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LAND EVAI UATION LOR AGR(tIORST'RY: 'IIL TASKS AIILAD 

Anthony Young
 

AISI RACT 

The objectives and procedures of land evaluation 

and the natur'e of the restults obt ained are out,­

lined. The pr'esent st ate of c evelopmenit uf evalua­

tion methodlogy is re'iewed for kinds of land use 

related to agrororestry: crop product ion. forest,ry 

and liv'estock production. The stages in1 tihe develop­

ment of a methodology of land evaluation for agro­

forestry are described, namely: arn environmental data 

base, formulation of appropriate agroforestry land 

utilization types, determination of land tse require­

ments, construction of biophysical models, assessment 

of environmental impact and sustainability, method 

for comparison between agroforestry and non-agro­

forestry land utilization types, and testing through 

case studies. Land evaluation cizaws upon data from, 

and interacts with, many other ICRAF projects in 

ag toforestyIres earch. "lhe pr'incipal outputs ftrot 

a land evaluation research proglamme will be: (i) 

a systematic assessment of the en'ironmental suit­

abilities of specified agroforest ry land ut ilization 

types; (ii) a method for comparison of the suit­

ability, including environmental, economic and social 

aspects, of land utilization types, both agroforestry 

and non-agrofo'estry, on different land units. The 

results will permit qiantitative estimates of the 

potential contribut ion of agroforestry to sustainable 

production over specified areas of land. 



1 . OBJECT] VF
 

The ob)j('Cti\'e or this paper is to formu late a means by which
 
the approach and methods oF land evaluat ion 
can be applied to agro­
forestry. It commences 
with a review of land eva 1uation, first. in
 
it s 
 geneva] aspects and secondly as it has been ap)l ied to the
 
component 
land use elemenit s of agroforest ry: crop product i on,
 
forestry and l ivestock 
 product ion. Next comes discussion of the
 
need for land evaluation in ag oforestry and the problems which
 
arise in it.s appl]ication. 

These accounts lead to the formulation of a set of related 
activ ities which it, appears practicable to undertake, and which, 
if successful. will converge towards a methodology for the appli.­
cation of land evaluation to agroforestry. An important element
 
is how the various current activities in agroforestry research in
 
general, 
and the work of ICRAI: ,iparticular, can contriL ute to the 
land evaluation activities; and, conversely, how land evaluation fits 
into the broader sphere of agroforestry research and its application
 
to practical land development.
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2. THE NATURE AND PURPOSE OF LAND EVALUATION
 

2.1 What is land evaluation?
 

Land evaluation is the process of assessment of land perfor­

mance when used for specific purposes, in order to identify and
 

compare promising kinds of land use. Essentially it is a procedure
 

for comparing land with land use, where land refers to all the
 

factors of the physical environment, including climate, landforms,
 

soils and vegetation. More precisely, land evaluation involves
 

comparison between the environmental requirements of various kinds
 

of land use and the properties possessed by different areas of land.
 

Take, as a simplified example, the growth of a single tree
 

or crop species. Clearly, what grows well in a semi-arid environment
 

will not do so in the rain forest zone, and vice versa. For each
 

plant species there is a range of conditions which are highly favour­

able for its growth, a wider range within which it will grow but not
 

so well, and sets of conditions (e.g. too wet or too dry, too acid
 

or too alkaline) in which it will not grow at all. In the terminolog
 

of land evaluation, these sets of environmental conditions are, res­

pectively, highly suitable, suitable and not suitable for the tree
 

or crop. Many environmental properties, e.g. temperature, moisture
 

availability, soil reaction, drainage, need to be assessed in this
 

way, and account taken of their interactions.
 

There is a second way of looking at the comparison between
 

land use and land, that of taking a specific area of land as the
 

basis. Any given area of land possesses a distinctive set of proper­

ties, of climate, soils, vegetation, etc. Under such conditions
 

there will be some trees or crops which grow very well, some which
 

grow satisfactorily, and othe-swhich fail and die. That is, taking
 

a specific area, it will be found that different plant species are
 

highly suitable, suitable, or not suitable for the environment of
 

that area.
 

The same approach to that outlined above for a tree or crop
 

species considered in isolation can be applied to cropping systems
 

(rotations, intercropping, etc.); to crops grown under specified
 

management conditions (e.g. with or without fertilizer); or to com­



biinat ions bet weeln t ie.., . crops and past ii .. Anty lanid use systlm,
 

descried in as much detail as the int ensi t y or the stcyuv 
 .qui res
 
can 
 e evaluated as to its suitability in different environments.
 
The term employed to 'efer to a def'ined 
 land use system, taken as
 
the sublject of land evaluat ion. is a l andc t i lizat ion type.
 

These simplif'ied examples illu.istrate the potent ial of' land
 
evaluation for answenri og 
 que. t ions of two kinuds: 

i. For a gi ven kincl olf land use, where are tlie areas 

to which it is best suited-

Hi. For a given area of land, what is the most suitable 

use? 

2.2 Procedures ofr land evaluation 

The procedures of a land evaluation study are shown in simpli­
fied Form in -ig. 1. They commence with formulation of the objective 
of the study, frequently within the framework of a land development
 
project. Two parallel sets 
of activities are then initiated: studies 
of promising kinds of land use, and surveys of the land. The studies 
of land use lead to the ident.ification of a range of alternative 
land use svstems which appear to meet t he objectives and to be rele­
vant bothh to the physical and to tihe social and economic context, of 
the area. Ihese systems are progressively amplified and refined, 
leading to their descript.i on as land utilization types. 

Next, the land use requirements of each land utilization type 
are identifled; requirements. for example, for temperature regime, 
moisture, nutrients, so!] erosion hazard, or absence of pests and 
disease... Each land utilization type has di fferent requirements: 
for examp]e, each crop reqiui res clifferent climatic and soil con­
dit ions, the soil nutrient requiremeit"s differ according to whether 

mechanized ori manual harvesting is specified. 

Parallel with the activities directed towards land use come 
surveys and specialized studies of the land. The first task is to 
identiffy and survey relatively homogeneous areas of land, called 
the land units. This term refers not to a particular scale or type 
of mapping unit, !ut to any area of" land taken as the basis for 
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Figurv 1. Outline of' Pi'oc-chives in Land Evaluatinm. 

Sou'ce: FAO (198ja, p. 27). 

PLAN ING TIC. EVALUATION 

- Objectives
 

- Constraints
 
- Data & assumptions
 

- Programme of work
 

LAND IRILIZATION TYPES| ECONOMIC & SOCIAL 
ON DATA 

LAND UNITS 

- Identification - Collection - Identification & 
- Descrip.ion - Analysis description 

-Surveys 

LAND USE REQUIREI-TS 	 LAND QUALITIES & 
CHAR.ACTERI STICS 

For specified purposes - !;election 
as required by land - 3urvsys and speci­
utilization typeG alined studies 

COMPARI SOI OF LAND 
USE WITH LAND 

- Matching 

- Environmental 
impact
 

- Economic & social
 
analysi a 

- Land suitability
 
classification
 

'RFSETATION OF REULTS 

- Descriptions of land utilization types (Lurs) 

- Land suitability classification 

- yannement specifications for LUTa on land units 

- vironmental impact 

- :'unumic and social analysis of alternatives 

- i)ata from basic surveys and specialized studies 



land evalunation: rpr examle, in broad reconnai ssancv. surveys, 

land systems might fiorm the mapping unit. whilst in more dietaied 

su evevs they might consist of' land facets, soil seri,.s or vegetat ion 

communities. Hayving iglntitfied an(l mapped each ar'ea. t.he rel ev'ant 

propert ies o" the lanld tunits are surve('(lyed and recorded: for example 

moisture availability, soil depth, soil nutrient availabil ity. 

eros ion hazard. plre.('ltC(e or pests arnd diseases, or terrlain ii1 t1Li (illS 

which atfect meclantiziat ion. 

Ihese two sets of activit ies are lnoiglht togpther in the com­
parison of land usp withi land. ilhen first stage of comparison Ks 

matching , in which the requirements of' each kind oI and use are 

compareI with t. he properties of each area of landt. Thus moisture 

requirements of a crop or land use system ale compared with the 

moi st urie avai I abi li ty of each land unit, nut ri ent requi rements with 

nut.rient availalbiliLy, the suscept ibility of the land use to erosion 
with the erosion hazard, etc.. Matching leads to a first "pproxi­
mation of' land suitability, in terms of physical land use require­

ments only. 

These provisional suitabilities are then subjected to further 
st ages of analysis, .in terms of environmental impact, economic ana­
ly..is, and social conseqtences. Some combinations of land use wit h 

laiid which appeared .,nitablp in physical terms may be rejected on 

groti ds or ad verse en \'1 ronment al conseeltences , negat i ve economic 

return or linacceptable social Pffects. 

TIhese further stages of analysis lead to land suitability 
classif.i1cation. giving the suitability of' each surveyed land tinit 

for eac def'ined land utiization type. In the land slitbt ilit y 
classificat ion normally employed there are two suitability o;ders, 

S Suitable and N Not Suitable, divideld into fie'suitability 

classes as follows: 

SI Highly suitabie NI Currently not suitable 
(physically possible, but 

S2 Moderately suitable no economically via blh) 

S3 Marginally suitable 2N2 Permanent.ly not stitable 

Further sul)livision is possible, into land suitability sub­
classes and units. Subclasses show the type of' limitation, e.g. 

http:Permanent.ly
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moisture deicidn.y, salinity, ad\verse conditiou for mechanization. 

Land suitability units consist of f'pt ter suIdi vision into areas.

with relatively urniform manlragement reqtuir'emenits anid a specified 

range or p'oduct vv c'apac itv. 

2.3 Re.suits o 1Ilnd eval a t'ion 

The principal results of a standard land evaluat. ion survey
 

ape:
 

i. 	 De-criptions of lnid ut ilizat ion tyvpes relevant to 

the area. 

ii. 	An assessment, or the suitab ilitie.s of each land 

util izat ion type fop each of thc mapp..,d larid uhiLs, 

Logethe' with reasons for this assessment. 

iii . Management. specifications, for land utilization 

types on each of the land uni ts for which they 

are suitable. 

iv. 	An account of the consequences of each land utilization 

type on each land unit: including required inputs, ex­

pect Cd output s (prco(licts, services and other bnerits) 

environmentt al i mpactl. soci IalI consequienrces, and econom c 

alia ysi s. 

These result.s are presented as one or more land suitability
 

maps, together with a report.
 



3 li. L I)EVLI.t)II N' 0l LAND LVAIUAiI IUN MUii"I1iOi()GY 

3.1 I nt rod ct ion 

The method, of land evaluation arose out of practica] field
 
pv'Ojects. land d(eve.lopelnt 
platting call s for answe'r.s to the kind-; 
or quest ini tnt( abiove': wIere ate the )est s ite. fot a givet'n kind 
of land use (e.g. Itca, forest plantations), anid what is the i)est
 
use tn' pat ticulat' area of land7 
 This, f'i(Icd eXpel'eience was bought.
 
toge'ther and 
svst ematiecd in tlie Framework t'w land evalunat i n (FAO, 
10761 . 

The l'amework is a sli.n vo.lume, gi ving the approach and prin­
cipies of 
land suitability evaluation, definitions of 
terms, and the
 
outline of a 
set of' ptocedtur'es. It 
 does not, however, go into de­
tail on procoeduts' nore does it 
give very much inf'or'mation on the
 
specific criteria to be used in 
assessing suitability fop different. 

pt rposos.
 

Lxperienc, in usinrg the Framework has shown that, on the one
 
hand, th overall approach and principles have proved 
to be robust
 
and flexible; they have stoodtiup to 
applicat.ion at dif'erent scales
 
of' survey, t.o differ'ent kinds of land tuse 
and other variations in
 
c'r'cicumst;nces. 
 srptisingiy jew modifications o' additions to the
 

general applroacht hi;ive pr'oved 
to he nece-ssa'y.
 

Ontite other hand, many 
users havye called 'or mor'e specific
 
detail on the procedurs and citr, ria 
to be used in evaluations.
 
[his netd ias heen felit 
 both by t.hse engaged in practical studies,
 
andI)y tho s( at.tending or conducting t 
raining courses in land eva]ia­
tion. As a tresult oh this need, FAO embarked on the preparta tion of' 
a series of morpe dietailed guido]ines on land evaluation for major
 
specirtic kinds 
of land use: ainrfed agriculture, forestry, irr'igated
 
agriculture and 
livestock production (FAO, 1983, 
19W, 19841); the
 
guitdelinies 
for livestock poroduction 
ate at an earl'y stage of p'e­

partation). Since t.hese kinds of' land use can be r'egarded as com­
ponentts in agr'of'o'estr'y systems, it is relevant to examine what
 
distinctive features and problems 
arose in 
applying land evaluation 

principles to them. 
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3.2 Rainfed crop production
 

Although entitled Guidelines for land evaluation for rainfed
 

agriculture (FAO, 1983), tile first of these manuals in fact refers
 

not to agriculture in its wider sense but to crop production (annuals
 

and perennials). It is the most detailed of the guidelines, setting
 

out specific steps to be followed, and giving proformas for use at
 

each stage.
 

Rainfed crop production can be regarded in some respects as
 

the 'normal' or standard form of land use. Thinking in terms of
 

suitability for maize, sorghum, rubber, tea, etc., within a given
 

socio-economic context (smallholder farming, estate agriculture)
 

formed the major basis on which most of the principles were formulate(
 

in addition, the Framework has been more widely applied to assessment
 

for crop production than for any other kind of land use.
 

The major systematic contributions arising from this study
 

were to identify the land qualities which can affect suitability for
 

crops, and to divide these into three groups: qualities affecting
 

growth, management and conservation. The main qualities affecting
 

plant growth (and survival) are radiation, temperature, moisture,
 

nutrients, drainage, soil rooting conditions, and absence of various
 

adverse conditions, e.g. flood hazard, soil toxicities, pests and 

diseases. Some growth requirements are common to all or most plants 

but many are specific to individual crops. Land qualities affecting 

management include soil workability, terrain conditions affecting
 

ease of mechanized operations, accessibility and location. These
 

conditions are often specific to kinds of management (e.g. mechanized
 

cultivation) but to some degree independent of The crop grown. In
 

crop production the principal land quality affecting conservation
 

is the degree of soil erosion hazard.
 

These three groups of land use requirements can be treated 

independently to some extent. This permits, for example, the identi­

fication of areas suited to the growth of maize, irrespective of
 

method of management; those suited to mechanized agriculture, irres­

pective of crop; and areas which are suited for annual crops on
 

grounds of conservation, such assessments being different for culti­

vation with and without soil conservation works. For a specified
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land utilization type these component suitabilities can be combined,
 

to give areas suitable for, e.g., "large-scale mechanized maize
 

cultivation with conservation bunds", or " smallholder non-mechanized 

maize cultivation without physical soil conservation works".
 

This technique of disaggration of the land utilization type,
 

and of its land use requirements, clearly has potential applications
 

to agroforestry. At the simplest level, growth requirements of the
 

component elements in an agroforestry system---crops, trees, pastures
 

--- could first be assessed in isolation, providing necessary but
 

not sufficient conditions for their success in combination. It might
 

also be possible to isolate management requirements of specific agro­

forestry techniques, e.g. alley propping.
 

3.3 Forestry
 

Evaluation for forest plantations, whether for timber or
 

fuelwood, is similar in principle to that for agricultural tree crops,
 

e.g. oil palm, rubber. The delay between establishment and harvest
 

is frequently longer for forest products, whilst the major harvest
 

at any given site comes in one year. in contrast to the extended
 

yield period of agricultural tree crops. The management require­

ments for forustry include the requirements for various methods of
 

timber harvesting, but this feature is not wholly distinctive since
 

agricultural tree crops also have specialized harvesting requirements.
 

Land evaluation procedures for both cases follow similar lines, end­

.jg with economic analysis by discounting procedures, to take account
 

of the time delay between planting and harvest.
 

There are, however, two distinctive features of forest land
 

evaluation, both potentially relevant to agroforestry: the inclusion
 

of the standing forest as a component of land and the special
 

situation of conservation forestry (FAO, 1984b).
 

The definition of land includes its existing vegetation. In
 

evaluation f'r crop production, it is normally assumed that this
 

will be cleared, and attention is concentrated on forecasting the
 

crop growth. In the case of forestry based on natural forests,
 

however, there is no need to take this indirect method of forecast­

ing growth rates from climatic and soil variables. The net effect
 

of the latter has already resulted in the standing forest,
 



and the resources avqilable are assessed by the technique of 

forest inventory.
 

The second distinctive case arises where conservation is
 

the primary purpose of forestry. For agricultural us( or, 

indeed, forest plantations, the existence of a high erosion hazard 

is a limitation, adverse to the proposed use. In contrast, the 

situation in sloping water catchment areas at present under forest 

is that the greater their potential erodibility, tile more highly 

suited do the), become for retaining the present protective forest 

cover. In the case of afforestation of eroded or otherwise degraded 

land, the severity of the degradation, and thus of the need for
 

rehabilitation, becomes one criterion of suitability. This situation
 

is conceptually distinct.
 

Both these circumst:,.ces can be relevant to agroforestry. The 

standing forest. is utilized as a resource in some agroforestry pra­

ctices, whilst the izeed for soil conservation and/or rehabilitation
 

is frequently a reason for calling in advice on the potential of
 

agroforestry interventions.
 

3.4 Irrigated agriculture
 

As agroforestry is uncommon on irrigated land, the procedures 

set out in these guidelines (FAO, 19841)) are not directly relevant. 

Where it i.s indirectly valuable, however, is in the development of 

methods of economic land suitability classification. The repayment, 

in financial and/or social terms, of the cost of capital works is 

an essential feature of irrigation development, and the guidelines 

set out the relationships between net farm income and net incremental 

irrigation benefit, critcria which can be applied to other forms of 

land development which involve substantial capital expenditure.
 

3.5 Livestock production
 

Preparation of guidelines on land evaluation fur livestock 

production is at a.i early stage. The first workshop was held in 

December 1983, confined to extensive grazing, defined as those forms 

of livestock production which rely largely or entirely on a feed 

base consisting of natu. . or semi-natural vegetation. The dis­

tinctive features, calling for special treatment in land evaluaticn, 



were identifJed as f'olIows: 

i. 	 I he two-.stage characteer or I i v's oek product i on: 

from climate and soil conditions to vegetation 

giowth, and ri'om the feed base of vegetation to 

animals. 

ii. 	 The capacity of livestock to move, t u.s permitting 

the use of diffferent land areas ini di ferent seasons 

(inomadi sm, t Ia ii sirunranee, seasonal movement between 

val ey and hi 1 past tres). 

Both these freatures are applicable to agropastoral systems, 

the first necessarily so in all cases, the second where seasonable 

movement, between grazing lands takes place. 

3.6 Scale of survey and kinds of application 

Land evaluation is applicable at all scales of land use plan­

nirng: global/continental. national, regional, district, village and 
farm level. At the global level, its most notable application has 

been in the strategic studies of food-producing capacity conducted 

by the I AO. in the Agio-Ecological Zones project and the Land, Food 

ard Popilation i'ro.j.ct (FAO, 1978/A1). 'Ile most widely known Iand 
evaluat, ion studies are those at the at,i. ona1 or majo' region level, 

for 	example surveys of the whole of Et.hiopia, of Sierra Leone, of' 

noith-east and north-central Nigeria, and large areas of Indonesia 

(where the evaluation system is computerized). 

Applications at district or' regional level have been numerous 

usually within the framework of dev'lopment pr'ojects-. Studies at 
village or farm level do not, readily become known, but are pro)ably 

few in numbei. 

In n-... ional and regional applications the ty)ical product of' 
surveys are maps showing areas suitable and not suiLable for growth 
of individual crops, for mechanized cltivation, or for intensive 

or extensive livestock production. Such studies serve the purpose 
of identifying potential project areas, e.g. for' a smallholder tea­

growing or livestock ranching scheme. Thus the principal focus of 
surveys at, Lhis scale has been that of answering the question, 

http:i'ro.j.ct


'where aim tih be.st are.as or clevelopmient of a )articular kind of 
land use?" - fre'lUuent ly cult iv'ation 1f.speci 'ic crops. 

At the ci.st ric't oi i) i.i",€ct level, tlie above question may 
still arise, somet imes speci f'ic' to one crop, e.g. wlhich land is 

and is not suited to sua cane, but th, Focus is riqierit ly 
diferent. A commto Cbijct i\v, jN the allocation of land t.o 
major kinds of use. e.g. annual onopn, perennial crops, grazing, 
Forestry; this orccir' part icularly in lanid settement schemes. At 
the ]at ei st iaiges of prioject, planning , eval Lat ion e xtends to the 
st cy of whether a spec ifietd kind of 1and us, is economically via­

able on a give'n land area, and which of two or r ie uses is the 
more beneficial. 

Thus land evalua tior. has been applied to the following kinds 

of question: 

i. Which are environmentally the best. areas for a 
number cf specifi ed kinds of land use - frequently 

for part icula r crops? 

ii. How should the land within a given area be allocated 

between dif'ferent uses? 

iii. On a given area of land, which of several alternative 

uses is the more 1)enrefici al 

Can siteh quiest ions he atswered wihi respect to agroforesLry 
land utilization types? For the fi rst, the answer is clearly yes 
for the plant components - tires and crops - but. it will be some 
time before it can he answe red with respect, to agroforest, ry systems. 
The second que.st ion. allocation of lanc to different uses, occurs 

in agvoforestnv cl esign p rocedures: having cietermined t,hat certain 
int.Cr ventions can aic in solving land use )rollems, then a necessary 
element in diesign is decied which areas of land are suited t;o 
which agrotforest ry pract iccs. The third type of question is clearly 
applicabe in the fcorm. "which of a number orf possible land use 

changes is the most beneficial - agroforestry, imp'roved agriculture 

or forestry? 



14 

4 LAN) EVAI!IATION FOR A(;ROIUORLSTiRY 

4. 1 The neeCd 

1he following quotat ions illust'ate recognit ion of tihe need 

1o1 applying lanl evilI ii tiitito ;agioioi'est 'y 

"to hIild tip the scientific crvdil)ilit.y or t i discipline ... 

the poitut ial orI a grfoiest ryresearechirs should always coiparec 


with that ol monocult.Uires" (G. lldowski, in MacDonald (1952), p.
 

'3).
 

"It may wel1l be y'ears before one can accurately atssess what, 

proportion of theh and is actually better suited For agr'ot'orehtr'y 

practices than for monocultLres" (Foreword to MacDonald (192), 

p. vii).
 

"Agoforestry...may well be the best, answer to solving pro­

bleits of rural development in specific sites or regions. For others. 

it. may be just as good as any cther land use 01' (o'eniless suitable'
 

(Editorial to Vol. 1, No.1 of 'Agroforestry Systems').
 

"'lore Ftundatment al y , we even I ack rel evant, met hods on how to 

ecological asibility o' complcx
assss the" socital. econoiic and Fet' 

agi'oioi'estry systems, and how to comi)are them in quiantitat ive terms 

withI othr(' f'oins of" ancA ise' (1 CRAF Progiammi of Wortk foi 1983. 

p.2).
 

Two redlattd points air'e implied by these quotations. First, 

that. any specific agrotoestry practice will function optimal ly 

under one se't of etnvi roilnenital condit ions, somcwhat .1es. eff iciently 

btL. still sn cccsstinlly inde r a widcer rante or' envi roniments, while 

in oLhev conditions it will not work at all. This is shown in 

Figir'e 2, in which the range o' envirtoiineits, in reality mlii ti­

dimensional, is shown schenmat.ically; C, D, E, .... are land utili­

zation types , any of which miy or many not be agr'ofor'estry systems. 

For' any part icula' land utilizat ion Lype, the nost efficient, rang(' 

of' conditions is shaded. 

The second aspect follows as a necessary implicat ion, namely
 

that for' any given site, some land utilization types will function
 



FigUc 2. RIl\'II'N. BFTIQ IN INAVIRONAl.NIAI ('ONDF IONs AN) LAND 

[Irl/A'ION TYPES. The miilticimensional nattie' of 
the env.ironment is sch-mnltically rechcdc! to one 
dimension in (a) and two dimensions in (b). 

(a)
 

N S2,'3 S S$23 NSI 
CI 

DI 

x 

Range of conditions of land (muilttidinensional) ~ 4 

(b) .11.,. steeply sloping 

C/ 

E.g. dry S E.g. wet 

E.g. gently sloping
 



Io 

very well. som( modterately well. whilst. many others wi'i l he un­

suited to the I lI condit ions, 'Thl.s at po(int X in li g. 2, types
 

0 and F ar', suitabtle, 
 with I lhe more highly suited. 

'his schematn t Jc v'ew illLstraties the tw )nlljOr aspects of land
 

evaluat iOIL allie id.( to agr'ol'o''st iv:
 

i. [o a spec'ified land it ilizat ion type (agrLororest.ry), 

on which sites will it functioIL most effect iye]wy 

ii. Fop a givelL sile, which land utilization types (agro­

forest'y arid nunlL-agC'ofortest ry, lpossib)ly seve'al of 

each) wi] be most I)eteficial? 

4.2 W\'hiat is already knowi' 

If the (luestion is asked, "Can we define a number of agro­

forestr'y-based land utilization types, 
and give for each the environ­

mental conditions that 
are highly suital]e, moderately suitable and
 

not suitable?", the 
answer at present must be no.
 

'11h1s does not mean. however, that. no kniowledge of environment.al
 

requir'ments C'NIst. Many experts,
t )oth within and out.side ICRAF 
woul d )c i' to nlulie(-Hd specific ag'ofurest ry desin ' s s NLwi ('(Ip'par'Led i'ec 

to paritictullar elivi'OllLLt s . Tlhi s is done by the older-nLet, hoct 1long 
elL J)u'ed ini bot)th agiicii" ILuilal aLd I'oi'.ust rY adv.isory wIk, of x-­

pi' ie ncC', local knowledge anI judgement.
 

Ihis method deI')pendls on a high lev'el of skill and experience or 

the part of those O're';i g advice,something which is not easily 
acquired or transmit.ted. It would usefully supplenmontL th(' method 

ofr ski lled judllgement to have a body o informa t.ion, assembhled. 

arr'angeI and present.(ecd in a systemat. ic manner, to which ref'erence
 

could )e made.
 

In the terminology of' land evaluation, agrof'or'estry is a major 

kind or land use. Are there known to be any environments to which
 

agrolorestry, taken as a 
whole, is particularly well suited or
 

appears to be not suited?
 

http:environment.al
http:agrLororest.ry
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It is clear that there are agroforestry practices and systems
 
of different kinds which function effectively in a wide range of
 
tropical and subtropical environmn'ts; the existence of successful
 

agroforestry systems, indigenous or modern, is sufficient evidence
 

of this. 
 The range includes the 'three worlds of the tropics',
 
the humid (rain forest), subhumid (savanna) and semi-arid, as well
 

as 
tropical highland variants of these. Agroforestry practices
 

have been successful on both steeply and gently sloping relief,
 
and on 
soils ranging from sandy to clayey and strongly acid to alka­

line. Depositional landscapes (alluvial land) are less often found
 
under agroforestry, although it is by no means absent from them.
 
Other than the limits set to tree, crop and pasture growth by extreme
 

aridity or cold, there are 
few 	tropical and subtropical areas which
 

may 	 not have potential foe some kind of agroforestry.1/ 

If the experience of ICRAF, in being called to give advice
 

for specific areas, is any guide there 
are certain sets of conditions
 
to which agroforestry is (or is believed to be) particularly appro­

priate. 
 Advice is often called for with respect to moderately or
 

steeply sloping lands, and soils of medium to 
low fertility. This
 
is frequently coupled with the fact that such areas 
have experienced
 
soil erosion, soil degradation (particularly lowering of fertility)
 

or degradation of vegetation resources 
(forest or pasture). In
 
short, advice on the potential of agr'oforestry is often sought for 

marginal and/or degraded lands. This, however-, is also the case 
with other forms of* intervention by government, agencies. It could 
well be that agroforestry functions excellently on gently sloping
 
relief with deep, loamy soils, but if farmers are getting cereal
 

yields of 3-5 tonnes per hectare on a sustainable basis they do
 
not 	seek to enquire if alternative systems could do better. 

The above applies to agroforestry taken as a whole. At the
 
opposite end of the scale, a considerable body of data could be
 

assembled from existing sources on 
the growth requirements of the
 

individual components of agroforestry systems: trees, crops and
 

pastures. The current ICRAF multipurpose tree survey is adding to
 

knowledge on the first of these.
 

1/ 	Design problems are more serious in the temperate zone, where
 
radiation or temperature are more often limiting, and the low
 
sun angle increases the shade cast by trees.
 



Between these extremes --- between 'agroforestry' and Acacia
 
albida or maize ---
there is relatively little systematic knowledge
 
of environmental requirements. 
 A first step towards acquiring such
 
knowledge is 
to find appropriate levels of generalizatio, at which
 
to define and describe appropriate agroforestry land utilization
 
types. This is discussed further in 
Section 5.3.
 

4.3 	 Problems
 

It might be thought possible, prima facie, 
to take the exist­
ing land evaluation procedures devised for' agriculture and forestry
 
and specifically the "Guidelines" for these 
(FAO, 1983, 198 4a),
 
and combine them into 
a methodology for evaluating agrosylvicultura
 
systems. 
Methods for assessing livestock production, when further
 
refined, would similarly be incorporated into evaluation of agro­
pastoral and agrosylvopastoral systems.
 

Certainly, these methodologies have a major contribution to
 
make. 
Many specific problems have been covered, for example the
 
treatment of conservation requirements or the relations between
 
evaluation in physical and economic terms.
 

Evaluation for agroforestry, however, involves considerably
 
more 	 than a synthesis of' methods drawn from 	 its contributory forms 
of land use. Among reasons for this are:
 

i. 	 The need to find appropriate ways to define and
 
describe agroforestry land utilization types.
 

ii. 
 The less advanced state of knowledge, as compared
 
with 	 crop production and forestry, of the environ­
mental limits of agroforestry systems.
 

iii. 	The key role, in agroforestry, of interactions
 

between the tree 
and non-tree components of a
 

system.
 

Means of finding solutions to these problems need to be built
 
into the research programme, as discussed in Section 
5.
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4.4 Comparison with the diagnosis and design methodology
 

Land evaluation is a practical methodology, applicable to
 

all kinds of rural land use, and employed in field projects to
 

assist land development. So also is the ICRAF diagnosis and
 

design (D and D) methodology, developed specifically with respect
 

to agroforestry but incorporating features of the farm systems
 

approach applicable to agricultural land use in general (Raintree
 

et al., 19S3a, 1983b). As these two methodologies are far from
 

identical, and yet were developed for purposes which are over­

lapping, it is relevant to examine points of similarity and diff­

erence. It should be noted that the procedures of diagnosis and
 

design, although,already successfully applied in many field pro­

jects, are regarded as being at an advanced draft stage and are
 

still evolving in detail.
 

As a 	basis for comparison, reference should be made to the
 

outline of D&D methodology given in ICRAF Working Paper 6, in
 

particular to Figures I and 2 and the summary of 12 main steps
 

therein (Raintrec, 1983a, pp. 8-16).
 

Some of the contrasts between the two sets of procedures
 

do not exist in principle but are de facto differences in sur­

veys carried out t~o (late. The major contrasts are:
 

i. 	 Aims: land evaluation is normally intended for
 

direct implementation, D&D for the design of a
 

research programme.
 

ii. 	 Differences in scales of space and time.
 

iii. 	Contrast in emphasis: environmental aspects
 

receive more attention in land evaluation, social
 

aspects in D&D.
 

iv. 	 Absence from land evaluation of the problem dia­

gnosis procedure of D&D.
 

v. 	 Absence from D&D of detailed field surveys of the
 

environment.
 

vi. 	 Greater attention in land evaluation to comparison
 

between alternative forms of land use.
 



flist, there is a dliffern.ne, o aim. Land evaluation is
 

intecded for. livert applicat ion to land use planning: diagnosis
 

and desigl is diretc tC. ards desigini, a r programme,
iesearch 

that will, it siccess i li he, capable or imple n.tat ion in land 

use planning. It is true that parts I"ra D&l) report may give the 

impression ",T tieing a plojiect plan, tolt thiis is because of its 

rvqu eil el'nt that a viatible land use des uin. capatllte of being imph e­
mint ed by the amillels., Shil, l( lie. formul,latecd as a Iasi.s for design 

of reseachti. Basically there is ttie dil'eFence that in land evalua­

tion p ' 'oredticsu , it is assumedl that the necessary t ecinologies of' 

land iiNv are kn(ii and lo \(mu . ii" thpe I) n111(th1(Vl01 gy that they 

need to b tested aind verifieid. Note. howevvv .I that 1)D&) does con­

taii prov'ision for iimmiediat e applicat ion, in that in Pheevent 

that certain parts of the technology are considered proven. "plan­

ning dec is"ionis' can proceed di c, ly to "(i.sseminat ion", i.e. imple­

mentation op. cit . , Fig .i 

1,ti'le ale fnr ther de facto differences o space and time. 

Land evaliat iocii is most commly appl] ied to aieas ranging from 

1000 km up to a wholpilegion o1 c ountry. Some D&I) studies have 

taken regions as la rge as 1000 km as an initial basis (and potential' 

future area for implement at ion) but in plactice ttheii attention 

is lnai'iowptd chiwii I ( quit e a sma ll area, such as a leppeselit ative 

watvt nitic . A typi cal legi nal land eval iiat ion study takes 2-5 

year-. over hair ," this on fieitd sulivey. Ini l)&I) the first-cycle 

diagniss is acciiipli slhd in 2-3 weeks-,, and the succeeding design 

a t monlthis the f'ull itiat i\e cyct , recuiving achieve­eh taltlibugh 

ment ol'esearct'h rpsitts, is likely to take a minimum ofr 5 years). 

Both methtodoloigies gi v( attention to analyzing the social 

impact of ioisibl land use changes. liet D&l) proceduires go iWno 

move sluC. itic detail on this aspect part iculaily as regards 

adiptability oifi inncat.i(ins by farmers. Somie of these piocediures 

have, in fact, riceit ly been adapte(d and (xl) l icitl y iicoupoiated 

into the guil in(s oil land evalnal iii for t'iiest ly. (ol\ vsety, 

land evaluat ion rlocediures st oJilt. in mnore detal t iiethod,s for the 

identifi Icat io of land iitits, and sirvey oif thei r envil'omlliental 

pI'operitL but nai : suiiimry of suich proceduiies has bee incor­i ui 

)oritaed into the iiiiisl recent versi on or the t)&D metthodology. In 
both cases, the ci lezeuice is one or thtere] lat iv' emphasis: in 
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landc ev.alulat ion, the r'octs is onl en\ivomm ntal s , ahilityv, with 

social and economic aralysis pr'ovidinrg it' necessary support. 

]In D&D prn'0c( dli'm'. th 'oci ls .is on thl' f'r'mer', his Ii('i'.(5, ancl pro­

biems, and the ippl)l'opriateness or proposed solutions to those 

needs . with 'iv i rorinent a I co.s i d'rat i ors tend ing to le t reat ed as 

a i"'essart'y biackground: this is shown byv the posit ion 1' "on'it' on­

ment al ceseci pt ion" a'tn Step 1. in tihe ppediagnostic stage. 

lhere' is one teatuire oi emphasi.s in )&I) which is l;trgely 

missing, or' at Neast iut it eriiid, in land evaltutt ion procedures. 

I hi1s isN t lhe prbI lit-"itentI att i on appr'itelt of fl&l. Analytsis of' 

iroblems commvnceps with, short lIsa itt the supply svste oi1" the 

f'ar'mer': Fo rood, iuel. sli lter , cash, etc.. DI) metliodology next 

an, I y'es the ui'nsliit networks I ead ing to these short 'a 1 Is, sote of' 

which may h soc'io--conomic ir oripin (e.g. shortage o1 1albor') 

buti manty ar'ise frl1om tlhe I ;rd e.g. decline in soil ert i] it y, 

drought hiaz;trd . seasonal past ire short, age. "What are t he faimers' 

priobl t.'mht " arid "What are t he iIndl lying causes of these probl ems" 

are focal po i nt s in Li. i iagnosis stage of &D the f orme' quiest ion 

i s SOc 0-(!(iiolo.i C . the lat t ei' F requent p r pioves t.o be envi ronmien tal 

in origin. 

land evalrat ion proc(dlit't's ( to (atel lack the stage of' 

"i(h lt ir iat ion of pro llms'' or its eqti.vel('t. There is ofLen 

aI tacit assutipt ion that. the land surveyed is .in reasonabI y good 

condit ion. i. .. not se tioutsly degraded. Tlhe' "properties of the 

larnd inits" I1 i gl'i, 1) could ce'tainly Ihe properties in a degraded 

(condt itUi on . . g . past til1' i"i ass . Forest s fromn which tl he most. 

valuahble i irMi" slo. is hate opin extracted, hut there is no ex­

plicit iutogriit ion or this possibiity. Where snch problems of 

the farmers and'on t Ithe lane 'xist, the point at. which they conltd 

be ident I ivd wotld Ibe undc'r "Initial consultations: objectives", 

which is the start ing point ,f land eva]llaLioll procedures. .it. is 

imp I i c it . htwver, .that any such iroblIerms have aI ready been i dent ifr i 

by governire itor l)or lha.-. some pieceding study; the'e is no point at 

which tihe land evaltiation team is itself" called upon to analyze the 

p resent prob lems. 'lhe focis is di'Fferent• to maximize beneit s, 

i'alher than to solve problems. This need not. mean solely economic 

benefits: eriv i roimLrial aind soci a] li 115 iii'e taken into accournt. 

Ilence, land(valuation l)'ocedur'es could benefit. by inclursion of a 

move speci fic elemernt of" diagnosis of problems and the it' causes. 



ILancd ev\aluat ion qnilt. cle]arly. direc(ts 
t vnr, attenlt io.n to the,
 

spat. ial Idi ffev'evt i at i on or appropi, iat v for'm: of 1and use, as
 
br'ought 
about by variations in environment~tal c'owclitions. This
 

is its primar.y aim. I hnc'ec a cons.ideral ( part or the time and
 
er'fopt in an e'valuat ion go.es into mapping landl 
units and (describ­

ing the.i I)hysical prop'l't i... is
It trullt that it t land systems
 
or s Ioil
survey already '.xists, complrehensive. lel iabl l and at a
 
stni'fici ntly de.tailed scale, 
it ('an he taken as the basis for
 
evalaut i l Without F'urther 
lrimary surve'V. In most parts of'
 
cievelopinlig count'ies this 
 is not the case. latnd evalat ion pro­

jectN th 're.nte commonly .sit lIp act 
iv'iti es in r'emote selnsing and
 
Field .sur. to colltct such data. I I i s has not
e ey been chmv 1 I1) & D 

project't o dai;tci 1n part owi ng t o t he shorter t i me scale, Lhe.y
 
make do on 
what eve' cart ographi c and ot herenvi ronmental infor'­
mation is lli'.ady available, sipplemented by the diagnosis team
 
keeping itn 
ey es. op(,n for resutrce problems, and gathering in­
formation 
ot the se F'rol farm ilt,(ervi ews. I t contains provision
 
i'or list ing sep,'lr'itely "farmers' perception" and "diagnosis team
 
perception" of environmental problems, e.g. soil erosion.
 

Win the tim( is reached for the fieldimplementaLion, on a
 
substantial scale, of the results of D and I) research, then a 

thoough study of which agroforpstry practices are s ited to
 
which a'.a-, o1" 
land will i chedesiraible. lite history or tropical
 
ladId exe I odllltopit cont i mny
m'tiy xamles eo" costlI y e'rro's through
 

at t ermllt i ng 
land N.e changes withI ii td"'ideutte' knowl] edge of en'i ronment. 
iw'' ,t'. since, at this lat.' Sta h Cg , t.s land utilization types -
aigo(orih .­est.y t(echnologies - will he reasonal]y well formulated
 

and pi'ox'i'n, a larid evalnation sux'ey ba.secl 
on known technology could
 
tien bi'e"'t itc~ ed.
I ed.t 


One lu'ther
' ,at"i: of' landtc 'aluation is not so strongly re­
presentecl in the I) 
and I) methoid ology. This is comparisorn o' the 
relative e 'si':tbility. on anty specif' i sit.e, of alternative land 
use sy'stems. This is a focal point, of laid evitl altion out or' land 
uttilizlt ion ty'pes A, i antd C, which is the more beefiri'ial on site 
X? In 1t icn I) procedures this is most nearly r'epresented by Step
 
9, 'Design ealx;tItati o n' and has appeared earlier in 
Step 7, 'Tech­
nology aprl'aisal ', in which no -agrnoi'esA. its well as potential 
agiofo'rOvest iv It t'chlogies a r'e revi'wed. it i s Fair to say, however, 
t hat having ,ar'rix'd at one or more pot Clial agr'ororesLry solutions, 
there is no syslnltte ic piocediire set out fur"op ntini'i hg them wit h 
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solutions in terms of improved agriculture or forestry. In
 

practice, some D and D studies have made such comparisons in
 

economic terms, using the MULBUD computer programme for cost­

benefit analysis of multiple cropping situations (Etherington
 

and Matthews, 1982).
 

There are some apparent opportunities for mutual improvements
 

by incorporating elements of one procedure into the other. These
 

are:
 

i. 	 The social analysis stage of land evaluation
 

could profitably make use of detailed techniques
 

of field social survey and analysis devised for 

D and D. 

ii. 	 A means should be found of incorporating the
 

stage of diagnosis of problems (socio-economic
 

and environmental) into land evaluation.
 

iii. 	 D and D should direct greater attention at 
differentiation of conditions of the physical
 

environment, and could make use 
of land evaluation
 

methods as a means of' doing so.
 

iv. 	 Some of the methods for systematic comparison
 

between alternative kinds of land use, developed 

by land evaluation, could be applied in D and D
 

to compare proposed agroforestry designs with non­

agroforestry forms of land use improvement.
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5 	 STAGES IN FiE DEVELOPMENT OF A METHODOLOGY 

There are three starting points Cor a programme of research:
 

the objectives and principles of land evaluation, the special
 

features of its application to crop production, forestry and live­

stock 	production, and the present state of knowledge on agroforestry 

Taking these as a basis, a programme to develop a practical 

set of guidelines on land evaluation for agroforestry would need to 

contain the following elements: 

i. 	 An environmental data base. 

ii. 	 The Cormulation oL appropriate lana utilization
 

types as a I)asis tot' suitability analysis.
 

iii. 	 Land use requirements, for agroforestry components 

(trees, crops, livestock) and technologies. 

iv. 	 Biophysical models of interactions between trees 

and other components of agroforestry systems. 

v. 	 An assessment of the environmental impact, and hence 

.ustainability, of agoforestry systems. 

vi. 	 A nethodology for comparison between agroforestry 

and other land use systems, on a given site. 

vii. 	 Case studies t.o test the above. 

Contributory to the programme, although not a research 

element in the same sense, would be to hold an international 

workshop on Land evaluation for agroforestry, with the objective 

of bringing together relevant ideas and experience. 

No specific research needs are set out for economic analysis 

or for the examination of t;he social impact of land use, both of 

which form essential elements in land evaluation procedures. This 

is because these aspects are adequately covered by present ICRAF 

research. Economic analysis forms an activity within the Systems 

Programme. Its most substantial output to date has been tae AULBUD 



computer programme Cor cost.: benefit analysis or multiple cropping 
systems (Etherington and Matthewis (1952). The methods incorporated 
into the MULBUD programme are very similar to those employed in 
economic analysis for land evaluation (c'. Dent and Young, 1981, 
Chapter 11; FAO, 1983, Section 9.4), and can be utilized without 

additional modification. 

The analysis of the social impact of land use changes has been 
developed in some detail in the diagnosis and design methodology 
(see Section 4.4 above). l'lements from this methodology were in­
corporated into the social analysis section of the guidelines on 
land evaluation for forestry AFO, 1984a, pp. 100-103). These 
methods are adequate as a basis for' assessment of social impact in 
land evaluation for agroforestry. 

5. 1 An environmental data base 

5.1.1 	 General 

The term 'environmental data base' is here employed in the 
broad sense, to retur to first, We structured base on which in­
formation is stored, and secondly, the body of information stored 
within it. [he former is sudlivided into the form of tihe standard-
Wied body of information and the manner of its computerized storage. 
Storage is through ise of a cata hase management system, a commer­

cially-produced software package designed For holding information 
on a number of Fields Ivaiai) les ) for a set of records ( sites). 
Thus an environmental data rase includes: 

i. 	 A structured and standardized set of information 

about 	 land, giving items of data to be recorded 
(e.g. mean annual rainfall, slope angle) and environ­

mental classification systems to be employed e.g. of 
climate. -oil, vegetation).
 

ii. 	 A method fhr computerized input, stor'age and retrieval 

of this set of information, consisting of filis in 
a data base management system. 

iii. 	 The body of information that has been collected and 
stored in this way. 
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The outline structure of tile ICRAF environmental data hase 
is shown in Figure 3. Ihere are two main tiles: a sites file and 
a requirements file. Subsidiary to these is a soupce file, giving 
details of sources of informatirn that are recorded in coded or 
abbreviated form in 
the main files.
 

Initially held on an internally-written storage program, the
 
data base was transferred in early 1984 
to the KnowledgeMan data
 
base management system on 
the iBM-PC microcomputer.
 

Although not part 
of the environmental 
data base as such, the
 
system employed for 
the ICRAF computerized library data base uses
 
the broad climatic zones 
and some other terms from it 
as indexing
 
terms, thus permitting retrieval of published work related to a 
specified broad environment.
 

5.1.2 The sites filc 

Site information consists of 
records of the physical en­
vironment of particular locations, or sites, which have been asso­
ciated with agroforestry. 
 A site may be a point or small area,
 
for example one place where a multipurpose tree is recorded as

growing; a larger contiguous area, for example that chosen for a
 
Jiagnostic and design 
project; or a non-conti"uous range of sites
 
'ov example those within which 
 an agroforestry system is practised. 

Detail-; of the site information stored, with discussion of
 
reasons for selection of 
data items and classification systems,are

given in "An environmental data 
base for agroforestry" (Young, 1983), 
and only a brief outline is given here. 1/
 

A standardized set of 
information was 
compiled by discussion
 
with ICRAF staff on what were the most important features of the 
environment relevant to agroforestry. Information is 
included on
 
geology, 
Landforms, climate, hydrology, soils, vegetation, fauna
 
and disease, and 
land use; of these factors, climate and soils 
are
 
recorded in 
most detail and 
geology only briefly. 

I/ N,.te 
that the 1983 printing of 
this Working Paper describes only
tire sit~sfile as 
the requirements file had 
not then been con­
structed. 
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Figure 3. SIMPLIFIED S3TRUCTURE OF THE CRAF EWIRONMENTAL DATA BASE 

SITES FILE 

Geology 
Landtfornks 
climate 
Hlydrology -
Soils 
Vegectation
 
Fauna/disease 
Land use z 

COLLABORATIVE AGROFORESTRY SITES OF AREAS OF -RESEARCH SYSTEMS AGROFORESTRY USERS, ADVISORY 
PROGRAME INVENTORY EXPERIMENTAL WORK, ETC.SITES I SITES I WORK
 
(COSPRO) (AFST)
 

REQUIREMENTS FILE 

Temperaure
 

Moisture 

Roct:[ng
 
Nutrients 
,Mechanization 
Erosion hazard 

MULTIPURPOSE AGROFORESTRY 
 AGRICULTURAL
 
TREES LAND 
 CROPS
 

UTILIZATION
 

I TYPESI 
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Three levels of detail are specified: Summary level, I.evel 
(semi-detailed) and Level 2 (detailed). Each level contains 15

fields (data items) for site identification and Location, and 
fields which give reliability of information. Inclusive of these,
the numbers of fields included are as follows: Summary Level - 43,
Level 
I - 75, Level 2 - 140. Information 
can be input at any level,
 
and output at the same or a less detailed level. 

The Summary 
level contains only classifications 
for each of'

the environmental i'actors. For geology, landforms, climate, hydro­
logy, soils, vegetation and 
Land use, broadly generalized classifi­
cations are given. 
 In addition, the following classifications have
 
been adopted as standard: 

Climate: 
 the Koppen climatic classification.
 
Soils: 
 the FAO Soil Map of the World classification 
Vegetation: 
 the Unesco classification.
 

The following types of site are, or will be, included on the 
sites file:
 

i. Sites of the ICRAF collaborative research programme
 
(COSPRO).
 

ii. Sites of the [CRAF agroforestry systems inventory (AFSI).
 

ii. Sites of' agroforestry field trials.
 

iv. 
Any site supplied by a user, e.g. 
for advisory work.
 

Al example of output 
from the sites file, at the Summary level,
is given as Table 1. Outputs at levels I and 2 will be found in
 
Young (1983).
 

5. 1.3 Tile requirements file 

For 
storing the requirements and limitations of agroforestry

components, such 
as trees; and crops, the 
full record of the physical

environment contained 
in the sites file 
is often not appropriate.
 
A single data 
source usually contains only a limited number of
 
criteria, for 
example climatic requirements only, storing wh~ich in
 
the sites file would lead to large numbers of empty fields.
 



Table 1. TIlE iCRAF ENVIRONMENTAL I)ATA BASE: EXAMPLE OF OUTPUT FROM THE 

SITES FILE, SUMMARY LEVEL. 

10!C:i[- FNV 1IIuul[ I._ DYI .s:.L: o-t,iiE.I wi'I S Summary level 

IRef.AFSI 4 source 
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A full account of the requirements ile will be given in
 
a subsequent working paper. In briet, the 
 me11.e is based on the
 
land evaluation concept of 
 land qualities, e.g. temperature
 
regime, moisture regime, 
 drainage conditions, etc.. Each quality
 
may be recorded in terms of a different land characteristics, for 
example, moisture 
regime or requirementb; may be expressed in 
terms
 
of mean 
annual rainfall, growing period, confidence limits for
 

these, etc..
 

The following types of 
information will 
be included in the
 
requirements file:
 

i. Requirements of agricultural crops.
 

ii. Requirements of multipurpose 
trees.
 

iii. Requirements of 
pasture species and, 
if available,
 

of livestock.
 

iv. Requirements of agroforestry [and utilization types.
 

Of the above, requirements of 
crops are available from a
 
number of FAO studies, both global and 
for countries. Require­
ments of multipurpose trees 
are given in various published
 
sources, and will 
be transferred from the environment 
fields of
 
the [CRAF multipurpose trees 
 inventory (von Carlowitz, 1984). It 
may prove more difficult to obtain requirements of livestock 
owing to the earlier stage 	of development of land evaluation in
 
this Field. The final 	group, requirements of agroforestry land
 
utilization types, is a major objective of the land evaluation 
project as whole,a which will take time to achieve. 

Data can be retrieved in various forms, 	 For
illustrated 
 the
 
growth requirements of individual plant species (trees or 
crops)
 

as follows:
 

i. 	 All environmental requirements of 
a given species,
 

e.g. requirements of 
Acacia albida.
 

ii. 	 Requirements for a specified land quality (e.g.
 

moisture) 
or land characteristic 
(e.g. mean annual
 

rainfall) of 
all species recorded.
 



iii. 	 Selection of those species suited to a given com­

bination of site conditions, e.g. species suited 

to altitude 1000-1500 m, rainfall <600 mm, shallow 

soils. 

An example of output of the first kind is given as Table 2.
 

5.2 Agroforestry Land utilization types
 

It is evident that land suitability for agroforestry cannot 

be assessed without clear definitions of the kinds of land use 

being referred to---iin evaluation terminology, the land utilization 

types. The first principle of land evaluation is that suitability 

can only be assessed with respect to specified kinds of use. In 

evaluation procedures, identification, refinement and description 

of land utilization types follows initial discussions, preceding 

determination of requirements (Figure 1, p.5). 

All forms of agroorestry possess one distinctive feature 

as land utilization types, namely that by definition they include 

at Least two components, tree and non-tree. The for',er consists 

necessarily of multipurpose trees, again by definition; it may 

include agricultutral tree crops, e.g. coffee, coconuts. The non­

tree component may include agricultural crops, pasture species 

and livestock species. 

At the most disaggregated level, it is possible to assess
 

environmental requirements of individual species of tree, crop, 

pasture plants and livestock. These may be subdivided, trees 

into varieties (e.g. the varieties of Leucaena leucocephala), 

crops into cuLtivars and livestock into breeds. These may be 

referred to as components of agroforestry.
 

A second descriptive term is the agroforestry practice,
 

consisting of components combined in some particular manner in 

space 	and time, e.g. a live fence, alley cropping, a planted tree
 

fallow. Agroforestry practices alone are rarely a sufficient
 

form of description for assessment of requirements. Some are more
 

appropriate to certain environments, e.g. windbreaks to dry
 

climates, whilst others appear to function better over a limited
 

range of conditions, e.g. 'home gardens' are mainly found in
 

wetter regions. For the most part, however, practices serve as
 



Table 2. THE ICRAF ENVIRONMENTAL DATA BASE: EXWtLE OF OUTPUT FROM MhE 

REQUIREMENTS FILE. 

Explanation of headings:
 

LAND USE 
 On this file, species of ntltipurpose tree.
 
LAND QUALITY Requirements grouped according to broad type,
 

e.g. requirements for temperature reg/ilne, motisture 
re4ime, rooting conditions. 

SUBDIVISION 	 Subdivision of' land quali~y, e.g. temnerature regime.
.tbdivided into0 o h (getira[) requi r'ne'tt , toleranc., 
to hiigh temperat tires anod tolerance to low temperatures .

LAND CHARACTERISTIC 	 The value employed to measure or express the land 
quality; e.g. different sources express tolerance 
to low temperatures as mean minimunm of the coldest 
month, absolute minimum, and frost frequency.

LOCATION 	 The to whicharea suitability data refer.
 
SUITABILITY The suitability level 
 to which data refer: 

OB Observed (no data on growth or performance)

Ss Suitable (growth or performance satisfactory)
 
St Highly suitable
 
S2 Moderately suitable
 
S3 Marginally suitable
 
NN Not suitable (performance not satisfactory)
 

The oblique stroke () indicates that suitability

is bounded, the hyphen (-) 	 that it is not bounded; 
e.g.
 

nn/ SS / nn 20 - 30 C Suitable between 200 and 30' C and 
0- Not suitable outside this range 

- SS - 0- C Suitable between 200 and 30* C but suitability
level beyond this range not known 

LOWERVALUE/INCLUDED 
and 	 Data in these columns appears in different forms 
IIIGHER VALUE/EXCLUDED 	 illustrated by the following exjz,.les: 

(a) 	Numerical data: example, temperatures for growth, expressed as mean
 
annual temperature
 

- SS - 20 - 30 C Suitabhl in range 20 - 300 C
 
- OB - 22 C Observed on site with 20' C
 

(b) Non-numerical data: example, drainage (aeration) requirements, 
expressed as soil drainage class:
 

nn/ SS /nn WELL DR. it W'LOGGED Suitable ott well drained sites, 
Not suitable on waterlogged sites
 

SOURCE 	 Reference number to the source of data, details or 
which are stored on a separate file. Souce I is
 
the ICRAF multipurpose tree inventory.


RELIABILITY A subjective esti-,r.e of the 
reliability or the data: 
I High Primary direct observation 
2 Medium 
3 Low Including highly generalized data 

Note that certain land characteristics, including latitude, soil texture, soil 
reaction and soil type, may be employed to express suitability in a manner which 
does not make it clear which kind of effect, i.e. which land quality or qualities,
is being assessed. Such land characteristics are grouped at the end of the lists. 



Table 2 (continued). 

IAND LAND sUB- LAND LOC- SUITABILITY LOWER IIIGIER UUSE QUALITY DIVISION CIIARAC- ATION VALUE/ VALUE/
TERISTIC INCLUDED EXCLUDED 9 

CASSIA SIAHEA TEMPERATUR GRLWTH 
 ANN.TEMP WORLD - SS - 22 - 28 CCASSIA SIAMEA 2 2
TEMPERATUR GRC4TH 
 ALTITUDE SUDAN - OB - 500 M
CASSIA SIAMEA 1 1
TEMPERATUR 
GROWTH ALTITUDE WORLD / SS 
 - 0 - 1000 MCASSIA SIAMEA TEMPERATUR HEAT TOL. MAX.HOTMO. WORLD 2 2
- SS - 23 - 35 C 2 2
CASSIA SIAMEA TEMPERATUR COLD TOL. MIN.COLDMO 
WORLD - SS ­ 23 - 24 C 2 2
 
CASSIA S1AMFA 
 TEMFERATUR 
COLD TOL. ABS.MIN. SUDAN 
 - OB - 14 CCASSIA SIAMEn 1 1
MOISTURE GROWTH 
 ANN.RAINF. SUDAN - OB ­ 800 - 9t.-,MM I 1CASSIA SIAMEA 
 MOIS IURE GROWTH ANN.RAINF. W.AFR. nn/
CASSIA SIAMEA 53 /ss 400 - 1000 MM 3 2MOISTURE 
 GROWTH ANN.RAINF. WORLD 
 - SS -60CASSIA SIAMLA - 950 MM 2 2MUISlURE GROWTH ANN.RAINF. W.AFR. s3/ SS ­ 1000 - 15') MM 3 2CASSIA SIAMEA MOISTURE GROWTH RAIN REGIM SUDAN 
 - OB - HIGH SUNCASSIA SIAMEA 1 1
MOISTURE GROWTH RAIN REGIM WORLD 
 - SS - HIGH SUN 2 2
CASSIA SIAMEA 
 MOISTURE CRIT.PER. DRY SEASON W.AFR. nn/ 63 se
CASSIA SIAMLA 4 - 5 MO. 3 2MOISTURE CRIT.FER. DRY SEASON W.AFR. s3/ 
SS ­ 6 - 8 MO.
CASSIA SIAMEA 
 MOISTURE CRIT.PER. DRY SEASON WORLD 
 - SS ­ 4 - 6 MO. 2 2CASSIA SIAMLA MOISIURE CRI1.PER. W/T,LOWEST SUDAN 
 - OB - 2CASSIA SIAMEA I I
DRAINAGE -
 DRAIN.CL. SUDAN -
 OB - WELL DR. 
 1 1
CASSIR SIAMEA DRAINAGE - DRAIN.CL. WORLD - SS 
 - FREE DR.
CASSIA SIAC DRAINAGE - 2 2
DRAIN.CL. W.AFR. - 6S 
 - WELL DR.
CASSIA SIAMEA 2 3
ROOTINb 
 - EFF.DEPTH WORLD - SS - PREF.DEEP 
 2 2
CASSIA SIAMEA 
 LATITUDE SUDAN - OB 
 - 5 N
CASSIA SIAMEA 1 1
LATITUDE WORLD - OB -
CASSIA SIAMEA - 5 N 2 2
SOIL TEXT. SUDAN - OB 
 - HEAVY
CASSIA SIAMEA 1 1
SOIL TEXT. WORLD 
 - SS - LIGHT/MED
CASSIA SIAMEA 2 2
REACTION SUDAN - Op - NEUTRAL 
 1 1
CASSIA SIAMEA 
 REACTION 
 WORLD - Ss - NEUTR/ACID - 2CASSIA SIAMEA 
 US SOIL SUDAN - OB 
 - AQUIC USTI =FLUVENT 1 1
 

Sources: i: ICAU HP inventory 2: Webb et al., 1980 3: FAO, 1974 4: Baumer 1983
 

http:DRAIN.CL
http:DRAIN.CL
http:DRAIN.CL
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a descriptive term for Land utiLization types described in more 

detail, and one means of classifying them. 

At the most aggregated level there ii the agroforestry 

system, described in detail with respect to its biological, 

technical, economic and social aspects. 'he Chagga home gardens 

oi the slopes of Mount Kilimanjaro, Tanzania, are an example of 

such a system. As employed in the ICRAF agroforestry systems 

inventory, the term refers to existing systems, traditional or
 

modern. 

Agroforestry systems are frequently specific to the social
 

and economic setting of a :)articular area. Consequently the 

precise environmental requirements are not always transferable to 

other areas. For example, land with many boulders can be culti­

vated where the accepted practice is hand hoeing, or where strong 

communal spirit or cheap labour availability permits their removal. 

However, the agroforestry system may well be appropriate as a 

land utilization type in evaluations for specific local areas. 

Fop formulation of land use requirements on a broader scale, 

a more generalized form of land utilization type is needed. This
 

would contain the technical elements in some detail, including
 

plant species, but woul(I give the social and economic conditions 

only in generalized terms as a setting. An example of such a
 

description is:
 

Practice: alley cropping. 'frees: Cassia siamea, Melia
 

azedirach. Crops: maize, with field beans and/or cowpea in 

rotation; fallow infrequent. Livestock: work oxen only. Inputs: 

improved seed; fertilizers, manure and crop protection chemicals 

nil or low. Mana-gement: ox ploughing, hand weeding, hand harvest. 

[.P,ervation: trees aligned along contour if land sloping. Social 

and economic setting: low capital and high labour intensities,
 

smallhoLdings (generally 5 ha), low income levels (GDPC 500 per 

capita 1984).
 

The above degree of detail appears to be the appropriate
 

form for specification of a land utilization type for systematic
 

evaluation purposes. On the one hand it is sufficiently specific
 

to make formulation of environmental requirements practicable;
 



on the other'.stl'fi.eijently ,g,.eneral ized t-o make it available for 
consideration over a reasonably wide range of social 
and economic
 
circumstances. More detail can be added as appropriate e.g., 
tree-row spac ing and pruning regime in the above example. The
 
definition of a Land utilization -ype permits the, degree ot
 
detail. to Ihe varied 
 its requ ired by circumstances. 

5.3 Land use requirements 

Following description of land utilization types, the next
 
and critical 
stage in evaluation procedures is determination of
 
their land use requirements, the environmental conditions under
 
which the specified land use is expected to function afficiently,
 
moderately well or to fail. 
 The requirements are needed for in­
dividual agroforestry components, 
 principally mu1ltipurpose trees
 
and crops, and for agroforestry land utilization 
types as a whole. 

It is a matter of' debate among [and evaluation specialists
 
whether land use requirements should be assessed in terms of land
 
qualities or land characte:'istics (cf. Dent and Young, 1981, pp.
 
162-165). 
 land qualities are broad attributes of land, each of
 
which acts in a district manoter 
 in its influence on the suitability 

,
of land fo a narft[ciilar kind or use; e.1,rC'J, ,rc m11 tu:, avail­
abilityv, rooLiug conditions, nutrient supply, erosion hazard, and
 
potential for mechanization. L-and characteristics are attributes
 
of land that can be measur ed or estimated, e.g. mean 
 annual rainfall,
 
s lo e an-le, ,a 
 il irainage class. !1' land qualities are taken as 
the basis for assessment, they must normally be assessed in terms
 
of land characteristics, 
 singly or in combination. There are re­
tat,iye l'ew laud (onliZies, less than 30 
that are widely el.yoe, 
but many hundred land characteristics.
 

AlL of the FAO ruidelines to date base their assessments on
 
land qualities measured or 
described in terms of land characteristics. 
Land qualities serve as a primary check, to ensure that all relevant
 
influences of environment on land 
use have been taken into account.
 
Decisions are then made on 
which land characteristics are to be 
employed to describe each quality; e.g. whether moisture regime is 
to be described in terms of 
mean annual rainfall, mean growing
 
period, rainfall/evapotranspiration ratio, or specified confidence
 

limits for any of these.
 



Land use requ irements ar -pec i.I' ic to the use , V. . is tl re
 

requirements of 
 sorg hum, tea, vice. Land qualities and character­
istics are specific to land units, e.g. the moisture availability
 
of Land Units A, B, C. To facilitate matching between the two,
 
requirements and land qualities are expressed 
in closely corres­

ponding terminology and units, for example:
 

Land use requirement Land quality 

Temperature requirements Temperature regime
 
Moisture requirements Moisture regime
 
Nutrient requirements Nutrient availability
 

Tolerance of salts 
 Presence of salts 
Requirements for mechanization Land conditions affecting 

mechanization
 
Susceptibility to erosion hazard Erosion hazard 

,\3a starting point in determining land qualities relevant
 
to agrofor,,-try, a comparison has been made between 
 the qualities 
listed iii the FAO guidetinr... on rainfed crop production and forestry. 
t.ogether wit h those ident if ied at the first workshop on evaluation
 
for extensive: grat ing. Those 
 qualities the influence of which
 
occurs rarely 
are omitted and some qua litles, combined. 

Mhe restilts are shown in Tables ,3and 4. Table 3 is a summary
 
of the land qualities, grouped into 
 those which affect plant growth, 
management and conservation; direct estimates of growth, e.g. forest 
inventory, crop yield data, form a further group. There is 
finally a set of Land characterLstics which may influence two or 
more land qualities. These are classifications, employed as a 
substitute for more detailed data. Three, slope angle, soil texture 
and soil reaction, are characteristics commonly used to describe 
requ irements or tolerance, without it being made clear which in­
fluence on the plant or the land use is being assessed; for example 
is soil reaction being considered as an indicator of aluminium
 

toxicity, nutrient availability or sodicity? 

Table 4 gives the land qualities in more detail, subdivided
 
in some cases, e.g. temperature regime/requirements divided into
 
general temperatures for growth, (tolerance of) 
extremes of heat,
 
and (tolerance of) extremes of cold. 
 The major kinds of land use
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Table 3. 1_Ai) )IiLl iE5 ,(l I'ANI' [0 A(;ROFORESI1Y: SuL:LMARY. 

A. QUALITIES AFFECTING GROWh'I 	 Land quality 

REQUIREMENTS 

BASED MAINLY ON CLI ATE 	 Radiation 
Temperature 
Moisture 

BASED MAINLY ON SOIL 	 Drainage 
Rooting 
Nutrients
 

SPECIAL ASPECTS Establistunent
 
Maturing


LIMITATIONS [aazar(Ls 
Salts 
Toxicities 
Biological 

B. DIRECT ESTIMATES OF GROWTH 
Production
 

C. QUALITIES AFFECTING \ANAGDENT 

\ANAGEMENT OPERATIONS 	 Mechanization 
Soil workability
 
Land preparation
 
Storage and processing
 
Timing of production 

LOCATION AND ACCESS 
 Location
 
Size and accessibility
 

D. QUALITIES AFFECTING CONSERVATION
 
Soil degradation

Hydrological degradation
 

Biological degradation 
Loss of amenity
 

E. LAND CH1ARACTERISTICS AFFECTING MULTIPLE LAND QUALITIES 

BASED ON CLIMATE 	 Latitude 
Climatic type

BASED ON LANDFORMS 	 Slope
 
BASED ON SOIL 
 Soil texture
 

Soil reaction
 
Soil type


BASED ON VEGETATION 	 Vegetation type
 



I'ale4.CIIECK 1.1[ )l: LAND QUAL1IFS FOR AGROFORESrRY. Source: check lists in 
uidl.elires oo land evaIduation for raini'ed ageicultti'e (R), u'orestry (F), irri gated 

agricultuire (1) and extensivr, grazing (G). 

Land quality/ 
Land use requirement Subdivision of 
or limitation Source land quality 

A. QUALITIES AFFECTING GROWII
 

I. Radiation regime! RFIG I For growth 

Radiation 

requirements 


2 	Photoperiodism 


2. 	 Temperature regime/ RFIG I For growth 
Temperature 
requirements 

2 	 Heat tolerance 

3 	 Cold tolerance 

3. 	 Moisture RrIG I For growth 
availability/ 
Moisture 
requirements 

2 	 Critical periods 

3 	 Drought hazard 

4 	 For animals 

Land 
characteristics 
(examples) 

Total radiation 
Net radiation
 
Sunshine hours, annual 
Sunshine hours, gr.seas.
 

Day length/season
 
(Latitude)
 

Mean annuaL temp. 
Mean growing season 
Altitude
 
Mean, hottest month 
Mean, coldest month
 
(Climatic type)
 
(Latitude)
 

Mean max. hottest mo. 
Extreme max.
 

Mean min. coldest no. 
Asolute min. temp. 
Frost frequency 

Growing period 
Mean annual rainfall 
Rainfall, growing season 
Rel. ET Deficit 
Confidence limits for
 
['our above 
RainFa I1l!Eo 
Rainfall regime 
(Climatic type)
 

Rainfall critical period 
Rainfall driest month 
Rel. ET deficit crit. per. 
Groundwater depth, lowest 

Dry season, length 
Probability signif.
 
drought 

Distance to source 
Water quality, salts
 



4. 	Soil daiini;W 
AeraL ion toxy c-l ) 
requirements 

5. 	 Rooting conditions/ 
Rooting requiremets 

6. 	Nutrient 

availabil ity'
 
Nutrient 

requirements 

7. 	Conditions for 

germination and 

establishment/ 

Requ irements for 
same 

S. 	 Conditions For 
ripening,maturing/ 
Requirements for 
same 

9. 	Climatic and 


phy iogapI i~c 
hazards /Suscepti­
bility to same 

10. Salts/ 

Tolerance of salts 


RIrG I 

RFTG I 

RFIG I 

2 


3 


4 


5 


6 


7 


RFG I 


R 1 

RFIG I 


2 


3 


4 

5 

RFIG I 


2 


Total/general 


Availability 


Retention 


N 


P 


K 


Other nutrients 


Flood 


Landslide 


Wind, storm 


Fire 


Hardship for 
animals 


Salinity 


Sodicity 


Soil drainage class-i 
GcPindslr t.l, dcpthj, mne(ln 
,,olCidwat,-l. t , h i ghes 

Period wa te,'Louging 

Soil effective depth
 
Stones and gravel
 
Outcrops and boulders
 
Soil structure
 
(Sil texture)
 

CLass 

(p11) 

CEC
 

Clay ;5 
Total
 

Available
 
Reserve/total
 
Exchangeable
 
Reserve/total
 
Various
 

Surface sealing/crusting
 
(Soil texture) 

ekasures of climatic 
reliability/season 

Dry season, length
 
Ilumidity/season
 

Flood frequency
 
P:.riod of inundation
 

Obs. freq./estim. hazard
 

lligh wind frequency
 
Exposure (indices)
 

Length dry season 
Obs. rreq./estim. hazard 

Iligh temperatures 
Low temperatures, frost,snoi 

ECE
 
TSS
 

(Soil type)
 

ESP
 
SAR
 
(pH1,alkaline)
 
(Soil type)
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II. 	 Soil toxicities/ RFIG I ALuminium/ acidity p11

Tolerance of same 
 Exchangeable Al 

'
2 Carbonates 	 CaCO 
Depth to calcrete 

3 Acid sulphate 	 Presence 
Estimated hazard
 

4 Kicronutrients 	 Presence of toxicities 

12. 	 Biological hazards/ RFTG I Weeds Observed/estimated
 
Susceptibility to
 
same 2 Pests 	 Animals, predators 

Birds 
Insects
 

3 Diseases 	 Plant diseases, obs./est. 
Animal diseases, obs./est. 

B. 	 DIRECT ESTLATES OF GROWTH 

13. 	Direct observations RFIG I Existing resources 
 E.g. by forest inventory,
 
or 	estimates of 
 pasture survey
 
yield or
 
production 
 2 Predicted yield 	 E.g. by crop yield modellingr
 

forest site index
 

3 Survival 	 Observed or estimated
 

4 Genetic potential 	 Measures of biologic, 
diversity, presence oC 
species 

C. 	QUALITIES AFFECTING MANAGEMEISNT
 

14. 	Conditions affecting RFIG I For operations Slope angle

mechanization/ 
 before and during Outcrops, boulders 
Requirements for 	 growth Terrain class 
mechanizat ion 

2 For harvesting 	 Slope angle
 
Outcrops, boulders
 
Terrain class
 

15. 	Soil workability/ RIG I Class
 
Requirements for 
 Soil structure
 
soil workability 
 (Soil texture)
 

16. 	Conditions RFI 1 Movement of Slope

affecting land 
 earth, rock Microrelief
 
preparation/ 
 Outcrops, boulders
 
Requirements for
 
land preparation 2 Vegetation clearance Vegetation cover
 

17. 	Conditions RIG 
 I Storage E.g. humidity
 
affecting storage

and processing/ 2 Processing 
 E.g. humidity
 
Requirements for
 
same 
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18. 	 Timing of R1 - E.g. harvest dates
 
product ion,
 
Requirements for
 
same
 

19. 	Location/ RFIG I - E.g. distance to markets, 
Requirements for to road
 
location
 

20. Size and internal RFIG I Size of potential Hectares
 
accessibility/ management units
 
Requirements for 
same 2 	 Internal access E.g. slope
 

(by man)
 

3 	 Internal access E.g. Swamps, dense vegn. 
by animals 

4 	 Conditions affecting E.g. availability of 
fencing, hedging materials 

D. 	 QUALITIES AFFECTING CONSERVATION AND ENVIROMENTAL TIPACT 

21. 	Soil degradation 
 RFG I Water erosion Modelled or estimated 
hazard/Soil soil. loss, bare ground
degradation 	 Modelled or estimated 
susceptibility soil loss under land us( 

Slope angle 

2 Wind erosion Modelled or estimated 
soil loss, bare ground 

Modelled or estimated 
soil loss under land use 

Wind severity/frequency 

3 Soil physical (Soil 	texture) 
degradation Organic matter, 

4 Salinization 	 Pre3ent soil salinity 
Groundwater level 
Groundwater salt content 
(Soil type) 

5 	 Soil chemical (pli) 
degradation 

6 	 Biological Organic matter % 
degradation 

22. 	Degradation of FI I River flow ­
hydrological
 
regime/Requirements 2 River water quality ­
for preservation
 

3 Groundwater level ­
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23. Biological 

degadat ion/'
Requirements 
preservation 

for 

FG I 

2 

Vegetation degradation 

Species preservation, 
plant 

Present Veg. status 

Presence of rare 
species 

3 Species preservatie , 
Genetic diversity 
Presence of rare 

animal species 

4 Effects on disease 

24. Loss of amenity, F 1 Existing use forrecreation/ 

recreation, amenity


Requirements for
 
preservation
 

E. LAND CHARACTERISTICS AFFECTING MULTIPLE LAND QUALITIES
 

Land 
characteristics Land qualities or subdivisions affected 

I Latitude Photoperiodism, Temperature for growth 

2 Climatic type Radiation for growth, Temperature for growth,
Moisture for growth/critical periods/drought hazard 

3 Slope angle Landslide hazard, Mechanization, Land preparation, 
Inter'nal access, Soil erosion hazard
 

4 Soil type 
 Drainage, Rooting, Nutrients, Salts, Toxicities
 

5 Soil texture Rooting, Nutrients, Mechanization, Workability
 

6 Soil reaction (pIT) 
 Nutrient availability, Salts, Al-toxicity
 

7 Vegetation type Synthesis of growth requirements ;d cirect estimate 
of vegetation resources
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for which each qua lity ha.s been cons[ideed relevant are indicated. 
The last column gives Land characteristics most commonly employed, 

singly or in combination, to describe each qality. 

Thus the environmental features relevant to each of the types 
of land use contributory to agroforestry can be combined and grouped 
into 24 land qualities with 65 subdivisions. It should be noted, 
however, that in any specific evaluation study, some qualities do
 

not affect the 
land utilization types under consideration, whilst
 

others have no significant effects on suitability within the 
area
 
concerned. It is frequently found 
that no more than 12 
land qualitiV
 

are relevant to a specific evaluation. 

The use of land qualities, measured estimatedor by means of 
land characteristics, has 
been taken as the initial method of
 

suitability assessment 
for agroforestry, and 
as the basis of the
 

requirements file of the environmental data base. 

5.4 Biophysical models of interactions 

In an agroforestry system there are both ecological and economic 
interactions between the Orep and 
non-tree components. That there
 

should bc economic gains, say in the role of 
trees in supplying
 

farmers' needs for fuelwood and fruit, is not alone sufficient to
 
justify adoption of agroforestry. 
 Were such an economic balance
 
of production the only advantage, then trees, 
 crops and arimals 
would best be kept on separate parts of a farm, each optimally 
managed for their kind of production. An example of this is 
the farm or village woodlot managed solely for timber or fuelwood 
production; this is 
community (social) forestry, but it is not
 

agroforestry.
 

Basic to the concept of agroforestry is that net beneficial
 
effects arise from ecological interactions between trees, crops
 

and animals. For the case of the tree/crop interface, these have 
been reviewed by Huxley (1983, see especially Figure 4, p.6; cf.
 
also Nair, 
1984, Figure 11, P.49). The interactions take place
 
through the media of microclimate and soil. 
 The principal effects
 

are:
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a. 	 Shade: normally effects of shade by trecs 

on crop growth; also possibLe adverse effects 

on tree form through non-optimal spacing from 

point of view of sylvicultural management. 

ii. 	 Moisture: complex mutual effects, involving
 

above-ground plant matter, roots, micro-climate
 

and soil moisture. 

iii. 	 Nutrients and soil organic matter: beneficial 

effects of tree leaf litter, together with 

tree-crop competition for soil nutrients. 

iv. 	 Soil physical conditions: normally beneficial
 

effect of trees, including through soil organic
 

matter, increase.
 

v. 	 Shelter: microclimatic effects on wind speed
 

and their consequences.
 

vi. 	 Conservation: medium to long-term effects on
 

soil..
 

These 	effects are not exclusive, e.g. effects of shade and
 

shelter on moisture, or of conservation on soil nutrients. They 

may take place over various time scales. 

In cases of sylvopastoral or agrosyLvopastoral systems, any 

or all of the above types of interaction may occur at the tree/ 

pasture interface, added to which are ecological effects of some 

complexity involving the livestock component, e.g. effects of 

shade ol animal physiology, or the causal chain tree browse ­

animal - manure - soil nutrients.
 

It is a matter of research organization whether the eluci­

dation of such interactions falls within or outside the land
 

evaluation project. What is not in doubt is that a set of bio­

physical models permitting such interactions to be estimated is
 

necessary in order to achieve land evaluation. This need is
 

illustrated by the economic analysis of a Leucaena-maize-beans 

intercropping system given by Hoekstra (1983), in which the
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econom ic cOmput at ions I'es (" a () ai.llrnptsasi.-. iO(ls illiollt i inter­

act ions between leat" litter, soil rI trients and crop yield. r'ie 

following are the most important required: 

I A shade model 

2. A climate/soil moisture model.
 

3. A plant/soil organic model.
 

4. A set of plant/soil nutrient cycling models.
 

The general form of the organic matter model for agroforestry
 

has been set out by Young (1984b), and a review of organic matter,
 

together with the outline of a nutrient cycling model, is given by
 

Nair (1984, pp. 31-40).
 

5.5 Environmental impact and sustainability
 

One of the main advantages of agroforestry systems is their
 

capacity to combine productivity with sustainability. This arises
 

primarily through the regenerative effect of trees on soil fertility 

A further contribution is made by the role of trees in soil con­

servation, either in association with earth structures (e.g. in 

stabilizing bunds) or, as an independent means of conservation 

(e.g. hedgerows ali gned along the contour). 

lhe analysis of environemntat impact is a standard step in 

land evaluation procedures (Figure 1). It occurs at two stages. 

First, the requirements for avoidance of soil or vegetation degra­

dat ion , and t he suscep t ib iIi ty of Land un its to such degradat ion, 

form part. of the comparison between land use requirements and land 

qualit ies (cf . Table 4, Section D). Although this comparison 

slhould ensure0 basic Fulif illment of conservation and sustainability 

requirements,envitronmental impact is further specified as a stage 

in analysis fol lowing matching. This is to ensure that all aspects 

of environmental impact are taken into account, including off-site 

effects, e.g. upon tire stream flow regime. 

There are overlaps between environmental impact analysis and
 

the biophysical models described in the previous section, parti­

cularly with respect to the models for soil organic matter and
 

nutrient cycling. In addition, work on soil conservation is al­



ready part of ICRAl's pirogramme, flirst in tilie pir ')arat, ioti uf a 

handbook of soil conservation methods ariel seconlly ini the review 

of agrotortestry in so0i I and water COnservitt on. Otputs irom 
these activities will 
need to be integrated into land evaluation
 

procedures.
 

The output from this stage in land evaluation is an assess­

ment 	of the suitab ility of each combination of land use with land
 

unit, in terms of the sustainability of the land use system 

(internal environmental impact) and its external environmental
 

effects.
 

5.6 	 Mlethods for comparison between agroforestry and non-agro­

forest ry land ut ilizat ion types
 

By the concludling stages of a land evaluation,a series of land
 
utilization types have been examined with respect 
to suitability
 

for each landI unit. [hose rtound to be not suitable are classified
 
as such and rejected, giving reasons. The remaining kinds of land 

use, 	classified as highly. moderately or marginally suitable, form
 

Land 	use alternatives.
 

lhe "t ii izat ion types may include both agroforestry and non­
agrnourest ry systems. 
 In a 	 stidy (lir''ct.ed primarily at agroforestry 

it is likely that they would .onsist. of a number or" different agro­
forestry vsystems. together with the present land use and atL least. 

onut fom o1 improved agr iciltut'al system and/or torestry system. 

c(.-s' 


comparison, that of which land utilization 


II t "i r'cuimstances . the basic qtist ion to be answered by the 

type is to be preferred
 

on each land tnit. can be b)roken down into two parts:
 

L. 	 Of the al ternative agroforestry systems, which is the 

more satitable on each land unit? 

il. 	 rs the best agroforestry system to be preferred
 

to improved agriculture or forestry, on each land
 

un it? 

The existing land evaluation procedures for comparison between
 
Akinds of land use appear to be adequate for analysis of the above
 

questions, without the need for additions or modifications specific
 

http:lir''ct.ed
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to a-ro'orestrv. Comli,+iison iS made initially inte
het'ioLlouwin
 

terms:
 

I. Initial matching: comparison of land use requirements 

with land qualities, leading to provisional suitability
 

classification in terms of physical requirements.
 

The above step is followed by rejection of unsuitable land
 
use/land u.iL co,in) inatioris, and fLtnrhetr analysis of those wx,ich
 
remain in terms of­

2. Environmental impact.
 

3. Economic analysis.
 

4. Analysis of social consequences.
 

The means by which these four aspects of suitability are com­
pared have been set out in the guidelines on land evaluation for 
forestry (FAO. 1084a, pp. 106-107). There are two basic methods. 
In the first, that of successive elimination, those land use/land 
unit comb mat ions found to be provisionally suitable, in terms of 
physical requirements only, are examined to see whether they reach 
some spec ified standat'd of acceptability in terms of environmental 
impact, economic viability or social consequences. Failure to 

reach such standards results in classification of the combination 

as Not suitable. 

in tile second method, that of relative comparison, each com­
bination or" land 
 use with land is allocated a relative 'score' 
ran-ing from, say, +3 through 0 to -3, in 
terms of environmental, 

economic and social consequences. The results are set out in the 

form of a matrix. This permits subsequent planning decisions to 
be taken on the basis of inspection of the various consequences 

and subjective jud-ement as to 
which is the more desirable.
 

5.7 Case studies
 

It is clearly necessary to test the methods developed through
 
application of land evaluation methods to selected case study areas. 
At least two such studies should be made, one in the humid tropics
 



(rain e one sibhliimidl'e.-, /foes) and i eit her (savanna) op .- ven ­

arid climates. There would he an economy in data collection i 

existing sites with which ICRAF is associated were to he inclIuded. 

The COSPRO sites in Kenya MKtakuyuni) and Peru (Yurimaguas) appear
 

in the first instance to be suitale. If, however, requests arise
 

for ICRAF studies which could be carried out by means of Land 

evaluation, then such opportunities could be additionally or alter­

natively taken.
 

5.S An international workshop
 

All FAO projects on land evaluation have included the holding
 

of at least one international workshop, in most cases two. These
 

have the function of bringing together scientists from different
 

backgrounds who can contribute ideas, or raise criticisms, which
 

might not otherwise have received attention. The workshops are
 

normally followed by publication of proceedings which,besides
 

serving as a basis for the subsequent guidelines, contain material
 

of independent value for future studies.
 

It is suggested that one such workshop on land evaluation for
 

Forestry should be held. This would be in Nairobi, approximately
 

one year after commencement of land evaluation as a separately
 

funded project.
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6 	 TIlE [ASKS AIIEAl) 

6.1 	 Progress to date
 

During the present, preparatory phase of the land evaluation
 

project, the principal outputs have been: 

i. 	 As a cooperative activity with FAO, Rome, completion 

of two sets of procedures which will be contributory 

to those on agroforestry: the guidelines on land 

evaluation for rainfed agriculture (FAO, 1983) and 

forestry (FAO, 19S4a). 

ii. 	 Establishment of the environmental data base for 

agroforestry consisting of a sites file and a require­

ments file. 

iii. 	 Testing of the environmental data base, with reference to 

ICRAF collaborative research programme sites, agro­

forestry systems inventory sites and environmental 

requirements of multipurpose trees. 

iv. Preparation of an account of the application of land
 

evaluation to site selection for multipurpose trees
 

(Young, 1984a).
 

V. 	 Formulation of the research programme, as set out 

in this Working Paper. 

6.2 	 Relations with concurrent research
 

It will be clear from the above account that land evaluation
 

is highly interdependent with other research activities, both
 

in land evaluation and agroforestry.
 

With reference to land evaluation, the basis provided by
 

the FAO Framework for land evaluation and its subsequent detailed
 

guidelines has already been noted. Ongoing cooperation is being
 

maintained with the preparation of guidelines on evaluation for
 

extensive grazing (being undertaken jointly by FAO, ILCA and
 

ITC-Enschede); and with forthcoming work on land evaluation in
 



sloping lanlds, in which the treatment of s IL conservat ion will
 

be prominent.
 

Data on environmental requirements of crops wil[ be drawn
 

from previous FAO work, in particular the agro-ecological zones
 

project (FAO, 1973-81) and country evaluation projects.
 

With reference to current ICRAF otherand research activities, 

interaction will be necessary with the following: 

- The agroforestry systems inventory; with reference to
 

definitions of Land utilization types and their asso­

ciated environments.
 

- The multipurpose tree inventory; with reference to 

environmental requirements of trees. 

- Aspects of the technology programme; with reference to 

biophysical models of tree-crop-environment interactions,
 

climatological studies, and soil conservation.
 

- The diagnostic and design methodology; with particular 

reference to social analysis. 

- Economic studies; with reference to economic analysis 

in land evaluation. 

It will be abundantly clear that the land evaluation project
 

cannot function in isolation!
 

6.3 Estimates of productive potential
 

There is a further type of enquiry which is being asked
now 


of agroforestry, namely its potential contribution to production
 

over relatively large areas, e.g. 
countries of ecological zones.
 

This may be illustrated by an example of a current FAO countr.
 

study into the population-supporting capacity of Kenya. The questic
 

was asked, "What is 
the potential contribution of agr'oforestry to
 

production of fuelwood from agricultural lands, and production of
 

food from presently forested land'?"
 



prevous ICRAF work has been conduct ed. To answer it wonId require 

knowledge Kf the 'xtent of di'ierent climatic, landform and soil 

conditions n t.he country, the present land use pattern, and quan­

titative estLmates of potential agroforestry productLon from diff­

erent kinds of land. 

Similar kinds of question can arise in many circumstances, 

for example, the potential contribution of agroforestry to sustain­

able production in semL-arid pastoral areas or steeply sloping 

rain forest lands. Such estLmates of productive potential can be 

made at all scales, ranging from local areas to regions, countries 

or broad ecological zones. 

6.4 What can land evaluation offer to agroforestry? 

A certain dichotomy of aim exists in land evaluation. One 

purpose is to relate land use to conditions of the physical en­

vironment. Aaother and broader purpose is to provide the infor­

mation needed as a basis for selection of the best kind of land 

use on each unit 0r land. This latter clearly requires considerable 

input and analysiis over and above that of environmental aspects. 

Bnth tie more rest:ricted and the broader purposes are relevant 

to agroforestry research, advisory work and extension. The aims 

of the former may be summari zed )y the (iuestions: 

i. 	 For any del'ined agroforestry techniqule, in which
 

physical environments will it function well?
 

iH. 	 For any defined physical environment, which agro­

forestry techniques will fUnction well?
 

If these two questions can be answered, then a primary basis 

of physical suitability, of. land for different kinds of agroforestry, 

will have been provided. This is the stage that in evaluation ter­

minology is called physical land suitability classification. It 

requires data first, from the environmental sciences, particularly 

climatology, geomorphology and soil science and secondly, from the 

technology of agroforestry land use. 
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ille broader a.,spect or land evaluat ion, that o1 prdviding,
 
intormation on the con-eqiences 
 tse al 


aspects, inclhuding economic and social, 


o1" land alt I'tat vi, i'fOrm all 

involves mich wi-
 r iii­
teracti.on 
with other research projects. In particular, the ICRAF 
diagnosis and design methodology also ident ifies ioims of agro­
forestry technology and makes a choice between them, as the basis
 
for design of a research programme directed towards a 
land use
 
system that 
will be relevant, acceptable and viable. 
 Given the
 
similarities of aim, although 
there are differences 
in tne scales
 
and purpose to which each has 
to date been applied, it is possible
 
that these two methodologies will become convergent. 

There is provision 
in existing land evaluation procedures
 
for treating all 
these kinds or question: for assessment of land 
use suitability with respect only to physical requirements, or
 
with respect to all economic and social 
aspects in addition; and
 
for studies conducted at the micro-scale (farm or village level)
 
as well as district, regional, country o'r 
global studies. 

The most disti nctive contribution of land evaluation---and 
possibly that 'expected of it' by others---is that of assessing
 
the environmental suitaoil itLies of diifferent kinds of agroforestry
 
lard use. 
 For the wider purpose, that of comparing alternative
 
forems oi 
 lard use, there will need to be a hiigher degree of inter­
action with economic and social research. It 
is to be hoped that
 
they may ut
imate y lead to a balanced integration orF methiods,
 
l.eading to a greater contribution to deveiopment,, through 
selection
 
of agrororsL.stry techniques and systems which are both matched to
 
tihe resour'ces and hazards of 
the physical environment and which
 
best meet the needs and problems of tihe people.
 

http:teracti.on
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