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Anthony Young, Sc.D
 

International Council for Research
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ABSTRACT
 

As applied to forestry plantations, the method
 
of land evaluation provides answers to the
 
questions: (i) where ihould trees be planted?;
 
(ii) what species should be chosen?; (iii)
 
what methods of management are necessary to
 
overcome site - specific environmental limit­
ations?; (iv) how does forestry compare with
 
use of the same land for other purposes? Land
 
evaluation consists essentially of comparison

between the environmental requirements of diff­
erent kinds of land use (here multipurpose trees)
 
and properties possessed by different areas of
 
land. Requirements can be grouped into those for
 
tree growth, management and conservation. The
 
results of an evaluation include a mapped land
 
suitability classification, site-specific manage­
ment recommendations, and estimates of inputs,
 
outputs, environmental impact, social consequences
 
and economic analysis. Research is needed to widen
 
the range of choice of multipurpose species, and
 
to determine their growth requirements, particularly
 
tolerance to adverse conditions. Recommendations
 
for regional research in tropical Asia are: (i)
 
systematic assembly of available data (in conjunction
 
with the ICRAF world survey); (ii) trials along

selected environmental gradients; (iii) the record­
ing of all trial sites on a standardized environmental
 
data base.
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IMTRODUCTION 

Ob.jectivoes 

In site selection for the planithig of multipurpose trees (MPTs), there 
are five questions ta be answered: 

Jr. Wherc <hnuld the trinos be planti&? 

ii. Mhat spcics should be planted? 

iii. Wh-at should be the methods of mnauagement? 

iv. How does forestry com-.'are with use of the 
same 	land for other purposes?
 

v. Where should trials be located? 

All of these are basic questions whenever a forest plantation is established,
 
and have had to be answered for so long as planned afForestation has been in 
existence. What, then, is distinctive about the choice of site for MPTs? It. 
is not that the sites are partly dictated or constrained by adninistrative and 
social considerations or the need to give priority to agriculture; indeed, it 
has been fouid on occasion that rtiltipurpose forestry can be economically cc-­
petitive with agriculture, at least on agriculturally 'marginal' land. The 
features which distinguish mnI planting from forest plantations intended pri­
marily for timber production are: 

(a) 	 The users of the products will often be local communities. 

(b) 	 Information on the growt.h requirements of M1Prs is at present 
less well established than for the better known timber-producing 
species.
 

The orientation towards 'ommunal management and/or utilization can affect
 
the location and size of' areas for planting, aid also methods of ,kuigement. 
Small farm or villair. wo-dcots can be corLsidered, in addition to larger plan­
tations. This is also the reason why Question (i) above was not expressed as 
"Where should plantr.i 6 '" ited?"; one proising means of increasing pro­
duction of fuelwood and other tree products in areas of land pressure is 
through techniques of agroforestry, in many of which the trees are not isolated 
in blocks but intimately ;rixed with crops or pastures. Howeve:, to avoid 
repetition of the phrase, "plantaticn: and other tree plantings", the word 
"plantation" will be taken t- include agroforcstry designs. 

The shortage of reliabl.N information on growth requirements for MPTs 
forms the main gap in pr,'sent knowledgeconsidered in Sections 4 and 5 below. 

"ith rgar-d to the Fifth question, the location of trials, the short 
an- ,cr is that trials should be located on sites representative of the range 
of environmental conditions on which plantations are expected to be sited. 
Where relevant, the range of social or institutional conditions should also be 
covered, e.g. boch gcvcrrnent; and co mnity-araged plantations. 'Tis applies 
both to trials established concurrently with plantations, to monitor growth
 
and production, and those established in advance of widespread planting, to 
test establishment and .rowth. In the latter case, in order that trial sites 
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should be representative, survey of the range of potential land for planting
should p:eccte seectii ,f t rial sit. 

Die rest of this paper vwil a-vumwf choice of sites ror llanations asthe basic situation, it being assil[med thai 'preps.+ntatiyve sit.s for t.rJal..,will be based on the range of envir'onments of the pant..aions. 

In terms of the eatlinc st.rtwture of paprs for th;.' Workshop, theremainder of this section "ogetha',.,ljMAtia.~ on 'Lard ,:'aluat.ion' and 'Landevaluation applied to site select.on for MP'h:' !,v be c.lltad the state of
the art". "Caps and present kno'ledge" aiad 're.-earch 
 rieed" art then treatedjointly in the sections, gerral. .. id with reslpoc; to tropical Asia, whilst"putermial appl ications" are cotnvnd in the final sec ion. 

Land classification, Land capability cassificationi and land evalUation 

Various methods of site selection for forestry have been devised,of which somecould be adapted to selection for MPrs. Among the basic approaches that
have been euployed are: 

- land classification (descriptive);
 
-
 land capability classification;
 
- the site index method;
 
- land evaluation.
 

Mention should also be im-de of forest inventory, but this techniqueapplicable to existing stands and is 
so not relevant in the present context. 

Land classification 
which group land into a 

is used as a term of convenience to cover methodts
set of descriptive classes, 
 without necessarily implyingsuitability for future purposes. 
The classification may be on the basis of
the legal status of the forest land, its prpose (wood production, protection,etc.), existing forest type (e.g. montane forests. swamp forests), environmentalconditions (e.g. climate, slope, soil, including the land systems approach),or a combination of forest type with environment. Eome fWrest land classiti­cations for Asia were sumiarized in Carpenter (1981 4; a sunmary of the approachesdescribed in this volume is givea in Table 1. Many ex.ples of classifications
based on forest types in Asia are described in FA (1'183 b).
 

Systems of land classificatian can form one basis for land evaluationsite selection, namely the descriptive basis, 
and 

as exemplified by Davidson (!90)for Papua New Guinea. They do not alone constitute assessments of site suit­ability for specific purposes, and are thus 
not land evaluations. however,some studies called "land classification" have in fact been evaluation (e.g.Co.oling, 1977, summarized in Botero, 1981, p. 124). 

Land capability classification refers to the many adaptations of thesystem originaLly devised for the United States (but. now largely supe-rcededthere). rn it, land is grouped into a set of capability classes, ranging 'Ofi,Cla.s i with no limitations for agriculture to Class VIII with very severelimitations (Klingehiel ,:..,and Montgomery, 1961). In the original version of thesystem, Classes i-V have a 'capability' for agricultural use, and by implicaLion
are to be preferred for that use even though theyfor forestry. Since Class VIII 
also have a h.Lgi capability

is limited to aesthetic and conservatio, put'poses,this leaves Classes VI and VII for productive forestry.
 

http:select.on
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t'able . Approaches to forest land classification in tropical Asia 

As reviecwd in rountrv papnr. in Carpi-entu ( t').i 

By purpose By By Lnd 
or legal forest environiiiental capabilityAuthor Country statuS Zypke conditions; cla'sification 

Paudey India 

Katrtawinat.:, Indonesia v' V 
Sandy Indonesia 

Lee Kara-ysia / / 

Moss Malaysia /
 

Qlureshi Pakistan V V / 

Davidson Papuia N.G. V 

Revilla Philippines V'
 

U1aoli Philippines ,/ 

Wacharakitti ailand 
 V 

Land capability classification ihas the rerit of simplicity, and iA enm]oyed
at a broad level of planning in a numtxr of' As.ian countries. However. il:. im­plicit assumption that agricultural use in to be preferred wherever posible ctxsnot commend the system to foresters, ard ais a basis for site selection it has
been largely superceded by land evaluation. 

The site index ,.ethd i; tu, well known to foresters to require description
here. As the site index lone. its application is limited to even-aged stanb,frequently based on pcrmanernt. s.qble plots. liternative methods oiy d ,jc..­
diction are available for mixed-age stands (Alder, 1980, Chapter 6). The siteindex arid related methods can be combined with growth-site correlation to give
a powerful approach to the prediction of forest yield. As such, it is to bepre._fe-reci a; thleas c nethed for yield prediccion whenever data are availabl-e:,
being nmore accurate ha1 the predictions based on site conditions only, such as 
are coeimo in evaluation for agricul-.ural purposes. 

Finally, there is the alproach of Laid t-vahtation, ba:;(!d onc¢Aiipar'ison between r'quitrement.s of the forest land use 'and properties o1' the land.This approach forms the subj.ct of the remainder of this paper. A schenratic
comparison between the results from descriptive land classification, ]and cap.1­
bility classification and ]and evaluation is shown in Figure 1. 
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Figurt I 	 Schoenitic compari-.5on )etween the rest.ts tF lantd 
cl .--. land classificat ion ami:i icat.ion., capabilit~y 
land eviluation 

(a) Land 	classification 

E 

(b) Land 	 capability classification 

(C) Land 	 evaluation 

A9
 



L" . EA.UA'IG;. 

WhLat in land -val ,ittLon? 

land evaluation is tho procv-s of asses.ment of land per­
formance when used for specified purposes, in order to idea tify

and compare promising kinds of Land i:a. Essentially it. is a pro­
cedure for comparin, la:nd use with land. T eo kinds of land .sr 
that fo:r o"r present concern are plantat.ions of MPTs, managed

primarily for funelwood product o.n. The term Iand refers iot j:,st

to soil but, to all facto>; of the physical environment. that. can
 
affect suitabil iy for u e, including climate, ].andforms, .oils,
 
and pests ac16 diseases.
 

More precisely, evaluation involves comparison between the

requirements of the identified kinds of land use and 
 the propertie;s

possessed by different areas of land. 
 For example, the moisutur'e 
requirements of different rree species are compared with the moisturt.,
availability of land units, the requirements for nutrients with
 
nutrient availability, and so on. By such comparison, coupled 
 with
 
other methods of analysis described below, a classification is made
 
of the suitability of each mtappad land unit For each detined 
 kind
 
of land use.
 

A funda.,ental feature of land evaluation is that as..n :. 5
is given to the iilentification and description of the most. promising
kinds of land use as is given to the survey of areas of land. it

is this feature which liscinguishes it from previous approaches, in
 
many of which the land resources were surveyed in some detail but

the land use defined in nr1 y a highly generalized way. Unless the
 
land uso is specified in some detail, it is impossible to make an
 
adequate assessment of its requirements, and so to achieve a satis-­
factory comparison with the environmental resources.
 

One consequence is that. evaluation requires a multidisciplinary

approach. It calls for 
 the expert knowledge of specialists in Land 
use, in t.hi:. case foresters, and scientists concerned with land 
resources, such as agroclimatologists and soil surveyors. Morecver,
it is not enough for these specialist.s to carry out their respact.ive
tasks in isolation, There must be cooperation and frequent inter­
change : information between them if the optimum matching bet'ven 
types of forest plan-tation and land resorurces is to be achieved. 

For further discussion of the approach and principles of land 
evaluation,reference may be made to FAO 
(1976) and Dent and Young

(190!, Chapters S, 10 and 11). 

rhe developmernt. of methods 

The approach and methods of land evalunat ion grew out of the 
practical needs and eyperieonce of land use planning. 'his was
brought together in the Framework for land eval uation (FAO, 1976),
which sets out. the approach arid principles of land evaluation,
defines the terminology and gives an outline of procedures. The 
Framework is not specific to airy form of land use, drawing its
examples from agricu!tirre, forestry and livestock production. 
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Exper ience in us.ing the f,lan,-wo k, boLh i ri eLd i. eit.r 

up remarkably. poerhaps uinexpectodcly, well. Re i,| |el e.' -t,.,o 

stantial addition.; or iiodifications t.o Hi,' pl iriei p t l " I . 
proce(lres taken Ii olt. linet. ,avu been found I--;ir hir " "V 
it has become 0q1a1i y Ci.ea'it t rtinot (nil gli 7taA.:- n , ' 
procedures are i'l , pat ciii ;zi-y for traini.ng porpi.- . 

Such details vary aur ' ir t.oo t.ht :ip cial i 'cu .1 iic . 
associated with the oF 1a und c r.kind iaz1, eld di,- rIrott.,, V,:.a-,! 
tion for forestry. for c \am ,.. i.;! co e '.e: V o "t lie re­

time-scale (.%.latively long e f p(.-e ,. on e a 11'i toI o. -l .z 

a- riculture t.b, hi gh capita! t.:-; ..-iin livestock grazinlg, t he Ulnits 
of producLtion cn M mo .- Ctr'r ,one area ot ani t.. anilh i'1. 
situat ion I ed to i, 1e r,-pa iat i nl of more de( a led g i.:le Line on 
land evaluation for' each of the major kinds of land us,: for 
r'ainifed agri culture (or. croI production (FAO, 1983a) , forestry 
(FAO, 1984a) , irrigated agriculturc (FAO, 1984b) and extensie 
grazing (in preparatlion). L/ These are considerably more detail Id 
than the Framework---that on forestry is 123 pages long---but even 
so are sti LI to he t|reated as guide I ines, reclu iring adaptat ion to 
local circumstances. 

The preparat-ion of the forestry guidelines was initiated by 
a workshop held in| Wa-gningen in 1980; much useful material is 
contained in the Proceedings of this meeting (Laban, 1981). this 
was followed by a second workshop held at FAO, Rome in 1982. In, 
preparing these guide!ines, particular attention was given to the 
multipurpose natuire of forest production, including the situation 
in which fuelwond and not timber is the primary aim. The circuim­
stance-; of community forestry we.re also kept in mind, including 
the need to take account of -he social consequences of allocating 
land to forest rise. The following account of" procedures is based 
on the Guidelines on land evaluation for forestry (FAO, 19 8 4a), 
to which reference should be made for further details. 

LAND EVALUATION AP?LTED "to'STTE SELECTION 
FOR MULTIPURPOSE TRE." PLANTATIONS 

? roce(I tL1;.S 

The procedurnufof land evaluation (1-igure 2) commence with 
initial disctissi ors between those requesting the evaluation and those 
responsible for carrying it out. The first need is to determine 
the objectives. In the present case, these will be broadly to 
esta' ] isih plart.at.,oris (if MP's f'r fielwood p rodict ton arid ot hfe­
purposes. Such objectives need to be extended for the circtu, stalces 
of each arca. For example, what is the balance of local needs for 
forest products, as between timber, fuelwood, browse and forest. 
grazing, or reclamation of degraded Land? What is; the estimat-d 
quanir.ity of fuelwood requirements, and how soon is it needed? 

Also at this initial stage, constraints to siting are estab­
].i.shed. Much laral may be excluded from consideration for plan-

I/ See Note on References, p. 28
 



Pigu'1t1 2. ONztiinct)uf Proctidurcs in uuLad Lvaluat ion 

St trce. FAO ( 10~4a, p. 27) 

AYNING ?.LD :WALUATIOI 

- Objectivo0 
- Constraints 
- Lata & .4umuptions 

LJD tIrL',ZATL'I,. y fS EWONOI4IC A SOCIAL, LUTDMI-IrS 

-~~ DAT Identificaiin 
- Calletton - denicticn . 

LAND USE RUI)(rrS QU1-TI 

cHAAr7~I. 

Fbr apeciried purposes 
a required by lan~d 

--------------e-

C. 

CO04PARIW?; OF LAIjf 

- Evironaontdtl 
Impact
 

£o~r~o"Mc & social 

- Svi Aloni c:. lanld itilizzution typos ( I1flu1I KOttii. naJnijri 

-I )b1r,,r=,nLa1 Impact 

- 1 *JMic Uld Ioc':jal RMfl23,In or alternatives 

" t a~#',r-) m:l.'urveys. and sypecl-t1tzd Mtudten 



tations, on ground.-; of ,t]g I st:tt.j:s p.'.eni.. 'nearly all ].:J ] -1,r.-,. r . t i~z'.i:.':..... 
. hz' 

t'., I. 

evaluation riit. o d l 
 ct,*cd te, ,oithr ,ai':-;a pla -­
tations or agrotore.;try 0esi..'-


The inita isi." civ o ito's paric.lo sets of,activities: studi,.s of ],, .s,, 5,:*,- o-F land (-snurces.
The 3. u(I i( of ;and us-e con..:-r r',!t ofC he- iten i i fjcatiun of a
number of land ut iI Z.t.,r *vpos, those li2ch lppear' to hod pro­mis -or1,I; 1 - o'"I eO 0 j:ci eS i( the ir-a (oncerned
 
A ladi i ltii i I ty cn T t s
i ,; cne i CL ' :11cali .e of C., P.oecifi­cat.ions t,,th in i a 4 1L f0 e c on o ic and social coatex Alu exampic
is "plant :,t . U iamt:a, p0'Jnarcii .y rot' e olrl, .o, Plo­
duct ion, w-i, so n110:01'ts e 1 01ior provision eo browse a cc
li iL'st, 

man bv ,r " ,, bged i *_ cn muniuies, iising no:i- me:halnied
 
methods, high tabI our inteVnsity and low capital intensity".
 

Note that not. only the tree species to be grown but also
the methods of management, including establishment, sylviC l tore

and harvesting, form part. of descri.ption of the land utilization
 
type. For brevity, 1rf erence may be made to, e.g. "Cassia siamca" 
as a land tni lization type, but this is understood to be within
 
a specified contr-t, of institutional arrangements and methods 
 of 
management.
 

Next, the land use requirements of each land utilization
 
type ar,. determined. 
 It has been found useful to divide these
 
into thVee gr'oups 11able 2):
 

- requ r.m,:nt. for growth; 

- requirements for management;
 

- requirements for conservation. 

The growth requirements, or more precisely the requirements
for survival and growth, refer to tht. basic needs of plants:
suitable temperatures, adequate moisture, drainage (aeration) and
nutrients, conditi'ons For the development of a satisfactory root
system, and ofabsence various hazards ---- salinity or other soil
toxicities. frost., wind damage, flooding, and diseases. Theserequirt*ments are :pecific to individual tree species. Thus some
species require moisture throughout the year, others are tolerant
of drought; some tolerate seasonal waterlogging, others not; 
many trees suffor .-everely on saline or on stropgly acid soils,
whilst there are species tolerant of each of these conditions. 

Management. reuirments are the conditions Of land nece:s~ar,for suecessfni minagemunt of the plantation, under the conditiors 
specified in the land ntilization type. These arct: [ot lisual.yspeific to individual tree species but to types of operation.
For example, requirements for mechanized operations differ fromthose for ion-mechanized, labour-intensive management; conditions
permitting satisfactory forest road constrtuction and maintenancewill be necessary on large -scale plantations, but may not be needer: 
on village or, farm plots.
 

Of the conservation requirements, the most widely relevantis tolerance to soil erosion. Some trees form a dense canopy and 

http:paric.lo


Based on FAO)I w n' p. WdI.j fwrp' 

Growuh req i. remnent s 

Radiat ion 

lemperaturc
 

M'oisLure 

Aerat;ion (soil dra:inage)
 

NUL.V'tea t~s
 

Rooting 

Salinity/sodicity ) Limitations. 

Toxicitias ) Requirements arc for 

Climatic hazards - fire ) absence or specified 

- wind ) levels of ,cvnrity 

Phy iogr;phic hazards - food 

- landslide 

Pests and diseases 

1. Requireinents based on esLimates of forest volume,cgrowth And yield
 

Requi red growth rates
 

Rceqiired survival rates
 

Required yield cU non-timber products
 

C. Management requi ement g 

Mechanized operations 

Harvest operations
 

Road construction,and Taintenance
 

internal access
 

Nu'sory s.it,"s
 
W,'.', c] :."lerance
tlAtion 


Sizei uFi potentia. management units
 

(.,-C3 V. .fi n
 

D. Conscovation requirements
 

Toleraince to soil erosion
 

{Cnrnditions a:'ecting streamflow response
 

Requirements for preservation of 
plant and animal species
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once estabi ished, pr tc. the soil, whilst D hr; -:iv', it.

exposed to raindrop 
 i - . r V pi r o'r th. ;y ; .. ,:' haq :Ibad reputation in Lhi 'a.t.:, r.specL. . ome .M'.. ,.u' *fi 

those suited to a-r(n ornt; y, 
 haive rv.l.itivel, Ope,: f

in which case atturL. nI o .the svverity o" ero io n hazard( 
 )e:oIs 

partr. ji la,,lyv importa't. 

l'a;I - .t' ,t. it . ofI pntAt. land use ar ; ._,i of
the lnQd. PP fir:s! tak i'4 to defi, c and map the And unli2its
 
pr!"l : in nh-
 a n . v f rm l aind unit is a neir.ilA. io e. notr rr'i-'n'l , I 001Cyp 

ra l I, i. 'l(. -rt .v.;its ' t "d aa 


a a t. ' 1 s cale o 017 la.,n;ld a'-ea bti t.o alny
the basis for ar eva luatio:n.

Thus lane r -0, .-.o '' N , 
 or sir could M r land i"i!..s.
I I s K irvoy or oi o rm of land a .. s-it' ation Wlready
OX -;t,n sa ufo1;" ifaiv. thLIat is [ncr'eav-ingly being achieved ill
 some of Lhe 
 countris hi er represented, it may be possible to take 
this as the basis for Lh, evaluation. 

Having determined the land units, the land qualities andcharacteristics of each are determined. Land qualities are attri­l)utes of land which act. in a distinctive way in influencing suit­ability for use; examples are Lemperature regime, moisture avail­abilit.y, roobn 
 g condit ions, (Irainage, nutrient availability, andthe compleix of rerrain conditions that affects suitability formechanized operations. [arid characteristics are indivitlual features
which can be measured or estimated, and are employed to assess
land qualities; 
 examples are mean temperature (annual, hottest or
coldest months!, annual rainfall 
 (mean or with specified confidencelimits), range of slope angle, soil effective depth, reaction and
 
mean content 
of spec if r I tt,rients.
 

There are a very 
 Large number oi lana characteristics that 

could be used, whereas LhU number of land qualities is relativelyfew. By no means all of Lte qualities listed in Table 2 will befound relevant in a pirtic"lar area. The recommended procedure is
to use the list of land qualities 
as a means of checking that allrequirei-nLs have ben given consideration. It must then be decidedhow each relevant quality is to be measured or estimated. Forexample, are no sture rq q i rements to be measured in terms of meanannual rainfal l., growing period, 75% confidence limits for eitherof these, or in some other way? A check list of land qualitiesand characteristic s most likely to he employed in assessing suit­ability for MPr plantations in the tropics is given in Table 3.
The land qualities given are those 
most often relevant. The selectedland characteristics by which they can be measured arc those which
 
are well understood 
 and for which data is commonly available. 

These two so'n of activities are brought together in the com-
Eariste ,of land ":se with land. This includes two main stages.The fir t, known as matching, consists of bringing together therequiremerts of each Land utilization type and the properties ofeach land unit,. By this means it will immediately become apparentthat some combinauions of land use with land are not suitable, forexample tree species intolerant of acidity on strongly acid soils.Leaving aside such obviously unsuitable combinations, the secondstage of comparisor may include any or all of the following: ana­lysis of environmental impact, assessment of social consequences,and economic analysis. Further land use/land combinations may berejected on any of these grounds. Examples are plantations ofdeciduous species on steeply sloping land under high rainfall, as 
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Table 3. Land qualities and lapd rhaaererist ic-, commorly employed 
- n - i .:ib i I i t I o r' e,, I o k; ii t On -. 

only .elected cbarattvriistirs, simple o Waiv And t:dt 1 , 

rahie 7.1. p. 68). 

'AND q!iA!.f'Y 	 SE..,ECTED I.\" C .\RA(R1FRST t"C 

.o .Vw i rip., .,'. 	vt ing -rowfir 

:io r'i ,1 	 Lat itude 

Iean (Or !;i: nrrip l o ,..'t rort ' 
M II dO1 *;,lj 'nl ~ lirl1) eoh(1o'St :l",fnt.h 

Fr:' .L fr nt. m 
• .,,stire avai lability hsa:i annt l',ainfal l 

Growin.. per iod d:v,.s 
Lcngth or dr"v s,.a;ron Ononths)

Aeration (drainage) Sioil crr... l-ss 

Prescirr' ,,, r~c(-.I' seasonat/pernanent 
-., ' 1o, wait'rI oggi ng

Nutrient availability 	 Sai 1 r'ct.,, !P,'-

Soil .la~yt ict I..i. {:n,an N, P, 

K ) t.El,- atai lable 
[,sI. irmit '.d x',r',. .y ("low. .high")

Rooti ng condi t;ions Soil ef lfct. depth 
Soil text.ur'e 
Stones and g.,'e 1.


Sal inily/sIl i ty 
 Presu-c, 'absci i . saline conditions 
.Soil g ,.tir,1 dat.a (mearn ECE, etc.)

uVeo ,viw, lable 
Other toxici.ics (aluminitm,) Soil reaction (p1f 
Clilmlt.i c hazards - [ire I m.ngth of dry season 

- wind 	 l-'requr-cy . . i ty of high winds 
[.xo:ure iodx I

Physi,,gr:,phi,: hazgards floocd fst. i;natcd 'reooori cy of" flooding
Pcsts ano di-eisos ricidene': 

landsliding 
tnoin mnt severity in area 

istimt ,:d severity of landslide hazard 
slp ani-;te 

B. Est-iiat. s oF !'or'OsI volme. g-rowth and y.eld 

l'redicia.d t ;rbi - ykild Site iade.
 
S edling -urvi val rate- As oer;
-,r.owr pr :viois 	expirience 

Predicted yield of non-tiMer prodtucts 

C. (iatit.i-s atifect-i m'marrin m,-,nt 

Terrain .lS ,f*.i;c t~e*.,ii,;2, .. , ),,::Ic- r.-TL f! 
mechanizd opratj oi.. Jiltd h.deC-r's (%)

Location Dist.ance fr,xn tar road, earth road 

or u.sI'.-,"/markets
it-is iIcD. .;f*'t bhil 'onsrvat.jor 

(15'I i (Hir ]Il ,'l';k({ 2 a ,,"
 
E io d /4ztdciSooanpi 
 c.1 

Rainfall i ritens ivtiws 
'st.inat.t i soil Io"- (t,/ha/y' tinder 

ita,.0 :oil and uIder the 
typ,. tit' 1lntation
 

P'r':rdi cit-A : ',os, of streamli ow tlwir'),ri jrr rrwls.IJ inr"
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liable to lead to unacceptable rates of soil erosion, o, specce>.which shade onut. astiri' iii ar',as where f ',t.v'- o.' i. (it, t
 
rn local comutn ities.
 

Thu- comni,;i ,>sn is. mumnurizd;,,, in a land :unit.bl' "L 0•CW
' cation, in which the. S it..tt lI t. it,.- ,i , irh .1'.! th , ittr ic' i .ut i I izit, ioe ty!c: tonjr l 0CL SC f-uech ml pI)pvd a ind t- n 'e shw.- .. cIIn the classi fi:aLiion normnal iv mrploti,y t her" ionov "r'e suib 1 ity
orders, S S itable ,,nd N No! . i[lla h , dtiv.idad int, r'v' s"U ­
ability classes as tol' os,:
 

Sl Ilighly suitabl e' N! nur'e, iy not suiit.able 

t yi c:a'".y PcAs, ibi, hnt.S2 iderat tiy sui bi . ;! I'vet , "it i cal. .[ y: 
viable.,) 

S3 Marginaliy suitable N2 Permanently not suitablc 

NR Not relevant 

The classification NR, Not relevant, is given to land which
is not as;ess.,d for a paiticiilar ,se, on grounds that such use is
p'ecltided 
 by the ba-sic assumptions. For example, closely sett;lcedaqgrictii uraL. land might be assessed for' agroforestr;v kinds ocu,;e, but would he considered Not relevant, for monoculture forest 
plantiat iois. 

Lard sitabiLitv subcla.;ses refer to the kind of limitationwai.ch caused assignment to a class, e.g. S2m - moisture deficiencv, 
S2e - erosion hazard. 

The classification of 
a given combination of land use 
with
land may be based on compatih.ility of requirements with land pro­perties, on covLronnental or 
soc[al consequences, or 
on estimated
 
economic performance.
 

Re su lt s 

The principal results of 
a land evaluation study are: 

i. Descriptions of land utilizat-ion types relevant 
to the area.
 

ii. Maps of land units, with data on their relevant
 
properties (where not previously available).
 

iii. A suitability classification of each 
land utili­
zation type for each land unit, with reasons for 
the assessments; 
 this is presented as tables
 
and maps (Figure 3). 

iv. Management specifications for land utilization 
types, specific to each 7f the units fOr which 
they arc suitable.
 

v. An account of the consequences of each land uWii­
zation type on 
each land unit, including required

inputs, expected outputs (products, services and

other benefits), environmentil impact, social 
conse... 
quences, and economic analsis. 



igure . EXaTnIb's I f I;I nd "t;Iit jb iili by' s£Lps arid t *d Ivs. 
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B. Fiieiwood IProduction C. Protecti on Forestry 

(b .Combinerf t;dh~la irIegn to Ma-p rt 1,111(l ullits 

LAN D I.Xl l i'ATiON',1 T'YPE 

IA.N_'InA. jB FUELWOOi C. PROTECTIuN 

N I Nlej SI -

F 2 N,1S2r-

Land 
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cirosion hiazard ,0 

?~.i t COWL "c.01 

c 

O 

ia~ifov Loniser".iun, 

F'dlor- meehaani::ation, 

a)acIFAG ( a '. . 20. 
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The maps and tables* showing land sititability clasnes, as i.n 
F i gur' 3, form hv n'tcnN or t.he evaluatLion and Mhie must concist. 
s;ate .r;Lt. or its rvot... As s"ch, this iN, t 'he0"|tPlit 
most likely to be used , providirig as it does the basi-s for plan­
tation sit in.g or other land use planning decisioins. A suit ability 

cIass icat ion t,abl, can hh used in two ways. Reading hor'izontally 
it a nswer"s the isr.t-i.on, "What are the possible, alterina tive, uses 
fur ag ivet land unit?"; e.g. in F igure 3(b), land Uni t 4 can be 
u'ed vither for timber or fueiwood production, whereis Unit I is 
-:,tud only for protection tores.rvy. Readingt ve:'tically, Lt. 

a.-ytv- Lthe qest. lon, 'Where ar- th best areas to a given land 
u-,e?"; .g. for CoI-wood production, Unit 4 is be.ht, a;.d Units 
2 and 3 alaso suitabl.: 

Th i s howe\, is by no imeans the only ouuput of an -va uai on. 
The descriptions of the land utilization types, together with their 
management specifications adapted to each land unit, provide data 
for the preparation of forest management plans, whilst the esti­
mates of inputs and yields form an essential basis to project ana­
lysis. Land evaluation is more than merely land suitability 
classification. 

GAPS IN KNOWLEDGE AND RESEARCH NEEDED 

Widening the range of choice of multipurpose trees 

The first need for research is to widen the choice of multi­
purpose species available. Of the total area of tropical plan­
tations, 9 eucalypt speci.es, 8 pine species and teak together 
cover B o the area; 3 Acacia species form a further 4.5%(data 
for 193O, from ['udey, 1983). This refers mainly to timber species. 
Within multipurpose species also, however, there is presently too 
much dependence on a very limited range of species, the 'big names' 
in the MPT world. 

In selecting a species for an area, there are at least three 
majot questions to be answered: will it meet the needs of users, 
will it grow well, and is seed available? The first and last of 
these questions lie outside the scope of this paper, but all three 
must. be answered positively if choice of species is to be right. 
Ore can think of the selection as a series of sieves, each of 
which progressively reduces the choice of species. 

ICRAF is currently conducting an inventory of MPTs which will 
assist in answering these questions (von Carlowitz, 1984). Three 
broad groups of data are collected: environmental conditions, 
morphologic;l and behavioural characteristics, and uses. The dati 
are being iored in a compterized data base. Some 3 uses are 
identified, grouped into food, fooder, wood, other products and 
service uses. Everyone attending this meeting is urged to take 
throe such forms and complete them---- or get a colleague to do so! 

http:speci.es


i •' ?i.. ..... ..... .........
 

S17 ­

(,,rtow ih r'eqit .i I'meiut ," PT 

it reFipect LO si.t.,- su.ecti on, 1here can b;i t In d"iI
 
L11a t, lh m iniclldre, h i's t.o col Ject ,, sysf Imza .lIss
Li',1.1ydis,:;:minatce 

, l' : Njlo arowIng cvcl o teuOf mak.s.ree i-t ' 

• f;. an InVorma Lion on tie 11 r !tjr, 
p.,-ti culr] V %, ilt­

oat .,L Co achievc co)rrct! Spec i 0- sele, m to t ht:
LIi, Iiat"ched 

;",vi mnnenta.l condit.ions of each sit+e, in Lhe first. i.iitanC'.e.
 

Information is needed first., on the optiima condition: fore 
-,rowt-h of each species. ThI is is or' Hij.ii -d appli abilitv ' wc.''cr' 
and will relate mainly to preferred climatic rCime. For so.iis, 
:cst species will fare best on deep, ;neIlh, -textured, well -drainod 
soi+ls, not too acid+|'or aikal ine, and of high .inherent fert'.ility
Land of this nature will not. oft cn be avilable for forestry plan­
tations. What is needed, therefore, is information on tolerance 
to various kinds of adverse environmental conditions, climatic 
and soil, e.g. short growing season, frost, high temperature ex­
tremes, shallow soils, waterloggirig, strongly acid or alkaline 
conditions, or salinity. Which species will best. tolerate each 
of these limitations, singly or in combni.ation, and how severely 
will their survival and growth be a'fc-cted? 

As a basis for defining suitabiLiy ratings, one means is to 
set limits defined by growth rate. as a percent of growth under 
optimal conditions. For rainft-d crop production, limits that have 
been suggested arc St above 80% of optimal growth, S2 40-80%, S3 
20-40% and .N, N,ot -.;,i.table, where yield was les. than 20% of optimal. 
Foresters may well consider this ]ast. limit to be unrealistically 
low, 

Given some such definition of Stu.cabil.ity ratings, what is 
needed is to calihral;e uVt h of the ee,.virnramenta Lmitations in 
terms of g:.owth reduction fcr each species; this is called rating 
of land use .-c iuirements. Thus for. Casz;ia siamea, it is not 
sufficie:,t to say "prafers deep soils"l." For 
the land ¢i,'ality rooting requirements, as diagnosed by the land 
character.istic of soi.i effective depth, what is ideally needed is 
a rat.ing in the following form: 

(t .15y Soil effective 
rat, t,.____depth (cma) 

>120
 

,33 50-120 

s 3 30-50 

11 10 

4 

Such daLa will no.t ofttaaL(-: obtainable. The critical, point 
is that at. Which growt- becoms So reduced that the species should 
bc i-ul.-d out of' consid,:ration, i e. the tpper limit of Not suitable 
c(nd. iions. Tt. woild certa inly be val abe to know how, for the 
s me d;cii.n L'.Liont and lannd I.tirnitJon, such a boundary varied -as 
let~v.'W di'errer,. t.,e .pcies--- in pJ.ain Lte-rms, those species 
i,;Ikich I Lu. tho..e tolerant of soils,:ss i.ol .ra,,t and more shallow 

+++++: + - - - .. - + - + - - - + ­: : - + - .. - +- ++, - - + - ­- . .....- ...... - - - - - - - - - -i.+/+++i 
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salinity. seasonal wat,.,l.o..g.ing,, etc..
 

The use of site itiC. and growth-sit e curer I...f, 

In the site indvx, "Oiu..try posesses an o.Lij shne" ", l,
 
which can serve ;s a bas.i s or 
su t~abi 1 i t V asses..en. of ;'or!
 

requirements, provided Ihat 
 iL in lin.k d t. grotlh-si . . ,ri c
 
The method is outli.ned in :h Guni e eines on land eo dt .ion lov
 
forestry. "Sample plors 
 : -.. , :,st.,. 17mFt,r f.ni: a 6st",'­
well distributed over the r.,,r ct 
climate, landfro.ms, and s-,:.;
 
found within an 
a;'ea, and w, .:. . rope at.dv ,ver n po:'?,d of
 
time to obtain gpowth (l.i.a. for ouch or the sample plots, values
 
of larnd characteisci c 
 t,h i ikely to affect tr-e g.pwlh aro
 
also recorded. .Simpi o r tL ipl e correlations a re vs: anl ished
 
between geowth as the depoen.nt variable and site facc ors as in­
dependent variables. The 
site factors found to be significantly

related to growth are then surveyed for other parts or the area,

for which no direct growth data are available, so enabling yield

precictions to 
be made for the entire study area." (FAO, 1984a,
 
p.6 4).
 

TilE ROLE OF REGIONAL RESEARCH IN TROPICAL ASIA
 

General
 

No single research station, or indeed national research or­
ganization, can adequately collect intormation, and establish the
 
necessary trials, to produce a comprehensive inventory of the
 
growth requirenets of MPTs. it is a task pre-eminently suited
 
to networks or ot.her co--ordinated research.
 

In principle, there should be nothing 'Asia-specific' about
 
growth requirements: a semi-arid climate or 
n saline soil are
 
semi-arid or 
saline wherever they are found. In practice, there 
are two reasons why there is a role for co-ordinated research 
within Asia: distinctive foat ures of the tropical Asian environ­
ment,, and the need for local trials. 

Certain features of the t.rpical Asian environment are not
 
exactly replicated in other continents. The major feature is the
 
greater strength of the Asiatic monsoon, which gives rvae KU QA­
ceedingly concentrated rainfall distributions; if you have a rain-
Fall as high as 1330 mm, you do not in other continents expect 30% 
of it to fall in 3 months (Jhansi, Uttar Pradesh). There are aiso 
environmental Q'atures which, whilst occurring elsewhere, ape

particularly widely represented 
in Asia; the vertisols of the 
De-can lavas and the K,-;ppen Am ('monsoon-type')climate are exaptcs.
insuet:pests and diseases way also he specific to, or more sev,:.-,.
 
within,specific continental areas.
 

Additionally, however 
 precise information on environmental
 
response becomes, local trials will still be needed as 
a precau­
tionary measure. Matching of environmental requirements with 
local conditions can lead to the identification of most promising
'best bet') species, but it.would be foolhardy to rely on this 

alone, without the ultimate test of local trials. 

http:epoen.nt
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: t is ":i . 1 ;.hI., many Og ri i.ati oi-, t;I or i -tt t .u .h( i r
 
r esearch potrI1)1rA r1 .ii ma'iLy avointd 


D Ira. . ,s it ol.d h iio the prt ;i,-t po int o f vLew 

th dec- r;r, int r.io,io grow h . 
rehtkirement.s Thrr'e atehoievcve, thrun prJct.ical wa.'s foirwar; |d: 

cnvironment L.I grad4 ents, azd .t:andardize -.- rcodi ng o enivron­
ments at all t :ial Sites. 

Systematic assembly of available dat-a 

There are a substantial naumber of sources which give growth
requirements of trees, mostly timber species it 
is true (e.g. FAO,

1974'; Webb et al., 1980; Natjunal Academy of" Scic:nces, 19.O; Biaumer,
19-3; Painday. 1933). "ese suffer Lrom broad gee .alization and,

in some cases, uncritical copying from one source to another. Thee

is far too much data in forms such as "preeers deep soils" or;
"moderately drought-tolerant". On the matter of originality, it

is a feature of the ICRAF MPT inventory that it rests on primary

data, namely sites on which the tree is observed to be growing.
 

As a contribution to research of' this kind, use ci-n be made 
of part of the output from the ICRAF environmental data base. 
This is a data base designed to record and analyse environmental 
information on all aspects of agroforestry: trees, crops, land 
use systems, and experi mental sites. The data on requirementaof'
MPTs are classified in order of land qualities (t.emperature, mois­
ture, drainage, .tc. ). each further ordered into the land chara­
cieristicz emrployed to measure them (e.g. moisture requirements 
as measured by growing season, mean annual rainfall, length of 
dry season, etc.). Data collected by the MPT inv,!nto.y form.n a 
major input to the environmental data base. 

At present, a framework of basic environmenta., data to be 
collected has been established, including classification systems
(for clirate, soils, vegetation, etc.) and main variables. This 
fraaework is set oiut in An environmental data base for. agroforeStrv
(Young., 183). A computerized data base for inptt, seo7age and 
retrieval, of such information has been established. It still re­
mains to col.lect and process the bulk of the hard data! 

A sa,,pLe of output Is given as Table 4, illustrating the
format'.in which matuv,-ial on MPT growth requirements is arranged 
and pi-esented. Records are first grouped by land qudjiice.­
temperature, moit'tulrc, drainage, nutrients, etc.. Some land quali­
ties are subdivided, for example temperature regimeainto temper­
atures for growth. Lolevance to extremes of heat. Ind tolerance tco 
cold. Finally, within each laiid quality and silbdivision, data 
are further arranged by the J.and characteristic emp.ryc:d ti esti­
mate the quality; for, example, some sources giv, temper-atur: for 
growth as mean annual termperature, others as inean for the hottest 
and coldest months, and some by the :stsrrogaite of altJtude. *R(cords 
are shown by suitability .eve: and whether tht, is b:t,nded or 
unbounded (see legend tu ablel, together wit th suu-r'ce and 
estimate of its reliabi.ity. The final stage, that of integratiran' 
the diverse rec'uro i, is oV. prcsent Je..t to the dof the 
user! 

http:format'.in
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Table 4 S-unple .outputI 
 l'm ti{,e,it,].tiptli,se 	 L,', ,'' ir*1rmnt s li e ol the' 

[CR\I I'. (LIT; I.l..n.i1om,:n.7 

Expl :at ion of lhadiiig.s: 

LAND USE 	 On thi. 0 'l it,, -'-, , I :,k,;',:p.: ,e.

LAND QUALITY 
 Reqti ir .nhit.t-:,.T 	 ;'cort:ling o br.t,) .i-c 	 ty

e . .e_:'lil',*rl1'!!1 
 " rq)-_".':'i'llr ', 	 S I

,-;r % 1'* Er *, 1'. ,"1't'J l ' I',
 

r(7g,..rll, rOOt 1;,2 i, iOo .SUBDIVISION Vi ,.Ihciii n ,i '. ,*r tilt;. 

I o hit t.',nj-, l ;.rid . 'er. I,) I, tc-1ip_ r.,r ,,,. * 
LAND ClIIARACITRIlSTIC The VailIu n .	 it(, .lire o; cxi.r % L i ;ir 

qual iLty; e. . di .'.lat 5_tirce', ,; fr.-3s -O.l n' 
t.o low t(Ryinprattirc; a 1itan ml i7rr 	 i" the coldcit
 
Imoth, ;tbsoli 17.1ii.,7mm, r1d frl;st fcjL' ,r',


LOCAfi iN Thet area to ,h ith .uit,,ibi I J y ('..ta 'r.
SI'T[fl1ItIsuit TyIvel 'lhe ,bi .jt.v to wihich data rtefe-r: 

OB Observed (no data on growth or perromance)
SS Suitable (growth or performance satisfactory)
St Itighly suitable
 
S2 Moderately suitable
 
53 Marginally sui table
 
INN Not 
 suitable (peri'ormance 	 not. saf.isfactory) 

The oblique stroke (/) indicates that. suitability
is bounded, the hyphen (-) that it is riot hounded; 
e.g.
 

nn/ SS / nn 20 - 30 	C Suitable between 20' and 30' C and 
Not suitable outside this range
- SS - 20 - 30 C Suitable between 
 201 and 30' C but. suit.ability 
level beyond this range not known 

LOWER VALUE/INCLUDED
 
Data inand 	 these columns appiears iH different i'orms

HIGIER VALUE/EXCLUDED illustrated by the foll owing exanples: 

(a) 	 Numerical data: example, temperatures for growth, expr-ssed as mean
 
annual, temperature
 

- SS - 20 	- 30 C Suitable ir range 20 - 30' C
 
- OB - -, C 
 Observed on site with 20' C 

(h) Non- nuMeICrical dtia: example, drainage (aeration) requirements. 
expressed as soil drainage class:
 

nn/ SS /n WELL, DR. . W'LOGGED 	 Suitahle on well drained sites,
 
Not suitable on waterlogged sits
 

SOURCE Reference ni.mber to the source of data, details of 
which are stored on a separate file. Souce I is
 
the ICRAF mu]tipurpose tree inventory.
RELIABILITY 
 A subjective estimate of the reliability of the dati: 

I High Primary direct observation 
2 Medium 
3 Low Including highly generalized data 

Note 
that certain land characteristics, including latitude, soil texture, soilreaction and soil type, may be employed to express suitability in a manner whichdoes not make it clear which kind of effect, i.e. which land quality or qualities,is being assessed. Such land characteistirs are grouped at the end of the lists. 
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Whether there is need or facilities for an Asia ra;gi onal 
data back, or data assembly and disemmination Centre t:.o giowt.Ii 
requiremenuts of MPTs is a matter for discissioil. ICRAF is unuu,­
taking this task on a world basis, and will,or ,nurs, .ake re-!:. 
available. This will inclilde both published output and th- rirnili -i 
of ,se ec ie computer retrieval for specitfied ens, ,onmenrta coin-
Uit ions. 

rrials along selected environmental ' idit(,rt
 

Resvarch stations sit.tatcd in semi-arid to arid regimns h:v,, 
a strong practioal need for' knowledge about drought-r:esisUanic speCs -s: 
those where sa! ine io i, are common want to know aboi:t tol.;arrt. 
to salinity. Other r.gions will have problems aiisig ir.m the 
common occirrernce ue strony ,reid soils (a u:inium- .xi itye or 
shallow and stony land. 

There is a way forward to be found in this situation. Let
 
those research centres with patti'tcular environmental [imitatitnS be 
assigned special responsibilitoy to study tree response to such con­
ditions. This would ineilnp t'research designs in which each of a 
number of MPT species were test.ed on sites ranging from absence to 
very sev re o ci.r renuc: of tL: selected limitation. There woald be 
some pre-sculection of species believed to be tolerant, but given
 
this, each species would be planted on all sites along the chosen
 
gradient.
 

The folowing are some possible environmental gradients to be
 
studied in this way; the "upper" value suggested is That at which 
the limitation concerned ceases to be severe for a wide range of 
species: 

1. 	Drought. Tolerance to low rainfall and long 
dry season. To cover a mean annual rainfall
 
range of 700 to '200 mm.
 

2. 	 Acidity. Tolerance to low soil p1l and high
 
exchangeable Al. To cover a pH range of 5.5
 
to -<4.0.
 

3. 	Salinity. Tolerance to: (i) free salts, and
 
(ii) exchangeable sodium. To cover a range
 
from non-baline/alkaline to highly affected soils.
 

4. 	 Shallow and stony soils. Tolerance to a range of
 
sites of soil effective depth <50 cm and percent
 
stones >20%.
 

5. 	 Moderate to steep slopes under high rain! alf. The
 
design and measuremevLs here would differ from
 
1-4 	above. For a rumber of sites with slope 020 0 

M36%) rainfal >2000 mm, rates of soil.and annual 

er'osion under different species should be monitored.
 

http:giowt.Ii
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OJver' itl :! ;1 .h'. .,- W A. ,:if 7 -,il ! y c i 0 vC-f€.O?, . .;)1cni!t-( ,'.r:luJine] 

environmenta r qi retm in' . i' ' t!
, 

o' i tri.: - ar
 
pl.anLr . , 'ihd pi : 
 y, f,, Ahr.r p-p,.-; b . ",ichil('Vl',i,' t' :.P -! A¢ it ir:y.v h, wthTh~ve r . , :nn gro,, _V spo.cips. [rt a'I .' ,:. .," .i-n ,os.' n~t i. d !i ' ' u.,t.c " . i n ei in(* it', , 

r'e ,ea. o . , ! - i ' .i a , CV ,", ! t,%i . ,- ,. n Lto',LhSiLle "W H;,t i C C~h"'ant: [.: -lniif'Cnllle,!" of al t~ n -Ay,-;W'll !i].w1". 

icr Aito be r,.-! " t a d-i ,i; i ndrier. 

A draf of n:th-; : ; ;itnd'i t :eA,cclitt e iI ;' "tti
 
Table 5. 1. isd 
 mini o 

recorded fur i -;r-,. i. r JaaI vai l:b1e an' b i .,~ d LG 1
 
significant may o't.ionally 

d as-; , .. ir m it I irn,-anl toIbe 

be d ;ed. EacL, r r onment.al I l t t. r­
geology, Iandfnm,., ,:1i::tttt , hydr'ol ogy, soils 
 anid 'egeratiion.---.
begins with a broad classiicat. ion, followed by nume!ica:l 0 eo i';el
data on irdivinnl properties. in the case of soils (%here class­
ificatiori can ,n-r -uch str ng'nl l'(ings!), the cLass may be given 
on any recogni ". -sificat ion, tollowed if possible by its 
equivalent in "K .,H syst m. 

Mos, t. d i-, i-c te I o-iu only. Monthly rain'fal ls. however. 
should be etO-dr- trou<ghout the duration of a tr ial, as varia­
bility is such t- . may differ substantially from the long-term 
averages. 

One i'urth ,' "aTise in moitoring is desirable, but may not.
often he p'act i b,-, inamely changes in soil properties. Ideally

soil sampling 
and :iuaysis h.Ioi ld b", carr'ied out in a st. a ndardized 
manner at. thre start -i a trial. and pepaLe.d every 1, 3 or 5 years.
Owing to micuovaiibili -.f soit proVrtiE.tes (within arpparently
uniform sites! t", imrbe' A : a.-mples required Lo ustablish statis­
tically i ii i h';ige-, is quite Lar.ge. A possible sampling

design ;S L! 
 in,.. ,i: lAoKtgr f', for-estry and .igroforestry

trials (ICR-\ t.-.,,ag Paper'. int preprati
 

A!VPLIUATIONS lip RE'SEARCHt 

General
 

Th'lie outeroumf of a successfltuly completed programme of research,
correctly applied, is as easy to state as it would be desirable to 
achieve, ianely: 

j.• h¢.o-e of Lhe right sites for MPT plantat iors; 

ii. ch ):,. ':or the right species for a site; 

iii etiicat of 

m"Iasi1 I('s.
 

rsp.', ion site-specific management 

The res.arc.h pr-ogramme proposed here would lead to a data bank
of the envi ronmenita] requirements of MPTs with information on growth
performanc: under optiml conditlins and tolerance to the various 
site limitations likely to be encouintered. 

http:onment.al
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Table 5. An environrant;a] cta hase far rilP ipairro.e tree research. Adapt.ed 
from totng (1153,). 

IDENTIFICATION AN!) LOCATION 

Data stpplied by: Name........... [nstittt. 
Trial 0i, plan.tation sitr,-:ntry-................Lo'at in.
 •" 


..................................................................
 

..1 lt-itild ................[ iO n "tide ................. t j.l.tu
 
Type ,f tr'ial planta.ion 
MT specicS......................................................................
 

Rt'erence for details..........................................................
 

GEOLOGY 

Classification: I Crystalline, felsic 5 Superficial deposits 

2 Crystalline, basic 6 Other 

3 Sedimentary, siliceous 9 No data 

4 Calcareous 
Description.....................................................................
Description

LANDFORMS 

Classification: I Steeply sloping >170 >30% 

2 Moderately sloping 5 - 17" 8 - 30, 
3 Gently sloping <50 < 8% 
4 Depositional landforims 

5 Swamps 

9 No data 

Description...................................................................
 

Slope angle, or range .............. degrees 
or .............
 

CILMATFE Koppen classes 
Broad 
 included 
Classification: I Humid tropics Af, Am 

2 Sulhumid tropics Aw, Aw", Cw, Cw" 
3 Smi-arid DShw, Sk
 

4 Arid 
 BWh, BWk 

5 Humid subtropics Cfa 
6 Mediterranean Cs, BShs 

7 Temperate maritime Cfb 

8 Cool or cold D, E
 

9 No data
 
Climatic data based on nearest station at
......... altitude ..... m ..... km from site
 

http:Adapt.ed


ft(.IIupX!'at4ii'o (0j: Mcajid~annual ..... . Ifla max ........ Mfian in
Tt~u~x+z'attroin '7:,1Xc 1 mo it .... t x..... .. va tl riWn.. . ................
 

Ii >-t.: ! Nv.cr .. 2 . . r ' ... ...... 

k'an raii';,z 1r,71) 

t; : OitntN.lan eb ApTr a, IL.v '-: - 0 % hC 

. +. , ... . . .,. .. . . . . , ... .. . ... . ...
. . . . .. . . .... . . .. . . .. .
 

".t;,~-'+~ I,~ ;,+~ '~ !1d;.~ ~. . ~. . [,B w~i;JI. i+J~ nec3rh& Y( ....................
 

n C( 1. .......... NtiK:)ur dry months (60 nm). .................
 

. i.K al , r.-in . ....... RT iifiaLJ drhiesc ronth .......................
 

. . zid ......... FHumidity i:dex. r;Eo .......................
 

lrai *,w- cl[,ss,: I Well drained 3 Pernmnent watwloggig 

2 S'asornal water1ogging 

I Ft.'Th 2 Slightly sal ine . Sal ino 

.'pt.h IC, itndi ; r (m). 'le;it.......... Lowest .......... Highest ...........[o 


; -,,.(Ii.r-g: I .ve r 2 3Ne r rare ConmoJn Frequent 

C1,ssi fication: 

(a) Generalized: FAO soil classes included 

I atosols ferralsols, acrisols, 
luvis. Lss,ritusols2 Vemtisols 
VeVrL i SOl S 

. Calimorrshic .;oi Is 

4 Q-urt .VIs chernozems, phaeozemns, 

:a."iv? or ,ilkal*.n(:. '-oils XcGSrtis. yCIIoSOlS 

Si-;, 11 ) i ci.s or peal, solonchak, solonet.z 

7 ]cj-;o,-h...i'rta -,r. -o 1!s giCysCIS. fluvisols 
plan~osols, histoso] s 

No adva lithosols, rankers, 
regosols, arenosols 
andosn I s 

ca&bisol s, podzols 
pouzoluv i;,.ol-,, greyzems 

I.I~1,[; ' .............................................................................
 oom 
'-- .,............................. on ........................ cla~ssificeation
 

uxt.,r'e: I 

2 

3 

Havy 

Medium 

Light 

Reaction I 

2 

3 

Strongly acid (p1 <5.0) 

Acid (DH 5.0-6.5) 

Neutral (pH 6.5--7.5) 

4 Alkaline (p1I >7.5) 
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Limiting horizon: I Yes Depth (cm) .......... Nature .................. 

2 No 

Stones and gravel: I None 4 Very 
2 S] i ghtly 

3 Moderat;ely AIn)Oun ................ 

Degradation: I Ye i' C, eN,'icy......................................... 

2 No 

VEGETATION Area as Site, bef'or 
a Ahole plantin. 

Classif-cation: 1 Rain forest 

2 Tropical deciduous woodland 2 

. Savanna 	 3
 

4 Ihorn scrub or thorn woodland 4 

5 Grassland 5 
6 Semi-desert vegetation 6 

7 Desert 7 

8 Temperate deciduous woodland 8 

10 Coniferous woodland 10 

11 Montane vegetation 11 

12 Swamp 12 

13 No natural vegetation 13 

9 No data 9 

Description: 	 Physiognomy .......................................................
 

Dominant species ..................................................
 

FAUNA, PESTS AND DISEASES
 

Types, severity .................................................................
 

.............................................................. 
 .
 

LAND USE
 

Land use (preser.t or prior to plantation)
 

•............... ..........................................................
 

ADDITIONAL ENVIRONMENTAL FEATURES
 

.......................................................................
 

...........................................................................
 

...........................................................................
 

Attach if possible: 1. Climatic records for nearest station
 

2. 	One or more soil profile descriptions
 
for site, with analytical data if available.
 

Monthly rainfall values should be recorded, on site if possible, throughout
 
duration of trial on plantati.on.
 

http:plantati.on
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ntitput. (i) correct 
 jico ,1 jirs , ,;!,i b,, !;",,' 

Ot Lcon~sid erat(. ins growh a""ngco:ert .and '~ . 

-.iLes ria helrl inzi ',,n', "I) al(iir , . 0 i::r , rr ,
 
jIt oct. : . imrprack e.ab 
i or trr'coueccc managrsoc.t rai-,,remc' r,rlly'l . vritiliz. W ptllttlt!L ltlilafu. liil'OM0
n.. ih, or't~ fhla,Pnt 
 a~
 
Cd
e .g. rairA OiralVO "I Pxpe vsx, Oyairrsgc works, ied" Car vcon-

L
1 1yv. icuic-iIit I it 1 {'t 1 L lift oP~li. ni , iLl!c i 1 i s-i ILlil(dC~lt' r on.oN ai. "lK 1.1on . n - kw'.il N(| oi-l !.t r- Vl'ftr-d~anl ' i 'Olcic;, i,.,lie" tnillrT
 

,; ilcrO i ccI(t-,IC, ., -(
, i i ' , ] 8e. ,-iCtV..s-(- ceo', i. . i .it'~ i 5 '. l ,i 

(Uiut.pi! i , choice of sleieis. u.ould Wlad to iclet, i'ici K: 
, :;. , o ! PT- wh ch. i t.i,: has& of I alit; rn iri r .;n - ',.'2 

(.:'t ri _- t -. t rL r7 ]j . rhis would ,.nable ' .hcr lhoi, :, U. 
A;'. on. the, nods o sorf.. 

tuLpt Ii. i i - that ct sit.c-speciftic rianagernt ne:a.-irrl'e.. 
that i-, meothods (i sit pr'eparation and I'ecurrenct inpuLs mfln.d(. nlorce 
sw.ar'y by the onrvirInm*'n: al cond itions of each site. Lxamples
 
are mea s rre s i." combalt drainage impedarice, or Strong acidity and
 
phosphorus-defit'ciency. 
 He re there is an int,erfa,ce wi th su cccd­
ing papers in thii Discussion Area. 

Trai n ing 

Whilst land evaluation is straightforward in principle, and
 
its results easi ly n di'erSLndl tthe (1.vailed p rocedu res of
are 

some compiexity.
 

At present, land eva luati.on wilt not have formed part of
 
the training of many pract,ising I'nreaters. There 
 are two strate­
gies to meet tiis sit.iiLu ion: !o 
call inr .an ,tnalc organization 
or expert, in 
land evaluat ion whenever a sit., select,ion is required, 
or to Ltake ste p. such tiiat tore.stry plann ing o'ganizatioris possess
in-house capabi lity. There is nu doubt need for stpecialist input
 
ill miicjor 5it-vcrv5s, p|rt,. Culaily 
where comirpar i son beLweei or.,sLr.,, 
-grotore try''" an( agr'icult Ic,, is involved. Iowevr', the trainiing

of .or'-i ,or-.in ev aai 
 t ion t.ecliiq eS. and./or jllltisiopi of" evaiua­
tion stpecialists on the staff on forestry orgaiizat ions, is more
 
likeLy to lead toward. land evalu at.ion becor 
 ing accepted .a a1
 
inte2,ral , t aicdard 0e1 ;:nfo of Forest land 
 use pla iing. 

Following public a tion tiheof Guideli nes on land evaiuitiori
 
for tr-st , it. is the irntention of FAO to hold 1t-'ain L." ..
ii " 

,asid npon i. the first probably in Asia. For more adv anrced
 

training, masters degree level 
courses are ava illl)eo (Appendix A). 

i.- selection and forest, management 

I'twould be nis!eading to pretend that, good sitie selection i. 
a0 guii-;inte- n rs".ic.hsfal iforestry. In mathemnati cal t;erm.s, tihe 
'ormcr i-; i lce-,-.,ilry but not a s,u ficient cond I io ni For the
 
latLer'. Iln, ver, tLhr listory 
 c'" land use abounds with exampleis
in which sirhsc,. tl i./toris or sylvicillira iiiia'! emcnt coun 
not, overcome init ial mis-.-kes ini clhoiceo rc site or spl:cis. ly
thorouglh survey or site corii ions, ei ulilmntion o rilnsWtIe 
land, cortvec, hoice of species and specitita iOilo " land-r:l .ted 
management praeti ce0s, t. h: .is;k orth e p.ict i n l'ore-ter is 
greatly eased. qood situ s-Iect.on aid-, suct r..tul !'orest raciage­
ment.
 

http:s-Iect.on
http:luati.on
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A 'PENDI.t .KA S"M1 POST-GRADIATE COURSES 
IN LAND EVALUATION 

M.Sc Course in Resource Asses.ma.-nt for Development Pl d Onnn,_-.
 
Uni ersity of Fast Anglia, Norwich, 'ngland.
 

A one-year course combir. ii-e i;struct7ion in the tciuit,.s

of soil survey, land evalnat, ion aid land us: planni i t,i h a
study of thie appinict ion * F tural rE:source in formati., n ,
 

lopmenL planninff. 
Inforrmation: Dr. David DenL, School of Envi rornmc nt.a] c tuCes

Univursitv cf -.a.,t \ri:.lia, Norwich, NP4-7T'J, England. 

Lnternational Post-graduate inCourse Natural Resources Reseatrch
 
and Land Evaluation. Sheffield, England.
 

A one-year course in the techniques of field and laboratory

study in natural resources research. Land evaluation and deveop­
rnent, planning in the context 
of environmental relationships 
are
 
the chief concern.
 

Informatlion: The Registrar, 
 Unviersity of Sheffield. Sref". :nti 
SIO 2TN, England. 

M.Sc. Courses in Land Resource management, Silsoe, England.
 

A one-year course in land resources 
and survey and evaluation.
 
rural and agricultural planning.
 

Information: 
 The Careers and Recruitment Officer, National
 
College of Agricultural Engineering, Silsoe, Bedford MK45 4D1,
 
England.
 

M.Sc. Course in Soil Science and Water Management, Programme in
 
Land Evaluation and Agropedology, Wageningen, The Netherlands.
 

A two-year course for graduates from dievelopinig countries. 
orientated towards agricultural development.
 

Information: Director of 
Studies of the M.Sc. Course in

Soil Science and Water Management, P.O. Box 37,6700 AA Wageningui, 
The Netherlands.
 

Source: Bulletin or the International Society of Soil Science,
 
62, (1932), pp. 43-47.
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