-de(sol't andl dry tr()p~ical 

!iiti St t ltjt I t C i retI, 

iHumi d iri(tittI cI i ma 1. 

Map 1 Major cLimates of Africa
 



Soil Consideration in tree planting
 

IN A tree planting program, reference to the soil on the site to 
be planted is inevitable. Soil itself is formed as a result of 
many factors, the climate being a very important one. Other factors 
are the living organisms which include vegetation; parent material; 
time and topography (Lundgren). There are many classifications of 
soil thus formed and it is possible to correlate major species 
which are suited to various categories of soil. From such a list 
one could choose the species with the best chance of succes;s in 
the soil of the site to be planted. Soil is an important factor 
because it provides trees with water, nutrients and anchorage.
 

The FAO/UNESCO have classified soils of the world into 26
 
major groups and most of these soils are found in Africa. Of
 
particular interest to tree planting in Africa is the group

commonly referred to as tatosola which include fevi~siolc, 
acrisols, nitosol, aluZyso~zs, eambisols and aczenoaols. In 
general, one main feature of feiratsole and aoriolo is that 
they are the most weathered and leached soils while lzviooio and 
cambisols are the least weathered and leached (Lundgren).
 

Without going into details of soil science and the approp­
riate species, one can safely say that the most important
 
attributes of soil for tree planting are:
 

a) Soil depth;
 

b) permeability;
 

c) pH of the soil; and
 

d) soil fortility. 

SOIL DEPTH
 

The depth of soil is important as it affects the rooting depths 
of many trees. There are two major categories of trees as far 
as rooting depth is concerned: the deep rooted and the shallow 
rooted species. Indeed some tree species, like those of 
have roots reaching as far as 30 metres below the soil. Where 
the soil is shallow, say less than 2 me.tres, there is a large 
group of deep-rooted species which will not grow. As for shallow­
rooted species (such as ': , .':',,, ) a relatively shallow soil 
will do. Euoalyptu;. :. :t /e, /, and .,: .: species, otherwise 
suitable for dry areas, will require deep soil as they are deep­
rooted species.
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Depth of soil is extremely important, especially in agro­
forestry when the aim is to plant trees which feed at much lower
 
levels of soil than agricultural crops, which feed on tile upper
 
zones of soil , and hence minimize the nutrient and water competi­
tion in the whole plant commun ity. Because of possible higher

rate of erosion on sloping areas than on relatively flat areas,

unless there is impeded drainage, deep- root ed species should be
 
planted at the bot tom of valleys, and shallow-rooted species

would 0e more appropriate for tile stoping areas where, in fact,
 
a major role of the trees would he soil stabilization.
 

PE 	 ABI 1TYI 

Permeability, or structure, is another important factor as far as 
trees are concerned, t ree needs wate r For survival and when it
 
rains, the amount of wator which will. he available to the tree

vi Il 	 depend on the amount of wat er wh i ch will be retai ned in the 
soil. When water fal 1s on soil, t here are three major possibiIi­
ties of wheret hat wat'er will go , ignoring evapot rinspiration
 

a) 	 Wa I r illay toll off, especially oil stop siol)eS 

) 	 Wa te lilay bo in ti I t rat,od Il pass eIyond t t ' reach 
of tht' ) lant. 

C) 	 Wat. 'r may he re a ne(i i n tit so i I for a faf i rly long 
t tite at. p1 ant-avai IablI., t eis i()n; t It is is tite water 
wit i eh is mos t i mpor t all t f*otr t Ots. 

' rh(tteal i ty , inl most cast's, is thatt a Ii tte above 
possibil i t ies t.akc )tlace. The ai I i t} of soil to t ak' and
 
rol a in water for pla nt us, (hpends oit t' Ithys i cal )roper t i es of

soil. Speci fical ly hat rte1
tho tt 'tt ion it triI t e depends on: 

a) 	 Poros i ty of soil; 

1)) 	 structure , i .e. t it, colponents of the soil 

c) 	 texttre, e.g. 'very coarse or fill(, soils may not hold 
walter well; 

d) 	 organic matter in the soil ; organic matter has a sponge 
effect whn(,l it ,'omt's to r( Lai ning water in Ille soil. 

Generally, in lay pt't'stll's .Ims, otte cain rccognize two (extremes
of texture: sandy soil and(clay soil, at t'ithet' 't( is of the scale. 
In between I ie various tomlilat. ions of soi I ext urto in which loam 
soil is ;I .( l'm ust'd g nertally for soil.s of mediti text tre and the 
ones with huits content . 0t talt say t.hat 1)?Xtp for kaol ini te 
clay, clay soils havt' imperlt' drainage, Il wet periods watetr­
logging is tHie prominent feature and few speci wiII withstand 
watet'logging (,:1W s(! nigtjC (ieS htave SOme success), 



- 14 -

This category of clay soil is the black or grey soil, normally 
referred to as 'black cot ton :soil' o'<o /., ) in Central and 
Eastern Sudan and some par'ts of Africa. As I.lIte isEast soil 
i~llperv iOts, soile SuIso iling iin t he wet. soil0soll iht inprove condi­
tions for tre, planting. Care ntst be taken in su ;oiiiig as this, 
in fact, Might crate pockets of water below tlie soil lsurface and 
this would naturally choke tlie roots of"t toes adjascet I to stlcl water. 
Especially for ornamental t reoe planting, clIay .soil is improved by tlhe 
addition of rod soil (loam soil).
 

Red soil owes it.s coloutr to the presence of iron hydroxide,
 
Red so iIs, when leached, (in bave a problem of 'hard pani' (mlrraln 
or laterite ) which s tops furthor root developllllt, especially of 
deep-rootd(spocifs. Murrain can, in tact , occur l Ihet way from 
tle slrface, of the soil (iin which case? al1 the waterl" siMpi v runs 
off) Or some distance hItlow tho sot face, (as in lthocase itt Ttrbo, 
in Kenya, whore plattations lor a tpulp and pape'r mi l l hav' booen
 
drying prenaturte ly due to this 'tird pan').
 

Sattdy -oil, on ilto t o l h:tnd, is-; vet pyor'ViOtis tandall the 
water pe toIat: s ,o nd iho ito oh of a1 tombehor of plants. 'lr(ees 
Once (stalt I i shod tMt stI I Ic I I ill)trove i,t by t hef I Itn f ia I I and 

hellce they i mp11)lro st i I ' )s i b 1t('%i,a I so ve Itt ()iI 0 wI el 1d 
establ isI tlIonsuo %Sos tt h soi I. Saidy soil , ott accounIt of its 
dlraillage , is llsef'ul ill itui'seiry Mialtisg(i'1 1tit . It ftr.t ett,'a iii ot her­
wise wet at'i's, drought-l'esistait species should I1 Ito.1 argo t 
b(eCaLlst' miOst. ot tie watet l oesO out of" i':lth tt ilie I ,(t's imlleodi Leatly 
af ter Ia dlowntpoutI , ott less ai t 'oi' loas V( y deei ) r' t s. tI i.s; 

a of Salldy otllreckolled Ltllat itet trodeptt soil c i l s to 'O aliotl. 
G cm available water where:ts it ci a so i I may sto t, 20 ctm a itd 
possi bl y mor( i f soill orgall i itat totr is Irset( levi ()it 

pll OF SOIL 

The p1l of soil, whether it is acidic or alkalin, is important 
because somtie species Itave a ran go of p~l utlder wIticlI they call grow. 
It is kntovn, lot' example, that pittes do v0l int acidic soil wtile 
A:;z i', _-i'.' is known -to favour loss acidic soi Is (pl more 
that 6). Usually alkalini ty or acidi ty is not a fact.ot to worry 
itucit about. Most Af'ican soils at'e acidic ttlIss soilsthe are 
derived frton calca' eous rock. Whle'e a cot'taill pi is doe sirable, 
thtOre are ways to dect'iuse or intcrease;, th p1l valui,. VtrV acidic 
soils can be improved liy the addi t ia i tt I limte; to i i- i 1 is very 
alkalitine, sulphur can be :tdl d. 

lW ilated to t th iss'W of ItlI is It O :I I '.l-( qit.;t iin itoI it i Most 
Lr e s pecies will not. tol rate too tmutlch sal in iIIw' :sil. Ill fact, 
the issue of salinity (usual ly i:auised hy the t' est'noe of sodiilnt 
salts - chloride attd stllphtto) ntistl e hitrte itt itd wholtwvl'!in 
i'ri gation of Lrees itt dry ar'tSs is con t(lnpiat.d. Sitlt(' Oft tlte 
species which have been known to tolerate high saliiIt tr: 

C,:,oi,t:i a. ¢ { q :.:c:. : ':':..:, ] <',-il:'do ei..."]',' and, of COUS ,7.. ;, 
several species of mangroves (Weber). 
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SOIL FERTILITY 

In large tree plinting projects, it is w ise to analyse -;oi forthe major nutrients. Soil fertility will normally d(pelrd 01n th(parent material, organic matter and whther the soil has beencropped several times wi th agricultural crops. It is a provelnlact that whille most trees and vegetation have a encialict, ioenrich a a ite, agr icu;ltural Criops have th(l Opposite e1l'cfet.Provided a tree gets osal:iltial elements in Ill(,(earl. tag ,:, itwill u1Sually grow, tioxlgi lo, ill 

agr ie l It lila I cetop wlli (-ih a re v(e'ry Se ls it I 


l otv, n inllert ile S il hulik( 
%vy' Ito IIIl I it I It ll. 

The essenil illa elmenlt a; in t ree grw? 1 :li Ill'rotll lstll'lorlanid !)(tlassium (N.P.K.). lil i i.-illlillm ( 
 tnldi t Ixor t'Naill'lf..
inlm)rov'e li gilfi it' lit ion of' popl n' ht ill 'x ' ' renlder" [lIIIl an ill rll)e vuI il 

of[I i ! tllig'll (':ill-AI'I)h. II [.~I,' :I ; , l l r l I ( .t,s
suI II:hS " ' , .[ -i;*; ,' ( F:AO ']Pop~ : l~I. Iit iorol' ,. %* il( d t111d ) .
 
tPeriocdi' lir ng i'dtlco'i' llilllgtq ll il tie'
h(- ,i . Ill lIt:1 l . it i1
l in kniown I n li lii llglttil ( -ilt l'
lli t 1% 'lImi l\ l it C(.'l l :I'Iittil lII t A I r I -- :i , S uidi11a , Ail'1 I x ia t N iX '(F. () ) .
 

Pli-lthiolius atll 11 ahl ii a ;l Ill'l ( ,I l'l,'V' tilh 1 ll flli ii andin t le ilnount av;il |llbt li *ait :1i'l 'a, aaltii t hei l htlx iiIotl0 ivaillill l h) oi t)hloiix i:-a m.tl i 
 nIt Z n Ii :I k i:lxia ilIt :1 p l tlilhor slldlo, ii i(i inry (FAO). : Cl'' 1 1. aIxt l hi' I ' lI '\' , lhl 1' 1:111 th 

Ilmoht i'lt i ((II till lii ptlllaillil.'lx-i(v l g a Willl ll Ii' iv! lix'nit lot' lbiutxl I .I lxixtl ,i'l ll i1 VI N ot l-;lliill noti, (ll' 'xxi lit d l'ii's lldh,rati 
aim ll t i ll ') l. 'x ' -, %k il'I; cl I ,It . Im I 11 IIN ;ill] i 111 liIh,l ii
.h-Iiw ll I'l I' lx'. lSx il oll ll ll I lx ' ol'l hill 
 cli il ill
ill i t hI'e ll i'fI ' l,, l'l' lta ll . .,i ll il li lhl , siirll l'i '
 
-I115'-> t ril lh l o rs l i n , 1l i':1 l i ni t'll ,i lt li i in.rgiii'
 

I ii , i'si 'Ii ltll ('ll I i ias, ii I' l', li- I l thnoillyllh i I l '-;toluaulIlk .IS " i i II; ilv lia y t Ih ill(- r it f o t I))(. li'aiiiis- i Is
owlt1h a . l i. tli llt 'li, , I' Si GI , no'i Ilil Ii S4ilX :Ii, N'gll(Ii ,ri i. 

C allciu rt ii.'-l)ecies ai'o n I a'i' iml'sitil l ;Isl , ;i I i%, I fin('o hui iplliirontlumlt(hit I ,c .g . v Sandyi I - i(i n v Tel k , Oil the,l t( ildl, (, l[r lll
I. ill Siuldaii ,llk t i m l o,xcl, . r' il ili can Ilim it
 
g 'iv h1. .1. . ..
1" m I. " .. . ( i.F (M). 

T ra t.Illll lti,(> ;.1( w p:1 rl', m(''l'inI1 1 e Ia I :t11 spec);(i e!s all-:.
partl icularly 'io lllf.-;p)(.c(, of 
 .I, - ,',:,.... Oiln< lilt,wvhole, howeve,t lit- -i ul ( ii- ar(,ts mnoi(, iilp)i'l- illt IhI i(lI 11 I'tIP ra Ii int 0 |

(' I illg.; il 
ai ll' ,~ whifre, i t i,- Ilt.(', I o have, I.hloa IIhy,ssa .r 


oI k . is ti (i lso('11 lt y' tha It sn'ace s I cai c sgoli ha soiairt() rii h in Iitt(,
Iiiit,'l (.11iIy , oi I iltili',til'. tot, illt row . Th(i o 1 nt. i~hllrtl's prilliai'il~ g t(it hasWr, s-oi I lctositn e aroblem 
I akoni 1)laci-, or oil kao)l ilti t weat he+rfd L Is(1.r-;\vii r(, gall i(­

m iltIi(+, i , dele(t(,d - t hl , r I ,i'i nri(s:%;dhoptnd ing on I the thickness
of1 top l <, l with o)rg iic llilltt 'r. Sanidy, soil.m;, whic'h hayv ,iniml(ratl:, lfac'h(,d 
(-'an wit.h.stlllidI fln(l'rfevosioJll thatn Ihlose, Soils 
w t h :i 1top Forlt i , ]i.Vl 'r, [+(-pe ially 

, in mlar'ginalI zirv[as. Sa;.ndy 
.;oil is thf, only) ca;.se, wh(J.r( remioval of Surface soil might have


s[i ip, I i cn (oif:icill ( Itll 
aints whlic h wouildI not olthorlwist, be( able 
to 'l: ( I .l[' lod mlinel-rals-. 
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that, other factors remainingAs a general rule, one can say 
equal, heavily weathered and leached soils are poor in nutrients 

(FePrataols and AK'vzo I) while less leached soils are richer 
ni tv, lv are the most favourable(Lu vi c lt and Cami ,ao,!,). Usually 


for tree planting originating from mineral rich rocks 1 ike lava,
 
(sandy) soil, are extremelywhile a I a, f.rnovo'ormed from quartz 

nutrient-poor in wet climates.
 



Major Ecological Zones 

IT IS necessary to corsider some major ecological zones for tree
 
planting becaos( some 
 tree planting techniques applicable to 
one zone are not necessar ily applicable to another. The ecological
zones themselves are as va ri(ed as the cl i mate zones. Il fact some 
places, owen 20 krs.5 zii)[tri c:110 it I (lt 11")I'qica I ,(ots. 

Some zones look like i:;lands and in identifying any particular
vegetation type there is io sils tlote for local knowledge, based 
01 titeroil experilonic, or on t hi o)s ?iva tion of existing vege tation
(often a fairly reliable indicatol'). One nay find see pocketa,

of rainfall, and hence rich veretation, ;tnd in other cases dry

ptocket's with very lit t le vegetation. 
 For txample, in Fa Ist, l'1rica,
patches of' mountains have croated local ocological zones 1)y

relductlig t mllptrat lieand increasing 
 ra infall. 

In .ipitte of t.hI(tabove diversity of ecological zones, for tile
 
purpose of te' planting, six IllaJo ecologrical zones call be
delineatt d ol tie map of Africa. Tile zones which are distinctly
di f feren t.are: 

a) t)>Ih'i'i- : 

b) lill] i t e r'iantan ,on s 

c) semi arid; 

d ) savanna; 

e) moist highland (temperate) 

f) wet humid tropical
 

In considering ecological zoncs, one should hear in mind tile 
concept of integri ty.biological Vegotation supports other 
vegetation attd, for 'xatttplIt, anY disturbance (if vegetation itn on 
spot has a chain Iffect ott vogelat i on in other ir't'as, creat inga k i 'FOre 11L (,(-o. ;N, torn i 11 s 1ilt o) si i.l' tyY 0 f s"0iIS , LIi Ia te,aIitl uh, and !at i lt ty 

The 11:1 oIt'.:()it ' t s iltt I I V (')lt relspltd tO rt'ulrecipi tI i ot1 o)fetch a 'taI. IIt ;t lso ( I s , htllwev( l' , t ett'tpe t:'1 tt l ' tllS'1% rv rll(' tto
tltitu(lt M' lititulde, ;lnd riotlmii ly ite Velglt.aNt it,1 will tclitige

OV'it hotught t hto It it' atnoiti of r'ain11fi II is Ili( siti'. II all 
Clepetds ot the o F'fiit i '(, tI ri'(, tv:' i lille. to Vo gelg at 0lt 
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Med i ter(?lranoean zone 

Deserts 

Semi-ari zone 

Savannah 

Moist highlands (temperate) 

Wet humid tropical 

Map 2 : Ecological Zones in Africa
 



I)ESEIiTS 

Doserts are lir s devoid of aity Vegetat ion, a1lItIo[gh sone 
ireas Wi th It fw (hbs qIua I i fy . Dleserts havedo a1., desor 

precipitation of Ite's I him 200 min 
 and isual Iv itve 10 t 1 12
 
dry Illoatlh:s. A d . Itlonth is one which has l.s tiall 301Ill of
 
rIaina[ill or Ios (FAO). 11 ti('s very lit t l' rilin, :a desewrt
 
zone hals ia very high ('valpolalti i l l' . I sll' 'as's pre(.i­
ftitttiotiI ( v all ltrat h',- ft' ' i,'alt'iiI ',)l hl. l t;Ield. M.eatI liptie-
I t'ltUr'cs ii Illt tillt o[i 'Iti ' tol - ild lit' lit i l tcili iii'
 
v I'r y c o1 I ,
 

o1ne na iln ili t l , t Iii all' itoand ' a' riIlli(,i llt I' h
i~s tlhlL, tht-',N ill't0 ('xl\] lldill countlllI]l rio,. th l, 

K [¢)ll ar(-1 n eml~ 'd 

withi desert i aicil . 'l'ithol', is (,\'idlrict,'t pat l i tIid kooi that 
indl(icatell s thaill Ill SalhlI'Il ,tllPP(Wl'ttd ~ l-i ( , t l l'~l I,~lit, 

Ilsnd oiht in't l(itll.%i t (i l libat lit1 il ,irt i % to plnlt 
ol,'( ('X ilIIIlllI t)i :It ,o(-s , r ill 5Nil."( I', S :illh -1 i :111 ('(0 1l111 1*' 11t'Ii'tld 

do.sel' ifi ca I till, "- , * , his ) ell I()tllld Il o ~1wf : lt '(.; ' 11 p latl 

to [il Ii t ea ii' ) i i, ti ().s i 2,iitc' llenl ac il ,d Is n I i 

Htiardy tlt('I it cille 1wrtlllitdt) t\(-I 1 (In tlldy I i N r hA id ' itt 
Iitnds, loiv wsi II asIiot I' Il i -;I Iv1 f I th Wetd ! sol'W 

arovide I 'turos ll' ' diI iti'll lt' wIlas . ( In it tL' m'(a)tt u
(X + ,";' *,'- i I 'i.l .- 1ta i I i, iIll'Fo r1 e llilp lI :, ~ ' hw( Ii1 I(oulld( I i t t ;it)I t, 

;sa d dn (!s ii IN , i I rIAIi c i . lI i llt i Iis iiii : t "i ' , ; ;ll !-'.: i 
tc eu s i l tlI 1.li'h ill ill)tiiti tIl( P'r wc(,u,igc (ITill'aHl ) . sl i ctlli 
with st nd very -;wvortc' di Il tllI' lt'lt I tI it') 0ill'l'lil ' l;t- it' Whi el itl'(- goo)d Fo r)l .%;:lII l-dIll t [* i N Ill i()ll :11*(' ' '; ",: ; , ) 

MED)IT'E RRANF1A. N 

The main foa:ture-t ol' til, op i Ih l illl. (1 11] - seell from~l Map 2,° it, lies Otltlo. i( lillituidt, :0 Norlh land S'(u . 111Il Nortlh Af'rical 

it, exte~nds f'romi 'W'(-,t. t ) 1,:it. I . (;( n(crall 'v i [ i s w I(,1 (1 til t W(eor wo-t, 
iIlld Ltmperat~ures,- it I', higher~l ill iht, 0110 (Wn(lh(r [tillin1 t'Oi tuLI,1-, 
i s t h1it I'li It flt I, h( wl i t tw Il l io itl t'l 11, it Ild hil t it s ulmll(l,I., l it 
this in(eains t~h(l'( i s I i t I ' t' vn [( ",ll ion o)ll lla r d Il tI11wl '; llil 
the eqCuatLor wi1 t .I.t(' sallw(5 illluill o( I ra i'tl1 :1 1 . 1)1 ll I illl ' l.' 4 

there fore lw t t 1, 1 doll(, i1 n %k ttwll , 11 I(Io(ll pe I ' t III*'(-:, it l'( i 11 Itl(' 

order of 13C (Pr i tltlrd). 

Bleause dry',' i todu,; art' Ita gr , d(,( ) i'till iii I ltt' Illltl ile 
platet d so as to rljtji vi il li ii is. t l i I low Ili' sloi I t s.i '' ihi 
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The wet parts of the mediterranean region have open or'ust 
in the west, to almost desert conditions in the East. In Egypt, 
for example although it has a niediterranean H1imate, it would be 
dry except for the Nile delta. In the west, a fore,st of Cork 
oak, cedar, Spanish chestIlut , I)ine ai i ' i't ee; lV tWo found. 
In the South, Transvaal and Free State have alos, tLolr grlas. 

In Nort.h Africa especially, il countHieLs 1lk, Atgt rila, dLie 
good area of' the coulltl' is rat her mountaiiinous. One, major aim 
of tree plant ing would nalturally he, soil stabilization. It is 
(ll te C)1111 t e Ithe :itid is I prOgratiltnlecoltmon to C groi'tlld t h1is wh I iCh 
can only succee(d if comb i ned wit I tree plainting, ma in I for 
multiple tUi)Sts, in oele ocalit iies the t)roblett is to terrace, 
irrigate and diain s;ol.:(e rlllsts otrdi get aI good standardall r to 
of soil ( ob,,y) . t il i o t, t ii'l y 1iso he aitiedttta iI 
tintiiizing si I tat ioil and in -Si l ' c:ase '.;, t hIe tised for sand 
dune I i xa t.ion. 

A I t houl I t ,(, 1)1 anI i ng i unis ioih1.dIl. vei'y ili ()rt; ti in th( 
pre~ve llti oil , :lI ri,l I i ll[ :1iild i'octIallillIi oil () f (t1,1S , ii t ml ist ho 

rtlletl)ti'edl lhit il t i i' do t t"''cottdit io .; ulil s -; tli;'1- is tiitdler­
ground wilt'er, stich tis it t ti ase of all oasis, or wa I i' liii 
irrigation is litrodtic ed, thl'( is ito ( stlIiolli of' ilanl if g tgiees. 
Effort., tl eirf'or', has Iot It n ex tided in tr 'ying to plant 

{teCs ill diesert S, alti ugh work is ,li ng dail, at tite' ,ige.s ofK 
cieC witii I't(i('1i:1i:i1:1 1 iOn 

succe(e ded , such ias in Ai gir i. , su squeitt P) all i iig o ci I !'tis 
t'ees and figs tils it'ell poss ii1e ( Iou Ias k. Hail . 

deserts, ilaittli t hlt its :it ; h 5 alis: 

SEMI -Ill) ZONE 

The semi-arid ecological zolne is V(l' v exteivi e and in soitie cases 
it Call appropriately ihe' called StTh-d,'it . ;l,.'one is between 
Africa savanin and desert; i t is, it 1't't , a t railsi t ional zone. 
Desert eneroachlnit is very collmott int sttmi-arid areas. Ill semi-arid 
areas, one ranl see bald palch' hirc mid tlhere and within a short 
time the few surviving tlres s.ii'ctltm tIo inhospitable conditions; 
the rate of succuihng caln ih' VI', vfast Mle man comes in, setrling 
for fuelwood ;iid food for his l ivisl,)ck. 

Rainfall ill L. Zht1i' is Itetw'(en 200 mi and 500 miti but it 
can vary very mitch. MeatItpeIll'.lt lre ralnge is i)('tt'eeoli 25 - s2(C 
with very high evlptorltive rate. Mylil' sciltes fItr halt. iiig ind 
reclaiming desirl'l, are acttially heing started in tihis Zone. The 

natural vege tat i on is tnae(1 tlt) 0f tmtniy drought rs isl ant. species. 
Trees in this zoite iave adapt.led to withstiand long d rY nlntits 
which ill some cases may be ip to 8 months. 

http:tpeIll'.lt


- 21 -

Moisture is the most critical 
factor for survival and

growth of vegetation this There greatin zone. is competition

for water and generally, 
 when 	 plant ing trees, wide spacing is
recommended. A!i a result of water scarcity, the trees which
 
grow in this zone are droughI resistant, e.g. X,',o;Ay t ,. TIIe
 
X,.'oL.Jlh t,'.:0have various adtptat ions al lowing them to survive
 
in these dry areas: 

a) 	 One major adapttation is storage of water in succulent 
stem, roots or leaves. .1.:,;,;wr 'a species are an 
example of V, ':,, with stem succulence. Othel' 
trees or vegetation of dry areas have tubers, etc. 

b) 	 Reduction of leaves to avoid much transpiration 
,',:'!8,;:i.., ) is alotL er adapation. 

c) 	 In some cases leaves are wax-coated to minimize 
t ransp i rat ion. 

d) 	 There is also tire fwniliar shedding of leaves and some 
species have altogether lost leaves (Wattle species). 

e) 	 For Xcin;l ;wj to succeei, some spec i es have roo ts 
penetrating very down and ratefar the of root 
elongation is pretty fast. 
 Rapid root elongation 
is necessary to be able keepto ahead of progressive 
drying in the soil. example, :i1 ', z hasFor .1'''1,°[L"
been found to grow 1 met re per week i n loose so il 
(Weber). Some ,:z species-. have roots )enetr'ating 
more metres the -', i ,, than 25 into groun(. T';': :'" I' 
Will usually go down more than 20 metres below th,? 
surface (FAO). The deepest plant roots ever recorded 
were those of ,L'. . '.,:I' where, ini an open 
copper mine pit , rr)S of the S(eci Vs Vere founi lt 
a depth of 53 metres (National Acat(eMy of fins 
Tropical Legumes). 

,The advantage of t his root adaptat ion l: , is
that, when everywhere is dry, some trees will still 
survive and form 	 the only food for livestock. Proper
selection of species could therefor'e utilize underground 
water which would otherwise not be used by surface 
feeder crops and trees. .l,,z,,i: : : is a useful 
example.
 

This 	 is tire most challenging ecological zone il tree planting
due to its extensiveness tnd lack of suitable soils. In the 
Sahel countries it covers most of the land. 
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SAVANNAlH 

African Savannah is also fairly ext.ensive and it is the Zone whici
 
seperates the semi-arid zone it'r(m the wet, humid, t.to)i(cal zoni,.
 
The word ":avannah'" brings to Mind diff'erent contal i ons of
 
vegetation type. It catl, however, he general i zed t hat savannatt
 
is very varied, ranging r'rem open griassland, to gra.-.sand wii lih 
scattered trees and sll'hb-. [ tunItIaliy Coniss51 Of lowlands 
with tndulating hi its and thew main tlturte that, distiitgu it(,s it 
frOll fOe'SLS is tit Ltthe t rte Ctiopy is niever so t hi ek as to 
totally excilide gt'asS . Utlbhrella-shta)ed . .. " ate a ttlltmn teatttre. 
There May, of cotirse he pockets of thicik torests or sulle I)ht'its 
which qualif'y ias sei-at'id. Rainill is generail Ih tween 500 mitl 
and 1000 tmmid the mlti I eltpe'attire is 25 - ,i C. 

One main 'eatitl'(- of - 'a'llli:tll is I ilat , (it10 to l )et(,t.ed
 
grazing and in as Itas il iot, slat'an
utr iig wet cutti vat tue tll is
 
encroaching on wt t tp ical rorests, Rhatil y' is tIh(' t),\'t,'s Ittie
 
case. It. lus h(tt dtmlni;!t tat et th lt t I ni brning
'F 'g(trg t i.tlg tt1l 

is )lreveit.ed, r' , try
lot' ,alllt' tticin in , fairly htavv vegetat ion
 
calt gtrow ltuxu:'ant . tI t Iln llost of
aid glass WI I r tsl . tact 

the savaillitll i-; (t .ol iv\' v t ivOt uric, t i till'lt iig an0
 
Cultivation (lhrrlkits)
 

Whielt 1iitnu 11 I1"i'rii i :; wiSc It keep in mind that natural 
vegetat.iot ct r,ts ily gi ,,' tn idtiorigitt shoul i he g i vt to 
enrichment. llanting tathti ' than fil'S t Cl(a'ilf ail I \',r' tatiOtt 
only to replant.. One call say that whil I noist lre is th e ii.iting 
factor on tlhe utit kit'ts of savlmnil - tIrttvits the it-li-arid rarea ­
competition for light and I ltritnts i.; (11 la(t(l' intto i 1 clle, it;rt 

the areas neat' wet humid, to'upical tind. Il li ;aIa tao li' i cul t t'(. 
is wideLy practised and it is an idteal /I ni t') aiglicril t(':tl 
crops, particularly cetemi Is. 

MOIST iHIGHitLAND 

This zone is not very extensive and examples of moist highlands 
occur only in the East. African and Ethiopian highlands. The 
area with this type ot vegetation would usually fall in eithe r 
semi-arid or savannah ione had it not been ot' tle altt ti d( 
which has madte all the difforence in climat and htice vegetation. 
Even where one coud ox)ect to rind tqiatorial climate, It high 
altitude m 'kesthe itriea cosidtratly Inore iutlitl and cooI , gi i'i'1, 
tlit sante of ini l I . aini al I rang('s tt'ollm 1000 lill itoatoutt iht 
1800 inn) and t.hti ninmt t('rlip:t'a t re bt.een 21 - 27"C(?. Night:s (rit 
be very cool allots(ruttf' Iitlnt tain ltp. havt slow. 

In terms o g I c t 'lnlre,this zone is it high l))t ,lt iatl a'ea 
with mostly volcanic soils. ''etperate species such as ' ' 
;.a a a, P!,:u. ri."' -z and t variety of .t,' ,: spucies have 
been planted successtll Iy in Kenya. Ptanting of trees in tii s 
zone is really not. a problem. Perhaps the only prohle(mtt is 
availaiity of land and also the selectiion of species which 
do not unduly competo wi tt, agricultural crops, especially in 
agroforestry systems. 

http:lreveit.ed
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Moist highlands ecological zones have high risks of soil
 
erosion. They need careful 
 management and land preparation

before embarking on tree planting programmes.
 

WET HUMII) TROPICAL 

In this zone, tfees will grow on the ir own and the planting
problem is indet, d oel(, of weed compet i tion. 'The zone is rich 
in flora and fautna and the main task here is conservation and 
reforestation in dotforested areas. RainfaIll is very high, more

halli 1800 mill per annum, lld tempera tires tre also high with a 
iear of .30 - 32 (?. TIh ar'Sa is fIr ly low in altitude, from sea
level to about 500 tlrest e. %lost of this area lies in Volta, 
Niger and Congo River Bas ins. 

The irel dtoes not produce ui lot. of agr i ciulIttal crops.
Whl'< fo's. ; i ,re c l 'srod I I. I r,'':., o llIi I[ ol nut1 i eliet recyc l i ng
is lost and, due to I'avv lf, cing, tI > oi I c:1 1 he v'ry poor
withill a :'(w \''tl's Hot(,lltiot 0 f, sole of ti, 'xiat;illg inldig ,olnls 
s5)ecie.'- ill so nigr)oforestry sy.;tell is plr icula'l v, relevant inthis zone il viow of nutrient recyclill . It :-;I utli :alIso be
rel,{iitt i -'t1d ill A l' iti hostthat t,'opicslI oif the liltrit'.s are int 
vegetat ion rather' th n itt th soi j (ltckhiolmn). 

When a nleed a 'si, to repitol c illi 1to,,rs apecit'; with 
exotic species, or ally diff'reont p[cuioas, ili' pl'-t)lln is thtlt.
ol land which he Veryvi ,, tl i'. (cal rg landpreparsaitiol, Itt' 
atld solmr. lilies ulrlooti nig satuips which could c p1ic)t pr'uftsc'lI
111t s p liant ing Xp llsive . M any species nn, howe'vi,', succocd in 
thi zotne. 



Seeds 

NO MEANINGFUL tree planting programme can be achieved without due
 
consider-tion of seed procurement. Tree planting techniques must
 
of necessity start with seeds 
from which most tree species are
 
propagated. Perhaps it is fair to generalize that seed
 
procurement is a major problem in tree planting. The point here
 
is to discuss some relevant processes such as seed collection, 
extraction, cleaning, storage, testing, viability, pretreatment
and sowing. The majority of the important tree species produce
seeds and it is only in 
a few cases where a certain species

does not produce seeds, or it produces weak ones, that we turn to 
vegetative propagations, in which case seed provision does not 
play a significant part. !',:pla and 1' ng!'lontia species fall 
under this category of vegetative propagation. 

SE)ED COLLECTION 

Seed collection is an arduous and expensive job and, indeed, one 
of the limiting factors in the whole process of seed management.
One should therefore collect only good quality seeds. In the 
field one can cut open a seed if in doubt as to its quality. To 
avoid rotting, seeds should h)e collected when ripe either from 
seed orchards or ordinary trees. 

Collection of seeds should be selective and timely. Many
trees have ripe seeds only for a short time. One may clim a tree 
and with a hook detach cones or fruits. Alternatively, seeds can 
be collected from the ground at the botton of a tree after they
have fallen to the ground on their own or alfter seed hearing
branches have been shaken. 

It is wise not to mix seeds of different species during
collection, otherwise subsequent treatment will present problems
because different species have differert and important characte­
ristics such as: 

a) Flesh pulp or other waste material; 

b) viability;
 

c) germinative capacity; 

() pretreatment quality. 

It is also necessary to keep a record of what 
is being planted
 
for future reference, especially where there is doubt as 
to the
 
species' ability to grow.
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From low branches one
 
can pick seeds or
 
fruits 
but for seeds
 
in high branches one has
 
to climb trees.
 

Fiaure 2: Seed Collection from trees
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EXTRACTION OF SEEDS
 

There are basically three categories of seeds:
 

a) Those in the flesh pulp of a fruit. The seeds must be
 
extracted by removing pulp and possibly drying the 
seeds within the fruit. Unless this is clone the fruit 
will ferment and the seeds might decay, thus losing
viability. Chlophora species, Ooolca species, and 
Aiberia aoffra belong to this category. 

b) The indehiscent hard pods or capsules (dry fruit) which 
dry with the seed enclosed. Seeds would not decay but 
they should be extracted or the capsule cut at one end 
to allow seeds to germinate. !',,,u} (l1Lolon:. ,an 
G,,ino a species and Ju i, r. ',',.' i belong to this 
category.
 

c) 	 The common dehiscent pods from which seeds can be 
extracted simply by thrashing, and others break out 
automatically, as in the ease of most legumes such 
as Jacaranda. These are the true seeds. 

The point in seed extraction is that seeds should be se:arated 
from their container before storing for planting purposes. In the 
case of pulpy fruits, one can use water to remove pulp, such as in 
the case of coffee. Fruits like those of ,lkb 'm.f~ .ff'ire put in 
a drum and then stirred to separate seeds from fruit. The content 
is sifted through a wire mesh and waste is subsequently dried to 
avoid rotting.
 

Some seeds in co.es, as in the case of pines, are dried and
 
then thrashed. Cones can also be rolled in a drum to extract the
 
seeds which can be removed by winnowing. 

CLEANING
 

Most 	seeds, when extracted, contain some impurities either from
 
the fruit or from the vicinity of work. All these extra materials
 
not necessary for seed germination must be removed to reduce overall
 
weight and volume - a necessary consideration in costing for
 
subsequent handling of seeds. For the purpose of det'rmining the
 
germination rate, impurities must be considered. Soffe pests can
 
also be removed during the cleaning process.
 



"igunt- 3a: Seed drying using Solar E, rgy 

Figure 3b: Seed extraction UsItII I)n'girul 

Figure 3c: Seed extraction with wire mesh.
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STORAGE
 

After cleaning the seeds, it is quite common to store them for use
 
later or for distant transportation. Seeds should be stored in cool,
 
dry containers in order to minimize seed metabolism. If an area is
 
humid, some dehydrating substances should be used. Pine seeds, for
 
example, should be dried to between 6% and 10% moisture content and
 
preferably kept in containers at between 3 - 5°C. Although some 
seeds can be stored for long periods, especially in air-tight
 
containers, it is advisable to use seeds which have not been stored
 
for too long. The shorter the storage period the higher the chances
 
of germination.
 

VIABILITY
 

Viability refers to the ability of seeds to germinate once planted. 
Any seed will lose viability if stored for too long, since it is a 
living tissue and must respire, thus expending some energy stored 
in the seed. For example, Chlorophora cxcelsa loses viability 
within a year and Gi,evfl- ca ,obzaita, a favourite species in some 
agroforestry systems, must be planted immediately after harvesting. 
Other species which lose viability quickly are Klicya in Nigeria, 
Loooa, Entand?,ophragmu and Aa-,a4, to species. 

Trees which lose viability easily must be planted without
 
delay. Synchronizing seeds to planting time presents a challenge.
 
The chief problem is when the seeds ripen so quickly that planting
 
in the field will be difficult. to synchronise. It.is necessary to
 
ensure that seeds sown in a nursery reach planting stage by the
 
start of th'e rainy season. If the seeds must be sown immediately 
after ripenilg and if the planting and sowing of seeds cannot be 
matched, it i2 best not to use that. specie.s. The species can only 
succeed if some irrigation or presence of underground water can be 
relied on.
 

For some of the seeds which lose viability quickly, refrigeration 
should be used if they have to be stored, and it might even be 
effective to coat seeds with glue. For example Au,,!I ,.: seeds 
are difficult to germinate on a large scale (FAO). Also as a 
general rule fatty or oily seeds are very perishable, retaining 
their viability for a very short time.
 

Occasionally, one may not be sure whether seeds will germinate. 
It is necessary to te their viability. One may even cut a seed 
and tell whether it is fresh or not. Floating in water has also 
been used and in this case sound seeds are heavy and will sink, 
while non-viable seeds are light and will float on water. A
 
conclusive test is to germinate a sample of seeds and count 
germination rate. If germination rate is too low the seeds should
 
not be used. It is a good precaution to sow only what will
 
germinate to avoid unnecessary cost and waste of time.
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PRETREATMENT 

Before sowing seeds, it is necessary to know if the seeds require
pretreatment to germination; seeds veryfacilitate some have 

strong and hard testa- difficult for water to penetrate. For
 
germiiiation, moisture, warmth, and oxygen are essential. If
 
secds require pretreatment, as in the case of several species of
 
A&aciuai, various pretreatmcat methods can be used:
 

a) Soaking in hot water; 

b) immersing in sulphuric acid for 15 minutes; and 

c) partial digestion by animals can speed up germination. 

Acacia arab is propagated by goats. It is paradoxical

that goats, the single most blamed animal for desertification,
 
can also help in regeneration. Tackling the problem of deserti­
fication, therefore, needs an integrated programme rather than 
wholesale condemnation of goats, which are in fact the basis of
 
economy for people living in Sahelian and other fragile zones.
 
Birds 
are also an important agent in seed propagation.
 

DIRECT SOWING
 

Direct sowing really refers to planting seeds directly on site
 
where the trees are expected to grow. In theory the method is
 
perfect as it avoids all the nursery costs. In some hilly,

inaccessible areas, a tee planting program 
 can in principle.
only be done by aerial sowing. An instant forest could, therefuie, 
be created in otherwise open areas. 

In general, the ideal species for direct sowing are those
 
that either have fairly large seeds or 
those that are prolific

producers of seeds: Cm'o ton meyalocarpu4;, Acacia meyalocarptio,
Acacia mearnii, Caaata aiamea, Tamarindur indica, Eucalyptus
Citriodora can all. be sown directly. In Gabon, Maevopsis eminii
 
has been sown directly. Local experience can shcw which species 
are suitable for direct sowing. For example, in West Africa
 
successful direct sowing has been obtained by planting Boraaus,
 
Anacardium occidcntale, and Acacia aibidi (Weber). 

In the course of direct sowing, seeds can either be broadcast
 
or line-sown or, in some cases, spot-sowing is done. Treatment to
 
ccntrol density is usually done after the seedlings have grown to
 
the desired height. The concept of direct sowing is very appealing

and the only reason why the method is not very popular is simply

because factors which are essential for growth in the early stages
 
are not controllable in the 
case of direct sowing. Technically,
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any seed which can germinate can be directly sown. However, in the
 
early stages, seedlings are very delicate and mortality rates
 
could be high in direct sowing.
 

The agents which bring high mortality are:
 

a) 	 Inadequate moisture, especially rapid drying of surface
 
soil where seeds must first establish themselves;
 

b) 	 pests and diseases such as cutworms, rodcuts, birds,
 
damping-off, etc.; and
 

c) 	 acute competition for moisture, nutrients and light 
from the already existing-vegetation. 

For young seedlings it is evident that growth or survival 
will be a gamble in direct sowing. As a result of high mortality,
seeds must be made available in large numbers to compensate for the 
death rate and large supplies of good seeds are not easy to provide. 
Because of alternate drying and wetting of surface soil, seeds which 
can survive in direct sowing must be those which can send their tap 
root quickly into the soil. While a big seedling can withstand
 
drought for some time, a newly germinated seedling will die. It is
 
for these reasons that sowing in a nursery, though expensive, is
 
often advocated in most tree planting programmes.
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Tree Nursery Management 

SCIENTIFICALLY 'lannmd nursery management is a prerequisitetree planting programme. in anThere are permanent and temporary nurseries
A permanent nursery, apart from having water available, mustin such be siteda way that it serves the maximum area 
to be planted without
undue costs. There are pros and cons of centralisedalthough nursery mana(,1741many small nurseries may indeed serve different le(mlitiesmore efficiently 
in terms of distribution. 
 Moderately bi
have nurseriesthe economy of scale. Each programme should choose between the 
two x Lremes. 

In hilly areas 
may no 

and places without an adequate road system, therebe alternative to but have small tree nurseries.terrain with transportation In easy
infrastructure, moderately big nurseriescould be appropriate. There is also a case for small nurseriesa farmer would like whereto raise his 

systems such 
own seedlings, In Agroforestrya small nursery Way carry on all the functionsstandard nursery of aIn other cases, a farmer mayand nurse them buy small seedlingsfor planting in his nursery.

especially where one 
The job is justified,

farmer may sell

them just for 

seedlings in addition to raisinghis own requirement. A temporary nursery, on the otherhand, exists to f',( -'itate planting in Lhe field. It is a kind of
tree depot but should :ave adequate water. 

SITING OF NURSERY
 

In siting a permanent nursery 
there 
are some important factors
which should be taken 
into account:
 

a) The site should be frost free.
 

b) The ground should be 
fairly level 
or, if no, terraces
 
should be made.
 

c) Good soil, or if poor, 
some good soil should be imported

especially 
for the seedbeds.
 

d) Good 
 drainage is essential and water logged sites should 
be avoided.
 

e) Nursery sites should he accessible at all ti mes.
 

f" Ideally, tree 
 nurseries should hIo near r('sidential areasto enable regular supervision and monitorilg of changes 
as seedlings grow.
 

g) Where a nursery is sited in a forest are'a. ite alignmentshould be East-West, to allow enough sunlight. 
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NURSERY ADMINISTRATION AND PLANNING
 

There are some important records which should be maintained in a
 
nursery; for example time and location of sowing should he entered
 
in a record book. A nursery should have a storeroom in which some 
garden tools and special soil can be kept. Seedbeds or boxes 
should be arranged in such a way that people working can walk 
freely and can reach any part of the seedbed. Paths of one metre are 
wide enough between rows of seedl ings which should also be about 
one metre wide and as long as is necessary. 

To keel) off rodents and domestic animals, a nursery should 
have a fence. A hedge, where appropriat.o, should be grown and a 
gate should be maintaine~d to keep out, unauthorised people. It 
should always he borne in mind that clean] iness is essential to 
prevent introduction of diseases and pests in tihe tree nurseries. 

In short , then, sit.ing a nursery calls, f'or infrastructure 
such as water, roads, labour, telephone if possible, and cold 
storage. It is useful, too, to have other facili ties nearby such 
as schools, a hospital, a market and other essential commodities 
for people working in the nursery.
 

(I ,t/.,. i~d..............
 

II -41 LuzLFigure :Nury..yo
 

Figure 4: Nursery Layout
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SOWING IN NURSERY
 

Once a nursery site has been chosen, the seed beds laid out,nursery buildings constructed, the sowing of seeds 
and 

follows commonstandard methods in Africa. Generally, the sowing is done either
into seedbeds or directly into containers such as polythenetubes in such a way that ti~ere is no transplanting into the 
nursery. Whichever is 
the case, fertile soil must be made
available to give a boost 
to the seedlings. A typical nursery

soil would have the following mixtures:
 

a) Forest soil; 

b) top soil from any vegetated site;
 

c) some sand or gravel for proper drainage;
 

d) some cow manure; 

e) fertilizer, about 28 grams per 25 litres tin of soil.
 

Usually forest 
soil is assumed to be fertile. In some cases
it does lack some essential elements, i.e. 
nitrogen, phosphorous,

or potassium. If this deficiency 
is discovered it is essential
then to add some fertilizer. Sufficient 
 care should be maintained as fertilizers are known to 
drastically lower survival rates when
badly applied, particularly nitrogenous fertilizers. 
 But this
does not rule out the essential role of fertilizers to seedlings. 

'File sowing of seeds should be done so that their optimum
size (about 25 cm long) will be attained just prior to theplanting or rather match the size of seedling to 
rain. The
period seedlings stay 
in the nursery will obviously depend onclimate, as influenced by altitude also. For example, in the moisthighlands of East Africa pine requires a total of 13 - 18 monthsin the nursery. A considerable amount of planning is essentialfor proper synchronization. Either too small or too big a seedling
is not good for planting. 

A germinating seedbed should have 
some sand to facilitate

drainage. Experience will show how to sow 
seed without over­crowding, which often 
leads to damping off. If in doubt, it isgood to mix seeds with, for example, sawdust before broadcasting

and 'his will make an even distributLion of seeds. 
 For fast
growing seeds, enough soil equal to the shortest diameter of theseeds should cover the seed. For slow germinating seeds. greaterdepth is needed. In other words, for very small fine seeds, only
a thin layer of soil is needed for germination. 

Germinating seedlings are usually susceptible to dampi!,goff. The disease is caused by !Petiumspecies of fungi ,iid if
unchecked will kill seedlings. Damping off can be checked by:
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) hav i ng a Ii glit dens i ty of seedi i ngs; 

1 ) avoiding shading eedlings in wet, damp periods; 

c) niat ira . avoi ding soiI that is heavily infested with 
I"'% ;t ,,ui ng i w ilnever possibleo. 

IDalllpi ng o ft in :s)itt of Lh( %'Chy)r(caut ions may occur, in
which (iease an appropriate- fungicide such is Peronox can be applied
oi the sii( ing.s ol in lthe Soil. 

lPRICKIN OUT METIOIDS 

Young sOd] i igs it'Xt reme lv tender and ust. he handled with care.
Eve'n a I ighi resso.isr, e I Ii finge rs, espec ia] ly from inexperienced 
pirsoll, mnay cvru;h -,d] i ngs and tia t is why handl ing is done by. d[ilil is 
5 aid i le si,,lied igs ar , individually picked lp l for transplant i ng.
Ot ielwi ,, pul l iig ih lon o'(1Inlhe o oi I wi I 1 islo dallage their lender 
Iroots, htSides thopos.sil)ility of t(earillg leives o iStems. 'I'lhiS is 
an oll'al ion l i'h l d 

tli lt:, v A le drive li ,low so(idli ngs as shown ill Figure 

I W 1111risionilld(ed it MustI" nd 

Fig lre ,5. ricking oil lt h,(o 

not be done ol t.ask work (i.e. workers slouldInot het 1t( how many
seedlings must ieO pricked out per day). ie i, quality rather tiat 
quanti ty is the issue that imaiters. A 1,ood prickr.(-shlld, liuwe,\'be able to prick and tran.spi tit tt\w( 750 and 100(0 seed-lings pm
eight iori day. 

Tlt olll(, iifpoitl- lt pireclili ion is to ('iisui' t citait .eeoli igh 
nott d(eydrate(l. As they ate nornally Imi e roold Some1 pwop l, keep 
young seedliigs tempor-ari lv in wate i o. slight.y wel. Thoy inlSt ,
howevei, ie I. taiis)lant id imiine iat ly to avoid lI ingthe ,seed dyinzg.
Staff expem iened in pric-king and t.ratnspIantin g should I). ma in ain t.ed 
in the samew job I!; long a.s !possibl to take aivanl t(age (l. acelued 
experi ence. 
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It is not advi sable to prick seed I I ngs i nd ivi dual Iy as this 
milght i n1jti-re the tender p] ant. . When a dill)]( is pushed under 
seedlings, as shown al)ove, tie whe block of soil wi i a II%V1 
a)art nli Onel C:1.1 yollillse d Lt i fig. OilI pick t v(ti ligs f'i' I 'anspi
tI'llispl tllit.i, I ily s lioll I d t ) la t t d aIt the s Ien,leve I the y vere 
on t li tge rli a Iatjig bodt, o 'rsollwtiillle-sa littL I wI r b)litit Vt' 
h iglhie r. 

gehrFigur 1: v lt I tII wI I . t .dl i n . 4 1o I Ii(11t t, 1)1llt td 

to allo(wI t i.lwt(t ov, nn toIa (ttl l hg. I -t(e(I I i I s toorl[l.;pliln [illg. if ()lT il hot 1(- l", long,
,,I' I*t :I lk l ifiI yt' he)a llad c( h Y itl d i h h h , o r hy a Illo uld p r e p alr .,d lfm 't h i s p u r p o] e(:s 

Inay I as,' shiw n l i12 i rt 7. Agaii , ;e-d lin s; shouldI i t be.

hiatlll~ed livi it Itt1it s e lhy th(w il I rat ii thl'y slho tld li lititlleI, gout I',''[t.4
 

Fligti r, 7: Matk I g ho les ilt Box by IMilt!lt int! NMotl 

WATIERlIN(G AN! ISIIAI)NG 

After citrettllIv ilacint , etdl i.; fii t() lit lh ]', hlowtvevei "pr'harid,
soil should ie C tireil g IIN ' :litlltild in( s ,tdl itho; It i. advi sthle 
to give sced lilups pht'hltv t wttWI It:til, ifC i is t very hot pltice
Wi Lh ove ilhiid stln, son I i g tl th:d c i gr is r ottii il, (d. Wllt r i Ill,
twice a day restIlLs in hi(eler sl-vivai I and growlth thaill wateriIng 
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every other day (Dolberg & Lyshoil). Some seedlings such as 
Ay,ac'ae,a and P.ocpa ; require light shade most of thc time 
they are in tile nursery (FAO). In Kenya it was also observed 
that shading, whether constanti or only in the middle of the day,
is very bne tic ial roi, survival anld height growth of 0'7I.',
and !' . .':, , (Solhohrg anid l.\'slm) In most case s, however, 
there is iiod to ititile oelo Iletie ( con shadintig seedl ings haive 
passed tl, shok of' t raiisplanting. 

ROOT PRUNING 

Who thIi~r t he tail l a!J; I ;.i. Eilst Africa ioxleslt, i i l ti c ( itt are 
conltain :111(t 1 tomade to 50 ti/gi tlld thi s 1),0ll tIotld he vei'v 

Convenieont I()'* lani in,,) or on se,edheds. (1populariv known as 
Swaziland heds hocatle off th.e historicail fact of igin of the 
method in Swaziland), i t i, ahs!ootely nces.-oaly to prlune roots. 
Pruning of root-, t illllatt . l'tw tl of ' ti hous loot s'.V;t.(,Ils , id(hal 
for feeding. It is known that l u-c' s- of :a Itti , or Ittot'i.
 
illpolrti' llwic ll i ptl l o h" di'ii;itL , thal.
I root It is oot l j lh is,
 

lelglen I. )oot r of ' oil 'lttl); l'iI ll iu loot s
ri to ('uhic t i (h-
have a liglie d t tll n unprtlled looti. l'lt illg i; d(lollt hiy 
passing a iii oelt, telow whih, ('ulil nIil helow or 1 hox ,
betweet sped I i i S doll' hiy :1 ;la r i l i hi. Th'i 5 ) li-V(n I : Ltoo 
ittuch root. i t rilliniirl iIIt and, cltttt' lv, a t ht ti l, oft p1altiog, 
a ltill sc(,dlig wt Lit its soil cat I) ( :Vlr t (.d. 

A sei i t wilh its-; iwtI lt)lliict ha l 1of oilI lli-; Li' 
Chai es of' SIIt'v i l Ihti a s ll itt8 ,'iih, in thi (COtli-, o1 
being d tlwedil FIo iit t xo f1' s,tiedbwd, losi.; llo!-l of its s oi l. 
In fact, whot'e t S(,c,( itog i: tiprooli(( wit iltoll root p l'Ui ing, 
cons idet'ahl c da:ig' is don, to roots, a1d lt I such seed l i Igs 
take ItLiuih ltigcFi' to stahl isli t his e, -;c '1caslohaitne (seet d. 
I i gures it anld 81)) 

Wirel i ig (I 'awn I t) wayli I o % I (I
 
Ioix i Og sot)t n a hi ti dohitit l.
 

Axhal of soil from 
i Sell reoeo l'tued stock 

w ire 

Figure 8a: Root, Pruning 
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F~igure sh Iui1, 1 
rin .siIRo 1 i j o I rI~ : ~sI ~l 1( 

Uirh-;l sill root)1 1111111 I1 (WI 11tI 1 I1iI- I() rool)1 Irerillf
 
1)11(1IY 1)11I ou p1 si Iit rig a111d tIii INIas M-1ii k iowrI to h 
 ad to0 Ill( 
tre. starlig] ig i tsI I . (Kontiiwo, Koun~i !i iV icuriturii ()Il 'Turboi 
a ff111151 at ionl - l4i'oatiI tltiiri ualion) 

S WATERPING AND) PANT! IIARIININGSUBSI: Qtl:N' 

lhs~isplruiiig tI 1wisrt i riill ca(,:1 I!, I() i151'socdl itifrg can
be' watered. Fil rio ows of, wal.(.' sprays are 11111(1 1'! il'te lHiaii one 
lug Jet of Also,Illi ill hoti p] zill's o1110 )good lrig is lht t[or
 

ir11m1d1i'(l t1 ', Wa I t - I rI-n (1 
 Iii I i i i 1 Ii{ ig 111" d(ho (I do11k HI( I'll ,-%7v11i rig 

s' ri it's I I I %( Illt vglxIi Hi). W tIi g ii t- fo i i 

510(11 i ligsoiIY 11111 t I l mi t litri I tt I 1 'l' 1, 1 or rhalll 1w01 t and 

sit rviv Ip a eI ir h;(I w f I,.% Wa.dwld s ildI I ga it y tll
 

IleP ill.t, i ll :1'1 Y Ii I I- rig ird 1 11(iit is tilI It Soii r. 11
rd Ig

o5l( I 11flr l; ldI'S I11 g ltitnoll I ( a v 
 I' lt' 1 r I rig suI i r igsuc( 

slrrir I ( he g I i 1a good I'ilia I w I tf r i [Irg. 

lBe's idea.;%%iWIIIPO i rig, -ltiI I sio,(d I iugs iwedt soime shiadi rig but 
lint %w1101 i I. is WOt arid M i StY. IfI shiadl ig i s done unrder those 
corid it Iors , damnpi ng ouffI maty be (cce1 ('rated. 
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QUALITY CONTRO 01OF SEEI ,INGS 

In nursery management it is extremely important to plant only the 
good stock because p1 ant,i ng defect i ve stoek cart be very expensive. 
It is therefore important to cull good stock. This is especially 
true in large goveirnmenlt, nurseries like tht' ma b)yVarious1naaged 
agencies responsih)e for forest ry. Inia pi at e nlrirsery hiere 
may be less cull ing becauise inl mn111Nclases ill indiVidual pers.on W1ho 
is planting trees for f ireood may rightly not b. worried about 
the form of the treo. 

When plant ting illthe field, se'dli .';s fromn a l1l1-sei"y are 
available milainly inl Lhr e forms. There are the soeedlinags from a 
seedhed which wotld b called 'naked root tL'te planting' . lir 
itseedling may only hve a \'ery sinal 1 ltount of soil in tIe loots 
and lit thlites there may be eiosoi l. They are recommendotd ill 
exceptionallv wt cotiditions. ltere are also se(dlangs fromt boxes. 
If the r'ooI prun in has been done kol t betwoen the rows lit the 
r'ight angles, soe(llings 1Colll(out. of th' box withl a i at of siiI. 
They can stand longer t ranspolat ion th naliked root, seed) ings. 
There art iIso pot ted seed] ligs it arty colive lit cont titer'. 
Usuall y one seedling per pot is the casT. The pot s may lie compace t 
soil ball, p1oly thene tlbes, bliamboo tubs, ianllana ox or indeed a 
mtal or box. seedlings '( 'colat11wdevdwooden These potted at' for 
dry areas whier'e transportat ion is fairly 1long. 

Seedl i rigs should have enough so il and moisl re tI ovetrom(e 

deficiencies at tire site of planting. h'le point iii quality control 
is that since any blunde, in tree planting is ('xIlSi'e , only 
healttiy and vigorously growing seedlings should he plant.ed 

Figure 9: Different Containers for Seeds
 

http:plant.ed


Selecting Sites for
 
Tree Planting
 
THREE major factors determine suitability of a site
planting, and for tree
these are: 
climatic conditions, soil quality, and
the ecology of 
a particular area. 
 These factors should be
fully considered when selecting sites 

care­
analysis is for tree planting. Site
important especially since ecological factors differ
from one place to another. 
Even on 
an acre of lanid differences
in soil quality could vary considerably from one
to another. specific site
These variations should be given careful conside­
ration.
 

CULTIVATED SITE
 
A cultivated 
one. 

site will yield better results than an uncultivated
Cultivation 
loosens the soil 
and improves tile 
texture,
factor which promotes plant growth. a

Prior to
trees, the planting oftile chosen site 

loosen the soil. 
should be cleared of weed,, and tilled toCultivated sites formerly uti",izedshould be given priority in choosing sites 

for crops
 
for tree planting.
 

ROCKY OR STONY SITE
 
If plant ing o1 trees 
 has to be done in rockyselection of areas, then thethe right type of tree speciestree species such as is important. Some

have rootspenetrate through 
' : that are able tohard layers of lateriteto reach moist. soil 

soil and heice managebelow the rockyhave pan. Speciec s which dodeep penetrating roots would not 
sites. If 

easily dit, i t planted in rockyan area Inust he planted, ats in tile case of homeschool compounds, then andthe rocky layer [asbefore planting takes place. 
to be broken throughIn such a situation,
the tree is to ,lie spot wherebe planted should be well covtered with soilcol lccted from elsewhere. 

UNDERSTOCKIEI) SITE
 
area is understocked
An it has a comparativelyof tree cover than 

if lower percentageit should haveSuch under normal circumstances.an area could e( cleared 
fresh tree 

of existiig vegetation to allow for
planting or "'nriched" by planting with additionalspecies. If enrichment planting is 
tree 

carried out
forested sites, then in partially 
subjected 

lh0 newly planted tree seedlingsto competition will be 
roots of older 

for nutrients by existing well establishedtrees. Enrichment 

to clear felling, in view of 

planting is however, preferable

the desirability 
to conserve soil
and water. 
 Clear felling of


unless 
a forested site should be discourageddeemed absolutely necessary and 
if replanting will be done. 



- 40 -

GRASSLAND SITE
 

In East Africa especially there is more area under grass than
 
forest. Grassland sites can be forested by proper land pre­
paration prior to the planting of trees. The choice of species
 
able to withstand competition with grass is of utmost necessity.
 
Certain species of Acaci'a do well in East African grasslands or
 
the savannah.
 

WATERLOGGED SITE
 

Waterlogged sites should be drained prior to planting of trees.
 
In such areas, deep rooted species of trees that drain soil
 
should be utilized. Certain species of Eucalyptus (blue gum)
 
have proved suitable to waterlogged sites. Mangroves and other
 
water tolerant species do well in swampy coastal areas.
 



Selection of Species 

THE choice of species 

adaptability 

to plant will depend mainly on utility and
to environmental conditions. 
 Before planting, the
right type of species should be carefully selected. 
 Information
regarding utility and suitability of species should be obtained
at the nearest 
local forestry office, taking into consideration
 
the factors outlined below:
 

a) Adaptability of Species
 

In selecting species for planting, preference should be given
to 
the existing indigenous species available in the 
locality.
Alternatively, species which have proved successful under similar
ecological conditions should be given higher priority to any un­proven type. 
 Species imported from other regions with differentclimatic conditions should be
before mass 

sub ject ed to experimental plantingplanting in neow localities. 
 For example, Africa has115 species of Ac-ic, , adapted to different ecological zones of
the region.
 

b) Utility
 

The characteristics of a tree will determine its suitabilityfor various roles, as outlined briefly below: 

i) Fuelwood: In selecting species for ftelwood, factorssuch as ability to grow rapidly, withstand droughtand degraded soil, 
and exposure 
to wind should be con­sidered. 
 Most suitable are those termed as "pioneer"species which, ittnature, colonise deforested areas,withstanding grazing, cutting and fires. These areusually well-known and available local ly (Naiional
Academy of Sciences). 

ii) Ornamental: 
 Form, size, colour and texture of the crownare important qualities in determining the aesthetic 
value of a tree. 

iii) Nutritional 'alu,: 
 Various spocies of 
trees are plante

for their nutritional value to 
both human beings and

herbiverous 
.nimals.
 

Nutritional products like oil, 
fruits and fodder are
obtained from 
numerous 
tree species. In the Kalahari,
for example, pods of Ac.oc ,aA,, ,ocia are gathered forfeeding cattle during the long dry seasons. 
iv) Soil quality: Apart from the direct benefits accruingfrom trees, various species of 
the leguminosae family
have nitrogen fixing ability which helps maintain a
steady supply of nitrates to the soil. Tree roots help
to hold soil 
particles together, hence increasing soil
 

stability.
 



BELOW IS AN OUTLINE OF SOME COMMON SPECIES INDICATING VERY BRIEFLY THE SITE REQUIREMENTS,
 
POSSIBLE OR COMMON USE AND METHODS OF PLANTING THE RESPECTIVE SPECIES
 

Species 


Ancci abida 


Acacia niZotica 


Acacia Seneaal 


Acacia torriZis 


Acrocorp's 

f r-.ini folis 

Araucaria 

canningkamii 


Site requirement 


Will grow in fairly dry 

areas, 


Will grow in dry areas 

even when inundated 

with water, 


Does well in fairly 


dry areas
 

Early colonizer of dry 

areas and last surviver 

in desert. Favours 

alkaline soil and can
 
grow in rocky or
 
sandy ateas.
 

moist areas and deep 


soils
 

Requires high 

to average rainfall. 


Use 


Fuel, fodder as it is 

evergreen in dry 

period. Shade for 

sorgum and tobacco
 

Fuel, and tanning 

from pods, bark
 
and leaves.
 

Gum arabic and fuel 


Fodder, fuel, shade 

nd shelter, 


Fuel and timber 


Pulpwood and timber 


Methods of planting
 

Direct sowing on prepared land.Seeds
 
should be soaked in water before
 
planting
 

Direct sowing
 

D'cect sowing
 

Direct sowing easily propagated by
 
animal after passing through
 
alimentary canal.
 

Transplants from nursery
 

Difficult to germinate. Seeds must be
 
planted soon, within a few weeks of
 
ripening. Raised in nursery boxes, pots
 
or polythene tubes. Fertile soil and
 
mycorrhizal inoculation produce good
 
results.
 



Species Site requirement Use Methods of planting 

Azadirach= 

indica 
Likes humid warm sites 
minimum moisture about 
450 mm, pH of over 6 is 

required. 

Firewood, shade as it 
is evergreen, poles, 
and timber. 

Poor germinative capacity and viability 
of seeds shortlived. Large transplants 
used for planting. 

a tZauca Moist zones but will 

grow in slightly 

Grown for timber Tansplants in trays, boxes or pots. 

dry zones. 

Ca szaoi ec Does not do well in dry 
area. Shallow rooted 

Good for fuel and 
timber 

Direct sowing and also stump planting 
is recommended. 

species with advantage 
of being termite proof 

Dry tropical and semi-
humid tropical 

Shade and poles Transplants from boxes, polythene tubes 
and boxes. Naked roots planting also 
possible in high rainfall areas. 

;lorojhZa 

a:, 

Moist forest savannah Sawn wood; excellent 

timber. When in 
association with 
other species it is 

Germinative capacity good when seeds 

are freshly extracted. Planting if 
large stumps and striplings usually 
recommended. 

picked first as 
superior timber 

,-2 Z I'D:i 

Requires high average 

rainfall 

Pulpwood and timber. 

Fast growth. 

Direct sowing due to large seeds. 



Species 


Cuppresus 

N sitanica 


Da'-ergia 

Ris80o 


Eucalyptus 

ca7wdulensis 


Eucalyptus 

grandi8 


EucaZypt-us 

microtheca 


Eucalypt-a 

tereticornis
 

Site requirement 


Moist highlands, over 

1000 mm of rainfall, 

An exotic species which 

has done well in East 

African Highlands. 


Survives in dry sandy 

soils, alluvial and 

riverbeds. 


Ability to survive 

in dry areas. 


Moist areas 


Drought resistant 


Drought resistant 


Use 


Good timber and high 

growth rate. 


Excellent fuel 

quality poles, 

furniture, fodder, 


Poles and firewood. 


Firewood and timber. 

Has fast growth 


Poles and firewood 


Poles and firewood 


Methods of planting
 

Sowing seeds in nursery and then
 
planting transplants from boxes,
 
Swaziland bed, or polythene tubes.
 
In high rainfall areas, naked root
 
planting has proved successful.
 

Direct sowing, stumps or foot suckers
 
all recommiended sensitive to weed
 
competition initially.
 

Transplant from boxes, polythene tubes
 
in high rainfall area; in swamps naked
 
root planting has been successful.
 
Proper spreading in broadcasting seeds
 
in nursery bed to avoid overcrowding.
 

Transplant from Swaziland bed, boxes
 
or polythene tubes. Small seeds
 
need proper broadcastig.
 

Transplant from nursery. Like other
 
eucalyptus, very small seeds. Potted
 
plants.
 

Transplant from nursery, small seeds.
 



Species 


J:4':per~s 
:rocaI'a 

ivorensis 


Site requirement 


Optimum rainfall about 

1800 mm. Deep well in 

drained soils, 


Moist highlands 


Arid and semi-arid 

areas 


Moist savannah 


Moist areas 


Fast growing in moist 

areas but fairly drought 

resistant. Low elevation 


species.
 

Use 


Excellent pulpwood, 

plywood, good 

timber. 


Fuelwood and timber 

polareling is done 

It is popular tree 

in agroforestry 

system. It is a 

nursing tree. 


Ornamental and 

fuelwood 


Easy-to-work 


timber. Cedar 

wood oil and cosy 

timber. Pencil 

slats and flooring, 


Sawn timber of 

good quality 


Excellent fodder 

and fuelwood, and 

poles 


Methods of planting
 

Direct sowing and if seeds 
are scarce
 
six months stumps can be used. Seeds
 
are fairly large about 2 or 3 seeds per
 
fruit and has high germinative capacity.
 

Transplants from boxes, pots 
or Swazi­
land bed. Sowing must be done quickly
 
after rinening to avoid loss 
of viabi­
lity. Storage period should be 
less
 
than three months. The tree does not
 
coppice well but when branchas are cut,
 
new ones sprout quickly.
 

Transplants from nurscry. 
 Easy to
 
nandle and 
if wet, bare root stock will
 
grow well. Fast growing species.
 

Transplants from nursery. 
 Potted plants
 
are ideal. Pure plantations have not
 
done as well as cedar species found
 
growing naturally in association with
 
other species.
 

Stumps or striplings, and it 
is 2 shade
 
intolerant species.
 

Direct seeding and also potted trans­
plants from nursery. Can be a nuisance
 
weed.
 

7 



Species 


Lovea Kaineana 


Pinus Kesiya 


Pinus patua 


Prosopis 

JuZifZora 


Pterocarous 

angolensis 


Schinus 

mozle 


Site reqiirement 


Moist area, 


Moist highlands; 

can penetrate 


laterite soil
 

Moist highlands, 

over 1000 mm of 

rainfall 


Drought resistant. 

Becomes serious 

weed in good 

climate - Deep

rooted species. 


Rain forest to 

dry open 

savannah. 


Moist to dry 

savannah 


Use 


Good timber 


Good pulp material 


Sawn timber and 

pulp material 


Fuel, fodder. The 

pulp of fruit has 

high content of 

carbohydrate.
 
Nitrogen fixing
 

in soil.
 

Timber of outstanding 

value. Cabinet wood. 


Shade tree. 


Method of planting
 

Stumps or striplings. Fairly shade
 
tolerant when young.
 

From transplants either from Swaziland
 
bed, boxes or polythene tubes.
 

Transplants either naked roots in
 
fairly wet places or in boxes or
 
polythene tubes.
 

Transplants in boxes or polythene
 
tubes. Direct sowing also possible
 
due to rapid taproot.
 

Stump planting recommended. Seed
 
fairly difficult to extract and good
 
germination is obtained if one edge
 

of the fruit is chopped off. Slow
 
growth, but young tree coppice.
 
Regeneration is good in cleared or
 
burnt areas.
 

Transplants potted or in boxes. Good
 
germinative capacity when fresh.
 



Species Site requirement Use Method of planting 

T'arinazx 

artia Zata 
Salt tolerant and drought 

resistant 
Fuelwood and sand dune 

fixation 
Cuttings can suffice 

lec:On 
gandis 

Moist forest but also 
savannah 

Excellent timber, teak 
poles, fuel and sand 

Stumps about 25 mm in diameter. 
direct seeding can succeed. The 

Some 

dune fixation. Due to 
heavy leaf fall, it 

species has outstandingly big leaves. 

enriches site well. 



Land Preparation 

LAND preparation is extremely important in tree planting, as it 
is in agricultural work. It has been said that in budgeting 
for tree planting, as much as 95% should go to tree planting 
processes and 5% of the budget should go to the cost of the 
tree itself (Thompson). Planting in unprepared land is asking 
for very costly losses. The main objects of land preparation 
are: ­

a) to reduce grass and weed competition; 

b) to improve soil structure; 

C) to conserve moist ure', 

d) as a fire protoction; and 

e) to facilitate later mechanization. 

If one is plant i in a forest area, the first. logicaltig step 
is to clear-cut t rees fo 1 lowed by t he removal of stumps; in 
some cases, if an additional crop is wanted, removing stumps is 
essential, especial ly for species that coppice freely, because 
such stumps have already well-established root systems which will 
compete with nw crops . After removing stumps, plughing to 
remove small we,.ds miay Io (one for leItelfo results. 

Staking and pitt ing is anotherr cat egory of activity which 
normally falls11 nder land preparat ioll. In grass 1 id , one may 
plough before staking and pitting for better growth; or staking 
can be done with or without spot hoeing. Pltoughing in a grass­
land site is done to reduce compe tition in tlie early stages. 

In dry areas, land must b- irorgit, t I( good t I It i. Usul ly 
holes are dug ahout. 25,, larger t hain Il. so; t-tall holding the 
plants ( irn dr ar'eas, potted t rp Iii t i s- strongly recommended). 
The aim here is to reduce wed corritiet it nd to improve soil 
strtcture, It is reconmrended that , wll l ..o Ps are dug in advance, 
soil should he retlurI'Od to the title to avoid dessication of the 
walls of the hole. Just before planting, the soil can be removed 
again to allow a few shiwor's to .ioak the bottom and the banks of 
the hole. 

In sloping ar(ans, ter'aciig is r'ecomeni edc - riairii tile main 
point being to prepare land in such a way as to allow moristure to 
be held for as long as possible. It cannot ho r'r'ssed too much 
that moisture is the critical factor for tree growtri in dry areas 
and this must tie kept in mind when preparing the land for planting. 
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On sloping areas, other soil conservation measures, such asmaking cut-off lines, should be undertakenerosion, as to avoid excessivethe washing away of top-soil through erosion is
bad for tree planting.
 

Ingravel I ,sites, again, soil stIiucture iIIp rovelnprime consideration. t is ofA much bigger hole is r'equi red inareas than in areas with good soil. If all soil 0n 
,lyINrv 

had g rav hr site isl for example , one shlotl Id then import. good soilwhere soil is fairly good, . Even
it is helplful to keep soil in twoheaps when digging a hole; top soi I Should Ie' keptand on one sidebottoll) soil on the ther side', :issh)wnt in) f'i e 10. 

Figure 10: Sepalittion of Soil when digging holes to plant 

Figure 11 shoW. I ied Vidgig 11moe tpplicab] 0 to dry areas, 
which is clne by preparing soil in s.omiis then done kind of box; plantingon top soil of' the ridge' .heresoil, while some there is enoughwa,.r is hold a kid of microcatchment
the bottom of the box. 

in at 

lM A 

F igure Il Tie i gingIg FIor t~Ip ig t, 1st.1ire 



Transportation and Distribution 
of Planting Material 

tree planting is recounendedPROXIoliiT OF a nursery 	 to the -area under 
to avoidto reduce tie cost of transportation and, equally important, 


of traulsportation.
a potentially high casualty rate in the course 

Young seedlings are very Volnerhable and can die due to mishandling. 

Seeclings can he, t ransported ill the form of: 

a1) naked root lock; 

in oxts which carry nore than one seedling (inb) stock 
East Africa t hex usually cont ain s ,19 seedlings); and 

(whichill l;n on1e p lant per contatiler).c) potted stock 

TRANSI'Ot'l' OF NAKIEi RO001' STOCK 

root sidl i gs , cate itust he taken to ensureIn transport i ng naked 

no damage is done to l lot exampl le, blazing skini off,
roots h, the 

The oasesther important l)recat­as this can easily Itd to Ii. 
ilali doewsIm ot. hecoine dehydrated. A

tion is to ensulre i hatat 
'ots are also gettingt n 

waltt r, it will c l,evd':i	, anld die. 'To avoid dhlydra t,inl, there fore, 
or, alt ri tively transpirat ion should he 

)lant is aI ways r':illsp i linx whg aend lltess 

rIot. tntus t he kipl wit 
Too ia'id d lth r i m , wet roots icall ie bundled ill poly­

mit ini iZetd 

h to let.ls dilrilhg tr iilsp rtllt ion.
 

s ting na!tl root stock 

t ndt plant ing e'f such material 
It is imoprl' t ti o l lit e I t iilliSh)()tt 

should be, avoitdid whet' ii, 
stock has reachedh rty" we :mt':ts OIici 

ss Io hit-p )lant i ng stock wet. 
shollltdt li1 nn nitl iit 

ihl plait i og sit', it is stil i I tc, ry 


Olie ('nii Il c ot it i )ist s:iwdtlu t (II, lii o lit,ht 1o is tte-hol 1(1 i og
tlco t 

Na littat Iv , toot ; s iuil Id not h( kept pet itanietl 1y
intc a I I i ke moss. 


in coitt t wt t It wat or, : ltioiultt ill ()(-c sioiao I II asti woll(0 not. CIo
 

('s of s(tdl i 1ig.; calni he
 any hIatl'lm. Whii' it is a vet day , undI 

[In sueti itiisl or we,t. wellher there is lesstratnsp)ortede I:til'lv fitl'. 
(, i-onsel t I fw t, chtiatii'eof dof ydrat ion.traltsp iratIioin tie 

IN BONE'STIIANSPORT O1h' SI,;II N(S 

Transportation of i-'idl 	 i rigs iinbioxi's is a nCh esiteast(Al wthod. 

have inoigih innistt' , the st':-k can he tralnspol'tedProvided boxes 
to etlIstre that. soil is not

long distances. (Cat- iist, he taken 

shaken from seedlI ing root.s for t.his would lead to
 

Ieatih of tie seedling. When carryingdehydration and subseiquet. 

should ie made in to which 
 hoxes

seedlings in a lorry, plat forms 
t.op of 

are slotted. Yor :;hror d|istances,Ihox(es; can be piled oin 
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oile another. IIn fact, evon i f se ,linig-s are bet , they will grow
is sooii as thwy are released. 
 Once at, le planting si te, boxe­should bo kept ill the vicinity of waLer and 
 sholI I be walterdregoil ar Iy. A ttnI aly lnrel'?y won1ld-Ybe id'al lnd it should eb
lotat.td ili a I'ros t free zone. 

TI :'NSPO"tT OF POTTIEDI PLANTS 

irilispitoit iOll of Ipotti tIitoi 5(( l ing.gs i 11(,tt Com)leix bit is; very('Ni)ellist iVi, otltcI; lt'i i igc ico t'l )ttr p 1IOtnt1V . i Mit,l'0, e otlerad',vanltages (ivci t cIIt)Vpi iotn; i)otI td prlat i a re very easy to(s . ab I i ;h. IT i. I t 1 lt1" )l init" ;ti (k cal l atI nid loniger I 'aliis|tOt­t tion cli; ll( Ih ll all ,v 
r 

Ct Iv t . M tItI,( i pot . tIstcII Ily I is ts
:c lon I. i 
 l llid ic c)i I i s I tt I I ccctccl i % 1 I i I w OI, of' I rot , st e s.; If()% I - , hc icndIi tg c.i tic cicr - I o cv(ci(I Ih1w d i. cii gial ioll 
o I, -ioi I - ccitt I ht -( ), I - .- i . ', . 

In t ci iict ] . Jlo ' icic: s; I," I' w cc 44ittWc, ill iiintI I'( t-I isdesi r'ctd , I ao't t tc lt c1iv- ccntv, I c I c tclI p rt cd 11*de t tl 1) oOt I ti1gt!c II 
thteill i IlIcwI ol t . c I ii c(' t r-c tl - 1 -ii vcrv ns 1. i t iv,v I (
ttillispcOl't i ollc icd (xc cacitll it 
opt illlllt scii 

l cl llll Iclci]( 'l, t Itirwis ' lie 
I cci 1Iml c calIof't ori o ctc will ic dalcicclc.idt A Lt( whichhacis ic'i t c'ct 'illtg on 1c sito c iy i I c i t ll llI( . tIcci' sic-t it ii nand wii I lil Vc, i t t clictll( ccl r vI i ci n1t :111 c tip titi tidi 

I'tiOill cclccci ct c cii her t.l'ticse. 

http:lotat.td


Planting 

AFTER ALL the necessary preliminary work has been completed, the
 
time comes when a tree is ready to be put into the soil to grow.
 
Planting is usually clone by hand in Africa but, no doubt, mechan­
ized planting can be done in some areas where land is prepared,
 
as when an agricultural crop is being planted. Essentially,
 
planting a tree is a simple thing; however, care should be taken
 
when placing a tree in the soil to ensure that its roots can
 
spread as much in their natural position as possible. Folding
 
of the roots may lead to strangling of the mother tree or to
 
drastically interfering with the feeding habit of the tree, which
 
could lead to slow growth. (See Figure 12 on correct and incorrect
 
methods of handling roots.)
 

A properly planted 
seedling - the bole 

should be wide and
deep enough to of ootsn 

allow~~ot forot ed ot 

be well spread out breakage 

Figore 12: Planting Methods
 

The other major precaution is to ensure that after plantin,
 
the soil around the tree is firmed; this is important to avoid
 
air pockets. Root hairs cannot feed when suspended in space and
 
such space can also become filled with water, both of which are
 
undesirable for the tree's growth. One can gently tap the
 
tree if the soil is very loose, and this will make it sit more
 
firmly.
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On average, a man should be able to plant 500 seedlings
per day. 
 The job needs close supervision and people shouldi
be given unreali 'ic 
not
 

targets, otherwise they will do 
a shoddy
job with the los. of many seedlings. Planting has been describedas an "emergency operation" becase the opportunity of favoui'ableweather must be seized and planting must be done from dawn todusk in large scale planting progrimmes. For small scale plant­ing in farms there is 
no urgency, but 
the job must be done well.A small difference in the 
timing of planting may make all the
dif¢ference in survival of planted stock. 

HAND PLANTING 

Some people like using a hoe for planting, others a small sword­like tool of sharp metal ("Panga" in Kenya), and others a spadein soft soil. Using a spade or a bar, a person can plant about600 plants per day on well prepared land. It is again emphasized,however, that haste does not pay and it is better to do a good joband avoid high rates of morlality. 

Hand planting can be improved considerably by using a longtube-like tool, popularly known as "pottiputki" in Finland.Using this tool, especi,ly when plants are in nolythene tubes,one can plant twice as many as when using a spade or a bar. Atleast on well prepared land, it is possible to plant 1200 seed­lings per day (Seppala, personal communication). (See Figure 13.)
 

Tree seedling 
inserted into 
the tube 

Fu 1
 

Figure 13: "Pottiputki" Planting Tube
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Planting 

Planting is a fairly tiresome job, especially when large 
now
scale plantation is contemplated. Use of such hand devices, 


also widely used in USSR, can improve the rate of plantation. 
is that one does the planting whileThe advantage of the device 

standing erect. 'file tube s pressed into the soil, using the 

foot; the bottom of the tube is then withdrawn. 

If an area is both wet and soft, a bar can also be used with 

success in pinnting. With a bar and a sharp sword, the roots of 
they easilyseedlinjgs are pr,ssed, >,ut since they are not folded, 

spread out later. (See Figure 14) 

Figure 14: Planting with a Bar
 

Especially on grassland sites, a better job can be done by
 

one man going ahead of his crew, digging holes with a hoe or a 
mattock; people behind him then place the seedling and make the 
soil firm around it. Even on cultivated sites this method may 
be speedier. Digging holes in advance has the advntage of
 
improving the aeration and the permeability of soil to water.
 

Such disturbed soil also forms a good base from which the roots 

of seedlings can establish themselves. Normally, young tender 
roots, especially after suffering transplantation shock, are not 

in a very good condition to strike out and penetrate hard and
 

pressed soil; therefore, digging planting pits simply avoids
 

this eventuality.
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.- .. .. . .....
 

Figure 16: Planting in heavier or grassland soil
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Whatever instrument is used, there is always a face which 
is next to the sharp end and on the opposite face there is the 
compacted portion of soil formed by tilting the planting instru­
ment . The compacted port ion should be loosened after planting, 
(See Figure 17).
 

~ ~ ~-~e ~Face 

Compacted portion
 

Figure 17: Structure of hole thus dug out
 

MACHINE PLANTI NG 

Machine planting is obviously quicker, but the work may not be of 
higher quality than hand planting. Machine planting is ideal for 
land without obstacles, but the method is not So applicable in 
small-holdings where the number of seedlings to be planted is not 
the major consideration. Machine planting is usually done by an 
ordinary tractor mounted with implement s for planting trees. One 
man mounts the tractor and kecps on sloLting .ieedlings on catches 
which embed the seedling in the soil as it rca.mtes. In farms and 
in woodlots planting is a small job, in view of the number of 
seedlings to be planted, therefore hand planting is recommended. 
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ES P ACEME NT 

Espacement of trees when planting usualI ly depends on the final 
crop and also on the zone in which trees are heing plalnt ed. 
There is an optimum espacement for maxi imume dry imat. ter production:
too wide espacement will mean land is not iing it. I ized fully

and hence will Produce less voll lm; too c;lo se espacement means
 
undue competition for light, water aind nutci cnts. 
 A halance is
the aim in planting. As a genera l rule, similar species compete 
more severely than a mixture of specits. As a corel larv to this,
different species stand espacem t han can closer iii similar 
species. Also if some trees are sirface f(eders wh i le others 1e
deep feeders, there is less colli,t i t ion andii hence, closer espaoe­
ment might be recontimm ,nded. 

In miost forest planting, espaceimlit, has been 2.5 ietres by
2.5 metres for exotic species, with much va riation in) dillcrent 
localit ies. In West Africa, harl dwood is p1lanted in -;patcement of 
4 metres by 4 metres. In agri-sil ivictlltir( syst(!ms tilI espace­
ment may be too close when clnopy cl osure is wanted immediately.
When agricultural arc he ire t- i inied long,crops tIo wide (,espacement
is practised. For example in Mhnnita, when plant.ing ". "', ' 
1 09 . ;: ind C.', '." .. . in co. uctIion wi th cOcc -yam , ait 
espacement of 5.5 ilnetres hy 5 motrfs of tret species is made with 
some success (King). A ,,, ; ':., ; 7 has )e(.en Found t.e do well at 
a density of 600 trees per Ilectar, . In range-land, st: tl.ering of 
trees at 25-50 trees per ltetare has lieu lound to improve the 
growth of grass in South Africa (Timlerlake) 

In East. Africa, fer exotic specio; :ltcli as pinlie.; and cypress,
starting liantatious it 1600 stems per hect.tlre lits heln found 
practical, considering the fou r thinnings done ton- sawIot-s 
Review of optimum espacement is still 1-11tn0der waty. lii agroforesty 
systems, arrangement of seedlings )I. ospaceient is if' critical 
importance. In fact, the major objection to tree, plan, ing in 
agroforestry is the competition they represent to agricultural
cr-)ps . Therefore, wide espacement to avoid both light and 
nutrient/water competition should be a guiarng principle. In 
some inaccessible cor'tmr's of 'an1: even cloer espacement may be 
made to compensate For wile espt.-ement elsewhere on the farm. 
Use of small striplings for building or fuelwood may also call 
for even closer espacement in some corners of the 
farm. Optimum

espacement is a fairly complex target but, stated simply, espace­
ment depends on the species used, the purpose for which it is 
grown, moisture availability at the critical periods and tolerance 
of weed competition. 
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INTERCROPPI NG
 

Planting in agricultural land presents no major problem, consider­
ing the fact that soil is under cultivation and hence of good 
texture. The point to note is that planting is done in such a way
that there is minimum disturbance. In high potential areas, trees 
are inlterplanted with coffee, tea or halnianas. Il Zaire, to 
keep
weeds downi in banana pl ant ations, , .' ' , is inL roiuced 
and does ht ter when intertplnted With agri ct.Itural crops than when 
planted in a plantation. IliNorthirn Nigeria, growing of ground nuts,
boans and millet aiong tree crops reOSu lie0d iln ImIrkedly sul)(rior 
.rowtlicompar(ed to that of adjo ining farltand delvoid of' trees and crops

1*,'ta inly seemried better illcolour and growth (King).
 

PLANTING IN COMMIUNAI. ILAND 

l:statl ish in Comlmun itv Woodlot s hy liti Iizi ng coinmunally owned land 
requires i wel Iplanned l)rogran (,specially in areas where land 
is not officially adjudicated. 

For tree-plantgi in com iunal I ' iyined to .t uc.'tI J, prior 
planning and decision- oaking must involve tie a[f'oclr(i commiunity.

% fnilv to 

I li e lrocess It i airt tie ii i[y 


'l'e,c 1Oriillrhas l( ('0istlto d il d illviiid at evo.ev Stage ofi 
fiipor't meltotS 


realize tie valuer oft irei(-plat i anldt tg not,''ssity of' taking 
c a "r'of, t hill, 

c is lot i tie corimlln to 

CoMiRIfila I I I i ram lai I miii] N lIoi'alro( e-p I t i Ill" pr ' lii,'cars 
part iCi pat ion in p lanninrg iil di,'li i 1ol:kitrig is niit soulght.
'I'rees pl a at i'd in coi rruna I I ihiririlu surI t'all ian alpp nil rIt o's 
areI iable to dh'st ruc I ion by gra/ iing irmi's i i c an iialts dhi I' lIack 
of concern liy tile people. Ini Ni ger, Ior ('xNamplh , a Woirld Baik-
Linaniced pro ject 500 lrr'il i- wood Iut ' : co0tlost r of hlui'cmi)( y1111li*v
which was not rop)(e'lY coiunItudi, gal'zid Mid rir1)'ool'id tIP tris. 

PLANTING TECIINIQUES FOl AllNlb ARtEAS 

Planting trees in arid tlndseili - i iiid Zoll's- r'u,]ri i's miii' 'Iiiiiirrul 

and care than under normal corndit ois. liii' to hiigh rai's-, of't m[rns­
piration potted seedlinigs slouild 1lw givein puriori iv to irpit-Iroot d 
stocks. Various t(chniniqitr's iavi' hiii'rn ri'v l(,Iipid' l or ulV Iid 
planting (VITA); the stops ouitliitud luIus r,'tr,'or t a otlruidtird 
procedure where io i, .ailoper-troo 'idslo t i I t il R[14F11tit I. 
to keep time seedling moist throughou unil I is ;plantoid. 
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PLANTING STEPS FOR OPEN AND ROOTED STOCK
 

Select and clear 
 Dig a hole one foot deep
site of all. weed 
 placing subsoil on 
one
 
side and topsoil on the other
 
side. Pour water into the
 
hole if possible.
 

TOPSOIL
 

SUBSOIL
 

Hold seedling slighly 
 Cover the rooted stock
above the bottom of with t 0fl()I andthle hol1e to avol - *. 
fialysusol
crumpling of roots.fnl usi 

:,:: :::?,: ........
i ;}}~ i~~~ %~ ~ ~ ~ ~ ~~~~~~~...:: i .>........::. i{ :, , 

Use your hel to make Fimly but gently press the soila depression next to n i th the palm o)I Ih handthle seedling to remove alround the sternair pockets. to hold the 
seedling'Iirm inl thle 
soil.
 
W ter the seeding.
 

...I ...............
 

Figure IH Prt s tsts tihg 
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After planting, mulching should be done using pebbles. Mulching
 
helps conserve moisture in the soil, a very important factor in dry
 
areas.
 

POTTED STOCK
 

If a 	potted stock is to be planted then it is important to remove
 
the polythene tube covering before planting as briefly outlined
 
below:
 

(1) 	 Cut the tube at the bottom with a sharp knife 

(2) 	 Make another slit lengthwise from the bottom 

(3) 	 Place the plant stock into a prepared hole (as
 
described above)
 

(4) 	 Slightly cover the stock with soil and then remove 
the polythene covering exposing the soil around 
tile roots. 

PLANTING A POTTED STOCK
 

Cut the polythene tibe
 
at the bottom and lengthwise
 
and peel off the covering
 

Figure 19: Removing the container
 

In Algeria a system known as "Potct. maoquc" has been evolved
 
(Douglas & Hart). This is an ingenious way of conserving water:
 
when a tree is planted, as explained previously a rim of top soil
 
is removed. Then some dry vegetation cut in the spring for this
 
purpose is packed around the plant. Some stones are then placed
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on top and the plant given 2 litres of water. The mulch of vege­tation acts as a sponge and evaporation is completely minimized by
stones on top which do not at 
the same time inhibit floW of moirture
that may fall. 
 The system has been used by Algerians with scme
 
success.
 

'JEGETATI ON 

ON PLANTIN4 DAT 

.... . TOP SOIL 

S'." ~ ' .1: BOTTOM SOIL 

Fiqure 20 Planting Techniques in Urv areas 
PLANTING 
IN AREAS PRONE TO EROSION
 

In dry areas, finding suitable soil 
in which to plant trees can be
quite a problem. In Tunisia, Berbers build dry 
stone dams across
erosion gullies. After some erosion, silt 
accumulates behind the
stones and is more suitable for planting trees 
than the ordinary
soil. Olive 
trees have been planted in such silt.
 

Sitt accumiudatUr 
Stonies at bottom 

Figure 21: Blocking Erosion gullies to build up silt
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Use of Micro Catchment: Another method of plalting (r.'C-s in a Idry 
area is to prepare the soil ii such a way that then' is licro­

catclment serving each tree. Using nattll' dt'p l'C. i tis is All.so a 
of Iree plant ilg. Whre thererecommended find successful ml liod 

possilhle on ii vorllanl;, swa11py aral,s
i- 11O rainfall, plan oingis o ly 

,old be identiflied. I i gl ion is 
or seelage zones. These aa 

ius t iiied in1 tiealso a possi)i Ii ty though expens ive. It is s;it I I 
k'ut :i lIl i Si,1;ii t

early stages dui'ing tli't i t i ca Iperiod of 	 t ht, I 
t'li is gsowi lit'alsoDrip irrigation or watering (t I ' wlhere ' 

pa rIts isul'I I y inans less \Vweed coLnp(t i t ion since tI(, uiwat Itevd 

rema in weted ft'eeo . 

problem inssou ialai'd w itt plantingAlkalinisatioi lrole te: The other 
illdry areais is that of alkalinisation. 'l'ltre arte few trees which 

can stand it r'l:it ively high ('luceti tion of Sal ts.;' : :'." lind 

I.! speci s Call Sanid stoune alkIRlilliy and, Ill coorse, tlt
 

maitilc'any val lIt. spei.''s catnnot t oli't'ittInatigrove specios, Bocaue 
it high con ent . rat i ol ii sals, i illt'toid of h le n i an ion has 

c l', iS; tlinl di l.oi'lut.tLe l'd th .ilse' .illec'is' S. Whtn 	it '[hl!yl e'llit ptll catllwi be put arIounld till- II'u ill 	 tilt :;i,)if. ll ' 
eairt'lltll pot's: 

fill With soil l d Sotli' 1itlitte 	 ,ltWl('11 Iih'V ill'I'%ltti(t d da ily, 
de'i'e ' s all cm'wl'i'llf 'llion.sotnie w-t( r I'lows to lhi' platlt and 

luall' tt''t, folr e-xlIt)I'Tiei method is expensive but for i 	 vt ill 

\w ltlhwhi0t cottnpotind, tHe me funod finhhgh Ill' It-. 

the pro'ibletm of ltlmitl ing l<; 
c~lirptlil ion in whic'h ca(se' 

PIANTfING IN E'T ARIE:AS 

Unlike p1lanti ng in dry ati'as, when(' lltoiati ' is the leit ing Factor, 

in wit im; that of w'tol coilnlet it, ion. 
There'( Call heo Sp lo (i l,n to) l-tdllw(. %wtll 

illu dvailt t'i' lli'to'r ' . ow­flo''d 1() p l ill 't'hIlo't 	 qtler' will III, io r' i'lt!; l 	 '()'ld flh l'1( lw h (it' I r~tw
teVel., heo : prl ]empl O f lt-lic'h illit itl[ 

, 
c osp., 'sl)c i atIlyy t iIll'-: rtll :l - I I'; 'itnhu''tt v'l;g.' IIn(Aht.tt*'il 	 I I'I)rll lh 
t 11(:.e.sgroIw qtuick i y who'l'f. I lw ufl( :11'". :,:;h-;' III't,\('lll{, I 

[L'? S ,ec oilt,!l i ' i/Ur Ii'lllI 4; ! d Al:.- \ iIn, 11.1,0 lt ic' h 1:1; be llhccl't' nut 

lisod is toI )ii Ie l a h ill I iils di hl tiii , 111i(I ; I.,1'f~ ) I i i f(l([.th,,llI l-'1 I l i:1111i MI ;t 
lh lln d o ne, itlill" ll - I i ll' ()l 'Is ' :[fllt;"(,I d 1-

i tr ,-at ' , ' I"I. {dlti'' lIt :il I tiI. lillnl i ­
- .I,Ih,W'ed Cos p lt it i off \%W l lil',",l . 11' l in l"l ; ll i ­

i u';' s ' ]fll 'iiwI h , 

:111 ilill)(Wl' alt C Itullido l i o ll ill 

quentll upiton itt i tug %oOd ice 

C'UTT INGS 
l 

Tre(e plalnting o.ccwsi milltI y illvlv\e'; rl ; illt( !;!lwcit,: whic'h :I,(, noit 

it' ctolil 'l'Vat i(tllis oi 'litll'st
good )roduto's ne ds. Whi'' gc lt' 
ay of'imporltnce, raisiig t tiecs bY \'ig'lilt i v' Inethodls i iasutrit'" 
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avoiding contamination than the normal process of raising treesby seeds. Most trees can produce roots if induced; there are,however, some species easiIyv established from cuttings while othersare obstinate. 
 Some of the species which can easily be propagated
asexually are:
 

w1:
I ":'p ,,:'.­

lit most! 1t11.s it is wise to grow cutt ings initially in a greenhouse anid t ,II i insp lintn tlolrll they haveaft.or d(eve loped ellough 
roo ts. 

'ihe liw! ji (-illg ,'lt t igse l I(0 r is simli,. Irom a heal thybranch or' a, l ; Iy a: \' tr ()ILI :il( ra'n .We NCill'S, itIeat cut :1 :inlIl1 ,'" j -15" sho ld 1w Ii.le oil lt node or just helowthe nd. Tw I l h'lli fr('l tlh' p:ir'tIII ma(lt 'ial slhou ldhalve thrt 1() tour (,N'(.sor lu.s. It s II(lssaiv%' to use yourng111at(ria] iif ()m l,.llth y :l1aid vigo)r l.lly i g tI .0,5 .'ow ii' ('(eqt alikiwthi ' vss, int(,rt ,diai ( c (ltIrig.s , r1 r'ot i UCi is I'tll(hallfrom t.orl'minial 'htmt() 
t 

I.I IIt(. a 
I ctlt.ingbls ( ()f st,,ml. (S("( Flig~rr 22)
 

Figure 23: Us2 of cutting
 

When the cutt i ng is iU t. under the soil , slant ing as shown inFigure 22 , tlhe so i I is p ress(id ar'ound it., If soil is not firmed
around the ciitt i ng , t. sinaI roots wi I Ihe not he ahIe to get foodand the cut,t ag wi I I (Ii e. Th(- stem must be planted in r stant con­ta' t w i th so I . Two thriirds or one hll f of cuttings shrould be abovethe ground. Tips might. dry out but can he removed or be left torot . In cas(? of' douli t as to whothcr it tre will root, some rootinrg 
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hormones can be applied. Besides cutt ing, propagation can be done 
by suckers, buds or root suckers 1'or example A , ' ,, , 
Vatbcrq{zI r (gia, iX'ito, te iiit.tc., and ' pecies can be 
propagated by root suckers. When a1 root, suckel is ulsed. for extipl , 
quicker establishment call be ottai ned thlln whell riin ilg a t 'ee, 
from seeds. It is therefore illportalt to keep in mind this etithod 
o1 trtee planting especially wl(t' fast al fes . tation ils wat ed. 
Nursery management may also mean soil'(g' g 1t tngi and budding work. 
Healthy stock shoul d e USd wt tith ,tlall 1N healthy scion, 1hat intialls 
similar growth vigotur. Growth of Ji S loll CatllOtly take, plIace Whllt 
there is direct contact of' cantihium. 

PLANTI NG OiNAMKNTAL 'T'll:;S
 

Planting practicets for ortialtttil la l ' ree sililiar to planting 
trees for otthet irurit's, The vtlriat iotl, iowevet occul's Whel 
large tree stock must be planted. As a getntl'al ille, the Ibiggt'r 
a tree is, the ioe li ficult it is to t :tt splait all otlter 
factors be gn tlual. Sillc otlnilla ltill tees art'eth(e Itotst tieritialItentta 
featutre if a Iatd~sCilpe}, stiCC(rrs i s ,';sellt i it. Permanielir of' 
Features of a atnd.scape is tistiallyIotter oh ta i tid With slower 
growing species which last loilger ttatil last ,iowintg slieci ,. For 
e, aml) tc, mos t o l li Alt atin hai rdwoold w iI I I as t mote that 200 years 
whi Ie ittos t exo tie- pe Si-k4 tiat 1-l (1 ig at lie, ageo F 30 .:trs o r 
s ighlt I N 1o re, 

One ctll J)1antt lit'st St rockot' w ildi igs;. (le printciple is 
that Sile a iiggt'l- sLCk stiffer's biggo ttIatIspl anI ing -hok, 
t''es shou li t l t'ra pltl()nt, when tie' ar, doail'iallt whtll theirt or 
gt'owtth is c'lat ively s-lowV. '' plalited, dtt'ing t pt'iod of rapid 
grtowlth are I ike Iyv t o it f t (aiage titUles rti i t. akttn whted 
haliling thei; leaes llred Watl(t' at I tlle t ilh lell:t ;e high Illeti­
bol isnitmealls niOt'r trans itat iotll. 

'he otholr Ilti)l' tion.idet'it iot i. the' tootilti svqt tl.
 
liflr(-It spec irs hav'e (li t, llt 1oot ir ll -st'iisw tve o
setne 
compact fibrouts t %Ilts ot lilt's htlA\'( sttpar's 'Oot. ot'rwh i he itirot 
system with a major tap root. lepiendi'ig ott onvilolitieital factors 
sntlie species may have, a di fferent pattert. lot' suCresS ful tr'ans­
planting, a compact, tlighlt, anti fibrous root. sys tet is better and, 
at times , root prunning in the nursery is necessa ry fur the purpose 
of inducing a fibrous root system. 



- 65 -

Fibrous roots Sparse roots Root prinning 

Figure 23: Forms of root systems 

When wildings are used, they should dug out with aconsiderable amount of soil. Holes for large stock should be dugin advance. When there is poor soil, bigger holes should be dugand more imported soil used. In a number of ag,'oforestry systems,planting of wildings is more coirmon than planting stock fromnurseries. This is a]so t be xa-, a number of species have beenpropagated discriminately in agkoforestry systems. Plantingwildings has the advantage, of .kipping 
of 

the costly nursery operationand, in most cases, due to the proximity of such wildings, transportcosts are minimized. The point to note in planting wildingsthat they is:hould be planted
the 

as soon as possihie after uprooting. In,course of transporting, they should be kept moist. I' it isnot possible to plant. them immediately, an intermediate depositoryin the form of nursery can be made. In bundles: or individually,such plants can be stored by keeping their roots in the soil andmoist until one is ready to plant them. 

When planting large stock it is necessary to provide mechanicalsupport before the roots are established. As soon asstrong en-ugh, such mechanical support 
a plant is 

is not necessary except incases where animals may lean on tile tree. Mechanical support simplyinvolves driving a piece of wood 
into the ground and the guying
the tree thus plant.ed to the support.
 

http:plant.ed
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Figure 24: Mechanical support of tall planting stock
 

STRIPLING AND STUMP PLANTING
 

In stripling planting, where leaves demand a great deal of
 
water, one can remove all the leaves except the terminal bud
 
with two or three leaves near it (Weber). Azadirachta indica
 
and Kahya senegalensis do well with leaves thus stripped.
 

Leaves remuved
 

Figure 25: Removal of some leaves
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In other cases, plants do even better when planted as stumps.
Nursery stock or wildings can 
have their tops completely cut

about 10 
cm above the collar and then the botLom part 
can be
 
transplanted.
 

Weber has found in West 
Africa that Ca:sia and Gmelina species
do better when planted as stumps. In addition to cutting off 
the
top part of the 
tree, roots are also cleanly cut about 15 cm below

collar. One advantage of planting stumps is that 
relatively more
plantscan be transported long distances at much lower cost. 
 Other

species which can be planted as stumps are:
 

Conocarpus Zancifolizis
 
Chiorophora excesca
 
Causia regia
 
Dalbevgia siosoo
 
Tactona gvancic 

The general rule is 
to plant fairly small stock with a diameter
 
less than the thumb but bigger than a pencil.
 

10 cm 

'[ 15 cm 

Figure 26: Preparation of planting stumps
 



Protection
 

IT IS evident from the foregoing that tree planting can be a very 
expensive operation. Cost analysis of various operations has not 
been considered here because it is felt that costs differ greatly 
from one locality to another. It is usual to indicate relative 
costs by man-days, but again such expressions need qualification 
because in some can'.a's labour is expensive and in other cases 
(especially where opportunity cost of a labourer is almost zero) 
labour costs can be very low. 

In the sense that costs are incurred in planting trees, some 
extra cost for protection is justifiable. When tree planting in 
an area fails, due to lack of protection, as often happens in 
Africa, one cannot really say such Manarea is unsuittble for trees. 
Such failure should be attributed to lack of proper planning. 

In tree planting, protection is usually required against:
 

a heat
 
b loss of moisture via evaporation;
 
c) overgrazi ng;
 
d) 
e) 
f) 

burning; 
diseases; 
pests. 

and 

Occasionally 
young seedlings in 

some d
weich 

irect 
case 

heat 
some 

can be lethal 
light shading 

to 
is 

the very 
recomnended. 

EXCI(S IVEI LOSS OF WATEIR 

Loss of moisture by ev!iporation can leave plants without enough 
water. Where water is of' crit ical importnance mulching is 
recommended and sone eonsidela e (Iiierence in tree growth is 
real ized. There is Iittl,, t hat (an be (lone to stop exces:.Ive 
t ransp ira t ion . Watering i ;, of cOilrs(e, also recoimnended even when 
it is not ext remrnel y hot; morn i ngs and even i ngs are good times 
to water plants. 
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OVERGRAZING
 

Overgrazing and trampling are major problCms to the survival ofyoung trees in many parts of Africa. Both domestic animals andwildliCe cause damage to planted trees. Goats and animals thatbrows,? rather than graze are particularly harmful. In Kenya gamemoats have been used to keep wild animals from plantations. Thegrazing problem is solved by keeping animals away from areasplanted at least until plants are above browsing height. 

Fencing of an area, or of individual trees, is the usualpractice but it can be expensive. Coating plants with unpalatablesubstances can promote selective grazing. Another method to avoid­ing overgrazing is to reduce the number of animals in the area. 

Expert opinions agroe that enviironmental degradation in
Africa is due mainly to oveirgrazing, particularly 
 of domesticanimals onl which the nolmadic ecollolly is based all Over thecontinent. Qui te often destructive exploit ation in the form ofovergrazing is justified on the basis of a philosophical beliefthat man has a God-given right over land and animals therein(McKoll). But more animals feed on shrubs and trees in semi-arid 
areas than on true grass (Douglias R, Bodgan). 

BURNING 

Burning is iniced another practice against which plants Must beprotected. In most cases burning goes along with grazing.People want succulent grass to come out aftcr a long droughtand burning is usually done before rains. This is harmfulas it leaves bare baked soil vulnerable to erosion when rainfa 1 Is. Burning is also done to control ticks. To avoid thisharim ful practice it is necessary to educate peo)le on the(lamages associated wi th uncoltrel led fi res. 

T'e construction of fire breaks is sometimes the onlyeffective way of stopping bush an(l grassland fires. Fire isalso caused by people in the course of' preparing land foragricultural work. The method of cutting and burning slash alsoleads to fires spreading to planted trees. Community partici­pation in control of fires can minimize the problem of burning. 

DISEASES 

Diseases are not usually a threat to tree planting. Damping-off,however, is a common and seriotIs disease which is caused by morethan fifty different fungi (Goor and Barney). The diseaseattacks seeds when germination is starting and other fungiattack germinated seedlings. 
Proper nursery management should
ensure that mortality 
from damping off is minimized. Tile
favourable conditions for damping off 
are:
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a) High humidity; 

b) cloudy weather; 

c) too-much shade; 

d) high density of seedlings; 

e) organic matter in soil; 

f) high nitrogen; 

g) alkaline condition in soil; and 

h) heavy soil.
 

Protection is really to avoid the above conditions as much
 
as possible. One cannot do anything about weather but can, for
 
example, avoid shading during cloudy weather. To inhibit fungi,
 
soil can be sterilized; (treated with chemicals); other chemical
 
measures are soil acidification and treatment of seeds with
 
appropriate chemicals (formaldehyde and methyl bromide). he
 
recommendd dosage of methyl bromide is 50 to 100 gm per N
 
(Goor & Barney) applied as vapour. Dosage of formaldehyde is
 
80 cc per 5 litres of water per square metre applied 7 - 10
 
days before sowing seeds.
 

Besides reducing the incidence of damping off the two
 
chemicals provide some control of nematode and weeds. Fungicides
 
are also chemicals that are toxic to fungi but not to seedlings.
 
Peronox, Thiram and Captan are examples of effective fungicides.
 

Arnilarria melea is a root disease that. can attack a broad
 
soectrum of species. It attacks A ,oo..' iv fraxinifoliu:, A,aucaiea 
enninghamii, Cassia Jiamea, Clibo,-ophita cx.,' sa, Eeuaalypltu"coitvLodo 
Te'tona gvahidie, Gmelina arboi'ca, etc. Some agricultural crops 
accelerate spread of Armillaria melea. For example, severe 
Armillaria mctea attacks were observed on P eitiottiell grown
 
in conjunction with cassava (King). Rubber plantations in mid­
western Nigeria had similar lungal attack from a cassave planta­
tion. It is not a very serious disease and healthy plants can
 
be protected by uprooting and burning affected trees. Otier
 
diseases such as D,'lodia ptuea, Doi,'e,;'oma and Cankei'a are not 
usually a threat to tree planting but care should be taken to 
make sure there is no epidemic. 

PESTS
 

The major pests that attack trees are:
 

a) Insects;
 

b) cutworms;
 

c) nematodes; and
 

d) rodents.
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In Africa, termites are perhaps the most serious threats to
 
tree planting. Termites usually attack the weak trees but 
some
 
species are more susceptible to attack than others. One can 
say that Ezicalyptua are more sus-eptible to termite attack. 
Species which are resistant to termites are: CaacsLa, A,-a ta(2, 

Albizia lebbek, Jacaranda, Grnelzna, Cal iti ,, and highland 
species such as pines and Acaia mcZanoxylol. 

Termites are not always a foe in tree planting. Some trees 
do better in termite molds and generally termites have a role in 
soil formation by assisting in decomposition of organic matter. 
Appropriate pesticides 
can be used to prevent termite attacks.
 
If possible avoid the use of Dieldrin 
or Aldrin, which can be
 
absorbed through the skin, and is 
extremely poisonous to man and
 
domestic animals. Putting ash below a tree is rported to keep
 
off termite attacks. This practice has been effective at a farm 
near Kibwezi Kenya, an where treesin area are very susceptible
 
to termite attack.
 

Besides termites there is Omida gmvii which attacks cypress. 
The best protection is to avoid leaving c,:9osed scars too long.
 
If scars do not heal (occlude) quickly they shouid be coated with
 
appropriate available chemicals. 
Also EAucayptuz glotbuie is 
easily attacked by Gonipte ,u sczitellatinaand luckily biological
control is possible because a parasitic wasp (Anaphjolidca nitens) 
does flourish on the snout beetle. Other 1Eucalyptuz, species 
attacked by the snout beetle are: E. viminalis, Eucalyptur 
camaduiensis and E. tercticornis species. These species aredrought
 
resistant and fortunately not very susceptible to attack by the
 
snout beetle. Chlorophora exceZa is attacked by gall fly (phytolyma
 
lata) and mahogany family is generally attacked by shoot borer
 
(Hypsipyla robusta).
 

The point 
to note is that besides climatic limitations tree
 
planting can fail if protection measures against the various
 
destructive agents are 
not properly planned and executed at the
 
right time. 
 The motto should be "Trees Planted Must Survive".
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