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Anthony Young, Sc.D
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ABSTRACT

As applied to forestry plantations, the method

of land evaluation provides answers to the

questions: (i) where should trees be planted?;

(ii) what species should be chosen?; (iii)

what methods of management are necessary to

overcome site - specific environmental limit-
ations?; (iv) how does forestry compare with

use of the same land for other purposes? Land
evaluation consists essentially of comparison

between the environmental requirements of diff-

crent kinds of land use (here multipurpose trees)

and properties possessed by different areas of

land. Requirements can be grouped into those for
tree growth, management and conservation. The
results of an evaluation include a mapped land
suitability classification, site-specific manage-
ment recommendations, and estimates of inputs,
outputs, environmental impact, social consequences
and economic analysis. Research is needed to widen
the range of choice of multipurpose species, and

to determine their growth requirements, particularly
tolerance to adversc conditions. Recommendations

for regional ressarch in tropical Asia are: (i)
systematic assembly of available data (in conjunction
with the ICRAF world survey); (ii) trials along
selected environmental gradients; (iii) the record-
ing of all trial sites on a standardized eavironmental
data base.



INTRODUCTION

ggiccnivus

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

i. VWhere shiculd the trees be planted?

it what specics should be planted?

iii. what shoudd be the methods of management?
iv. How does forestry comeare with use of the

same land for other purposes?
V. where should trials be located?

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

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

(b) Information on the growth requirements of MPTs is at present |
less well established than for the better known timber-producing

species.

The orientation towards commnal management and/or utilization can affect
the location and sizc of arcas for planting, and also methods of management.
Small farm or villayc woodiots can be considered, in addition to larger plan-
tations. This is also the rcason why Question (i) above was not cxpressed as
"Where should plant:tions be sited?"; one nromising means of increasing pro—
duction of fuelwcod and othev tree products in aicas of land pressurc is
through techniques of agroforestry, in many of which the trees are not isolated
in blocks but intimately isixced with crops or pastures. However, to aveid
repetition of the phrase, "plantations and other tree plantings", the word
"plantation" will be taken to include agroforestry designs.

The shortage of reliable information on growth requirements for MPTs
forms the main gap iIn precent knowledge,considered in Sections 4 and § below.

Vith regard to the fifth question, the location of trials, the short
an._.cr is that trials should be located on sites representative of the range
of environmental conditions on which plantations are expected to be sited.
Where relevant, the range of social or institutional conditions should also be
covered, e.z. both government. and community-maraged plantations. This applies
both to trials established concurrently with pluntations, to monitor growth
and production, and those established in advance of widespread planting, to
test establishment and mrowth. In the latter case, in order that trial sites
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should be representative, survey of the range of potential land for planting
should precode seiochion of trial sites.

Ihe rest ot this paper will ascume choice of sites For plantations as
the basic situation, it being assumed that represeatative sites for triais
will be based on the range of enviromments of the plantations.

In terms of the oatline structure of papers tor the Warkshop, the
remainder of this sechion Logetier with those on 'Land vvaluation' and 'Land
evaluation applied Lo site seleection for MPTG! miry be called "the state of
the art”. "Gaps and present knowledge” and Urescarch needed” are then treated
Jointly in two sections, general and with respect to Lropical Asia, whilst
"putential applications" are covered in rhie final seciion,

Land classification, lund capabitity classification and land cvaluation

Various methods of site selection for forestry have been devised, some
of which could be adapted to sclection for MPTs. Among the basic approaches that
have been employed are:

- land classification (descriptive);
- land capability classification;

- the site index method;

~ land evaluation,

Mention should also be made of forest inventory, but this technique is
applicable to existing stands and so not relevant in the present context.

Land classitication is nsed as a term of convenience to cover methaods
which group land into a set of descriptive classes, without necessarily implying
suitability for future purposes.  The classification may be on the basis of
the legal status of the forest land, its purpose (wood product.ion, protection,
etc.), existing forest type (e.g. montane forests, swamp forests), cnvironmental
conditions (e.g. climate, slope, soil, including the land systems approach),
or a combination of f{orest type with eonvironment. Some forest land classit'i-
cations for Asia were summarized in Carpenter (19813 a sumnary of the approaches
described in this volume is givea in Table 1. Many examples of classifications
based on forest types in Asia are desceibed in FAO (1983 b).

Systems of land classification can form nne basis for land evaluation and
site selection, namely the descriptive basis, as exemplified by Davidzen (1921}
for Papua New Cuinea. They do not alone constitute asscssments of site suit-
ability for specific purposes, and are thus not land evaluations. Howcver,
some studies called "land classification" have in fact been evaluation (e.p.
Cooling, 1077, summarized in Botero, 1981, p. 124).

Land capability classification refers to the many adaptations oi' the
system originally devised Tor the United States (but. now largely superceded
there). In it, land is grouped into a set of capability classes, ranging fvrom
Class 1 with no limitations {or agriculture to Class VIII with very severe .,
limitations (Klingebiel and Montgomery, 1961). Tn the original version of .the
system, Classes 1-V have a 'capability' for agricultural use, and by implication
are to be preferred for that use even though they also have a high capability
for forestry. Since Class VIII is limited to aesthetic and conservation purposes,
this leaves Classes VI and VI for productive forestry.
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fable |I. Approaches to rorest land classification in tropical Asia

As reviewed in country papers in Carpenter (1081),

By purposec By By Land
or legal forest. cavironment al  capability
Author Country status Lype condit.iuns classification
Pandcy India v
RKiartawinaiss  Indouesin v v v
Sandy Indonesia Vv
Lec Masaysia Vv | v
Moss Malaysia v
Qureshi Paxistan Vv v v
Davidson Papua N.G. v v
Revilla Philippines v
tmali Philippines v N4
Wacharakitti Thailand v

Land capability classification has the merit of simplicity, and is employed
at a broad level of planning in a number of Asian countrics. However. ity im-
plicit assumption that agricultural use is to be preferred wherever possible dases
not commend the system to foresters, and as a basis for site selection it has
been largely superceded by land evaluation.

The site index method  is tew weil known to foresters to require description
here.  As the site index alone, its application is limited to even-aged stands,
frequently based on permanent. saple plots. Alternative methods of vield pre-
diction are available for mixed-age stands (Alder, 1980, Chapter 6). The site
index and related methods can be combined with growth-site correlation to give
a powerful approach to the prediction of forest yield. As such, it is to be
preferred as the basic amethod Top yield prediccion whenever data arce available,
Leing more accurate chan the predictions based on site conditions only, such as
are common in evaluation for apgricultural purposcs.,

Finally, there is the approach of Land cvaluation, Lased on
cofiparison hetween requirements of the forest land ueo and properties of the land,
This approach forms the subject of the remainder of this paper. A schematic
comparison between the results from descriptive land classification, land capa-
bility classification and land evaluation is shown in Figure |.
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Ladis EvALtUAaTIas

Whoet 1a land evaluaation?

Land evaluation is the process of assesament of land per-

formance when used for specified purposes, in order Lo identify
and compare promising Kiands of land use. Essentialliy it is a pro-
cedure for comparing land use with land. fhe kinds of land JASC
that rora owr present concorn are plantations of MPTs, managod
primarily for fuelwood production. The term iand refers aot dust
to soil but to all factors ol the physical environment that can
affect auitability for uwse, including climate, landforms, soils,
and pests and diseases.

More precisely, evaiuation involves comparison between the
requirements of the identified kinds of land use and the propertics
possessed by differcent arcas of land. For example, the moisture
requirements of different tree species are compared with the moisture
availability of land units, the requirements for nutrients with
nutrient availability, and so on. By such comparison, coupled with
other methods of analysis described below, a classification is wmade
of the suitability of cach mapped land unit For each defined kind
of land use.

A fundawsental feature of land evaluation is that as mrh @zortin
is given to the identification and description of the most promising
kinds of land use as is ziven to the survey of areas of land. it
is this fecature which discinguishes it from previous approaches, in
many of which the land resources were surveyed in some detail but
the land use defined in arly a highly generalized way. Unless the
land use is specified in some detail, it is impossible to make an
adequate assessment of its requirements, and so to achieve a satis.
factory comparison with the environmental resources.

One conscquence is thav evaluation requirces a multidisciplinary
approach. It calls for the expert kunowledge of specialistus in Land
use, in thi. case foresters, and scientists concerned with land
resources, such as agroclimatologists and soil surveyors. Morecver,
it is not enough for these specialists to carry out their respoective
tasks in isolation. There must be cooperation and frequent inter-
change of information betwecen them if the optimum mat.ching betwenn
types of forest plantation and land resources is to be achieved.

For further discussion of the approach and principles of land
evaluation,reference may be made to FAO (1976) and Dent and Younys
(1681, Chapters &, 10 and 11).

fhe developmen:t of wmethads

The approach and methods of land evaluation grew out, of the
practical needs and cryperience of land use planning., 'This was
brought together in the Framework for land evaluation {(FAO, 19767,
which sets out the approach and brinciplns of land evaluation,
defines the terminology and gives an outline of procedures. The
Framework is not speciiic to any form of land use, drawing its
exampics [ rom agriculture, forestry and livestock product.ion.
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up remarkably. nerhaps unexpectedly, well. Relativels {few sue.-
stantial additions or moedirications to the priscipics. or e b
procedures taken 15 cuvline, have been toand necessiarsy.  Howev -

it has become ecqually cleoar that not enongh details of wpoecit
procedures are Jiven, particniarly for btraining pacposcs. .

Such details vary according to the special circumstances
associated with the kind of land vse under consideration.  Tvalua
tion for forestry. tor cxampl:o, bas te take acocunt ol Lhe re-
latively long timeescale of poeduction, evaluation tor irrigated
agriculture the high capita! cost:=; 1a livestock grazing, the units
of production can move from ance area of land to ancther!

situation led to the preparation of more detailed guidelines on
land evaluation for cach of the major kinds of land use: ror
rainfed agriculture or crop production (FAO, 1983a) , forestry
(FAO, 1984a), irrigated agriculture (FAO, 1984b) and extensive
grazing (in preparation). !/ These are considerably more doetailaod
than the Framework---that on forestry is 123 pages long---but even
so are still (o be treated as suidelines, requiring adaptation to
local circumstances.

e
Live>

The preparation of the torestry guidelines was initiated by
a workshop held in Wageningen in 1980; much useful material is
contained in the Proceedings of this meeting (Laban, 1981). This
was followed by a4 second workshop held at FAO, Rome in 1982, 1Iu
preparing these guidelines, particular attention was given to the
multipurpose naturc of forest production, including the situation
in which fuelwood and not timber is the primary aim. The circum-
stances of community forestry were also kept in mind, including
the need to take account of the social consequences of allocaving
land to forest use. The following account of procedures is based
on the Guidelines on land evaluation for forestry (FAO, 1984a),
to which reference should be made for further details.

LAND EVALUATION APPLTED 40 SITE SELECTTION
FOR MULTIPURPOSE TREE PLANTATIONS

Procedurces

The proceduresof land evaluation {(Figure 2) commence with
initial discussiorsbetween those requesting the evaluation and those
responsible for carrying it ouu. The first need is to determine
the objectives. 1In the present case, these will be broadly to
establisn plantations of MPTs For fuelwood production and ot he:
purposes. Such cbhjectives need to be extended for the circumstaances
o’ each arca. For example, what is the balance of local needs for
forest producis, as between timber, fuelwood, browse and iurest
grazing, or rcclamation of degraded land? What is the cstimated
guantivy of fuelwood requirements, and how soon is it necded?

Also at this initial stage, constraints to siting are estab-
lished. Much land may be excluded from consideration for plan-

I/ Sce Note on References, p. 28
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Precedures in Land Lvaluation

Scurce: FAU (198%4a, p. 27)
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tations, on grounds of legal states orn present esce. Where
neariy all land i3 alroady under coviculburai cae e toae
evaluation must be divected tovards cither Sarm-scale plan-
tations or agroforestry designs,

The initial discussions tead inco two parallet sets of
activitics: soudies of laud are andd sueveys of land resources.
The studies of land use cons Tirst of Lhe fdemiification of a
number of land utilizotion Lypes, those which apprar to hoid piro-
mise for tulviliscat of Lhe objectives in the arca concerned.

A Land ntilizacion tepe consints of a sci of technical specifi-
cations within a uiven economic and social context. Ag exampic
is "plantations of Coaswia siamen, primarily Tor Toelweod pro-
duction, wiuhh secondary use for provision oi browse aud fcrest
grazing; managed by viljape communivices, using nou- mechanived

methaods, high labour intensity and low capital intensity".

Note that not only the tree species to be grown but also
the methods of management, including establishment, sylviculvure
and harvesting, form part of description of the land utilization
type.  For brevity, reference may be made to, c.g. "Cassia siamea®
as a land utilization type, but this is understood to be within
a specified context of institutional arrangements and methods of
managemenc.

Next ., the land use requirements of each land utilization
type are determined. 't has been found useful to divide these
invo three groupsilable 27:

- requirements for growth:
- requirements for management;
- requirements for conservation.

The growth requiremeats, or more precisely the requirements
for survival and growth, rcier to the basic needs of plants:
suitable temperatures, adequate moisture, drainage {aeration) and
nutrients, conditions for the development of a satisfactory root
system, and absence of various hazards----salinity or other soil
toxicities, frost, wind damage, flooding, and disecases. These
requirements are specific to individual trec species. Thus some
species require moisture throughout the yecar, others are tolerant
of drought; some tolerate seasonal waterloggzing, others not;
many trees sulfer severely on saline or on stropgly acid snils,
whilst there are species tolerant of cach of these conditions.

Managenent. recuirements  are the conditions of land necessary
for successfui mmagement of the plantation, under the conditians
specified in the land utilization type. Thesec arec not usuially
specific to individual tree spceies but to types of operation.

For example, requirements for mechanized operations differ from
those for non-mechanized, labour-intensive management; conditions
permitting satisfactory forest road construction and maintenance
will be necessary on large -scale plantations, but may not be needed
on village or farm plots.

0f the conservation requirements, the most widely relevant
is tolerance to so0il erosion. Some trees form a dense canopy and
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Pable 2o Land une regquizemcnt s for neltipeepase treee plactiard

Bascd on FAD (1984a, p. 473, moditsed,

A.  Growth requirements

Radiation

Temperature

Moisture

Aeration {(soil drainage)
satrieats

Rooting
Salinity/sodicity Limitations.

Toxicities Requirements are Cor

Climatic hazards - fire absence or specified
- wind levels of severity
Physiographic hazards - flowd
- landslide

R C e e e e

Pests and discases

B.  Requirements based on estvimates of forest volume. growth and vield

Required growth rates
Required survival rates

Required yield ¢f non-timber products

C. Management requivements

Mechanized operations

Harvest operations

Road construction and maintenance
internal access

Nuersery sites

Yoeantation clearance

Sice ol potential management unius

tLercatian

D. Conservation requirements

Tolerance to so0il erosion
Conditions atffecting streamflow response

Requirements for preservation of plant snd animal species



once established, protect the soil, whilat othary Toqes jt
exposed to raindrop imhoor ey vt of Che yor o0 D hn hason

bad reputation in this "af Lon respect. cSome MPPs . particulacty
those suited to asroforestery, have relatively epen Tallape,

in which case attention to Che severitty ot erosion hazard beoomes
particalarly important,

Papailel witi studies of potentiasl fand use are Sirvaeys o aff
the lund., e Tirst task s to deline and map the lind urvits
presest dn che area. Phe term land unit is a neutal one. not
reverrring to a particonias scale or type or Land a-ea but to iy
relatively howmene s arved vsed as the basis for ar. evaluation.
Thus land facesws. <oit Seles, or site Lypes conld Yorm Tand nntbs,
How swsil survey or orhes form of lang classilication oircady
CXLsStn, i stare of wdrtates that is increacingly being achieved in
some ot the countries here represented, it may be possible to Lake
this as the basis for the evaluation.

~r

Having determined the land units, the land qualities and
characteristics of each are determined. Land qualities are attri-
butes ot land which act in a distinctive way in influencing suit.-
ability for use; examples are temperature regime, moisture avail -
ability, rooving conditions, drainage, nutrient availability, and
the compiex of rervain conditions that affects suitability for
mechanized operations.  Land characteristics are individual features
which can be measured or cstimated, and are employed to assess
land qualitins; examples are mean temperature (annual, hottest or
coldest months), annual rainfall (mean or with specified confidence
limits), range of slope angle, soil effective depth, rcaction and
mean content of specific nutrients.

There are a very large number of land characteristics that
could be used, whereas the number of landa qualities is relatively
few. By no means all of the qualities listed in Table 2 will be
found relevant in a particular arca. ‘fhe recommended procedure is
to use the list or land qualities as a mecans of checking that all
requirements have been piven consideration. Tt must then be decided
how each relevant quality is to be measured or estimated. For
example, are moisture requirements to be measured in terms of mean
annual  rainfall, growing period, 7% confidence limits for cither
of these, or in some other way? A check list of land qualities
and characteristics most likely to be employed in assessing suit-
ability lor MPT plantations in the tropics is given in Table 3.

The land qualities given are those most often relevant. fThe setected
land characveristics by which thev can be measured are those which
are well understood and for which data is commonly available.

These two sets of activities are brought together in the com-
parison of land use with land. This includes two main stages.
The tirst, known as matching, consists of bringing togecther the
requirements of cach land utilization type and the properties of
each land unit. By this means it will immediately become apparent
that some combinavions of 1iand use with land are not suitable, for
example tree specics intolerant of acidity on strongly acid soils.
Leaving aside such obviously unsuitable combinations, the second
stage of comparisor may include any or all of the following: ana-
lysis of environmental impact, assessment of social consequences,
and economic amalysis. Further land use/land combinations may be
rejected on any of these grounds. Examples are plantations of
deciduous species on steeply sloping land under high rainfall, as




Table 3. qualities and lapd

characteristics commonly employed

lLand
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Only selected characteristies
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Fable 7.1, p. 08).

TAND OVALTTY

A, Buatirie, uffeoting growt i

Pation roeaine
e ature rosime

Muisture availability

Acration (drainage)

Nutrient availability

Root.ing conditions

Salinity/sodicity

Other toxicities {aluminium)
Climatic Lazarls fire
- wind

Physiographie hazards - flood
Pests ant diseases

- landsliding

Foruitability Ter i

est o plaatat ionsg,

simple ro chraip and videty

AR Y

L Py O L N A AR

SELECTED_J AXY CHARACTFRISTI(N

Latitude

Mean annual
Mean Lor
Mean

{oomeratt e
hostest. montt
Tont.h

WICLT AT
mean miniaom) coides
Frosi froacicin
Mean annual rainfall
Growing pericd {diyvs)
Length of drv season Gnoaths)
S0il draincge class
Presence/absence of seasonat/permanent
surtace waterlogging
Sotl reaction (pli}
Soilt analytical data (mean N, P,
K J whers available
Estinmited feriotivy ("low. .high')
Soil effcetive depth
Soil texture
Stones and oravel (5)
Presence ‘absiencs <aline conditions
Soil analytira! data (mean ECE, ete.)
vhere available
Soil reaction {pH)
Length of dre <eason
Frequency | soserity of high winds
Exposwre {iadext
Fstimated freqeeney of flooding
fnown socidenee nd severivy in
Fstimat ed severity of landslide
Slope angsle

tor

area
hazard

Estimates of Yorest voleme, prowth and yicld

Predicioed Limber yield
Seedling zurvival races

Site indexn
As srown From previons experience
ror area

Predicted vield of non-tisber products

0

(nalitios alfecting mungement

.

Terrain factors af feeting

mechanized operation:.
Location

alitics aftect ing conservalion

Erosion hazard K

Prodicted response of streami™ow

.".-::"lp(“ (I‘],’f..:(.‘ LICR S 105
Out.crops and bouniders (%)
Distonce from tar road, earth road

or users/markets

Slope angle
Rainfall intensiti
Estimated soil loss (t/ha/y) under
bare soil and under the
type b plantation
Hydroladianl medeld fner
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Yiable vo tead to unacceptable rates of soil erosion, o- speeice:.
which shade out pasture in areas where Yorest urae o da impact -t
tro local communitices,

The comparison is summerized in 2 land suitabilits cla

cation, in which the suitabilities of cach o the ildentiricd RN
utilizat ion types for cach of “he acpped Tand aaits are assosood.
Tn the classification normally empioved there are (wo suitapility
orders, S Suitable wnd N Not Savtablie, divadod inta rive soib-
ability classes as toliows:

Si ‘Highly suitabl.. N Currently not suitable
irhysically pessible bun
52 Moderataly suitabie nel ol pres e cconemically

viable)

53 Marginally suitable N2 Permancntly not suitable
NR Not relevant

The classitication NR, Nou relevant, is given to land which
is not assessed for a paiticnlar se, on grounds that such use is
precluded by the basic assumptions. For example, closely settlced
agricultural land might be assessed for agrotorestry kinds of
use, but would be considered Not relevant. for monoculture forest
plancations.

Lard smitcability subclasses refer to the kind of limitation

wiich caused assipnment to a class, e.z. S2m - moisture deficiency,
32¢ - erosion hazard.

The classification of a given combination of land use with
land may be based on compatibility of requirements with land pro-
perties, on cuvironmental or social consequences, or on estimated
economic performance.

Resuvlts

The principal results of a land evaluation study ere:
i. Descriptions of laund utjilization Lypes relevant
te the area.

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

iii. A suitability classification of cach land utili-
zation type for cach Land unit, with rcasons for
the assessments; this is presicnted as tables
and maps (Figure 3).

iv. Management specifications for land utilization
types, specific to cach of the units fer which
they ar~ suitahle.

v. An account of the consequences of each land ucilj-

zation type on each land unit, including required
inputs, expected outputs (products, services and
other benefits), environment1l impact, social conse.-

quences, and economic analysis.
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The maps and tables showing Jand snitability eclasses, as in
Figure 3, form fhe focus of the evaluation and the must concisc
statement. of its resaits, As such, this is the oubpat
most likely to be used, providing os it does the basis tor plan-
tation siting or other land use planning decisions., A suitability
classitication table can be used in two ways. Reading horizontally
i1 answers the gaescion, "Whai are the possible, alternative, usces
for o givea land unit?"; c¢.g. in Figure 3(b}, lLand Urit } can be
vred either for timber or fuelwood production, whereas Unit [ is
suited only for protection tvorestry. Reading vertically, it
arswers the question, "Where are the best areas Uor o given lind
t~c?";  e.g. for faclyood production, Unit 4 is best, and tnits
2 oand 3 also suitable.

This, however, is by no means the only ouuput ol an cvaluation.
The descriptions of the land utilization types, together with their
management. specifications adapted to each land unit, provide data
for the preparation of forest management plans, whilst the esti-
mates oi inputs and vields form an essential basis to project ana-
lysis. Land evaluation is more than mercly land suitability
classification.

GAPS IN KNOWLEDGE AND RESEARCH NEEDED

Widening the range of choice of multipurpose trees

The first need for research is to widen the choice of multi-
purpose species svailable. 0Of the total area of tropical plan-
tations, 9 cucalypt species, 8 pine species and tcak together
cover 80% of the area; 3 Acacia species form a further 4.5%(data
for 1980, from Paundey, 1983). This refers mainly to timber species.
Within multipurpose species also, however, there is presently too
much dependence on a very limited range of species, the 'big names'
in the MPT world.

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

TCRAF is currently conducting an inventory of MPTs which will
assist in answering these questions (von Carlowitz, 1984). Three
broad groups of data are collected: environmental conditions,
morphologicsl and behavioural characteristics, and uses. The data
are being »:ored in a computerized data base. Some 3§ uses are
identified, grouped into food, fooder, wood, other products and
service uses. Everyone attending this meeting is urged to take
three such forms and complete them----or get. a colleaguc to do so!
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salinity. seasonal wateriossing, ecc..

The use af site iades and growth-site correlar von

In vhe site index, Torestry possesses an nstabl isheo se Lod
which can serve as a basis Cor suitability assessment of Erowrni
requirements, provided that il is linked Lo growth-sine o
The method is outlined in the Guicdelines an land evaiuat ion
forestry. '"Sample plots arswiiy n a sanstanlial nember of aiard
well distributed over the ravee or climate, tandforms, and soils
found within an avea, and moasired repeatodly over o period ot
time to obtain growth data. ior cach of the sample plots, values
of land characteriscics thonghe Likely to arfect bLice arowth are
also recorded.  Simpie or muitiple correlations are os:tabl ished
between growth as the dependent variable and site factors as jn-
dependent  variables. The site [actors found to be significantly
related to growth are then surveyed for other parts of the area,
for which no direct growth data are available, so enabling yield
predictions to be made for the entire study area.” (FAO, 1934a,

p.():t,).

-
for

THE ROLE OF REGTIONAL RESEARCH IN TROPICAL ASTA

General

No single rescarch station, or indeed national research or-
ganization, can adequately collect intormation, and establish the
ncecessary trials, to produce a comprehensive inventory of the
growth requirecanents of MPTs., Tt is a task pre-eminently suited
to networks or other co-ordinated research.

In principle, there should be nothing 'Asia-specific' about
growth requirements: a semi-arid climate or a saline soil are
semi-arid or saline whercver they are found. In practice, therec
are two reasons why thers is a rele for co-ordinated rescarch
within Asia: distinctive f{catures of the tropical Asian environ-
ment, and the necd for local trials.

Certain features of the tropical Asian environment are not.
exactly rcplicated in other continents. The major feature i< the
greater strengieh of the Asiatic monsoon, which gives rise cu ca-
cecdingly concentrated rainfall distributions; if you have a rain-
fall as high as 1330 mm, you do not in other continents expect 30%
of it to fall in 3 months (Jhansi, Uttar Pradesh). There are also
environmental features which, whilst occurring elsewhere, are
particularly widely represented in Asia; the vertisols of the
Deccan lavas and the Kiappen Am ('monsoon-type!)climate are exaanrles,
Inscet pests and disecascs way also be specific to, or more sevore:
within,specific continental arecas.

Additionally, however precise information on environmental
response becomes, local trials will still be needed as a precau-
tionary measure. Matehing of environmental requirements with
local conditions can lcad to the identiFication of most promising
('best het') species, but it would be foolhardy to rely on this
alone, without the ultimate test of local trials.
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Table 4  Sample outpit from tie: miltipurpose Live requircaents Vile of the

l(fl{,\.l:_f_niir-unmrznt,:xl dara basse

Explanation ot headings:

LAND USE Ou this “ile, speorcies o mads Speepose e,

LAND QUALTTY Requirencent.< aramped according to broad Lypne,
e reauirement s Uop LOMmperAiare coed ke, moistute
regime, oot a2 conditions .,

SUBDIVISTON Subdivision vt we ol R A T S R L DR

Subdivided inio aroweh {generad T renulierind | a0d o,

to high tonpeutares aod oolevance o Fow toemporare: 5,
LAND CHARACTERISTTC The value enpioyu Lo measire o exnross the (apd

quality;  c.og. different sources capress tolorance

to low temperatures: as mean minimun of the coldest

month, absolute miniam, ard Frost Crcquerey.,

LOCATYION The area to which suitabilivy cota reter.
SULTARILITY The suitability level to which data refoer:
oB Observed (no data on growth or performance)
SS Suitable (growth or performance sat.isfactory)
St Highly suitable
52 Moderately suitable
S3 Marginally suitable
NN Not suitable (periormance not sat.isfactory)

The oblique stroke (/) indicates that suitability
is bounded, the hyphen (-) that it is not bounded ;
e.g.

nn/ SS /on 20 - 30 C Suitable between 207 and 30° € and
Not suitable outside this range

- SS - 20 - 30 C Suitable between 20° and 30° C but suitability
level beyond this range not known

LOWER VALUE/INCLUDED
and Data in these columns appears ia different forms
HIGHER VALUE/EXCLUDED illustrated by the following examploes:

(a) MNumerical data: example, temperatures for growth, eapressed as mean
annual. temperature

- 55 - 20 - 30 C Suitable ip range 20 - 30" C

- on - e C Ohserved on site with 20° C

(h} Non-numerical dava: example, drainage (acration) requirements.
expressed as soil drainage class:

nn/ SS /nn WELL DR. * W'LOGGED Suitable on well drained sites,
Not suitable on waterlogoed sites

SOURCE Reference number to the source of data, details of
which are stored on a separate file. Souce 1 is
the ICRAF multipurpose tree inventory.

RELTABILITY A subjective estimate of the reliability of the data:
1 High Primary direct observation o
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
docs not make it clear which kind of effect, i.e. which land quality or qualities,
is being assessed. Such land cbaracte~istics are grouped at the end of the lists,
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Whether there is nced or facilities for an Asia rogional
data baurk, or data assembly and disemmination cenire. on growrh
requirements of MPTs is a matter for discussion. ICRAF :s unacer-
taking this task on a world basis, and will, of course, make re= . !ia
available. This will include both published output and the vunuing
ol selective computer retrieval for specilied cnviconmental con-
iitions.

ve

Frials along selected environmental e dients

Rescarch stations situated in semi-arid to arid regions have
a strong practical need {or knowledge about drought-vesisiant species:
those where saline s0ils are comnon want Lo know abous tolirance
to salinity. Other rogions will have problems acising itom the
common occurrence of strvongly acid soils (aluairium-tsxicity) or
shallow and stony land.

There is a way forward to be found in this situatiaon. Let
those research centres with particular environmencal limitations be
assigned special responsibility to study tree response to such con-
ditions. This would inclucde research designs in which each of a
aumber of MPT species were tested on sites ranging Trom absence to
very severe coecurrencs of the selected limitation. There woald be
some pre-sclection of species believed to be tolerant, but given
this, each species would be planted on all sites along the chosen
gradient.

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

. Drought. Tolcrance te low rainfall and long
dry scason. To cover a mecan annual rainfall
range ol 700 to <200 mm.

2. Acidity. Tolerance to low soil pil and high
cxchangeable Al. To cover a pH range of 5.5
to - 4.0.

3. Salinity. Tolerance to: (i) free salts, and
(ii) exchangecable sodium. To cover a range
from noun-saline/alkaline to highly afrected soils.

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

5. Moderate to steep slopes under high raintal'. The
design and measuremcrts here would differ from
1-4 above. For a number of sites with slope =20°
£30%) and annual rainfall  >2000 mm, rates of soil
erosion under different species should be monitored.
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A basic eavironmental data base Tor MPT pe

Over ard aboe stadics secci0 cab by datended 1o detormine

oo

environmentai requirement 5 there will ho pamerons Lei
plantations estaslisbad prosaey v tar Lther porposes ban which

nevertic-les. oot e manitovzie che arowtl ol <pecies o st s,
The teacvro oo raw s recardod are veil ocsiabtyshed an foercstey

‘ !
1Y onerase rowledeo oan srowth

i Lavl-

reses.oh proc. Yo owar o g
site relicaon-n’ o 00 the caviconment of ail sites weers -
to be vecordet o standa cdized mapner.

Adraft ef <oh o staodardized s ecordine sheat s Tiven as
Table 3. Po i Prcended s 0 basie minimen ot Grnooreatioan Lo he
recorded for . stes. tihier dota o availebdble ane berieved vo Lo
significant may oprticnally be adoed. Tach environmental tactor--.
geology, landiorms, climat., hydrology, soiis and vegeration---
begins with a broad classification, followed by numerical op oluer
data on indiviaual properties. In the case of soils {where class-
ification can arcase such atrong toelings!), the class may be given
on any recogni-cu clessification, tollowed if possible bv its
equivalent in i »50 Systom.

5
v
te -

Most data are recorded once only., Monthly raintfalls, however.
should be recorded toroushuut the duration of a trial, as varia-
bility is such that it may differ substantially from the long-term
averages.

One furthere sercise io monjtoring is desirable, but may not
often he practiceble, namely changes in soil propertices. ldeally,
soil sampling and analysis shoutd be carrind out in a standardized
manner at the staret of o trial, and repeated every 1, 3 or § years.
Owing to miciovariabijioy of soil propercies (within apparently
uniform sites! the muwber i samploes required Lo ostablish statis-
tically siveivic.ar iy s aE nuite farge. A possible sampling

L

design ‘s pleen in S, noenctoring for forestrery and 2groforestry
trials (JCRAY Voo ing Papor. in preparation).,

APPLTCATIONS OF RESEARCH

Gencral

The cuteome of a successfully completed programme of research,
correctly applicd, is as casy to state as it would be desirable to
achieve, namely:

i cho. e of tLhe right sites for MPT plantations;
ii. chorce ol the right species for a site;
iid. specirication of site-specific management

measures,

The rescarch programme proposed here would lead Lo a data bank
of the covivonmental requirements of MPTs wilh information on growth
performance under optimal conditions and tolerance to the various
site limitations likely to be encountered.
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Climatic data based

on nearest. station at.........altitude.....m,.....

Table 5. An_environmental dita base for miltipnrpose trec rescarch. Adapred
trom Young (19337,
IDENTIFICATION AND LOCATION
Data supplied by: Name ....... oos Tnstitation ..., et Cersasiien it ..
Trial or plantation site: ......... D I I T N e
Countwy .....o ..., Lotation coo.oiiiaa.., et et e ibeeaa e tereaa.
Latitude oo L, tonritude oo uu..... ceves Altitude 3,000 000 L
Type of trial, plantation ........ fe et teee e iaieea R T T
MPT species oo, Ceenes L ettt eeneanas
Refercnce for details ..... D N et ie et e e
GEQLOGY
Classification: 1 Crystalline, felsic 5 Superficial deposits
2 Crystalline, basic 6 Other
3 Sedimentary, siliceous 9 No data
4 Calcareous
Description ........ R
LANDFORMS
Classification: I Stecply sloping >17° >30%
2 Moderately sloping 5 -17° 8 - 309
3 Gently sloping < §° < 8%
4 Depositional landforms
5 Swamps
9 No data
Description ..... Sttt ittt et rer e, Cetcieeestrarannnss
Slope angle, or Fange «............. degrees or ............. %
CLIMATE Koppen classes
Broad —l—nc—lu—d—"—‘f
Classification: I Humid tropics Af, Am
2 Subhumid tropics Aw, Aw", Cw, Cw"
3 Semi-arid ilShw, BSk
4 Arid Bwh, Bwk
5 Humid subtropics Cfa
6 Mediterranean Cs, BShs
7 Temperate maritime Cfb
8 Cool or cold D, E
9 No data

km from site
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Temperatare (Cr: Mean annual ..., Mean maX. .. .ee Moan mine. ..o,

Mean inate omontht o, seee oo NCen Cosdent monlin L.,
Frosts 1 Mewer o eare coooo0 2 Conmeo s 30 Fvers yeas oL e e
Mean rainlail {om):
Jan  teb Ma Apr Juso ouat vas Sop Oele Hov o e Yeare

PO D E s A o, T o L eeeeee s By o wladhomeched? Lo n il

D vy e (nieed ane e coamntetod):

e e oL Nember dry months (<00 mm) o aei ...
Fainfal o oregime ool Rialal) diriest wonthi o oueeneirnrnireniiennes
dititnde zone Lol Humidity dndex, 1580 coiiiiiienn innnn ivnnens

HIDRGLLOY

Lrainase class: 1 Well drained 3 Permanent waterlogging
2 Seasonal waterlogging
Ceondeaten: v Frosh Y Slimhtly saline 3 Saline
Depth to mronndwaier (m). Mean ..o, Lowest oo Highest oo,

Floodieg: 1 Never or rare 2 Common 3 Frequent .

SOILS

Classification:

(a) Generalized: FAO soil classes included

1 lLatosols ferralsols, acrisols,
, . luvise s, nitosols

2 Vertisols s
) b - vertviscls
U Caleimornhic soils

4 Le=ert soils chernozems, phuacozems,
3 naliae or olkaline «oils Xercsnls, vermosols
oo Gioys, nllovead asoils or peat salonchak, solonctze
7 Zhedlow o0 dmna ore sorls gloyscis, fluvisols

S fenperate soil Lnes planosols, histosols
FRAHTT G S RRr) SN Y e N

G N daia lithosols, rankers,
regoscols, arenosols
andosols

cambisols, podzols
pocizoluvis=nls, preyzems

(h } Fan

FE) T i ey it e i e Ofleu et eaaenreeanenenenns. Classification
Prope:ruics: |
Texture: 1 Heavy Reaction 1 Strongly acid (pH «5.0)
Acid (pH 5.0-6.5)

3 Light 2 Neutral (pH 6.5-7.5)

4 Alkaline (pll »7.5)

Medium

te



Limiting horizon: 1 Yes Depth (em).
2 No
Stones and gravel: | None 4 Very
2 Slightly
3 Moderately Amount.....
Degradation: 1 Yes Type, severiby..ooooiiiiiiiiie..,
2 No
VEGETATION Area as

- 26 -

22 whole

Classification: 1

(%)

0 3 & B

Rain forest

Tropical deciduous woodland
Savanna

Thorn scrub or thorn woodland
Grassland

Semi-desert vegetation

Desert

Temperate deciduous woodland

10 Coniferous woodland
11 Montane vegetation
12 Swamp
13 No natural vegectation
9 No data
Description: Physiognomy ........... Ceresenernsana

Site, before

plant

1

to

9%

~N o &

ing

Dominant SPeCies v vtirieoieeeteatntocaeenenesosnasosanossncnes.

FAUNA, PESTS AND DISEASES

Types, severity ......

LAND USE

Land use (presert or prior to plantation)

D R

R N I N I A A P AP

seer e L R R R O O I S N T Y TP G A

Attach if possible:

D R R R I I I I T T N T e

L N N R R

1. Climatic records for nearest station

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

Monthly rainfall values should be recorded, on site if p0551ble, throughout

duration of trial on

plantation.
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Output. (i) correct cheice o <itas. won'ld be bLoseo s

considerations of grewth, sanagement and e et o, L4

sites mivh' bhe clisninaced on groands o st Tafactory or ot
potential, dmpraci tcabie or anccuneiic manapemnen! Pega rea s
feags omaintenanes ot expensive drainove works. peed For cconems
cally non-iable dertilizer inputs) or unace. pranles enviconn nLooa
gl ce s L g, sci bl erasion, adversc efieona on Cae it e

lunical regime).

Oetput i), choice of species, would lrad toe identiticai ion
atoa range or MPTe which, on the basis of lanc roqitirems
i ly Inis would enable farther chaice 0 b

Ao sat <t g
Sxoae ta the basis on the neds of vsers.,

Qutpat (iii' is chat ol site-specific nanagement ncasures .
that is, methods o site preparation and recurrent iuputs mode acce
ssary by the environmental conditions of each site. txamples
are mecasures to combat drainage impedance, or strong acidity and
phosphorus-deficiency. Here there is an intecrface with succeed-
ing papers in this Discussion Area.

Training
e ning

Whilst land evaluation is straightforward in principle, and
its results casily understoud, the derailed procedures are of
some complexity.

At present, land evaluation will not ftave {ormed part. of
the training of many practising faresters. There are two strate-
gies Lo meet this situation:  +o call in an externa! organiziation
or expert in land evaluation whenever a site selection is required,
or to take steps such that forestry planning organizations possess
in-house capability. There is no doubt need for specialist input
in major surveys, part,cularly where comparison between forestry,
agrotorestry and agriculture is involved. However, the training
ol {oresters ia evaluation techniques. and/or inclusion of evaiua-
tion =pecialists on the staff of forestry organizations, is morce
likely to lead towards land evaluation becoming accepted as an
intearal, <tandard element of forest land use planiiing,

Following publication of the Guidelines on land evaluation
far tor 'stry, it is the intention of FAO to hold Lralning o o
tased apor 1vt, the Tirst probably in Asia. For more advanced
training, masters degree level courses are available (Appendix A).

Site sclection and lforest management

't would bHe misieading Lo pretend that good site sclection is
A guarantee a7 successtal forestry. In mathematical terms, the
Tormer i+ a neccssary but not a suiticient condit ier for the
Latter.  However, the history of land use abounds with examples
in which subsequent offorts of sylvienleural manazement. could
not overcome initial mistakes in choice of site or specics. By
thorough survey of site conditions, elimination of unsunitable
land, correct choice of specics and speciftcation ot land-related
management practices, the task of the practising orester is
greatly cased. Good site solection ards svecesslul forest manage-
ment .
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AT'PENDTY A, ENMT POST-GRADUATE COURSES
IN LAND EVALUATION

M.Sc Course in Resource Assessment Cor Development Plunnineg,
Uni-ersity of Fast Anglia, Norwich. England.

A one-year course combiring instruction in the techimicaes
of s0il survey, land evaluation and tand use plannivg with a
study of the application of narural resource information in oy e
lopment planning.

Intormation: Dr. David Dent. School of Environmental Scifuces.

Univbrsity o1 kast Anglia, Norwich, NR4-7Td, England.

International Post-sraduate Course in Natural Resources Rescarch
and Land Evaluation, Sheffield, England.

A one-yecar course in the techniques of field and laboratory
study in natural resources research. Land evaluation and develop-
ment planning in the context of environmental relationships arc
the chief concern.

Informat.ion: The Registrar, Unviersity of Sheffield, Sherf¢.ald
510 2TN, England.

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

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

Information: The Carcers and Recruitment Officer, National
College of Agricultural Engineering, Silsoe, Bedford MK435 4DT,
England.

M.Sc. Course in S0il Science and Water Management, Programme in
Land Evaluation and Agropedology, Wageningen, The Netherlands.

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

Information: Director of Studies of the M.S5c. Course in
So0il Science and Water Management, P.0. Box 37,6700 AA Wageningeu,
The Netherlands.

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