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Editor's Note
 

These source materials have been written and
compiled, as 
far as possible 
to point out how the
exploration and assessment of 
multipurpose trees
differs from, or 
needs 
special emphasis in

relation to, parallel activities with agricultural

or industrial forest species. 
 It is assumed that
the reader has 
access 
to other manuals covering
the basic concepts and practical guidelines 
for
agricultural and forestry plant collectors and
field researchers. 
 In particular 
'A Manual of
Species and Provenance 
Research with Particular
Reference 
to the Tropics, Burley, J. 
and P.J. Wood,

1976. 
 Trop. For. Papers No. 10. 
 Commonwealth
 
Forestry Institute, Oxford, U.K. 
- as well as
standard 
texts on experimental design and statistics.
 

In 
its present form this material is still 
largely

"in draft" and 
comments and suggestions for
improvement 
are welcomed. Citations may be made
and they should designate individual parts and
their author/s as well as 
the work as a whole.
None of the materials may be reproduced or copied

in any way without the 
express permission of
ICRAF and/or the authors concerned.
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A MANUAL OF METHODOLOGY FOR THE
 
EXPLORATION AND ASSESSMENT OF
 
MULrIPURPOSES TREES*
 

- SYNOPSIS -

Please refer 
to the individual Parts
 
when quoting authorship.
 

Figures 6, 7, 8, 9,and 10 are 
reprinted from
 
Wright, H. 
L. and I.A, Andrew, Principles of
 
Experimental Design 
in Burley, J. and P.J. Wood
 
(Eds) A Manual on 
Species and Provenance
 
Research with Particular Reference 
to the
 
Tropics. Tropical Forest Papers No. 10 pp.

226. Commonwealth Forestry Institute,
 
University of Oxford, UK.
 

This manual on multipurpose trees assumes
 
that the reader has access to 
the basic
 
information concerning research on 
forest
 
tree species such 
as that contained in the
 
CFI manual quoted above.
 

*including 
Fast-Growing Nitrogen-Fixing Trees.
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Introduction and General Considerations 


Summary statements
 

Multipurpose trees/shrubs (including
 

Fast-growing Nitrogen-fixing species)
 

can be useful in many types of land use
 

systems where they may be grown as
 

communities or as wide spaced specimens
 

either alone or with other types of woody
 

perennials, herbaceous crops and grasses.
 

Key questions:
 

1. What is it about the ways that MPT's may
 

be used and managed that demands a some

what different kind of investigative
 

approach to that normally undertaken by
 

a forester or an agriculturalist? 


2. More particularly, what factors
 

should be taken into consideration
 

with regard, not only to the
 

technical, but also the managerial
 

and socio-economic constraints that
 

may be imposed? 


Part 1A
 

and 3A
 

and 6A
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" 	We still know relatively little
 
about many MPT species, especially

with regard to their ecozone and/or

site adaptability, their capacity

to promote sustainability, and the 
 Parts 3E
ways in which they can best be 

managed, especially so as 

4A
 
to 	share 
 4B
environmental resources 
in crop 
 4C 	app 1-3
mixtures. 


6B
 

* 
In 	view ot the large number of
 
questions that need to be answered
 
research programmes should

carefully planned so as 

be
 
to produce
information as quickly and as 	

lB
 
cost 


effectively as possible.	 
3A
 

* 	The factors listed in Table 1 are

intended as an 
aide memoire covering

most points that need to be
 
considered in evaluating MPTs for

agroforestry landuse of one kind
 
or another.
 

- see also 6C
 

'A Glossary of Terms'
 



Table 1. SOME CHARACTERISTICS 

Techn icaZ 

GERPLASM 


" Is this species outbreeding and

the germ plasm therefore hetero-

zygous? 


* Are there seed viability problems?

If so, does it pay and are 
there 

facilities to investigate them? 


• Aie there seed dormancy problems? 

If so, does it pay and are 
there 

facilities to investigate them? 


" 
Are seeds commonly attacked by 

pests and/or diseases? 


" Are there specific seed-borne 

diseases? 


" If tree seeds are 
not the best or 

most convenient method of propaga-

tion, then what other materials 

can be tried? 


OF TREES (AND OTHER WOODY PERENNIALS) 

Mnageria 

- Does 
a mixture of genotypes 


matter? 

- Is germplas. easily and cheaply 


available? And through what
 
sources?
 

Will someone 
have to carry out seed 

testing? If so, 
are the necessary 

skills and equipment available?
 
Is any special equipment or 

technology required to break seed
 
dormancies?
 
Are special storage facilities or 

conditicns required? 


-
Is any special treatment of the 

seed required? 


- Will the land user have to watch 

out to eradicate these diseases
 
or 
treat young seedlings?


Are the skills and equipment avail-

able for collecting and storing

propagules (cuttings, bud wood,

etc.). 
Will there be problems asso-

ciated with using clones, for
 
example, viruses?
 

FOR CONSIDERATION IN AGROFORESTRY. 

Socio-economic 

Can the land user collect and/or
 

distribute his own seed?
 
Or does he have to buy it?
 

Can a farmer easily store seed?
 
Does this put up the cost of seed?
 

Does this hinder adoption?
 

Will this bu a major hindrance to
 
issuing farmers with seed?
 

Will the land user need special

help or advice? And will this be
 
effective and/or costly?
 

What are the comparative costs? And
 
does the farmer already have
 
experience in handling cuttings

etc.? (And see next section.)
 

I..). 



Tec ica 

PROPAGATISOco-eonor
 

What methods of propagation 
are

available? 
(And see above.) 

Seeds; cuttings; budding and
grafting; 
tissue culture, etc. 


Whatare 
the specific environmental 

requirements 


for germinating 

seeds 


and/or rooting cuttings, etc., and 

for early seedling growth?
uAre
there requirement 
for seed 

mycorrhizal fungi)?

Ayrhre spcfungic?p 
 aeffective?


Are there specific pests and dis-
eases 
in the nursery phase? 


What is the likely (and optimum)

duration of the nursery phase? 


Table 1 continued 

ial 
- What facilities 
are there for
establishing nurseries and 

distributing plants? 


- What types of nursery are 
best?
Central, village schools, 


commercial, 
etc.

What skills/labour/materials 


are

there for setting up nurseries and 

distributing plants? And what
national organisations 
and/or


Are the facilities 
(labour and 

skills) 
available?
 

Will 
this be done 
'on-farm' or for 

issued seeds? 


Are special procedures involving
materials and skills required? 


Can the nurseries supply pants 

- whien the farmer wants them, and 


- What are 
th- relative cost advantages of direct planting
nurseries 
 vs using
(transplants
nrees 
 (t and con-
Plants dcng
 
tainer grown plants)?


- What propagating method best
 

suits the land User?
- What will the costs be of using

different methods?
 

Will the land user easily under
stand the requirements?
 

Will seed be sown 
in time, and with
 
care, so that inoculation is
 

Will the land user suffer severely
from a failure to c6ntrol these
 

What are the costs of seedlings? 

What are 
the costs of maintaining 

Unsold/undistrLbutd 
plants?
 

N) 



TabZe I continued 

TechnicaZ 
M2nageriai 

so economic 

PLANTING OUa 
What are the soil/environmental 

conditions needed? What ;s the best 
season? And are there special soil 

- for as long as be zants them insufficient quantities and of a type
which will survive the distribution 
and planting systems available? 

What site preparation problems are 
there? 

How does it fit in with labour 

availability and other family
conservation requirements in this 
 needs?
 
phase?

What is the optimum plant size, 
 Are proper handling facilities
and condition, at planting out? 

Can the necessary care be given?
available, and the necessary
(See also above.) 

skills?
Is shelter/support required for

the young plants? 
What is the easiest to arrange? Will the farmer bother? Can he
For example, what local materials afford it?are available?-" Will he maintain andare vailblemanage* Do the young plants *eed waLtring, Can it and finally renxoveit be provided? it?at i t and likelod of

fertilizing or mulching? Wat is the cost and likelihood of 

*Are pests/diseases/weeds likely to 
the land user adopting these pro-Are special chemicals or protec- dures?What cost? How does it ft with
be a problem (and animals/birds)? 
 tive methods needed? 
 Watost
requires an 
ailable
labouir requirements and available 

skills?
 

LnU, 



Table I continued
Technical 

02S 	 Soejoo-economcDoesP!S this kaffecte crops growing-	 WillWhat is the morphology and early 	 - lnd-user 
nearby? What are 

understand whatthe tree/crop- How does it respond 	 isgrowing habit of the species? 	 required?to training/ interactions?- What training is Possible andpruning, and what growth responses desirable? What are the costs of training 
are there from buds of different not aining? 

vs 
not training? 

" kind?
Is the species slo. r fast growing 
- Are plant training skills available? 

in 	 Ifits early stages? 	 slow growing will this increasethe burden 	 Will a slow growing species be(See also above.)	 
of management operations? acceptable, however useful and
* What are the rooting character-
 -
istics of the tree species? 	

How does this affect management productive later?

practices (watering, weeding.
 

fertilizing)?
 

- Do early, deep-rooting character
istics affect associated 
crops and
what are the tree/crop interactions
at below-ground level? 


Is the land user prepared to allo-" Is the tree palatable? What is 
Will this affect choice of site? cate a special site to the trees
-	 if needed?
the need for animal protection? 	
Are there any effects on animal
production if browsing is 


- What are the land user's habits
 
restricted?wth with regard to his 
(or others')
 

rg r toh s(
browsing r t e s'
animals?
Are people, methods, etc., 
avail-
 - What are theable for animal protection 'costs' of protecting the trees from animals?

measures?
 

a% 



TabZe I continued 

Technical M2nageria Socio-economic 
" What are the plants' requirements What materials, labour and skills 
 - What are the coats/benefits?
and responses to shade/shelter, 
 are
watering, fertilizing, weeding? available?
 - What is the likelihood of adop

tion of these techniques? What
 

will happen if this is not done?
" What is the duration of the time What management procedures can be
 
to flowering/fruiting? (Is the 
 adopted to induce early flowering? How does this affect incentives to
 
species being grown for fuits?) 
 plant?
 

" How susceptible is this tree 
 What materials and skills are 
 Will a failure to control these end
species to pests and diseases? required? 
 in disaster?
 
" What is the phenology of this 
 How do the time-of-planting

species? How does this affect 

How does all this fit with labour

restraints and/or other management availability and social needs?
the associated crop plants? 
 factors affect the overall management
 
plan, especially with regard to the
 
associated agricultural crop?
 

MATURE GROWTH PHASE AND PERIOD OF MATURITY 
* - What are the morphology and - Are skills/labour available to - Are there any land user preferbranching habit? 
 deal with training/pruning? 
 ences?
- What is the phenology?
shoot dormancies and growth
regulation - What are the tree/crop interactions - What effects are there on the
implicit in the trees' morphology/ 
 land user's immediate environment
 

* leaf flush/leaf fall sequences 
 phenology and cropping sequences? 
 (does he want shade/shelter)?

* flowering and fruiting cycles
 
* 
general source- sink relationships
 



Technica
Competitiveness (from morphology, 

etc., above). 

Harvestability (single, terminal 

harvest/sequential harvests).
Needs for weed controlfarming 


Soil management and soil conser-

vation. 


Table 1 continued
 

ManageridZ
What possible operations (for 


example, lopping) might reduce this 

and what are the timings? 


How does this fit into the pattern 

oo farein 
 operations
-
Is the necessary labour/equip-


ment available? 

- How does 
this fit in with weed 

control timing and methods
agricultural crop? for the
 

- Is the necessary labour/equip-


ment available?
 

- How does this fit in with weed 

control timing and methods for the
agricultural crop?
Is the necessary labour/equip-


-


ment available?
 
- How does this fit in with weed 

control timing and methods for the
agricultural crop? 


- Can advice be obtained? 


Socio-econonrc 
- What does the land user see as 
his needs to 'control' the tree?
 

- What are the costs/benefits of
 

How does this fit into social re
thiperationsciare
quirements or market opportunities?
 

-
What methods are best suited?
 

- Will the land-user adopt some
 
form of weed control?
 

- What is the cost/benefit to him?
 
- Does the land 
user perceive 
a need?
 

- Will the land user adopt the
appropriate soil management?
 

- What is the cost/benefit to him?
- Does the land 
user perceive 
a need?
 

- Will the land user adopt the
 
necessary control measures?
 

-
What is the cost/benefit to him?
 

- Will there be a disaster if he

neglects pest control with these
 
s es combinations? 

o 



TabZe 1 continued
 

TechnicaZ 
 Yanagerial Socio-economic
* Biennial (seasonal) bearing- for Are the necessary skills and under-fruiting crops. 	 To what extent do variations instanding available to obviate this? 
 seasonal output affect the land-


SENESCENCE AND REPLANTING PREPARATIONS user/markets?
" What is likely time of onset of 
 What decisions have to be taken on
ageing/senescence? 	 How will the land-user perceive the
how to remove trees? 
 need to remove trees?

" What is the duration of this phase 
 Especially on associated agricultural - Wnat are
and its effects? 	 the effects of declining
crops and farm management? 
 productivity?
 

-
Is there a need for credit/help
or a'lternative sources" What are the options for technical 	 of income?What are the effects on adjacent Ar t ternative icesof
 
solutions to final harvesting crops and on the soil? 
 Are there alternative choices of
 
sequences and/or tree removal? 
 how to dispose of the trees?
 

" 	Are there pests/diseases associated

wit cutting down trees (including Is the knowledge of what to look 
 Is there a willingness to take
 
general and specific replant for available? 
 care?
problems)? 
 - What place does this occupy in the 
 - What costs are there?
 

" What land preparation is required 
 whole farming programme?
for replanting? 
 -	 What is the availability of - Are there any social implications?
 

labour for this?
" 
What crop/soil management is 
 What labour/resources are needed, 
 - Is there a willingness to adopt a
required in the transition period 
 especially for soil conservation 
 a sound plan?
before replanting trees? 
 in this period? 
- Are there any extra costs? 



----------------------------
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The choice of MPT's, their exploration Part 2A
 
and collection
 

Summary statement
 

The choice of MPT's rests on 
their
 
ultimate end use and biophysical see also 4B
 
requirements.
 

The objective of exploration is to
 
sample along ecological gradients

(and to take into account any other
 
kind of selection pressure), so as
 
to obtain properly documented,

source-identified reproductive
 
material and information for the
 
evaluation phase.
 

Trees for industrial use are
 
typically pioneer species, wind
 
pollinated, outcrossing and
 
heterozygous. By comparison much
 
less is known of the breeding
 
systems and genetic structures
 
of MPT's, which probably include
 
inbred as well as outcrossed popula
tions.
 

Key questions
 

1. If we are to avoid gene loss what
 
kind of sampling procedures should
 
we adopt?
 

2. Exactly what do we need to know
 
about MPT's, bearing in mind that
 
the range of such information will 
 lB

be greater than when selecting 3A

industrial species? 
 4A
 

3. Sampling and evaluation is a re
iterative process, but exactly

what is entailed at the sampling/

collection stage?
 

(see also CFI Sections 2 & 3)
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Selecting collection sites 	 Part 2A
 

" 	Genetic adaptation should be
 
assessed within the geographical
 
range and particularly with regard
 
to sites which are "difficult",
 
ecologically extreme, or where
 
there has been some consistent selec
tion pressures by man, animals,
 
insect pests fire etc. Note that
 
for any particular characteristic
 
selection can be dysgenic (e.g.
 
harvesting the best samples and
 
leaving the poorest to interbreed
 
or eugenic (disposing of poorer
 
specimens in a population).
 

" 	Distinct "land races" (i.e. separate
 
interbreeding populations) may
 
have evolved where the new environ
ment has exerted selection pressure
 
on an introduced species.
 

o' The following information is
 
required both from the field and
 
from documental sources such as
 
are found in herbarium, forestry
 
department etc.
 

- daylength precipitation (pattern,
 
distribution, amount), and mean
 
and e. me temperatures;
 

- soil extiemes: salinity/alkalinity,
 
impenQed drainage;
 

- the incidence of fires, floods;
 

- details of the phenology of the
 
species and, in particular,
 
pollination and seed maturation/
 
dispersal times.
 

9 	Site selection is a reiterative
 
process. Stratified site selection
 
may be used where no prior know
ledge exists, to be modified as
 
the status of the species, the
 
results of trials, and special
 
roles for trees and shrubs in land
 
use systems become better known.
 

see also 2A app.11
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Data specificaZly reauired for each 
 Part 2Aseed lot 	 P
 

In addition to the basic collection
site information 
(above) the following

is required:
 

- date of collection and personnel

involved;
 

- specific location and comments
 

on access,
 

-	altitude;
 

- relief, including aspect, forest
hollows, position on a slope etc.;
 

- soil characteristics at the site

and any indication of soil

conditions (water table, plant

rooting depth, geological

formation and forest materials etc;
 

* Tree characteristics 

* capacity for production of

identified outputs/benefits;
 

variability as 
an indication of
inter- and intra-specific
 
relationshops.;
 

* 	characteristics relevant to

multiple cropping, including

possible allelopathy and
 
competition for water and light;
 

* 	details of any specific

phenophases (particularly if

different from adjacent species);
 

associated vegetation;
 

* Collect also, as 
needed,
 

good photographs (an efficient
 
way of recording much information);
 

* herbarium specimens;
 
* live root specimens and/or
 
soil to examine for organisms;
 

* gums, resins etc.;
 

* wood samples.
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information on local management
 
practices;
 

* status regarding genetic conser
vation;
 

information on fodder potential
 
(bit there are great seasonal
 
variations in foliar nutrients
 
and other chemicals affecting
 
digestibility and palatability of (and see 3E)
 
leaves.
 

" 	Within any one site (or group of
 
sites) seed or other forms of
 
propagules should be collected so 
as 	to cover:
 

clinal genetic variability
 

any outstanding individuals (for
 
selected characteristics)
 

" 	The number of parent trees in each
 
seed lot must be noted (for a
 
provenance this would ideally be
 
25-50). If possible individual
 
tree collections should be kept
 
separately.
 

* 	Great care is needed in labelling
 
containers, inside and out; use
 
ventilated containers unless seed
 
is really dry and apply insecticides
 
fungicides, as appropriate.
 

Figure 1 gives an outline of the main
 
stages in the choice, exploration and see flowchart
 
collection of MPT's. in 2A
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Figure 1: OUTLINE OF MAIN FLOWCHART SEQUENCES FOR SELECTION/COLLECTION 

OF MPT';
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Guidelines for Collecting Root Part 2C
 
Nodules
 

* 	 The exceptional. performance of
 
a leguminous tree in a particular
 
ecological niche may be because
 
of an effective match between the
 
tree host and a specific strain
 
of Rhizobium.
 

" 	Both when collecting leguminous
 
tree germplasm and when introducing
 
it and assessing it in new areas the
 
presence and/or need for this
 
symbiosis should be borne in mind.
 

" 	Nodule (Rhizobium) collection
 
should be undertaken as a routine pro

cedure by all germplasm collectors.
 

The following are some guidelines:
 

- Preparation for the collecting
 
trip
 

select time of vegetative growth
 
and adequate soil moisture
 
(this may entail a seperate
 
expedition - so specify
 
accurate site location);
 

for short trips samples can be
 
stored in polythene bags, for up
 
to 2-week trips collecting
 
bottles.
 

- Collection procedures
 

for a selected tree look for
 

nodulated roots in any surface
 
litter, or on adjacent seedlings;
 

• otherwise retrieve a sample of
 
soil (10-20 g);
 

* check in literature whether
 
species has been reported to
 
nodulate (or is a new record).
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excavate nodulated root together
with adhering soil and pack firmly
in a polythene bag or 
(for longer

trips) take a nodulated root
segment temporary 
in a plastic bag
with moist soil and transfer to 
a
nodule collecting container;
 

deliver sample to laboratory (on
seme 
day if possible)
 

on mature trees nodules will be
found on 
fine roots (sometimes
a long way from the trunk), dig
for them do not pull roots out of
the soil but excavate to them
 
gently;
 

* 
sample only fresh, 
firm nodules
 

* 
when taking nodulated root
segments cut 
(with a sharp knife
 or scissors) about 0.5cm on either
side of the nodule, pulling the
nodule off will damage it and
allow contaminants in;
 

if washed blot off excess water;
 

* 
put all nodules from same tree in 
a
 
separate container and label; 
(Figure 2)

surface sterilize the outside of
sealed 'ontainers with nodule
samples before delivering them
to a laboratory (they would have been
sterilized inside before taking
them to the field)
 

- Documentation 

similar to that for collecting 
 and see 5B
seeds
 

Figure 2:
 

GU. ... 

s.. - OW** .. 



General Considerations for Evaluation 


of MPT's
 

Summary statement:
 

There are many species oCi MPT's that are
 

potentially useful, but little is known
 

about the ecozones and site adaptability
 

of many, or about the best ways to manage
 

them for the production of selected
 

outputs.
 

Key 	quaetions: 

1. How can such information be obtained 


as quickly as possible, and in a cost

effective way?
 

2. What steps are needed in planning a 


research programme to evaluate MPT's? 


Apart from the usual steps to be taken in
 

formulating and implementing any sound
 

programme of investigation, research
 

work with multipurpose trees requires
 

special considerations of the following
 

points:

37
 

Part 3A
 

lB
 

see 	flowchart
 
in 3A
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Where little information is
available about a species every
attempt should be made to obtain
data in the Exploration Stage 
 and 2A
that will be useful later during
assessment. 2B
 

Stages in research plann.ng that
 are of particular importance are:
 

- A review of existing literature
which for many species, may be

extremely scanty.
 

- A choice of species and/or

provenances to test; 
for woody
species with multiple outputs 
 and lB
which may be grown with other 
 3A
kinds of crops this requires 4C
careful thought. 
There should 
 4C
be a careful check 
on the
taxonomy and the validity of the
germplasm acquired for assessment.
 

Because of the long time scales
involved a plan for the whole
investigation is needed that

assembles information from
various sources. 
These should

include simple field trials

and experiments each of which
has relatively easily-achieved

goals. 
 These steps must be
dealt with in sequence but they
can overlap to 
some extent so
 as to shorten the time needed for
obtaining the information that
 
is sought.
 

- Because of the increasing interest

in MPT's for a wide range of
production and services functions
research objectives have to be
very closely associated with

national and/or regional

requirements.
 

- see 
also Table 2
 
Part 5A deals with the ways
that controlled 
(or modified)

environments can assist with
field or nursery investigations.
 

http:plann.ng
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Assessment of Experimental Sites Paint 3B
 

Summary statement
 

Because any MPT species will be
 

grown over a wider range of sites and
 

management situations then other
 

plantation species, the selection
 

of sites needs especial care.
 

They must be representative of
 

areas where MPT's are to be used,
 

it must be possible to correlate
 

environmental conditions with the
 

performance of the germplasm
 

under test, and the number and kind
 

of sites chosen must permit
 

extrapolation of conclusions
 

reached to other unplanted sites.
 

Key 	questions
 

1. 	What is known about the classifica
tion of land systems in the chosen
 
?rea? And do we know enough to and 2A app.ll
 
select sites for testing MPT's
 
so as to cover all the major
 
ecozones?
 

2. 	Are resources available to
 
undertake any further land and
 
soil surveys and/or climatic
 
measurements that may be needed?
 

3. 	Will the site permit the testing
 
of any special management
 
techniques required for MPT's?
 

(see also CFI Section 3)
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Location and number of sites 
 Part 3B
 

Each proposed experimental site
 
should be selected in terms of
 
the detailed land classification
 
for the area which will consist of
 
land systems ("an area, or group
 
of areas throughout which there
 
is a recurring pattern of topo
graphy,soils and vegetation") and land
 
units or land facets("an area of land
 
with characteristics combination
 
of soil topographic, climatic
 
and biotic factors"). The latter
 
is a unit whose size and
 
characteristic depends on 
the
 

variability.
 

Ideally, a trial should be established
 
in each of the land unit or land
 
facet categories. 
However, facilities
 
seldom exist for such comprehensive
 
coverage. The following criteria
 
should be used to establish priorities.
 

" 	Choose only the most widely

occurring categories of units
 

" 	Select categories of units which
 
are representative of areas
 
where trees are expected to provide

the most significant benefits.
 

* 	Selected categories of units from
 
as wide a range of eco-climatic
 
situations as possible.
 

" 
It may be advantageous to have
 
trial sites close to existing

climate recording centres, and
 
sites where frequent environ
mental and performance measure
ments are to be made must be
 
readily accessible.
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Environmental factors
 

Classification and interpretation 
is based on the following 
environmental parameters: 

climate 

relief, including position 
on slope 

rooting depth in soil 

soil parent material 

* existing vegetation 

also see 
2A app. 5 & 6 

and 3E 

Alterations of site management 

It is important to record changes 
of site through the establishment 
or affects of: 

micro-catchments 

terracing 

drainage 

irrigation 

cultivation 

weeding 

mulching 

fertilizers, manure 

pesticides, herbicides. 



-------------------------------
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The Scope and Design of Field Trials 
 Part 3C
 

Summa4y Statement:
 

Multipurpose Trees can fulfil both
 
production and service functions.
 
Because they produce
 

multiple outputs their
 
selection and assessment demand a
 
more complex series of experimental
 
tests than plant species grown for 
a
 
sole product or purpose.
 

Key quezstions to be answered:
 

1. In planning field trials is the objec
tive to study free-standing or
 
community-grown plants?
 

2. What information can be obtained by
 
first studying single tree specimens?
 

3. With space-demanding plants such as
 
MPTs how should control over experi
mental site variability best be managed?
 

and see 3C
 
supplement 1
 
supplement 2
 

(CFI Section 4,5&6)
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Points to note 	 Part 3C
 

* 	Most genera of MPTs, with the
 
exception of a few (e.g. Leucaena)
 
are outcrossing and, therefore,
 
their germplasm is highly heterozygous and lB
 
This implies that the number of plants 2A app.10
 
selected for study must be adequate. 4B
 

& 	For investigations on survival/
 
adaptability and even vigour/
 
phenology the extent of variability
 
is an important factor to assesS.
 
Single tree plots may be suitable
 
(or small numbers of well-spaced
 
trees in lines,as long as community
imposed stresses are not to be
 
tested. (These may be looked into
 
later in combination with manage
ment variables e.g. lopping,
 
pruning).
 

* 	On-station trials can usually be
 
better supervised and assessed,
 
but on-farm trials often offer a
 
wider choice of sites. They also 3C app.4
 
incorporate farmer evaluation, and
 
some early opportunities for testing
 
adoptability - both aspects of
 
importance with newly-introduced
 
species.
 

* 	For MPT trials the usual ways of
 
dealing with locational
 
variability and plot size are
 
valid. It is especially necessary
 
to reduce variability as much
 
as possible by:
 

- choosing a homogeneous site
 

- considering the genetic
 
diversity of the germplasm,
 
the types of treatments to
 
be imposed, and whether
 
juvenile (more variable)
 
or mature (less variable)
 
stages are to be examined
 

- considering the management
 
to be applied and the resources
 
available
 

The 49 tree plots frequently
 
used by foresters may well contain
 
too few plants considering the
 
likely variability of the
 
germplasm.
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Guard rows may need especial
e 

consideration because of the size
 
and geometry of mature trees and,

especially where management

treatments 
(spacing, fertilizer 
 3C app.3

application etc) can affect
 
adjacent plots.
 

Table 3 lists the types of
 
field trials related to the
 
different stages in 
 a full
 
investigation with MPT's
 

Figure 3 Outlines the steps for
 
implementing a whole programme
 

Table 4 Indicates the choices available
 
for selecting actual field layouts

for any stage of the investigation.
 

(Part 5C gives some information on
 
herbicides for use with MPT's)
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rigure 3 OUTLINZ Or mAii rLowciR? SEOUNhCES 
(see back of this chapter for the flowchart litself) 

Steps 
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Table 4 	Selection of approaches for MPT trials of
 
various kinds.
 

Type of study requires:
 

Degree of control Community-grown
 
over local environ- Single plants plants
 
ment variation
 

None Well-spaced Simple replicated
 
fully randomised plots
 

or (individual or
Minimal lines) or 
systematic designs 

Definitely Single tree plots Multiple tree plots
 
required
 

arranged
 
in:
I 

" Randomized complete blocks
 

" Latin squares
 
" Rotating designs (e.g.
 

Augmented layouts)
 

Consider raising efficiency and/or
 
effectiveness by the use of:
 

* Partial replication
 
(e.g. Lattice designs)
 

* 	Split plots/factorial
 
arrangements
 

0 Covariance/Nearest neighbour
 
analyses
 

This is 	discussed below:
 



50 
Briefly:
 

" 	Well-spaced fully-randomized
 
individuals are:
 

-
 useful for elimination/

survival trials and where 
 3C 	app.5

local environmental variation
 
is 	minimal;
 

- very cost effective to observe
 
growth and phenology of newly
introduced species;
 

- not suitable where there are
 
marked differences in plant

size and/or form or locational
 
variability;
 

- flexible statistically. 
 - see Fig.4 and Table 5
 

" 	Simple replicated plots (or lines)
 
are:
 

- good for handling limited amounts
 
of plant material and may have
 
advantages for demonstration
 
purposes;
 

- otherwise, similar to above.
 

e 
Single versus multiple tree plots
 
very space-saving but:
 

- choice depends on purpose of
 
trial and nature of plant

material, valuable for studying

plant behaviour but no use to
 
assess yields of a MPT "crop"; - see Fig.4
 

- single tree plots 
are useful
 
with clones (or in-breeding
 
species), less so for out
breeders when a greater number of

replication are needed, anyway.
 

* 
Randomised Complete Blocks/Latin Squares
 
-see 
Fig. 6,7,9 and 10 and Table 5.
- can help account for spatial


Variability, differences due to time
imposed factors (e.g. planting-out),
 
or in source material (e.g. graded

seedlings), 
but only if these are
 
known and allowed for in blocking

(or in the two-way assemblage of rows

and columns in a Latin Square, or
 
some other row and column design).
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Figure 4. 

Cereals and 
re ss Small 'crop, High yield pet

Grasses ideotype \Ij hectre of 
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A ~ Large ';sololion/ 
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n e'- ' ee
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1 44 1 - corepe anie competilion
 
rdeolypI Ia"y and
 

1 
Selectian here mn ntns
 

lacour'isolationI 

compel;Il;on' ideolype 

Possible differences in the performance of various
 
ideal plant types (ideotypes) as spaced individuals
 
(centre), in mixtures (left) and in' stands (right)

(after Donald 1968; Donald & Hamblin 1976). Note that
 
(a) relationships between individual plant performances 
and per hectare productivity after canopy closure can 
be negative (Hamblin & Powell 1975), (b) 'isolation/
 
competition' ideotypes may tend to 
be selected if the 
criterion is plant size, and (c) selection for 
'isolation/ccmpetition' ideotypes may lead to a desirable 
early spread in tree size frequency distributions. 

From Cannell, i.G.R. (1978).
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Figure 5 

Fully Randomized Layouts
 

(with or without equal sample numbers)
 

Either as multi- or single-tree plots this 
can

be a very flexible layout 
to use with MPT's,

especially in early testing of species and/or

provenances. 
There needs to be minimum spatial

variability (e.g. in soil fertility) over the

experimental area, but the design can handle
 
samoles of differpnt -i7.ps
 

Replicates
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Continued
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Table 6
 

APPLICATION OF AUGMENTED DESIGN
 
IN FIELD CROP EXPERIMENTS
 

James L. Brewbaker
 
Professor of Horticulture
 
University of Hawaii
 

Tropical crop investigations often involve treatments
distinct stages or varieties at toof inquiry. Some treatments will be 
at
inquiry, and extensive replication is desired. 
a fairly advanced level of
Other treatments are 
preliminary
in all replications at 


in nature, and it may be unnecesarily expensive and time-consuming
all locations of the to include them
experiment.
that conveniently incorporates both types of treatments is the 

An experimental design
of Federer 
 "Augmented design"


(Federer, 1956; Federer and Ragh.varao, 1975; Federer and Searle,
1976 
 Neely, personal commaunication, 1978).

The augmented design was
it was desired to 
compare new 


first applied to varietal triela of sugarcane, where
ties (Federer, 1956). 
seedling varieties with older, well-adapted varieboth high. 

Plots were large and experimental
As Federer pointed out, expenses and 
errors were
where both advanced and 
however, the design has wide applicability
preliminary varieties
seems especially true or treatments 
are studied.


multiple cropping, soil 
for tropical crop experiments, such 

This
 
amelioration, as those involving
new varieties or 
new control measures.
standard hybrids and about 40 

It
 
is widely used in Hawaii for Statewide corn yield trials, involving about 20 old,
new hybrids, with 4 reps 
in 8 experiments annually.


A simplified example is given here of an 
augmented randomized block I have
 
borrowed freely from Dr. Fe,!'er's papersland acknowledge his authorship of the

design and statistical 


notation 
used here.
 

AN EXAMPLE OF THE AUGmENTED RCB DESIGNAll 
calculations and interpretations apply to the following set of data, from
 
a randomized complete block (RCB) design with 3 treatments
design was augmented by 
 inclusion in each 

(tr) in 3 reps. The
replication of 2 unreplicated
treatments 
(tu).
 

Table 

Treatments:
 

Replicated 
 Scub
 

Re) 
 A B Sub-
C RELtotal 
 e
1 3 6 12 26 Rep 
II () 4 (E) 6 
 36
 
II 12 

23 (F) 13 (G) 10 

9 5 9 


a 13 46
33 
 (H)
10 
 (I
Total 8 51
20 11) 34 C? 
 27 
 24 
 133
 
1

The 
author acknowledges with thanks review and criticism of the manuscript by

Dr. W.T. Federer, Biometrics Unit, Cornell University, Ithaca, New York, and by

Dr. Douglas Neely, formerly of ORD, Suwoon, Korea.
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Figure 8 Possible field layout of three replicates of a 3 x 4 rectangular
 

lattice design
 

Replicate I
 

BlockI 3T10 79
 
Block 2 11 12 21 
 0 2 Block 5
 

Block 3 8 4 5 5 2 
 IBlock 6
 

Block 4 6 7 1 
 Replicate II
 

Block 12 8 11 6 7 9 
 2 Block 10
 

Figure 9 
 A latin square design for five populations
 

Column
 

1 2 3 4 5
 

Rou A C B E 
 D
 

2 B D A C E 

3 C A E D B 

4 D E C B A 

5 E B D A C 

Figure 10 
 A family block design for four provenances
 

of each of three species.
 

Replicate I 
 Repl ace II
 

(Species B) 
 A2 C2 C3 84 A3

(Prov 1)
 

B3 A4 C1 C1 B2 A2
 

B1 A3 C4 
 C4 B3 A1 

B4 A1 C3 C2 B1 A4 

(For illustration only t€o replicates are 
shown)
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- may involve an inefficient use of
 
space unless plot size and the need
 
for guard rows (internal and
 
external) are considered.
 

- fairly robust designs; straight
forward statistical analyses, and

missing plots can be accounted for.
 

- check against other methods of
 
controlling or accounting for
 
environmental variations (see

Pearce, 1980 e.g. covariance,
 
including adjustment by

neighbouring plots).
 

" 	 Augmented (rotational) designs - see Table 6 

- useful for comparing some "extra"
 
or "preliminary'treatments (e.g. 3C app.6

species or provenances) within a

trial in which major,more precise,

comparisons are being undertaken.
 

- statistical comparisons involve
 
a calculation of an average mean
 
square for error which excludes
 
unreplicated ("preliminary
 
treatment") plots.
 

" 	Increasing layout efficiency or
 
effectiveness
 

- partial replication as "incomplete
 
blocks" if some information
 
is not required e.g. "lattices" 3C app.7
 

-see Fig.8
- factorial (including split-plot)
 
designs are especially useful
 
when interactions between treat
ments are to be studied, but
 
they can take much space with MPTs,

especially if internal guard 
 3C 	app. 9
rows are needed
 -see 
Table 7 and Fig.ll
 

- confounding can help reduce the
 
size of experiments if the two
 
factors confounded are relatively

unimportant (e.g. by assigning,
 
say, separate species to individual 3C app.8

blocks which are, themselves,
 
replicated because enough is
 
already known about them
 



Table 7 Factorials 

Using a randomised block design each block 
will contain all tha combinations and levels 
of treatments. Tht'-e can be assembled most 
easily by drawing a small table. (see below) 

For example, if there were 4 species of MPTs 
(ABCD) each to be subjected to one of 3 
lopping regimes (1,2, and 3) to be carried 
out at one of two seasons (early or late = x or 
y) i.e. a 4x3x2 factorial. 
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Species 1 
Lopping Regime 

2 3 

x y x y x Y 

A Axl Ayl Ax2 Ay2 Ax3 Ay3 

B Bxl Byl Bx2 By2 Bx3 By3 

C Cxl Cyl Cx2 Cy2 Cx3 Cy3 

D Dxl Dyl Dx2 Dy2 Dx3 Dy3 

When these ar tabulated they provide 24 plots
with all the v.rious combinations of treatments 
to supply 1 replication (block). 

An advantage of factorials is their ability to 
test interactions, and this can be particularly 
useful in exploratory work when one is not 
aware if the main effects are additive or ,ot. 
Factorials also contain a high degree of "internal 
replication" and are therefore efficient designs. 

Figure 11 Split-plot designs 

Example. A randomised complete block layout with: 

3 main plot treatments - randomised throughout 
each block (each block 
contains all 4 treatments 

6 sub plot treatments -

4 replicates (blocks) 

randomised throughout 
each main plot,and 

Main plot treatments 

A 
Block 1 

C B 

ib feadecabd facfdeb 
split plot treatments 

61D
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- covariance analysis 
can be used
 
to increase experimental accuracy

where the effects of unwanted

influences are measured, and these 

can then be eliminated from the
 
statistical analysis.
 

a Systematic designs
 

- useful in the early stages of

investigations when a treatment
 
may be of interest over a wide
 
range of levels (e.g. spacing)

and plant responses and yields
 
are likely to be markedly
affected by it and/or it will 

interact highly with other kinds
 
of treatments;
 

- individual replications take up

little space but are difficult
 
to lay out and must be maintained

meticulously, statistical 
 analysis

is usually confined to regression

parameters, systematic designs

make very useful demonstrations.
 

Objectives and Desins for Four Different

Type of Field Trials with MPT's
 

Some suggested objectives and designs are
noted in Table 
8 below, followed by some
 
brief notes.
 

3C app.ll
 

4F
 



FOUR DIFFERENT TYPES OF FIELD TRIALS WITH MPT'S 

Suggested design(s) Conmments
 

Fully-randomized plants, 	May also involve separate direct
or plots; or randomized 	 sowing trials, if appropriate.
 
complete block design. 	 (Studies on biosystematics,
 

juvenile-matuze correlations, seed
 
source identification and specific

physiological/microbiological
 
responses would be treated as
 
separate experiments).
 

Fully-randomized single The inclusion of some, known well
plants or smaZ plots adapted species is u-eful in order 
(no guard.. needed). to have a 'controlled' estimate
 
Split into several of potential growth in view of
 
experiments if needed year-to-year climatic variations
 
to obviate local over the short term of these
 
environmental variation, trials.
 

Depending on whether Species (or provenances) of very
 
a) single plant b) different structure shoul not
 
community grown assess- be included in the same
 
ments are required: 	 'community-grown' trial.
 
a) Fully-randomized or The repetition of trials in both
 
lattice designs or space and time at this phase will
 
b) Augmented design in 	 enable GxE evaluation to be
 
randomised blocks, 	 started.
 

...../2
 

TABLE 8: 


Types of trial 


1. Nursery 


2. Elimination/ 

Survival (=

.species elimi-

nation" 

or "Range-wide 
provenance 

trials") 


OBJECTIVES AND DESIGNS FOR 

Objectives 


To explore the ways of 

optimising the plant-


raising conditions of 

selected species using 

relevant nursery practices. 


To test, in the short-term 

(2 to 4 years, maximum the 

ability of any interesting 

species (and/or range-wide 

provenances) to establish 

and flourish, 


3. Vigour/Phenology To re-evaluate, and criti-

(="Species cally compare the growth 

testing or performance of apparently

"Restricted adapted seZected species (or 

provenance provenances), and to obtain 

trials") information concerning plant


behaviour. 




TABLE 8 Cont.
 

Tvpes of trial 


4. Early manage-

ment ("species 

or provenance 

proving") 


Objecti-,es 

To compare a selected range

of management techniques

for one or more chosen 

species (or prcvenances) 

with a view to obtaining

extrapoZatable information 

on how best to optimize

chosen outputs (products

and/or services) in 
a range

of practical situations, 


Su ested design(s) 


Fully-randomized for 

single-plant studies,

Randomized complete

blocks (possibly with 

split-plots or a full 

factcrial arrangement)

for community-grown 

studies. Systematic

designs where spacing

is a prime variable. 


Comments
 

See the 'Ev'luation' flow

diagram. 
As more is known
about the species (or provenance),

and the land use system for
 
which it is destined, then

increasingly complex management

trials will be required. At
this stage vegetatively propagated

material can help cut down

unwanted variability.
 

Io 

M. 
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Nursery trials 	 Part 3C
 

On occasion direct sowing trials may
 
be used.
 

* 	Variables to test or to standardize
 
may include:
 

- seed pre-treatment;
 
- germination medium;
 
- germination method;
 
- choice of sowing, germination,
 

planting-out sequence;
 
- choice of seedbed or container
 

method;
 
- choice of growing medium;
 
- additional treatments of interest
 

(undercutting, topping, shoot
 
pruning etc.);
 

- type of container (if used)
 
- choice of seedling watering and
 

shading methods;
 
- plant nutrition;
 
--pest and disease control
 
- (and seed treatment, time and
 

manner of sowing if for direct
 
sown plants).
 

" 	Layout considerations
 

- Will locational variability be
 
contained by one of the methods
 
already noted (blocking, etc.),
 
or by moving containers around
 
(if used)?
 

- Is the intention to use blocks
 
in the nursery to provide plants
 
for associated blocks in the field?
 

- Does spacing have to be adjusted
 
as the seedlings grow?
 

Elimination / survival trials
 

9 	Considerations are:
 

- on-farm or on-station?
 

- layout could suitably be minimum
 
5-tree lines fully randomized 5x5
 
plots), with tree spacing lxl to
 
or 2x2 meters.
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- at what plant size should planting
 
out be done, and how?
 

- are young plants to be protected
 
from animals?
 

Vigour/Phenology trials
 

These are to obtain comparisons

of growth performance and plant

behaviour of selected species and/or
 
provenances and, if possible, of
 
G x E interactions by using a range

of experimental sites;
 

- the duration may be some
 
4-6 years and so plant spacing

should allow for this (e.g. 2x2
 
or 3x3 meters , but half this if
 
early community-stress is wanted,
 
with thinning later);
 

- some inputs (fertilizers, water) 
may be desirable at planting out
 
so as to ensure a good
 
establishment;
 

- there may be a case for some very
simple management treatments
 
(perhaps on guard rows) even at
 
this early stage to give
 
indications of plant responses,
 
especially phenological information;
 

- will trees be allowed to fruit or 
not? A non-synchronized attain
ment of maturity (flowering or
 
fruiting) will cause considerable
 
within-species variability in
 
growth and vegetative development.
 

Layouts
 

- for wide-spaced trials, fully
 
randomised layouts, or balance
 
lattice designs;
 

- for community-stressed trials,
 
an augmented design may be
 
suitable.
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Early management trials
 

* 	Will utilize a selected range
 
of management techniques for
 
a few chosen species and/or
 
provenances in order to ascertain
 
how best to optimize particular
 
outputs.
 

- survival and adaptability will
 
have already been tested;
 

- if destined for mixed agro
forestry land use some indications
 
of the trees' potential as an
 
intercrop with herbaceous plants
 
can be looked into;
 

- the kind and degree of management
 
variables imposed will be far
ranging; thus the options for the
 
type of trial to be undertaken
 
will be large (see Table 9 );
 

- these trials may be relatively long
term ( 8-10 years).
 

and see Part 3C
 
Supplement 1
 
Supplement 2
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Early management trials with MPT's are
likely, depending on local circumstances,
to be concerned with some of the lines of
investigation listed in Table 3. 
The type
of layout suitable in designated (FR) = fullyrandomized; 
 (RCB) = randomized complete blocks,
(S) a systematic design; 
and simple

observational (0).
 

TABLE 
9: Subjects of investigation for early management

trials andMPT's
 

investigation 

Comments 
 Typesuitableof layout
 

Plant 
-anagement 

Spacing For all kinds offMPT,s.Consider not only suitable 
plant populations but alsorectangularity and plant 
arrangement. (See Part 4E) 

(S) for exploratory
trials followed by
(RCB) once "target"
spacings identified. 

"Lopping" 
 May include cutting back
 
(coppicing, pollarding) or

just the removal of leafy
shoots 
- or combinations of
these. For fodder, mulch,fuelwood species. 
 Consider
age treatment starts, seasonal (FR) for initial
timing, plant parts, trials
removal followed by (RCB) oncu
intensity (frequency x amount) maLn treatments
and total amount of dry matter identified.
removed each year in relation
 
to annual increment. 
 All
trials should include a
'control' treatment in order
to compare the yield
 
response and phonology of 
un
touched plants.
 

Spacing x 
 To discover the optimum
lopping (S)
combination to 
maximize
 
yield of parts required and
 
to maintain sustainability.
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TABLE ,9cont. 

Type of 
investigation Comments Type of layout 

suitable 

SoilZ aspeta 

Soil manage-
ment options 

Cultivations (or zero/ 
minimum tillage) 

(RCB)  using split 
plots or full-

Mulch factorial. 
Water collection/water 
spreading 

Micro-site 
enrichment 

Important to obtain such 
information so as to compare
relative value of species -
but trial may have to run 
8 - 10 years, at least 

(FR) (RCB) (0) 

Soil 
conservation 

Looking into plant numbers 
required, planting arrange-
ment and how best to manage. 

(0) 

Innoculation 
experiments 

Normally, this would follow 
nursery (or glasshouse) 
screening trials 

Comparing local strains (any (FR) or (RCB) 
natural infection by
Rhizobium) with strains 
obtainable from Niftal. 

SpeciaZ 

suitabiZity 

For example for: All of these would involve 
* Shelter (wind--
breaks) 

• Dune fixation 
• Slope stabili
zation 

* Swamp drainage 

some selection of appropriate 
management treatments. 
For example: 

• planting-out techniques 
spacing 

All (0) 

* Land reclama
tion early training 

* Planted fallow 
* Browse resist

harvesting 

ance 
* Drought resist
ance etc. 
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Raising plant:s for field experiments Part 3D 

Summary statement
 

The objective is to produce the right
 
number of uniform, good quality trees at
 
the planting site. 
 In most cases seed
 
is used to raise plants in a nursery, but
 
direct sowing at the trial site is also
 
possible. 
 Seed testing (germination
 
tests) should be done under international
 
ru'es, and research may be needed 
on
 
storage and germination methods.
 

Key 	questions
 

1. 	How to ensure as much uniformity as
 
possible on the planting stock so 
as
 
to minimize unexplained variability
 
in the field plots?
 

2. 	How to make possible the use of direct
 
sowing in the field?
 

\¢N
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The answers to these questions lie in giving
 
attention to the following considerations.
 

Germination testing
 

This should be done under the ISTA (Inter
national Seed Testing Association) rules.
 
These cover:
 
o 	 Germination tests under controlled
 

condix:ions
 

* 	 Biochemical tests
 

o 	 Seed health
 

Plant raising
 

This involves decisions on the numbers
 
of plants needed for planner experimental
 
deqigns. The need is for standard, good
 
qulity, uniform material.
 

Research may be needed on:
 

" 	 Seed variability under various
 
storage and chemical treatment
 

* 	 Germination conditions - depth
 
of sowing etc.
 

" 	 Seedling management - soil mixture
 
(compost), shading, watering,
 
nutrition.
 

The purpose of the nursery work is
 

to produce information on:
 

* 	 Germination percentage
 

* 	 plant percent i.e. number of
 
plants for planting as a percentage
 
of number of seeds sown
 

* 	 actual planting stock for field trials
 

o 	 Information on juvenile characters 

* 	 Information for late use for juvenile/
 
mature correlations
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Direct Sowing in the field 


This is of great potential importance
for MPT's to be used by farmers.

Research may be needed on:
 

" When to sow
 

" Soil treatment moisture relation

(e.g. micro catchments)
 

" 
 Seed pelleting or fertilizer addtions
 
* Inoculation with rhizobia etc.
 

Nursery technology
 

Standard techniques are normally used,
though research may be neede 
to
identify optional plant production

systems covering
 

* Complete plants
 

- bare rooted
 
- in containers
 

* Incomplete plants (e.g. /stumps")
 

* 
 Soil mixtures
 

* Fertilizers
 

• Reproductivity of system
 

* 
 Pests and diseases
 

* Watering and shading regime
 

* 
 Selection of plants for uniformity
 

Definitions ofplant quality
 

These cover:
 

* 
 Root system (e.g. preferably fibrous)
 

* "Hardenup off"
 

* 
 Suitable root-shoot ratio
 

o Plant foim 
" 
 Freedom from pests and diseases
 
" 
 Incidence of nodulation etc.
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0 

Planting out
 

Standard planting methods, optimise the
 
following, through research if necessary:
 

* 	 Land preparation
 

* 	 Water conservation techniques
 

* 	 Uniform treatment in planting
 

a 	 well planned irrigation methodology
 
how much and when
 

* 	 Suitable soil inputs if needed
 

* 	 Cultivation as necessary
 

Good records of all activities.
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0 

Inoculation with Rhizobium 
 Part 5B
 

* Inoculation of seed of leguminous

species with a selected strain

of Rhizobium may, in some circumstances
 
provide more effective nodulation
 
and,perhaps, more effective

di-nitrogen fixation, than where
native rhizobia are relied upon.
 

Generally, the need for inoculation
 
should be established before
 
Rhizobium strain-seLection programmes

are undertaken and these may then be
focussed on, 
for example, effectiveness
 
in di-nitrogen fixation and hostspecificity, competitive ability in
nodule formation (persistence in the
soil may be of less importance with

trees/bushes) , , r specific characte
ristics such as tolerance of low pH
(e.g. with Leuceana inoculants).

However, there is little detailed
 
knowledge about nodulation and
 
N2-fixation for many FGNFT species
and field experimenters might wish to

inoculate seed of exotic and

displaced indigenous species 
as a
 
matter of course, using whatever
 
strain is available.
 

* Information about whether or not a
particular species (including non
leguminous symbiotic N2-fixers
 
have been found to fix nitrogen can
 
be obtained from:
 

The Niftal Project and Mircen
 
(Dr. J. Halliday)
 

College of Tropical Agriculture and
 
Human Resources
 

Department of Agronomy and Soil Science

University of Hawaii
 
P.O. Box 0, Paia
 
Hawaii 96779
 
USA.
 

or
 

The Nitrogen Fixing Tree Association
 
P.O. Box 680
 
Waimanalo
 
Hawaii, 96795
 
USA.
 

(and see Part 5B for Rhizobium Resource Centres)
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0 Inoculants are prepared by adding
 

pure cultures of the appropriate
 
Rhizobium strain to a finely ground
 
carrier base material such as peat
 
or other organic materials. Clean
 
washed seed (free of fungicides ard
 
other chemicals) is treated according
 
to the instructions received with
 
the inoculant. Usually this entails
 
mixing the peat-based inoculant with
 
water and a "sticker" such as casein
 
(or milk), gum arabic and sucrose
 
before applying it to the seeds by
 
shaking together in a beaker and then
 
allowing the seeds to air-dry in the
 
shade.
 

- for example, for small samples of
 
seed (e.g. l00-150g) use 150ml of
 
milk plus 15 g sucrose plus 30g of
 
peat-based inoculum (but the exact 
amount of the latter will depend
 
on the concentration of Rhizobium
 
in it)
 

- for precise investigations of
 
strain-host effects the seeds should
 
first be surface-sterlized
 
(thoroughly wetted for 3 minutes
 
in a solution of 0.2 per cent
 
mercuric chloride) and then
 
thoroughly washed (at least 3
 
rinses of 3 minutes each).
 

Points to note are:
 

- obtain a well-prepared inoculant
 
from a known source;
 

- keep it in cool storage until used
 
(note any expiry date);
 

- ensure that the seed has not
 
previously been treated with any 
chemical (or, if it has, wash
 
until it is all removed);
 

- sow as soon as possible after
 
inoculation and keep the seed
 
cool and in shade until then;
 

- do not mix inoculated seed with
 
fertilizer
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- in some cases, e.g. where the 


soil is acid,and fast-growing

acid producing strains are to be
used, lime-pelleting 
may provide

better nodulation.
 

0 	 In some cases, inoculation with
 
Rhizobium and a mvcorrhizal
 
organism (e.g. Glomus sp) has been
shown 
to improve nodulation, growth,

reproductive capacity and yield
(of leguminous herbaceous crop
species) 
as 
compared with rhizobial
inoculation alone. 
 It may, there
fore be 
as well for indigenous tree
species,to mix some soil into the
 
nursery compost from a 
local stand
 
of the species concerned.
 

/1 
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Plant Assessment 	 Part 3E
 

The plant characters measured and
 

recorded, and the method used, will
 

depend on the experimental
 

objectives. Adequate data (i.e.
 

not too few or too many) are required
 

and much depend on the levels of
 

resources and skills that are
 

available.
 

The following is 	a check list of
 

the kinds of attributes that might 	 and Part 5D gives
 
guidelines on
be included, taken from a much 
 general purpose
 

expanded version of the Manual. photography
 

Leaves
 

Morphology
 
Anatomy 	 For taxonomic purposes,
 

and in relation to response
 
to environment
 

Phenology or Leaf flushing times/durations
 
state and leaf longevity
 

Chemical 	 Soil nutrient availa
composition 	 bility; food, fodder,
 

mulch values, taxonomy,
 
physiological condition
 

Physical 	 Weight; leaf temperatures,
 
light reflectance/
 
transmission for physio
logical studies
 

Microbiological 	Phyllosphere
 

Pests and Identification of causal
 
diseases organisms
 

rrown/Canopy
 

Morphology 	 Size and shape ref. species
 
and environment; community
 
form
 

Phenology or Seasonal changes and effects
 
state on light distribution,
 

throughfall etc.
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Physiological 


Pests and 

diseases
 

Buds
 

Morphology 


Anatomy 


Phenology or 

state 


Physiological 


Pests and 

diseases 


Stems
 

Morphology 


Antomy 


Phenology or 

state 


Chemical 

composition 


Water loss estimates,
 
radiation (light

distribution) measure
ments, light interception.
 

Whereabouts in crown
 

Type and characteristics
 

Of axillary and series, and
 
in relation to plant form
 

Dormancies and growth flushes
 
pollination/fertilization,
 
fruit drop etc.
 

Bud temperatures, water
 
potentials, hormones 
- for
 
growth regulation studies;
 
plastochron/phyllochron for
 
growth and flowering
 
behaviour
 

Special pests (e.g. thrips)

birds and some plant diseases.
 

Diameter at base/breast
height/top to estimate
 
taper and volume; form
 
(straightness); forking/
 
branching; bark; thorns.
 

Of wood (for taxonomy);
 
fibre length etc; texture;
 
grain indication; figure;
 
heartwood; sapwood.
 

Linear changes; season of
 
bark formation; branch
shedding; production of
 
extractives
 

Extractives and exudates
 
(including quality);
 
carbohydrate reservzs;
 
analysis of major and minor
 
elements.
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Physical and 

phsoecical

properties 


Physiological 


Miscellaneous 


Pests and
 
diseases 


Fruits and Seeds 


Morphology 


Anatomy 


Phenology or 

state 


Chemical 

composition 


Physical 


Physiological 


Microbiological 


Miscellaneous 


Pests and 

diseases 


Colour/density; r.lorific
 
value; fuelwood properties;

strength properties;
 

processing properties;

finishing and preservation
 
characteristics; veneer and
 
pulp paper properties; fire
 
resistance (in the field);
 
weight
 

Water potentials; sap studies
 

Epiphytes
 

Stem cankers, galls, wood
 
borers etc. Resistance to
 
termites.
 

(Flowers may be important
 
taxonomicaily)
 

Size, shape, colour, surface
 
characteristics; variability
 

Ovule development; fruit growth
 
(parts); seed characteristics
 
and relation of seed to fruit
 
growth during development
 

Time of flowering and fruit
 
set; pollination time; duration
 
of fruit maturation period;

site of fruiting points
 
source / sink relationships
 
and environment); affects of
 
weather; size of fruiting load.
 

Standard analyses for nutrient
 
composition, total carbohyd
rates, oils and fats, fibre,
 
vitamins
 

Seed storage requirements
 

Growth rates
 

Mycotoxins
 

(Permits for movement)
 

Will include mammalian and
 
avian pests, as well as
 
insects such as bruchids etc.
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Roots 

Morphology 


Phenology or 

state 


Chemical 

composition 


Physical 


Physiological 


Microbiological 


Pests and

diseases 


Rooting habit and type of roots
 

Evidence of root elogation

and of root death and decay
 

Carbohydrate analysis of main
 
root tissue; extractives
 

Weights (but cleaning roots is
 
is difficult), distribution
 
of roots of different kinds
 
can be useful.
 

Root activity: by observation
 
of live, fine roots in soil
 cores; 
soil water profiles;

radio-isotope techniques
 

Seasonal occurence of root
 
nodules 
(from soil cores);

estimates of N -fixation using

ethylene reduction technique;
 
net increase/decrease in

nitrogen in topsoil (given

only partial balance); total

N-balance using radio-isotopes;
 
cuvettes, detailed soil/plant

N-status, samples for free
living N2fixers; micorrhizas
 
(plant samples).
 

Sampling for soil borne pests

pathogens and diseases roots

(if symptoms apparent); weed
 
allelopathy.
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Climatic measurements 	 Part 3E
 

Measurements can be local or
 

distance-recording, instantaneous
 

or continuous 	(and, hence,
 

integratable with time through the
 

use of data loggers). All
 

intruments need calibrating and
 

checking frequently. Careful
 

choice of representative site for
 

measurements is critical.
 

Temperature and heat flux
 

General 	 Take as instantaneous
 
measurements or integrated
 
with time ("day-degrees")
 

Instruments 	 Differential expansion
 
thermometers (liquid in glass,
 
liquid in metal,bimetallic
 
strips); electrical resistance
 
thermometers, thermocouples
 
heat flux plates, diodes and
 
transistors; katathermometers;
 
radiation measurements (for
 
surface temperatures) chemical
 
transformations (involving
 
sugars and polarimetry).
 

Air humidity
 

General 	 Expressed as vapour pressure,
 
saturation vapour pressure,
 
relative humidity, saturation
 
deficit, mixing ratio, or as
 
dew point (a temperature).
 
- see definitions in glossa.ry.
 

Instruments 	 Hygroscopy; water vapour sensors;
 
hygrographs; psychrometers; wet
 
and dry bulb thermometers
 
(ventilated or unventilated);
 
absorption methods; electrolytes
 
or substances 	which change
 
electrical resistance/capacity.
 

http:glossa.ry
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Sunshine and radiation
 

General 
 (a) short wave radiation
 
(light) 0.3 - 4.Onm;

(b) photosynthetically active
 
radiation ('PAR') 0.4 - 0.7nm
 
approx.45% of (a)

(c) terrestrial radiation 
(4-100nm)

for water balance studies;

(d) total radiation (0.3 -100nm),

seldom needed.
 

Instruments 
 Sunshine sensors ("Campbell-

Stokes), gives "duration of
 
hours of bright sunshine;' not
 
solar radiation; radiation
 
sensors 
for (a) above e.g.

metallic or thermopile

actinographs (exposed black
 
and shaded, or black and white
 
surfaces) such as 
the Kipp
 
or Eppley "Solarimeters";
 
t',e Gunn-Bellani pyramometer
 
..asures accumulated distillate
 
along a heat gradient. Net
 
radiometers 
(for energy balance
 
studies) use heat flux sensors
 
with thermocouples.
 

Precepitation
 

Geneal 	 Measured as depth. Representa
tive site often difficult to
 
select
 

Instruments 	 Non-recording or recording (the

latter are well-worth the
 
expense); totallising raingauges

(plastic) are read at rela
tively long intervals; dew
 
gauges (hypgroscopic plate 
or
 
paper); wetness recorders.
 

Wind 	 Used in Penman estimates of
 
potential evapotranspiration
 
measured as "wind run", wind
 
speed and direction
 

Instruments 
 (Freely exposed site essential.)
 
Wind vane (direction);
 
anemometers 
e.g. cup, propeller
 
vane, pitot tube, hot wire etc.
 

http:approx.45
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Evaporation
 

General 


Instruments 


Water loss from a surface
 
depends on air humidity,
 
turbulence, surface roughness(etc.)
 
temperature, radiation and
 
atmospheric pressure. Is
 
expressed as a depth of water
 
evaporated.
 

Direct measurements:
 
evaporimeter (qualitative);
 
evaporation pans (can be
 
continuous recording);
 
lysimetry and evaporimeters.
 
Indirect measurements: can
 
also be estimated by the
 
use of various empirical
 
equations e.g. Penman, Blaney and
 
Criddle, Monteith etc.
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Monitoring soil changes 
 Part 3E
 

* 
It 	is essential to determine the

soil conditions at the start of 
a
 
trial.
 

* 
The growth of trees normally has

favourable effects on soils. 
 These
arise from the well-developed root
 
system. The protection from

raindrop impact by the canopy, and
above all the addition of organic

matter and nutrients from the leaf
 
litter.
 

" 
It is clear that different species

vary in their potential to provide

such ameliorating effects. 
Monitor
ing of the soil changes under trial
 
sites can contribute to building
 
up a body of information on this
 
important subject.
 

" 	Measurement of soil biological and
 
chemical changes.
 

- techniques for this 
are relatively

simple, consisting essentially

of 	a systematic programme of soil

sampling and analysis, repeated

annually (or at 3-year intervals)

for the duration of the trial;
 

- sampling: do it 
prior to vegeta
tion clearance, if possible;
 

design: 
 topsoil (0-20cm) and at

least one lower horizon (45-55 cm
is 	recommended). 
 Sample according

to a grid (dimension depends on
variability and size of area/plots)

composite samples essential 
(over

a 10m radius arounid grid points);
 

- Analysis. Organic C and/or total
 
organic matter;
 

properties 
 of the exchange complex

(e.g. pH, CEC etc.)

Available P (state method).
 

* 	Measurement of soil physical changes.

Techniques are more 
specialized, requir
ing special sampling methods.
 

- dry bulk density (undisturbed cores,

special auger);
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- infiltration capacity (field test,
 
double ring infiltrameter);
 

- water status: field capacity and
 
wilting point, soil available
 
water capacity (indirectly,
 
using gravimetric sampling,
 
electrical resistance blocks,
 
tensiometers or neutron probe:
 
(construction of soil moisture
 
tension curves enables tension iA
 
relation to water status to be
 
evaluated, and vice versa) or
 
directly by undisturbed cores
 
in special rings.
 

" 	Monitoring of soil erosion; requires
 
specialized installations. This is
 
desirable in regions and trials
 
where potential for erosion control
 
is considered important.
 

- run-off plots
 

- wash traps
 

" 	Soil description and classification:
 

Note the following:
 

- soil surface (e.g. stoniness)
 

- soil profile, topsoil (0-20cm) and
 
subsoil (50cm) spacifying:
 

colour
 
motting
 
texture
 
stones and gravel
 
organic matter
 
laterite
 
nodules
 
other secondary materials
 
(calciam carbonate etc.).
 

- also, as whole:
P 


drainage class
 
effective depth
 
soil class (according to FAO, US
 
Taxonomy or ORSTOM).
 

LI 
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Evaluation and Assessment - with special Part 4A82 
Reference to Mixed Cropping
 

(and see 6A for
 
Summary statement: economic considera

tion:
 

When MPTs - and 6B on 
evaluatare used in species mixtures, 
 ing agroforejtry

in some way or another, they often involve system.
 
a change in dimensions of both space and
 
time, and an increase in the range of the
 
diversity of such dimensions, as compared

with those usually found in agriculture.
 

Even foresters, concerned with mixtures
 
of tree species of various structures
 
and life durations are not usually
 
involved in optimizing productivity
 
from the lower or ground stories.
 
This has implications for intercropping
 
and other forms of mixed cropping
 
research with MPT's.
 

Key questions6 

1. How do we 
set about making initial
 
choices of trees and crops for possible

associations in particular landuse 
 see also 4B
 
systems?
 

2. How can we 
best study the ways of
 
optimizing tree/crop association? 
 and 4C, 4D
 

3. What experimental procedures are
 
available for testing any particular 
 and 4D,4E
tree/crop combination and comparing 


4F
 
it with others?
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* 	Before starting work with tree/crop
 
mixtures it is assumed that there is
 
sufficient knowledge about the
 
agricultural crop component and
 
that the MPT species has at least
 
been tested for adaptability and
 
general behaviour (phenology,
 
growth characteristcs etc) and 4C
 

* 	 In species mixtures objectives may
 
not be merely to maximize overall
 
yields. The exact objectives must,
 
therefore be clearly stated before any
 
experiments are planned. and lB
 

* 	Very large numbers of variables (and
 
levels are involved in mixed cropping
 
trials. In order to limit the size
 
of an experiment it is often tempting
 
to assemble 'packages" of trcraunents
 
which appear to have direct practical
 
relevance, rather than to study the
 
underlying causal environmental
 
and managemental factois. The
 
former procedure may sometimes be
 
expedient but treatments are usually
 
highly - confounded and their
 
interactions, being strongly site
regulated, limit the value of the
 
results.
 

* 	Thus experimental programmes may need
 
to be broken down into a few, relatively
 
simple field experiments, or trials, if
 
the problem is to be contained within
 
the resources available. In particular,
 
if work is concentrated on studying the
 
"tree/crop interface",the information and 4D
 
obtained can readily be extrapolated
 
to hypothesize about any kind of
 
landuse system using the same plant
 
components, whether as a mixture or
 
as a zonal arrangement.
 

* 	Another important decision for the
 
researcher is whether it is better, at
 
the experimental stage reached, to try
 
to 	compare actual yields, or to test
 
plant responses, or both. Quantitative
 
estimates of the effects of treatments
 
on yields may often require fairly
 
substantial resources in mixed
 
cropping trials whereas plant response
 
tests occupy less space (although
 
measurements are taken) and they can
 
sometimes be adequate to predict yields.
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* 	All this points to d series of small


trials that are planned so as to provide
a continuing output of information that 
 and see 3A
will, ultimately, provide all that is
 necessary without having to wait many years.
 

* 
in evaluating intercropping experiments

the extent to which interference between

plots results is mutual inhibition,

mutual co-operation or 
some form of
 
compensation depends on:
 

- the extent to wi.Lch the individual
 
genotypes influence the basic

"aggressivity" of each species.
 

- the general level of environmental
 
resources 
under which the test is
 
being carried out.
 

- site and season -imposed restraints
 
on 	environmental resources, in so 
far
 as these are different from the
 
mean.
 

- the overall level of plant density

stress involved (including the

"intimacy" of the mixture.
 

* 	 Agriculturists use the "land equivalent

ratio" to describe the yield results
 
of intercropping trials with plants of
 
a similar or comparable stature, i.e.
 

LER = La + Lb - Ya + Yb 
Sa +-

Where La and Lb are 
the LERs for the

individual crop species 
'.n 	the
 
mixture, Ya and Yb 
are the

actual yields of the intercrops,

and Sa and Sb are their yields
 
as sole crops.
 

There are problems in relating this to tree
 crops (which occupy the land continuously

and not seasonally), 
where canopy (or

root) spread are more relevant than
plant numbers per unit of land in some
 cases, and where the sole crop yields (for

any particular product output) will be
af.octed in different ways by a change in
 
plant density.
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been proposed to serve as a more
 
universal measure.
 

CR = Actual yield of (a) Actual yield of (b)
 
when intercropped t when intercropped
 
Expected yield of Expected yield of (b)
 
(a) when inter- when intercropped
 
cropped
 

Again, it does not take crop duration
 
into account, or ways of handling the
 
different forms of harvesting
 
periods. "Aggressivety" may also be
 
affected, at different times by the
 
phenophases being undergone by
 
the woody species. Thus a relatively
 
"simple" index, or measure, to
 
interpret the results of inter
cropping with trees grown with low
stature, short duration crop mixtures
 
needs careful consideration. This
 
is a further arguement for trying
 
to evaluate species responses as
 
much as possible, in order to draw
 
some conclusion: about the general
 
behaviour of them in a mixture, for
 
both design prediction and manage
ment selection, even if the results
 
are not as precisely quantitati/e
 
as one would wish at this stage. 


Optimizing tree/crop combinations 


- An initial agronomic/sylvicultural
 
choice.
 

Once a selected list of potentially
suitable tree/shrub and agricultural
 
crop species has been defined for a
 
particular area (or site), a final
 
selection can b,. made by checking
 
against the points listed in Figure 12.
 
Starting first with one of the
 
agricultural crop species, and then
 
a woody one listing the good and
 
bad points as they occur, until the
 
choices become clearer, and so on
 
with another pair.
 

For agricultural crops a selection
 
of genotype (crop duration) and time
of-planting is critical, for trees/
 
shrubs their phenology and the ways
 
in 	which they can be manipulated
 
(trained or pruned) are fundamental
 
issues. The inforamtion obtained
 
as sole crops has then to be tested
 
in mixtures.
 

and see 4A
 
supplement
 

and 4C
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FIGURE 12
 

LT±TIPURPOSE TREES| 
7 AGRICULT0pI CROP 

FFECTSON MP' 
EFFECTS ON
PRODCTV 
 SUSTAINADILITY/ 

EF'ECTS ON CROPPRODUCTIVIT'Y EFFECTS ONENVIRONMENT 

PRODUCTIVITY 
 SUSTAINABILIT'." 

ENVIRONMEN4T 

CHOICE OF I[ITIAL PLANTING 
PERIOD 

COC FCOP1GPRO
 

TREE POPULATION/ARRANGEMENT
AND ANAAGEMENT REGARDCROP FORMAND DEVELOPMENT WITH|TO SPACING/PLANT
 

ARRANGEMNT 

CHANGES WITH TIME ChANGES WITh TINC 

Short-term 

Short-term
 

Nediuni-term 

Medium-term
 

Loong-term
 

Long- term
 

I~ gtr 


HARVESTING 


STING 

PLANTING 
FlWING/PLANTING 

FLOW4CHARTSHOWING STEPS TO CONSIDER IWIIENATTEMPTINGOPTIMISE MPT/AGRICULTURAL TO
CROP COMBINATIONSGENERAL THROUGHAAGROUOMIC/SYLVICULTURAL APPROACH. 

Pairs of tree/crop selections 
can be consideredone time, at any
treating these successively if 
there are more
than two plant components, 

crop and 

Start with the agricultural
then "match" the MPT as well 
as possible,
reiterating the process 
as necessary.
The steps are described more fully in the te:ct ,hatfollows.
 

(revised version or .n ECRA' in-house paper by
P.A. Huxley, JutIc 1979). 
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The tree/crop interface - or simplifying Part 4D
 
the biological/environmental study of
 
mixed croppings agroforestry systems
 

Briefly, the study of a complex
 
multistoried agroforestry system
 
(shown in plan in Figure 13) may best
 
be attempted by breaking it down
 
into its several "interfaces" (Figure 14
 
and 15) between the different plant
 
species (tree/tree, tree/crop, tree/
 
grass etc), and examining the results
 
of environmental resource-sharing
 
along a transect through the points
 
where interference no longer occurs
 
(Figure 16). This might be done using
 
sophisticated instrumentation
 
or just by critical observations,
 
depc.ding on what is available and to
 
what detail the information is
 
required.
 

Similarly, the interface approach can
 
be used with an investigation of a MPT
 
species at the stage where it is neces
sary to know how well or badly it
 
will associate with other species,
 
usinq simple field layouts (geometric
 
designs, systematic designs), or the
 
opportunities presented by appropriate
 
mixtures in plots in some more
 
conventional layout.
 

Table 10 shows how "tree/crop interface" 
studies may fit with other steps in 
the investigation of MPT, and Table 11 
the type of information to be collected 
from a "tree/crop Interface': transect. 

and see 4A & 4C
 

and 4G for the use of
 
multivariate techniques
 
investiqating agroforestry
 
system.
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Table 10 Steps in understanding the biological/

environmental complexities of
 
agroforestry land use systems.
 

Detailed description
 
of agroforestry systems

in biological/environ.
 
mental terms.
 

Biological/environ " I Survey 
methods


mental measurements 
 I
 
at th. site followed 
 In-eitz*
by appropriate bio-
 analysis of
metrical analysis 
 field situation
 
(in some cases multi
variate techniques
 
may be useful)
eTree/crop
 

Modifications 
 Establishment
- as above interface(Perturbations) 
 of experimental trials for
and re-analysis 
 layouts, 
 initial
 

investiga
tions.
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TABLE 11 INFORMATION TO BE COLLECTED FROM A TREE/CROP INTERFACE TRANSECT 

VR - Visual Records - (see also Appendix for complete list) 

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

Type of information How obtained Comments
 
...................-------------------------------------------------------------

1. 	Plan, characteristics (less
 
sportant items in brackets)
 

Morphology
 
- mainstems Visual/photographic Weekly notes
 
- branching records and and/or measure
- habit tdpe measure ments are
 
- vegetative growth sufficient
 

flushes
 
- leaf fall
 

Development
 

- floweriig Visual/photographic Sample branches/ 
- time(s) of flowering records plants can be 
- fruit set plus simple weighingj labelled at the 
- fruit/seed size/ equipment start. 

numbers 

Stress/shelter
 
effects 

- water stress Soil/plant water Some water measuring 
- (water conser-
vation) Vn 

potential equipment 
light meters 

equipment 
desirable 

is highly 
- otherwise 

- shading plant analysis/ visual records of 
- nutrient defi- fertilizers plant and soil condi

ciencies tions (by digging) 
will have to serve. 

General - yield/biomass (of Drying ovens/balances
 
aqric. crop)
 

- plant condition 
- pest/diseases VU 
- msnagement records written notes 

2. Environmental changes
 

Short-term
 
- (wind
- (humidity/dew)- hand anemometers May help clarifying 
- (uidit/ew) '- dew gauges plant responses and 
- topsoil water statu l small collecting rain visual records will 

- (soil temperatures) gauges certainly help 
- light distribution - soil water measuring Will reflect canopy 
- total intercepted equipment 

light. - soil thermometer changes 
- light measurement This should be 

integrating light attempted if at 
measurement all possible 

Long-term - soil fertility changes - Litter traps, O.M. 
- soil less/compaction analysis 
- (Soil ft una) Physical/chemical Essential to 

soil analysis compare tree and 

percolation rate atiri.crop effects on soil
 

levelling pegs/bulk
 
density


samples for identification
 

(\
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Figure 13 3
Plan view of a 
-component, multistoried
 
system. 
Varying distances are 
involved
between the same 
species and between any
two component species in this relatively

complex form of 
land use.
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Figure 14: 	 The key to understanding the complex 
agroforestry system shown in Figure 1 -
the interfaces between pairs of component

species. 
 It may also be 	of interest to
examine the sole 
crop interactions (A/A,

B/B and,certainly, C/C).
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Figure 16 	Two simple geometic designs. In either the
 
tree/crop interface can be studied along
 
transects a to a' (a"). The circular design

takes into account bias introduced by orienta
tion (sun angles, prevailing winds etc).
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Systematic designs can be useful 
in the following circumstances wheninvestigating the effects of changes
in density stress during preliminary
tests with a MPT species; when this
factor needs to be considered in 
relation to management treatments 
(e.g. pruning or lopping); and also
when the relative spacings of tree/
crop mixtures ,ced to be looked intc. 

Such designs are particularly useful 
in studying plant responses and they
will usually be followed by further 
focussed trials using more robust 
designs. 

Advantages as
designs 

compared with conventional 

* Systematic designs occupy a much smaller 
space than randomised block or other 
conventional layouts. 

* Relatively fewer plants will be needed
(but this saving may not be as great
as expected due to the higher population
densities usually being tested). 

* The percentage effective experimental 
area is proportionally much greater
than in conventional layouts that
include spacing as a variable, as these 
ave to incorporate multiple internal 
guard rows. 

* The range of levels of the experi
variable under test (for example,
spacing) can be greater than in aconventional layout, and it can
easily incorporate extremes so as to 
obtain a better appreciation of plant
responses to "density stress", or 
any other imposed management factor. 

* Systematic designs can provide an easily
observable response to a treatment, sothat they are useful as demonstrations. 

Disadvantages as 
designs 

compared with conventional 

* Systematic designs required a greater
level of skill to layout in the field. 

cK\ 
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" 	Each plot must be sited on an area that
 
is environmentally very uniform (not so
 
difficult as they each can take up only
 
a limited space).
 

" 	They are susceptible to damage and need
 
consistent care and attention so as to
 
maintain a high level of management
 
(e.g. weed control) throughout the
 
plot.
 

" 	Although they can, and should, be
 
adequately replicated (preferably
 
using different compass oritentations)
 
the data is basically evaluated only
 
by regression analysis (for example
 
yield on plant population).
 

" 	Unwanted variability will occur if
 
either:
 

- the genetic material used is itself
 
variable, or
 

- extreme care is not taken at
 
planting, together with early and
 
proficient gapping-up.
 

In addition, particular rows or parts of
 
rows in a systematic spacing layout may
 
sometimes show a degree of unexpectedly
 
dominant or suppressed growth. Any such
 
effects can be obviated by displaying
 
the data in the form of running means.
 

e 	All the outer rows of plants in syste
matic design are usually discarded as
 
"guards" but, especially in spacing
 
trials, the area of high plant density
 
will require several additional guard
 
rows in order to eliminate any "edge
 
effects". Or the design should incor
porate a number (5 or 6) of additional
 
'dense' steps which are not required.
 

Figure 17 shows an example of a parallel
 
row design with management treatments (A-K)
 
superimposed and Figure 18 a double,
 
superimposed parallel row layout for
 
obtaining information, simultaneously,
 
about the effects of plant density on a
 
MPT, an agricultural crop, and their
 
mixture. In Figure 19 a simpler type
 
of systematic layout is illustrated that
 
might be useful 'on-farm' trials and
 
demonstrations.
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Ii~ TRE E( 

CROP 

IHIVI IlFigure 1 J IfTwo superimposed pa-allel row designs 
for testing the effects of simultaneously

changing plant density in both a tree and
 
a prop species. If the tree parallel row
 
is extended a second crop layout could be
 
fitted in.
 



TILLED UNTILLED 
GOAT-PROOF 

FENCE 

'kC 
D E 

Ratio 
crop( 
bush 

r 
I 

(*in plot A no mulch available, but crop residues should be left) 

Figure 19: A systematic design for an on-farm trial to investigate the effectsof woody model on tilled (hoed) and untilled land. The differentareas of bush provide varying amounts of mulch material to theiradjacent cropped plots (from Huxley, 1980). 
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Considerations when Experimenting Part 4E
 
with Changing in Plant Spacing
 

* 	Crop yields and the yield of tree
 
products are all highly dependent
 
on plant density (plant population
 
per unit area of land). Two other
 
underlying variables are
 
'Rectangularity" (the ratio of
 
between- to within-row spacing)
 
and "Plant Arrangement" (e.g.
 
the positions of plants within
 
a row in relation to those in
 
adjacent rows).
 

" 	The resource-sharing capacity of
 
woody perennials can change
 
markedly with age (they may be
 
'dominated' plants when young and
 
'dominant' plants when mature).
 

" 	Spacing on its own is only one
 
factor by which the intimancy
 
of a crop mixture can be altered.
 
Others are management (pruning,
 
lopping) of the tree component
 
and manipulation of time-of
planting of the crop, together
 
with the sel3ction of cultivars
 
with appropriate crop durations.
 

* 	The manipulation of rectangularity
 
in row-cropping si'uations
 
(Figure 20)can be a powerful tool
 
to obtain productive species
 
mixtures involving a MPT and an
 
agricultural crop. "Alley cropping"
 
is an extreme example of this.
 

and see 4C & 4F
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Rectangularity (R) 

Figure 20 
 Different rectangularities (right) and the way in which plant population per unit

area changes with a change in rectangularity if the in-row spacing remains the
 
same (left). 
 Changes in the nominal allocated area (assuming the species A is

a tree and it occupies all the land at its optimum plant density at rectangularity
l)are shown on the right-hand axis,but the actual area utilized by each species
 
will be more in the direction of the dotted arrow as 
the tree matures and its
canopy and roots spread to the between-row space.
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M.A.I. 

Total 
woody 
biomass
 

Plant'. 9 ens Ca 
2000 =2o don, h
 

(b) 
M. A.I., 

Merchantable
 
:imber
 

F E 

Planting de-nsial A 

500 
_ s "..
trees/ha 

Figure 21 Effects of planting density on the mean annual
 
increment (MAI) of trees grown for woody biomass (a)
 
(branches and stems of any diameter) and merchantable
 
timber (b) stems above a given diameter). Note that
 
there is an optimum density for woody biomass as
 
well as timber production, and that thinning will
 
move the population in the direction A to F. Remember
 
that closely spaced trees will be small in diameter,
 
but not necessarily height, and that, in unthirned
 
stands, the number of trees at harvest will be less
 
than at planting owing to self-thinning. From
 
Cannell,M.G.R. 1983. Plant population and yield of
 
trees and herbarcous crops, pp. 489-502 in P.A. Huxley
 
(Ed) "Plant Research and Agroforestry", ICRAF. Nairobi.
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Figure 23 Changes with time of total biomass accumulation per
unit area of land for different plant densities of a
woody perennial species. 
 Eventually the net annual
increment due to carbon fixation and mineral uptake
will be exceeded by losses 
(parts shed, total respiration
and this will happen sooner at high plant densities.
 

92a0000t-

Figure 24 Changes in annual fruit yield with time for a woody perennial
species planted at different densitias. Small 
amounts of
fruit per plant 
can give substantial yields per unit area
at very high plart populations early on, but increasing
densities 
(and the development of pests and diseases) 
can
make such unpruned stands rapidly unproductive. 
 Mid-level
 

50o. 1o9 en,;, 

populations will attain maximum yields per unit area 
later
but possibly become unproductive less quickly. 
Low levels
of plant population will give Innger individual tree yields
but too wide a spacing will limit yield per unit area 
(although
it may make management easier). 
 Prun~ing 
at any time will
shift the response to the left. 
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* 	Plant density greatly affects the
 

size of individual plant parts.
 

* 	 The reciprocal yield equation can
 
usefully describle both the
 
asymptotic (total biomass) and
 
parabolic (plant part) yield
 
relationships which are density
dependent.
 

1 8 =a +bx 
w 

where w = mean weight of an individual plant 
x = plant population per unit area 

a&b = a constanst and a coefficient, 
respectively 

e = 1, when the yield response is 
asymptotic 

6 L 1, when the yield response is
 
parabolic
 

Figure 21 shows the two basis yield/
 
density relationships, Figures 21b and
 
c the effects of increasing the
 
rectangularity, and Figure .21d the
 
likely changes due to changing plant
 
stress factors (soil and climate).
 

* 	 The distribution of dry matter within
 
the plants density and, as MPTs are
 
grown for various product outputs, it
 
is useful to know how yields of various
 
kinds will be changed with time in this
 
respect. Figures 22, b, 23, 24 and 25
 
give hypothetical em:amples that can help
 
in research planning. Table 12, similarly
 
provides a means of calculating in
and between-row spacing when maintain
ing equal, or any stated fraction, of
 
a chosen maximum plant density, while
 
changing the rectangularity (and the
 
reverse).
 

" 	 Finally, Figure 26 shows the steps to be
 
taken in making decisions about plant
 
density, rectangularity and arrangement
 
when planning experiments involving
 
such changes.
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F'igure 21 (a)Basic yield per unit area 
(y) plant density (P)
relationships

(b)(c)The effects of increasing rectangularity on an
asymptotic and parabolic relationship, respectively.

(d) The general trend in 
a parabolic yield/density
relationship brought about by changing soil
fertility and climatic stress.
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Figure 25 Changes with age in the yield of leafy shoots
in hedgerows with different within-row spacing.
Assuming no over-browsing or excessive lopping and
that hedge height is restricted to that achieved
after 4-5 years. A decline in the numbers of active
vegetative buds available may sometimes occur with
some species 
(e.g. tea) after continued pruninrj of
 
leafy shoots.
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SECTION ONE
 

PART 1B
 

Introduction
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Some General Considerations
 

1. The species
 

The genera and species of woody perennials that
 
we are concerned with in this type of study are very
 
diverse in habit, growth characteristics and
 
phenology. Many of them, unlike the trees grown

solely, or principally, for roundwood timber pro
duction, are of small or medium height and have
 
a branching habit; some are bushes.
 

2. Management
 

In many land management systems the woody perennial
 
components may be grown, although still on the
 
same unit of land, either separately from the
 
crops, or intermixed in some way with them. In
 
the former case they may be managed quite
 
differently from the normal ways in which
 
conventional "forestry" species are handled silvi
culturally. They are likely to have a different
 
plant habit and they will be managed so as to
 
encourage a range of outputs. If they are to be
 
separated from the crop species, in time for
 
example if we are using them in the form of a tree
 
fallow, then factors such as site enrichment,and
 
even of clearing,become especially important to
 
consider.
 

When intermixed intimately with crop species or
 
grasses there will be additional constraints on
 
the management of woody perennials involving, for
 
example, training, lopping or pruning so as more
 
closely to regulate their growth, habit and
 
development in conformity with the needs of the
 
crop, or crops, with which they are closely

associated. The agricultural crop species and/
 
or grasses may also need to be selected so as to
 
optimize their production under the changed
 
environmental conditions imposed by the woody
 
perennials.
 

This possible high level of interaction with
 
crops, and the compromises that ensue with regard
 
to management, imply that the field evaluation of
 
multi-purpose woody species will logically involve
 
four stages: elimination trials (survival);
 
vigour/phenology trials undertaken so as to select
 
appropriate genetic types for specific locations,
 
and involving minimal management; performance/
 
management trials; and then the evaluation of
 
selected species together with their relevant manage
ment in appropriate land use systems.
 

In practice, there may have to be some overlap
 
because of the considerable pressures obtaining to
 
provide "best-bet" technology for urgent develop
ment schemes. Procedures for such trials will
 
follow those already well established by foresters
 



and tree crop specialists. 
But a nuniber of additional characteristics will need to be measured
 
The final trials of woody perennial components within
a systems context involves a much wider range of
research complexities (in terms of choice of
associated crop, the geometry of the system, etc),
and a basic implication is that this type of
investigation has, at as 
early a stage as possible,
to be carried out under conditions which relate to
those found on cultivated lands range/pasture

lands/degraded lands etc.
 

3. Multiple outputs
 

Onefurther important issie is that the outcome of
comparative species and provenance trials will
delend, to a large extent, on the exact requirements that they are 
expected to fulfil in any
land use system. Indeed, this has to
be borne in mina from the start of the exploration
stage onuards. 
 Unlike the selection for a singleoutput character (e.g. timber of some specified
quality) the multiple output function of most
species cf interest implies 
a more complex selection process. 
 Thus the "best" species (or
provenance) will depend not only on vigour, growth
characteristics, resistance to pests and diseases,
and those attributes which enhance the selection
fitness 
to the site, but also on some combination
of characteristics such as palatibility and
nutritional status of the foliage and/or fruits,
density and calorific value of the wood, nutrient
re-cycling capacity, and shelter attributes 
etc.
In other words its "productivity" with regard to
a whoZe range of outputs. This aspect will demand
attention not only in the kinds of measurements
made but in the very design and layout of the
fie'L 
 trials themselves. Furthermore, there has
to be some logical basis for analysing the trial
data in a way that will assist the selection
 
process.
 

4. Yield and management
 

Selection is made even more difficult by the fact
that certain management options may drastically
effect the yield of particular plant parts in a
way that individual species will respond to
differently. For example, grown at wide spacing
and left unpruned or unlopped Species A may appear
to be the best yielder of fuelwood for a particular
site. 
Grown at closer spacing and lopped sequentially it may be much lower in the ranking order
of species being tested. 
Again if 
two species
being compared can be utilized for animal feed,
but one provides mainly pods and the other
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palatable foliage, the trial layout and selection
 
procedures become even more involved. These two
 
examples serve to indicate some of the problems,
 
and they highlight the need to plan species and
 
provenance trials in a phased manner and with
 
very clearly established objectives.
 

In general, much more will be known about the
 
productive potential and management of the
 
agricultural crop (or grass) components which it
 
is intended to include in trials which involve
 
any combinations of woody species and agricul
tural crops;at least in term of their responses
 
as sole crops. This is a situation which is
 
likely to persist for a few years to come.
 

Certainly, much information needs to be obtained
 
about the performance and response to management
 
of any woody species before it is brought into an
 
evaluation stage within a selected agroforestry
 
system, or systems. This may entail the inclusion
 
of small "satellite" investigations in the first
 
phase of comparative trials which are designed to
 
provide as rapidly as possible some basic informa
tion about the grow 1, development and responses
 
to management of the species involved. Such
 
simple investigations could start with single tree
 
plots and, although replicated, these need not
 
lay undue emphasis on statistical evaluation but,
 
rather, be regarded as providing useful indicative
 
information where little or none was previously
 
available.
 

These comments emphasize a requirement to revise and
 
evaluate our whole approach to the collection and
 
acquisition of "MPT" germplasm and its subsequent
 
examination in the field.
 

Before going into details we may remind ourselves
 
briefly, in the following two sections, of some
 
underlying concepts which are basic to our under
standing of the part played by woody perennials in
 
agroforestry land use systems, and of our perception

of their various roles. Of course MPT's will also
 
be required in land use syst-ms which are not strictly

agroforestry i.e. for fuelwood plantations, for anti
desertification or soil erosion programmes, and so
 
on.
 

/
 



Land Development and Agroforestry Research
 

1. Trees in the landscape
 

Agroforestry is concerned with "Trees in the

landscape" and it involves the more or less
intimate association, temporally or spatially, of
different plant components, always including woody

ones, on the same unit of land. 
When plant

components are sharing space they 
can be arranged

zonally or in mixtures but in either case 
they will
be associated closely enough to interact with one
another in some way, either through environmental
 
processes or through management (e.g. the transfer
of material or litter from one 
zone to another).

Thus agroforestry is concerned with 
"trees" not with
forests, and the many roles which these trees 
(or
woody perennials in general) can play on individual
 
plots and in the landscape as a whole.
 

Where agroforestry research is 
to be effectively

problem-oriented the objectives of the investiga
tions require careful definition in terms not only
of their value in overcoming restraints, or of

taking advantages of potentials, but bearing in
mind the level of scale at which they can intervene. Conceptually we need only three components:

two different plant species 
(one at least woody)

and man. In practice any small patch 
of land

with these three which is providing multiple

outputs (products and/or environmental benefits)

may be considered the basic agroforestry unit for
 
purposes of study. 
Animals may be involved in
 
some systems.
 

Next in the hierarchy is the complete manage
ment unit, a holding or farm; 
then any aggregation

of land-use systems with some 
common feature (a
complete watershed, for example); and finally the
region or, better still, agro-ecological 
zone.
 

The problems and potentials of agroforestry will

require attention at all four of these levels and
there is no reason why, from the farm or plot up,

agroforestry should be considered a sole solution
to any existing land use problem. 
It is merely
one logical option which may or may not :e valid,

depending on the circumstances.
 

Although there will be many agroforestry :esearch

activities which arise from commonly perceived

needs 
- for example, technology development

relating to the raising and planting out proce
dures for multi-purpose trees, 
or ecozone

adaptability and site assessment programmes 
- much
of the work is likely to arise, and be prioritized

on 
the basis of diagnostic field evaluation of the

situation in specific agrforestry land use
systems. 
 Despite the high level of site- specifi
city many common problems will emerge which demand
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attention in terms of the appraisal of existing

technologies, or the development of new ones.
 

2. Site specificity
 

The high level of local-problem site-specificity

with regard to much of agroforestry requires

especial attention in agroforestry research planning.

This is because, at this "farm" level, the
 
collaboration of the land users themselves may well
 
be essential. This applies not only to the joint

implementation and evaluation of simple "on-farm"
 
trials, but even to the extent of involving the
 
farmer in their planning phase (e.g. consulting over
 
choice of treatments). The need to avoid an imposed

perception of the producer's problems is often as 
important to the successful outcome of such
 
experiments as the type of field layout, or the ways

in which measurement data are obtained.
 

The necessary close association of agroforestry
 
research activities wizh agroforestry field
 
practices must be based on a critical evaluation
 
of the relevant agroforestry system or systems.

And this is even more essential than in agricul
ture or forestry. This is because of the multiple

output nature of all agroforestry systems. In
 
addition the successful outcome of any experimenta
tion depends upon producing results in a form
 
which is meaningful to the range of practical options

required. In agroforestry the wide range of plant

components and management procedures which could be
 
available, for a specific site within a particular
 
ecozone, have to be perceived by and evaluated through

the researcher/landuser combination. In practice, they

then have to be combined in such a way as to result in
 
a sustainable and suitably productive agroforestry
 
system which fulfils the particular needs of any one
 
land user. For social and economic reasons these needs
 
can do very considerably, even within the same local
 
area.
 

All this imposes a requirement for research programmes
 
to provide information of a kind, and in such a form,
 
that is highly extrapolatable within the appropriate
 
sccial and economic contexts.
 

3. The land development cycle
 

Figure 9 illustrates the basic stages in the land
 
development cycle. Proposals for research will
 
logically be engendered through involvement in this
 
cyclic process of "Diagnosis"-"Technology Appraisal"
"Design"- "Diagnosis" etc. "Diagnosis" implies a
 
process of data collection and evaluation whereby the
 
potentials and restraints of the systems under
 
considerations are evaluated. Because the whole process

is re-iterative it also implies a comparative diagnostic

procedure (comparing the second time solutions with the
 
existing state, and so on).
 



"Technology 
Appraisal" will expose technological
gaps, or opportunities and it is from these that
specific proposals for technological field research
will emerge. The "Design" stage,like "Diagnosis",
requires a development of methodology. 
And
comparative designs of whole systems, or sub--systems,
may eventually be tested in the field. 
 However, such
elaborate investigations are 
likely to be considered
 a luxury at the present time and simpler, quicker and
more expedient methods of d:awing conclusions about
possible ways of appropriately testing the combinations of plant components and management features are

discussed later.
 

4. MPT technology development
 

In practice it would be foolish just to ignore the
vast amount of existing development of technologies
which has been undertaken by different kinds of tree
crop specialists, and which we know can 
already
suggest various areas 
for research. A long list of
topics 
is given in the Annex to this Section ("Some
Characteristics of Woody Perennials") which 
can serve
 as an 'Aide memoire'. 
 The actual set of research
priorities will then depend on what is alrE.ady known
about a particular MPT(FGNFT) species, what is 
thought
to be clearly an obvious restraint to promulgating its
general use, 
and the outcome of any studies of its
potential value in specific land development studies.
 

DIAGNOSIS 

DESIGN TECHNOLOGY
'APPRAISAL 

Figure 1: The Land Development Cycle

in its simplest form
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Specific Problems in Agroforestry
 
Research - by Peter A. Huxley
 

Because many of the species we are concerned
 
with will be used in agroforestry systems it
 
is relevant to consider some specific problems

before going any further. It may be useful to
 
list a few of the usual questions facing those
 
designing field experiments and then to note what
 
added dimensions agroforestry may give to them.
 

1. 	Are we dealing with plant species which have
 
an extensive range of germplasm available,
 
or is this still to be collected and evaluated?
 

- In agrc6oestry the agriculttal crop involved
 
may wtoel be in an advanced stage o6 s~eection o/

breeding (at least 6o/ sole cropping S.Uuations)
 
but the woody 5pecia may not have been examined
 
in any detait at aU. FuAthemnoe, they ae likzey
to be owt-b'eeding and therefore strongly
hetezoygows. Thus the reseakch piogLamme may need 
to be phased so that an initial suplementary
investigation is made to screen the witin-speies 
range o6 MPT ideotype avaitable.
 

2. 	Designs for field investigations may be simple
 
or complex but they can always be made to yield
 
more information if ancillary data are collected
 
There is now, certainly, a strong case to
 
obtain some simple basic crop physiological

information in order to help explain how yields

have be.n obtained. The kinds of data to be
 
collected have to be chosen with great discri
minaticn, if the burden of work is not
 
going to be excessive, especially as they usually

have to be collected ever a number of consecutive
 
seasons.
 

- In 	mixed copping agio6orestry systen6 these rtenaiks 
apply with additiona 6orce A the key to productivity
Zia tn the kinds and Zevels o6 plant -nteiactions which 
are to be 6ound. Depending on cLniatic va/uabitity,
the nwube o6 experiinenta seaon6 /iequ~ied be6or'e any 
6irm statements can be made about the tespon6e o6 theagtieutwwa cop or crops components has to be considered 
vemy caefutty, The "y ietd" 6/iom woody components may
take 	even longer to evauate and then theue ae stiR the
Zong-tn e66ects on the environment to consider. At-in
alF agro6o/iest/y expeviment6 cannot be expected to yietd
in6orimation, othei than o6 an inteAi-b nature, 6o a numbeA 
o6 yeam. 

3. 	When experimenting with agricultural crops
 
"time-of-sowing" is important there is
as now
 
considerable evidence for many tropical crops

that late sowing can seriously reduce yields.

When we come to consider mixed cropping

schemes there may be a complex and staggered series
 
of sowing times. The reasons for this can be many:
 



it may be because of the ways in which the
growth and development of the individual.

species are 
related to seasonal changes in
climate; it may be moderated by farmers'
preferences for planting food before cash
 crops, or for obtaining the harvest of a
particular species at an appropriate time in
his social life; 
or it may be decided by labour
 
peaks, etc. etc.
 

- In agko6oestty 5ystems a 6uxther consideration 
may be the phenology o6 the woody perennial corn
ponent. There Zs vvuj wide range o6 peant
behaviouA with hegacd to fluzhing and leaf
6aUl and, as the activity o6 the woody speciez isvety %etevcottto ths success o4 faiture o6 anyherbaceous c,,Ap (o graz) sown beneah it, this

i6 an important actor to conide. AddiionaZy,many trees6 and 6hub 6peciez have seed do'mancyand/o acute viabiJ2ty problems. Agricultual 
crops ae not encumbeed with such problems athey have been eliminated to a lage extent inbreeding and 6etection ptogranme. 

4. In mixed cropping experiments with agricultural
crop species the yield of any plant component

in the system may depend very much on what
happens to it in its early stages of growth.
 

In agroforestry systems 6ome 6pecie6 o6 tree6 and
s/Lbs may have an extended juvenile pha e. 16sudt specie ae to be uitized 6o theirL 6uitso0 seeds then the management o6 the sy.tem dwingthe eauly stage may a66ect thi6. Fuxthermore, ifmore than one woody specie a used in .IUb6 way,and they have diffvenrt juvenile peniod, f6ut
compalisons witl not be possible untl they haveall matured and come into even beaning. Even atthis stage "bi-ennialbeaing" may add greattyto the yea&-to-yeaA variabitity o6 experiments. 

TheAc may well be a case, therefore, to sp-et
ag4o6orkestry expeiments so that one set o6invetigation looks into what is happening inthe casiy s6tage o6 g4ro th and anotheA set com
pae matuAe plant. 

16 the woody speciez afe to be ued 6o 6witand seed then the natke o6 the breeding systemand the possibi&ty o incompatibiity mechanism
ha6 to be boine in mind. 

5. Mixed cropping systems are 
often stated to
confer benefits in terms of pest management.
 
Pest management, e4pecially 06 weeds, may 
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be veAy difficutt in mixed cAopping systems 
with a "permanent" woody component. Generatly 
speaking hvbaceous weeds will be less of a 
problem the moiLe dense the canopy o6 the woody 
plant component in the system. However, this 
approach is sef-de6eating i6 there is an 
agricutwazL c'op being grown bencat' from which 
a %egutar%high yield is expected. 

Woody perenniat species tend to buitd up their 
insect pest and disease probleins with tbne and 
these ate more di66Lcut to control chemicatty 
becaue o6 the plant habit anc. 6o'm. 7nteractions 
between woody and annuaZ plant species in tvrms 
of pet management seems to be a fied in wlch 
there is, as yet, vty Lttae expeitience. Deviing 
adequate measures o( control at the statt o6 an 
agrofortestry expeaiment, when the problemn have not 
even been defined, is something o6 a challenge. 

6. Harvesting is nearly always more difficult in
 
mixed cropping systems unless individual plants
 
are very widely spaced.
 

- WheAo woody species are involved, and these ae to
 
be lopped or 6elled at r'eguala intervals, then
 
the poblems. of haAvesting may be greatty inten6i
6ed.
 

7. In field experiments it is usually desirable to
 
keep the variability within each treatment
 
roughly equal. Indeed the premises on which
 
the analysis of variance is based demand that
 
this is so. Even if transformation of the
 
data can be undertaken so as to achieve homogeneity
 
of variances there can well be problems in
 
mixed cropping experiments. Especially where
 
one plant component is environmentally less
 
well-suited than the others, or it is
 
subjected to a treatment which may adversely
 
affect its growth.
 

- Woody peennWa species aLe commonty hig y
 
variabZe in amost a-l characteristicsduting
 
their eaty stages o6 growth. TIhJ applies with
 
even more 6orce to the onset o6 frkuiting and the
 
devetopment of yield when, with scme species,
 
extreme variabitiy can be expeuienced. TheAe
 
may be, thee6ore, no sensible compaions to be
 
made 6ot some yewrs in some agrofores5try
 
expe-'bnents, untiZ the woody specics has "settfed
 
down".
 

8. The different species in a mixed cropping system
 
may represent a considerable measure of diversity
 
in size and form. If this is so it has to be
 
taken into account when considering plot size
 



and guard areas, which may need to be greater

than is usual in agricultural experiments.
 

The 	problem o6 using adequate guard ow in
agrjooetty expeiments is mentioned in detaillate but additionatty it is common practicewithwoody speciZes in Sorestry aid horticultureto 
cavty out sequentiaZ thinning. In agio6oiLe6tLy
experiments the quetzion o6 maintaining astandard p-ant arrangement (as distinct from plant
popueation and AectangLaAty) is 	 a fact o6consideable inpo'tance with tegad to equatizing
the 	inteaction with an agticuLtutat crop. I6thinning is envisaged it must thereforte be doneso 	a not to affect plant arrangement, o4 theie 
must be some means by which it can 	be taken into 
account if it does so. 

9. 	In mixed cropping there is a need for both, or
all, crops to be adapted to the environmental

conditions, as modified by the cropping system

itself.
 

-	 The component plants in a mixed c4opping system
complete for Eiglt, moisture, nutAients and rootingspace. Woody perennials can have both negative andpositive effects upon inteec'opped annuats. Negative
effects inctude shading, and poszibly prioritydeomjns for moistwLe and Yt'.Zents aiing
thekt e~tablished itoot system. 

fiom 
Positive effectsinctude imptoveinent o the 	microctmatic conditions6o,%annuats, ntrtogen fixation, and soil niLchentby 	titter. According to the design of 6pecific

systems, in 6peiic envitonments, the net e fects 
may 	be negative o positive.
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Experimental Approaches to Studying
 
Multi-purpose Trees
 

Types of investigation
 

A whole range of problems will emerge when
 
investigating the potential role for woody
 
perennial species. But the issues which have
 
been raised so far emphazise that these can
 
only be resolved by adopting a wide range of
 
experimental approaches. Because agroforestry
 
researchers will come from a variety of back
grounds it may be well to remind ourselves of
 
the broad types of investigations that can be
 
useful. They are dealt with in more detail
 
later.
 

Type of investigation Comment
 

I. Existing-data Very little actual data
 
appraisal are available about agro

forestry systems themselves
 
but a wealth of data and
 
information is readily
 
available which relate to
 
forestry, agriculture,
 
horticulture, ecology, range
 
management etc. Much of this is
 
in a form which requires adap
tive thinking to make it
 
directly relevant to agro
forestry systems, however.
 

2. Evaluation of This can be particularly
 
ecological situa- useful where existing
 
tions. This can stands of mature species

be approached in are immediately available
 
two ways.
 

a) The use o6 sZmuta- Particularly refer to the
 

tion to dezign work of Oldeman 
agro orLes try
 
sys6tems.
 

b) We o6 muti'vatiate This could be made more useful 
technLiquu and patteAn if modifications to existing 
anatysiz to obtain stands are made e.g. by 
infowation about adding agricultural crop 
the mos6t impotant species.
vaiable6 and inter
actions.
 

3. Studies of single- Our knowledge of the plant
 
tree plots 	 components in any agroforestry
 

system may be at quite
 
different levels. For example,
 
the agricultural crop will
 
usually be well studied often
 
with a wide range of selected
 
germplasm to choose from.
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The trees 
or shrubs, particularly

if these are newly introduced
 
multi-purpose species, will be much
less explored and even just a close
examination of single trees will
often be extremely useful.


4. Species elimination 

trials and survival/ 

Mainly for testing the survival,
adaptability, vigor and pest and
vigour field trials 
 disease resistance of individual
 
species and provenances and,
through the 
use of numerous sites
in different eco-zones, GxE
 
interactions.
 

5. Performance/manage_ 

Using geometric, systematic, or
ment field trials 	 conventional layouts and
 
appropriate management variables
and including any necessary additional measurement data.


6. Experiments with 
 a) whole system comparisons

agroforestry
systems, 


b) perturbation trials
 

Staging and Phasing
 

Woody perennials may often be the dominant partner when
mature, because they are usually overstorey species.
For this reason, and because we know much less about
the "new" multipurpose tree/shrub species than we do about
common agricultural 
crops, it is likely that any research
effort will start by studying the role of the potential
woody components. 
There will also be 
a need to look into
a number of growth stages: 
 seedling, juvenile, mature,
involving plant raising. 
It may also be relevant to
consider senescence 
and final harvesting/re-planting 
as
these can pose special 	problems.
 
The types of experimental procedures relevant 
to treeraising (involving planting out techniques) are likely to
follow closely these which are well known to foresters
and tree-crop horticulturalists. 
Experiments covering
the juvenile stage can, clearly, be newly established and
yet produce results in 
from 3 to 5 years, in most cases,
depending on the species of multipurpose tree under
trial. 
 However, if we want to investigate, for example,
aspects of growth, yield or the effects of particular
management practices on
growing trees, there is 

the mature stage of even fast
no choice but
time 	 to wait the necessary
(5-15 years?); especially if the species/provenance
is just newly introduced. 
If it is indigenous then much
can be learnt about it through the study of existing
stands. Although, 
 again, if new systems (or sub-systems)
are to be designed and tested incorporating such
species, the necessary time lag for conclusive experimental
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results is unavoidable. What is vital in order to
 
achieve any set of objectives is that the experimental
 
plan fully takes the time factors into account. See
 
Table 1.
 

The "Sherlock Holmes" approach
 

From what has been stated so far it is clear that
 
agroforestry field investigations must sometimes
 
resort to expedients in order to save time and cost,
 
without sacrificing a reasonable level of security
 
against drawing hasty or incorrect conclusions. It
 
may therefore, be necessary to "fit together" information
 
drawn from a number of different but reliable sources,
 
and perhaps arrived at in a number of different ways,

rather than embark immediately upon overlarge and complex
 
field experiments which attempt to test all levels of
 
all variables at one and the same time. The size,
 
cost and duration if such large, long-term experiments
 
will often be quite unacceptable.
 

If this general thesis is accepted then any programme
 
of investigation on multipurpose trees will have to be
 
phased; although such phases can overlap to some extent.
 
Table 1 shows a series of phases (A to E) covering

selected aspects of investigating the suitability of
 
selected species/provenances of trees or shrubs for
 
inclusion in some chosen agroforestry systems - which
 
themselves are eventually to be compared kF).
 

/ 



TABLE 1 Different phases of field research for studying trees/shrubs suitable for
agroforestry systems.
 

POSSIBLE OBJECTIVE 


A. Appraisal of environmentrelated factors which
affect growth and yield

of different species al-


ready in natural or
 
suitably-modified associa
tions.
 

B. To determine
species 
 if the plant
establishareand grow well.
adapted 

and 
to
 

C. To determine the
phenology and the influe-
nce of management
growth
speie (perhaps of the
on
re adpteds 
n 
 t
single plant), 


D. Performance/management

trials. Either on 
single 


TYPE OF EXPERIMENT 


Survey of plant associations
and environmental characte-

ristics on 
a seasonal basis. 


Elimination trials for:
b) adapation 


- providing minimum manage-

ment such as 
fertilizer for
the planting hole and/or
minimum irrigation at planting
 

Vigour/phenology 
trialsSinqle-tree plots, fully
randomized.
subjected 
 Plants may be
to a range of
acteabls. 


different but very simple 

n 


management 

treatments.
 

For community studies these
would be especially to estab- i
plants or on plots contain- lish the interactions of

ing groups of plants of 
 spacing and management 


an n pces ramn.populations, 

a) without animals
to optimize rroductivit, 


I 

so as 


TYPE OF LAYOUT 


Multivariate techniques 


Replications of:
 
and close-placed plants 


(hedgerows)
 

F l y r n o i e
el pcdpat l t 

Flyrnoie 
 lt 


a) Parallel row designs

or factorial experi-

ments with f:xed/

variable inter row 


I 


PROJECTED
TIME SCALE
 

Over 1 - 3 
years.
 

4 - 7 years 

e r
yers
 
er
 

All these trials
 
might be laid
 
out 
so as 

investigate

to
the
 

juvenile phase
 

(1-5 yer)or
thearsl onwars;
 

separately.
 



OBJECTIVE 


D b) 	with animals, if 

appropriate i.e. 

if the species

have a browse func-

tion and so as to 

investigate the 


interactions, 


E 	 To test a selection of 

viable alternative com-

ponents or sub-systems 

based on the information
 
from proceeding experi-

ments (A-D). 


F 	Evaluation of complete 

systems 


TYPE OF EXPERIMENT 


(note that feeding trials 

with animals kept separately 

could be carried out if

sufficient materials are 

available from this type of 

experiment,or any of the 

proceeding ones). 


a) 	Tree/crop interaction 

trials, 


b) 	Large plot investiga-

tions using only highly 

selected treatment 

combinations. Also to 

include economic assess-

ments such as labour, 

costs, etc. etc.
 

Large area investigation
 
to appraise a combination 


of technical, ecological,
 
social and economic factors
 

TYPE OF LAYOUT 


b) 	 Randomized blocks 
with plots arranged 
to facilitate graz
ing or very simple
 

systematic designs 

for farmer evalua
tion trials.
 

Geometric designs (to 

study the tree/crop 

interface), 


Randomized block 

layouts with or without 

internal guards and 

with provision for 

thinning of the woody
 
component/s.
 

Replication difficult 


PROJECTED

TIME SCALE
 

as 	above
 

4-7 years (if
 
trees newly
 
planted
 

or
 
2 or 3 seasons
 
(if mature trees
 
used).
 

Very long 	term
 

>~ 
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International Co-operation and Central
 
Co-ordination 

An agroforestry research programme will range from
the original choicE of woody perennial species
through "tree" and agricultural crop management
to crop harvesting and processing. The most
important of these fundamental decisions is the
choice of the -Noodyperennial species. Even where
a strong national research agency exists, there
is often little experience with the choice and
evaluation of trees for multiple uses and international cooperation is desirable for several
 
reasons.
 

The information available in one country may be
limited to its indigenous species. 
 Yet exotic
species from remote countries or continents may
be more suitable in terms of site adaptability, growth
rate or the multiplicity of benefits achieved. 
Indications of potential species for particular sites
or purposes 
are published by centralised agencies
and further information, advice or seed can often
be supplied by the centralized agency.
 

Many species occur naturally over a wide geographic range encompassing several "donor" countries.
For a "recipient" country wishing to plant a
given species, it would be administratively,
economically and politically difficult to arrange
a seed collecting expedition to each of the
natural origins. 
 Also, if many recipient

countries are interested in a species it would
clearly be inefficient for each one to collect
its own seed independently of the others.
 

Further, in some donor countries, the species
may be of little interest, or 
staff resources may
ae limited, 
so that there would be no reason or
possibility to collect seed for the benefit of
other countries. 
 Even if seed were collected

there would be no incentive to collect the
associated site data and herbarium material
that are so 
essential for the subsequent interpretation of experimental results and the
description of patterns of natural variation.
 

For these reasons 
there is justification for
a centralized agency to conduct the exploration
phase in the donor region on behalf of aZl participating recipients. The stages of this
"exploration" phase are 
described in the next
section. 
They include, principally, seed collection supported by taxonomic material and,
possibly, wood samples; 
and collection of information
 on 
the climate, soil and vegetation of each of
the natural sites of origin of the species.
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While the centralized agency studies this
 
natural distribution and variation of each species
 
and uses the information to interpret results of
 
subsequent comparative seed source trials, it can also
 
provide seed for the participants in these
 
international trials and, where requested, it
 
may supply the experimental designs and
 
recommends standard managerial and evaluation
 
methods. It may also assist with field evaluation
 
In relation to the process of evaluation, while
 
each participant's trial is his own, it should
 
be clear from the outset that the data will be made
 
available to the coordinator for combined analysis
 
over all sites; information on site x origin inter
action is critical in the selection of populations
 
for new sites.
 

The CFI manual*for the conduct of tree species
 
and provenance research combines guidelines for
 
all these 	activities with industrial plantation
 
species and it has been an early model for the
 
present manual on multipurpose species. The
 
concept of a central coordinator has been funda
mental tc 	 the CFI's highly successful programme
 
of international provenance trials of tropical
 
pines (some 20 populations of two species tested
 
on 400 sites in 50 countries). However, in the
 
FAO/IBPGR programme for arid zone species, while
 
FAO is the coordinator, it is leaving the collect
tion of seed, herbarium material and site data to
 
various institutions in the donor countries where
 
the species are indigenous. (see Appendix
 
2). This will reduce the comparability and make
 
subsequent interpretation more difficult.
 

These ccmments and suggestions about international
 
co-operation and central co-ordination, especially
 
with regard to germplasm collection and distribu
tion, lead us to the next section of this manual
 
which is concerned with the details of the
 
"exploration" stage. When considering the factors
 
involved in a national strategy for multipurpose
 
tree exploration the considerable advantages of
 
undertaking the exercise jointly, and with some
 
effective form of central co-ordination,should
 

* 	 J. Burley and P. Wood (1976) "A manual on Species 
and provenance research with particular 
reference to the tropics. Comm. For. Inst.
 
Trop. For. Papers No. 10. pp.226. CFI
 
Oxford.
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SECTION ONE
 

ANNEX
 

Appendix 1: 	 Some Characteristics of
 
Woody Perennials.
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Some Characteristics of Woody Perennials
 

In designating MPT research objectives there is
 
paramount need to relate the purely technical
 
aims to the management and socio-economic backgrounds
 
pertaining to the systems under study. Otherwise the
 
results of the investigations are likely to be of
 
little practical use. Most agroforestry field
 
research being undertaken in the immediate future
 
is likely to be highly problem-oriented.
 

In the table that follows some te-chnical problems
 
relating to trees/bushes have been listed in the
 
form of questions and, accompanying them, are others
 
which immediately arise with regard to management
 
practices, and socio-economic restraints. Without
 
any doubt it will pay the researcher to have this
 
wider picture in mind when planning this experiments.
 



GERMPLASM
 

Technical 

Managerial 


Socio-economic
a) Is this species outbreeding 
 i. Does a mixture of genotypes
and the germplasm therefore Can the land user collect
heterozygous? 

matter? and/or distribute his own
seed? 
Or does he have to
2. Is germplasm easily and 
 buy it?
cheaply available? And

through what sources?
 

b) Are there seed viability 
 Will someone have to carry
problems? If so, does it 
 Can a farmer easily store
pay and out seed testing?
are there facilities If so, seed? 

to investigate them? 

are the necessary skills Does this put up
the cost of seed?
and equipment available?
 

c) Are there seed dormancy 
 Is any special equipment or
problems? 
If so does it Does this hinder adoption?
technology required to
pay and are there 
 break seed dormancies?
facilities to investigate
 
them?
 

d) Are seeds commonly 
 Are special storage facili-
attacked by pests/diseases? 
 ties or conditions required? 
Will this be a major hinder
ance 
to issue farmers with
 
seed?
 

e) Are there specific seed-

borne diseases? 

1. Is any special treatment 
 Will the land user need
of the seed required? And 
 special help or advice?
will the land user have to 
And
 

will this be effective/
watch out to eradicate these 
 costly?
diseases (or treat) young

seedlings?
 

C-' 



Technical. 


f) 	 If tree seeds are not the 

best or most convenient 

method of propagation, 

then what other materials 

can be tried? 


PROPAGATION
 

a) 	 What methods of propaga-

tion are available? (and 

see f above) 


- seeds/cuttings/budding 
and grafting/tissue cul-

b) 	What are the specific envi-

ronmental requirements for 

germinating seeds and/or
 
rooting cutting etc. and
 
for early seedlings growth7
 

Managerial 


Are 	the skills and 

equipment available 

for 	collecting and storing 

propagutes (cuttings,bud 

wood etc.
 

Will there be problems 

associated with using
 
clones (e.g. vines)?
 

1. 	What facilities are there 

for establishing nurseries 

and distributing plants? 


2. What types of nursery are 

(central, vilage schools, 

commercial etc.) 


3. What skills/labour/materials 

are there for setting up 

nurseries and distributing 

plants? And what national
 
organisations and/or infra
structure can help.
 

Are the facilities (labour 

and skills) available? 


Socio-economic
 

What are the comparative
 
costs. And does the farmer
 
already have experience
 
in handling, cuttings etc?
 

(and see next section).
 

1. What are the relative
 
cost advantages of direct
planting versus murseries?
 

(transplants and container
 
grown plants)?
 

2. What propagating method
 
best suits the land-user?
 

3. What will the costs be
 
of using different
 
methods?
 

Will the land-user easily
 
understand the requirements?
 



Technical 


c) Are there requirements for 

'lanagerial 

Will this be done "on-farm" 
Socio-economic 

seed innoculation 
Rhizobium, Mycorrhizal fungi 

or for issued seeds? 

d) Are there specific pests anddiseases in the nursery
phase? 

Are special procedures
involving materials and
skills required? 

Will the land-user 
suffer severely from 
a failure to control 

these properly? 
e) What is the likely (and 

optimum) duration of thenursery phase. 
Can the nurseries supply 
plants 
n When the farmer wants them?and, 

For as long as he want6 them 
in sufficient quantities andof a type which will survive 

What are the costs of 
seedlings? 

What are the costs ofmaintaining 
unsold/

undistributed plants? 

the distribution and planting
systems available? 

PLANTING OUTa) What are the soil/ 
environmental conditions 
n:ded? WhaL is Lhe best 
season? And are there 
special soil conservation 

What site preparation problems 
are there? 

How does it fit in with 

labour availability and
other family needs? 

b) 
requirements in this phase? 
What is the optimum plant
size, and condition, atplanting out? (see also 

Are proper handling facilitiesavailable, and the necessary
skills. 

Can the necessary care be 
'e' above). gitene 



Technical 


c) 	Is shelter/support required 

for the young plant? 


d) 	Do the young plants need 

watering, fertilizing or 

mulching? 


e) 	Are pests/diseases/weeds

likely to be a problem (and 

animals/birds) 


JUVENILE PHASE
 

a) 1. What is the morphology 

and early growing habit 

of the species? 


2. How does it respond to 

training/pruning,and what 

growth responses are there
 
from buds of different 

kinds? 


b) Is the species slow or fast-

growing in its early stages?

(see also a above) 


c) What are the root-ing charac-

teristics of this tree 

species?. 


Managerial 


What is the easiest to 

arrange? For example what 

local materials are 

available? 


Can 	it be provided? 


Are 	special chemicals or
 
protective methods needed? 


1. Does this affect crops 

growing nearby? What 

are the tree/crop
 
interactions?
 

2. What training is possi-

ble and desirable? 


3. Are plant training
 
skills available?
 

If slow-growing will 

this increase the burden 

of management operations? 


1. How dces this affect
 
management practices
 
(watering, weeding
 
fertilizing?).
 

Socio-economic
 

Will the farmer bother? Can
 
he afford it? Will he main
tain and manage it and
 
finally remove it?
 

What is the cost and likeli
hood of the land-user adapting
 
these procedures?
 

What cost? How does it fit
 
with labour requirements
 
and 	available skills?
 

Will the land-user understand
 
what is required?
 

What are the costs of train
ing versus not training?
 

Will a slow-growing species
 
be acceptable, however use
ful and productive later?
 



Technical 


d) 
Is the tree palatable?

What is the need for animal 

protection? 


e) 
What are the plants' 

requirements and responses
to shade/shelter, watering,

fertilizing, weeding. 


f) 
What is the duration of the 

time to flowering/fruiting 

(is the species being grown 

for fruits?)
 

g) 	How susceptible is this 

tree species to pests and 


diseases?
 

Managerial 


2. Does an early, deep
rooting characteristics
 
affect associated crops

and what are the tree/

crop interactions at
 
below-ground level?
 

3. Will this affect choice 

of site 


1. Are there any effects on

animal production if 

browsing is restricted? 


2. Are people, methods etc.
available for animal

protection measures? 


What materials, labour and 

skills are available?
 

What management procedures 

can be adopted to induce 

early flowering?
 

What materials and skills 

are required? 


Socio-econom 
_
 

Is the landuser prepared
to allocate a special
 
site to the trees if
 
needed?
 

1. What are the land-users'
 
habits with regard to
 
his (or others) browsing
 

animals?
 

2. What are the "costs of
 
protecting the trees 
from
 
animals?
 

1. What are the costs/benefits?
 

2. What are the likelihood
 
of adoption of these
 
techniques? and what will
 
happen if they are not
 
done?
 

How does this affect incen
tives to plant?
 

Will a failure to control
 
these end in disaster?
 



Technical 


h) What is the phenology of 

this species - how does 

this effect the associated 

crop plants. 


MATURE GROWTH PHASE AND PERIOD OF MATURITY
 

a) 1. 	What is the morphology 

and branching habit? 


2. What is the phenology? 

Shoot dormancies and 

growth regulations 

leaf flush/leaf-fall 

sequences 


flowering and fruiting
 
cycles
 

general source-sink
 
relationships.
 

b) Competitiveness (from 

(a) above 


c) Harvestability (single, 

terminal harvest/sequential 

harvests?) 


Managerial 


How do the time-of-planting 

restraints and/or other 

management factors effect 

the overall management plan
 
especially with regard to
 
the associated agricultural
 
crop?
 

1. 	Are skills/labour avail-

able to deal with train-

ing/pruning.
 

2. What are the tree/crop 

interacticns implicit in 

the trees morphology/ 

phenology and cropping 

sequences. 


What possible operations 

(e.g lopping) might reduce 

this and what is their tim-

ing.
 

How does this fit into the 

pattern of farming opera-

tions. 


Socio-economic
 

How does all this fit with
 
labour availability and
 
social needs?
 

1. 	Are there any land-user
 
preferences?
 

2. What effects are there
 
on the land-users'
 
immediate environment
 
(does he want shade/
 
shelter?).
 

1. What does the land-user
 
see as his needs to
 
"control" the tree?
 

2. What are the cost/
 
benefits of doing so?
 

How does this fit into
 
social requirement? or
 
market opportunities?
 



Technical 


d) 
Needs for weed control 


e) Soil management and soil 

conservation 


f) 	Pests/diseases 


g) 	Biennial (seasonal) 

bearing? (for fruiting

crops) 


Managerial 


1. Is the necessary labour/ 

equipment available? 


2. How does this fit in with
weed control timing and 

methods for the agricul-

tural crop? 


1. Is the necessary labour/

equipment available? 


2. How does this fit in with
weed control timing and 

methods for the agricul-

tural crop? 


1. Is the necessary labour/ 

equipment available? 


2. How does this fit in 

with weed control timing

and methods for the 

agricultural crop? 


3. Can advice be obtained? 


Are 	the necessary skills 

and 	understanding avail-

able to obviate this? 


Socio-economic
 

1. What methods are best
 
suited?
 

2. Will the land-user

adopt some form of weed
 
control?
 

3. What is the cost/
 

benefit to him?
 

1. Does the land-user
 
perceive a need?
 

2. Will the land-user
 
adopt the appropriate
 
soil management?
 

3. Whatare the cost/benefits
 
to him?
 

1. Does the land-user
 

perceive a need?
 
2. Will the land-user adopt


the necessary control
 
measures?
 

3. What is the cost/benefit
 

to him?
 

4. Will there be a disaster
 
if he neglects pest control
 
with these species combina
tions.
 

To what extend do variations
 
in seasonal output affect
 
the land-user/ markets.
 

CN. 



Technical 


a) 	 What is likely time of onset 

of ageing/senesence 


b) 	 What is the duration of 

this phase and its effects? 


c) 	What are the options for 

technical solutions to 

final harvest sequence and/ 

or tree removal?
 

d) 	 Are there pests/diseases 

associated with cutting 

down trees (including
 
general and specific re
plant problems?).
 

e) 	What land preparation is 

required for re-planting? 


f) 	What crop/soil management 

is required in the tran-

sition period before replant-

ing trees? 


Managerial 


What decisions have to be 

taken on how to remove trees? 


Especially on associated 

agricultural crops and farm 

management? 


What are the effects on adja-

cent crops and on the soil? 


Is the knowledge of what to 

look for available? 


1. Ihat place does this 

oc.-upy in the whole 

farming programme. 


2. 	What ir the availability
 
of labour for this?
 

What labour/resources are 

needed, especially for 

soil conservation in this 

period?
 

Socio-economic
 

How 	will the land-user
 
percieve the need to
 
remove trees?
 

1. What are the effects of
 
declining productivity?
 

2. 	Is there a need for
 

credit/help? or alterna
tive sources of income?
 

Are there alternative choices
 
of how to dispose of the
 
trees?
 

Is there a willingness to
 
take care?
 

1. 	What costs are there?
 
2. 	Are there any social
 

implications?
 

1. 	Is there a willingness
 
to adopt a sound plan?
 

2. 	Are there any extra costs?
 



SECTION TWO
 

THE EXPLORATION STAGE
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Introduction
 

Some basic considerations
 

The whole process of exploration, evaluation,

conservation and utilization of a species
depends on having, or obtaining, a knowledge
of the taxonomy, natural breeding system,
natural range and evolutionary history of the
population of the species. 
 It is variously
called "seed study", "provenance research",
"biosystematics", '
enecology" or "experimental
 
taxonomy".
 

For most industrial plantation tree species the
natural populations may have been selectively
or completely logged once, but there will have
been no deliberate eugenic or dygenic disturbances
of the population genotype that evolved under
the natural selection of the local environmental
factors. 
 The industrial species are typically
pioneers; wind-pollinated, outcrossing and
heterozygous. Consequently seed source studies
can usually detect any ecological gradients that
may exist. 
 For example, geographical, topo
graphical or climatic variations in the clinal
or ecotypic distribution of population means, in
patterns of habitat-correlated characters or,
indeed, of gene frequencies within populations

e.g. by isozyme or terpene analysis.
 

Compared with timber species, however, less is
known of the breeding system and the genetic
structure of many multipurpose tree species.
However, such genera as 
Acacia and Prosopis

probably contain self pollinated and wind
pollinated types, so 
that both inbred lines
and outcrossed, heterozygous, populations are
likely to exist. (See-Appendix 2.10)
 

Of more importance, however, is the fact that,
in many countries: 
quite a number ot these
species have been genetically manipulated through
both deliberate and unconscious selection.
Thus "land races" or local populations have
developed that will be genetically distinct from
the original population that would have existed
naturally at 
the location in 
the absence of human
interference. 
 This can be expected in Acacia,
CedreZa, 
Cordia and Prosopis species, and many
others. 
 It must be borne in mind that selection
for a character, or a group of characters of
value in one 
location may, commonly, and through
genetic association or linkage, 
cause either an
improvement or a decline in other traits that would
he of value elsewhere. For e;;ample, it is possible
that selection for, say, fodder yield could
increase stem wood volume but decrease wood density
and overall calorific yield. 
 Or, again, selection
of fast growing or dominant trees might concurrently
select for aggressiveness and/or less nutrient efficient
 
plants.
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The implications of these natural characteristics
 
and artifical historical events for the patterns

of genetic variation are 
varied. Although
large scale patterns of clinal variation are
still likely to exist for some 
tree characteristics

(e.g. physiological adaptation to specific

temperature ranges or photoperiod), for other
patterns of variation C e.g. fruit size, flowering/
fruiting propensity, branchiness) even strongly clinal
 
patterns may be masked by a random network of
local variants. However, where genetic material

has been introduced from areas which experience
different ecological conditions, even 
the genetic

patterns of adaptation to strong clinal
environmental variations which may have occured
amongst the original populations 
can become masked.
Consequently interpolations between sampled populations
may not be possible for some characteristics, and intensive field 
sampling and recording may be necessary.

In 
a centrally coordinated international programme
provision mttso 
 be made for the conservation of
representative material from all the sampled

populations.
 

The implementation flow chart which follows
 
attempts to 
cover all these considerations.
 
Furthermore, it starts with considerations about
 ecozone and ultimate uses
the to which the species
chosen are 
to be put. With industrial tree
species, grown for roundwood, selection for ecozone
is clearly important, but the issue of ".what product"
is hardly a relevant question. However, with
multipurpose trees the production characteristics

and role in a designated land use 
system have to be
chosen and clearly defined right from the start.
 

The aims of data and material coilection
 

Before going into details, it is useful 
to review
what we are trying to do at the exploration stage.

This can be summarized as follows:
 

* To provide, as 
efficiently and cost-effectively

as possible, reproductive material for the

evaluation phase. 
 And to do this so that the
most suitable species and 
provenances can,
far as possible, be 

as
 
rationally identified for
particular user/site conditions and functions.


The aim here should be to include as broad a
 
spectrum of potentially useful genetic

variation as possible.
 

* To provide information 
on the selection of
potential management practices for the species

provenance at the evaluation stage.
 

* Similarly 
to provide information which can
help in the interpretation of results from the
 
evaluation stage.
 

\'
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" To provide information on 
the status of
 
particular populations thereby indicating
 
conservation needs.
 

As far as multipurpose trees are 
concerned
 
there is 
a need to undertake a more comprehensive

approach than would normally be the case 
for single
purpose industrial plantation species,
as listed
 
below.
 

" 
A greater range of information needs to be taken

into account to select the sites at which
 
populations should be sampled.
 

" More intensive sampling is 
likely to be necessary.
 

* 
Information derived from a first-stage sampling

is 
also likely to indicate further changes in
 
the sampling locations for any necessary
subsequent second-stage within-species popula
tion sampling. 
 It may also indicate a need to

examine additionai species whose attributes could
 
be particularly useful for 
specific output
 
purposes.
 



Factors related to 
sampling-site
 
selection
 

Some of the criteria which have been used in the
past for the selection of sampling sites for
single purpose trees may be 
inappropriate for
multipurpose trees. 
 For example, as compared
with species grown solely for roundwood timber

production more emphasis might be 
given to
collecting germplasm from particularly difficult'

sites. 
 Then again, normal criteria may
be 	inadequate because 
the patterns of likely or
possible man-made 
selection pressures must be
taken into account as major criteria by which
sites for sampling some multipurpose 
tree
 
species are selected.
 

The extent of the availability of the 
information
required 
for more detailed sampling will vary
for each species concerned. Each step of the
 process needed for a rational selection of
sites is therefore included here although,

clearly, for species some of the steps may
 

some 

he quickly dealt with. 
 For example, if the
species is known not to have been affected by
 
man.
 

Intensiti and locat on 

Apart 
from its pattern (or patterns) of distribution

both natural and exotic, it is necessary to
determine, or predict, the 
following in order to
decide on the intensity and location of sampling

for each species.
 

" 	The factors that are likely to have led
 to genetic adaptation within the natural
 
geographical range.
 

" 
The extent to which human influence may
have influenced the genetic make-up of
 any population within the natural range of
 
species.
 

* 
The degree to which populations of a species
which have been introduced as exotics may have
different characteristics from those in
 
their natural range.
 

These are each now briefly discussed in turn.
 

Genetic adaptation to environment
 

It 	is assumed, based 
on 	past experience with
several industrial plantation species, 
tnat the
variation in 
broad envrionmental conditions found
over the 
natural range of a species will have
given rise 
to 	genetic adaptation to such variation.
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Hence the species should be sampled at regular

systematic intervals, or by following a
stratified pattern along gradients of the major

climatic parameters:
 

* 	 daylength (latitude)
 

* 	 precipitation
 

temperature (altitude)
 

Where possible, sampling should be carried out also in
locations where specific environmental conditions
 
are 	likely to have led to 
an appropriate genetic

adaptation to:
 

* 	 frequent fires
 

o 	 periodic flooding
 
* 	 high salt concentration in the soil
 
* 	 very alkaline 
or acid soils.
 

The greatest degree of adaptation to such specific

conditions is likely to be found:
 

* 	 In the 
centre of the area concerned
 
and in the case where there is an

unbroken distribution of the species and
 
where the population is in contact
 
genetically with populations experienc
ing different conditions.
 

* 	 In populations which are genetically

isolated from populations which
 
experience different conditions.
 
Here the factors which need to be
 
taken into account to assess the degree

of effective isolation are: 
distance
 
between populations;ecophysical
 
conditions of the areas which occur
 
between the populations; breeding
 
strategy of the species; mobility of
the pollinators; seed dispersal strategy

of species; and mobility of the seed
 
dispersal agents.
 

* 	 Where isolation has been effective
 
for a long time. This influences the
 
degree to which genetic differences may

have evolved. There is 
a possibility

that populations which havte 
 'een isolated

from each other for a considerable time
 
have evolved particular features (non

clinal variation) which may be of

considerable importance in provenance
 
trials.
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Influence of man
 

The genetic make-up of any population may have been
directly influenced by man, but the way in which
it has been influenced depends 
on the degree of
selection for particular characteristics and

associated genes. 
 Also on whether such
characteristics are selected for and promoted
in new generations (eugenic selection), 
or whether
the characteristics are selected against in so
far as 
the residual population contributes an

increasing proportion of offspring lacking these
characteristics 
(dysgenic selection). The
degree of influence on the gene pooi d-!pends
 
on the intensity of selection for or against

the particular characters and associated genetic

material. For some multipurpose tree species
of interest in agroforestry we might expect that
 
some 
form or another of utilization by man and his
animals has modified the 
gene pool to a greater

or lesser extent in 
areas where the interaction
 
has been lengthy and/or inte-ise.
 

Exotic species
 

Naturalized species which have been introduced
 
originally as 
exotics may have different
 
characteristics from those in 
their natural
 
range. 
 This may be because the individuals from
which reproductive material was 
collected were
unrepresentative of the original population in
 
terms of genetic make-up. Or, again, because

man-induced or 
natural selection in the new

environment is likely to have further altered

the genetic make-up in ways which did not occur

in the original populations.
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Information required for selecting

sampling sites
 

The most efficient way of collecting

information about any species will vary from
country to country and, indeed, from species
to species according to what is already known.
 
The form in Appendix 2.1 is 
an aide memoire of
the kind of information which one 
would
ideally aim to have for each species for the
different locations in 
which it occurred.
 

In trying 
to get this information it should
be remembered that knowledge about the
distribution of 
a species (past and present),
about specific site factors, and flowering and
fruiting times may already be available from:
 

floras
 

expendition reports
 
scientific papers in journals
 

travel records
 

herbaria
 
forest management plans
 
forest inventories
 

Care must be 
taken to check records for the species
under the various synonyms which may have been
previously used. 
 In many countries for species
which may have not traditionally been regarded as
important timber species there may be more

information available from:
 

* Botanical Survey records
 
Botanical Research Institutes
 

* 
Medicinal Plant Departments
 
National Parks 
or Wildlife Conservation
 
Departments
 

Range Management Institutions.
 

In order to gather up as much information as possible
it may be desirable to send a questionnaire, along the
lines of the form in Appendix 2.Lto government
personnel in the field such as 
professional forest
officers or engineers. Also 
to technical officers
where a District covers either a large area, 
or a topographically and vegetationally complex one.
information supplied 
The
 

from such a questionnaire would
be particularly useful for 
some of the phenological
information 
(for example, fruiting times and intervals),
and for information which would help in deciding on
suitable sites 
for more intense exploration and seed
 



147 

collection (for example, size of natural stands,
likelihood of dysgenic selection, historical
distribution 
 where this was 
known to be
ditferent from the present pattern.
 

Information on clima'.e and 
some of the information on other specific s'ite factors may be more
efficiently obtained from central, national or
regional organisations than frowm 
the field. Climatic
records may be 
scarce 
and cover only a few points
within considerable ranges of climatic variation
(for example, 
in areas which have a vcried climate
over short distances, such as 
in mountains).
 

There are some particular difficulties that may
emerge. 
 For some 
species, for example, particularly

amongst the legumes, there may be considerable
difficu'ty in 
 locdting populations.
even In Latin
America, for instance, ProsopKj .ii'ld'ora and
3cvna omar', 
(syn. 
Casia mrginata) occur in
scattered populations of only a few individuals,
partly due to environmental factors but also to
human interference. 
The frequent lack of knowledge
on 
breeding systems and dispersal mechanisms (pollen,
seed) may often make it difficult to assess 
the degree
of genetic isolation of different populations.
Further, in reality, there may be many difficulties
in trying to assess certain aspects of the past history
of a species which have a bearing on 
the genetic
make-up of different populations. For example in

the following cases:
 

* Where it is difficult to judge whether
 
a species is 
native or exotic. For example
Parkinsonia aculeata and Gliricidia sepium
in Latin America, Saiix and Populus spp. in
 
South Central Asia.
 

* 
Where it may be impossible to decide if 
a stand
is derived from only a few,or even 
one parent.
For example, Giricidia sepium in Latin America.
 

* here it 
is not known whether planted trees, for
example in fence lines, represent the original
natural populations in 
terms of genetic

composition, 
 an example being Caesalpinia

eriostachys in Central America.
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Actual Selection of Sites for Sampling
 

The ideal
 

For wide ranging provenance tests, one would

wish to sample the species and collect
 
reproductive material.according to the
 
following principles:
 

" 	Collect seed samples at regular spatial

intervals, or 
according to a stratified
 
pattern, over 
the ranges of altitude,

latitude and longitude, so that temperature,

radiation and rainfall variations are
 
accounted for, as 
far as possible.
 

" 	Collect on 
sites where the species shows

the particular desired characteristics.
 
For example:
 

- Where there are population with
 
genetically determined and different
 
leafing or flowering times 
for fodder
 
or bee-forge uses, respectively.
 

- Where there is obvious adaptation for
 
particularly difficult or extreme
 
conditions such as black cotton soils,

saline and/or highly alkaline soils,

waterlogged sites etc.
 

This is especially desirable if the populations

concerned have been genetically isolated for
 
sometime.
 

a 	Collect wherever populations are threatened,

and information indicates that such populations
 
are 
likely to be genetically differer.t from
 
the other sampled populations.
 

The comj ouorci:
 

In 	practice a compromise has to be reached between

what is 
feasible and what is idcally desirable. Any
provenance research should be viewed 
as a reiterative
 
proce_,; whereby the sampling intensity for reproduc
tive material increases, and the sampling locations
become more precise, as more information is obtained

about the following points:
 

* 
The status and distribution of a species'

populations, and the site characteristics in the
 
areas of occurance.
 

* 	What subsequent trials help identify potentially
 
as more useful areas of origin.
 

* 	When the diagnoses i-f 
problems in particular

land use systems identify specific roles to be

performed by tree/shrubs.
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In 
some cases we may have to collect wherever
 
the opportunity arises.
 

" 
In the case of species about which little
 
or nothing is known concerning natural

distribution and/or location of population
 

" For species which occur only as 
remnants
 
because of the depleted state of their
 
genetic resource.
 

This has been the situation with collection for
several arid and semi arid species in Central

and South America recently. 

f1
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Seed*Source Data and Collection of
 
Ancillary Samples
 

The collection of data and material has four main

functions.
 

* To ensure 
that the si'te can be located

exactly in later years by anyone wishing to
obtain more material or data.
 

* 
To supply information about potential end
uses or functions of a species. 
 For example

an initial selection of species or
provenances may be desirable for the

evaluation stage based on 
the likely primary
desirable functions of trees in 
a particular
 
area 
(for example dune fixation, dry 
season
fodder), and 
on 
the specific constraints

likely to be encountered 
(for exam-le heavy
grazing pressure, highly saline soil). 

e 
To provide the information needed to help
interpret the results of studies and experiments at the provenance trial stage.
 

, To suggest possible management and cultural

practices aimed at achieving 
 specific

objectives 
(for example, maximization of
fodder yielo, minimization of root competition).
 

Some examples of forms for recording information,
a checklist of material 
to be collected and 
a
checklist of the equipment required are given in
 
the Appendix.
 

Location of cozZecting site 

(See Appendix 2.2, Form I ). 

Details concerning the location of the collectingsite are required a~o):gwit;z in'ormaton on access.It is essential that records are kept togetherwith the seed collection during its subsequent
disLribution and utilization 
(trials, plantations
etc.). 

and 

These records must specify the exact location
the date of the collection. Thus 
a site number
and a seed collection number are required which
can 
be used, for example, at the primary seed store,
 

-------------------------------------.--------
*'In this chapter the word "seed" is 
used t, imply


any propagule.
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herbarium or at any other institutions handling

the material for analysis, storage, testing or
 
distribution.
 

Environment at the collecting site 
general comments*
 

An adequate description of the collecting site
 
enviropment is required for the following
 
reasons:
 

* 	 It may help explain some of the phenotypic
 
variation of the trees 
at the collection
 
site.
 

* 	 Variations in performance both of species
 
and particularly of different provenances
 
at the evaluation stage will be better
 
understood, especially where the trials
 
are located at various sites.
 

The kind of environmental variables about which
 
it is important to have information are those which
 
are 
 likely to have induced marked genetic adapta
tion, in particular those which tend to show most
 
correlation with growth, development, or some other
 
useful plant character responses at the evaluation
 
stage in an exoLic environment. If the responses

do indicate a clinal pattern of adaptation, rather
 
than random or ecotypic adaptation, then the
 
planning of the subsequent seeds and other ancillary

samples for further evaluation and breeding can be
 
made more efficiently., given a.knowledge of the
 
appropriate environmental variables at the sites
 
where the species is likely to be planted.

Concentrating on these, the areas 
in which it
 
would be worth selectinc further sampling sites
 
can be more precisely located.
 

The precise level of detail required in the
 
environmental description of the site 
or microsite
 
is that which will facilitate the following.
 

* Any phenotype - environment correlations which
 
can be mae: at the site of collection,
 

* 	Any genotype - environment correlations which
 
can be made at the site of evaluation.
 

It must, however, be remembered that a species
 
or provenance does not always perform best under
 
environmental conditions which are similar to
 
those of the otiginal habitat.
 

* 	 Details of a computerized environmental database (for 
microcomputers) 	is available from A. Young, ICRAF. 
- q Appendix 2.11 
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Form 2.2 in Appendix 2.2 concentrates, therefore,
 
on environmental variables which have been shown
 
to have a significant influence of 
genetic

adaptation. 
The many studies in forestry research

'hich have sought correlations between growth

and environmental variables have often shown
 
that the following, in decreasing order, are
 
the most important.
 

Climate
 

Relief factors
 
Rooting depth in soils 
(a measure of soil
 
water availability)
 

Soil parent material or nutrient status.
 

Soil parent material, -as an indication of nutrient 
status, has often been shown to account for onlya rather small variation in the growth rates of forest
 
trees. This may, however, h2 particularly true
only for the subtropical and temperate regions, where
 
most such investigations have been carried out,

but not for the tropics where low soil fertility
is more commonly a greater problem. Furthermore,


extensive and detailed work with a number of

commodity 
tree ciups in the tropics (cocoa, tea,

rubber, coffee etc) has 
 shown considerable
 
response to improvements in soil fertility either
from micro-site variations or 
the application of

appropriate fertilizers. These responses are 
also
 
often found to be-oaralleled in product quality.
 

A. Climate: Mean monthly precipitation and mean

monthly temperatures are important for estimates
 
of Lhe length and intensity of periods of water
 
stress. 
 The mean daily maximum temperature of the

hottest month is important because species 
are

known not to perform well above certain temperatures

however much water is available for transpiration.

The incidence of frost is particularly important

in limiting the distribution of many species;

although it may be more difficult to detect
 
patterns of adaptability which follow a frost
 
related 
cline since there may be considerable
 
variation in the risk of frost from year to year,
which enable trees to become established in some
 
years but not in others. Moreover trees can vary in
 
susceptibility to frost with age.
 

Klimadiagrams 
 are useful to illustrate the range

of mean monthly rainfall and temperature regimes 
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experienced by each provenance (see Appendix 2.3)
A klimadiagram is not the most accurate way of
illustrating water balance from a site, however,
Penman's method is widely accepted as 
a most
reliable approach but i 
requires meteorological
data which may not be available at the exploration

phase.
 

It is, therefore, first necessary to predict in
some way the monthly temperature and rainfall
regime likely to be experienced at 
the actual
collecting sites from that found at meteorological
stations. 
Consistently high.correlation- are
found for several areas of the globe between mean
annual temperatuVe, or nrean monthly tetiperature,
and altitude and latitude. 
 For several Central
American countries, Greaves (1976) suggested 
an
adjustment of 0.56 0C in monthly temperature for
every 100m change in altitude. Webb et al (1980)suggested that the 
temperature lapse rate throughout the zone between 30°N and 300S in all three
continents varies between 0.3 and 0.6 degrees for
every rise ia )20m*; the 
lapse rate averages 0.15
degrees for every one degree of latitude from the
temperature equator 
(located between 7 and 10 degrees
north in all continents). Appendix 2.4 gives the
mean annual temperature for sites at various
altitudes and latitudes.
 

Likely changes in precipitation cannot be predicted
so readily. 
 The same precipitation as 
that found
at 
a nearby meteorological station cannot therefore
be accepted unless the 
topography is 
fairly uniform
between the station and the collecting site and
there is no 
large feature (a mountain or lake)
nearby. Otherwise, local knowledge and experience
may suggest the possible extent of likely variation
given prevailing wind-directions during the rainy

season (s).
 

Notes 6n the vegetation. (pnysionomy and species
composition) may help 
to give further indications of
local climatic conditions. 
 If a particular
vegetation type is known to indicate particular
climatic conditions in 
a region, the appropriate
local method of vegetation description should be
u.ed. 
 Form IIIa (Appendix 2.2) describes Kuchler
 

* This does not apply to 
the arid land mass of
Africa north of Latitude 150N, or Australia south

of latitude 150S.
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scheme of vegetation description. However,

human interference or natural hazards (e.g.
hurricanes, fires, etc) may alter the vegetation

in such a way that it is no longer a good

indicator of climatic conditions. The effects
 
on 
climate of large nearby geographical features

will be felt not only in their general influence
 
on temperature and rainfall, for example, but some
times on the occurence of unfavourable climatic
 
events  e.g. high winds, infrequent frosts, dust
 
storms, salt winds etc. 
 Evidence, records or
 
hearsay evidence of such information should be
 
recorded if possible.
 

B. ReZief: The angle of the slope and its
 
orientation, the location of the site on 
the slope

in relation to the top and bottom and the shape

of the slope at the site (convex or concave) can

often give good indications of soil depths, water
retention capacity, drainage capacity etc. for given

climatic conditions. Other site morphology

information can 
give indic, tions concerning exposure,

insolation etc.
 

Even relatively small slopes can have significantly

different topoclimates at the top and bottom which
affect plant growth. Combined with soil changes down
 
a slope the overall influence on vegetation generally,

and the growth of plants individually, can be quite

marked. In tropical regions the climatic factors
 
most affected by position on a slope are night

temperatures (lower at the bottom due 
to cold air

drainage) and dew occurrence.
 

Exposure in relation to orientation can effect both
 
young and adult stages of plant growth, seedlings

being particularly affected by hot dry winds and

taller stages by gales or hurricanes etc. which,
 
even if they occur at infrequent intervals, can
 
have a devastating (and selective) effect on the

taller plants in an association. Salt sprays on

slopes exposed to the sea will have a selective

influence on vegetation exposed to or protected from
 
it.
 

C. Soi C:",rctcr2Xtia: A detailed description )f thesoil, including nutrient analysis, is not necessary

at the exploration phase unless there 
are peculiarities

about the site. However, a general soil description

will be useful including texture, depth and colour of

the rooting zone, possible cause of rooting impediment

(indurations, anaerobic zones), 
drainage, parent material

and perhaps pH of the upper layers of the profile. In
 
some areas regular soil catenas might follow topographical change and 
they should be ieentified and any

correlation with vegetation noted.
 



155 

As most woody perennials are sensitive to

effects of shallow or indurated soils some 

the
 

attempt to obtain information about this is
often worthwhile, 
 even if the number of sites
at which auger holes 
can be made is relatively

few. The samples from the holes can 
be used
for the general descriptions mentioned above
and to identify root restcicting layers. 
 In
addition, a crude estimate of the water availa
bility throughout the profile can be obtainedby using some general relationships about theinteractions between soil texture and soil water holding capacity. (See Appendix 2.5).
 

Soil parent material 
can be only a general

guide to the nutrient status of soils derived
from it because of the many other important

pedogenic factors concerned. This aspect

would 
assume greater importance where a
MPT species was seen 
to be confined to loca
tional sites related to specific types of
 
soil.
 

Little can 1e 
done to estimate soil nutrient
 
status properly without an organised soil

sampling and testing procedure. Indirect

iethods such as obvious signs of poor growth

and nutrient deficiency in the associated vegetation during the growing season give
can 

indications only where it 
can be ascertained

that soil 
water is not also limiting. Indicator

species can help as 
long as 
they have been

identified as such, and 
a search through the
ecological records 
for such information could be
 
well worthwhile.
 

Where MPT's are to be used in agroforestry land
 use systems, they will 
be expected, in

virtually all cases, 
to play a key role in
maintaining the sustainability of those systems.
To obtain information about their potential

values in this 
respect will therefore be most

useful. A major aspect of this is their 
 -capacity for micro-site enrichment of the

topsoil. 
When collecting reproductive material
it will, therefore, be useful to look for
 
any evidence of this e.g. depth of litter,

evidenc2 of flourishing growth of understorey

plants, or characteristics of the topsoil beneath
 
and away from the canopy.
 

A full analysis of the natural situation will

require very detailed studies of both soil and
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plant nutrient status and more detailed examination of soil physical and chemical characteristics
(e.g. levels and nature of soil organic matter in
the profile, cation 
 excnange capacity measurements
 
etc. 
Appendix 2.6 gives further .;.nformation.
 

D. Other factors: 
 Other notes on the frequency of
 occurrence of fires, flooding and human
exploitation 
(e.g. charcoaling) can often be
 
useful.
 

Tree characteristics
 

The tree characteristics 
(stand or individual trees)
about which it is important to have some 
information
 are 
those which may give some indication of the

following:
 

* 
Capacity for production of desired outputs.
 
* Service functions
 
* 
Inter and intra-specific relationships
 
* Dysqenic or 
eugenic selection.
 
* Characteristics relevant 
to multiple cropping.
 
* 
The type and timing of phenological development
 

which may have bearing on
 
- suitability of the species for specific
 
purposes
 

- management of 
the species
 
- future collection efficiency
 

Form IV in Appendix 2.2 includes the kinds ofinformation which it is 
possible to obtain for these
purposes by direct observation, as well as some
which can only be obtained by careful interpretation
of observations. 
 Clearly, while for most 
information
observations 
are best evaluated in unaffected stands
for some characteristics (e.g. coppicing propensity)
the observations need to be obtained from stands or
trees which have been utilized in some way.
 

Although a thorough and 
concientious set 
of information
 can be obtained at 
any one site during a single
visit there are still some problems to be borne
 
in mind:
 

Will the species being collected present

a different appearance if visited at other
times of the year, and 
to what extent can
 
this be forecast
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o 	 Is it possible to predict the pattern

of plant behaviour for the 
species

to 	be collected in relation to 
seasonal

climatic changes? 
What will be the sequence
of 	various phenophases such as 
bud development,

flowerijey, fruiting,'leaf fall?
 

* 	Will 
there be any major changes in the
-1' '- 0, - vegetation which can give further
useful information, for example the nature


and times of occu rrence of competition
from associated ground 
cover, understorey,

companion or over-torey plant species?
 

If 	 a sequence of visits (two or three) timed to
concide with major seasonal changes 
are not
Possible then local 
informants can sometimes provide
some general comments 
which should be recorded.
UnLike most herbaceous plants woody perennials in
the tropics often undergo growth and development

:)atterns which are 


of 	
both more complex and, thecase some species, or some in on sites, may not
re 
the same as those experienced by other members of
the the species growing in different ecozones.


Neither is 
it easy with some to relate their
phenology to 
individual seasonal climatic parameters.
These considerations 
are discussed more 
fully
eLL2'...h rh2,in 
this manual but any information

that can be gathered whilst in 
the field among
natural populations is likely to 
be 	extremely

usaful, however fragmentarl it may 
be.
 

Again some of the 
,dJir.,ot observations required
can be very hard to make without considerable time
and effort being taken. 
 For L-ample observation
 on 	seasonal rooting activity, or on 
the presence
or absence of nitrogen fixing nodules. Furthermore
results may be inconclusive if adequate sampling
both in time and space is not possible.
 

Other direct observations provide 
information

about characteristics which may be 
significantly
influenced by site 
or management. 
For example tree
crown shape may vary with stand density; and 
tree
crown density or depth may in 
some cases vary with
differences in 
the nutrient status 
of 	the tree.
Therefore, potential 
tree development may be difficult to predict. Photographs of the range of
tree shapes and sizes within the stand, and of 
tree
parts (brarches, flowers, fruits etc) all with
reference scales, are a useful way of recording

information for later study.
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The validity of derived information will

obviously depend on the correct interpretation

of 	observations made on only one 
(or a few)
occasions. It is, therefore, less 
valid.
Indeed, patterns will be explainable by a whole
 range of alternative factors. 
 Seed dispersal mecha
nisms are usually a key to ecological success
and an understanding of, 
for instance, a lack of

seedlings of the species concerned under the
 canopy of its parent could be 
due to many factors
 
including:
 

* 	Allelopathic influences either
 

- from its own parent or
 
-
from another species in the under/overstorey;
 

* 	 Competition fo moisture either
 

- through root uptake, or
 
- canopy interception by the parent 
 or
 

another species.
 

* 	If the site has been influenced by man and
 
livestock and soil compaction has takm place,

the root radicle may not be able 
to 	penetrate

the soil surface;or seedlings may have been
 
grazed.
 

* 	 Infrequent good fruiting years combined with
 
a shade intolerant seedling may lead to very

few or no seedlings being present. 

* Flowering and fruiting intensities and

intervals can 
be influenced by pollarding and
 
pruning patterns.
 

These eamples are only some of many willwhich
become apparent in the fiel(. 

An indication of the within-population variation

for specific characteristics is 
certainly desirable. But
because it 
expresses only phenotypic variations it
cannot do more 
than provide clues 
as 	to possible
genetic heterogeneity concerning such characters.
 

Nevertheless, it may sometimes be possible to
 
suggest where an 
obvious environmental factor

is most likely the cause (a larger tree and
bigger leaves where growing in a hollow as

compared with raised ground). Otherwise the
 mere 
presence of such variation must, at least,

suggest the need for a careful scrutiny of such

plant characters during the evaluation stage.
 



159
 

Species utiZization and function
 

Appendix 2.2 Form V gives a list of 
some possible
 
uses of trees and shrubs and their functions in an
 
agroecological context.
 

Tiiese can be divided into indigenous, home based 
use and industrial or commercial utilization;
 
the latter information derived from hearsay or
 
literature. A further subdivision can be made 
according to the quality of the species for 
particular end uses in relation to the timing
of the cropping for such uses, both within the 
yearly cycle and within the life cycle of the 
individuals of the species.
 

Under the heading "agroecological", the functions
 
of the species should be divided into those
 
aupreciated locally under the 
broad environmental
 
conditions defined by the site assessment, and
 
those functions appreciated in other areas. In
 
the latter the relative qualitative and 
quantitative differences in perceived functions 
may be due both to different site conditions 
(which are not recorded during a first stage

exploration phase), and to the presence of other 
species which alter the ranking order of usefulness or 
undesirability of the species for specific

functions. It is accepted that, under the heading

agroecological, people may attribute 
a particular

perceived effect of a tree on an associated crop or
 
pasture to the wrong cause or combination of
 
causes. This may mask site specificity thereby not
 
allowing reliable prediction of the relative value
 
of a species on a different site. For instance
 
the allelopathic influences of EucaZyptus camaZdu.ns i,
Dehn. on annual herb species in California has 

2 

been shown to vary widely in space and time depending 
on soil type and on the particular rainfall 
pattern prevailing in any year. 

\lp
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AncilZary mate2zai needed to 
support

seed or vegetative collections
 

Rhizobia/mycorrhizas: 
 Following advice from 
a

specialized institution it may be desirable to

collect nodules or roots for rhizobial and

mycorrhizal isolates from the natural habitat.

These would be cultured for possible reinocula
tion of the associated species in the exotic
 
environment 
(subject to quarantine regulations).

And this may well improve the performance of the

species outside its natural habitat. A discussion
 
of the subject is given in Section 5B.
 

Herbarium specimens: Samples of leaves, fruits,

seeds, flowers are essential to support the

collections of fruits/seeds; enough material
 
should be collected to represent the range of

characteristics found in parent plants. 
 Notes

and photographs can 
usefully supplement herbarium

material and, if seed extraction is carried out
 
on the site, a-photograph of a collection of

fruits can be useful to illustrate the ranae of
variation. 
 Photographs are particularly useful as

they show the form of trees very well, and can be
 
analysed in the office.
 

Other Materials 
for rcientific investigation:

Because of 
the high cost of access to areas visited

during the exploration phase, the opportunity

should be taken 
to collect other material which

could be of value to research and to indicate
 
patterns of genetic variation (e.g. taxonomic
 
research using biochemical characteristics 
terpenes in conifers, phenolics in eucalyptus),
 
or of value in indicating potential valuable
 
products (e.g. gums, 
medicinal properties, etc)

which may have already been mentioned by local

inhabitants. However, 
special equipment is
required for collecting and storincj 
 irh material
 
including specimen bottles, storage solutions,

refrigerated or 
insulated containers.
 

Wood samples may be desirable for preliminavy

testing for 
a number of purposes (timber properties,

calorific value) and present no problems of storage.
 

Some species may produce gums or 
other exudates

which, again, are easily sampled, and it is worth
seeking advice on collection, storage and analysis

from specialists.
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The 
collection of leaves at the exploration phase
for foliar analysis of 
various nutrients and
compounds in 
the hope of, for example, obtaining
an indication of 
their potential value 
for fodder
is likely 
to provide fragmentary or 
actually
mis lead ing information, un less it can be donethroughly. 
 There 
can be considerable variation
in concentrations of foliar nutrients over time,im different parts 
of the canopy, and even along
a branch. 
 Individuals of the same species on thesame site and 
at the same time 
will give varying
results. Further, compounds which inhibitdigestion (e.g. tannins, flavinoids, alkaloids)
are also known to vary over time. 



Collection and Storage of Reproductive
 
Materials
 

The main objectives of material collection are
 
as follows
 

o 	The propagation of the species/provenance:
 

- for evaluation purposes
 

- for subsequent distribution for development.
 

O 	 To enable the identity of the population to 
be 	checked.
 

Additional objectives may include the collection 
of material of value for scientific research and
 
to provide data on the potential value of the
 
products.
 

Appendix 2.2 For V1 provids a check IIst of the
 
information which should be recorded during

material collection, and Appendix 2.7 provides
 
a list of the equipment which may be needed for
 
the collection of material.
 

The objectives behind seed collection may be
 
varied and lead to collecting the following.
 

* 	 A maximum cu ', of seed 

o 	 The widest c'u,1of provenances possible. 

'0Seed from -identified, ,,:rufl trees 

!.here the purpose is to evaluate multipurpose
 
te e sue oL Cse acs collectior., in the
 
first nstanc, , !.Lxso collect material
 
so as tc be : e cL- ti-e -L'..'een-n6 'withino..ar 
0!o, U -a io ra:::< o7Cf :'-atao'i01 ,- .,1...: 

That is,rather than .'it: 1 3:a rd to purely t: :.o
nomic c',naracters. iience, seed collection should 
initially' concentrate on tw'o main sources : 

* 	 Populations which are distributed in such 
a way as to be likely to provide information 
on the extent of (clinal) genetic variability 

* 	 From individuals which show outstanding examples 
of selected characteristics within-populations. 

In this way it may .)e possible to discover some 
measure of the vari.tiori in performance attributed 
to within-population genetic differences. 
.......................------------------------------------

• Aga-in the term "seed" here is 
used both to describe
 
actual seeds as well as 
other types of propagules.
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Planning should start as 
early as possible. For
specie. suitable 
for agroforestry it is
that much information already exists, so 
likely
 

the first step is that
 
a literature search. 
 The
best sources 
for up-to-date information on
international priorities and activities are:
'Forest Genetic Resources Information" and
Plant Genetic Resources BuTel-tn'_oth from
 

FAO.
 

Factors in 
the planninc orocess 
then include
consideration of informa-tion about the 
following:
 

w)The distribution of the 
species 
* Probable flowering and fruiting times 
.m The likelihood of different seed yields


in different years
 
c Weather 
(also in relation to 
conditions
 
of roads, etc)
 

* Distance 
to collection sites 
(with regard
to available transport)
 
* Any seed collections by other organisations.
 

It is 
also necessary to prepare for any legal 
or
official documentation that may apply in
country or the
district of collection 
or use. These
include import and export licences, plant
quarantine certificates, seed source certificates,
and permission 
to enter or collect from governmentally or privately owned land.
 

If collection is 
planned sufficiently far ahead,
people in 
the field can 
be asked to keep regular
records of phenology, and 
to note likely seed
sources. 
 In addition to learning about possible
seed yields, 
the timing of seed collections within
the overall programme can 
be planned more effectively by acquiring such local information.
 

--,'.:j a~z:J , ; of seed co~lection:of the The timing
see-
 collection operations depends upon the
information available. 
 In abundant seed years
it is clearly easier to obtain larger quantities
of seed from the desired parent 
trees or populations.
If seed production is 
unreliable, prior correlations
of actual seed production with flowering patterns
can ba 
a most valuable planning aid.
 
In situations 
..here 
important populations of plants
 

\6
 



are threatened '.with destruction, it is clearly
 
important to give these priority, and to plan
 
to raise these seed sources in conservation
 
plantations for further seed production.
 

Tactics also include the organisation of field
 
workers, transport, handling requirements, temporary
 
storage and preliminary testing (see below).
 
Although seeds will be the most usual propagules,
 
vegetative material may be desirable in 
some
 
situations (e.g. stem cuttings, root cuttings
 
or material for micro-propagation).
 

Set..,?-: -o* o/'f c7zt pZ z?t,.: The natural occurrence 
of the species being collected has a strong
 
bearing on what oan be collected. A widespread 
tree species such as .4oaca tortili.jc lend 
to range-wide collection u" different populations
 
for provenance testing. Q-ord, a ,z odeuls, on the 
other hand, is (ueoc rjaoically and ecologically much 
more restricted dc i y 

For . 1equate sampling of a whole range of genotypes, 
regular or systematic sampling may be best to ensure 
that clines or regular Patterns are detected. 
Where a species is represented by widely spaced 
individual specimens espcially where there are 
marked differences visible between thei:, individual 
tree col'.ections, kept separate, will be strongly
desirablc. : T' -,-.v. though not always feasible 
to maintain individual tree identities even in seed 
collec-l: - c..i;o~L :ire ande speci'fical lv for research. 

For representation of a provenance, at least 25-50 
parent trees should contribute to the seed collection, 
randomly selected at a distance of 100m or more 
apart to insure out-breeding as far as possible, 
and to cover the widest ra-nge of genotypes. 

The deliberate selection of "superior" phenotypes 
may be desirable, but generally not completely at 
the expense of smaller slower-growing or lower
yielding individuals. These may well have attributes 
that only become apparent during the evaluation 
stage. This is especially important with MPT's 
where Jifferent habits and growth characteristics 
may be required for particular agroforestry land 
use systems. In addition, characteristics such 
as resistance to particular pests and diseases or 
to various plant stress factors may be required in
 
the gene base later, if not sooner. 

In standard forestry tree breeding terminology
 
the superior phenotype is called a "plus tree". 

http:tortili.jc
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Depending on whether it is to be grown singly
 
or communally "plus" implies a different
 
set of characteristics. 
Later whien its genetic

superiority is confirmed by progeny 
testing it
 
becomes an 
"elite tree". "Minus trees" are

sometimes selected to maintain a broad genetic

base, and to 
provide immediate comparisons in
 
progeny trials.
 

T;e retntion of parent identity is very important 
for evalua Io.z cd f.,re i ,eeding strategy where 
de 'l t ;.a, &cionbea .- ;1a,; "1,hacn made. 

Whatever the situation in which the parent plants
 
are found, it is 
important to obtain information
 
on the breeding system as far as possible.
 

This might be done by:
 

* A study of the 
literature for that genus/species.
 

* A close examination of the structure of 
the
 
flowering orga..s during the various stages

of anthesis, including an examination of
 
pollen ripening and, if necessary,

fertilization. This can 
be done cytologically
 
or 
crudely, by bagging individual flowers at
 
different stages of anthesis with and without
 
anther removal, and then looking to see 
if
 
fruits set.
 

o 
An appraisal of phenotype variability in relation
 
to separation distances where ecological factors
 
are evident.
 

More complicated investigations (e.g. using "marker"
 
genes) are probably for the future. Also, it must
 
be remembered that for so-called "in-breeding"

species the degree of actual out-crossing depends

not only on the characteristics of the plant but on
 
the environmental opportunities which occur e.g.

the presence or 
absence of correct pollinating

insect species and suitdble combinations of weather
 
conditions for their activity in relation to 
ant'.esis
 

Selection and handling of materials
 
for seed.
 

Seeds are obtained only by collecting fruits and

it is desirable, obviously, to select the largest
and healthiest from a tree. However, in general,

although fruit size may be 5oreatly diminish-ad by

plant stress (especially fleshy fruits) seed size
 
is often less severely effected. Some preliminary
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examination of the fruits, 
even if this is just

to ensure 
that seeds have properly developed, is
often a desirable preliminary to actually

collecting from any one 
tree. The extent of
parthenocapy or sterility (as indicated by mal
formed seeds) may need looking into.
 

Yields of seeds may differ widely between

individuals and it may be difficult to 
ensure that
all individual parents are 
equally represented

in a seed collection. The importance of collecting

from an 
adequate number of individuals and, if
 
possible, of keeoing the individual parent seed-lot
separate, has been referred to above. 
 Bulking of
"seed-lots" can be done later in the seed laboratory

if necessary.
 

Each "seed-lot" should be labelled within and outside

the container or 
bag, and strictest precautions must
be taken to prevent mixing seedlots (see Appendix 2.8)
 

It may be difficult to avoid collecting diseased or
infested seed on some occasions. Great care will
of course be needed for phytosanitary reasons,

especially if the seed is 
to be moved between

countries. If there is evidence of large scale
seed damage 
a special research programme may be

needed to study this, but 
some form of sealed
 
storage will help diminish the spread of pests

from one container to another and, 
if the seeds
 are 
air or better sun-dry, it will often help

retain viability. Fruits such as 
capsules or

pods will normally be collected when mature and 
at
least sun-dried (if this has 
not happened on the
tree). Dehiscent fruits will need to be collected

before they have split unless a sheet is spread.

It can be a matter of choice as 
to whether seeds
 
are ext-acted soon after collecting (e.g. where
this is easily done as 
in, say, Acacii spp) or later
and perhaps with the aid of special eluirment
(e.g. Poro- r sp) . Powever, transport

and hardling are made easier if fruit coats are
removed and, also, there is often less chanc?
of pest infestation, especialiy if 
a preliminary

sorting of damaged seeds is done at the site
however crudelv. 

If the fruits or seeds are not 
thoroughly iir-dried

then storage during transport is probably best
done in cloth bags, as plastic containers of any
kind usually build up high humidities and encourage

the development of fungi. 
 For seeds with a

tendency to germinate almost irineoiately it may

be necessary to chill them and 
to use insulated
 
containers.
 

D 
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Dried fruits or 
seeds can be treated with a combined
fungicide/insecticide dust if 
there are signs or
possibilities of 
disease or 
pest infestation and some
is to elapse before they 
time
 

are transported to base
(where a methyl bromide fumigation can, if 
done
 
correctly, eliminate pests).
 

Although knowledge is 
rapidly being collected on
the viability of tropical seeds 
and their storage
requirements many species are 
still imperfectly

understood. The U[.'RO Working party 2.01-06 is
one source of inFormition, particularly through

address list of participau ing research workers. 

its
 

Where fleshy fruits are collected the question ofseed extraction has to he more carefully considered: 

2 
 are the seeds "recalcitrant" (i.e. will they notretain their viability if dried and/or kept at
low temperatures?). 

are 
they more easily and safely transported in
whole fruits rather than "pulped" or "shelled",
and are there field facilities to do this and,perhaps, to clean the seeds (e.g. water andequipment)? 
 Can the extracted seeds be made more
easily handleable by, say, coating with wood ash?How will extraction in the field affect viability
(most moist seeds are more susceptible todamage than dry and 

heat 
ones, temporary storage in theback of a vehicle sun causein the may damage). 

V are the fruit characteristics an important geneticconsideration 
so that 
a more careful selection needs
to he made on return to base ?
 

Selection and handling of materials for 
vegetative

propagules , 

Where seed is 
scarce, diseased or infested, or where
 
vegetative propagation is specifically needed ramets
for grafting or direct 
rooting may be collected. The
timing of collection and transport 
is much more exacting
than that 
for most seeds, and it is easier to raise plants
from seed and to propagate vegetatively from these under
controlled, ex-situ conditions. 
 If this is done, however,
the genetic constitution of 
the propagules is in 
considerable doubt, especially in out-crossing species.
 

Species which show a great range of vegetative vigour
and/or habit 
(even within the 
same taxon, e.g. Prosopis spp.)
will need special attention 
for the production of vegetative
material representing its 
full genetic range.
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Material 
suit-,b]e for vegetative propagation may
ue taken from various parts of trees, and usedfor direct rooting, or for grafting on to
rootstocks. 
 In the tropics detached

scion grafting is often difficult withoutspecialized equipment and skilled attention,

with the exception of budding techniques.

Material for 	detached 5cion grafting and/or
soft or semi - hardwood cuttings has to be 
collected while fully turgid 
 (i.e. early in
the morning), kept cool and moist, and taken to
 
a nursery in 	the shortest possible time (a few

hours, preferably). Polythene bags (sealed and
containing moist peat) can help retain the
material in a fit state as long as they are kept
cool and shaded at all times. 
 Insulated containers
 
can help.
 

Where a plant forms 
them a more robust kind of
vegetative material 
is a rootstock (or sucker)

dug up with soil attached. Watering first

is a help in retaining the soil. 
 In 	some cases,
where 
a return visit is possible, it may be

feasible to layer branches ( ground or air-layers)

and come back to 
remove them already rooted.
 

The season at which vegetative material is removed
 can greatly affect the chances of successful
rooting. In general (but species differ) rooting

success 
is 	greater when appropriate plant materials
 
are 
taken at a time which relates to an appropriate

growth stage. For example.
 

* Budwood -	at 
the exact stage of bud

maturation and neither prematurely nor

when the bud has become dormant.
 

* 	Soft or semi-hardwood cutting materials 
during the early or later part
of a vegetative growth flush, 
respectively. 

o 	Hardwood cuttings - after a growth flush when
 
there is 
 plenty of well matured wood.
 

* 	Layers - made during the very early part of 
a growth flush, and collected for 
transport before the end of the flush.
 

Two important aspects of collecting vegetative

materials require 
some care and observation:
 

e 	If there are any obvious signs of virus
 
infection (crinkly leaves, 
stunted growth,

interveinal chlorosis 
 etc) the plant
should be avoided (even parts which do not
 
appear to be 	affected).
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e If there are chinaeras (somatic mutations) 
these may be visible as a change in
 
morphology in a particular shoot.
 

In general, very little is recorded about virus 
infection in MPT's (FGNFT's), probably because they
have not, as yet, been to any extent examined by plant
virologists. As with fruit/seeds it may pay to
 
treat vegetative materials with a combined fungicide/

insecticide (by dipping) in order to avoid bringing

infested tissue into t-he nursery.
 

As with fruits or seeds clear anti adequate labelling

(inside and out) of the package of vegetative material
 
is essential (See Appendix 2.8). 

,i a ror' Iorqation 

Micropropagation techniques such as tissue and
 
meristem culture have now become common practice


producing plant materials free of
 
virus and mycoplasma ("Nuclear stock"), but also for
 
general production.
 

Relatively simple laboratory facilities are needed. 

Species differ considerably in the ease with which
 
plantlets can be produced from appropriate tissues.
 
Usually undifferentiated parercchyma cells from the

phloem taken from young 
 stems, or from wound callus 
tissue. A buffered solution containing both nutrient
 
sugars and plant hormones is required, which may

differ with species and with time of development;
 
temperature and light must be carefully controlled.
 

After separation of the cells they are usually

maintained in this solution and kept gently

shaken until individual cells, or clusters, have
 
started to differentiate into a root and shoot.
 

At an appropriate stage of growth the young plantlets
 
are removed from the laboratory and placed in favourable
 
nursery conditions under strict environmental
 
control. There are some practical difficulties at this
 
stage in handling young plantlets and the survival
 
rate can be 
low if great care is not taken. Subsequent
 
nursery stages can be as normal.
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Supporting Facilities
 

Suppor-ting institutions
 

To facilitate a major international collaborative
 
programme of research and development for tree
 
genetic resources the single most valuable
 
insitution is the central coordinating agency.

Some examples with experience of tropical
 
species are the Commonweath Forestry Institute
 
(CFI), Oxford, UK (tropical pines and central
 
American hardwoods) The Commonwealth Scientific
 
and Industrial Research Organisation (CSIRO),
 
Canberra, Australia (eucalypts and Acacias), INIF,

Mexico (Mexican species), and the DANIDA Forest Seed
 
Centre* llumlebaek, Denmark (Asian pines, Grnelina and
 
Tectona). These institutions have provided
 
one or more of the following services for the
 
international trials they coordinate:- taxonomy,

seed, experimental design, data processing,

wood quality analysis, chemical analysis, genetic

studies, soil analysis, monographs, bibliographies
 
and training courses.
 

For the new programme with multipurpose trees it is
 
unlikely that any one central coordinator could
 
provide all these facilities and services nor
 
the other services that might be required, e.g.

RLU,:obium and mycorrhizal inoculation techniques

and materials. Such services must be obtained
 
from specialist organisations.
 

The institutes mentioned above have all been
 
concerned with forestry research. Other
 
institutes are involved with tropical tree
 
research in a wider sense, i.e. with commodity tree
 
crops, forage and range species and with fruits, nuts
 
and spice trees or bushes.
 

In addition, many of these institutions have
 
developed techniques and methodologies for
 
studying woody species which are directly

relevant to work with MPT's. 
This also includes
 
others in temperate regions which have past
 
or present links with tropical tree research, ecology
 
or other types of experimental programmes which
 
can he of use.
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1101p with c'hoice of apecies 

In addition to lists of species/site characters
 
prepared by the CFI and the CSIRO, the National
 
Academy of Sciences has drawn up a list of 20
 
species for trial in the Sahel zone and a monograph
 
on species for fuelwood. The Food and Agricultural
 
Organization of the United Nations (FAO), advised
 
by its Panel of Experts on Forest Gene Resources,
 
has a list of priority species for fodder, fuel and
 
shelterbelt use. These agencies can all give advice 
on suitable species for trial on a given site and
 
on seed source supplies. 

In addition FAO, with rinrnciil Assistance from the
 
International Board for Plant Genetic Resources
 
(IBPGR), has initiated a project on some 20 arid
 

zone species involving nine countries where the
 
species are indigenous. Research institutions in
 
these countries ,it cC Le2 ct i ng si(ed anUd ma k ing
 
available to the other eight countries. At present
 
there are no plans to distribute samples to other
 
countries but FAO can supply the contact addresses
 
and, later, results of the species trials (see
 
Appendix 2. 9 

"~-zeoe esazrce 

While CFI and CSIRO conduct taxonomic research on the
 
herbarium material of the species they are concerned with 
there is no clear leading centre for the taxonomy of 
the many species likely to be included in the NAS 
sponsored trials. At an early planning stage
 
arrangements should be made with established herbaria
 
such as the Royal Botanic Gardens, Kew, UK, or the
 
Smithsonia Institution, Washington, USA, to under
take the taxonomic confirmation of all the sample
 
populations included in trials. Where 
indicated, studies of the morphological variation
 
shown in natural stands and in the field trials should
 
also be carried out at suitable centres.
 
There are also many national herbaria and Botanic
 
Gardens which have excellent resources and experience
 
for identification and information about the species
 
found in their regions. 

Chemical analy'aij 

Chemota*xonom-: is now widely accepted as a supporting 
tool in studies of plant variation and in identifying
 
hybrids or unknown populations. It has been used for
 
terpenes in the CFI International Provenance trials 
of tropical pines. Biochemical characters may also 
be useful in studies of juvenile-mature correlation.
 

/
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The types of chemical compound that are most 
discriminatory between species 
and F ,pulation
 
vary with the family or genus; an indication
 
of these and the 
research interests of individual
 
workers are given in CherLL!O. Pi,it 'IrXu?/,a 
semi-annual mimeographed newsletter distributed
 
by 
the Academy of Natural Sciences of Philadelphia
 
U.S.A.
 

For the legumes specifically another newsletter, the
L,.m Bag, is distributed by the USDA Plant 
Taxonomy Laboratory, Beersville, Maryland USA, and 
the Smithsonian Institute, Washington, D.C., USA;
this circular indicates ongoing research in classical 
taxonomy,chemotaxonomy genetic variation and 
breeding. Isozymes are being used to determine genetic
variation including gene frequencies and heterogeneity
in many species. Many laboratories around the world 
could undertake suitable studies with additional 
resources(e.g. CFI. CSIRO and USFS) 

As with taxonomic research chemical analysis may be 
use
ful in the evaluation of field trials as 
well as in the
 
exploration phase.
 

n"_,'f01r )doa t,?, 

In the evaluation of trials of species and
 
provenances for industrial species the most
 
important characters have been growth rate,
 
stem form, branch characters and wood quality.

Wood is a highly heterogeneous and anisotropic

material but its suitablity for end uses can
 
frequently be predicted from a few structural
 
features, particularly wood density and its variation
 
within trees, fibre dimensions and tissue organisa
tion. Since these are influenced by environmental
 
conditions and by correlations with growth rate and
 
tree form, their values in exotic conditions are not
predictable precisely from material in natural
 
stands. Nevertheless an-indication of the extent
 
and pattern of variation between populations

be obtained from such samples. For multipurpose trees
 
these wood properties may have different priorities.
 

increment cores taken at breast height from 5-10 
trees
 
per population as usually adequate and many national
 
forestry research institutions could determine average
 
core density by gravimetric methods and fibre
 
length-from projected images of macerations. However,

for large scale screening, especially at i'he
 
evaluation phase, automated methods are preferable,

particularly X-ray densitometry; lists of laboratories
 
projects and publications are provided in another
 
mimeographed newsletter, the MJ~cLOC1Qnsitometry

Bulletin, distributed by Dr. J. Evertsen, Irish Institute
 
of Standards (IIRS), Ballymun Road, Dublin, Ireland.
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Automated measurement of fibre dimensions and tissue 
organisation is less advanced but the CFI, Oxford, 
is currently developing methods of optical image 
analysis for this purpose. Calirific values do not 
vary greatly hut routine checks are worthwhile since 
calorific yield is the product of volume, density 
and calorific vilue. A joint CFI/TPI project already 
exists on this subject, and could be extended to provide 
a service for others.
 

.-. ;:''s:m ,t. of otiher pr'odunLd 

The proc'cu s from MPT's will include many others than 
]ust wooi, or wood derivatives. A number of interna
tional and national organisations have facilities and 
experience in assessinig the quaLity of various tree 
D :oducti. 

Spedl prw.un;nn7 

Many counuir es have facilitiLes for extraction, drying 
and storage of indigenous seeds in either the 
Agriculture or Forestry Departments. For an interna
tonal trial programme the seed donor countries could 
he asked to do all the seed processing and distribution; 
it is more efficient and more secure (with regard to 
maintenance of seed source identity) to maintain the 
seed stocks and distribute them to recipient organisa
tions from a central store at which the staff are skilled 
and facilities are available for research on seed problems 
Lf needed. 

This central store may or may not be located at the
 
centre that coordinat:es the whole trial programme.
 
Examples of major seed stations with experience of
 
tropical trees include:- Division of Forest Research,
 
CSIRO, Canberra, Australia; Danish Tree Seed Centre,
 
Humblebaek, Denmark; Forestry Commission Research 
Station, Alice Holt Lodge, Farnham, UK; Royal Botanic
 
Gardens, Wakehurst Place, Sussex, UKJ US Forest
 
Service Tree Seed Laboratory, Macon, Georgia, USA.
 

./{,;t: ',n and intarpretation of -iinatiodata 

Many research stations in the tropics have some provi
sion for recording climatic data, if only a :ain gauge
 
and a Stevenson screen with a thermohygrograph. Equip
ment for these minimal records should be provided at
 
the sit6 of each trial. Lists of equipment and suppliers
 
are given in Part 3E. in the exploration phase, however,
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it is unlikely Mhat a meteorogical station will exist at 
the site of each seed collection and in this case the
 
data must be obtained from the nearest station with de
tailed information on the geographic/topographic differences
 
between the two locations.
 

The types of data and the equipment used for measuring them
 
are outlined in the Annex to Section 3h but further advice
 
may be sought 
from specialised agencies and institutions
 
such as:- World Meteorological Organisation, Geneva,

Switzerland; FAO, Rome, Italy; 
NERC Institute of Hydrology,
 
Wallingford, UK.
 

SoN an1 i/,> 3S 

It is desirable to collect and analyze soil 
samples both
from species collection sites and from 
field trial sites.
 
Analysis can be for nutrients (available and reserve),

chemical properties (reaction, exchangeable cations and
 
capacity, salinity) and soil 
moisture characteristics; the
 
last requires special sampling of undisturbed soil cores.
 

Two warnings are necessary, however. 
 First, soil analysis

is time-consuming and expensive, and should not be under

-taken without reasons, i.e. it is known what use will be 
made of the results. The so-cdlled 'routine' soil analyses
found in mony reports serve li tt le purpose. 

The second warning is that soil chemical properties exhibit 
large local variability, with coefficients of variation of

the order of 30-70% within an apparently uniform area. Con
sequently a single sample, 
as 
from a soil pit, is of little
 
value; the apparent precision with which chemical analyses
of representative profiles are commonly given is misleading.
If meaningful values of nutrient levels and other chemical 
properties are 
required, composite samples should be taken.
 
(see Appendix 2.6).
 

Rhiz:obial aid mycorrhinal techn-rqnoc. 

The collection and,culture of 
isolates and their distribution
 
and inoculation 
in field trials require specialised techniques.

A number of organisations have such expertise, e.g. CFI 
and
 
USFS for mycorrhizae and NIFTAL, University of 
Hawaii, USA,
 
for rhizohia. 

In fundamental research on these organisms isotopic tracing
is commonly used and advice on this technique can be obtained 
from the International Atomic Energy Authority, Vienna, Austria. 

General
 

Various specialist organisat ions can give advice and assistance 
on the individual topics noted above and some, such as CFI,
CSIRO, CTFT, FAO, and ICPAF, can help with a range of subjects
offering advice on species, equipment, methods, information,
staff and, occasionally, direct finance for 
research. Another
 
important source of expert ise is the International Union of 
Forestry Research Organisat rlns (IUFRO) 
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IUFRO 	is a non-Governmental organisation 
with 400 member
institutions and 8000 
individual scientists in 95 countries
grouped into six scientific divisions with a hierarchy
40 subject groups, 150 working parties 

of 
and 16 inter-divi

sional project groups. Apart from a small financial
contribut ion by each member institution, IUFRO has no
funds, but through the activities of individual 
 scientistssupported by th administrative services of their parent
nstttutiontj, it is highly effective in stimulating

cooperati v reoseoarc h on g tvn spec i(2s or prob .ems. 

[UFRO 	 is managed by volunt.ary divisional coordinators,
subject group l eadters;, working party chairmen and their
deputies an , 5-year appo i ntlment, to.newable for a 	 further
period of five y'arrs its latest reorganisation tookplace on Jrnu r , 1982, and the full list of workingparties and of ce'rs is inc udod In the IUFRO Annual Report
for 182. Til. Iollowlling -seeted working parties are,
however, parrt. at i y act ia., d( i 	 lmmediLely relevantthe explotation, 	 to

evaluation, conservation and utilisation
 
of the genetict resources WL Multi purpose trees :

_vin isAn 	 Sub jc r Wo rk LPng
 

Group Party 
 Title 	and Chairman 
SI 07 07 
 Agroforestry
 

Dr. G. Budowski/B. Lundgren 
CATIE
 
Turrialba, Costa Rica.
 

S2 01 
 06 Seed problems 

Dr. F.T. Bonner 
Forest Tree Seed Lab. 
P.O. Box 906, Starkville
 
Mississippi, USA.
 

S2 02 08 
 Tropical Species provenances
 

Mr. G.L. Gibson
 
Commonwealth Forestry Inst.
 
South Parks Road
 
Oxford, England.


S2 02 
 09 Eucalpt provenances
 

Dr. J.W. Turnbull
 
Division of 
Forest Research
 
CSIRO
 
P.O. Box 4008
 
Canberra, Australia.
 

S2 03 01 
 Breeding tropical Species
 

Dr. R.D. Barnes, 
Commonwealth Forestry Inst. 
South Parks Road, 
Oxford, England. 

S2 03 01 Breeding eucalypts 

Dr. J. Davidson 
P.O. 13o , ,11 ) 

NSW 21"0, AuIl i li . 



176 

NOTES ON TIlE IMPLEMENTATION FLOW CIHART FOR MPT 
EXPLORATION
 

- by P.J. Robinson* 

1. 	 Identification of national ecozones i.e. areas
 
with similar land-use systems and similar
 
resource bases. Generally these would be on
 
a larger scale than that used by FAO for
 
agro-ecological zonation.
 

2. Land use systems may experience physical or
 
socio-economic constraints on productivity.
 
Future problems e.g. fuelwood shortage should
 
also be identified where possible. The role of
 
trees is to provide year-round employment and
 
production, multiple products and improved
 
environments. Species from other ecozones,
 
countries or regions should be considered where
 
they 	 have solved problems. 

-3. 	 Possible benefits from MPT's should be examined 
not only for the specific ecozone but for different 
sites also. Benefits include soil improvement 
(direct through nitrogen fixation or indirect 
through reduction in dung burning for example), 
shelter effects, dry season fodder etc.
 

4. Match possible benefits from MPT's against the 
identified land use constraints, ranking them in
 
order of importance for each particular ecozone.
 

5. 	 Preliminary list usually contains more species
 
than can be worked upon.
 

6 to 10. 	 Rank all possible species, drawing on published
 
and unpublished information, rejecting or
 
prioritizing until a number that 
can be handled
 
is arrived at.
 

11 to 	12 
 Fdr each species, using all sources of information
 
determine 	distribution, environmental and historical
 
parameters likely to have led to genetic adaptation,
 
including 	barriers to gene flow and human selection
 
pressures.
 

* With acknowledgements to P.A. Huxley, P.J. Wood and J. Burley 
fo" useful omment. 
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13. 	 Decide on 
sampling strategy, e.g. range-wide if
 
little is known, more intensive where genetic

variability 
is better understood. Reduce programme

in extent or intensity if resources are 
a constraint.
 

14a. 	Locate sampling sites and collect:

- seeds and vegetative propagules
 

- reference herbarium material
 

- material for population genetic studies
 
(leaves, flowers, wood, chemicals)
 

- material 
Lor other purposes e.g. medicinal
 

14b. 	Collect information on:

- environmental 
parameters
 

- oree characteristics 

- local knowledge on 
value and management of
 
species
 

- any other local species of potential (return to
 
stage 6 for any found)
 

15. 	 Seeds, propagules and information stored and
 
retrievable for evaluation.
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SECTION TWO
 

PART 2A
 

ANNEX
 



185 Appendix 1 


Aide Memoire of Information Required to help show
 
a Species' Distribution and Potential Clinal and
Non Clinal Variation in Characteristics
 

Botanical name (and authority):
 

Common name(s)
 

Name of the 
area under your responsibility: Surface area ...Km2
 

Latitude limits: 
 Longitude limits:
 

Species present/absent
 

If absent was it present in the recent past 
(e.g. 50 years)?
 
Yes/No
 

Comments and/or data on the following, where appropriate
 

* Climate
 

A. Information on meteorological station/s
 

- Coordinates and altitude of meteorological
 
station/s to which data refer;
 

- Number of years of data recording;
 

- Comments on likely/possible variation in
 
temperatures and Precipitation between
 
climatic station and areas where species
 
present.
 

B. Information related to species
 

- Altitude range of species 

- Precipitation preferably, mean monthly totals

(otherwise yearly mean and number of dry

months).
 

- Temperature 

monthly means of daily temperatures
 

mean maximum of hottest month (and absolute
 
maximum)
 

number of frost days
 
frost pockets Yes/No


Note: 
 This Aide Memoire may refer to national or more
 
restricted coverage as 
required.
 

I 



Referred to
 
on page: 18
 

Appendix 2.1 
 Aide Memoire of information
 
about Species' Distribution 
 7
 

2.2 	 Collector's Species and Site
 
collection Data Sheets: 
 11/13
 

Form I - Species identity and
 

location description 
 11
 

II - Site environmental Assessment 
 12
 

liA- Kuchler's vegetation description 11/14
 

IIIB- Vegetation Description (Woody) 11/14
 

IIIC- .
 (Herbaceous) 11/14
 

IIID-	 "f.
. (special features) 11/14
 

IV - Tree characteristics 
 11/17
 

V - Species utilization and
 
functions 
 11/20
 

VI - Information on material
 

collected 
 23
 

2.3 	 Interpretation of Klimadiagrams 
 13/14
 

2.4 	 Relation between mean annual
 
temperatures and altitude/latitude 
 14
 

2.5 	 Measurement jf soil moisture content
 
and soil available water capacity 
 16
 

2.6 	 Soil characteristics to measure 
 17
 

2.7 	 Equipment which may be needed for
 
collection of seed. 
 23
 

2.8 	 Labe'lling seed lots and vegetative
 

material 
 27/30
 

2.9 	 Extract from FAO/IBPGR's Priority list 
 32
 

2.10 	 Aspects of evolution in herbaceous
 
and tree crops relevant to agroforestry 1
 

2.11 	An environmental data base for
 
agroforestry 1
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* 	 Other Site Factors
 

- Are there any stands I which are unaffected by man
 
or livestock and greater than 20 ha2 
in size?
 
Yes/No.
 

- Are any of these stands likely to remain unaffected
 
for some time? Yes/No.
 

- Do any stands occur on the following sites and 
comply with the conditions above? 

- Frequent fires (and experienced for a long time)
 
Yes/No
 

0 	 Soil factors
 

- Strongly acid soils (pH 5.0) 
 Yes/No
 

- Alkaline soils 8.5)
(pH Yes/No
 

- Waterlogging: - permanent 
 Yes/No 

- seasonal Yes/No 

- Shallow soils ( 50 cm to rock, 
laterite, etc.) Yes/No 

- Saline soils (visible salt 
precipitation) Yes/No 

a Phenology 

- Briefly describe the periodicity of vegetative 

growth. 

- Briefly describe the flowering/fruiting frequency 

- Briefly describe the periodicity of vegetative growth
(seasonal timing, duration, regularity). 

- Briefly describe the flowering/fruiting frequency
(seasonal timing, on/off years and periodicity). 

1 	 Not all species occur in stands (e.g. the majority of Miombo 
species). 

Possibility of having more than 25 dominants and codafinants separated
by more than 100m each, see Section 2.3, for species which do not 
occur in stands, the minimum area would have to be much larger. 
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- Other comments
 
(Evidence of root phenology; relation of this
species phenophases to that of associated vegetation; 
relation of species behaviour on this site
to that in other altitudinal ranges etc; 
advice
 
on best seed collecting times).
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Appendix 2
 

Collector's Species and site collection data
 
sheets: exploration phase
 

NOTES
 

1. The collector may not be able to fill ia all the
 
information; some (e.g. the elaboration of 
a
 
klimadiagram) may have to be compiled at
 
headquarters after the relevant data searches
 
and calculations are made.
 

2. Any answer provided which originates from hearsay

rather than direct observation by the colldctor
 
or Forest or Agricul:*2re Department staff should
 
be preceded by an asterisk(*).
 

3. Not all the headings are relevant for each
 
collection site.
 

4. As detailed information as possible is desirable
 
for certain subjects (e.g. climate) However, for
 
many sites little information will be available.
 
Further much of the information may be difficult
 
to interpret and only some can be easily and
 
meaningfully characterized or coded for mechanical
 
or computer storage. Other information may be more
 
seasily stored on supplementary paper files referred
 
to in the computer files.
 

5. Items shown in bold typescript should be
 
answered whenever possible; answers to those in
 
italic typescript may not be appropriate or may
 
not be essential in each case.
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FORM II
 
Site collection Number
 

SITE ENVIRONMENTAL ASSESSMENT (or code)
 

A. 	Climate
 

1. 	Climatic records from the most appropriate
 
meteorological station
 

* 	 Location of Meteorological Station
 

- Latitude Longitude
 

- Altitude Man reference
 

- Aspect
 

o 	 Brief description of site "morphology" 

• 	 Map distance and direction between meteorological
 
station and collecting site:
 

" 	 Indications of likely differences in climate at
 
sampling site due to major topographical variations
 

" 	 Number of years of records
 

* 	 Class/standard of station
 

* 	 Temperature (T) mean of monthly daily records
 

J F M A M J J A S 0 N D (Mean Annual total)
 

- mean daily maximum of hottest month
 

- absolute daily maximum recorded
 

- mean number of frost days and dates of first
 
and last frosts
 

- maximun number of frost days I year in 5
 

- lowest maximum likely I year in 5
 

* 	 Precipitation (in mm)
 

P (80% reliability i.e. exceeded 4 years in 5) See also
 
Appendix
 

J 	F M A M J J A S 0 N D (Mean Annual total).
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Other details (storm intensity data, prevailing winds etc).
 

Evaporation (in mm)
 

J 	 F M A M J J 
 A 	 S 0 N D (Annual mean
 

E (actual)
 

E o 	(potential)
 

Note In some cases it may be possible to adjust these
data for the collection site, on the basis of altitude
difference or 
rainfall gradient; such adjustment should
 
only bce made where the differences are substantial and
 
assured.
 

2. 	Climatic information from the actual
 
collection site
 

a 	 Incidence of:
 

- normal wind (may also record wind run 
from
 
met. site), average wind run 
(Km) and prevailing
 
direction.
 

- excessive winds 
(dates of occurence)
 

- sand storms (dates of occurence)
 

- frosts (dates of occurence or periods)
 

- fire
 

- dew
 

- others
 

B. 	Landforms
 

-
 angle of slope (degrees)
 

- position on 
slope (crest, upper slope, midslope,
 
lower slope, base)
 

- aspect (compass bearing)
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C. 	Soils
 

1. 	Soil characteristics
 

Morphological and physical:
 

- texture: 0-20 im
 

B horizon (c. 50 cm)
 

- colour 0-20 cm
 

B horizon
 

- effective depth (cm)
 

- drainage class (excessive, well drained, imperfect,
 
poor, very poor)
 

- depth to water table: wet season (cm)
 

- other features dry season (cm)
 

Chemical
 

- pH
 

- salinity (ECe)
 

- other
 

2. 	Soil type
 

If identifiable, give soil class ini one or more of
 
the following systems:
 

-
 FAO 	Soil Map of the World Legend:
 

- US Soil Taxonomy
 

- Any other classification, e.g. national:
 

Soil class:
 

Classification system:
 

4 
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FOR).-1 IlA
 

Kuchler's (1949) scheme of vegetation description
 

Kuchier himself describes his scheme as a physiognomic classification
of vegetation. This 
is not strictly true as 
in his scheme it is possible to
have many different descriptions, all of which will have the same general
appearance and thus constitute one physiognomic class. 
 It is more correct
to regard the system as a means of vegetation description. The following

categories are used:-


CAPITAL LETTERS
 

Woody vegetation:-


B: evergreen broaeleaf
 

D : deciduous broadleaf 
1i evergreen needleleaf (coniferous)
 
1 : deciduous needleleaf (coniferous)
 
O without leaves
 

Herbaceous vegetation:

graminoids
 

H forbs
 

L : lichens and mosses 

SMALL LETTERS:-


Group I : Height:

t tall, minimum height of trees 
: 25 m
 
minimum height of herbaceous
 

m medium tall; trees: 
10 25 m
 
herbaceous plants: 0.5  2 m
 

91 : low; maximum height of trees: 1O-m
 
maximum height of herbaceous plants: 0.5 m
 

a : shrubs, minimum height: 1 m
 
z : dwarf shrubs; maximum height: 1 m
 
Group II : Density:

c : continuous growth 

i : plants usually do not touch 
p : woody plants scattered singly cr in groves
 

herbaceous plants 
in disconnected patches
 

r : rare, yet conspicuous 
b : barren; vegetation largely or entire~y absent
 
Group III : Special features:

e : epiphytes
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j lianas 

k succulents 

q cushion plants 

n palms 

v bamboos 

w aquatic vegetation 

y tree ferns and tuft plants 

Using this system a larch stand with semi-deciduous ericaceous shrubs 
and a continuous ground cover of sedges resting on Sphagnum moss, is denoted 
by 4mi. Dzi. Gic. JLc. the use of periods tc separate the svnusiae is impor
tant to ensure clarity. Each segment of the formula should contain one
 
capital letter and une letter each of groups I and II, with the exception of
 
group III features when they cccur.
 

This methoc it preferable to one involving fixed ciesses. Allowance
 
is -made Zor all possible combinations without the inevitable confusion that
 
would arise if an attempt was made to pre-cefine those combinations.
 

In this Chaptur ne systema is presented in tabulated checklist form to
 
facilitate application in the field. Prov.sion is also made for adding infor
mation on the floristi: compo ;ition of eac1 synusia, which should be regarded
 
as i necessary option if the equired expe:tise is available,
 

This presen:tation will i-commodate tLe derivation of classifications 
using one or more if items I to 4 previously described in the list of data 
categories. Sepa:ate notes o, items 5 to 7, i.e. dynamics, habitat, and 
his:ory, can be ncluded if is possible to make the necessary deductions.
 



Height:

t: 	tall;
 
minimum ht. 25 m
 

m: 	medtum
 
10-25 m
 

1. low
 
max. ht. 10 m
 

a: 	min. ht. I m
 

z: max. ht. I m
 

Density:

c. oontinouus
 
growth
 

i: plants usually do
 
not touch
 

p: 	scattered singly
 
or in groves
 

r: 	rare, yet
 
conspicuous
 

Principal species
 

FORM 1lIB
 

VEGETATION DESCRIPTION
 
Woody Vegetation
 

B D E 

evergreen 


evergreen 
deciduous needleleaf 

broadleaf broadleaf (conifer-


ous) 


195" 

Site collection Number
 
(or Code)
 

Date:
 

N 0
 
ueciduous
 
needle-leaf without
 
(conifer- leaves
 

ous)
 



196 

Site Collection Number 

FORM IIIC 
(or Code) 

Date: 

VEGETATION DESCRIPTION 
Herbaceous Vegetation 

G It L 

lichens 
graminoids forbs and 

mosses 

Height:

t: tall; 
minimum ht. 2 m 

m: medium tall; 
0.5 - 2 m 

I: low; 
max. ht, 0.; m 

Density:

c: continuous 
growth 

i: plants usually do 
not touch 

p: disconnected 
patches 

r: rare, yet 
conspicuous 

Principal species
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0 

FORM IV
 

TREE CHARACTERISTICS
 

A. Stand Structure, Tree Form and Sociability 

Variability in character (range) (where relevant)

between stands, trees or sociability of concerned
 
tree species with itself or other species.
 
o 	 Height of dominant tree (DT) 

* 	Ratio Crown diameter to bole diameter
 
(BH) of DT
 

Ratio of crown diameter to crown depth of DT
 

o 	 Canopy density - dense/medium/open 

o 	 Leaf size
 

- length
 

- width
 

o 	 Thorniness 

-
 frequency of occurence - prolific/many/scattered/
 
scarce/none
 

- size of thorns
 

- position on the plant (stems/stipular/other)
 

* 	Branchiness/stem and bud characteristics
 

- self-pruning stem
 

- height at which main stem branches (if applicable)
 
- diameter of first branch up to bole
 
- Branch morpholoc,/hierarchy sympodiai/monopodial
 

orthotropic/plagiotropic
 
- Bud morphology and characteristics
 

o 	 Evidence of root characteristics. 

- depth of rooting 

- root spread 

- Types of surface roots 

o 	Fruiting
 

- Position of fruiting points in relation to stem growth

(short-shoots, old wood, new season's growth, etc.
 

- characteristics of flowers,(shape, size, time of
 
anthesis).
 

- evidence of fruit set (infertility and abortion,

later fruit drop etc)
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Site collection Number
 
(or Code)
FORM V 


SPECIES UTILISATION AND FUNCTIONS 
 Date:
 

Room is 
left for brief comments/notes where
applicable. 
These could include remarks
about the quality characteristics as perceived
and experienced by the people living in the
broad vicinity of collection sites (e.g. with
similar site conditions). 
 Also locally perceived
quality of the product and the 
time (monthly
spread) at which best quality is obtained,
where this is relevant and obtainable. In
addition the range of zuality as 
perceived by
rural users 
in different areas, 
or by commercial
 users, 
can be usefully commented upon.
 

Quality condes can be named as:
 
G = Good; F = Fair; P = Poor; 0 = Nil
 

Uhere relevant the appropriate age of the 
tree at
first cropping and the resting period between
harvests can be included
 

Food
 

Leaf
 

Oil/fatsl F:uit
Wood
 
Other 

fleshy fruits
 

nuts
 

dry seeds
 

extracted starch, Fruit
 

\ stem
 

S e - leaf 
Spices--fruit
 

bark 

vegetables __-leaf
 
fflower 

/'fruits/seeds
 
m~sticatories 
- stems 

leaves 
sap 

other
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Fodder
 

leaves
 

young stems
 

pods/seeds
 

by-products
 

bee forage
 

other
 

Wood
 

construction poles
 

fuelwood
 

charcoal
 

chips
 

pulp
 

saw-timber
 

vemeer
 

turnery/carvings'
 

shringles/floor tiles
 

other 

Other uses
 
,leaf


oils/fats/waxes/soap- fruit
 
'wood 

leaf 
essential oils-fruit
 

wood 

leaf
 
tanning/dues---fruit 

-bark 

gums 
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fibre - string/twine bark

wood
 

leaf
 
medicinal fruit
 

bark
 
flower
 
root
 

leaf
 
stem
 

incense 	 fruit
 
flower
 

leaf
 
religious stem
fruit
 

flower
 

basketry
 

silk worms
 

leaves
 
smoking material wood
 

bark
 

toothpicks
 

animal bedding
 

other
 

Agro-ecology (potentially negative 
 features should
 
also be noted)
 

- likely to have great/small competitive effects
 
on 
adjacent understorey crops/grasses (specify)
 

- a soil fertility imprcver 

- a useful soil conservation species 

- a sand stabilizer 

a useful saline/alkaline soil species 

- withstands root interference (e.g. planted on 
invertisols or shifting soils) 

- good in exposed, windy sites 

- a potential "nurse" suecies for interplanted fruit
 
tree crops.
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- shade tree for men/stock 

- useful for live fencing 

dead fencing (for man, for cattle)
 

- wind-breaks
 

- useful for mulch (woody mulch/leafy mulch)
 

- has land draining characteristics
 

- a salinity reducer
 

- an acidity reducer
 

- has ability to reverse development 
of indurations 

- possesses allelopathic characters
 

,
 



203 

Site Collection
 
FORM VI 	 number (or code) 

INFORMATION ON MATERIAL COLLECTED Date:
 

A. 	Fuit/Seed Collection (and where relevant vegetative
 
material)
 

" Method of - collection?
 

- extraction?
 

- treatment/processing
 

" Number of trees? - separate? sketch map of tree
 

- bulked? 
 locations? Yes/No
 

" Spacing of trees (individual
 
exposure)?
 

" Maturity of fruits?
 

" Condition of seed/fruit/cone?
 

" Number of seeds per fruit (average/range)?
 

" 
Material taken for vegetative propagation

(specify kind, amount and 	condition)?
 

e Possibility of further 	collections?
 

" Remarks
 

B Other Material
 

* Number of herbarium specimens taken
 

- leaves
 

- leafy shoots
 

- flowers
 

- fruits
 

- roots
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B. 	Phenology (These notes should include comments on
 
differences between sites, between trees within sites,

and within trees if these are obvious).
 

Of undisturbed trees
 

" Leaves
 

-	 sap-rising time 

- bud burst/leaf flush (dates*(approximately)
 

- duration of leaf flush dates
 

mean leaf number
 

- leaf fall
 

- average age of leaf Years/seasons/months
 

" Time of suckering 

" Flowers 

- flower bud formation dates 

- flowering time dates 
(interval within year) 

- flowering interval 
between years years 

- relation to climatic factors (start/middle/end of rains, 
dry/cool season, others) 

" 	Fruits
 

- development/maturation period dates
 

- ripe fruits present dates
 

- visible signs of maturity (brief description)
 

- fruiting interval between years years
 

- fruit description
 

*or 	 time in relation to season 
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e Seed characteristics
 

- average size ( mm) x y z axes
 
- shape
 
-
 seed coat characteristics
 

o Ecological/physiological
 

- light demanding
 

- shade semitolerant
 

- shade tolerant
 
- shade tolerant when young only
 
- shade demanding 
when young only
 

- tolerates water- logging/drought/sandblast
compacted or loose soil/other (inferential)
 

- competitive ability of seedlings (inferential)
 
- regenerating ability after cutting/browsing etc
 
- general health/vigour
 

" 
Pattern of regeneration in relation to other
 
vegetation (brief comments). 

Evidence about: 
-


- pattern of regeneration in relation to larger
individuals of its own species;
 
- relative density and condition of ground vegetation
under the canopy compared to 
that under canopies
of other species of trees/bushes;
 

- ditto compared to that away from all trees/bushes;
 

- change in type of vegetation underneath canopy
 
compared to awav 
 frnm cpnony;
 

-
pattern of soil loss/gain around.the trunk of the
 
trees; 
 in comparison to other tree species,
 

- wind resistance;
 
- Cropping over the past 
(give time scale)? Yes/No
 
For what product/s (list);
 

- size class distribution of the 
species, if unusual;
 
- Abundance in the area (conservation status) 
- Presence of seedlings? Yes/No.
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* 	Seed dispersal observations
 

- unaided (mechanism?)
 

-	 wind 

-	 water 

-	 fish 

-	 bird 

-	 grazier (ingested) 

- coat (mechanism?)
 

- human activities (describe)
 

" 	Seed germination observations
 

- unaided direct germination (epigeal/hypogeal)
 

- fire - stinulated germination
 

- other (e.g. dung - digestive enzyme stimulated)
 

- evidence of favourable micro-sites (describe)
 

" 	Roots
 

- evidence of fine (surface) root growth activity
 

- evidence of nitrogen-fixing nodules
 

" 	Management related
 

" Re-growth characteristics
 

- notes on position and delay in bud sprouting
 
after cutting and duration of growth of new
 
branches in relation to seasonal climate
 

- from severe bole pruning
 

- from coppicing
 

- from pollarding
 

-	from general browsing
 

C 	 Other 

* 	Pest and/or disease incidence
 

* 	MarLa]ian/avian habitat evidence (e.g. inside bole, on 
branches) 
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0 	Number of wood samples and location within
 
the tree
 

e 
Material taken for Rhizobium examination/ collection?
 

* 
Material taken for mycorrhizal examination collection?
 

e 	Gum/resin samples taken?
 

o 	Photographs (specify, of what, how many and
 
give identifying code for negatives)
 

o 
Soil samples taken? (specify how many, from
 
where and how taken)
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Appendix 3 


INTERPRETATION OF THE KLIMADIAGRAMS
 

0 

The monthly means of temperature (k-thin line) and of precipi
tation (l-thick line) are drawn as curves. Both otani in a fixed
 
proportion to each other; 
ten degrees centigrade corresponds to 4
 
precipitation of twenty millimetres. 
 Using this prooportion, and
 
working with data from the Mediterranean region, Gaussen /I established
 
that an arid period prevails as soon as precipitation falls below the
 
temperature curve (m-dotted area), 
and a humid period an sooni as pre
cipitation exceeds temperature (n-hatched area).
 

Precipitation above 100 mm is printed on the scale 1:10 and
 

marked in black (o).
 

The full system as proposed by Gaussen uses additional data,

mainly annotations on the mean values of annual rainfall and the
 
extremes-of temperature. Since this data, and more, has already been
 
tabulated in the site descriptions it has been omitted here to preserve
 

A useful aid for making rapid comparisons of the climatic regimes

of different regions is the atlas of climodiagrams produce by Walter
 
and 	Lieth 

/.
 

/I 	Gaussen, I.: 8me Congres Internationale Botanique, Paris, 1954,
 
Sections 7 et 3, 125-130.
 

/2 	Walter, If.and Lieth, It. (1960). Klimadiagram - Weltatlas.
 
VEB Gustav Fischer Verlag, Jena. 86 pp.
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Appendix 2.5 	 Measurement of soil moisture content and
 
soil available water capacity
 

- by A. Young
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Measurement of soil moisture content and soil available 
water capacity. 

Soil moisture 
content is the amount of moisture in the soil
 
at any given time. 
 It can be expressed as percentage byweight (weight of moisture as a percent of weight of soil)
 
or in volumetric terms, usually as equivalent depth

(millimetres of water 
per metre of soil). Conversion from 
one form to the other requires measurement or assumption
of the dry bulk density of soil (typically 1.8). 

Available water capacity (AWC) is 
a measure of the ability
of the soil to supply water to olants. It is used in 
calculations of the growing period, and of drought hazardduring a dry season or dry spells. With respect to the 
growing period, the amount of stored soil 
water permits
calculation of how long plant growth will continue after
the 	point at which rainfall becomes less than potential
evapotranspiration. Regrettably, data on 
soil water
 
characteristics are 
not usually available from standard
 
soil survey reports.
 

For 	an individual soil 
horizon, AWC is measured in milli
metres of water per metre depth of soil 
(mm m-1). The
 
storage capacity of the soil profile is obtained by

multiplying the AWCs of each horizon by their thicknessesand 	 summing; this is done down to a limiting horizon (rock,
laterite) or to 2 m, as 
a standard for comparison between.
 
soils. Where one snecifi'c plant is being assessed,

summation can be to its rooting depth. 

AWC 	 is conceptually obtained by subtraction of wilting
point (WP) from field capacity (FC), where field capacity

is the amount of water the soil will 
hold against

gravity, and wilting point the amount held (in fine pores)

at the point where plants wilt. Many plants, however,

suffer moisture stress at points above the absolute
 
wilting point. 

Measurement of soil moisture content 

There are 
four methods available:
 

a 	 Direct sampling orgravimetric method . Samples of the 
soil are taken, weighed, oven dried at 105°C (or sundried),and weighed again. The moisture content is
the difference between the two weights, and is
expressed as a percentage by weight of the dry soil 
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This is by far 
the best method where it is
 
practicable, because it is chean and simple, and
because it directly gives the information required.
The method must 
in any case be used to calibrate

the instruments in all 
other methods. Disadvantages

are 
the fact that samplinq disturbs the soil,
preventing continuous monitoring, and the effort of
 
sampling.
 

# Electrical resistance blocks. Porous blocks made of
 gypsum, nylon or 
similar material, in which two

electrodes are contained, are buried in the soil.
Wires lead from the electrodes to the surface. The
resistance between the electrodes is measured, which
varies with the moisture content of the blocks, which
in turn are in equilibrium with the surrounding soil.
Blocks may be buried at several depths. This method
-permits continuous monitoring at a fixed site. The
apparatus must be calibrated for the soil 
at the gite.
 

0 Tensiometers. 
Porous cups, connected by tubes 
to
 
vacuum gauges, are buried in the soil. 
 Movement of
water from the cups to the soil 
sets up a negative
pressure (suction). 
 the same features apply as for
resistance blocks: 
there can be continuous monitoring

at a fixed site, at several depths. The instrument
gives 
a direct reading of moisture tension, but must
be calibrated by a soil moisture curve (see below) if
moisture content is required. There are also
instrumental problems, 
and the method is not recommended
 
except in irrigationcontrol.
 

9 Neutron probe. 
 A probe emitting fast neutrons 

inserted into the soil along access tubes. 

is
 
Fast
neutrons are slowed by contact with hydrogen atoms,
hence a count of slow neutrons is the vicinity of the
source is related 
to moisture content. 
Access tubes
must be made, there is 
a need for calibration, and


the instrument is expensive.
 
Further details of methods, and their uses, advantages
 

and problems, 
are given in the reference cited.
 

Measurement of soil 
available water capacity
 
Available water capacity is obtained by measurement
of field capacity and wilting point, and subtraction.
Both can 
be measured directly, and there is much to
be said for doing so. However, much the most common
practice is to estimate field capacity and wilting

point indirectly, by means of soil moisture tension
 
apparatus.
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* Direct measurement: field capacit.. Thoroughly saturatetiihi-iiidTiturbed soi-, 
 in 'tefield, digging pits down to
the levels required; cover with plastic to prevent
evaporation, then allow to drain for 24 hours. 
 Then
remove a sample and determine t'ie moisture content bythe gravimetric method. 
Alternatively, an 
undisturbed
block of soil may be 
removed in 
a rigid ring-(or cucoa
tin) placed on 
 a gauze to allow drainage, and the same
 
procedure followed.
 

0 Direct measurement: wilting point. This is slower

than measurement of field capacity, and less often done.It has the merit of being based directly on theresult of interest, whether plants will die from lack
of moisture. 
 Undisturbed (or reconstituted) soil 
samples
are placed in pots and a test plant grown: 
 dwarf
sunflower, Helianthus annus, is the 
'standard', but the
plant under Investigation can be used if practicable.
The soil 
around the stem is covered with plastic to
prevent evaporation. 
 When the plant is established,

cease to add water and wait until 
the plant dies.
Determine the remaining moisture content of the soil.
 

o Soil moisture tension curves. 
 Samples of undisturbed

soil are taken 
in special rings, supplied to fit 
a
soil moisture tension apparatus. By subjecting
the samples to increasing tensions (suctions), a curveis obtained relating soil water tension to soilwater content. Field capacity is commonly takencorresponding as 

to one third atmosphere for clays or onetenth atmosphere for sands. 
 Permanent wilting point
is similarly taken as the ;ater remaining at 15atmospheres, although many plants exhibit moisture
 
stress well above this water content.
 

Approximate estimation of soil moisture
 

Available water capacity varies approximately with soiltexture. Typical values are given in Table A2.5.1.
 

It is possible to estimate from the feel and appearance
of the soil the amount of available moisture. .4table relating percent available moisture remaining.
A table relating percent available moisture remaining
to feel and appearance, 
 for soils of different textures,
is given in Doneen (1972), o.30.
 

Table A2.5.1. .2proximate values 
for soil available
 

water capacity in relation to texture.
 
Texture 
 Available water, m water per m soil
 
Coarse sand 
 30 - 60Loamy sand 60 - 85Sandy loam 85 - 140
Sill lHun 140 - 180
 
ClI y I0,11' ,11dI Clay 
 1I0 - MO1) 

C . . . m. . . . . . . .. ... . .. . . 
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Appendix 2.6 
 Soil characteristics 
to measure
 

- Description of geology etc
 
at collection sites
 

- Description of soils
 

- Soil classification systems.
 

- by A. Young
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Description ofjjeoloqy., landforms and 	soils at collection
sites 

Description of geolu y and landforms 

Geology/soil parent material. Information on 
geology is
 
required principally as a possible indication of soil
 
parent material. At a scale intermediate between the
 
broad zones of climate and the local variation caused by

relief, the distribution of many soil types is related to
 
parent material. Parent material-related soil types may

it,turn be an indicator of nutrient status or micro
nutrient deficiencies. It should be stressed that often,

soils are tiot derived from the rock which 
lies beneath
 
them, so a check for other indications of the parent
material, e.g. stones remaining in the soil, 
is desirable.
 
Observations may be poss.ihle from any or all 
of a geological
 
map, rock exposures, or the soil profile.
 

0 	 Geological map. If a geological map is available,
 
abstract from it:
 

- name of geological formation (e.g. Garbelowe Series) 

- age (e.g. Jurassic) 

-
 lithology (-rock type, e.g. sandstone, biotite-gneiss).
 

Lithology is the most relevant attribute, name and age

being mainly for identification. If superficial (drift)

deposits 
 are mapped it is these that should be recorded,
 
not the underlying solid geology.
 

a 	 Rock exposures. Break off unweathered rock from any

nearby exposures with a heavy hammer (protect the eyes).

Describe the lithology, particularly the position on 
a
 
range from felsic to basic. Felsic (siliceous, formerly

called 'acidic') rocks are 
light in colour and contain

free quartz. Basic (mafic) rocks are 
dark, containing

black ferromagnesian minerals and with no 
free quartz.
 

0 	 Soil profile. If identifiable stones remain in the soil
 
profiel, record lithology similarly.
 

Landforms. There is a distinction between landforms of
 
tfhesurrounding area (radius 1-10 km) and the relief at
 
the precise collection site (radius 1-10 m). The
 
surrounding area provides a broad context of species
 
provenance; 
the relief at the collection site indicates
 
position within the catena of landforms, hydrology and soils.
 

a 	 Surrounding area. Record landform class, plus any
distinctive features. 
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Landform c.i-ass :'edominant sl pes 

Very steep (mountanious) 30"
 
Moderately steep (hilly) 
 30 - 300 
Undulating 


50 - 80 
Gently undulating 
 20 - 50 
Level or nearby level 20
 
Collection site. 
 Record slope angle, shape of slope,
 

position on slope.
 

- Slope angle. 
 In degrees, by clinometer or estimation. 
- Shape or slope. Profile for7 (i.e. down the slope): 

convex 
(becomes steeper downslope),
 
rectilinear,
 
concave (becomes gentler downslopes).
 

Plan form 'i.e. along the slope):
 
divergent (contours convex, e.g. spurs),
 
straight, convergent (contours
 
concave, e.g. hollows).
 

- Position on slope. Crest, upper slope, midslope, lower
 
slope, base.
 

Furtber details on 
landform description are given in
FAQ 91977), Young (1976, pp 
 ) and Dent and

Young (1981, pp. 39-44).
 

Description of soils
 

It is possible to record soils infor,-ation at verydifferent levels of detail, ranging from brief statementsof the nature "reddish brown" sandy loam, iron concretions
at 60 cm" to full soil profile descriptions, withsampling or withoutfor analysis. Observations can be made either bythe collector, or by securing the assistance of the nationalsoil survey organization. 
 This appendix is written for the
collector, and does not attempt to provide a comprehensive
guidelines for, soil description.
 

Soil description can include that of individual soilproerties (e.g. texture, pH) 
or identification 'ofthe soil
class e.g. acric ferralsol, langama Series). The latterwill not usually be possible in the present circumstances.Moreover, a warning is necessary about deriving informationfrom soil maps, where they exist. C'ing to the highspatial variability of soils over short distances, soil class
can rarely be identified reliably from soil maps without 
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direct observations; this applies to soil maps at all
 
scales, but particularly those at regional, national 
or continental levels (scales 1:250 000 or smaller) which 
should be treated with extreme caution. 

Observations 	of the topsoil (0-20 cm) are quickest to make,
 
but as this frequently differs from the lower horizons, an
 
auger boring or, better, a pit to 150 cm is very desirable.
 
The non-professional observer may wish to restrict
 
observations to the topsoil and one lower horizon, in which
 
case 50 cm is a generally a representative depth.
 

The following is a list of the main properties it is
 
desirable to observe, together with brief indications of
 
how to recognise descriptors. For further details, refer
 
to "Guidelines for soil profile description" (FAO, 1977)
 
or national handbook. Of the features listed, the most
 
important are texture, drainage class,effective depth and
 
reaction.
 

Soil surface
 

- Outcrops 	and boulders, % of surface 

- Stoniness: qualitative, very stony to stoneless. 

- Evidence 	of erosion: e.g. gullies, rills. 

Soil profile. 	 Topsoil (0-20 cm) and subsoil (c. 50 cm)
 
(or all horizons):
 

Except where 	otherwise specified, for
 

- Colour: 	 qualitative or, preferable from Munsel color 
book 

- Mottling: 	 depth at which mottling becomes (i) first 
detectable 

* clear and commoi (of. soil drainage class, below). 

- Texture: a high proportion of tropical soils, being 
low in silt, fall somewhere on a scale sand
sandy loam-sandy clay loam-sandy clay-clay
heavy clay. For how to recognise, see 
FAO handbooks. 

- Stones and gravel: qualitative or as percent. 

- Organic matter: peat (partly or fully decomposed), 
humus. 

- Roots: presence and frequency, qualitative. 

- Laterite: hard iron concretionary material - record 
depths and thicknesses of any horizons, 
describing each as: 

massive: more or less continuous ironstone 
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cemented nodular: 
individual concretions, but
 
mostly cemented together.
 

nodular: 
 individual concretions, non-cemented,

occupying more than 40% of soil 
volume with few/

common laterite concretions: occupying less than
 
40% volume.
 

Other secondary materials: presence of:
 

calcium carbonate, CaCO 3 (other
 
than parent rock)
 

calcium sulphate, 	gypsum
 
(hydrated CaSO
4 )
 

soluble salts
 
Soil profile as a whole
 

Drainage class: 	 excessive no mottles, very sandy
 

well 
 no mottles
 
moderately well 
 faint mottling in depth
 
impeded 
 clear mottling in depth,
 

possibly faint to near surface
 
poor 	 clear mottling throughout
 

profile, possibly fully

reduced (grey) or waterlogged
 
in depth.
 

very poor aterlogged to or above
 
surface all or most of year
 

Effective depth: 
 depth at ehich a limiting horizon of
 
rock, weathering rock, massive or nodular

laterite encountered, such as 
impedes develop
ment of all 
or most roots.
 

Soil class. 	 If identifiable, any or all of:
 

- local name (e.g. Langama Series) 
national classification system See Appendix 2C
 
international classification system
 

Note that the above descriptors will 
not alone be sufficient for
soil class identification. 
 In the field, observation of structure
and consistence will additionally be necessary, and frequently

analytical data also.
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Field tests. There is no better indicator of general soil chemical 
conditions than reaction (pI), and this record is desirable even if 
no other analyses are done. Obtain, for topsoil and 50 cm, in one 
of the following ways: 

- fie]d pH test kit, colorimetric either in the field, or by 
taking small samples and 

- field pH meter conducting tests in groups 

at field base 

Sampling for analysis
 

Soil samples for general analysis shoulo be about 500 g, e.g. a plastic
 
bag about 20 x 15 cm, three-quarters full. Place the bag with soil
 
inside a second bag, with the label between the two; this both protects
 
against breakage and keeps the label dry. Samples should be labelled
 
by site, profile number, and range of depth, e.g. 40-50 cm. For the
 
surface horizon, the usual method of standardization is to sample evenly
 
from 0 to 20 cm and mix; this eliminates the gradient of organic matter
 
found at this level in undisturbed soils, and allows comparison with the
 
plough/hoe horizon of cultivated soils.
 

Composite sampling
 

For reliable mean values of chemical properties and organic matter,
 
single samples are of little value, and a composite sample is recommended,
 
at least for the topsoil. At 10 pseudo-random points around the site,
 
take samples evenly over 0-20 cm depth, using a hoe, spade, bucket auger
 
or best, a specially-constructed corer (a piece of strong piping, approxi
mately 10 cm diameter, 20 cm in length, sharpened at one end, which is
 
hammered into the ground then dug out, to give a core of uniform thickness).
 
But all 10 samples in the same bag. Later crush, throughly mix and
 
subsample, discarding the surplus. There is also high variability in
 
lower horizons, so composite samples are desirable although more time
consuming; a compromise is to auger to 15-55 cm at 4 or 5 locations.
 

Sampling for soil moisture characteristics. The samples must be
 
undisturbed, not in a bag. Obtain special sampling rings from the
 
laboratory doing the analysis.
 

Handbooks for soil description
 

The recommended standard handbook is FAO (1977). Besides the soil
 
soil itself, this also contains methods for site description, including
 
geology, landforms, vegetation and landuse.
 

Some national soil survey organizations have their own field manuals. 
The basic methods of descript.ion are fairly well stlan(ardized, but 
national manualsa give partimlr aMnat.ttion to soil features common in 
the country. Soie also conta;a inmguides to tihe identification of 
locally-recognized soil clmaes 

'V 

/V) 
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Soil classification systems 

The primary purpose of soil classification is to 
permit the
transfer of agricultural technology. 
Crops which respond to
management in a particular way
P-fertilization) on 

(e.g. yield response to a particular soil 
class and climate in one
location should respond similarly in another; 
far as we are
from achieving this state of affairs, 
it remains the aim.
A further purpose, relevant in the present context, is to
assist in assessment of land suitably for particular crops
or trees; given also a similar climate, trees which 
are
observed to grow well 
(in the wild, or on experimental sites)
on a particular soil 
type should be suited to 
transfer to
wherever that soil 
type is mapped. 
This applies particularly
to tolerances of soil 
limitations, e.g. shallowness, acidity,

saliniLy. 

A highly confusing situation prevailed up to 
about 1970, with
a large number of different systems in use. 
 This has since
been partly rationalized in two ways. 
 First, three international
classification systems have gained fairly widespread recognition
in the Western world: the FAO classification, the US soil
taxonomy, and the French ORSTOM system. 
Moreover, tables
for approximate conversion from one 
to the other are available.
Secondly, it is recognized that some 
countries will continue
to 
use a national classification system, which takes special
account of features of their own soils, alongside international
 
ones.
 

No hard and fast rules 
can be laid down, since collectors, or
the survey organizations which assist them, will have differing
practices. 
 For the present purposes, however, the following
guidelines 
are suggested:
 

Minimum requirement 
 The soil 
class should be identified
 
according 
to one of the following systems:
FAO, US taxonomy, ORSTOM.
 

Preferred 
 In addition, approximate equivalents should
 
be given for the two other international 
systems.
 

Optional 
 The soil may also be identified according
 
to 
the national classification system
 
of the country.
 

Introduction 
to some classification systems
 

The FAO classification. 
This was initially devised as 
the legend
to the FAO/UNESCO Soil 
Map of the World, but has since become
widely used as a classification system. 
There are two categories
(levels of classification). 
 The higher category is in nown form
(e.g. ferralsols, gleysols) and contains 
26 classes.
is adjectival (e.g. orthic The lower

ferralsols, humic gleysols) giving
106 classes, but with many of the adjectives 
common to several
higher classes. The classification is 
a relatively simple one,
 

1/
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and is partly based on diagnostic horizons similar to those of
 
the US taxonomy.
 

Source: FAO-UNESCO (1974).
 

The US soil taxonomy. This is a development from what was for a
 
number of years known as the "7th approximation", a name that
 
is now obsolete. Devised primarily for use within the United
 
States, it has become widely used internationally; mainly as
 
a consequence of a recognized weakness on 
tropical soils, a
 
number of revision committees have been established. It is
 
extremely complex, with 7 categories, and very numerous classes
 
at the lower levels. At the highest levels there are 10 soil
 
orders (e.g. ultisols ), 47 suborders (e.g. ustults

and over 2000 soil families. Precise rules,
 
including methods of analysis, are laid down for all
 
identification. In this original form the system is extremely

complex, but simplified guides to identifications at higher
 
levels are available.
 

Source: 
 Soil Survey Staff (1975). See also International Soil
 
Museum ( 1980
 

The ORSTOM system. This is in widespread use in francophone
 
counties. It inherits many features from earlier more

'natural' classifications, as 
opposed to the 'artificial' nature
 
of the FAO and US systems. Some of its classes are in 
common
 
use 
(in anglicised forms) as widely-recognized natural soil names,

(e.g. leached ferrallitic soils, from soils ferallitiques lessives).

Source: Boulaine, J. (1967).
 

Conversion tables
 

Conversion from one classification to another is only approximate,

since the various systeis do not use the same soil characteristics
 
or,set boundaries at the same values. 
 Thus for precision, the
 
original soil description must be re-identified in each system.

Despite this, it helps readers familiar with only one system
 
to know the approximate equivalent. Some published conversion
 
tf3bles are given in Table
 

Table A2.6.1. Conversion tables between soil classification systems 

Based on Equivalents in Reference 

FAO Eight national systems FAO-UNESCO 1974, pp.14-20 

FAG ORSTOM, US taxonomy Aubert and Tavernier (1972) 

ORSTOM US taxonomy Aubert and Tavernier (1972) 

FAO US taxonomy ILACO (1981), pp. 138-9 

IV
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Selected references: 
soil and site description, soil classification,
 

tropical soils
 

Boulaine, J. (ed.) 1967 
Classification des sols. 
 Commission de Pedologie

et de Cartographie du Sols, Grignon.
 

Dent, D. and A. Young 1981, 
Soil survey and land evaluation.
 

Allen and Unwin, London. (Includes remote sensing, field
 
survey, soil mapping units; note also Appendix, 'How to obtain
 
soil maps')
 

FAO 1977 
 Guidelines for soil profile description. 2nd edition.
 
FAO, Rome. Also in French, Spanish. (The standard handbook for soil
 
description; 
includes also site description).
 
FAO-UNESCO 1974. 
 Soil map of the world. Vol. 1. Legend. UNESCO,

Paris. 
 (basic statement of the FAO soil calssification).
 

FAO-UNESCO 1970-80. 
Soil map of the world 1:5 000 000. 
Vols 1-10.
UNESCO, Paris. 
 (Each volume consists of a text volume and one or more
 
map sheets).
 

Hodgson, J.M. 1978. 
 Soil sampling and soil description. Oxford Univ. Press.
 
ILACO (1981) Agricultural compendium. 
Elsevi, r, Amsterdam, 739 pp.
(See Chapter 2, Soil and land classification, pp. 51-196; 
inc. Section

2.7, Systems of soil classification, pp. 123-140).
 

International Soil Museum 
(1980). 
 Field extract of 'Soil Taxonomy'.

International Soil Museum, Wageningen, 95 pp.
 

Sanchez, P.A. 1976. 
 Tropical soils and their frarlagement.
 
Wiley, New York. 
 (Emphasis on 
soil chemical properties in relation
 
to agricultural management.)
 

Soil Survey Staff 1951. 
 Soil survey manual. Agric. Handbook 18,
US Dept. Agric., Washington D.C. (The source from which much later

material on 
soil survey methods is derived; obsolescent, revised
 
edition forthcoming).
 

Soil Survey Staff 1975. Soil taxonomy. A basic system for making

and interpreting soil surveys. Agric. Handbook 436, US Dept. Agric.
Washington D.C. (Basic system of the 
US soil classification; weighs 2Y kg
 

Young, A. 1976. Tropi. al 
soils and soil survey. Canbridge Univ.
Press. (Emphasis on 
fLeld soil properties; 
includes site description

methods, soil classif..cation).
 

For any country in which work is carried out, enquiry should alsobe made as to whether a national soil description handbook and/or 
classification system exists.
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Appendix 2.7 Seed Collection - equipment list.
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Appendix 7:
 

SEED COLLECTION
 

Annotated list of equipment which may be needed for

collection of seed, site information and herbarium
 
specimens
 

A. 	Seed collection
 

Seed containers 
(field). Sacks and bags (can be re-used),
sealable tins, wooden boxes or wider baskets(for fleshy

fruits).
 

Seed containers (despatch). Cotton bags, 
canvas sacks

despatched with seed).


Tree markers, e.g. plastic tape, 
 paint.
 

Climbing equipment. 
 Foot spurs or tree bicycles or
ladders. 
 Safety belt, safety ropes, safety helmets,

tool lines.
 

Seed cutters, e.g. conehooks, 
cone rakes, pruning shears,

secatelirs (hand).
Plastic sheeting (heavy gauge) for protection when storing

fruits, extracting seed, etc.


Binoculars for studying 
tree crowns, fruit development,
 
etc. 

Walkie-talkie radios 
(special permission may be needed)
Insecticidal and fungicidal powders for seed protection

(use with care).


Axe, saw, machete, knife.
 
Rope, string, labels, felt marking pens
 

B. 	Site description
 

Notebook, description forms
 
Maps (outline copies also for plotting)

Compass
 
Altimeter
 
Meteorological equipment (hygrometer, max/min thermometer)
Soil survey equipment (auger, colour charts, pH test kit)
Tree me:isuring equipment (altimeter, diameter tapes,


bark gauge clinometer, etc).

Camera and equipment including a suitable lens selection.
Tape recorder (battery powered) for note taking

spade
 

C. 	Specimen collection
 

Botanical presses 
(may be made locally).

Drying papers (local newspapers will do)

Plastic bags
 
Specimen bottles
 
Preservative fluid
 
Increment borer (fc 
 wood samples).

Carpenter's brace and auger (for resin samples).

Insulated container (e.g. ice box)
 
Hand lens
 
Insecticide spray 
(for herbarium material).
 

'i-A 
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Sterilized specimen/tubes/jars (+ throw-away

sterilized spatulas) and tweezers (+ alcohol)
 
for collections of soil or roots for rhizobia.
 

ALSO Medical supplies, camping equipment,
 
vehicles and equipment as appropriate.
 

IV 
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Appendix 8:
 

LABELLING SEED LOTS AND VEGETATIVE MATERIAL
 

Most 	of the principles involved in 
laballing

are self evident. 
 Because mistakes are made

and accidents happen, 
extra safeguards are

needed for valuable and sometimes unrepeatable

collections of MPT germ plasm.
 

i. Type of label. 
 The most durable external
 
label is of galvanised steel 
or aluminum,

wired to 
the package, with the information
 
written in waterproof ink 
or paint. Heavy

duty card, wired or fastened with durable

cord, with 
typed information 
are almost as
good 	and cheaper. Clearly written 
informa
tion 	using ball pen will 
last somet'ime, but

fades in sunlight. Within 
the package/

envelope/drum/bag etc. 
there should always

be included a duplicate label 
(a single

label legible through the polythene of 
a
 
small package may be adequate).
 

2. Information needed. 
 The following are in
 
suggested order of priority.
 

(a) 	Collector's or seed store unique

identification number
 

(b) 	Species
 

(c) 	Date collected
 

(d) 	Originating Supplier/seed store
 

(e) 	Very brief details of origin plus

provenance plus parent tree number 
-
with 	reference to 
seed collection
 
data where appropriate
 

(f) 	Mention any fungicide or insecticide
 
treatment.
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Appendix 9:
 

Extract from FAO/IPBGR's Priority list
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Extract from FAO/IPBGR's Priority list
 

Table 2. National assignments for provenance collections 

on 
Nino countries cooporating In tha FAO pJJoctgenetic resources of arid tind soni.arid tro tipoclog 

Country Species Obanrvatlons 

Austrriln Eucolyptus cainaldulensl. Dehnh ........ 11 new prownancos collected for projejct with opoclul

emphasis on orid zonos.E.'nlcrotheca F. Muell...............
7 3 aeedlotu collected for flrat-8taga ovalua.tioii.Acncin aneura F. Muell. ex Benth ........ 5 provenances collected by eirly 1980.
 

Chile 	 Acacla caven Mol.
( 	 'Atriplax relpanda Phil.
 

Prosopis tomarugo F. Phil.

Prosopls spp. ("Algarrobo") ........... May Includo several 
 specles, P. atuciimensls, P,a///qunstruin, P. cllensls, P. burkartll. 

India 	 Acawha nilotlca (L.) Willd. ex Del .......asp. Indlca/vr.vedlain; var. laquetnoifl; var. cupras
allor'nis

A. senegal (L.) Wlld................. "Land FRco"
A. tortllh; Hayno ..................... " Land 
 aco"; accordlun to ,oe sourros may In fact 
be A. raddlana Savi.Prusoph; cinerorln (L.) Druco
 

(syn, P.spfcl)hatra L.)
 

Israel 	 AcCW)lbatin Del. 
A. red,.liana S;avI

(syn. / tortilis (Forsk) Hlayne a1p.

taddmi'I (Savi) Brenan)
 
A. tortils Hayno

(syn. A. tortills (Forsk] Hayne sJp.

tortilis -fayne) Bronar )
 

Mexico 	 Atrlphlx ca.0escet
 
Prrjsolpl' !;pp. ("Mez.qtihto") ............ 
M y Inlude 	,weveral sl)wCles, P lulilora. .kusar, R.elba, A. torriynna. 

Peru 	 Cpporis angulata 
rosoij,; spp. 	("Algarroho") ............ 
May Inclide several -JIccles, P. chihensl.,- p. llneislS,P. lul/florn. 

Senegal 	 Acacia albidn Dol. 
A. niloti(:iL.) Willd. ex Del ..........Incl. var. ad:mnsonii
 
A. raddi:,na Savi 
A. snegal (L.) Willd. 
A. tortilis Hayna 

Sudan 	 Acacia nlotica (L.)Willd. ex Del ...... ssp. 	n/Iotica: la.tornulnto.; ssp. astrih ons 

PDR Yemen 	Pror,;r'ik cineraria (L.) Druce 
Acac,- nilin:, (L.) 'Mild. e.:DvI...... "Land lnace" 
A. se'te:,aw! L.) Wil1(1.
A. rewtill.;Iyllf,
 
A. torti/i; Ilayn. .....................
.. Land Race" 
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Appendix 10 

ASPECTS OF EVOLUTION IN HERBACEOUS AND TREE CROPS 

RELEVANT TO AGROFORESTRY
 

3. PICYERSGILL
 
Department of Agricultural Botany, University of Reading,
 
Reading, UK.
 

ABSTRACT. Agroforestry involves the cultivation on the
 
same unit of land of herbaceous and tree 
(or sometimes 
shrub and tree) species. One component of the system is
 
usually fully domesticated, while the other (often grown

for forage, shade, 
fuelwood or pulpwood) is frequently
 
little changed from 
 the wild state. Guidelines for im
provement of the latter component may be sought from the
 
changes which have 
taken place in the fully domesticated
 
crops (including forest 
trees). Attributes of successful
 
crops include a ready supply of propagules, easy germina
tion and establishment, reliable yields 
in as short a
period as possible, and easy handling and processing. The
 
different adaptive 
 strategies of herbaceous and woody
wild spicies, particularly as 
regards the components of
 
their genetic systems, are reflected in the success with
 
which they adapt to, and 
can be improved under, cultiva
tion. Breeding systems also influence strategies for col
lecting wild material for future improvement of crop spe
cies for agroforestry. Large-scale agroforestry is too
 
new a development for significant studies to have been
 
made on the co-adaptation 
of the various components,

potential areas for investigation include effects 

but
 
on soil

composition, pollination biology, and pests and diseases. 

iNTRODUCT ION 

The term agroforeistry currently covers a wide range of associa
tions of herbaceou; and woody (or even woody and woody) plants 
grown together uicler man-managed conditions. Some of these 
attempt to ;imulati' the natural environrmnt of one component:
for example coffee and cacao, both of which occur naturally aslilderstoroy trees iii tropical rainforest, are often cultivated 
under shade trees. Other agroforestry systems combine crops from 
very dissimilar environments. Trials of 'Desiree' potatoes under 
coconut palim!; in eastern Peru bring together a North European 

* From "P lanlL Resea rch a1n1 Arqroforestry (Ed. P.A. Huxley) 
;)-
 309-321 . ICRAF, Nai-robi._ 

'V
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cultivar of a highland South American crop and a palm from thu,.strand zone of the Pacific islands, in an environment where ti,.natural vegetation is lowland rainforest. Sometimes the perennial crop is the economically important one, as in rubber plantations undersown with leguminous fodder or cover crops.other instances, the herbaceous component 
III 

is valued more, as Mtmost combinations of annual food crops with tree legumes suchLeucaena or Acacia for fodder or fuel. The different componentmay yield simultaneously, as in cacao plantations shaded by
coconuts, or successively, 
 a; in the taungya system whereby foiestry plantations are intercropped with annual or short-durati,.!
food crops while the trees are becoming established. Agroforesti,.may also refer to the system of agriculture practised rather th,.eto the actual crops grown. In this context, it has been used tocover the spectrum from primitive shifting cultivation to mixedcropping in plantation agrisulture.


Since 
 such diverse associations of plants, and !such different types of systems are included under the one term, it is ncr.easy to formulate valid generalizations about evolutionary aspects of agroforestry systems. However, agroforestry, like bo'fiagriculture and forestry, involves a reduction 
in genetic divv:
sity. Rigorous selection of the parents that contribute progenyto the next generation, establish.ent of crop nooulations fromsmall samples of wild plants, and an inevitable element of inbreeding all erode variability and produce a genetic structurein the un-zanaged populations different from that in consecific wild populations. These genetic changes are in fact thefirst stages in domestication, and a further characteristic ofmany agroforestry systems is that a fully domesticated
(usually the herbaceous component) is colrbined with a 

crop 
crop whi;is only at the stage of incipient domestication (usually the
tree component, although many tropical forage and ground covercrops are not fully domesticated either) . Agroforestrv also, ;a:!,:increasingly, involves cultivation of crops for purposes whichwere previously met by exploitation of natural vegetation. Various species are under trial as fuel-, timber, pulpwood or covercrops, and these are still only a generation or so removed from 

the wild.
 
Some basic concerns of agroforestry are therefore, first,LO predict which species will prove amenable to cultivation;


second, to identify and incorporate in the cultivated populations the inst desirable of the variants present 
 in the wild;third, to improve by breeding and selection the comparativelyundomesticated components it. the system. Evolutionary change;
which have occurred in the fully domesticated 
 crops may offeruseful guideline orn changes which should be sought, or indue.
in the newer and less domesticated crops. The 
 effects of rlixrsucropping on reprodictrve biology and 'i the buildl-up of pos!;and disea u; in the crops concerned , toge:ther with other apri

Of to-;n]iptat ion, 
 ,also deserve considerar ion. 

A1'PIR TlES OF S;UCCE;;nUI, CRiO)0PI'I.AtM'; 
The Ideal crop plant ist on which e!;tabl it;hes readily; pro ,ti.econiomic returns ac; ;otn a!;pss il.: yi'ldr; re l iabl ' des;pit,,'ar-to-year fitciti ;1 i 1 vi :rl;yil'; at lev l; I ,,' 
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,oIl) profitable in themselves and competitive with other spe
its; is reasonably uniform both iii the field and in terms of 

,i. product; is easily handled and/or processed; and can be 
•1rrwn in different regions. 

.:rppl.y of prpolJulen; 

Tile first essential in the establishment of a crop is a readily 
available supply of high quality propagules. Many herbaceous 
crops are derived from wild annuals which are colonizing species 
and produce abundant seed every year. Examples include wheat, 
barley, sunflower, lentil and many cucurbits. Since many of 
these crops are also cultivated for their seeds or fruits, seed 
for propagation is always available.
 

Perennial species in stable, closed communities are not
 
dependent on regular annual seed crops to maintain population
 
size and may produce heavy seed crops at regular or irregular
 
intervals with little or no seed production in the intervening 
years (mast fruiting, biennial bearing, monocarp., and related 
phenomena) . Shortages of seed have periodically limited the cul
tivation of Eucalyptus citriodora (National Academy of Sciences, 
1980) ; and the perennial groundnut (Arachri: glabrata], under 
trial as a fodder and covdr crop in various parts of the tropics 
(National Academy of Sciences, 1979), often does not produce 
seed so it must be propagated vegetatively. 

Populations established from seed are usually more variable 
than populations of vegetatively cloned plants. Outbreeding spe
cies are more heterozygous and their populations contain more 
diverse aid different genotypes than inbreeders, but even in in
breeders, seed-established populations are likely to be derived 
from more than one parent arid contain significant heterogeneity. 
Seed-propagated crops thus have a capacity to respond to natural 
or human selection which is lacking in vegetatively propagated 
crops. Progress in breeding sexually sterile crops, such as yams, 
therefore involves first restoring seed fertility followed by 
conventional programmes of crossing and selection (Sadik and
 
irereke, 1975) . 

Outcrossing plants will not breed true from seed, so
 
superior genotypes are lost by recombination unles- they ccr b., 
mu)tiplied clonally. This is often warthwhile in perennial cup , 
where heterogeneous stands established from seed may have signi
ficantly lower yields than clonal stands inl which every individ
ual has the same high-yielding genotype. Yields of rubber in 
Malaysia approximately doubled when plantations were established 
from budwood of selected trees rather than from unselected seed

ins (Purseglove, 19683. Replication by cloning may also fac'.
1ta te dist irnction between genetic ard environmental effects in
 

"ield trials of woody species ([.ongman, 1976), and tihe product
 
Is tnore uniform than when s eel propagation is used. This uni
form ity has proved very advantageous in tea and certain other 
prerrn it I Crops. 

Al ideal crop plant thSb hit; tile capacLty for both sexual 
.-'i aIsooaI reproductiOn. Improved techniques of tissue culture, 
mrnnipulatiot of breedin sys;tems;, use of hormones to root cut
lringsc and other technical advance,; are confert ing this facility 
air sprecie s which ill the wihl nover pot;se;:;ed such versatility. 
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Germinat ion
 
Difficulty 
in germinating send is 
a barrier 
to successful cultivation of some species, particularly tropical timber trees.
Sometimes this is due 
to ignorance of

for example species of open 

germination requirements,

habitats such as 
 EucaZyptus microtheca may require light 
for germination (National Academy of
Sciences, 1900). 
Wild species often have dormant seeds, which do
not germinate until conditions are 
favourable and then germinat,irregularly, which prevents the entire crop of seedlings being
destroyed by a single catastrophe. Nan,requires crop seeds 

on the other hand,to germinate rapidly and
duce a uniformly, to prodense stand which will keep down weeds andplants are all in which thethe same age and 
so can be harvested together.
Many crop plants have, therefore, lost the seed dormancy characteristics of their wild progenitors; for example, cereals
(Harlan ct al., 
1973) 
and grain legumes -(Smartt, 1978). Many
trees suitable for agroforestry still have dormant 
seeds, and
this dormancy has 

chilling 

to be broken by mechanical scarification,or treatment with boiling 
water or concentratedl
(see National Academy acid
of Scien-es, 1980, for examples).
Complete absence of dormany may be disadvantageous if crop
seeds sprout before harvest, thereby reducing seed yield and
seed quality. Lack of dormancy may also be associated with a
short period of seed viability. Inga spp. are 
often used as
shade crops for coffee and cacao and are established from seed.
However, the seed lacks a testa and it soon loses viability,
especially if dried. Cacao seed is notorious for its short viability, which may be 


port, 
lost in the few days necessary for transcustoms clearance and delivery (Goldbach, 1980), seriously
hampering dissemination of this crop. Although selection by manmay eliminate dormancy in domesticates, it haspossible to not so far been
select for dormancy in species where seed dormancy


is absent.
 

EsLtab lishmonct
 
Most crops are sown on 
cleared ground, so 
their seedlings compete with one another rather 
than with previously established
vegetation. Large 

wnich 

seeds often produce more vigorous seedlings,
can emerge from deeper planting, than smaller seeds (Harlan ot al., 1973). Large 
seeds have been 
favoured during domestication of many crops grown
effects on 

for their seeds, although thecrop establishment have been unconscious by-product:;
of selection 
for increased yield.


Some crops depend on associations with micro-organismss
successful establishment and early growth. Certain cultivated
for
 

legumes, for example Arachis, Glycizn and Vigna, nodulatereasonably effectively with a wide range of strains of Rhilohimea.
Other;, for example IcaicOna, nodulate with
range of strains, 
 a very restricted so that inoculition of sary the seed may be ,ecesto ensure effective rodulation, especially when the cropIntroduced to new areas (Date andlHalliday, 1980) . AVzni:;,wws s'oh'tfa, a 1O;;-1 euminous nitrogen
timb~er ,nd -;oil 

fixer (frown for fueIlwuod,imptovaennt, requires imnoculationthe ,pproprhate C . mnosr-,i;'a 
of soil willh 

:::;pecio
 if Ais ii:: hasqmoli lireviou:;1y (National s not heen
'Icadellmyof Sciences, 19310) 
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hli: role of vesicular-;irhuscular (VA) mycorrluizas in the 

1.1ueral nutrition of plants has only recently become clear 

(iisse, 1973). According to Jaros (1980), pioneer species (which 
,,(:Jude many recently advocated for cultivation for fuelwood, 

pulp and paper) are often nor-mycorrhizal, their ability to 

start growth without infection rjiviur them a competitive advan

tage in their short-lived ecological niche. Species of disturbed 

,,r nutrient-poor habitats, such as PIn'u:: and various Caesalpini

,rideae, are often ectomycorrhizal, while lowland tropical trees 

are mostly obligate irryco~trophs. Since the fungi involved in VA 

.,ssociations produce fd" spores, of short viability, Janos (1980) 

s;uggests that ectomycorrhizal species could divert succession by 

decreasing spore populations of the VA mycorrhizal fungi so much 

that characteristic forest .pecies might be uthable to re-estab-

Iish. Continued cultivation of non-VA plants might likewise pre

clude later cultivation of VA species on that same piece of land. 

Tio., to harvest 

Selection under domestication has converted some perennial seed 

and fruit crops to annuals. Returns are produced in the first
 

year, the crop passes the unfavourable season of low temperature
 

or low rainfall as seed, and the carry-over of pests and diseases
 

is reduced. Annual cottons, evolved in response to the shorter
 

growing seasons of high latitudes, have therefore displaced per

ennial cottons, even in low latitudes. Selection for improved 

harvest index may also reduce the amount of vegetative material 

produced, and hence the time to onset of the reproductive phase. 

Nlew cultivars of temperate fruits such as apple and cherry are 

being developed which have a dwarf habit, crop heavily at an 

early age (and thus have a short productive life) and can
 

tolerate planting at high plant populations. 
Where vegetative parts are harvested selection under domes

tication may delay the onset of flowering. Wild beet becomes 

reproductive in its first season; domesticated beet behaves as a 

biennial, producing a large harvestable root in the first favour

able season and flowering, after vernalisation during winter, in
 

the second. Improved cultivars of casiava branch less freely
 

than primitive types. Since cassava branches when inflorescences 

are initiated this is, in effect, selection against flowering
 

(Jennings, 1976), although the effects on root yield and quality
 

are not reported.
 
Amongst woody crops rapid growth rates are desirable in
 

species grown for shade, soil conservation, or coppicing for 

fuel. A corollary of rapid growth is often lack of strength and/ 

or density in the wood produced, and especially fast growing 

trees, such as I.usanga and Cccropirl, which occupy a weedy niche 

as wild plants in forest clearings and the like, may be suitable 

only for chipboard, pulping or fuel. Ashton (19761 therefore 
suggest; that the most attractive candidates for commerical cul

tivation for tiner are reither the pioneers- nor tire slow gro
wing, light-iitolraut Cliimax species. but those of intermediate 

successiorraL stages which will tolerate bright light and which 

grow relatively rapidly but produce reasonably hard, dense wood. 

6I
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Ease of 14andlinlg or pzoce,;sing 
Foliage and seeds of Many plants are vulnerableherbivorous topredators, particularly attack by

insects.have evolved various Thus, wild plant:;forms of mechanicalbut this process or chemical protectin.is often reversed under dor.esticationselects crops for when ma,improved palatabilitydomestic animals, to himself or to his,r for easier handling. Wild lettuces are
prickly, whereas the don-;ticatesother have srrothhand, spininess leaves. On the 
under traditional 

i!; it taintd in safflower grown for seedcult'ation in Turkeyspines deter bird; 
and India because th,_frcm t,!king

Lei7cuaon is a valuable 
the seeds (Knowles, 1969).

forage for cattle
the foliage in the dry tropics,contains erlmimosne, whichr makesand pig!; fall out and the hair of horsesi:; toxic even to rumlaiitsfor too long. if fed aloneLo-i, "i ra1siiestrains have, however,selected (Ilational Academy 

now been
of Sciences,cotton was developed 1979) . Gossypol -freeso that flour from the seeds couldas a protein supplement be u.;':for main ri.d other non-runinantbut glandless animalt.,cotton, suffer far more insect damagethan normal, glanded in the f'.types, By selectingbility for increased palatain i; crons mn has, therefore,selected often inadvertentlyfor increase

1 d vulnerability to pests and, consequent I.,for crop i:oection activities. 
a greater need 

Jansen (1969) distinguishe; tw strategiesadapt to evade seed which plantu; c:,!predation: productionseeds, of nunrous smallsomc of which escape predation; or oroductionlarge seeds in which the of a fewmetabolic cost ofis justified because chemical protectioneach seed represents a significantof the amountrtotal effort invested in reproduction. Large-seededcies are sl:,,more likely to have been selectedman in for cultivationthe early stages of the bydevelopmentto of agriculture,have persisted anz,in cultivation thqreafter.pulses Many cultivatedhave large seeds and are notoriousand antimetabolites for containing toxin:;(cyanogenic glycosides,non-protein trypsin inhibitors,amino acids, phytoiaemagglutinins,

of these are removed and so on). Most
by prolonged cooking,increasingly less but this may becorre,desirable as fuelwood 
parts becomes limiting in ro;lVof the tropics. AlthoJgh these paIsQen ijVe beencated doilrst ifor thousands of yeari;, there is obviouslyfurther improvenirnt still scopJe :.,:in proce;s-ing, Palatrability and nutrirrol.; 

qua I I tres.
 
Sume crops 
 irave re cently been losing ground becusere q u i r tilleve I ibo ra te p r o s e s; in g C i quurns iii It:;eeIs, 

h.no , od i,.i cl c on t a ils ,a iwhich iave_, to be leach:dwishinq:;. out by repeated)For thi; and oIther riasons the crop isiritly supplarted being incrtrar;by barley[rip; ; ,.. : ;., 
in the Andes. The Andean lupir,
icner'd!:; imllr, 
 elaborate piocessing.tlkol lds from rhi,:' rds to rerrrI. , armd i; q Jilv way toi thi, rn tlrodhle.

T)ho it o'll. , A.,.t~iyp[la~ -'lpvci- :'t rt presont. ,i,:k, ...I i ca.I| 'f 'x 1 ) 1 1i t y * 
hal • nc ho,tl '' aIdI 'filt n !;s'* ' 1.11 l 1 , h~e1. l.1 1n t : , ' IVolIrI1(jt r.:t(ld) i ti.tLton, wh iCt 
 iferarte.iL; varia,1l)i ly, I
0.1':; t's (r lld f.,tI t. Lni) 1 1C. O)hi t1i7,1On , whiclI c )n!;;rve; Il I I ir'r11111 

-\. 

http:iferarte.iL
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ruinll~'S[" ;i br"I'l9 1i 0; (rallL,yi(r 19si). In short-lived colOiiciiiqIlierI-;, Lilt brief generation tjirme and large nrumbers ofprogeny favour recomb iation, but these are often offset by•l f-pol m in on, which increases homozygos;ity and restricts
pportuniti!s for recombination. Chromo;onle! nmbers aire oftenlow ii herb,iceiou:; plants. .o that many genes arc 1inked , butcliia:;rni frequecis in iibreerders tend to he hrigh, SO thatmaximl varib iility is released ii the jenerations irnediately

fio llwiii(I in occasional out.cross. Iono lived species in stable
rllt it:;# o l the otiher hand, produce comparatively few pro

,riy which !;trvive to reproductive rlviturity, ail recombinationIf; further r-:;tricte2d by the long generit.ion time. However,thioe plants a re often outibreeders, thu; heterbzygous at manygenetic loci. Outbreeding woody species g'enerally have higherchiromo;ome nutilbers but smaller frequencies of chiasmata than inbreeding herbaceous plants, so variability is released in astcady trickle rather than a sudden burst, and by reassortment 
rather than crossing-over.

Herbaceous crops grown for th-ir seeds or fruits are oftenhabitually self-pollinated and derived from seof-pollinatedancestors, for example many cereals and pulses. In others,selection under domestication has favoured a shift f'om out-inbreeding. Wild torelatives of Lycopcrsicon escuictztli i have exsorted stigmas and are insect-pollinated; domesticated tomatoeshave the stigma included within the anther con- and pollen issied directly on to it (Rick, 197G). Self-pollination is advantageous in crops grown for soed or fruit because reliable yieldsre tobtairned even when conditions at flowering are not favourable for aninal pollinators, and because spread of tire cropnor. restricted by absence is
of pollen vectors in certain regions.The lattter advanrage is also s.iared by wind-pollinated plants.

Thus l f-poll irrtLed grourdrnt and chili pepper, and wind-poll iiaLed Mai::e, !;preoad rapidly tiroughout the
the 

tropics whereas, amonginsect-polliated crops, Smyr a figs failed in California
untin tie fig wa ;p was introduced, sun flowrs have failed iniome part:; of Africa because of insufficient bees for pollina-Lion, and the few :o-Id Vap: eitalias to be hand-pollinated in theIndian Ocetan ii;lands which now produce tile spice corrinercially.Sel f-poll inated crops have further advantage:; over outbreeders
in that they ,it- More likely to iireed true from seed, a processtl:i ch would have facilitated rapid improvement by selection intre early stage:; of their doninstication. In add ition, they contill le:;:; plarrt-to-plant variation iii Lhe population, a desir
rh, tr.ait riaer 
 rnodern imechanized ajriculturir. 

crop:;, eveni thu.!;, grown for !;eed o.- .rrit, are mostlyV'1l I riI"", iiblr dill ic,L ,; id iiv,! -otinaing,d outbre dingif) ''ilt l ii. .n-;liiih-rp;r inrrcl ile: qrret it: !;.i f-inctnrpatibility,
 
Fo nd I r i pi

di hhii'iii ', W1; Ii oi',i:i dI 

lt, 
rl(O l 

:il ;- le;, i*,)ll)r (!a ]nd t.eak; 
it),; 'l, i r;r)-rrr)entid or dioecy0,[; ifllti!in , isi, i , rri, , il, i i ralmh iilndnithociaii,. iroiblemsrigl r -v r-;r],ll '.urnl t io oif

Ii rr i)utihre(di nt rit-p- inry 1-i' t1iC 0113 by7 guruh rIl' ugiir r un, ,ir iry illi li;at o Ir hy bl i; hIdlirhced byn ; :¢)!;S 1 i 1gIfli: rr I. Iiy irrirroil iirrrrci ,rnjily iroiiiocyiirri,;i I r lnrs so
hnt i'v ry ip ,inl. ili rhe I.'I lipulai ll i 11r1!; virtuially (he allie
hiii ricyg-ig sjI l i ylu. . l CI'hi [,)1!; rtIt.. i, I ; i c;ih iiil 'dir,I? lll{eI llI~lt~ . 1 
; i 

II' hir~ Icii:; i r i;gri wh .ii :1Irr hi l?~; h 
e 

r

i 
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caIpaclty for vegetative propagation,or whore as ithybrid vigour ma ize and coconuts 
ever, may be exploied,in many as in oiltree ;pecie:; it i; 

palm. llow.impracticallyproduce timeinbred parents consumingin U.order to obtainhybrid a uniform Fl.varieties produced FIby crosses 
ents between heterozygousma' be as parheterogeneous asDoMCntic ltlon itself may 

tie original population.
since entailcrop populations a degree of inbreeding,
few are often establishedselected parents. from comparative!..Species whichnated are naturallyeven if only self-pollifacultatively so, willins homozygosity tolerate thisin successive incraii;..sexual generations'ohligate outbreders. betterThe thantype ofrelevant breedingto systemsuccess in is thereforecultivationgrown for fruit even of cropsor seed. which areFurthermore, not 
tem tarkedly affects the 

tile type of breeding sys-Strategy to be adopted in sampling froi:,the wild, especially where
diversity present 

it is necessary to enhancein thefuture populations of crops. 

Many successful crops are thoseLcale to that are grown on asustain basic research large enou-;;on agronomyZACcessful crops and improvement.must thereforeiivinagerent, he adaptablein its modest to changessense.;Iderably Wild species vary 
ill 

in very conthis trait. Whitmore,:,Ili::7o?.-,I (1976) contrastsa morphologically C;ziopjiscinvariableit single specieshabitat, confinedn.);with o.: <u~n r roCampno:perm, p r t c-restricted to bl ct wh ic h i sdry land in rOl cthe southernfreshwater Solomon w 
swamps Islands andin New Guinea. toSinceration introductionsare usually made on into culti.the basis offrom a limited a small quantityarea, of Sec.the subsequent fate offluenced by sampling accidents at 

the crop may be inthein seed of the start. Serendipitywidely result,
P. being 

planted tropical pineske:'z> obtained Pirills coribcco andfrom populations (inPhilippines, respectivelyl Belize and thewhich were
Productive subsequently shownin to bea wide range of environments.n the other hand, came- Seed of P. oom.,ypc,
growth from populationsin other poorly adaptedareas (BUrley, to
Wickham's 1976) . It wascollections just chance thatof rubber seeds,AIc an plantations on which the Southeastwere founded, werel,-!;t Yielding species all otoc:;{ri~j;;, tilr.in tle genus, and Ih.
C,,I lect theml it, the that tlickham happenedcefutr.l Amazon, wheret,"Llter qualily the trees producelatex than'.rlleCted those downeven further ri --. P11wever, hadup the Amazon hie Wickh.from ir.re!; cuuld havewhichCliorlin secured ,,.large yie12d,r':Q!;tace, good guaI ityand tile and diseas;,
 
"'IJliieralrl 

Far Easterr riibl),r industry might
, Fih( pr( not be .:.I ,if r'lf 5irj(iIh ,i:; it t, today l
 
",. or, -i;
w i a fc t FILh, IrsI;'-'Itt i~ " bUInl,nVar ationl .J11ro raleanr;d fiI ithr. *;r dt g 

fl s;preadii 
fr|. 0, cr1 (wirin ",,,tld t" Ces.rihl r;h irlg,ir irpr(rvo,r: S it Ill;,lc riear'-pl. I rrrri I cultiiv;atjlu

1 S (ent.' Co~llir: ,. PrJur a!I duetl!.lly,ing .iriirlraI ; iilli iterr~rcrrit-isrl oIsp::I iceL:; ll 

it l if'er; !,,111,11'lly 


if p ]lr ;;ir!', 
iCiTi iIn larp.itIu ilatiisn:1.l I ,iln ti"ridtr r,)1(nl fOit arly piur,* orll16-rirgl Iho itlier handri,to C(to ar Cr io 
,llll lhlny ;i,.,!; e Ill ion, 1.r int ;if'i'. l 1','wwt in livili.i,l"v ra I Iloi.l I'ii, stpec ir, i, 
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c,'vuriii cliip, (Itubbel * 1J)79). Genetic diffei'I. %t, ion i.Iely to occur niore riqpirly in small, semi-islat .'d lk0'ulaitions!hgn in large interbrtei!(IsIug populations (Ehrlich .,la, ,'itv(+I, 1969)
1,11t Levitn and Kerster I)J9) have shown that, an i,:i .1mim i poll inated plants, gene:; migrate more slowly it, ih.!:i. 1olluilations!;a that density may, pardoxically, lead to gemI it: :;ildivisjonof a population. This r:,:ur: because movement of 1jl ,'n i!;ustlally strictly limited, reaching an extrere in I Ill, ct:;, of|self-pollinated plants. Even anemophilous outbreeder!;, nuch as!miny temperalc trees, are likely to be pollinated Iby theirnighbours to which, in the 

near 
absence of effective seed dispersal,

they may be genetically related. Opinions differ (li the relativeimportance of outbreeding (iawa, 1974) versus apomixin Kaur et!970) in tropical forests. Outbreeding species: have variousflowering strategies (Gentry, 1974). These range from the 'bigbang' in awhich massive crop of flowers is produced for a fewdays only, so that most pollen movement is likely to le fromflower to flower in the same crown (geitonogamy), to 'steadystate' in which a few flowers ire produced each day over long
oeriods, so cross-pollination between different 
individuals is
more likely. Superimposed on this are differences in the foraginghehaviour of pollinators. honey bees work systematically on
individual plants or patches of flowers before moving on, hencethey disperse pollen over limited distances. Euglossine bees, onthe other hand, are often trapliners (Janzen, 1971), arid followthe same foraging route each day, visiting plants separated byconsiderable distances so that they can effect cros ;-poll inationbetween apparently isolated individuals. Data on seed dispersalare 
even more limited then data on pollen dispersal, but ingeneral seeds do not move as freely as pollen, and restrictedseed dispersal may be primarily responsible for tho clumped distributions of tropicalsome forest species (Itubbo] I, 1979).
Consideration of these factors led Bawa 11976) to suggestthat between-population variation in tropical hardwood:; may be.;reater than in temperate trees. So that breederi; would be betterr:uvised to sample a stoal l number of individuals from - large:u1Mber of pap'lations rather than a large number of individualsfrom a small number of populations, as in temperate forestry.
Species thus show inherent differences in adaptation andadaptability based on differences in their reproductive biology.owever, occasionally, breeding prograumes have conferred onparticular cnltivars irmediate adaptation to a wide range ofp.vi ronment's. 'rie '(green revolution' wheats were bred in Mexico!;v raising two generationsa year, one in high latitudes itt ;um,-t0 ald one in low latitude:; il winter. 'lie resUll.-t lL cultivarsoul n it are onflore!;c nce; under "Iitller length; or Ilg';heft, ii days and were the; pre-alapte) to cultivationm in various


Ia:. tt,:; iod it voriou:; ;ea:;ons of 
 the year. 

_--ADOATAI'TI(ON IN AGROF0iV:N'InY yTM;I: 
1hi1 I c oii.; Aid t ('e :; ('i:; t|row inq togeLth(r nay itterletvatrLoj!; Wiwy;. Their toot / 

ifn 
.:l; may he dlistributeid diff--rently

in thlin :;oil ioofil ,, qivIIgIt'he tlree speciscs accet!:!; to nltrients.lt wnal"u lu'in v.l i lIit , to th hlui,:,i.; crop. The llniit nltii- nts;ily h o l't+} fl-, -'' +' .. ayor; ill thf" h1a'...." I litt t a nd|tl 
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become available 
to tileherbaceous crop. A-loia a1lbida com.sinto leaf in 
the dry season and sheds its leaves at the
the rainy start
season. The leaves decay rapidly, !eleasing nutrient:,
for crops planted under the 
trees in tilewet 
season, when tile
Acacia does not shade them. Groundnuts and milletsignificantly more have yieldedwhen grown directly under A. e0bida ratherthan further 
away. In,the dry season, livestock 
are pastured
fed in the shade of 
the trees, 
and their droppings further
prove the soil (National Academy 

im
of Sciences, 1979).
Leaf litter of certain other 
 species has deleteriouseffects. 2'eut,.rX spp. have been recommended for shelter belts,soil stabilization, shade and fuelwood. Their extensivesystems extract from the 

root 
soil large quantities of soluble 
salt:
which are accumulated in, and excreted from, the leaves and the
returned to the topsoil. Tamarisks can therefore cause salini*,,tion of the topsoil even on non-saline soils. Crop yields may I.reduced up to 
50 is from a tamarisk shelter belt (Vational Aca

dery of Sciences, 1900).

Agroforestry may require 
different habits and canopy st',:
tures in the crop compared to those 
 favoured under monocultur,..Bunting U1980) gives an instructive example from cowpeas,selection who:for short-season, sall-statured, non-climbing typc-:proved misdirected in a context where growers wanted cowpeas
that could withstand shading

and reach the 
in the lower lavers of mixed cro:,:
light by climbing 
 up other components ofMore work the st,'::is required on morphological and physiologicalattributes plantwhic!; are desirable for agroforostrv, as cotnoaredwith eithegr agriculture or forestry.


Comp tition for pollinators may reduce yields where 
two
components of a mixed crop flower simultaneously and are 
both
 
in grassed orchai
 

insect-visited. Dandelions, growing as weeds
notoricusly attract pollinating bees away from the fruit 
tree:;.
Many shade and tiber trees are valuable sources of high qual i"
honey, for example 'uczalylptu, 
 Acocia, Inga and Prosopis, and
they could conceivably lessen yields of 
lower storey crops whi:
require bee pollination.

One often cited advantage of mixed cropping, or agroforestry, over monoculture is that pests and diseases nay he l(:s;:.severe: presumably because they ca'not build nt)to such deva:;tating lovels a: illstatds of uniformly su ,ceptible iudiv[div.lowever, iluntiig (1980) 1taS cautioned thati cross-iMtfItatlay ttitoccur in some ciccuins tinces. For example, istet bore;orghum is tilesame 

ie 
pest is tile bollwoirn of co tton.Agiait,
)rtichid beetles are aierios; Pests of many l'JutuC( seeds, inc)],Ltg puls;es such a:xPt: ,t.: ,:tidit.'t/to; a:; well a!; trt,::.is /: , i and Pto:osi;. ttanytiroe 1,2eg
umes art,prol if it )t:.-,:,.c
if !;r:edwhich i; not itarv.,?;tt.d by nan antd .;1 1n I h.. r..:; )ot,'utial :;01-)l-ct,of ln t ;I,-l Itt for iri" r ct; f t p?.. ttl'lltiltl
ary it ii,,inhost specili': t ,,,:;, i.hl;g *, if itt,.h to , 1 

to ln itgre- not. g:;p and j I'r,;'/'(et-el ,iqhl~g tl I,, cal.holknolwnl I., C."Imllil ,t it ) lt
Ih,-,li~-;i)t ~ r'pping 1'
,:um::wi~h 
]:~ ,: 
 { ,.: l::(d;I'i 

W"h,!nlpo st:; 
 ir¢( {;'|'l: 
 ~ l ie 'i~ 

'y 
'; ,b 
 ,i; 
ll il Iim'.0I
)t ro] 
i,ly ht,- t: )ro d ifficlt Ill~in] tit l~~l l i i. ,lMx I I;
ig31-ilnpljl ' 
. !;iys:L-11111. Tlhis; 1:; 
 l', (,,a;I II lo(.,or ;
if 
 .,; Op.!ifforl'tn '!ll ivit i(; 
 it"ld',lt !lih, 
 , :{ll(.l 
 !ll;y;
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EVOLUTIONARY ASPECTS 

rhe difficulty of getting spray machinery through mixed crops,nd achieving adtquato penetration of the canopy by the spray. 

';UMMARY AND CONCLUSIONS
 
Although man has probably been interplanting herbaceous andtree crops, at least on a garden or orchard scale, sincelqinning of agriculture, agroforestry 

the 
in the modern sense is acomparatively new development. Suggestions about the directionsthat evolution might take in such systems are necessarily speculative. 
In the immediate future, the 
tree or herbaceous forage
component!: of the system may need improvement, since in yield,morphology and adaptation to cultivation they are often stillclose to the wild populations from which they hhve been derivedonly recently. Sometimes improvement may require expanding the
genetic base of the populations in cultivation, and studies of
the biosystematics of the wild populations may enable new
ductions to be made 
 intro

from provenances likely to contain desirable
traits. Eventually, however, 
the species will have 
to be considered as components of 
an integrated system, rather than in
isolation, and this will require work on morphology, physiology
and crop protection, and will include attention to 
reproductive
 
as well as vegetative features.
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Ig tirngrlilrg riilec IIyes fulrl:lI:l'OfrIr L ry whelre you wil beillingl wit. Lhl nlicomne I !iUlltorI.- interact iurrs be-tween plant 

Sliec ie? 

PICKIRSCII.I. - We will liued Lu -L; r Ililti rmfsL ion from otther

dlIS (iLjiIlc, -sUl0 IS ftoilit mnlrrih otf'V llidpiysiology, in order 
tL- 111i lierUtI 13I 'r tiin rr.11 !;i gr.l 

I 1(1Lo SelS et LlinLts specifi-
C:, Ily fior :rgr.forestry andi|rurise systems. For examplic, cowpen
freeders have tedclel ti Colcentitrate tin developixrj. deLermillaL 
r:uItivars wlich ar. suitable 
for itiurocil Lure; whertreas in inter
cropping sitLtion;, the emi-clit ing oies are ireferred. 

IEDIG - In sysL,rmatic forest breeding plogrammes we select
plants from a broard area in order to conserve a wide geneLic 
diversity.
 

PICKERSGILL 
- in outbreeding crops, such as many tree species,
you get consideraile stgregnLtion in earl)' generaLtins folloing
subcrossinl; or inbreeding. And' I think this segregation accounts 
for some (if the diversity observed by Lice breeders. Also, tree
!sreed ing work is Comparatively recent and we are now aware of 
tie nreed to maintain 
genetic diversiLy. This 
was not 
true of
 
eIarl work ti nc ifirovrnent 
of herbaceous crops.
 

LEDIG - YoU havC teIlUd EO I:rlC';I i.eC 
LOi muCh whell (liscussing
Need (1rll'lmly. 31fd LcerCV are a iulfier of excepLiOnS from the 
b I'o d elrur:e I I I t Io t1. 
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form the basis for select ion for or :I:aginst dormancy . Some spe
c ies do not iave seed dornarnc.v at all and breeinog for dormanc" 
Is far as I krrew h:s not been pussitI]e in thorse spiecief. 

STEPPLER - There are cas-es where seed rtorirarc% tras been trans.
fer'red bvrween specie:;. For exaiple. in wild to cultivated oats. 

htACIII - fluIrnt.vuly rUlldoreSitlated plant; may be subject
man) unexlected 

to 
hiazards Oilen !rrogfht uiirer more intensive culti

vaLio 
 1%.it"lilterc rolifri : hotever, it may be possible to buffer
 
tile pe t tdlicase lpril ems ul til more InifrormatLion arrd expel
tise Ire aia ill Ic to idellI witdealith 
 chr vi rromeitaie anid biolo
I:tr;Il hazari'ds. 
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AN ENVIRONMENTAL DATA BASE FOR AGROFORESTRY 

Anthony Young
 
Excerot from
 

ICRAF Working Paper No.5, October 1983, International Council 

for Research in Agroforestry, P.o. Box 30677, Nairobi, Kenya.
 

ABSTRACT
 

An environmental data base has the function of relating 
different kinds of information in agroforestry research 
to a common basis of environmental information. The 
paper outlines the principles and structure of the data 
base, the information contained within it, and its
 
potential uses. Information is included on geology,
 
landforms, climate, hydrology, soils, vegetation, fauna 

and disease, and land use. 
There are two levels of 
detail: Level I to provide a broad' environmental setting 
and Level 2 to 
contain more detailed information. Data
 

is transferred from check lists 
to computerized storage,
 
and output on the line printer, by means of an inter

active computer program AFENV. Potential uses of the 
data base include, first, the collection, storage and
 

selective retrieval of information on individual aspects
 

of agroforestry: multipurpose trees, agricultural crops,
 
agroforestry systems, and 
 agroforestry experimental work.
 
Secondly, it may be used for synthesis of these different
 
kinds of information, as in land evaluation, diagnostic 
and design studies, and advisory work. 

/
'1\°/ 
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APPENDIX 1
 

GUIDE TO THE CHECK LISTS AND LEGEND SHEETS 

Input to the environmental data base may be made at 
two levels
 

of detail: 
 Level I for a basic environmental setting.
 

Level 2 for a more detailed environmental description.
 

At each of these levels there is a check list, 
one copy of which is
 

completed for each site entered; 
 and a legend sheet, giving instructions
 

for completing the check lists.
 

The following are available. Items marked with 
an asterisk are in

.luded in this Appendix:
 

- * Check list, Level 1
 

- * Check list, Level 2
 

- Legend sheet, Level I
 

- * Legend sheet, Level 2
 

-
 Check list, Level 1, 	modified version as used in the
 
agroforestry systems inventory
 

- Attachment A: the Koppen climatic classification,
 
with identification key 

- Attachment B: the FAO soil classification system, 
with guidelines 
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ICRAF ENVIRONMENTAL DATA BASE. LEVEL i. CHECK LIST 

DATA SET
 

User's initials ....... 
 User'.s ref.. ......... Title ................... 

SITE REFERENCE NO. 

User's ref. Title ............... Source .................. 

Country ............. Location................................................... 

Latitude _ Longitude _ Rel. / Altitude _ Rel. __ /
 

GEOLOGY
 

ROCK TYPE / .......................................... RELIABILITY /
 

LAN DFORMS
 

LANDFORMS OF AREA __ / RELIABILITY /
 

Desc ription .....................................................................
 

Slope angle at site: -- __ degrees or percent
 

CLIMATE
 

GENERALIZED CLIMATIC TYPE / RELIABILITY /
 

KbPPEN CLIMATIC CLASS / RELIABILITY /
 

Altitude zone / Rainfall regime /
 

Mean annual temp. Mean annual rainfall No. of dry months
 

HYDROLOGY
 

SURFACE WATERLOGGING / RELIABILI'tY I Groundwater type _
 

Groundwater depth: Average
 

SOILS
 

GENERALIZED SOIL TYPE/ RELIABILITY 
 / 

FAO CLASSIFICATION: MAIN GROUP .............................. RELIABILITY /
 

SOIL UNITSOIL~UNIT 
 ...... 
...... 
................. 

..... 
 ... ,...,..***
Other soil class .............................. on ..... 
 .......... Classification
 

Texture / Reaction /
 

Drainage _ / Other features / .....................................
 

VEGETATION
 

GENERALIZED VEGETATION TYPE: AREA 
 / SITE/ RELIABILITY / 

Physiognomic vegetation type .................................................... 

Vegetation association .......................................................... 

FAUNA AND DISEASE 

AFFECTING PLANTS /........................
 

AFFECTING ANIMALS / .......................................... 
 REL. / 

LAND USE
 

MAJOR KIND OF LAND USE / RELIABILITY /
 

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

Agroforestry practices / .................................................
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USER-DEFINED ADDITIONAL DATA
 

Coded 1 / Coded 2 / Coded 3 /
 

Numeric I _ Numeric 2 Numeric 3
 

Descriptive I .................................................................
 

Descriptive 2 ....................... Descriptive 3 ...........................
 

GENERAL NOTES ON SITE
 

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

'.................................................................
 

"..'... ........................................................ 
....


o.................................................................
 

. °.
 

(October 1983 version) 

0-,
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ICRAF ENVIRONMENTAL DATA BASE. 
 LEVEL 2 CHECK LIST 


DATA SET
 

User's initials ....... User's ref
......... 
 Title .................
 
SITE REFERENCE NO. 
User's ref. 
 Title ............. 
 Source ................ 
Country ............... Location............................................. 

Latitude _ Longitude _ Rel. / Altitude Rel. / 

GEOLOGY
 
ROCK TYPE / ....................................... 


RELIABILITY 
 /
Grain size 
 / Geological formation: name..........................
 
age .................... 
lithology 
............. ...............................
 

LANDFORMS
 

LANDFORMS OF AREA / RELIABILITY / 
Description ...................................................................
 

Slope angle at site: _ degrees or percent 
Relative relief
 
At site: slope curvature 
 position on slope 
 /
 

CLIMATE
 

GENERALIZED CLIMATIC TYPE 
 / RELIABILITY ._ 
 / 
KOPPEN CLIMATIC CLASS 
 / RELIABILITY / 
Altitude zone 
 / Rainfall regime 
 / 
Mean annual temp. _ Mean annual rainfall 
 No. of dry months
 
Mean monthly rainfall, mm:
 
Jan Feb Mar Apr May 
 Jun Jul Aug Sep Oct 
 Nov Dec
 

Mean temp., hottest. month Mean temp., coldest month 
Rainfall, driest month 
_ Occurrence of frost / 
Mean annual Eo 
 By which method? ........................ ... .............
 
Humidity index r/Eo 
_ Growing period
 

HYDROLOGY
 
SURFACE WATERLOGGING 
 / RELIABILITY / Groundwater type / 
Groundwater depth: 
average _ lowest _ highest
 
Flooding frequency 
 / River regime / Degradation / 

SOILS
 

GENERALIZED SOIL TYPE 
 / RELIABILITY / 
FAO CLASSIFICATION: MAIN GROUP 
............................... 
RELIABILITY
 

SOIL UNIT ...... ......... ............. ....... ....
 
Other soil class ........................... 
on ................... 
Classification
 
Texture 
 / Reaction / 
Drainage / Other features / .................................. 

Texturc c lass: tO)Soj ........ B horzon .......
 

p11: tols i I I ho rizo i ....... .
 

)Lainlagu class: / Depth Lo lililitil ,i ho'i;' o 

.Soil ue .'da Li i '1 . / v( it y, .... / 
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VEGETATION
 

GENERALIZED VEGETATION TYPE: AREA / SITE / RELIABILITY / 

UNESCO CLASSIFICATION: AREA ............................. RELIABILITY / 

SITE ............................. 

Physiognomic vegetation type .................................................. 

Vegetation association ........................................................ 

Vegetation degradation: severity / 

nature, causes ............................................................
 

FAUNA AND DISEASE
 

AFFECTING PLANTS /......................................................
 

AFFECTING ANIMALS /............................ REL.
 

LAND USE
 

MAJOR KIND OF LAND USE __ / RELIABILITY _
 

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

Agroforestry practices ____ / ................................................
 

USER-DEFINED ADDITIONAL DATA
 

Coded I / Coded 2 / Coded 3 /
 

Numeric I Numeric 2 Numeric 3
 

Descriptive 1 ..................................................................
 

Descriptive 2 . ....................... Descriptive 3 ............................
 

GENERAL NOTES ON SITE
 

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

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

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

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

SUPPLEMENTARY DATA
 

(0cohv r 1983 vcr;ioi) 
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[CRAF ENVIRONMENTAL DATA BASE 

LEVEL 2: LEGEND SHEET
 

This sheet covers the full 
list of data items used in Level 2. 
The legend
sheet gives only instructions, explanations and codes
check list. 
 for completing the
For background discussion, including 
reasons for data selected,
see "An environmental data base for agroforestry information" ICRAF Working
Paper 5 (1983). 

Instrctions in italics refer to computer-compatibiZity; they need not befoZlowed if the data is to be stored and processed manually. 

Using one copy of 
the check list for each site, enter code numbers or fill in
values. Data shown as nwt bes numbers onlz . Data shown asmay be words and/or numbers. 
........
 

Multiple values. 
 Up to too values can be accepted for any data item.coded) numerical values Two (onare 
assumed to represent a range.
expect one The computer willvalue; to instruct that two are to be given, enter 888to coded an well (this appliesas niune2ic responses). If there are more than two values, thehi2,Ld onwords can be given under 'General Notes' at end. 
No data 
 'No data' includes 
'not relevant, not applicable'. For 'no data' enter:
 

Coded data: 
 9
 
Numerical data: 
 999
 
Verbal data: 
 - or n.d. 

N.B. Do not simply press the Return 
key, as this deletes the whole entry.

Sentences • In longer verbal data, do not use commas, semi-colons, colons except
at ends of lines.
 

Reliability codes 
 The 
following codes for reliability of information are
throughout used 

I Confident
 
2 Probable
 
3 Guess
 
9 No data
 

DATA SET 
This refers to the data set 
as 
a whole, e.g. 'Sites of recorded AF Systems'
or 
'Growth requirements 
of multipurpose 
trees'
 
Us~er' 
 O HM;ii aS .........
 
ts;r s ref ................... 
 User's reference to data set; may be a reference 

ticl................... number and/or le ters.
tiU of dat l 

D)escriPtiK';f 
:o I., ;ee examples above.Jat., set [his is not entered on each check list, but 
on
 

a separalto sheet. For manual reference, it Canbe of any length. bor computer a.to'age, it A3enteed onlyt once, with a maxhume of 5 lines. 



SITE 

REFERENCE NO. 

User's ref. no. 


Title ................. 

Source ................ 


Country ...............
Location .............. 

Latitude _ _Longitude 


Reliability 
 / 


Altitude (m)
'Reliability _ 

GEOLOCY
 

I Crystalline, felsic 

2 Crystalline, basic 

3 Sedimentary, siliceous 
4 Calcareous 

5 Superficial deposits 


6 Other
 
9 No data
 

Reliability 
 /
Rock type ............... 


Grain size: 


Geological formation: 
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Sequential reference number;for any data set
 
must be successively 1, 2, 3, ... 
etc.
If the site is already known 
to the user by a
 
different number, it may be entered here;

otherwise re-enter sequential number.

Short title of site.
 
Source of information, e.g. 'Parkinson (1979).'
 

E.g. district, nearby town, experiment station.

Enter minutes as a pseudo-decimal e.g. 15047 as 
15.47. Enter South latitude and West longitudes
 
as negative nuwber.
 
Give as I if confident to + 10. 

Give as 1 if confident to 100 m.
1 


Igenous 
or metamorphic, non-basic, eg.granite,gneiss

Ig. or met., basic or ultrabasic, eg. basailt,andesite
Sedimentary other than calcareous, eg.sandstone,shale 
Limestones
 
Alluvium, boulder clay, blown sand, etc.
 

See above
 
Any known name; age can also be given if wishes, eg.

Jurassic sandstone 

1 Coarse grained
 
2 Medium grained
 
3 Fine grained
 
9 No data
 

name ................ 
e.g. Kapata Beds 
age ................. e.g. Jurassic
 
Lithology ........... e.g. sandstone
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LANDFORMS
 
Landforms of area: give more detailed (two-digit) class if appropriate anddata sufficient, otherwise generalized class as 
for
 

Level 1.
 

degrees percent
 

I Steeply sloping Dominant slopes >170 >30

10 Very steep 
 " " >250 >4511 Steep " " 17-250 30-452 Moderately sloping 
 5-170 8-30
12 Moderately steep " 10-1 70 18-30

13 Moderate " 5 - 1 0 0 8-183 Gently sloping " " <50 <8 )14 Gentle " 2-50 3-8) erosional landforms
15 Very gentle <20 <3)4 Depositional 

Landforms (excluding 5)

16 Alluvial
 
17 Marine
 

5 Swamps
 
18 Freshwater
 
19 Salt water
 

9 No data
 

Description ..................... 
 General description of landforms 

Slope angle at site 
_ degrees or percent
 

If not a specific small area, angle not relevant, enter 777 degrees
If a small area, but no 
data on angle, 
 enter 999 degrees
 

Relative relief (m) _ local average highest difference, e.g. hill-valley
 

At site: slope curvature 
 1 convex )refers to shape in profile,

2 straight )i.e. cross-section
 
3 concave
 
9 no data
 

position on slope 
 1 crest 
 5 base
 
2 upper slope 6 
other (slopes of complex)
 
3 midslope shape)
 
4 lower slope 9 no data
 



252 

CLIT 

.A. GENERALIZED CLIMATIC TYPE 
 / RELIABILITY / 

The definitions of the generalized climatic types arc in 
terms of the Kppen
climatic classes included in each; where sufficient data are available, it is
therefore better to 
fill in Section B below first. 
 The guidelines are approximate only, for use where more detailed data 
are not available.
 

Code and name 
 Kppen clasces 

included 
I Humid tropics Af, Am
 
2 Subhumid tropics Aw, Aw" Cw, Cw"
 
3 Semi-arid 
 BShw, BSk
4 Arid 
 BWh, BWk

5 Humid subtropics Cfa
6 Mediterraean 
 Cs, BShs
7 Temperate maritime 
 Cfb

8 Cool or cold 
 D, E
 
9 No data
 

Approximate guidelines and notes
 

Approximate guidelines
 
(lowland tropics)
 

High-sun 
 East sides of conLunents; 


Code and name Rainfall 
(F) Dry

months Notes Typical locations 
I Humid tropics > 1500 <4 Permanently humid or Singapore 

short dry season Belem 
2 Subhumid tropics 600-1500 4-8 Seasonally humid with Lusaka 

with dry season(s.) Caracas 
3 Semi-arid 250-600 8-10 Short rainy season; Delhi 

'steppe', 'sahel'; Niamey 
excluding-Mediter
ranean, see 6 

4 Arid -:250 11-12 Desert Khartoum 

Lima 
5 Humid sub-

tropics Hongkong
(summer) 
 includes also montane 
 New Orleans
 
rainfall 
 humid
 

6 Mediterranean 
 Low-sun 
 Excluding arid, 
 Rome
 
(winter) 
 see 4 above 
 San Francisco
 
rainfall
 

7 Temperate 

Londonmaritime 
Wellington


8 Cool or cold 
 Ipcludes tropical 
 Moscow
 
.high montane 
 Kilimanjaro
 

Q No data 
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B. KOPPEN CLIMATIC CLASS 
 / RELIABILITY
 

For definitions and key, see Attachment A.
 

A: Hot climates
 

I Af Humid tropics, permanently humid
2 Am 
 Humid tropics, short dry period ('monsoonal')

3 Aw Subhumid tropics, one wet season
 
4 Aw" Subhumid tropics, 
two wet seasons
 

B: Dry climates
 

5 BSh Semi-arid, hot
 
6 BSk Semi-arid, warm to cold
 
7 BWh Arid, hot
 
8 BWk Arid, warm to 
cold
 

C: Warm climates
 

10 Cfa Humid subtropics; also montane humid
 
11 Cfb Temperate maritime
 
12 Cw Hi6lland subhumid, one wet season 
 )Including
13 Cw" Highland subhumid, two wet seasons ) Kdppen14 Cs Mediterranean )a, b and c
 

D, E: Cold climates
 

15 D 
 Temperate continental; also tropical and subtropical mortane
16 E zone
Cold tundra; also high montane zone
 
9 No data
 

Notes 
 Cfb is used as an abbreviation to cover Cfb and Cfc
Cs excludes sumer-rainfall climates which fall into orBS BW. 
RELIABILITY 
 Give as I if calculated or if estimated with 

much confidence; for other estimates, give
 
as 2 or 3.
 

C. ALTITUDE ZONE
 

Computer will include 
this automatically if altitude has been included under

site data above.
 

1 0-500 m 
2 500-1000 m
 
3 1000-1500 m
 
4 1500-2000 m 
5 2000-2500 m
 
6 Over 2500 m
 
9 No data
 

D. RAINFALL REGIME
 

I Unimodal, maximum in high sun period (sununer)2 Unimodal, maximum in low sun period (wi 1iter)
I imodal 'oi ly I.ive a:; bimodal if clearl-y so)

t!, i forin ( il I -yenr wi:t wi ino clear ma' imui, or al.1-year dry)o I,! l 

/ 
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E. PRINCIPAL VALUES 

Mean annual temperature, 0°C I n d 
Mean annual rainfall, mmu If no data enter 999 
Mean monthly rainfall, mm: If no data, enter 999 for January and 

computer will omit other months 

Number of dry months 
(tropics- 60 mm, subtropics or other <30 mm) Computer will enter 
automatically if monthly values given 

Mean temperature, hottest month (°C) ) In conjunction with dataMean temperature, coldest month (°C) ) given at Level 1, these 
Rainfall, driest month (mm) ) 	 permit calculation of 

Kbppen class 

Occurrence of frost: 1 never or rare 

2 consnon
 
3 every year
 
9 no data 

Mean annual Eo (mm) __ Open-water evaporation, observed or calculated 
. . . .. . . . . . ..
By which method? 'Pan' = class A evaporation pan 

'Penman' = calculated by Penman formula 
or name ther formula used 

Computer will print rainfall: evaporation ratio, r/Eo 

Growing period __ Days, as calculated by 	 FAO agro-ecological zones method. 
(World Soil Resources Report 48/3, 1981).
 

Users may wish to add monthly values of temperature, and further evaporation

data at the end of the check list. This information is not computer-stored. 

HYDROLOGY 

SURFACE WATERLOGGING / 	 RELIABILITY 

I None May include standing water
 
2 Seasonal 
3 Permanent 
9 No data 

Groundwater type 

I Fresh Computer will assume fresh unless 
2 Saline 2 or 9 is marked, i.e. 'no data' 
9 No data implies there is doubt whether 

saline. 

Groundwater depth, m: average approximate average for year 

lowest usually late dry season 

highest 	 wet season 

F'looding frequency / never or rare 3 frequent 
2 roIluIon 9 ti ,aLa 
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River regime: 
of largest river easily accessible 
from site (guideline <5 km,

but flexible according to circumstances)
 

1 Perennial 
 At least 
some discharge throughout year in
every or nearly Every year

2Seasonal 
 Continuous discharge for some substantial


period of every year, dry for part of year
3 Intermittent 
 Flow only for short periods, after rains
4 None 
 No easily accessible river
 
9 No data
 

Degradation: Has 
river flow regime deteriorated adversely through human
activities, e.g. lower or shorter base flow, more flash floods?
 
I Absent 
 A positive statement that there has been no
 

substantial flow degradation
 

2 Present
 
3 Severe
 
9 No data
 

SOILS
 

A. GENERALIZED SOIL TYPE / RELIABILITY 
 / 

The definitions of the generalized soil types are in terms ofincluded in each the FAO soil classes(see Attachment B). 
 The guidelinesandsynonyms 
are for use
where 
the FAO class is not known.
 

Code and name 
 FAO soil classes included Guidelines & synonyms
 
I Latosols 
 ferralsols, acrisols, 
 'Red and yellow' tropical soils;


luvisols, nitosols 
 includes ferallitic and ferr
uginous soils (CCTA, French),
 
oxisols and ultisols (US)


2 Vertisols 
 vertisols 
 Black cracking clays, 'black
 

cotton soils'
3 CalcimoiFphic 
 chernozems, phaeozems,


soils Free CaCO 3 present; includes
kastanozems, rendzinas 
 brown soils of semi-arid regions
 
(CCTA), 'chestnut soils'
4 Desert soils xerosals, yermosols Sand or rock; slight or no 

horizon development
5 Saline or alkaline solonchak, solonetz 
 Of desert or coastal origin


soils 

6 Gleys, alluvial gleysols, fluvisols 
 See note below
soils or peat 
 planosols, histosols
 

7 Shallow or lithosols, rankers, Excluding desertimmature soils soils,regosols, arenosols, which are placed in class 4 
andoso is 

8 Temperate soil cambisols, podzols,
types Brown earths, 'podzolicpodzoluvisols, greyzems soils', podzolh 

::och La 
N) ,. !'oorly-dra ned soii of valley floors and swamps should be classedClut.'.s , ,nle!;; thcre, as 6,

i:, ;, i e videic , .,1" b,!ing widely-cracking black c ; :ayn( .t v,,'l~i ,,ls . ,'i4%. 
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FAO CLASSIFICATION: MAIN GROUP ........ / SOIL UNIT ........ 
/ RELIABILITY /
 

Give the class of soil according to the FAO system (FAO/Unesco (1974) Soil Map of
 
the World 1: 5 000 000, Volume 1, Legend). Attachment 2 gives the soil units and
 
their letter codes, together with a summary and analogues in the US soil taxonomy.

For further details, refer to the Legend Volume. 

As tile classification employs letter codes, these ;ame codes are used in the data
 
base, hence the sy-mbol ........ /
 

'Main group' refers to capital-letter (noun) classes, e.g. J Fluvisols. 'Soil
 
unit' refers to two-letter (adjective-noun) classes, e.g. Je Eutric fluvisols.
 
Enter letter code alone or, preferably, code plus name.
 

Other soil type .............................. 
Any other known name; two or more
 
names may be included.


On which classification? ..................... Refers to previous question: inter
national classification (e.g. US,
 
French/ORSTOM) or local name. 

B. PRINCIPAL SOIL PROPERTIES
 

Texture, reaction and drainage, predominant for profile. 

Texture 1 sandy 
 sand, loamy sand
 
2 loamy 
 sandy loam, sandy clay loam, medium loam,
 

silty textures
 
3 clayey sandy clay., clay, heavy clay
 
9 no data
 

Reaction: I strongly acid 
 pH >5.0 (only if clearly so)
 
2 acid pH 5.0-6.5
 
3 neutral pli 6.5-7.5 (or if profile transgresses 7.0)
 
4 alkaline :pH >7.5 
9 no data
 

Drainage I well drained 
 drainage classes excessive, well-drained 
2 imperfect " " moderately well, imperfect, 
3 poor poor, very poor 
9 no data 

Other features: 

I shallow 
 limiting horizon (rock, laterite, etc.)at <50cm 
2 saline °
 

3 other ................... 
Mark 3 and name feature 
9 none or no data 

The generalized information given at Level I is supplemented by the following 
more precise data if representative profile descriptions are available. 

'Topsoil' refers to 0-20 cm depth or the plough/hoe layer.
'B horizon' has its standard pedological meaning, typically c. 50 cm depth. 

Texture class: topsoil ........ ) Enter capital-letter abbreviation of 
B horizon ..... standard international textural classes 

using 'Z' for silt, viz: 

!;,, ;1.,1 ;(:I'' (;:I.., cI,sI , C; -, - . .) 
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phl: Topsoil B horizon _ __ In water at 1:2.5 if data available
 

Drainage class 
 codes are same the/ The used the as class numbers of thestandard international system (FAO, 1977, 
see above). To avoid confusion in
computer storage, 'Class 0: very poorly drained' should not be used, but com
bined with, and entered as, Class 1.
 

I Poorly drained 
(see note above) 4 Well drained2 Imperfectly drained 
 5 Somewhat excessively drained

3 Moderately well drained 
 6 Excessively drained
 

9 no data
 

Depth to limiting horizon (cm) 
 To rock, laterite, or other obstruction 
to roots. If no limiting horizon recorded 
to at least 150 cm, enter 150. Note that
 
the usual unit for soil depth, centimetres,
 
is employed.
 

Users may wish to attach one or more 
soil profile descriptions to the check list.
This information is not computer-stored. 

Soil degradation: type 
 / severity 

Is it believed that soil properties 
have deteriorated, and/or are deteriorating?
The types of degradation are 
those given in FAO (1979), A provisional methodology
for soil degradation assessment, except that an additional and more generalizeddescriptor is given, 'fertility decline', 
to be used where precise causes are
 
not known. 

I Water erosion Including sheet and/or gully erosion
 
2 Wind erosion
 
3 Salinization or sodication
 

Chemical degradation 
 Including acidification, lowering of bases
 
or nutrients, toxicities (except as 
in 3)
5 Physical degradation 
 Loss of pore space, compaction, decline in
 
permeability and water storage capacity,etc.
6 Biological degradation 
 Decline in organic matter, biological
 
activity in soil
 

7 Fertility decline Lowering of the capacity of soil produceto 
crops, through combination of chemical,
 
physical or 
biological degradation.
 

9 No data
 

Severity: I Absent A positive statement that there has been no 
substantial soil degradation


2 Present 
3 Severe
 
9 No data
 

lv.
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VEGETATION
 

CENERALIZED VEGETATION TYPE 	 AREA ......... SITE .........
 

Code and name 	 Description and notes
 

I Rain forest 	 Including evergreen, semi-deciduous and
 
mon tane 

2 Tropical seasonal forest 	 Deciduous, including savanna woodland,
 
crowns>40% cover; S. America cerrad~o
 

3 Savanna 	 Tree/shrub cover <40%, predominantly broad
leaved, plus well-developed grass cover; S.
 
America cerrado
 

4 	Thorn scrub or thorn Xeromorphic vegetation, predominantly thorny 
woodland and/or microphyllous 

5 Grassland 	 Of any -rigin, including climatic, hydromor
phic, monLine, but excluding own pastures,
 
see 13
 

6 Semi-desert vegetation
 
7 Desert
 
8 Temperate deciduous woodland
 
10 Coniferous woodland Excluding plantations, see 13
 
II Montane vegetation Excluding montane grassland, see 5
 
12 Swamp Including mangrove and other coastal swamp
 
13 Planted vegetation Including crops, forest plantations, sown
 

9 No data 	 pasture (see also land use, below)
 

Reliability
 

UNESCO CLASSIFICATION: AREA ......... /
 

SITE ......... / 	 RELIABILITY
 

Give the type of vegetation according to Unesco (1973) International classifi
cation and mapping of vegetation. As the classification employs letter codes,they
 
are used in the data base, hence the symbol ....... / The subdivision should
 
be given, e.g. III.A (not III). For detailed definitions, refer to the source
 
given. Enter code plus name.
 

I CLOSED FOREST 	 IV DWARF-SCRUB AND RELATED COMMUNITIES 

[.A Mainly evergreen forest IV.A Mainly evergreen dwarf-scrub 
I.B Mainly deciduous forest IV.B Mainly deciduous dwarf-scrub 
I.C Extremely xeromorphic forest IV.C Extremely xeromorphic dwarf-shrubland 
[I WOODLANDS -IV.D Tundra 
1I.A Mainly evergreen woodland IV.E Mossy bog formations with dwarf-shrub 
[1.B Mainly deciduous woodland V HERBACEOUS VEGETATION 
I.C Extremely xeromorphic woodland V.A Tall graminoid vegetation 
[i SCRUB V.B Medium tall grassland 
LIlA Mainly evergreen scrub V.C Short grassland 
[ITB Ha iuly deciduous scrub V.D Forb vegetation 
IllC Extremely xeromorphir (sub- V.E Ilydromorphic fresh-waler vegetation 

,es, rt ) !dirubland 

DI. No 'i , 	 II.ANTEI) VEGEIIAT ON 

,,,C
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Physiognomic vegetation type 
.........
Vegetation association 	 Description (maximum one line)
............... 
Main genera or species, 
trees and shrubs
 

and/or grasses etc.
 
Vegetation degradation: severity 
 / 

nature, causes 
............ 
....... 
 . ... 
..........
Is it believed that the vegetation is degraded as 
compared with its
some 	 condition inpast period? 
Severity: 
 1 Absent 
 A positive statement that it is believed there has been 

no substantial degradation

2 Present
 
3 no data
 

FAUNA AND DISEASE
 
Significant fauna, plant or 
animal pests or diseases affecting plants (trees
and/or crops) or animals (livestock). 

Affecting plants 
 / I Yes 2 No 
 9 No data
 
Details............................................................
 

E.g.: - animal pests (e.g. rabbits)bird pests 
 (e.g. Quelea) - locusts; termites 	 other insect pests- soil fauna -
plant diseases
 

Affecting animals / I Yes 2 No 9 No data
 
De ta i ls 
....... .......... 
 .......... 
....
..... 
 ........................... 


.
Pests affecting stored produce, and diseases of humans,
in the data base. are not currently included
 
RELLABILITY 
 / Of information on fauna 

LAND USE 

Intercropping and other mixed systems, including agroforestry, are 

use of more than on code, e.g. coconuts 	 indicated bywith grazing beneath as 2 8 /, maizeand coffee with fuelwood
importance, 	 trees as 1 211 /.e.g. plantation forestry with Ene ultiplesubsidiary uses in order ofo. 	 this itern, the computer will accept up 

recreation as-l1 12
to
2-ore tha" one, 	 three codes; enter 888then if there are only 	 to requesttwo, enter zero for the third. 
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Code and name 
 Notes
 

I Annual crops 
 Including cassava, hill rice, vegetables
 

if on a field scale; excluding swamp
 
rice, vegetables if on a small plot/
 
garden basis
 

2 Tree and shrub crops 
 Including fruit trees; excluding crops
 

listed under 3
 

3 Field perennial crops 
 Sugar cane, sisal, pineapple, bananas 
4 Swamp rice If irrigated, code also as 6 

5 Gardens 
 Intensive cultivation on small plots
 
6 Irrigated agriculture Including rice if water brought to fields
 

but not if retention of rainfall only;
 
including irrigated grazing
 

7 Livestock production, natural Including nomadic grazing, ranching 
pas tures
 

8 
Livestock production, improved Sown or substantially improved pastures
 
pastures
 

10 Forestry, natural forests For timber and/or other products 
11 Forest plantations 
12 Recreation and tourism 
13 Wildlife conservation With specific intention of this purpose
14 Water catchments With specific intention of this purpose 
15 Engineering uses 
 Any form of construction
 
16 Unused 
 No specific intention of use
 
17 Other uses
 
9 No data 

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

Agroforestry practices / Absent 

2 Present (on site) 
9 No data 

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

There is at present no standard or widely-accepted classification of agroforestry
systems in use, within ICRAF or elsewhere. However, individual users may have 
their owm classification systems which they wish to include in the data base. 
Coded agroforestry classes may then be entered in user-defined additional data, 
see he .ow. 

USER-DEFINED ADDITIONAL DATA 

lheLre may be items of environmental data specific to a particular data set which 
the User wishes to insert. Provision is made for inclusion of up to 3 coded 
items, I numeric itcms, and 3 descriptive (verbal) items. For the coded items, 
the user Innst define tile classes. Code no. 9 should always be allotted to 'no 

i ; l I VinI ; T 

m. ,I tho, li..in, Hit-\; l tl !.. i - or difsl i ,liv,,, r : of;i~ ohnvi. ru..wntL .1L 

S, 'V ' 
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ATTACHRENT A. 
THE KOPPEN CLIMATIC CLASSIFICATION
 
im,.,ing simplified, version of the K8ppen classification.ijvi,'1 reference, to is constructedthe tropics and subtropics, with 

and to aspects relevantlorcstrv. Koppen's definitions and values have not been modified. 
to agro

names see the Legend For descriptiveSheet. A computer subroutine is av'aiable to carry out 

l1,._
T1: CLASSIFICATION 

Mean- ean Temp.of Temp.of
* annual Rainfalltemp. annual coldest Periodrainfall hottestmonth month driest of drymonth season 
Koppen oC 0mm C 


Cod,, class =L 
mm 

=r
 

Al 

' Wetter >18 
 >60
An than for 
 >18 
 >100-

A, 
 13 >18 drier than Low sunAw," climates 

for Am
A >18BSh > 18 IN4r/t


BSk 
 < 18 
 formulae
 
7 BWh > 18 

8 see
 

BWk 
 < 18 below 
Cfa 


<8 -3 
 >22
Cfb >30
Wetter
11 Cw <18 >-3 10-22 >30
than 
 <18 >-3
12 >10
Cw" <30 
 Low-sunfor 
 <18 >-3 
 >10
)3 Cs <30 Two 

j B <18 >-3
14 >10 <30 High-sun
climates 
 < -3 _i0 

<10
 

o I'ulae for B ci imates: 

qe'ason of rainfall BS 
 B1W 
 Notes

Mu::,'!r/hligh suo' r < 20t +280 rcl0t+140 Applies 
to most tropical and sub

tropical areas
 
' rn r < 20t+140 r'lOt+70ihtr/ ot: sun r/20t rclOt Applies to 'Mediterranean type'
 

climates
 
'.qu.1torial climates 
with bimodal rainfall 

:.ot (i)1 
climates take precedence. In particular, 'Mediterranean_hich rainfall is type' climates illbelow the limits specified are placedIn this simplified in B3Sor BW,form of the classification, not Cs. 
,,i Cfb includes K61pe,1iclud, the Cfc. C%, Cw"K6ppen temperature nuhdivisions a, b and .c. The cold climates, DI 
rnot i , e siubdivided. 
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SME SHORT curs FOR TROPICAL LATITUDES 

The following guidelines are for use where data needed for K6ppen rules are 
insufficient; they apply to the tropics only. 

(i) 	 Approximate mean annual rainfall known, but not temperature. Is it a 
3 (dry) climate? 

Rainfall >900 mi: Not a B climate
 
Rainfall >750 mm: Unlikely to be a B climate, unless
 

annual temperature is unusually high
 
(>23.50 C)
 

(ii) 	Approximate altitude known, but not temperature. Is it an A or a C
 
cl1imate?
 Alti.tude >1 2 00m Very probably a C climate
 

Noe., however-, that C climates can occur as low 
 as 500 	 m close to the equator,
° .ind down to sea level close to 23L1 latitudes N and S. 

3. 	 IDENTIFICATION KEY TO KOPPEN CLIMATES
 

. . '>t,?.' ' o:itiiie to carn! out
,'. 	 this identification. 

mean annual ra infall, nun t mean annual temperature, °C 

L. Is 	 r less than: 

20Et280 if rainfall i, high sun or bimodal? Y 
20t+140 uniformly distributed) YES 2 

20t " in winter/low sun? NO 5 

(See also short cut (i) above.) 

2. Is 	 r less than: 

lOt+140 if rainfall is high stn or bimodal? ) YES 3 
+10t 70 uniformly distributed) NO 4 

LOt " in winter/low sun? 

IF t >18°? YES BWh 

NO BWk 

is t > 	 181? YES BSh 

NO BSk 

Is tempera ture of coldest month >18o? 	 YES 6 
NO 9
 

l . ;lso 'lit (ii):Ah l'oru above.) 

, iinl il 	 I(it lriest- mont h >6(0 in? YES A
r 

NO 7
 

r 
.Is :-Aiftl in driest mouth >O()0 - ? YES Am
 

2 5 NO 8
 

.'.~~ I ~~~~~~~~~~~~ll . .:'l;ll;; il 	 ES A "wl ' d ',, 

Ci Aw 
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9. Is cimperature coldest month> -3°? YES 10 

NO 14 
10. Is rainfall of driest month >30 mm? YES 11 

NO 12 
11. Is temperature of hottest month>220? YES Cfa 

NO Cfb 
12. Are there two distinct dry seasons? YES Cw" 

NO 13 
13. Is dry season in winter/low sun period? YES Cw 

NO Cs 
14. Is temperature of hottest month >100? YES D 

NO E 

/
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APPENDIX 2
 

EXAMPLES OF DUTPUT FROM THE DATA BASE
 

The examples given refer to the Malaysian site in the Collaborative
 

and Special Projects Programme, a forest reserve in Selangor State,
 

Malaysia.
 

The data was input at Level 2. Output, for the same site, is given
 

at the following levels of detail:
 

- Summary le,l' 

- Level 1 

- Level 2 

For clarity of reproduction, the original computer output has been re

typed.
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SITE I 

SOURCE 


LOCATION 


GEOLOGY 


LANDFORMS 

CLIMATE 
KOPPEN: 

HYDROLOGY 


SOILS 


VEGETATION 


LAND USE 

ICRAF ENVIRONMENTAL DATA BASE, SUMMARY LEVEL 

RANTAU PANJANG SELATAN FOREST RESERVE 

RELIABILITY
 

VARIOUS
 

PENINSULAR MALAYSIA
 
100 KM NW OF KUALA LUMPUR 
LATITUDE: 
 1 

3.25 N 
LONGITUDE:
 

101.32 E
 
ALTITUDE ZONE: 0 - 500 M 
SEDIMENTARY, SILICEOUS 
 2
 

MODERATELY SLOPING I 
HUMID TROPICS I
 
AF HUMID TROPICS, PERMANENTLY HUMID
 

WATERLOGGING: NONE 
 2
 

LATOSOLS 
 I
 
FAO CLASSIFICATION: 
 2
 

MAIN GROUP: F FERRASOLS AND N NITOSOLS
 
SOIL UNIT: NO DATA
 

OR SERDANG-MUNCHONG ASSOCIATION ON MALAYSIAN CLASSIFICATION
 
AREA: RAIN FOREST
 
SITE: RAIN FOREST 

FORESTRY, NATURAL FORESTS 
SECONDARY FOREST (MALAY BELUKAR) 1 
AGROFORESTRY PRACTICES: 
NONE AT PRESENT 
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ICRAF ENVIRONMENTAL DATA BASE, LEVEL I
 

SITE I RANTAU PANJANG SELATAN FOREST RESERVE
 

RELIABILITY
 

SOURCE 	 VARIOUS
 

LOCATION 	 PENINSULAR MALAYSIA
 
100 KM NW OF KUALA LUMPUR
 
LATITUDE: 
 1 

3.25 N
 
LONGITUDE:
 

101.32 E
 
ALTITUDE: 
 1
 

100 M
 

GEOLOGY 	 SEDIMENTARY, SILICEOUS 
 2 
SANDSTONES QUARTZITES ETC
 

LANDFORMS 	 MODERATELY SLOPING 
 1 
UNDULATING AND ROLLING TERRAIN WITH NARROW FLAT VALLEY FLOORS
 
SLOPE ANGLE 6 - 12 DEGREES
 

( 10 - 21 PERCENT
 

CLIMATE HUMID TROPICS 
 1 
KOPPEN: AF HUMID TROPICS, PERMANENTLY HUMID 
 1.
 

ALT.ZONE: 0 - 500 M
 
RAINFALL REGIME: BIMODAL
 
ANNUAL TEMPERATURE 26.1 C
 
ANNUAL RAINFALL 2437 MM*
 
WITH 0 DRY MONTHS
 

HYDROLOGY 	 WATERLOGGING: NONE 
 2
 
GROUNDWATER: FRESH
 
GROUNDWATER DEPTH, MEAN: NO DATA
 

SOILS 	 LATOSOLS 
 I
 
OR SERDANG-MUNCHONG ASSOCIATION ON MALAYSIAN CLASSIFICATION
 
TEXTURE: SA :DY TO CLAYEY
 
REACTION: ACID
 
DRAINAGE: WELL DRAINED
 

VEGETATION 	 NATURAL
 
SITE: RAIN FOREST 
 1 
AREA: RAIN FOREST 
SECONDARY LOWLAND EVERGREEN RAIN FOREST 
DIPTEROCARP FORMATION 

FAUNA,DISEASE AFF. PLANTS: WILD BOAR 
 SQUIRRELS
 
AFF. ANIMALS: 
 3 

LAND USE FORESTRY, NATURAL FORESTS I 
SECONDARY FOREST (MALAY BELUKAR)
 
AGROFORESTRY CLASS:
 
NONE AT PRESENT
 

(;ENERAL NOTES ON SITE 

TYI'ICAL. PERMANENTLY lIIII LOWLAND RAIN 
FORST ENVIRONMENT WIT! STRONGLY
 
I.IACIF.1) SOI1LS. NAI'II) GROWTI.
'IANT IESCRI''!'ION REFERS TO INTERFLUVES. 
AI.S O I'ESI.NT ARE FILAT AI.ILIVIAL VAiIEY I,'I ; WITH POOR DRAINAGE (HAIAY IOPAK). 

http:I'ESI.NT


267 

SITE 1 

SOURCE 


LOCATION 


GEOLOGY 


LAN DFORMS 

CLIMATE 

KOPPEN: 


HYDROLOGY 


ICRAF ENVIRONMENTAL DATA BASE, LEVEL 2 

RANTAU PANJANG SELATAN FOREST RESERVE 

RELIABILITY 

VARIOUS
 

PENINSULAR MALAYSIA
 
100 KM NW OF KUALA LUMPUR 
LATITUDE: 

3.25 N 
LONGITUDE:
 

101.f. E 
ALTITUDE: 

50 - 250 M 
 2 
SEDIMENTARY, SILICEOUS
 
SANDSTONES QUARTZITES ETC 
COARSE GRAINED
 
AND FINE GRAINED 
GEOLOGICAL FORMATION:
 

NO DATI, 
TRIASSIC 
SANDSTONES QUARTZITES ETC 

MODERATELY SLOPING 
UNDULATING AND ROLLING TERRAIN WITH NARROW FLAT VALLEY FLOORS
SLOPE ANGLE 0 20 DEGREES 

( 0 - 36 PERCENT) 
RELATIVE RELIEF 50 M
 
SLOPE CURVATURE: NO DATA
 
POSITION 
 : NO DATA 

HUMID TROPICS
 
AF HUMID TROPICS, PERMlANENTLY HUMID 1
 
ALT.ZONE: 
0 - 500 M
 
RAINFALL REGIME: BIMODAL 
ANNUAL TEMPERATURE 26.1 C 
ANNUAL RAINFALL 2437 MM
 
WITH 0 DRY MONTHS
 
MEAN MONTHLY RAINFALL, M:


JAN FEB IAR APR MAY JUN JUL AUG SEP OCT NOV DEC 
179 132 202 303 207 149 134 165 173 268 277 248 

HOTTEST MONTH: 26.6 C 
COLDEST MONTH: 24.8 C 
DRIEST MONTH : 132 MMl 
FROST NEVER OR RARE 
ANNUAL EO : 2000 MM BY APPROX. ESTIMATE 
HUMIDITY INDEX R/EO: 1.22 
GROWING PERIOD: 365 DAYS 
WATERLOGGING: NONE 
GROUNDWATER : FRESH 
GROUNDWATER DEPTH, MEAN : NO DATA 

LOWEST : 
IIIGHFST: 

NO 
NO 

DATA 
DATA 
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LEVEL 2 (CONTINUED)
 

RIVER REGIME: PERENNIAL 
DEGRADATION : ABSENT 

SOILS LATOSOLS i 
FAO CLASSIFICATION: 1 

MAIN GROUP: ACRISOLS 
SOIL UNIT : NO DATA 

OR SERDANG-BUNGOR ASSOCIATION ON MALAYSIAN CLASSIFICATION 
TEXTURE: SANDY 
REACTION: ACID 
DRAINAGE :WELL DRAINED 
TEXTURE CLASS, TOPSOIL : NO DATA 

B HORIZON : NO DATA 
DRAINAGE CLASS: WELL DRAINED 
NO DATA ON DEPTH TO LIMITING HORIZON 
DEGRADATION: NO DATA 

VEGETATION NATURAL
 
SITE: RAIN FOREST 1
 
AREA: RAIN FOREST 
UNESCO CLASSIFICATION: 
 1 

SITE: I.A MAINLY EVERGREEN FOREST 
AREA: AS SITE 

SECONDARY LOWLAND EVERGREEN RAIN FOREST 
DIPTEROCARP FORMATION
 
DEGRADATION ABSENT
 

FAUNA, DISEASE 
 AFF. PLANTS: WILD BOAR SQUIRRELS
 
AFF. ANIMALS: 3 

LAND USE FORESTRY, NATURAL FORESTS 
SECONDARY FOREST (MALAY BELUKAR) 
AGROFORESTRY CLASS: 
NONE AT PRESENT 

GENERAL NOTES ON SITE
 

TYPICAL PERMANENTLY HUMID LOWLAND RAIN FOREST ENVIRONMENT WITH STRONGLY
LEACHED SOILS. RAPID PLANT GROWTH. DESCRIPTION REFERS TO INTERFLUVES.
ALSO PRESENT ARE FLAT ALLUVIAL VALLEY FLOORS WITH POOR DRAINAGE (MALAY LOPAK). 
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SECTION TWO
 

PART 2B
 

MPT data storage and retrieval and
 

lists of species
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PART 2B
 

CONTENTS Page
 

1. Data storage and retrieval at
 
the CFI - by J. Burley 5
 

2. The computerized seed store
 
record system of the CSIRO
 
Tree Seed Centre, Australia
 
- by L.J. Wolf and J. W. Turnbull 8
 

3. Micro-computers: The ICRAF
 
experience - by L. Fidaali 19
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Data Storage and retrieval at the CFI
 
- by J. Burley
 

There are several advantages in having a
 
central organisation responsible for the
 
storage and retrieval of data from international
 
species and provenance trials. (See Part 1A
 
and Andrew and Burley 1973; Burley et al, 1974).

Information may be needed, for example, about
 
the performance or properties of certain popula
tions under specific environmental conditions
 
at the trial site when combined with varying
 
management inputs, 
or about the source of a
 
particular provenance. This a quick, efficient,
 
secure and accurate system of storage and
 
retrieval must be developed which can have
 
any set of data or information cross-referenced
 
against any other.
 

As it may be desirable to be able to include any

number of multipurpose tree species in the 
cross
referencing (for instance to find a suitable
 
combination of species 
to satisfy a particular

mix of product and function demands on a site

with a specific combination of environmental
 
variables) the amount of information to be
 
stored and retrieved is likely to be very large

indeed and, therefore, requires the use a
 
ccmputer. For the storage and retrieval of
 
information collected during the exploration

phase a system has been developed, at the
 
Commonwealth Forestry Institute (Burley, et at
 
1973). It is flexible in order to allow tor
 
data to be missing; for data of varuing types

to be included - for example, quantitative,
 
qualitative (categorical) and subjective

comments; and, since it is open ended, addition
 
of files to contain data which unexpectedly

become important, or the deletion of obsolete
 
files causes no problem. The system comprises

several computer fiels each containing different
 
sets of data, each cross-referenced to all others
 
and together these form the data banks.
 

The major problems associated with any large

data processing system are 
those of scace and
 
accessibility. Information has therefore to be
 
coded, and the sequence in which data items
 
are stored must be consitent (although variable
 
length formats may be used, each item being

delimited by an appropriate code). Nevertheless
 
it does require the information to be easily

classified and coded. 
 The kind of information
 
which Appendix 2.2 (in Part 2A) seeks to obtain 
obviously varies in terms of suitability for 
categorization and cod'-g. The subdivision 
of the information on Lhe actual first. and 

A\2 
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second priorities is done to h-lp focus on
 
the key information to collect in the field,
 
both because of the meaningfulness and relative
 
ease of interpretation as such information and
 
because of the greater ease in coding some of
 
it. Information which is difficult to code can
 
remain on a paper file and a reference to the 
existence of such information can be included 
as part of the sequence of coded subject items 
(e.g. see Appendix I) . 

Information is retrieved by using a label specific 
for each attribute which is on computer file. 
The meaning of each label, its range of values
 
and units where applicable is compiled in
 
a "thesaurus" a form of which can be held in the 
retrieval system. The output summarises the
 
questions asked and presented the information in
 
a tabulated form.
 

V 
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TFIE C[hLIUTEFRISE1 SEED STORE RECORD SYSiTM of the CSIRO TREE SEED 
CENTRE? AUS I 'ALIA 

b'_v
 

L.J.WolP arid J.W.Turnbull 
Division of Forest Research, CSIRO, P.O. Do,,: 4008, Canberra, A.C.T.
 

INTRODUCT ION
 

In the Past two decades extensive seed collection of Australian 
trees has been undertaken bj a national seed collection -.rid 
distribution centre, now Part of the Division of Forest Research, 
CSIRO. Canberra, The Seed Centre naint2ins stocks of about 3500 
seedlots of 700 s_:ecies ircluding 436 Euc3lr-tus sPP., 150 Acacia 
spp. end 29 Casuarina .pp. MosTt species are represented by several 
Proverances and for those species with an ex-tensive natural 
distribUtion there m,. be riierous Provenncest e.5. there are over 
200 seedlots of E.c al.ulersis in the store. 

E.jcLlpts hzve been used thro'u2hout the world for mariv sears to 
Provide tiber, -'jlpwood, posts and poles, essential 4oils and other 
Products. flow fJi'lwood Plsritations and a!roforestrv Projects are 
bein, initiated on 2 Sreater scale than Previously and are using a 
wider ran-e of species and serier.a. In the gerera EucalynPtus, Acacia 
nid Cesuarina the total nu,ber of Australian species exceeds 1000
 

and the Potential demainds or, the Seed Centre to Provide seeds for
 
research Purposes arid to establish founder stock are verv Sreet. 
For these Pur'poses meticulous records and comp rehens;ive 
documentation of ezach seedlot desPnatched are essential. 

In 1971 the Seed Centre handled 268 orders for 2155 se,.dlots 
From, 73 coulitries. The statistics for 181 show 384 orders for 3723 
seedlots from 87 countries. As the demand for seed increased it 
became necessartJ to consider en-plo.in additional staff or 
inst itutirs a more efficient svstem for maintaining records of 
stock and processin! orders, for example usin! a computer. 
Compterised s'sters to record and retrieve data on seed sources 
ard inventory have been used to a modest extert. in other tree seed 
stores e.. Pickett (1974) describes such ar, operation in Canad at 
the F'etauawa Forest Eg.-erirent St ation seed bank; to assist in the 
selection of species (Webb et al. 1980); and to control accessions 
arid information in Plant sene bnks (IEF'GR 1976). 

In Januarv 1931 a comPuter-based system was introduced to aid 
retrieval of seedlot informption , to maintain ard control filirng 
of records and to n-rovide documritation of seed origin and other 
details for c-l seedlots distributed by the Seed Centre. The 
followin! ccojr,t, iv drztwirS attention to the desirable features 
cr such 3 systr'n, as ,well cs the aveilability of this particulvr 
svster, mavy a-;sist other seed centres to siiilarly improve 
Ci ' e ra9t ior,S 

THE SYSTEM
 

4)l 

http:en-plo.in
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Th,. f ' err,: it,-eT I :d red ,liore ter,rstCcLtr, of two 

v.art ; t n rtr, cor, ta n.ns all releva1t 1ntormatio r,di tct 

m riupliate and
z: Celle-I-or, cf pr Icr sr" which allow users to 

f-rLsert thi i±r,forr,,titU1, 

implementedThe seed daLabase described in this paper has beer. 

F'[ F' 1 /31 compu ter usirs the RSX-l IIM operatin sstem or. a ilitI 
subE stemi.with RMS lripjt/Outsut srjp-ort software 

LiA TA BAN1K 

stored or. masrietic disk. InThe aatabarik consists of five files 

order to rmirimise retrieval time in ir,terro.atior, of the databank, 

an indte-ed seo.ential filin g orEazrisati or, is used. Generallv , 

are stored ir. such a amariner that
inde.ed seouentici. file records 

voluu of selectedthe'_ car, be accea sed in ascer irin order b2 the 
The kew fields are desiriatedrecord fields, called ke', fields. at 

the time of creation of files ard their selection reflects users' 
in the case ofof i niformati or., For example, 

manu species the seed store has collections (seedlots) fron, 
In order to extract iriformetion 

denrinds for retri eval 

different localities (Proveriances). 
species on irndea:ed seojertial searchabout all seedlots of the salle 

. rosa as a. hew car, be conducted. A se;a'rch of this usrrn aneci c
field, present or everynature is possible because th2 species name 

at. the time of seedlot filercccrri, has boer, declared as a kew 

creation (sse, 'Seedlot' file decrir'tion). Such a search will 

in the dat abase that have the matchirnsdirectlv cce orilv record-
f e rhis tw_,ee of search/ retrievalho.e in the appropriate 

,procdure-which is e,-t.renelv fast. sirce it. reduces disk 

to an absolute minimum , is essential for efficient 
j r-pt,/output 

oper at ion. 

File descri-tion
 

the 

store end is the major p-rart of the databarnk. Each seedlot is 

file. Records consist of 

1) The 'Seodlot' file contains informatiorn about seedlots in 

re-res--enited b'y; one uninue record in the 

the fc.llowirn fields
- Seedlot niuber, a senuential number fron. I to r uniciue to erch 

seedlot . 
reF resented by a three character code unicue to - Specieas ri-me, 


is coded REG.
ont.s 


- Gerus. en. Eucal _ntu-- is coded ELC.
 

- The nmr e of the seed collection site ( 'Location'
 

-" Latitude, loritjde ;arid altitude of the collection site.
 

-- rent tree.- sampled to me-e up the seedlot. 

ea.ch species, en. Eucal. resrars 

Ilumber of 
Year or collection,
 

- Y. o, of the li;st vi'bilitv test.
 

Tell ei -h 
 . of r--.eed a.,vailable, 
seed store.- Loc-,t ior, of the seed rLoch in the 


- Price cte-eorP.
 
tide, 1onlo I tujde arid altitude have beer.
Siecies nazme., lt-I 

indexed senueritial searches?dosii rjated cs lho- fields for use in 

on these Particular
reflectirn the demrnrd for searches 

ivX
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,t. tri I .:t.e 
2) The "r-:;ecies name' file contains botanical nfames ofin the store, It all speciesis a supr-ort file for 
the 'Seedlot' file and
the 'Tr.a3-ri
ction' file 
which is described 
below. Records have
on lJ two fields, the uninue 
three character species
curiresporndi r, spcies name. 

code and theThe fdll seci es nameobtained by a sinsle access cLn be 
of this 
file with sPecies code asIoy *this file was created to minimise the amouint of repetitiveinformation in the database.
 

3) The "Tran=action" file contains 
details of seed transactions,Each trnsarction croftes one record, whore the followingirnformc;Lion i recorded:
 
- S -eu. ( (r *.
?c nu : 
- Se - oe f r. ccod : 1- ['sue .of tr.rrsa'ct±on.
 

-Counr, of destin.tion.r indicated bv a three-characteru,-iiue codeto e ch country. es. Etenma. rk is coded 067.- Firn..t line of the con'-ignee's address,
 
- Weight of 
seed Processed.
(. These fields are as Previously described for the 'Seedlot' 
iToc.-ter For information retrieval from hfields for his. file the followingseedlot number. 
-pecie- code. trnsaction date and
country code 
were desi.nated 
as key-,
 

4) The 'CouJntry name;_' 
 file contains namesCi-Jport file for the 
of all countries and is'Tran-action' file, Each record he.s twofields; a jriouc country code andname, which the corresponding fullcan be obtained b, a countrysin le access

couintrs- code 3s a key, 
of the file with 

5) The 'tleteorolog ical data' file contains a selectiondata. from of climaticmeteorolociical st.ations throu hojt Australia.Irnform,tion bout the climate near the collection site can beaccessed throu h latitude and lonitude. 

FOF:GR[<AMl S
 

The r-,ogrcms enable the 
 tasks and functions in thebe carried out seed store toeach working 
eas 

day. The system of Programs is designedL2or Jse by operators with little esperience orcoL -,Ut Iri . This has been baclg round inachieved by con-tructin r-rrm-, fully interactivewhich comrunicate with the 
or-orator
!,-,. or. Th' in a non-ambiguoususer simr-is logs onto 
:. , .tr1 i-- em 

the compute r and initiates theby ac(..ivat ir the su;Perv isirs Program with ao-in, be irntruJction. All further communica tion'rid the opU ra tor isz e:- r, ,ed in 
between the computer

Ers 1 is h . Each r-og ramorror-checkinor has i riternalProcedurec which monitor all 
orerator entries, On
1I1U detpction of or, error on aP proFriste messeL is displayed to
the opT-rato r and recovery irocedure is 
initiated,
 

The r-rime feature of the st stem des i r, isttructurred Pro the em-hasi s on
rmin so thcat Programs arc easy to maintain and if 
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2 

r sczt r. to e-;rrd.rQ; A nro~ z-rc(, w-ri tter r, I I-ital Fortran
withI.'re:.has: en t-;r dcrd Fort ren. 

The i ;P,ajor P I-eroms ir the seed store s--st,em are loSically
connected ond bound toethe r by a sJpe rvi sin F ro, ran, written in'.iob cor trol 1 angaeo , The supe rvi sur Pe rol ts the user to branchtrite racti vel1 to i ndi vi dual Progran s p resented i n the interactive 
comments by their seed store functions(Figol). 

Insert Fiju re I he reabouts 
A tyFical search for seedlots from the database
 

F',oY rTm description

1) The Pro. ram 'Uipdate' enables the user 
 to update seedlot records

by adding new seedlota, deleting e,:Pended seedlots and changingany information 
about e.;istins 
seedlots in the "Seedlot' file,
It allows the operator to interectiveljy access any seedlot
record in the database and any field within that record. Because

this rrosram, can alter the state of the database, its use is 
restricted by 
a password to authorised Personnel,
 

The P re! r rinI oui r-' enables the user to thesearch database
for all seedlots which satisfy sFecif ied criteria. The criteria can be e::presied in ternis of spedCies code, a ranse of latitudes,a raje of lon itudes ar'id a ranse of altitudes, Cr1toria can be 
select.ed in ary' order and any combination, They enable the 
to a3sk the ProSrm 

user 
to find all records (seedlots) of a

particular sp-ecieas collected, bet.ween a specified range of
latitudes and lonsitudes, and 
 within certain altitudinal limits,
The speed of retrieval depends or the number of records checkedand whether they comply with all specified criteria. The outcome 
of the s-ear-ch car be Freserted to the user in two forms;*cninformation sunimlhry on the visual displyz tc rminl or full

informaztion or, the central -ri nter, A 
 samtpl e sea rch is
 
illustrated in Fi-s.l.
 

7) The Pro rau 'SelEseed' enables the user to remove the reouired 
amount of seed from a selected seedlot record for a specific
c'ttoijr and produces on the central printer a standard 
coryiSrjient note for desr-atch with the seed to thecstomer,.Fi.2 , The E ount of seed oatstarding is automatically
ucdated and detail_ of the transa:ctjor,, are recorded in the"Tranaction 
 ile. If the anount of seed reouested e::ceeds the
a:ouJnt aa;-labl,_ r,error ,essage is dis.Plawed and the
t-insu-a Lion i_ deleted. The -ro-ram also werrs the user if theamhout of sed is reducc-d below a selected limit. The use of 
[hascro -ran s reEt ritod ib.w a Password. 

Irt.;rrt Fi: .2 h vre;boit. - Con.--.i r. r,ment note 

*) Th,. ors ';ArtcoliL enable:" oinusers to obtain information aboutrt?-i-tered trarnis-ctions ofr eed, Retrieval criteria are
 
rot,'rted in terms or 
 species code, a range of dates, countrycode nd -nedlot numher(Fir--'. 3). The user car select criteria in
 ,.ra combinrtiorn with the e:ceF-t.ior of sPecies name and seedlot 

http:select.ed
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nurber (the .-. cie; name 
i ur iouely specifiedhurJber', by the seedlotUor can n_. the F rog.rar to locate information 
aboutall transactions of a rrLicijler species. to a Particularcountry. within a Particular range of 
dates, 
The total amount ofseed processed in the 
located transaction s is 
Also displesed
with detailed information 
about individual 
transactions,
 

Insert Fi0.3 hereabouts the database.
 

5) The Prodram "Accupd' enables the 
user to e'amine and deleterulty trnsuctions fram the 'Transaction' 
file, New
transactions can be entered only via the 'Selseed' Program.Program. to Thiswhich access is restricted be Pssword, is seldomulsed.
 

6) The Progrm 'lutiatdr 
 for meteorolosicl data inouirv locatesall reteorological stations within user specified Pairs oflatitudes and lon iiude.;, A Printout of 
available climatic
informat ion can be 
mailed together with the consioniment note 

seed if reonuired (Fi.4) 

and
 

in-vrt 
Fin., - hereabouts
 

Fi:.5 Pregra-,,s and data 
files interactions 
- insert hereabouts
 

DICUESION end 
CONCLUSIONS
 

Prior to the introduction ofthe 
 computer-based system seedlots 
- , i bl.s for a consignee were chosen by Professionel staff:cL'Lped writt2- whorecords on 
were 

stock cards. When aPropriate seedlotsselected, a 
typist transcribed data 
on origin and viability
room the correspondins cards 
to a consignment note
coni AUter the seedZ ntugr, t ije wi thdrawn from the store a record of the consignee
and date of despatch was made or, the stock cards bu 
the staff
Pccount ini :urposes. for
W nr or these tasks were 
both laborious 
and .ito'1r J-lolie 

The comFuteri.ed susten has inc reased the efficiencv ofo:peration s in the Seed Centre 
t 

and has enabled an improved servicehe recipie nts: of £ eed. E;:,arplea of increased efficiency are:
 

(M Seed sourcti. crn 
 be -elected Prntmptly at anv 
time and accordings
Inor il ted or i it ria. Sov; .ra] uisers can inte-rpolateti :,:t.,, onl the database
 
.t
 

:2(Morr,.rtin 
 on oach seedlot to be despatched can 
be transferred
"uiil y:' n1In accurately 
to a consignment note 
obviating 
the need
 
fr ' a .Pis.
 

.: h L:ran,,.ctio
-c' .i automatic,-llg recorded in a readily
r i ea ble form. The amount of seed remeinin 
 is also't,omst i l'.1 updatel . [ence the need for manual f'iling

Prolcedures*i h o- el sinated.M')A o'nto of staotistical information 
on the transactions of the
2. .lt. rt Ls re dil,. av..ilble. For 
e'ample, ir, 1981 ituil, b: could
e doterined that 
the sn-ecies most freouently despatched
"j was E.camal dulensis 
with 48-4 
seed ;aitmples weighing 49.386 kg. 

http:comFuteri.ed
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[Et z fcr ot~ier rjr,i .cr, wore :il le . E. ctriodora uZw, 
r;.r,i c irith Jr, .rje r,,;rrj w . th S2 sas.- es wei -hi r,.9 8 484 k's , This 
ir. for r.tior car be firther die oct ed to F,rovide a listi n of' 

i overnces of each sPecies which were iriost freoueritlv renuested 
or recon rcended . This t r'e of stat.i tical inforniation car, be used 
for P redictions of the rate of usase of sPecies and Provenarices 
in the store and thus P rovides a ba-sis for the lori2 tern 
Planniri of seed collection activities to reFlenish seed stocks. 

(5)Ain 	 u.-to-ricte hard copy inventory can be Produced at any tisie so 
f.cilitztins stock control or auditin , 

(6)The 	 computerized seed store syvstei is safe. It is Protected
 
aaainst corruptioni b users bv passwords arid error checking
 
ProcedJres.It is also Protected against dasiege resultins froy
 
ha rdijare failures b freouient 'back-ups', Currentlu there are
 
five lniost identical copies of the entire system ,stored on
 
iiiarnetic disks located in different Parts of the conmlex.
 

The service t.o the seed users has imiproved as thee can now be 
provided reedily with a iisting of Proverinces held in stock for a 
rarticular species; the deta accoripaniin the seed conisignnient is 
aEccurate Mnd riot subject to tvPin5 erv'ors; and additional data such 
as appropriate net.eorolosiczl inforr.,atiorn canr be Sivert. 

A djisdvar,tege of the computer systei is the high initial cost
 
oP +he hardware and the rieed for pro ranmirno skills in settini up
 
[he oT eYrotior. However ir, the CSIFRO Seed Centre the high cost of
 
the hz'd-'re :is offset to s al re e;:tent b'. sharin the coniputer
 
with othe.r users Erid by the saai -is it, labour costs.
 

The s!.:s ten, is vir' : fle:ibie and, althculid.h isp rovepients are 
-ossible, the current proE rar;s aieet.the ajoritu of' needs of the 
CSIRO Seed Centre. The system and e roerars could be a-Plice.ble with 
minor ;orfe-irner, ts to other tree seed centres. The senior author is 
wil]irj!- to Provide sore detaiJled iriforiation, o; renuest. 
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41. .' * t r- ica] S- rch tcV 5vedtd.i fro,, the database.
I , " a 5farclh Is Made [i the dctabase to give all seedlots of 
 C. fuecunda accordirn to 

.I.11 1iI[./CFlrl.j[, 
Log or, procedure.
 

1I,5IA-IIM 1IL26 MULLII-USER SYSIEM 

I"F.Ik,' tj(I-


' 0 1- I/:200 LOtOEf: i t EFRt 4INAL 117: 

t 1- R!;X- IIIIT1 3.2 ti meseh2rirn 

;I:;Activates 

the supervisor Program.
 

;l IL,, .' IFT I ItN:; .:1; tI'. ; - LIST S fD ;NT L[TiIIELS 

LI I UPitA T1S (AfiI,tUI - Ite, rt, E:ANt C ELETE CHANGE)
!.;[ LI1-i.-, I NT F ItF~ S I Uri ons. IJtEcS 

ii;, U - [tI'1 :1 ITTIU ,1,1I'L EIRIEVAL SYSTEM--SEE'LU I S 
, ',';ll - INF (II Mi TI ItT RE FIRI EVAL SYSTEM--TRAf4SAC IONS 

1 dI - TAT !A';Fj l(,CKUI
 
T;ih 
 ( tif IELIF OLUGICAL LIAIA INQUIRY 

,te *TflIOt 1.S3: IN(IUIF'Y 
User sPecjf'es the Option reouiired.
 

I I I fi. tI 1lYJU0 SYSIEh 
-

* I' L I I CKIEIA (IF:E:
 
*. - I:11S 
 CULE OF rHREE CHARS 

*... ., 1lll :- ( I to 45 ('CGREES)
 
I I n I( -'[,TE 1 12 to 154 
 IIEGREES)
 
,I! I IL,' (0 to ?200 MErRES)


I10 SPIUF c:IIERIAK 
FORM INOUIRY:J I I:y CRITEF:IOTI:fuCIE 
User inputs retrieval 
criteria
.I rI SECIES COLIEI:OC -
Seedlots of Eucalwptus 'oecunda
S In I t ;,Ty LF']TERFI~n(REUIN STOFS):LAT*: '• *,'tV T' UT'F'ER LIMIIS:30 35 between 30-35 'esrees latitude"C INDARY CRITERIOn(RETURN STOPS):LON


,I I LIF'PPF'R LIIIIIS:115 125 
 ar-d 115-125 degrees lonAitude
';,' II'A-' Y C E, IT ,.tI(RE;IURN STOPS) ALr':r AN 1 L' F-F, r 11I S12 300r.1'-. .£L(.Il,RY LRITERIOU(R'ETLINN STOPS): 
within 20-300 metres a]titude 
return buttor depressed 

CFCRIIS FOUIND
 
: ""' '.< '1 r tkm I 'AL , F:-FOTt : T
 

Seedlots found
 

I IT (SElt SF'EC LOCATION LAT LONI . U FOC ALT WEIGHT PARENT VIABELC 70.3T1i t ONlININ WA 3153 11830 280. EUC FOC N [IUIGALLA WA. 94 1 40003137 11735 200 180 1 10)0
 

)bP 

K0 
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CERTIFICATE
 

L'LPI . UF rLu' Si SCIENCE POSI OFFICE BOX 4008 
 FILE HUMBER: IA1/239 
S LiLEIMII; Ctli-S. AFR; I CA 

....... TCI;ANTERRA, 
 A.C,T. AUSTRALIA 

r r ,L, j itOl SPECIE S 
 1Nh.HF I IIUAN TIT Y 0 R I G 1 N 

TREES I .... 
I KI IA.L.VI A[LE I
I CG LOCALITY 
 L A T L 0 N ALTITUE: SEES /,


---..
--- ............... .......
.............
 I IDEI lMGIN IiEC l I M 1 0 , , 

-------A-- -U-L I
..... .. .. ..
 
1---

0 1 I 0iLEN ARL , RIViR WA: 17 12 3 112 41------ 4 51------ - ---------....-- 60 1 IC 0iO- - - I 
201 o ICIG6t'!: k K]NMILRVEY AREA WAI 161 831261 301 

S........6EUC CAIAL.LI.LESIS 
I--- I--- I---I j----------- I------

430! 13400
 
12 ,' '6 ,4
I C C AMA L [IUL FtIS IS . . I 
 -- - . . .. -- .-. .-. .. I . . . . 

C----L -ULL- - - - - 1 251 01 101-11. VkEEN 
IIE FORD OLI 171 2011441 8,: 4601 9910 
.'..CU.... AL....L ENS I ... UC .. ... ..... .. ... . .. .. I. .. . ..ItI -----ofI ..... u'. 14 NjIFpj1IJOANT. C,-.. .......... CREEK N7 I 31 133 56:
-LLILIL-SIS -A 1 3 360 3135... ]CUE --L-NS-IS---[ - ........... I.--- .---------------------I---I---.--------
AL-C -- - . ---. I101.1KM E OF IIUGIEiDE.N 11111 701 1911441 481 450: ,1400. ... ..... .... .... ..... ..... 
 I I I--------------------- ---- I-- - I---I ..------ I-------- I.-------*V43:lI CU TERETI::o~cN16 I 201 O I0!SIRINLUIU SIIGERJ F.AT F1G 9! 301147 261 580 ,150
 

..................................----------- . ..... 91. 3011471 5801 

-- --- -- - -- -- --- - - - - - - - - - - - I- - -- -- - -- -3--- - - - - - - - - - -I - 12----5- CLI T UN 0- 15 1 40 11 ,;l 15 10 
6;!,EC TERETICOFNIS IUNKNouNI O 
 101-IKM S [IF tIELENVALETE C l ...O .. .. .. .. ... .. .. .. .. . . .. . . 
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: I 1 
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. t r c|I search f'or tror sacLohe:. rlp shc,! a t:.arch f ron, the d atabas*.to deternitrle numbe r of seedlots of E.tereti co ris dt-sratched -over aI''rji d Feriud. 

:.PF.F (PIf'TO : IS]: ACCOLINI 
User s-ecif'ies the oF-tior, reaui red 

I' .A." OtF,:TIIN I N 11IFY S7SIEll'" 

",'F~I,, F Ir:AN SI) I I (It I
 

N II:Y" (FILE NLI/ Er)
 

li( L kl RI f,'Iratr
 

* . - F L 'I C iDi"
 

01". TER IA
121' Cf I FORM INUUINY :
 

I I, R If CRI ERI tjI:ETLI;Rtj SrOT*S) :DAl User: I M D",; 
inputs retrieval criteria"mo /: I1 12 1 

Search for 
all tar sactiorns 
. fron, 1/12/81
l I aR O DiA:81 12 2 
to 2/12/S1


' 12UJ[;LPY, d :rFIOINlt::ETF:tl STOF'S);COItEk 1!!','f SPECIES ColF : I1I 
of 
Euceivptus tereticornis
.',l1 CRITEIdrup(EPTURN STOPS) 


:,: , F Ill;
 returrn buttur, depressed 

II ERM It LP=[to TN: I 

*i :'C (17 110 II, FILE NO CONSIGNEE WEIGIITI AlI 1 1 1 I'AI/004 MR. A. IRVING 

I R I P1 12 1 1A/004 

50
 
R. A. IRVING 50
" I R 81 12 1 1A 1.'00. M.. A. IRVING 
 50
I R I F1 12 1 P'A1/001 
 M , , IRVING 50
.
TRT B1 12 
 1 [A1/004 MR. A. IRVING 
 50
 

S'.' t fTI LJEIGHI= 250
 



I'. .,itv 4 . Meteor o IL,.Iic,, do t,. rev.or L 

S I Al I (Nt 031011 CAIINS AERO LKEENSLANII REF 31il 

LATI l.itlt: 16 PLG 53 M114 S LONGITUDE 145 IDEl; 45 MIN E ELEVATION 3 M 

IitUt irF""ERATURES AVERAGE IUMBER OF FROSTS.YR 0 AVERAGE LENGTH OF FROST-FREE PERIOD 365 DAYS RECORD LOW TEMPERATURE 6 HEU; I 

PE R 0 .JAN FED HAR AI'R MA('t JUN JIIL AUG SEP OCT NOV DEC YEAR 

1,,' hYIENFr.RAI liRE 
1,,'.1lY II-ttFE R A1 E 

111 61 1 

MEAN lIlN 
ME l I;MAX 

EAN 

IL( 
DCEG 

M 

C 
C 

11 :,-1972 
1942-1V72 

76 YEArS 

24 
32 

421 

24 

31 
42 

23 
30 

460 

22 
29. 

264 

20 
27 

110 

10 
26 
72 

17 
25 

39 

1B 
2/ 
42 

19 
28 
43 

21 
29 
50 

22 
31$ 

98 

23 

31 
203 

21 
27 

2224 

l,',II,'Y 

RAII:r,LL Mh/YR 
MEAN NU DER 

RECOR[, L(I'J 927 
*'6 YEARS 

lEI FEr CENIILE 
17 

1339 
113 

FIFTY 
19 16 

PERCENTILE 

13 

2089 
11 

NINETY 
9 B 8 

PERCENTILE 3069 
7 

RECORD 
9 

HIGH 
11 

4434 
146 

DATA FLIP ,1 Yl. 

ItAII ON 015540 ALICE SRINGS NORI HERN IERRITURY RLF Il-i. 

IOU'JTEiP'ERAIURES 
1.,I II ilF 23 DEG 36 MI1I S 
AVEF.'.AGE NUMICER OF FROSTS/YR 

PFERIIID 

LONGITUDE 133 IEG 36 MIN E ELEVATION 547 M 
12 AVERAGE LENG6II OF FROST-FREE RERIOD 263 DAYS 

JAN FEB MAR APR MAY JUN JUL AUG SEP 
RECORD LOW TEMPERAIURE 

OCT NOV DEC YEAR 
-7 l'EG I 

I'.IL 
lINL 

EIERAIURE 
PIFERATURE 

M 6lI 
hEAN 

M!I IlEG 
NAY IIEG 

C 
C 

I1;4O--lq72 
1940-1972 

22 
37 

21 
36 

10 
33 

14 
29 

9 
23 

6 
20 

5 
19 

7 
22 

10 
26 

15 
31 

1 
34 

20 
35 

24 
2'; 

I- I A.L 
1 1)DA IS 
I:(,IIF(I.L till/YR 

mEAN till 
MEAN NOLUMIEF 

RECORD LOW 60 

?0 YEAS 
90 YEARS 

TEN PERCENTILE 

39 42 28. 17 
4 4 3 2 
137 FIFTY PERCENTILE 

16 15 10 9 
3 2 2 2 

256, NINETY PERCENTILE 

8 
1 

431 

20 
4 

RECOIRD 

24 
4 

HIGH 

36 264 
4 35 

726 DATA FUR V2 (I 

C-1 



Infr.Cnati'r, riowj betwe~r, data files arid individual Prosgans. 

It-T 
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Micro-computers: The ICRAF experience
 

- by L. Fidaali
 

Introduction
 

ICRAF deals with collecting, evaluating and
 
disseminating information about agroforestry.
 
There are many different sources and kinds
 
of information and data, a range of degrees
 
of complexity relating to the evaluation
 
processes and differing needs for the nature
 
and style of output required by users. In
 
1982, some 4 years after its initiation,
 
ICRAF staff realized that the manual
 
assemblage and sorting of the growing
 
collection of i.nformation in the form of
 
journal articles, books, pamphlets, correspond
ence etc. etc. would no longer be effective and
 
that some form of computerization was essential.
 
This step was taken only after the general
 
structure and content of the information
 
bases within different forms of activity in
 
ICRAF had become established. A premature
 
step into the computer age can lead to both
 
confusion and frustration!
 

At this early stage it seemed fairly obvious
 
whatcomputer was needed for:
 

" 	Storage and retrieval of scientific
 
information contained in documents - mainly
 
those in ICRAF's library.
 

* 	Office activities (such as accounting and
 
word processing)
 

In fact the "prompt" for taking the actual
 
leap into the computer age (for ICRAF) came
 
through the initiation of a joint project with
 
the Australian National University, funded by
 
the IDRC, to further develop an interactive
 
computer software package designed to assist
 
in the economic approach of perennial crops
 
being grown in long-term landuse systems, so
 
as to make it useful for agroforestry combina
tions (see the 'Mulbud' Programme in Part 6A).
 
This programme was designed for micro-computers
 
and, despite earlier considerations of IDRC's
 
information storage and retrieval programme
 
(based on a mini-computer) the actual need for
 
a low-prized "micro" helped make the decision
 
easier.
 

In 	fact, the availability of a micro-computer
 
unleashed a whole new demand for its services 
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that had, up to then, hardly been envisaged.
 
Numerous activities dealing with information
 
storage and retrieval, the processing of data
 
and the development of simple predictive
 
"tools"(= models) are now being dealt with far
 
less effort and time than before and, in some
 
cases, would probably not have been attempted
 
had the relatively small investment required
 
for micro-computer purchase not been undertaken.
 

Micro-computers versus larger machines
 

Thus the computer trend at ICPAF is definitely
 
towards small stand-alone machines rather than
 
a single large system. Micros offer the
 
following advantages to ICRAF:
 

* 	 Price This is especially significant when
 
working on projects in developing countries.
 
ICRAF can help develop systems and make
 
recommendations on purchases of computers 
which are reasonably priced.
 

* 	 Reliability The breakdown of one machine
 
does not mean holding up of all computer
 
applications, one simply switches over to
 
another machine of the same (or a compatible)
 
kind.
 

* 	 Portability ICRAF certainly takes advantage
 
of the tranportable nature of the micros
 
they have. Not only can they be moved around
 
from office to office but one ICRAF scientist
 
has travelled to Malaysia with a computer
 
in hand. On the less extreme end, members
 
of staff regularly take the computers home
 
in the evenings or over the week-ends.
 

* 	 Easy Access On larger machines one often
 
has to wait a long !:ime between submitting a
 
job and receiving the results. The interactive
 
nature of micros alleviates this delay.
 

* 	 Software availability The populatiry of micros
 
has led to ever increasing software productions
 
in practically all areas of application. At
 
ICRAF where there is a wide variety of uses,
 
the "micro" has proved to be a most flexible
 
machine.
 

No 	doubc there are certain trade-offs when chosing
 
a "micro" as aqainst a "mini" e.g. speed of 
execution indt greater accuracy in arithmetical 
manip li,t i,jn:;, but these havu not been major .retbaicl-s 

" 	 -,
 .	 [CI A . Tiblae I i n(.icatL s the lev, I: r., 

-l:1.'L':- , 1 m.n aii d skil Is thit. tc,2
 



TABLE I: 


Tasks 


Small database 

storage and 


management. 

No programming 


experience required 


Somewhat larger
 
databases
 
Word processing 


and :lailing lists 


As above but with 

graphs and small 

Programming jobs. 


More complex 


databases. 

Wor processin 

Word processing 

High resolution 

graphics 


GUIDE TO MICRO COMPUTER PURCHASES FOR ICRAF TYPE SITUATIONS
 

Recommended machine 


Price range up 
to $2,000
 

Any bit CP/M machine with 

dual disk drives 


(portable machines have been 

found to be useful under some
circumstances). 


As above 


and ailng ist 


As above 


Price upto $10,000 


16 bit micro e.g. IB1 PC
AGP 

WANG PC


NCR Decision Mate V 


System would include at 

1 floppy disk drive, a 

monitor 1 keyboard and dot
matrix printer 


Additional peripherals 


Dot matrix printer $800 


Letter quality printer 

$1500 

$1,500
 

Printer with graphics 

capability $1,000

Graphics adapter hardware 


Hard disk drive 


$3,000-5,000
 

Gahccr

Graphic card $600 

Letter quality printer with 

graphics capacity
 

$1.000-2,000 


Software and personnel
 
required
 

Often included with machine
 
purchased e.g. Osborne
 
Wordprocessing, Database
 

management, BASIC or PASCAL,
 
spreadsheet package

No specialized staff necessary
 

As above with secretary

trained on word processing
 

Graphics sofZ-are $300 - $600
 

Operator with programming
 
skill required.
 

Wordprocessing
 

Data base management
 

Spreadsheet
 

Statistics
 

Graphics
 

Language interpreter or compiler

Full time progra"mner/operator
 
recommended.
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ICRAF's present computer activity
 

At 	present ICRAF is equipped with 4 micro
 
computers and 2 printers. The two major usages
 
are Data Storage and Wordprocessing. Other
 
activities include statistical analysis,
 
linear programming, agroforestry analysis
 
(MULBUD) and various smaller programmes that
 

are written in-house.
 

* 	 Data Storage The table shows the large
 

number of data-bases currently on the micros.
 

There are also a number of mailing data
 

bases being updated. The big advantage
 

of computerized databases is the possibility
 

of quick retrieval of any record based on
 

some ad hoc inquiry. Already we have such
 
queries coming in from other countries.
 
Another major advantage is that summerised
 
reports of the data can be outputted, in
 
any form desired.
 

" 	Word Processing A number of scientists are
 
now encouraging the use of micros for word
 
processing when writing their reports. The
 
secretaries welcome this trend as 
it 	means
 
the regular cut-and-paste jobs can be done
 
at the touch of simple key strokes rather
 
than by retyping many pages.
 

" 	Agro-economic analysis (MULBUD) The final
 
version of MULBUD is now fuctioning well and
 
proving to be a very uLeful tool.
 

* 	Statistical analysis ICRAF has recently
 
purchased a statistical package, which is
 
still being tested by various scientists.
 
This package works on data stored in the
 
scientific databases and helps form the
 
basis of a well integrated software
 
environment.
 

* 	In-house utilities There are times when
 
ICRAF's needs are so specialized that programmes
 
have to be custom built. For example, in
 
devising predictivite new or modifying
 
existing agroforestry systems in ICRAF's
 
'COSPRO' Programme. ICRAF is slowly building
 
up a library of such aids which will be
 
made available to other interested parties.
 

Table 2 lists ICRAF's current activities with
 
databases and 'utility' programmes etc. with
 
micros.
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DATABASES AT ICRAF
 

A. Scientific Databases No of Records
 

1. Plant species with antipest
 
properties 500
 

2. Woody species with agroforestry
 
potential 
 50
 

3. Woody species used in agroforestry
 
systems/practices in developing
 
countries 200
 

4. Woody perennials with fodder value 600
 

5. Climatic database - daily rainfall
 
temperature, wind and humidity data
 
from Kathama field station Machakos
 

6. Stick fuelwood inventory database,
 
Kathama 1,000
 

B. Library/Bibliographic Databases
 

1. Books in ICRAF library 1,350
 

2. Experimental library database 50
 

3. Description - list of words in
 
agroforestry used in indexing 1,009
 

4. Corespondence register
 

5. Bibliography of agroforestry
 
systems/practices
 

6. Annotated bibliography of economic
 
analysis in agroforestry systems 75
 

C. Mailing list
 

1.. Addresses of Training Institutions
 

2. Addresses of Research Series: Educational
 
Institutions in Forestry, Agriculture etc
 
worldwide.
 

3. Addresses to which ICRAF sends regular
 
newsLetters and other publications.
 

k Constontly up-dated. 
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Looking ahead
 

One thing that is evident from the present
 
activities is that moreand more of ICRAF staff
 
are becoming awa:re of the potential of micro
computers. It is obvious that more machines
 
will be required. ICRAF intends to take full
 
advantage of the phenomenal technical advances
 
that are taing place in the micro-computer
 
industry.
 

However, purchases will be made only after very
 
careful considerations of the available
 
alternatives. When buying micro-zomputers,
 
compatibility is a very important issue to
 
bear in mind. This means that it should be
 
possible to transfer data and programs between
 
two machines, otherwise shariru data becomes
 
very difficult and awkward.
 

Apart from the computers themselves, ICRAF 
intends to equip itself better with computer
 
peripherals e.g. hard disk drives, graph
 
plotters and high resolution graphics
 
terminals.
 



292 

PART 2B
 

ANNEX
 

Appendix 1: 	 Contents of the 
INTFORPROV
 
Computer files
 

Appendix 2: 	 Lists of multipurpose tree
 
species compiled from various
 
sources - by J. Burley
 

Appendix 3: 
 List of useful Journals 
- by P.J. Robinson 
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Appenix 1
 

Contents of the INTFORPROV Co.aputer files for description of
 
seed sources and collections for provenance of Pinuc oL)cor'c
 
(from Grea,;e.; 1979).
 

The tolIlu~ng information is stored in the fotvr IN'TFORPROV com
puter files:

Sour-ce file
 

1. 	provenance seed collection code number
 
2. 	collector's number
 
3. 	seed store number
 
4. 	country
 
5. 	site
 
6. 	latitude
 
7. 	longitude
 
8. 	altitude
 
9. 	mean annual rainfall
 

10. dry season severity code
 
11. number of trees in the collection
 
12. number of herbarium specimens
 
13. number of resin samples
 
14. number of itcrement cores
 

A15. indicates if additional meteorqlogical data are available
 
*16. indicates if additional site data are available
 
*17. indicatea if additional comments on the collectJon area available
 

Distribution file
 

1. 	provenance trial crde number
 
2. 	the provenances ipcluded in the trial
 

Site file
 

1, 	provenance trial code number
 
2. 	country
 
3. 	site
 
4. 	latitude
 
5. 	longitude
 
6. 	altitude
 
7. 	mean annual rainfall
 
8. 	dry season severity code
 
9. 	total number of treatments in the trial
 

10. the number of treatments planted with seed not distributed by CFI
 
*ll. indicates if additional meteorological data are available
 
*12. indicates if additional site data are available
 
*13. indicates if additional comments on the trial are available
*14. indicates if there are any publications which refer to the results
 

obtained from the trial
 

Growth file
 

1. 	provenance trial code number
 
2. provenance seed collection code
 

*;. indicates if additional comments are available
 
4. 	growth traits and survival data in both the nursery and field, and
 

the ages at which the measurements were made
 
Information relating to these items is stored on supplementary paper
 
files.
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Lists of ultipurposes Tree Species Compiled

From Various Sources - by J. Burley 

From Appendix 8 in "Global needs and problems

of collection, storage and distributior if
multipurpose tree germplaLm" by J. Buriey in
Proceedings of a Multipurpose Tree Germplasm

Planning Workshop, June, 1983. 
 Washington D.C.
 
(in the press).
 

rt11
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Species tested in Costa Rica 

(Soujrce: Carnacho, 1981)
 

NOMB RE COMUN NOMBRE TEC24ICO 

Albi'*zia 4Nibjzzia falcataria (L.) Fosberg. 
Jaiul Alnus acuminata(HBK) 0. Ktze. 
Espavel Mnacardium excelsum (Ber-t y Balb) 

Ron- Ron As ironjum graveolens Jacquin 

Pochote Borbacopsjs quinatum (Jacq) Dugand 
Jiiiocuabe Bursera sinmarub~a (L.) Sarg. 

xaria 
 Calophyllu brasiliense Canib. 

Cedro Macho Carapa g2uianansis Aubi 


Ca xaa r ina 
 Casuarina cgjuisetifolia L. 
Cedro amargo Cedrela nmexicana Roamn 


Cedro dulce 
 Cedrela tonduzjj c.DC. 


Ceiba 
 Cei ba p~entandra (L.) Gocrth 

Laurel 
 Cordlia alJliodora (Rtiz y Pav6n) Cha-n 
Laurel venezolano Cordia aEourensis 


Cipres 
 Cuprussus lusi tanica Mill 

Cipr6 S acrocarpa Cupressus macrocarpa (Cord) Hartw. 
Priina-era, Cybista donnell-rmjchii (Rose) 

Sq ibert 

Cocobol. Dabergia retusa Hensi. 
Malinche Delonix regia (9ojer) Raf. 
P-r-ai.yi11o tDidyrn-na morototoni (Aubl) Dec y 

P tan ch 

Ch~p11j Din':~ inioidos 1.-ith 

L1t±,:l Lo~; 
 7cnd~v 


* * Z~i~.~ '~* L *. 1*' . *' 

FAMIILIA DOTANICA 

Mimosaceae 

Betul'aceae 

Ariacardiaceae 

Mnaca rdiaccae 

Bombacaceae 

Anacardiaceae 

Guttiferae 

Meliaceae 

Casuarinacea~e 

Meliaceae 

Meliaceae 

Bombacaceae 

Boraginaceae 

Boraginaceac 

Cupressaceae 

Cupressaceac 

Bignoniaceae 

Caesaloiniaceae 

Caesalpiniaceae
 

Arali aceae 

Papilionaceae 

Wint, Cceae 



NOMBRE COMUN 

Eucalypto 


Rucalypto 


Man zana Rosa 


Madero Negro 


MeIi wa 


Grevilia 


Gu~cino, 


Guapinol 


Jacaranda 


Jacara-nda 


Nogal 


Ipil-Ipil 


ManG 


Tob~s 


BMlsaino 


Gavil~in 


Pino 


P ino engelmannii 


Pino cocarpa 


Pi-no patula 


CashS 


Cenlzaro 

Crist6bal 

Crist6bal 

Cipresillo 

Qulbra 

Encino B~lanco 

GallnazoSchizolobui 

Pansn~~eruli 
Valnillo 

NOMBRE TECNICO 

Eucalyptu mclt ~Hook 

Eucalyptusalij4gn Sm~ith 


Eugenia jab Linn. 


Gliricidia sepiu (Jack) S~cnd 


Gmelina axoc Roxb 


Greillea x~u-aA Cunn. 


Guazuma Jjmifoli Lum. 


Ifymenaea coxai L. 


Jaarn coa (Aubi) D. Don 

Jacaranda ni=5jfrjjA !). Don. 

Jualans olnca Standj.. y Will. 

Leucaena .Iu pis~ (Lamn.) de Wit. 

Mi .gIar neaacsja Aubiia 


Montanoa dumcola Klatt 


Mvroxvlon basl (L.) Harms 

Pentacjethra' r- irnn (Wild) Ktze. 

Pinus caribaeA var. caribaea 
Barr y Golf.
 

Pinus engelmannii Carr. 


Pinuz ooap Schiede. 

Plint's p..ifu1A Schl. y (Thain. 

Pithecplobil=- p inlM~r d~~imosaceae 

(Britt) Standi. 

Pithecolobium sapan (Jack) Bentb 

Platinyscium Pleiostachyum Donn Smn. 

Platimrvscium pinnatuni (Jack) Dugand 

Podocarpus olcifolius Don. 

Preudolniedia spurea (SW.) Grisebach. 

2HSErcus secla-nn2.1 sin. corrugata 
Hooker 

rar-hybun Well) Blake 

~jt._ (J.ack) Karst. 

Srvohnodtnqroa'.U eXoj,7 Harms. 

FAMILIA BCTANICA 

Myrtaceae 

Myrtaceae 

Rosaceae 

Papilionaceae 

Verbenaceae 

Proteaceae 

Sterculiaceae 

Caesalpiniaceae 

Bignoniaceae 

Bignoniaceae 

Juglandaceae 

Mimosaceae
 

Olacaceae
 

Compositae
 

Papilionaceae
 

lMizosaceae
 

Pinaceae 

Pinaceae
 

Pinaceac
 

Pinaceae
 

M-imosaceae 

Papili naceac 

Papilionaceae 

Podocarpaceae 

Moraceae 

Figaceae 

Caesalpiniaceae 

Stercuiaccae 

Micmosac.eae 
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NOM13RE 0cnHUN NOBR 'rECjIj FAMILIA BOTANICA 

Come~ Negro Swartia 2aamngis Benth Caesalpiniaceae 
Caaba a j hm!jLj Zucc. Meliaceae 
Caoba §Y-i211ia na omhyjJ4 G. King Meliaceae 
Corteza Autarilla Tabebujia chr-ysantha (Jacq) Nichol. Bignoniaceae 
Robld Negro Tabebuia pairneri Rose. Bignoniaceae 
Roble Sabana Tabebtuia rosea (vertol) DC. Bignoniaceae 
Teca Tectona gtandis Linn. Verbenaceae 
Amarill6n Terminalia azazonia (Giel.) Exell. Combretaceae 

Terminalia ivorensis A. Chev. Combretaceae 
115Teriinalia lucida Hoffm. Corbretaceae 

C ,Lru Austrajliano Toona ciliata M. Roern Meliaceae 
Capulfn Rojo Trichosperma mnexicanum (DC.) Baill Tiliaceae 



List of Recommended Species of Trees and Shrubs
 

for Nepal Community Foreszry Development Project
 

Source: FAO/IBRD (1978)
 

Glossaryof abbreviations on 
the use of tree species.
 

Capital letters = main use
 

Small letters = potential use
 

E edible
 

F f firewood
 

G g gum/resin/tanning/lac/silk
 

H h hedges
 

I i small timber, implements
 

L I lopping for animal fodder (or breeding)
 

M m medicinal/religious material
 

0 o oil seed
 

R r fibre/ropes
 

S s soil improvement/erosion control
 

T t timber
 

Distribution of species
 

X 
 mainly occurring in the ecological range
 

x 
 eventually occurring in 
the ecological range
 

(N) new species to be introduced into Nepal
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*.4 U M 

E 5I, ilZat ion 

(English name)see le d)
 

bies sup. 1 Bunga salla x X X X fTcer spp. 1, 2 Phangaru X x X Llt
esculus indica 
 1 L'mpatte phang-aru X LFAlbizzia mollis 1 Siris LftAlnus nepalensis 1 Utis 
x x 

x X X LFtsArtocarpus lakooc.ha 1 adahar X x x ELIfArundinaria spp. (3) Nig;llo (mountain 
bamboo). 
 LIS
 

Bassia butyracca 1 Chiuri 
 X x EfIOULz-ssia latif'olia 2 Mahuwa x EfOIM'2auhinia purpurea 2 Tanki X x xLiS&-tuhinia *:arieg-ata 2 Koiralo X x x ELFigSBletula utilis 
 2 Bhu~a patra 
 x X LFImrSt
3rassaiopsis alpina 

Erassaiopsis nainla 

x x Lf

Chuletro 
 X x LfBucha nania Jfatifolia 2 X X EgS3uddleia spp. 
 Dhurse 
 x x L
Butea frondosa 2 Pa lash x X LfIR,-S
 

Cory:lus colurna 
 2 (hazelnut) X X
Corylus avellana (N) 3 (hazelnut) 
EftI 

x x X EfitICastanea cativa 1(I;) (chestnut) 

Castanopsis histrix1 

EIT
 
1 Patle katus 
 ePFs
Castanopsis indica 

x 
1 Dalne katus 
 X X x EIFTaCastanopsis tribuloides 1 Musuri katus xX x elFsCedrela toona 
 X X FT
CedruG deodara 
1 
I Debdar 

x 
X X zChoerospondias axillaris Lapsi 
 X X x x X EtfCupressus tor-ulosa 11 Dhupi x X Xx FIT
 

Dendrocalamus hamilt- (2) 
 Bans (bamboo) x x elfIMS 
onii
 

Elaeoca-pus spp. I X 7.NEryth-rina arborescens 2 Phaledo x X x X LFSEugenia jambo-lana 2 X x X
Euphorbia sup. 3 Sihundi, sija 
--F
 

X 
 X x X x Hs
uria cerasifolia Pate
 

Picus elav-ata x x
Borulo godilo X LFicus I abe rrjina Pakhuri X x 7 LFicus nemo ra lisG Dudhilo x X L..Ficus roxburghii 1earro x X x 
 X [2"ICus7sico-data xhannimLE 
.pp.17-" 1 Lankuri x X X L7? 

ijV 

http:lakooc.ha
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". . 0 V- 0) 

I0)al M. E- EnZn
La--tin liarm lai:ae 

Jam 
(see legend) 

mI(English name) 

Gz'ewia sop. 1, 3 7. x7. X FLRIS 

Hipmonhae salicifolia 3 Arralito x 7. 7 EHS 

Ilex snp. 2 Bhiokz-e x X x X L, 

Juiglans regia 1 Okhar x X. x x -=. 1F4 
Jlun i~ezus E;?. 1, 3 * x 7. 7 t FIS 

La:-x S:P. 1 X. X x Tfs 
Litsea. citr-ata 2 Sil tirnu= X x X. x e 1FI-
Litsea colyantha 2 Yutmiro 7. x x 7. -Ft 

:--c!,i's odorotissi-- I Ehte Vaulo x X L 
Eclia. aze~ia:-aCh x x F 
:.iche!4ia chamnaca 1 Champ, Tsampo x x x UP:1o 

*!ichelia dottsopa 1 Sated champ 7. x 4X L=
:.orig pterygospermi 

* !.5 alba 
(N) 2

I Oeshi kimbu 
X 
x 

x 
x 

x X. FMIS 
ELCO 

Morus nigra 1 Kimbu 7. X. H;LCfG 
!!ucuria racrocarpa 1 3aldyangz-o X x L 

x. L(0)Olea cuspidata 2, x x 7 

Ficea sip. 1x x x ;. -
Pistacia integerrima 3 7 x If'rs 
Fioris ovalifolia 2 7. x. fS 
Pinu:2 excelsa I Tingre salJlo X. X. x X f 
Pinus roxbuvghii 1 A-alo saJlao x 7. X. x 
Pinus gcr-ardiana 2 (Chilgoza.) 7. X x E 
?opulus ciliata 1 Bbote pipal X x X t Fs 
?Pjulus euzph--atica (11) 1 2 x x x X z tIFS 

. rrn bi.-cata 2 Ginderi (?)XX Li 
F-i~lCepil Ut ilif-. 3 Dhatela x 7. 7 OSh 

~-uus cer-asoides 1 PainyuXa . 

r-.us pidus 2 Dur kaphalI x. L 
Pyracanthia crsnuLata 3 3a~r 
?yrus 'oashya 1 aeDsaix 7 

Cuercus incana 1,"2 Banj x X . = LtF 
Q:ucrcui3 lamellosa 1, 2 Falant X x X x Lt : 
Que rcus Lianata 1, 2 3-anj 7. x X. x U F 
Que c' 2 semeczrpifolia I, X xhsu7X x LtF 

Rnododendron ecp. 2, 3 x F 
Rhus JavanicA 2, 3 3 hba'kin 1o X x Li 
?.hlus succecanaL 2, 3 2halayo z 7. x. Lf3 

Saa] ja maat-ricli 1 3imn-L X x x7 ;1 

11 --' 1, 3 Rais x x. rt Lif 
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11 4- ri 

Ito,_ 1 0 __ t4 C. -4
1 Z 0 1 l W~ 

eoali lane r- C,) toc.-
 (see ]ced
- -,(English namle) 
 M Ecolo0 

Sat~muja neralensis, 1 ag

Schirra wF1lichii L
1 Chbilawie X
Schleich2:'ia -triju-aj 1 .Lt7.X LoIt
Sho-ea robusta 1 Sal 

Sarbus spp. x X TL
I ,2 i.aile 

S:30loCOS cratae~ojdes 1 ILodh XLt
 

xX 
 1 
?ujrnsa 17 x L i*! 

ViulL"1COriacsun 3 Pitho char 

V.itex nes-undo 2, 3 

x x L.
 

fodo.i oib 2, 3 x x 
ylsacontrcves-a 2 Ma;-dao 10 

.. 

Zi*2iphus jujaba 2 -Ayer, Jujube7.I/ 
x 

/X 
h 

ESFo 
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Species or genera recommended by Koivisto (1979) for Asia Pacific region
 

A. Basically wood production species (known in the repion)
 

Conifers Pinus caribaca 
P kesiya 
P. merkusii 

P. oocarpa 

Wetter, hotter 
tropics 

P. nigra var. maritima 
P. eldarica 

P. griffithii 
P. roxburghii 

drier, West Africa 

P. densiflora 

P. koraiensis 
Cooler, East Asia 

P. elliottii ) 
P. patula 

P. radiata 

Cooler, higher 
altitudes 

Agathis dammara
 
A. macrophylla
 
A. obtusa
 

A. robusta
 

Araucaria cunninghamii
 

A. hunsteinii
 

Cunninghamia lanceolata
 

Hardwoods 	 Albizia falcataria
 
Gmelina arborea
 
Eucalyptus camaldulensis
 

E. deglupta
 
E. grandis
 
E. saligna
 
E. tereticornis
 

Swietenia macrophylla
 

Tectona grandis
 

B. Multipurpose forestry species (known in the region)
 

Acacia auriculiformis
 
A. catechu
 

A. confusa
 
A. dealbata
 

A. decurrens
 
A. mearnsii
 
A. melanoxylon
 

/
 



304 

Dalbergia sissoo
 
Leucaena leucocephala
 
Terminalia spp.
 

C. Potential species (not widely tested in the region)
 

Aleurites spp.
 
Artocarpus utilis
 
Ceratonia siliqua
 
Durio zibethinus
 
Dyera costulata
 
Inocarpus edulis
 
Mangifera minor
 

Morus spp.
 
Parkia spp.
 
Pentadesma spp.
 
Pithecolobium spp.
 

Prosopis spp.
 
Tamarindus indica
 

D. Agriculturalplantation tree 
species with secondary forestry uses
 

Cocos nucifera
 
flevea brasiliensis
 

E. Bamboos
 

Bambusa arundinacea
 
Dendrocalamus -trictus
 
Melocanna spp.
 
Oxytenanthera spp.
 
Phyllostachys edulis
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Species for African savannas
 

(Source: Laurie, 1974)
 

Climatic type 1. 
 Desert - omitted from consideration
 

Humid tropical and equatorial
 

2. Subdesert 3. Dry tropical 

Acacia albida Anacardium occidentale 
A. nilotica Azadirachta indica 
A. senegal 
Azadirachta indica 

Callitris spp. 
Cassia siauea 

Conocarpus lancifolius 
Dalbergia sissoo 

Dalbergia sissoo 
Eucalyptus camaldulensis 

Eucalyptus camaldulensis E. citriodora 
E. microtheca E. microtheca 
E. tereticornis E. tereticornis 
Prosopis chilensis 

4. Semihumid tropical 5. 

Acrocarpus fraxinifolius 
 Acrocarpus fraxinifolius
 
Araucaria cunninghamii 
 Araucaria cunninghamii

Callitris calcarata 
 Chlorophora excelsa
 
C. glauca 
 C. regia

C. intratropica 
 Eucalyptus citriodora
 
C. robusta 
 E. r oeziana
 
Cassia siamea 
 E. dcglupta

Eucalyptus camaldulensis 
 E. grandis
 
E. citriodora 
 E. propinqua

E. cloeziana 
 Gmelina arborea
 
E. grandis 
 Pinus caribaea
 
E. pilularis 
 Pinus kesiya

E. propinqua 
 Tectona grandis
 
E. saligna
 
E. tereticornis
 
Pinus caribaea
 
P. kesiya
 
P. merkusii
 
P. oocarpa
 

4/
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(b) Hardwood species for lowland 
tropics recommended by Fenton et al. 
(1977)
 

Annotated bibliographies have been prepared for the 
following tropical
 
hardwood species:-


I. Acacia auriculiformis
 

2. Albizia falcataria
 

3. Anthocephalus chinensis
 

4. Campnosperma brevipetiolata
 

5. Cedrela odorata
 

6. Cordia alliodora
 

7. Eucalyptus alba
 

8. Eucalyptus deglupta
 

9. Eucalyptus torelliana
 

10. Eucalyptus urophylla 
- not formally named
 

11. Grevillea robusta
 

12. Melaleuca leucodendron
 

13. Maesopsis eminii
 

14. Octomeles sumatrana
 

15. Terminalia brassii
 

16. Terminalia calamansanai
 

17. Terminalia catappa
 

18. Terminalia ivorensis
 

19. Terminalia superba 

20. Toona ciliata
 

21. Tetrameles nudiflora
 

22. Eucalyptus tereticornis
 

23. Eucalyptus robusta
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Plants for arid and semi-arid lands
 

(Source Adams et 
al., 1978)
1 

2.1 THE SELECTION OF PLANTS FOR Delonix regia E.redmica
CENTRAL SAUDI ARABIA Durantaplumieri r. salhbris 
The purpose of the following lists of plants is to define a Eucalyptus astringens E.sargentiirange ofspecies, based on one phytogcographical region. A E. brockwayi E.spathulatalist of possible plant introductions is also given that might E.camaldulesis E. itricklandiibe considered providcd soil conditions, climate and water E. campaspe E.transcontinentalijavailability are not limiting. Whenever a inal plant list is S. cladocalyx E. woodardii
compiled, it is essential that all tne environmental factors E. coolabah Ficus carica
and the restrictions they might impose are analysed E.forrestiana F. iycomorus


beforehand. E.goviphocephala Grevillea robrta 

B. intertexta Hypheanc thcbaicaPhytogeographlcal zone: Saharo-Slndl.n E. kruscana Jacaranda nnosiaeJolia 
iNDIGENOUS TREES E.E. largiflorenslandsdowneana Melaleuca pauperifoliaParkiuontiaacileataA cacia albida Pistacia atlantica E.longicornis Prosopij chilknisA. arabica Proxopis cinerea E.microtheca 
 P,tamargo
A. gerradii P. juliflora E.patellaris Schinnt molleA. giraffae P. spicigera E. pimpintana WVashingtoniafiliferaA. gummifera P. stephaniana E.robusta 

A. mellifera Salvadora oleoidesA. nilotica S. persica INDIGENOUS SHRUBS AND GROUND COVER PLANTSA. raddiana Schinus terebinthifolius Achillea fragrantissima E.gu'anm,A. senegal Tainarix aphylla A. santolina E.faUritaicaA4.eyal T. articulata Anabasis articulata E.nercifoliaA. toridis 7.galca A. jetifera Genistasahara€A1bizziajislibrissim 7. rainoussima Artemi'tia herba-alba Haloxylon aptv//hn,A. lebbek  7. passcrinoides A. mnonosperna H. arhiculatwtEgeniajdmbo7ana 7. stricta A triplex h'a/imur H. perticunEleagnus angustifolia 7Termninalia catappa
Ficus bengalensis 

Balanite aegyptiaca H. salicornicinn7'. bellerica Caesalpiniagillieii He/iotropiundasycarpnmF. benjamna Thespesia populnea C. pulcherrima lpomoea pet-c apre
F. retusa nitida Vitex agnus-castus Calligonurn arborescens Iris sisyrinchiun,F. religiosa Zizyphusjujuba C. comosun Lagerstroenia indieaMaeruacrassifolia Z. lotus Calotropis procera Launea spinosaAtelia azedarach Z. inauretania Capparis decidua

Moringa aptera Leptadenia p.yrotechnicaZ. spina-christi C. spinosa Liniiastrun gnyonianunPhoenix dactylifera Carexphysodes L. mionopeta/un 
Cassia lanceolataTREE INTRODUCTIONS Lyciunt arabicia,
C. obovata L. persicunmAcacia cyanophylla Casuari,ia cristaba Clerodendrurninerme Monsonia ,hiVeaA. farnesiana C. cunninghamiana Coronilla juncea Neriunt oleandcrAlbizzia chinensis C. equisetifolia Cyperus conglomeratus Phlomit brachiodn,Anona cherimifolia C. glauca C. laevigatus P/n,,eriaa,'tti'!iaBrachychiton acerifolia C. lehnianii Dodonea viscosa P. rubraB.gregorii C. stricta Ephedraalaa P1nicagranau,Callistemon citrinus C. torrulosa E.distachj-a Retamna ractamC. lanceolatus Cupressus arizonica Euphorbiaeeratoides Rhanterim epapposurt 
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RIhul oxyacantha Tecomariacapensis 
Salsola tetrandra Thevetia nereifolia 
Silvia aegyptiaca Zilla macroptera 
S. lanigera Z. spinosa 
Sesbania aegyptiaca Zygophyllun coccineun
 
Siedlizia rosmarinus Z. dumosum
 
Tecopia stans
 

$11RUB AND GROUND COVER PLANT INTRODUCTIONS 
Allantandacathartica Lavandula spica 
Aloe spp. L. stoechas 
Arundo donax Lippia citriodora
 
Attriplex nummularia AMyoporum spp.
 
Bougainvillea spectabilis Myrtus communis
 
Carpobrotut acitaciformis Pistaciaknricus 
C. edulis P. vera
 
Hibiscus rosa-sinenshi Plumbago capensis
 
[I. syriacus Polygoun capitatrum
 
'Irisspp. Rosa spp.

Jasminum a;'abicum Santolina charnaecyparissu, 
Lantana cwnara Yucca gloriosa 

2.2 THE SELECTION OF SUCCULENT
 
PLANTS FOR CENTRAL SAUDI ARABIA
 

Reference: Herman Jacobsen: Handbook of Succulfat 
Plants,Blandford Press, London 1960 

Saharo-Sindian zone 
Aeoniwn leucoblepharurn E. tenuirama 
Aloe eru Huerniamacrocarpavar. 
A. inermni arabica 
A. pendens Kalanchoeteretifolia 
A. rubroviolacea Opophyrumforskhali 
A. tabacea - Roulariahauisknrechtl/
 
A, tomentoa R. lineata
 
A. Vacillant R. parviflora
 
Carallumaadendh R. per.ica

C. anenonjora R. sempervivum 
C. arabica Seduns acre spp. neglectum 
C. chrysostephana S. album 
C. cicarricoia S. alpeirre 
C. co/nturara S. bornimulleri 
C.flava S. littoreum -"Sudano-Deccanian Zone
C. lun i S lydiumn Aloe perryi E. fruticosa
C. penicilliata S. microcarpum A. tomento a E. inarticulara
C. quadrangula S. obrusifolium A. vacillans E.parciramulosa
C. subulata S. palaestrnurn Carallumaadensis E. schimperiCeropegiarupicola S. pilosumn C. anernoniflora E. spiralis
Echidnopsisbentii S. sanguineum C. arabica Kalanchoe abruptaE. planiflora S. tenuifolium C. cicairicosa K. citrina
E. scutellata Semperviv'um iranicun, C. penicilliata K. laciniata
Euphorbiaamiuak Senecio anteuphoriumvar. C. quadrangula K. robustaE. Cactus odorus .3. iocotrana K. rutundtiflora
E.fruticoa S. pendului C. subulata K. icapigeraE. injrriculata Suacdafruticota Coty/don barleyi Senecia anteup/arb'um
F. parciramiloua U,,bilicus intermediui Edi'thcoleatordi'da S. pendului
h_'pharbiatieumrama U. rupestris Euphorbiaarbuscula 
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30000 

2.3 SELECTION OF PLANTS ACCORDING 
TO SALINITY TOLERANCE 

,000 
Reference: R. Firmin Afforestation, ReportGovcrnncnt of Kuwait, FAO,Rome 1971 to the 

Electrica
onductiihaJ 


conducaivity In 

alcrosnbos 

50,000+ 

40,000 

35,000 

25,000 
I8,000 

16,000 

14,000 

12,000 

10,000 

8,500 

6,0 

Plant species 

Auvcenna mariuw. Nhtrar'aretua,Prouopij 5,000 
jt j/ra (Kuwait swrain), Suaeda verm'culara,zyraphylluen cocclt't 

Photlxd~tylCtr,
mars-mrtin
Catuarina Ilauca, Conocarput lanciformi:,Taaatl"1. 
Phoenix doalyl~erts, Tosmata atrs-owrtu, T. 
pajtrrinoifr 

4,500
Atriplex nu,nulara,A. viiicariaojuni 

actuus, Prosopij sttphanitana,P. rnarLo, 
 ",'00
Tamrarixarvemni, T. detert, T. do,ca, T. 

florida, T. mamifera, T. mycri, T. orientalh,T. 2,500
prntandra 
Acacia lgulata, Casuarina equistfolha, KocJa 2,000
indica, Phrarmitescommunis, Prosopis juheflora, 
Tanar'ixaphytla, Ziyphuj vullaris
Acacia jowd-,i, Tanarxnilotica, 1,000
Acacia pendula, A. sahcina, Casuarina ilauca, 

Eucalyptus ctunaldulin'ts, Li.sarganlli, H.

ipatholata, Nriun,oleandae, 
 Parkiaonia 
aculata
 
Acacio/arn.esana,A. salicina, Callitmon
 
lancotlatu Casuarina crittata, C. irtctao,
 
EucalyPlui culcicultrix, E. analdulsmi-var.
 
obtuta, H. coolabaA, E.microthtca, Proopi
 
chiltinr,
P. jultfloru var. wtoluina

Acacia arabica, Albizzia chinonais, Casuarina
 
Ishmanit, Clerodendrum inernn, Eucalyptus
p:mpiniana,Ilaoxylon salic.,rnieum, Siabania 
grardflara
Acacia strnophylla, Naitsa lauiolia,Callitri 

I0frifla,,ts, E. Lt Sue, E. robusta. E.I-. rpahulaia, Ina dul ',s 
ahbri,.Termina iaarjuna

lIrachychi t on x'ersrii° Eucalypu brock,ay, E. 

dunda* I-'.inle'tsna, E. wodwardii, Ficus
btntaltnums. Myrtut communir, l'roopirspictiera,Schinu molit, Terminalij catoppa 

cacia deani, A. sa/igna Aonihflxuoja,olalanites ateyptiara,Cupres~utarizonica,
 
Euclayptu "o0t, 
 .rorquatao,('revillea robtuga, 

aOleo Pritchardiififirao Tamarinduicuurpta, 


indica. Tecoma stainrordia myxa, Cupretrus simpervirent var.
 
itricta, 0acaruiancrusttjolia. Eucalyptus
ttrit, 
 . ata atousipe J- ioh'a,E.u 

rdi.'nca,
F. Iranscosnnnahs° Lan lana aculeata,autr nanee,crampaspe,.iongLaornns,E... 
Populu tuphratica. Termina;iabelcrica.
 
fnnbux malabaricum, Fucalyptui citriodora,
 
Populul bolleana
 
Acacia tortilis, Abizziajulibiisim° Ficus 
tycamorul, Robiniapstudoacacia,Salix alba 
Acacia cyanophyllo, A. cyclopis, A. "nllifera,A. 
raddiana,A,.for euonaa,A. gerradi 

ucalyptuj uereticornis, Hyphean thebaica, 
"'nimianaI De•onixj retia, Duranto pluuieri, 

Popuan obleoa 
Azalea app., Boutainilta &pp., Populu 
uranjerica. P. thcsnrina 

r
 

2.5 RELATIVE TOLERANCE OF PLANTS TOtauca,Dodoaca v,'coia, Eucalyptus *ruteana. 
4 BORON 

Melaletcapauperifola, A, lia aztderach, Purdea 
granatum, Thevta ner. afolia 
 Reference: Salute and Alkali Soils, U.S. S inity Lab.,Albtizzia lebbek, Butta nonosperma, Eucalyptus 1969
 
annulata,E.brach.,rvs, E. cornuta, E. 
mrlliodoro, E.occd.naht, E. stricklandi, Ficus 
carsca, F. relivioia,Ilakeu lourina, Latnan 

apattrtni, Rhinut €ommunit va. p.'rsicus, Tr c-.| 
 Scmi-tolcrant 
Saluadoraoleoidez, Thnjpessa populna, Vietxainw.castul 
Casealpinia gilh'iei, Calhiuoum conoum. 

Atnel i Timan. Sunflower (Native)
"phrlla) Potato
Casuarinacust,,,hai,,ana,Dalbergo ,1w, Aspirgui 
 Acala cottonDoJdoncaattsuata, Euculyptus cladoculy, '. Palt it ho,'t Pima cottonforetona,aE.grossu, E. lautdownsanu, L-. .'attarhguidtn
"rato 


Dite pilm 
WlP.J.j'tslir'lr 

Sugar bIet 

.\tangcl 


Garden beet 
Alfjalh' 

GliaJislus 
Uruodb'an 

Onion 

Turnip 
Cabbage 
Lettuce 
Carrot 

Swcctpea 
) Radish 

FieldpIa 
Ragged Robin rose 
Olive 
Barley 

Whet 
Corn 


Milo 


Oat 

Zinnia 
Pumpkin 
Bellpepper 

Sweet potato 
Lima bean 

t itw'ch yjlrp ih,; plautfirststa,,,.dar," ,otoid.'rd 

Utdth,l st ,ta,, d etnoreItthi,'. I 

Scnsitive 

Pecan
 
Black wblnut
 

ecrsian :'English)
 

walnut
 

Jerusale.n artichoke
 

Navy bean
 
American elm
 
Plum
 
Pear 

Apple

Grape (Sultonina and
 

Malaga) 
Kadota fig 

Persimmon 

Cherry 
Peach 
Apricot 
Thornless blackberry 
Orange 
Avacoado 
Grapefruit 
l.tmun 

us btei# ntore tolerant 

I
 

eIt, 



310 

Natural distribution of species included in FAO/IBPGR trials in arid/semi-arid lands
 

(Source: FAO/IBPGR, 1980)
 

Diatribution
 
Acacia albida Del. 
 Senegal, Gambia, Portuguese Guinea, Sierra Leone,

Liberia, Ivory Coast, Ghana, Tbgo, Daborney, Nigeria andCameroon, extending north throughout the drier parts ofNorth Africa into Egypt, Israel, Lebanon and Cypruz,and from Eat Africa (Tanzania, Kenya, Uganda), to
Zambia, Trannvail and Natal.
 

A miloic (L.)Willd.ex 
Del. (including 3 varieties) extends from tropical and Bubtropioal Weat Africa (Sonegal, Gambia, Ivor7 Coeat,Ghana, Togo, Dohomay, Ri {cria, Cameroon) nt Afrioa(Tnz&n ia, Kenya, Uganda), and North AfricaFjypt) through eatern (the Sahel,Sudan and Arabia sA far eastwards 
as India. 

Acacia eene. (6.) Willd. (including 2 varieties), charateristio of the drier 
parts of Somalia, Ethiopia, the Sudan and Chad throughto Mauritania, extending west to Senegal, Gambia, IvoryCoast, Ghana, Thgo, Dahomey, Nigeria and Cameroon, eastto Tancania, Kenya and Uganda.
 

ProooDis cineraria 
 (L.) Druoo India, Pakistan, Iran, Arabian peninsula.

T _sP. ci r L.)
 

Prosopis alba Gris. (including one variety), oxtendssubtropical Argentina from the plains ofto Uruguay, Paragusy, southern 
Bolivia and Peru. 

Prosps chilensis (Molina) 
 (including 2 varieties), from PeruStuntz and Bolivia toCentral Chile and north-western Argentina. 

Prooopi, j!uliflora (Swartz) DC (including 2 varieties), from the coastal regions ofVeneuela, Colombia and Panama, through Central Americato Mexioo, as well as in the Antillean Islands (perhaps
introduced).Prono s. nI__r.a(Grin.) oro q. mum (including 2 varieties), occurs in ou h 

the Gran Chaco of Argentina, Paraguay and western 
Urugua~y.
 

Pronopia tamarugo F. Philippi 
 arid meoeotan in the northern provinces of Chile 
RucalyptuS cLd-ntdulsnail Dehnh. a large part of inland Australia, with grout climatic
 

and genetic variation.
 
ucaly-ptun miorothmcn, F.Mull. a 
 large part of oentral and northern Australia wi.h a
 

separated occurrence on 
the went coast.
 
Acacia tn.urn F. ?uell. inland arid Australia. 
Aesirrchta indina Juno. Burma, Tndia (Si5wlik 1ill; Karnatic region; parts of 

the D iccan, south of the river Godavari).
 
'.A imi od rn'nt,.r or Additioru[ npe-i., 
 within th,: ami. dl;trlt tion nrean no thenbov, cc.0,! .i *.,iernd for the presently prupoued phnne of the Proje.ct, e.#,. 

tcrtili,; 

http:Proje.ct
http:L.)Willd.ex
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Species under trial for plantations in dry tropical Africa
 

Source: Delwaulle (1979)
 

(* - not promising)
 

Eucalyptus alba 
(and hybrids) 
 * IHura crc itans 
E. camaldulensis 
(and hybrids)

E. citriodora 
 * Hlyphaene thebaica
 
E. crebra
 
E. microtheca 
 Isoberlinia doka
 
E- panicuqlata

E. salia 
 Jacaranda act.tifolia
 
,. sideroxylon
 
E. tereticornis Jatropha curcas
 
E. tesselaris
 
E. torreliana 
 Khaya senegalensis
 

Euphorbie balsamifera 
 * Lamarkea cheifolia 
E. kamerunica
 
E. tirucalli 
 Lawsonia inermis
 

Faidherbia albida 
 Leucaena leucocephala
 

Ficus spp. 
 Lonchocarpu sericeus
 

* Funtumia elastica Markhamia tomentosa
 

* Gleditsia triacanthos 
 Melaleuca spp.
 

Gmelina arborea
 

Melia azedarach
Grevillea pyramidalis 
 * M. dubia 
* G. refracta 

* Milletia laurentii
 
Guaiacum officinale
 

Guiera senegalensis 
 Mimosa p ra
 

Gyrostemon spp. 
 Mitragyna inermis
 

• Hakea spp. 
 Moringa oleifera
 

Holarrhena spp. Nauclea diderichii
 

Nerium oleander
 

/
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*OPun ia Eicus ndica 

Parinarl macrophylha 

Parkia africanaSodasmni 

* 

a5lracry 

Snirondsia 

birrea 

chinensis 

Parkinsonia acujeara 

*Peltophoruin ferrugineum 

*DPetaos.,1.s labicheoides 

S-ercuhia tomentosa 
1. urens 

Stylobasium spatulatum 

Sweetia 2anamensis 

Piliostigna mnandra 
*P. retiCulatum Tamarindus indica 

Pinus caribaea 
*P. halepensis 

P.p infaster 

P-_12ineaTectona 

Pithecellobium dulce 

Populs sp** ?P~it~pp.* 

Pros~tsafrianaT.
P rosopl isafIan 

Tarnarix spp. 

Tecorna sans 
n 

grandis 

Terminalia carjuna 

T. carpentariae
T crtappa 

ivorensis 
. mantaly 

P.ararugo 

* rcerariaeiacu 

Ptilotus exaIltatus 

thevetia peruviana 

Thupaetal 

iedoan 

Ricinodendron heudelotii 

Robinia RScqdoja.cjj 

Salvadora pers ica 

* Xirnenia americana 

Ziziphus rauritiana 

-. mucronata 

Sama nea saman. 

Schinus molle1 
S- tercbtnthifolius 
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Species recommended for arid zones by.Coor and Barney(1976) 

Abics cilicica 

Acacia cpanoph vila 

A'rocia fortilix
 
Acer iiegundo
 
Aila2n1hus aitissirna
 
Aln',s oricnalis 
Araucaria ececsa 
Aspidoxpcritt quebracho-blarica Piu pinifOter 
Azadirachia indica Pinius pinea 
1)ulncsia rctanio 
Calligontjn comlosum Pisfacia atlantica 

Platanais oriesitnlis 
Casuarina cequisclifoclia 
Casuarina glauca x Populus curnnzericaiat 
Cedrus libani Prosopis tiul.flora 
Celtis australis Prosoijs shicigcra 
Ccratonia siliqua 

urssbe 

Crataegus azarolus Rhusgcariaria 
Cupressus scm pervirens 
Dalbergia rissoo Rob fain psergdoacacia 

Saoir spp. 
Etacajgnus onguatolia Sclainopns hircritjii 

Eucalyptus COnIalduhnsis Schinus inoflc 

Ficus sycomorus 
Fraxinus syriaca
Cleditsia triacanthos Tamoarix orticulato 
Crcuillea rob usta 7arodiumi distichum 

- )I lof/on omrnodendron Tetraclinis orllclata 
JLuglans Tcgia Ulmus ijumila 

Zizyphlus spina-chrjg 
Juniperus ecelso 
Afelia o:cdaroch 

At orus olba
 
Pa~kinsonia aculeata
 
iuis brutia
 

Pinus CallaricLsis
 
Pin us halepensis
 
Pinus nigra
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Tropical tree 
legumes of special significance as 
fuelwood
 

From Brewbaker et al. 
(1981)
 

Genus Species adapted to:
 

Humid tropics 
 Arid tropics
 

Acacia 
 auriculiformis, mearnsii* 
 brachystegia, cambagei, cyclops,
 

nilotica, saligna, senegal,
 
seyal, tortilis
 

Albizia 

lebbek
 

Calliandra 
 cal.othyrsus
 

Cassia 

siamea
 

Derris 
 indica
 

Gliricidia 
 sepium
 

rnga 
 vera*
 

Leucaena 
 leucocephala 


Nimosa 
 scabrella
 

Pithecellobium 
 ...
 
dulce
 

Prosopis 

alba, chilensis, cineraria,
 

juliflora**, pallida, tamarugo
 
Sesbania 
 grandiflora
 

* Highland-adapted species 

** Mesquite is widely considered an undesirable thorny pest
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a) Firewood 
 species FUELWOOD SPECIES FOR IIUMID TROPICS 32
Acacia auriculiformis 34described in Calliandiacalothyrus 36 

/AS (1980) .Casuarina eq-isetifolia 38
Derris indica 42 

Gliricidiasepium 44
 
GCilinaarborca 46
 
Guazuma ulmifolia 48
 
Leucaena leucocephala 50
 
Mangroves 52
 
Mimosa scabrella 56
 
Muntingia cclabura 58
 
Sesbania bispinosa 60
 
Sesbania grandiflora 62
 

64 
Termiinalia catappa 

Syzygium cumini 


66 
Trema spp. 68
 

TROPICAL IIIGIILANDS 70
 
FUELWOOD SPECIES FOR 


Acacia mearnsii 72
 
74
 

Alnus acuminata 76
 

Eucalyptusglobulus 


Ailanthus altissima 


Alnus nepalensis 78
 
Alnus rubra 80
 

82 
Eucalyptus grandis 84 
Grevillea robusta 86 
Inga vera 88
 

FUELWOOD SPECIES FOR ARID AND SEMIARID REGIONS 
Acacia brachystachya 92
 
Acacia cambagei 94
 
Acacia cyclops 96
 
Acacia nilotica 98
 
Acaciasaligna 100
 
Acaciasenegal 102
 
Acacia seyal 104
 
Acacia tortilis 
Adharoda vasica 


106
 
108 

Albizialebbek 110 
Anogeissus latifolia 112 

Azadirachtaindica 114 
Cajanuscajan 118
 
Cassia siamca 120
 
Colophospertnum mopane 122
 
Emblica officinalis 124
 
Eucalyptus camaldulensis 
Eucalyptus citriodora 


126
 
128 

Eucalyptus gomphocephala 130
 
132Eucalyptus microthcca 


Eucalyptus occidentalis 134
 
Ilaloxylon aphlyllurn 136
 
Ifaloxy'lon persicuin 138 
Parkinsonia aculeata 140 
Pinus halcpensis 142
 
I'ithecellobium dulce 144 
Prosopiralba 1,I16 
Prosopischilcns 148 
Prosopis cincraria 150
 
Prosopijiuliflora 152
 
Prosopis pallida 154
 
Prosopis tanarugo 156
 

Tamarix aphylla 158
 
Zizyphus mauritiana 160
 
Zisyphus spina-christi 162 
 2 
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(b) Master list of firewood species prior to selection of 60 species 
for NAS (1980) 

'flec following species received tile highest rating in replies to the inquiry sent to sevcral hundred plant scientists and foresters before thc panel nict 
 to writc this report.Species chosen by the panel for inclusion in the report are marked with an aisterisk. 

Ilunid Trtipics Callicarpa arborea D. tnotuccana 
Caloncoba gilgionadIca. ia altricfiliforilli* &'ateriosperng,, spp.Gatirga odorata

,1. Olacocarpia Fitierolubluncycdocarpumn
Q2ppars spp.

A. crarlicarpa Fryrhrina ,pp.Carapa guiisce,,sjtA1.flara Erytlirophleum spp.Carinjana pynforiw,.A. Ikoa Es~c/weilera mexianaCareoria spp.,A. /tcuploca Cuca/pytitsalba
Cassia i'zacranthaA. /'ohacat/,a E. butryoidesC siasea'A. siaiiifti E. brassianaC.spcceabi/is"

A1.1011ci roya E. caio/dte,, ;i:Casuarina cuntringhamiana *I crcarpits fraxin, Julitif E.citrnodoraC. equirceifolia*Ida itonja djiiraa E. cinezianaC /cpidopl/ola*4di,,a cordfifolia E. deg/uptaC. no/si/c.lfulia,afnicana E. grandis'Cecropi spp. E. iCIOtZca,
4 , . xy/ocarpa Cedrela spp.. f/cia $pp. E. 'no/ucrraCeiba pen tandra.I/bi:ia faicata . pel/itaCe/cur spp. . resin/era1.ebc Cecnops spp.A. "iollcca,, ErohusrtaChi/opaja lincaris

,1. (Jdorairiff,,,a E. saigita*Chioropuoca thnctoriaA. ptoccr7 . tecri'tcorijC,.exce/sa
I/i,, icrs inotuccana F. tarntellianaC'hloroxyloti sitenia 111/i lori/iIui F fiop/tyllaCitrus spp.

I
t 
..PP. Eugeniajamn borC'occoloba sp. oTcusbeiighatenraisI'itardjut OceiIdctatc Co cot nucifcra Crg lmlPrltrarfldCo/leaA. /cgocartoo,, spp). Gliricidia maculata1 Coibrelrin spp.

I1i/horcC/hair raaifii C. iepium'('orocariits crecturI'Sideia g/iacrc,,,hj//a Gmeliwa arbocca*Cordia spit.
I'ii'a,pif 'PP. -Grevjllea robusta*C af/jodora Gr,rcia spp.; i'irprilla spp. Craloxyloll spp,i"mii,, Imriuu,,kjI a Gisatreria ferrugitcaCrescendoti cilc'tcI ,-a spp. Guanuta u/nitfo/ia*Croon $pp. !/fciliatloxyloilcalipchllui,,iij5spp.* Cuplrelsill hirltarica, 

it:h~j~jJiCa 1lci-ea bra.tilicriii... C).,:iomeutra cattdiflora8j,/u'ra spp. 11lole/ca illtegri Jo/iaOa',ie//a of ireri
*'j-i'iz kirk1 i 

Ilymienwcardia acid,De',droca/amuls itricturRA4,,u1i,,a ifiga spp.mtra/taica iDcrris unicrop/iylla
B,. iontulu I. a/ha

Ociariut, retsega/c,,n I rdill/ir 
//..tayeopxj in/ri/i ota 12.ovoidettin

iitt/a pp. IF,vra' 
5 Dic/rorracltyr g/oitterataY i'Ciitcra spp. * linocarpuredit/isVi/kilia, spp.

C5.ta/tl1y i/atp Itutu,, hijilga
PIltryrin spp.(ae,4, ta/a:, * lrja,,t/,cca iti05iiiattiVil/i via r,:hittjojdes

t iia,tIra cot/h-ill K/ia)' rd'ega/cnris~ts /Jininia e.xce/ra
1 Kydia calycinafuinamtc,,is D~uahaoigagrandiflora ILagunicisaria spp. 
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Lantana spp. Schizolobiutq para/iyba liaeckea frutercensLeucaena leti, -cephala Securinega vIroaLibidibia corynibosa Ijaitbusa sp.Serialbizzia s'plende,,njsIjnartr 
Lincn a ripp. e si Sesba lia egyptea a ac/ychilo,,lVup lnJen,,Lindaera nraneom S.gra.diflora* fluddlea spp.Lwnnisze~~aracernoxa Sterculia tire,, al si nakyn 
Mlac/,aerium 'liclitanr S.fisinloides CoPJYa lJ "fupp.ouiAMadliuca lotifoli & inadagalcarieni Cuyawj3pp. 
Mfa/int ampp. an S4e ci, brachyst chya C. ac nuninarn h,,,,Mam~eaae,,c,,aSwietida niacrophyllaAflfr.,i/tra indira Casuarina rnnfninglana,,iaS. 'InaltOani C q~xs/~w

Aleange su a e du SYMPhOnjo globuifera, C.jwunghuhria,o.Melacuccucden~unSy~'iu,, cuinrniiiAfelartorna spp. C lneh,,an,,iiS.guineenseMelia osedor~a Cea,,othls $pp.cl Tainarindus indicaAL.comnpasita (.edrda sp,..
Taurgarix patssri,,oides CeecocarpusMichuelia c~osuipaca Tectona gra,:disAtoringa oleifri Cestrun: spp.Terinija spp.-Mfoms Inesozygia Cimnanomuum cainphoraT.panirulata iusp.Al unring'fa cala bura T. umn o Ciru 


4ufra Poniculata 
 Tetragastris altioimn araicapAfusanga Cecropio)iies CommeaTetrneles nudifloraMfyriytia spp. Cr~, lb/nThsci ounaCrnsu br,,tlann
Nancica didrerichii Tri.c'i,u inees Ctiucanthis iiNectandra spp. T. ,nicronflia*

Ocotra spp. T. Orient cij .frei


C.forovei,Oct omelet summarana T.other Trema spp.-Oleo a/ri sofa C lulifanlicaTichilia hirtaC.acbia
 
Oria ter calop la 
 Triplaris g zlyaquilensis C.it ac o carp aParia ercels T niplchilon cleroxyon C.se"nPorviremnsParkins a acpp. t Tristnia obo;rats C orulosa

P arkio niaf pteulea rpa irex spp . De mdro SriC tlscala tillis
'e t opulhorurn apro arpumn X imneia am ericana -D idymopa njax mlorototoniPentodesiba mityacre a Xylia ker nii Drim yswineri
Pe nscsdpp a b tya. Xy111oa rus pp. 
 Elae gnus a nigustioliaPherse spp isconih ox lu, m pp Escallonia spp.PhylanthudicoiensZ xant/moxylIoidtsPinfIS Canbaea Eucalyptus alben,Zisyp/was $pp. L io~tP. insularis ZrysfodE iott 

A. mks i Tropical Highlands . blakeyic
 
lYptadenla spp. 
 Acacia acurninata E. camlulslmi
litlmecellobiumn dulcer A. baileyo . citrjodura iP.fieinga A. capmenja E. claridcalyx

1'. lo/issum A. dealboaa E. claosaaxPlatomia insignis A. decurrens*Pon garnia g/abra . deanciA. clataS.degtmssPopulut el'plfedti, aA. nia0ceacants E. dilreilo
 
Pouroumna 'p . A. nmearnsiiE.dvrcor
Psrumdosa', gimacholec A. nillonoxylon -. glob:humsPsidium guajava A4.pycnantha E. 90randisUCM7PAcatlciarnu,, A. visco . grn dmi/ IPtc'rocarpul erinacrus A CccnegundoP. indicus E. largiflorculsA obtuui/olin,,, .lncxl,

I'trrygit data A. pendoplatanurs mmca,,,i

Q .er sp A ilan thus gla du los a . m nac u,.
c5 Q. ocapoAlnusfomsoano 
 E. imiaidenjQ.Pendumcngtihi. luinso E. 1idnryQ. sopotae/olja.- A.-K fiomms* . MuelliodoraRimamunui spp. A. inepa/enris. . nicrlocoyRhliopmora aicmlata At.flpatid S. mieglectaR. camndetario A4.niojal
R. mngle - A. oru/,ral SOdeloa 
R. imucrommata Aliugi breaI E naar 

Salix /iummboldij,,a A lo"h frhius 01pa-ic/0 
S la o a rm a A rifote la chilerusjs resistife,-oS acne masa~ma, A raucaria sjp.Schmleichera L '(bu f aolcmoAw5idusperina out bracho.h,/a,lco S 



E. gereticornif 
E. trabuti 
L. Yinfina/is* 
E. wendoo 

Eugenia sp. 

Ficus palmaia


F. salicifolia 

Fraxinussp. 


Gleditsa triacanthorGrevillea robusta' 

Grewie app. 

Leptospcrmum app. 

Lespedeza bicolor 


L. cyrtobotrya 
L. maximowiczii 


Ligustnusm luciduin 

Liquidanithar forugosana 

L. styracilua 
Liriodendron tulipifera 
Lithocarput spp. 
faclura poar fera 

Maytenus boana 
Melaruca leucadendron 

,V. pubescens = ,. preisiana 
Meli aiedarach 
Nyssa aquatica 

01ca africana 


0. chrysoph ,lla 
0. cuspidata 
0. europara 

Peususboldux 

i'i'ntr canariensis 


P. caribaeca 
. elliottif 

P. cxcelsa 
P. kesiya 
P. merkusii 
. nigra 

P. oocarpa 
P. pinea 
P. pseudostrobur 
P. radiate 
P. rigida 


Platanusoccidcntatii 

P. orientalif 


Podocarpus oleifolius 

Polyl,1,if app. 


P. torente,.a 

PUpnuu balsamifera 


P. betulifolia x P. tri/hocarpa 
P.deltoider 
P.grandidentara 
P.nigra 
P. temuloidej 


Quercus sp, 

Q.diletata 
Q. incana 
(5. 'irina 

Robinta peeudoacaclj 
Slix habylonica 

S. caprea 
S. humboldtiana 

Schinopair spp. 
Schinug olie 
,aphora iaponica 
Styra r ap. 
Teco"a Ipp. 

F.stnt 
rr'a~ts.ti, ,lCldr,) aht'rrss,,7,,un 

Tctraclini articulama 
Trema orentalle* 
Tipuana tipu 
Tre'oa trinervis 
Iitmus pumila 

U. wUllichlana 
Vernonia baccharoides 
Wendhandia app. 

Arid and Semiarid Regions 
Acacia spp. 

A. acun:inata 
A. albida 
A. aneura 
A. arabica° 

A. auriculiformls* 
A. baileyana 
A. brachystachya 
A. caffra 
A. cambagei • 

A. carechu 
A. cibaria 
A. concinna 
A. cyanophyll 
A. Cyclop;* 
A. dealbite 
A. decurrens 
A. drepanolobium 
A. clara 
A. excefra 
A. farnesiana 
A. giraffae 
A. greggal 
A. harpophylla 
A. heteracantha 
A. heterophylla 
A. hockii 
A. hIoloericea• 
A. hornalophylla 
A. karroo 
A. kempeara 
A. lasic, :tala 
A. leeitt,'.anii 
A. iiac, iihloea 
A. litakunensir 
A. iongifolia 
A. macracantha 
A. melanoxylon 
A. modesta 
A. mollissinas• 

A. nilotica* 
A. nilotica subsp. adanionii 
A. nilotica vat. tornentosa 
A. otwldii 
A. pallacantha 
A. pendula 
A. peuce 
A. pianifront 
A. polyacanthe subip. can. 

pylacan tha 
A. pycnantha 
A. raddiana* 
A. senegalensis 
A. eyalI 
A. 	iatenis 


. toi'ntoa 

A. tortdir 
A. victoriar 

AIbizia ebbek ° 
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Anog ihjus iiocarpus* 
A. pendula*
 

Arganga sideroxylon
 
Arteiriaherba.alha 

A. Monosperrna 
A. xcopaina

Aspidosperma quebracho.blanco 
Atrilex bracteosa 

A. canescen,A. leucoclada
 
Azadirachta incdicae
 
Balanitesaeg~ptiaca
 
flanhinia reticulata
 

it. thonningii
 
Bombacopsis quinata
 
Braiflettia molis
 
Bunchoaia atmenlaca
 
Burkea africana
 
Cacsalpiniaparaguazriensis
 
Cajeanus cajan
 
Calliandraspp.
 
Calligonre ¢omosul 

Callstenron sp.
 
Carapa gaiineenhir
 
Castiagarrettiana
 

C sianea* 
C. sturtii
 

Casuarina cristata*
 
C. dccaisneana* 
C. equisetifolia* 
C glaucaI
 
a strict*
 

C.drclaodorara
 
Celtis integrilblia
 

C, spinosa
 
Ceratonia siliqua
 
Ghloroxylon sxvfernla
 
Colophorpermum nopane
 
Cornbre gum ghsatlnse -

C glutinosunr
Commiphora spp, 

C aricana 
Cordeauxiaeduli 
Cupressus arizonica 
Cybistax donnell.snithii 
Dalbergia nisoo 
Diospyrot spp. 
Dodonaca viscosa 
Erythrina tenealencs 
Erythrophleum africanumn 
Eucalyptus alba 

E. astringent 
E. bicolor 
E. blakelyi
 
. brockwyi
 

E. calycogona 
E. camaldulensis* 
E. cambageana 
E. citriodora' 
E. crebra 
E.flocktaniae 
E. gardneri 
E.glaucina 
E. gomphoccphala* 
E. gracilis 
E. intertexte 
. nellliodora 

C. 	microthecs
 
. secidrntalitf
 

V 

http:rr'a~ts.ti


E. okwua 
E. pi/ulacis 
E. Platypus 
E. popu/IIea 
E. Pyiforiasubsp.yuscnxjaa 
E. robusta 
E. rudir 

E. salu/rIaP04ti 
E. sosurjkaij 

E tikad 
F. tecticrnisParkia 

. terrodongsa 
E. torquaw 

F 14j"rcnalia* 


b~us1p.

Groffraeo decuorticanr 

CGedirsja trio anilgos 

Ginclina arburc~* 

Grc'cil/ca ptcroiperma 

I/okca leitcopsera 


I.aphy/ln,, 

If. pcrsicm IPupecax 
I/c icrotheca a/caxillaris 
//ypcacc flc1lhoiCa 
/ng0 frYiIIUn 
Isohericii dachi 

/. doka 

da(1ifi


Juglatis fropica 
A'Kredendron ferreum ~ 
Lanrcea corocoande/ica

L. sCcinI/erf 
Lecodendrc~n argentrum, 
Lopmica /anrco/ata 

Lucunta paradoxa 
kwLpinia sabicts 
Afarfua cnrrufolia 
Alela/cuca keucadenciron 
Afe/ia azedaroch 
Mi1'c otcn 
Afonotes kerstingii 

Aou ir
0/ca curopaca 

O/neyo is .010 


clappmeronjana 

Parkinsonja ocisleato 

Inus bruria *Q 


P. canariensjs 

. edulis 
P. eldatra*laei,, 
1. halcpensir* 
P. pinca 

f'tacia /ezngscuscrcraber
PpaesnaSclrrcg/aiy 

P.. terehin:/nus 
PIithlts*hhecllobiumdu/ce,

Inaclan/ma 
Prcipisafricansa 

1Pa/ha, 
P. hlanca 

P caldccnja 


Aciess 
P.croACin craria 
P. farcta *Zizyp/cus 

P. ferox 
PAglandulosoZzafrtao
P.inermis 
P.iu//flora, 
P. nigra 

f alea
P. Pallid.~ 
A. poal'se,,s 
A' SpiChescen 
P.sfp/w4 craw 
. stIanall* 

P. lorquata 

Pimrcus eroic 
P. cc,r eiacu 

Quercus spp.
Q.corcifera,
 

anu
Q.pulcescen 

Retanta rticiai 
')puu,
 

&Sa/adipru persica
 
Skhhnus nmu//
 

~ireS ,,m,, 

Tamarix spp.. 
T. ap/,y//a 
T. ariic-.,o'O 
T. goUn,u
 
K.'nc
 
r a vmir
 
T c. o destic 

Termitna/ia g/aticesc,is.
7T. omcu'oso 

obyssi,,jca 
.ujth* 

. iiiminncu/1oak
 
Z sina-c/,ristj*
 
Z. amga 
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Some-Austral-ian species, other than euaytw 
 t o e tal for
 

fuelwood (and multiple---uAe) in humid tropics, tropical highlands
and the sub-tropical ;:id/tsemi-arid regions. 

Source: Boland and Turnbull (1981) 

1 Humid tropics 
Acacia (Iidacocarpal-

,/,parir sp.A. auriculiforinis + Cardivelia ;ubfi,rjA. bakeri Casurina equisetifeolia+
A. ci,,ciirrala Caisia Spp).+A. crassicaepa Colitumrsonuja barframiaA. hylon:oma cdlii sp.A. "langium,+ Craon spp.Ac'Inea paihii Diosp).ros spp.Agarlris robisra Elaeoca,

1,uo graffdisA ,lan11l11Sspp. Eurosciiu falcauaA lhizia spp. + Afacarans.a taaarius 1
A Iphutonia jpclriei+ 
 At. subderai 
A. '.'li Pilliecc/lobjru,, spp. +
A urnia initeIlerana 
 i'Iciogyi,wa IjrimrejsArgyrodcridrouj spp). Terininalia rericocarfr,

Banksiis detrtata - Tit-ghe"1,o/,amax ,nartarj

B. integrifolia+ T. ekegaits 

Treina oricug/is + 
Vitex spp. 

2. Tropical highlands
Acacia dealbata Diplog/orris australis'A. decurrens Trenta earieIItatj$Flirideriia bourl'oiagaA. rarnrsji Tritarija corifertaGrevillen rohn ginAgaihis spp. T. laterinaG. hilinja 

T. nerilfofiaAtrites m'oggccun,g G. inwi'ailida +*1.oemt 
Aiarula,,ia ipp.'aiioiii, spAip/sifonia exce/so + 

A. perriei sP'
Afalloffsr Panicidarus

Alionia sc/fo/onis+ if. p/iiip/hIsis

Araicoria bidirill/jj 
 At. ricinoirfes
flack/goasa aniiraia Ate/s/coica keicadentiro,,

Co/licofn.. serraiifo/jia 
 Oreoca//is -"'ickiio,,ii+Co//wseirina,,soigfus Orites exceso +
Cal/utris nioc/easana 
 Sericorpia fg/omfi/fera

Cawria connitighiallialrr,+
 
C glauco
 
C toru/nsa
 
Cho ricarpa subaeotea
 

3. Ari/m-irid~calsnlropica I regions~
A caci wiua /lrachic/sts.. si/f.4. bracloystacihya Grevi//ra srjata-*+0. gr'gorii"
A. cambsbei G. piterie/ifoboa

Callitris spp.A. Cyclops 1141kca leticopteraCasiuarina crixearnA. rsI'ophiolsaa-+ /I. suherea-+C. In,hmanii
A. foscicis/ifera Lysip/sy/la,, cossfsifsg/saxiiCodonsocarpis spp.e. - huloserjcea Aleta/citca s'iridifloraDudoniaca vscosoA. p/rctocaIpa Aic/ja azedssraclsErvg/srina , epeiiiA polysroclsy +. Parinari flondsa*Firf-throple.'tin Chl/roviischy.A. s/lryi1 Sy.r)ossim siborbicnfs,,cmf/~Ie~gs's .. ci/csaA. fuisssss 7C5Teria/iai platj.psh s//sGresi/ea js'ss//leh+


A/phlsjogia ecicIr + 

. votci 

A. plsiti/syscnre Teivasnia Isas',rle
T. grossdflssr,Aliui a505hOlinorphyli/ 

A. (5,5 uinci, 

frsit. fodder. +- high Iiiri spccics for 'ced cotllectionandSIiciiig svcrneas. 
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Species for tropical plantations (included in Webb et al. (1979)
 

and to be included in second edition, mid-1983) 

Acacia albida
 
Acacia auriculiformis
 
Acacia cyanophylla
 
Acacia cyclops
 
Acacia decurr~ns
 

Acacia farnesiana
 
Acacia mangium
 
Acacia mearnsii
 

Acacia melanoxylon
 
Acacia nilotica
 
Acacia pendula
 
Acacia salicina
 
Acacia senegal
 
Acacia tortilis
 
A-rocarpus fraxinifolius
 
Agathis dammara
 
Albizia falcataria
 
Albizia lebbek
 
Alnus acuminata
 
Alnus nepalensis
 
Alnus rubra
 
Anacardium occidentale
 

Anthocephalus chinensis
 
Araucaria angustifolia
 
Araucaria cunninghamii
 
Araucaria hunsteinii
 

Aucoumea klaineana
 
Azadirachta indica
 
Bombacopsis quinata
 
Brachychiton populneum
 

Butyrospermum paradoxum
 
Calliandra calothyrsus
 
Callitris glauca
 

Callitris columellaris
 
Campnosperma brevipetiuilata
 
Cariniaria pyriformis
 
Cassia siamea
 
Casuarina decaisneana
 

Casuarina equisetifolia
 
Casuarina glauca
 

Casuarina junghuhniana
 
Cedrela odorata
 
Ceratonia siliqua
 
Chlorophora excelsa
 
Cleistopholis glauca
 

Colophospermum mopane
 
Conocarpus lancifolius
 
Cordia alliodora
 
Cryptomeria japonica
 
Cunninghamia lanceolata
 

Cupressus arizonica
 
Cupressus lusitanica (including C. benthamii)
 

Cupressus macrocarpa
 
Cupressus torulosa
 
I)albergia sissoo
 

Delonix regia
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Elaeagnus -agustifola
 
Eucalyptus botryoides
 
Eucalyptus brockwayi

Eucalyptus camaldulensis 
(Northern Provenances)
Eucalyptus camaldulensis (Southern Provenances)

Eucalyptus citriodora
 
Eucalyptus cladocalyx
 
Eucalyptu 
 cloeziana
 
Eucalyptus 
crebra (Inland Provenances)

Eucalyptus dalrympleana
 
Eucalyptus deglupta
 
Eucalyptus delegatensis
 
Eucalyptus fastigata
 
Eucalyptus globulus

Eucalyptus globulus subsp. maidenii
 
.Eucalyptus gomphucephala
 
Eucalyptus grandis
 
Eucalyptus 
intercexta
 
Eucalyptus largiflorens
 
Eucalyptus maculata
 
Eucalyptus melliodora
 
Eucalyptus microcorys
 
Eucalyptus microtheca
 
Eucalyptu 
ritens
 
Eucalyptus obliqua
 
Eucalyptus occidencalis
 
Eucalyptus paniculata
 
Eucalyptus pellita
 
Eucalyptus propinqua
 
Eucalyptus regnans
 
Eucalyptus resinifera
 
Eucalyptus robusta
 
Eucalyptus sc. 
johnii
 
Eucalyptus saligna
 
Eucalyptus salmonophloia
 
Eucalyptus sargentii

Eucalyptus sideroxylon (Inland Victoria Provenances)
Eucalyptus tereticornis 
(Queensland and New Guinea Provenances)

Eucalyptus torelliana
 
Eucalyptus urophylla
 
Eucalyptus viminalis
 
Euphorbia tirucalli
 
Ficus benghalensis
 
Gleditsia triacanthos
 
Cliricidja sepium
 
Omelina arborea
 
Grevillea robusta
 
Haloxylon aphyllum
 
Sa1Ca.r-a nda rco apa 
Jacaranda mimosifolia
 
Khaya senegalensis
 
Leucaena leucocephala (Hlawaiian type)
Leucaena leucocephala (Salvador type)

Liquidambar styraciflua
 
Maesopsis eminii
 
14laleuca leucadendron 
flusanga cecropioides 
Nauclea diderrichii
 



325 

Ochroma pyramidale
 
Octomeles sumatrana
 
Parkia biglobosa
 
Parkinsonia aculeata
 
Paulownia tomentosa
 
Peltophorum pterocarpum
 
Pericopsis elata
 
Pinus ayacahuite
 
Pinus brutia
 
Pinus canariensis
 
Pinus caribaea var. bahamensis
 
Pinus caribaea var. caribaea
 
Pinus caribaea var. hondurensis
 
Pinus chiapensis
 
Pinus elliottii var. elliottii
 
Erinus greggii
 
Pinus halepensis
 
Pinus kesiya
 
Pinus merkusiana (Continental Provenances)
 
Pinus merkusji (Island Provenances)
 
Pinus michoacana
 
Pinus montezumae
 
Pinus occidentalis
 
Pinus oocarpa
 
Pinus palustris
 
Pinus patula ,ubsp.-pOJ
 
Pinus patula var. tecumumanii
 
Pinus pinaster (Portuguese Provenances'
 
Pinus pinea
 
Pinus ponderosa var. arizonica
 
Pinus pseudostrobus
 
Pinus radiata
 
Pinus roxburghii
 
Pinus taeda
 
Populus deltoides var. deltoides
 
Prosopis chilensis
 
Prosopis cineraria
 
Prosopis juliflora
 
Prosopis tamarugo
 
Robinia pseudoacacia
 
Roseodendron donnell-smithii
 
Salix babylonica var. sacramenta
 
Samanea saman
 
Schitius molle
 
Schizolobium parahybum
 
Sesbania grandiflora
 
Simmondsia chineusis
 
Swietenia macrophylla
 
Tabebuia rosea
 
Tamarix aphylla
 
Taxodium distichum
 
Tectona grandis 
Terminalia brassii 
Terminalia calamansanai
 
Terminalia ivorensis 
Terminalia superba
 
Toona ciliato var. australis
 
Triplochiton scleroxylon
 
Zizyphus spina-christi
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Trees and bamboos for integrated landuse systems in Malawi
 

(Source: Personal communication, I.D. Edwards, Forestry Research
 
Institute of Malawi)
 

Acacia 

A. albida 

A. polycantha 

Acrocarpus fraxinifolius 

Adina microcephala 

Afzelia quanzensis 

Albizia 

A. amara 

A. glaberrima 

A. gummifera 

A. lebbekk 

A. versicolor 

Amblygonocarpus andongonsis 

Azadirachta indica 

Bambusa vulgaris 

Bauhinia petersiana 

Bauhinia thonnigii 

Borassus aethiopum 

Brachystegia 

B. floribunda 

Burkea africana 

Caesalpinia decapetala 

Cassia siamea 

Cassia spectabilis 

Cinchona sp. 

Colophospermum mopane 

Combretum 

C. imberbe
 
C. ternifolium
 
Cordyla africana
 
Cupressus lusitanica
 
Dalbergia sissoo
 
Diplorhynchus condylocarpon
 
Entada abyssinica
 
Erythrina abyssinica
 
Eucalyptus spp.
 
Euphorbia turicalli 
Gliricidia sepium
 
Cmelina arborea 
Grevillea robusta
 
Ilardwickia binata
 
IHyphaene Spp.
 

Idermitis
 
Julbernardia paniculate.
 
Kigelia africana
 
Kirkia acuminata
 
Leucaena leucocephala
 
LonchocarPus cappassa
 
Maesopsis eminii
 
Markhamia obtusifolia
 
Melia azedarach
 
Monotes africanus
 
Morus spp.
 
Oxythenanthera abyssinica
 
Parinari curatifolia
 
Parkia filicoidea
 
Pericopsis angolensis
 
Pinus spp.
 
Pseudolachnostylis mapronueifolia
 
Pterocarpus angolensis
 
Pterocarpus rotundifolius
 
Sclerocarya caffra
 
Solanum aculeastrum
 
Strychnos innocua
 
Strychnos spinosa
 
Terminalia sericea
 
Toona ciliata
 
Uapaca kirkiana
 
Ziziphus mauritiana
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East Pokot agricultural project: tree planting summary 1978-1982
 

(Personal communication, E. Barrow)ZI
 

Species Conments Species CommentsA. 

°Acacia albida* Zizyphus mauritiana* 1,3,6
 
*Acacia tortilis* 2,3,4 Zizyphus mucronata
 
'Acacia senegal* 2,3,6 Ceiba pentandra

Acacia cyanophylla 1,3,4 'Balanites aegyptiaca* 2,3,4,5
 
Acacia halosericea** 1,3,4 °Balanaites orbicularis
 
Acacia aneura 2,3,4 Leucaena leucocephala K8* 1,4,5
 
Acacia salicana 2,3,4 'Adansonia digitata 1,3,4
 

'Acacia eliator* 2,3,5 Ceratonia siliqua 2,3
 
Acacia victoria Bauhinea purpurea
 

'°Acacia mellifera* 2,3,6 °Tamarindus indica* 2,3,4
 
Eucalyptus camaldulensis 1,3,5 Erythrina rotunda
 
Eucaluptus citriodora °Salvadora perssa

Eucalyptus microtheca 1,5 Atriplex nummularia 1,3,4
 
Eucalyptus wandoo Atriplex halimus
 
Eucalyptus astringens Simmondsia chinesis
 
Eucalyptus torquata 
 Casuarina equisetifolia 1,5
 
Eucalyptus fernestina Schinus molle
 
Eucalayptus torquata Stylosanthes scabra
 
woodwardii Conocarpus lancifolius
 

Prosopis cineraria Moringa stenopecla
 
Prosopis juliflora °Delonix elata*
 
(Baobab Farm, Mombasa) 1,3,4,5 0Diospyros scabra
 
Prosopis juliflora Bombax spp
 
(Israel,Ben Gurion) 1,3,4,5 Guava
 

Prosopis chilensis* 1,3,4,5 Cashew
 
Prosopis pallida 1,3,4,5 Mango, Orange, Pawpaw
 
Cassia sturtii* 2,3,4
 
Cassia siamea* 1,3,7
 
Cassia spectabilis
 
Parkinsonia aculeta 1,3,7
 
Azadirachta indica
 

o = indigenous * = lots of seed available ** = some seed available. 

Z1 E. Barrow, East Pokot Agricultural Project, Kositei, Nginyang, P.O. 
Marigat, Nakum, Kenya. 

2 No comment = not worth comTenting on! 

Comments Code
 

I..... Fast growing
 
2..... Slow growing
 
3..... Drought resistant
 
4..... Fodder
 
5..... Timber and fuel
 
6.....Live fencing
 
7..... Shade
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List of Indigenous Species for Kenya
 

(Source: Owino, 1983)
 

LEGUMiINOSAE
 

Acacia albida 

Dalbergia melanoxylon
 

Acacia abyssinica 

Dalbergia microcarpa
 

Acacia adenocalyx 

Erythrina abyssinica
 

'Acacia brevispica 

Erythrina burtii
 

Acacia clavigera 

Erythrina excelsa
 

Acacit etbaica 

Indigofera arrecta
 

Acacia lahai 

Lonchocarpus bussei
 

Acacia mellifera 

Milletia dura
 

Acacia nilotica 

Milletia usambarensis
 

Acacia polyacantha 

Mundulea sericea
 

Acacia recifiens 

Ormocorpum kirkii
 

Acacia senegal 

Sesbania sesban
 

Acacia seyal 

Tephrosia elata
 

Acacia tortilis 

Tamarindus indica
 

Acacia xanthophloea 

Trachylobium verrucosum
 

Albizia anthelmintica 

Julbernara magnistipulata
 

Albizia coriaria 
 Erythrophleum guineense
 
Albizia grandibracteata 
 Cynometra webberi
 
Albizia gummifera 


Delonix elata
 
Albizia zygia 


Cassia petersiana
 
Enteda abyssinica 


Brachystegia spiciformis
 
Mimosa pigra 


Bauhinia tomentosa
 
Newtonia buchanani 
 Afzelia quanzensis
 
Newtonia paucijuga 
 Acacia gerrardii
 
Parkia filicoidea 


Acacia kirkii
 
Adenocarpus mannii 
 Crotelaria laburnifolia
 
Cordyla africana 


Piliostigma thonningii
 
Craibia brownii
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MULTI-PURPOSE SPECIES
 

Adansonia digitata Cordia milleni
 

Anacardium occidentale Euphorbia tirucelli
 

Balanites aegyptiaca Ficus sycomorus
 

Borassus aethiopium Markhamia hildebrandtii
 

Casuarina equisetifolia Markhamia platycalyx
 

Chlorophora excelsa Markhamia zanzibarica
 

Chrysophyllum albidum Morinfa oleiflera
 

Commiphora africana Terminalia catappa
 

Conmiphora trothae Trema guineensis
 

Cordia abyssinica
 



Seed available from National Academy of Sciences for 


pe ie s c On N ae Supplier 
 Number 


Field Crops
 

al. Amaranthus 
 Grain 
 Rodale Remearch
cruentu_s R104
Amlranth 
 Center 


. Anarant.us 
 Crain thodal 
 Research 
 R103 


h chndrI cu sa Amaranth Center

3. Phaseolus 
 Tepary Bean 
 Mals for Millions 


acutifollus
 
4. Psophocarpua 
 Winged Bean 
 University of Florida 
 Tpt-l 

ttragonolobua 


5. Tyieem. )eoram Been 
 Southwest Texas State 

esculeniwea 


University 


6. Zea maya 

University of 
Florida 


Trees and Shrubs
 

7. Acacia llbida 
 Apple-rlng 
 IZRA/CHRF, Senegal 
 82/59B 


Acacia 


N
New Accesaions
 

Sahel trials
 

Origin 


Mexico 


Mexico 


Sells, KrIcon& 

Kalahari desert 


Southern Arizona 


Nayobe region, Senegal 


Co eents
 

Mexican grain-type amaranth.
Me i a 
 r i my e a a a t . High-protein
grain, protein-rich leaves; fast growing,
 

daylength neutral.
 
Mercado grain-type amaranth. 
 High-protein
 

grain, protein-rich leavesi fast growing.
 

Drought-tolerant crop. 

Edible ...do, pod., leaves, and rootsi 
edible seed oil, livestock feedlrelatively 

high water requirements.
 
Edible tuber and seeds, oil, brouse; drought
 
tolerant.
 

Currently out of stock.
 

Coce Into leaf at 
the end of the rainy season
 
and reains green during the dry season. Soil
 

conservation, liveetock feed, tannin, easily

carved wood.
 

C 

http:Anarant.us
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8. A. aneura ulga CSIR,'AustralLa 12791 New South Wale.s, Currently out of stock. 

19. A. berlandleri Huajillo Texas Department 

of Health 

Australia 

McMullen County, Texas browse, honey production, fuel. 

10. 

11. 

A. ca-bagel 

A. farneelana 

Gidgee 

Sweet Acacia 

CSIRO, Australia 

CSIRO, Australia 

12485 

11147 

Queensland, Australia 

New South Wales, 

Currently out of stock 

Wood for fuel and posts, tannin, gum for ",Sking 

12. A. liulata Umbrella Bush CSIRO, Australia 13425 

Australia 

Northern Territory, 

Australia 

mucilage, fodder, living fences. 

Currently out of stock. 

13. A. linarLoldes CSIRO, Aust-%lia 11506 Western Australia Soil conservation. 

14. A. nilotica 

Var. edaneonli 

Egyptian Thorn ISRA/CHRF, Senegal 81/443 BodLa area, Senegal Fuel, construction, fodder, tannin, gum. 

15. 

16. 

17. 

18. 

A. nilotIca 
var. tomientosa 

A. raddisna 

A. sallcina 

A.senegal 

Umbrella Thorn 

Cooba 

Gum Arabic 

ISRA/CHF4., Senegal 

ISRA/CHRF, Senegal 

CSIRO, Australia 

ISRA/4RF, Senegal 

02/597 

82/599 

13379 

82/593 

Hayobe region, Senegal 

hayobe region, Senegal 

Western Australia 

Northern Ferlo, Senegal 

Fuel, living fences and windbreaks, fodder 
tannin, gum. 

Fuel, construction, fodder, sand control. 

Fuel, soil conservation. 

Fuel, construction, gum &rabic, fodder, 

19. 

20. 

21. 

A . tumLda 

A. victorLaa 

Adansonia 

Prickly Wattle 

Baobab 

CSIRO, Australia 

CSIRO, Australia 

ISRA/CHRF, Senegal 

11496 

13271 

82/603 

Western Australia 

Queensland, Australia 

bandia, Senegal 

soil conservation, edible seeds. 

Currently out of stock. 

Currently out of stock. 

Food, bark used to make mats and paper. 

22. Anogelssus 

feiocarpus 

ISRA/C0RF, Senegal 82/571 8oulel, Senegal rence posts, construction and wood-working, 

ashes, yield potash. 



--

23. Argani spino.s Argan Tree Forest Service, Morocco 77307 Tamanar, Morocco Oll, construction, charcoal, fruit and foliage 

24. Atripl-

canescens 

Four-Win9 

Saltbush 

Texas Tech University Western, Texas 

eaten by cattle and goats. 

Browse, ground cover. 

25. A. numuari. Old-an 

Saltbush 

western Australia 

Dept. of Agriculture 

Acc 

WA-/1981 

Western Australia Browse, ground cover. 

26. Balanites 
aegyptlsca 

Desert Date ZSRA/CuRr, Senegal 02/602 Louga region, Senegal Construction, edible fruit, browse; emulsion 
fro the fruit is lethal to the snails which 

are intermediary hosts of schistoscalasia and 
to the water flea that carries the Cuinea

27. Centrobe= ap. Centro CSIRm A'%stzalia 65967 Progreso, Equador 

worm disease, is used to 

Currently out of stock. 

poison fish. 

28. C. brasilisnu= CSIRO, Australia 55696 Petrolina, Brazil Browee shrub. 

29. C. pascuorum CSIRO, Australia 55697 Petrolina, Brazil Browse shrub. 

30. Conocarpus Damas Baobab ram, Kenya Mombasa, Kenya Constructln, charcoal, fodder. 
lancifolius 

31. Cordeauxia edulis Ye-eb Baobab Farm, Kenya Mo.basa, Kenya Currently out of tock. 

32. Desmanthus CSIRO, Australia 65947 Salinas, Equadnr Currently out of stock. 
virqatus 

33. Eucialytus Dundas Mahogany CSIRO, Australia 12266 Western Australia Sawlogs, posts, firewood. 
brockuayi 

34. E. camaldulensis River Red Gun CSIRO, Australia 12184 Northern Territory, Coppices well, posts, poles, piles, fuel, honey 
Australia production. 

35. E. camaldulensis River Red Gun CSIRO, Australia 12346 Western Australia Same as above. 

36. E. camaldulensls River Red Gum CSIRO, Australia 13476 Queensland, Australia Same as above. 
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37. E. intertexta Inland Red Box CSIRO, Australia 11736 Ne. South Ws.a, 
Australia 

Fuel, shelterbalts. 

38. E. melanophlol Silver-Leaved 
Itonbark 

CSIRO, Australia 13156 Queensland, Australia Fuel, honey protquction. 

39. E. milcrotheca Flooded Box CSIRO, Australia 12046 Queensland, Australls iel, pLis and posts, conaervation. 

40. C. microtheca Flooded Box CSZRO, Australia 13360 western Australia Sane a above. 

41. E. occidentalis flat-Topped Yate CSIRO, Australia 9806 Western Australia ruelwood, ti.ber, shade. 

42. E. oleosa 

var. oleosa 

Narrow-Leaved 

Ciant Mallee 

CSIRO, Australia 12310 South Australia Construction, fuel, essentlial oil, honey. 

43. E. teruinalis CSIRO, Australia 11966 Queensland, Australia rLulood, honey. 

44. C. tessellaris Carbeen CSIRO, Australia 12967 Queensland, Australia Fuelwood, horey production. 

45. E. torouata Coral-rlowersd CSIRO, Australia

Cu . 
10106 Western Australia r 

Ornamental plantlngs, honey production. 

46. Ceoffroea 

decorticana 

SACOR, CHILt BE-7463 Iailean coastal desert KtJltiple use. 

47. •Leucaena 

leucocephala 

Leucaena University of Ilaail K6 Currently out of stock. 

48 L. leucocephala Leucaena. University of Hawaii XB Zacatecas, Mexico Tueliood, forage, construction, soil 

-Loprovecent. 

9 L. leucocephala Leucaena -Un verlLy of Hawaii X30 Merlda, Mexico uelwood, forage, soil conservation. 

50 L. leucocehala 

51. L. leucocepnsla 

Leucaens 

taucaena 

University of lKiaL 

University of lawaii 

X67 

K500 

Santa Cruz Porillo. 

Salvador 

Australia 

Same as above. 

'Cunninghsa 
m 

forage cultivar. 

52. Macropttli , 
atropurpureun 

Siratro CSIRQ, Australia 85002 Cabo San Lucas, Mexico Currently out of stock. 

53. t. atropurpureirn Siratro CSIRO, Australia Siratro Browse shrub. 



62 

-5 

54. 


55. 


56. 


57. 


55. 


59. 


60. 


61. 


63. 


6'. 


65. 


66. 


67. 

65. 


69. 


M. stiI 


H. iartil 


Mitrayna -Iner=is 

Parkinsonia 

sculeata
 

Phaseolua 
iliformia 

Prosopis ap. 


Prosopid ap. 

africans 


. slb.s 


P. aiba 

P. Alba 


elandulosa 


. ianduloss 


P. elandulosS 


var. Flandulosa
 

L. rlanduloaa 

var. glandulosa 


p. jlilor, 


Horse-Bean Tree 


Algarrobo Blanco 


Algarrobo Blanco 


Aigarrobo Blanco 


Honey Mesquite 


Honey Mesquite 


Honey Mesquite 


Honey Mesquite 


Mesquite 


CSIRO, Australia 


CSIRO, Australia 


ISLA/CNRF, Senegal 


ISRA/CHRF, Senegal 


CSIRO, Australia 


University of California, PC 004 

Riverside
 

University of California, PC 005 

Riverside
 

ISLA/CNR.F. Senegal 106 

Texas A&l University 0166 

Texas A&I University 0388 

University of California. JO 053 

Riverside
 

University of Arizon.a 


University of Arizona 


University of California 


Texas Department of 

Health 


ISRA/CHRP, Senegal 


49780 


55783 


82/604 


80/258 


85005 


A 


B 

PC 032 


79/194 


Bahis. Brazil 

Petrolina, Brazil 

Bandia, Senegal 


Bandia. Senegal 


La Par, Mexico 


Keur-Kactar, Senegal 


Argentina (7) 


Argentina (7) 


Argentina 


Yuma, Arizona 


Yuma. Arizona 

Santa Ana. Mexico 


Southern Texas 


Browse shrub.
 

Currently out of stock.
 

Firewood, medicine, fish baskets.
 

Futl, erosion control, fodder.
 

Currently out of stock.
 

Currently out of stock.
 

Currently oIt of stock.
 

Charcoal, tannin, construction
 

Fuel. timber, fodder, food, amenity planting.
 

Same as above.
 

Currently out of stock.
 

Currently out of stock.
 

Currently out of stock.
 

Currently out of stock.
 

Browse, food for human consumption. fuel.
 

posts, honey production.
 

Fuel.ood. construction, fodder, food for
 

human consumption, gum, honey.
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ilyrcias 	 utnPiccntilsusrd Local fate&ilbua. ercndnacea Local*un
 
Sbfnea~ra Penang, Singaporc Botanlc t-audrns
-Buloh du Penang. Sclangor (Krpong).Pahang (Pcian)b a Buloh sloh bukih(I ff~rceeiren 	 Krdah. Alor Star. SingaporePiciet lences. garden stakes. illiscs. Buloh pagar Originally from Japan and Chinabasets, ornamental and hodec plants 

Buloh tilan/mlnyakt Perak. N. Senmbilan. Melaka, 
h...t.o..rhy 

Johorc.
 

foru pcring/pngat Singapore
-. nagiro- Kedah. Pcea 1100 sit)


Buloh pcrindu 
 Pahang. Camcron Ililhland. Selangor. 
anroniaao Ulu Srmangkok 

Ap jo- Prnang Hill.Krdah
 
uit ottii--
 Buloh padi Pahang. Fraser lill 

Buloh starA. jpinoj Building purposrs. baskets, mats. hats a 
Pahang. Singaporc 

-SnFntrnoiar .-
t 	 Originally from Chinai'clgo/ Furniture, paper, pulp.shoots. 
 Buloh minyak aso/ All ovcerMalaysia


landscaping a.bSuteri 	 aro/hotinglpan
- Buloh sumpitanDr-ndrorolaou sopr Laminted trays. plywood, 	

Pcrak-Gunong Ins (1|.00-2000 m)venc .brigct, Buloh bcling Cullinarcl for shoots all ocr; Peninsular races. water vessels, racks, tablet, chairs. Malaysis 
cacs. fish traps. Shoots b..
0).ah'ieon 

-D. 	iegiet Kedah (Baling I ill). Langkai
 
- Kedah.
1D.gixntleus 	 Pulau Langkawi. Penang-

n. Airieluj 	 Buloh blong Originally rom Burma 
- Buloh kapur0. pndo~ua Bather mating 	

Johore. Perk (laiping), Kedah. Kelanran 
-0. jui-uo 	 Perak, Sclangot, N. Sembilan - Buloh atlr Perak. N.Sembilan. Trengganu. Pahang.- Orign lly (t m India Dnoihloo sanreden Rope making b Buloh 
 Prdk
Gico.tor/hlo. sp. 	 ikg

Structures b
 
C. isi rn-

-AA.	 Sclangor (Scrdang). Singapore Botanic Gardens.. I-
C. oifoh. --	 Penang. SingaporeBuloh pahitC. Ieiit 	 Kedah. Perak. Pahang-
C. It.oo 	 Buloh bisa Selangor. Melaka. Johore.Singapore- Buloh likus/bilalsi Perlis. Kedah. Perak. Pahang. Selangor. 

OflmQKcIAntan
C.irtdr s In 

-tar. irida Sclangor (Serdang) 

n,r - Johorc; Koti Tinygi 


-
 FRI. Kcpongear. ,dti 
- Psovince Wcllctlc%. Singapore Botanic Gardens 

Iluloh aemantn. Kcdah.lingn. lerak. Slangor. N. Smbilan.sclur;rayah, Pa.aaof Kclantan. Pahang 
n-

Iulltn bei Kedah. Pahang. Provinc Wellesley. Pcrak. 
Schr:ojathlum Handicralts Buloh padifakar Selangor N. SembilanJohorc. Selangor Melaka 

3~~~~0oiiru4 r Buloh nipisllcmang/ 	 " Kedah. Penang. Perak. Pahang Johore 

padiluratlrusaI 

gre plangBuloh rapcnlakar Johorc: Selat Tcberau.Kota Tinggi. Segama(. 

Sg. Scdili; Melaka: lukit Tungal. Air PanasSelangor: Sungai Lobe Pahang: KuAla 

.. .ransd 	 Beea.PekanRims for large baskets b Buloh scmcling/ 
 Kedh: Grib: Pcrak: Cameron Highland;
scmcnych Pahang: Kuala Lipis.S. roe 	 Kclanun. Selangor 

. joruoon Wind instruments handicrafts 3 Buloh sumpitan/ PolInt Lsngjkaui. KedAb,Prosang,JohorecHPahang. Selangor. M ela . Johore. Singapore. 
Si.Iongirpictorun 	 tcmiang/lkcrap Perak

rikus 


- In all statesexcept Pe lis.Kedah. P. Pin ng. 
m/no/s 	 - Trengganu. ProcinceEstate.WelnIreySg. Kcnan-. Kedah: InchonoS. :0//iifer Handicrafts, basketls,traps,hats, wenen 

-o 


ware s 
 Butch telne/pelang P~rabra f ts. flo ors, w alls, parliti ons , ripi /d i ndi n/ka ap/ . Selungor. N.Sembilan. PahsngJohnre
cooking vessels A tttait/iallemanglaur 

Kiang Tao and Lin Wci-Chin (196).

b Holitum. RE. (166)
 

Spncins of bamboos and their usesin Indonesia. Table 8fn.2
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Table 8n.3 

' Consumption (%) of bamboos in the Asia-Pacific Region by end-usc and
breakdown or the uses by species (country codes in the brcakdown arc India, In:

a 

Bangladesh. lia: Burma. Bu: Philippines. Ph: Indonesia, Ind;Thailand. Th; Japan, Ja: 
Taiwan. Tai; Korea, Ko). 

Pulp 
Construction Rural Packag- manu- Other.Country fHousing Others uses in, facture uses 

Bangladesh 50 10 20 5 10 5 
Burma 33 32 32 5 - I 
India 16 16 30 7 17 14 
Japan 24 7 18 7 4 41 
Pitllippines 80 - 15 2 - 3
TIlailand 33 20 6 - 8 33 

Walling of nalive hut, Constructlions 
Bathuva nilda (Bit, Bit,Ind) Bainhusa po/.rnrpha (In, BFa.Bu. Ind. 
B/.piornrpha (Bit) Th)
B. hhieana (Ph) 8. haloa (In)
B. atra(Ind) B. tedda (In, Ba. Blu. Ind)

Dendrocalamisaslier (Ind) B. arundinaca (In. Ba. Ind. "h)

Giganitochloa nigrociliata(Ind) B. nutans (In. Bu. Th)
 
Afelocanna haccifera (Ba) 
 B. khasiana (In)
 
Neohou:eoua (Iti/loa(Bu. Ba) B. vulgarls (In. 
 Ba, Ph. Ind)

Sinohamiutsa e'/gats (In) 
 B. burinanica (Ba)
Schi:ons-achygum Iinaipao (Ph) B. pallida (Bu)

7rrsostacgys siawngsis (Ph) f. hh/nneana (Ph, In)
 
T.oiveri (Th) 8.agra (Ind)
I.ante slaves CephalostachiYum pergracie (In, Ba. Bu)
flagmbusa bhtimeana (Ph) Dendrocalantus menibranaceus (In, Ba. 
Dendrocalantus sirictus(In. Bu) Bu)
 
Ochlandra travancorica (Its) D. hamiltonii(In. Ba, Th, Bu)

0. scriptori-a (In) D. giganicus (In, Ba. Ind. Bu)

Schiz-osiadct.run lima (Ind) D. /ongispathus (In, Ba, Th)

771tr.rostac-hissiamensis (Th) D.striclus
(In. Bu)
T. oliveri (Th) D. calosiachyus (Bul
Thatching and roofing 0. tnerrilliantus(Ph) -

Bangursa artui,,tacea (In. Ba. Bu. Ind) 0. asper (Ind)

B. It/l/a (In, Ba. Bu) Gigantochloa nigrociliata (In. Ind)11.vulgaris (Lid) G. verticillata(Blu.Ind) 
B. b/hmeana (Phi) G. levis(Ph) 
R. flovip/mrplta (in. Bu, Ba) Alelocanna hcacifert (In. Ba. Bu)

Denndroalamu .ltrictus (In. Ind) Neohouzeoua htilla Bu)
(In,1).hmngifpathut (Hla.Blu) Oxi-ltenantheranigra 'iliata(Ba, Hito 
D. inemhranacegi, Sihi:istal-/rui htntaniao (PIt)

1).hrandisi 
 S. braeh/* claut (hid)
I). hatpiiltgnii S. ina (End)
Gigantorlhh/a atter(Ind) Teiostarhj-rum hethlomei (In) 
Chimnohanhia (In)1fh'ata 7lrrsostachvs oliveri 
Afehnganna hate-fera (Ba. Bu) Phrltotactlls sp. (Ja. Tai. Ko)
N'enhoetu:eathilona Biu) Walking sticks(Ba. 
Oxr t'h'nanthera / rtnt/idnariaartnti. (Ii)mnttodlelpla (In) 
Sc/ti;,ttagh'imni hratrraitnhim(Ind) Dtttrttahatt.e striigu.s (In. Bu)
Tea esates Ox-tenanthera nigrrwiliata(1ta. flu) 
INetti/nsga '-/ itmtliot'tttnrphuit (in) Phrllostachys inantni 

(conittht.i/) 
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Table 8n.3 continued
 

Basket making Mals
Arundinaria interieilia (In) A rundinariaintertnedia (In)Banibujanutans (in, flu) Bainbusa nutans (In. Bu)B. pallida (In. Th) B. feres Bu)(In,B. khasiana (In) 8. gulda (in, Ba, Bu. Ind. Tb). arundinacea (In. u. Ind, Th) ft. pallia (In. Ra. Th)B. 1l1da (Ba, Bu, Ind, Th) B. arundinacea(In,Ba. Bu. Ind, T)R. vulgaris(Ba. u, Ph. hid) B. blurneana (Ph, In)B. vi/lu/osa (flu) Cephahiitach.|'sm pergracile(In, Ba, flu)B. flexuosa (Th) Dendrocaluanus stri'tus(in)R. po/yinorpha (Ba, Ind, 7h) D.hamihunji (In. Ila.Bu, Th)A. bhuneana (Ph. Id) D. nerrillianti (Ph)Chinuonubanhusafah'ata (In) D. nembranaceus (Th)Cephalostachyumn pergrac.:e (Ba. Ru) D. brandisi (Th)Dendrocalamus haminui i (In, Bu) Dinochloa distans (Bu)D. Iingispathiis(In. Ila, Bu,Th) Gigantochl/oa levis (Ph)
D.stricus (In, Bu) G. otter (Ind)
D. gigantets (In. Ila,Ind) G. mac'rostacria (flu)
D. oierrillianus
(pih) G. opus (Ind)
D. asper (Ind, lh) hIdocalauis i'iglttialia (hi)Dinorhllou 'OMIaliformr (flu) Afelocanna bac'ifera (Ba)Gigantuchloa nigrociliata(In, Bu) Pseudostachyun polI'iwrp/hI,,, (Blu)G. inacrustachya (Bu) Schizostachyurn lumanpao (ph)Indoealanis svigltiania (In) Teinostachyum hiloa (in, Bu)Afelocanna bacciera (Ba, Bu) Thyrsostacly' siamensis (Th)Neohouzeoua he//eri (in) Water and milk vessels (Chunga);N. dulloa (Bu) water buckets; cups; containersOxytenantilera ritchiei (In) Bambusa pallida (In, Ba)0. nigrociliuta (Ba, Ru) . B. tulda (Ba, Bu)

0. montostigma (Ru) B. blumeana (Ph)Pseudoslactoun,polynorphunm (Bu) Dendrocalarnussikkinens/s (In)Schizostachio': eliffisuln (Ph) D. gigonteus (In. Ba, Bu. Ind, Th)S. lumainpao (Ph)
7 D.hookeri (In, Bu)ianinoca/ails spajhiflora (In) D. brandisi (Bu)Teinostachyum hlefee, (Bu) D.asper (Ind)7:grifithii (Blu) .D. harnihonii(h
 
Phyllostaclhssp. (Ja, Ko. Tai) Giganoch/oalevis (Ph)
 
Loading vessels G. asper (Ph)Neohou:euua dulloa (In) Melocanna baccifera (Ia. Bu)

Teinostacylitin dulloa 
 |ledgesBows and arrows Bambusa riana (In, Ba, Bu, Th)Batlti/gsaflex-i.ia (Th) B. vularis (Ba, Ind)B. arundinaceu (In) B. balcoo (Ba, Ind) 
Celhaho.tach al/it fati t (In) B. arundinacea (flu)C pergracile Cephalostahrll rinpergracile (flu)Dendeoc'alaus.tricfui fin) Cephalostachtuin burmitanicunt (Bu)
Schlzost.hacirn rogersii(Bu) 
 Dendroralaius giganteus(In. Ba, u, End,

S. lima (Ind) ThB 
Cooking utensils Tbh 
Batbasa arunlinacea (Ind, Ba. Bu, Th) Gigartoc/i/oa attfee (lnd)G.nigrociliata (Ind)B. blinneana (P) OxI'tenantheranigrociliata ([Ba)Cepah 1.li pei-radi- (In. Da, flu. Thmrsstah 'ssiagnensiS
Th) Fuel(Gigantouhla uter (Ind) All bamboos and rhizomes of bamboos 
Neohou:eouo f/ullan
Sehiostadhi, :0/lingeri. (in Ba. u, nd)ntl 

http:flex-i.ia
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Table 8n.3 continued 

Seed food Tool handles
hikt,/,,,,uri -a..a Ha. Flu) ainhu.ra huIneana (Ph,

(In. 

CtliaahJjvanu,/,1iw' pirgrri. (In, 


Th)
la Bu) 8. fle.ritsa (Th) 

irmtrul'alaiusstriv'ti (In) fl. poll'morpha (ia.niim-hl(u €.(,Il1pCtlfor(flu) flu, Ind)a Dendro'almti.asper
 
7
elmehhuma /''iferti (la. iu) 
 D. .rrivi., (In. Th)T i'rno t .i/ ' 'ivri(la, flu) D. merrillialu, (Ph)Furniture 

Ocitlatilra traviancorica(In)HeIhulsl i us/ota ( a. fill) Teitnovxach/ttim griff/rilti ([la.I. Cluusceu'e,. (Itl) 7
7
iirsosaclrIs"riaenvit ('Th) 

Bu) 

"ii/u'lmri (U. hd)I). surtu~uditsj, Solid variclies (Ind). (t'h) Fnn
I)i'uh0o/'ahiml/i tiricitr (In. Ha. flu) FencIng0). in,'shremaceux (Th)t). braiiii ( hrdlm'alamtus "'kiethms~ (in. Bla. Blu. Ind.l)

1). latifI /isi Ph. Ih)
All bamhoos (In. I'h, fla. Ilu, Ind. Th, Ja.I). hm lij alltri (ril Ko, Ta ) 

I. as.pr (lh) Flooksh pIpesGgtomoelhaaier (Ind) Cuiusohisa [u/unto (in)
G. uipiss (Ind) Phiyllo/sach is redan (ulu),/feloc'atiai ac'€ifera (Ha. Hu) Tiaimicalaus .pa/li.qlra (In)Srhi:ontach.sru -dfjfus.tsn (Ph) T arsitlus 
Thvrosachis suia n.is (Ind. Th) Teino.itoc/h'm gr/(ItthiiAll thick-walled specics (Ph. Ind) Fishing rodsPhllo /u's sp (.la. Ko, Tai) Aritndinaria amtahilis (In)Agricultural implements iambusaglatwe.frens (Ind)famllu ta vidgaris ([ia. flu. Ind. Ph) AI.atra (Ind)i. hah'oa (la, Hu. Ind) Chimoohambusajalcata(In)/1. lhim.ai (Ph. Th) C. khasianta (In)it..le.ris.a (Th) C. itiferniedia (In)De rocalams trhtus (In. flu. Th) Dtndroalamiu.siritu (In)D. sierrilliiuts, (Ph) Schio.tarl/t.svi zolliigeri (Ind)
I). a per ('fh) 
 S. hlusiei (Ind)Och"/tlu(ra travarworica(In)Thlt'r.fovach'j-l. slam(ens.ix (Th) S. lima (Ph)T (Th) . ,hveri no0 rvorttr.t' sialk,l w{ Th. Ind)T. ol si',ri(Thi 

All thinner varictics (In. [Ia. flu) Plui'lloslhrs tiigra (Ja)Fodder 
Shoots (or food,hursmul/arin rus'emssa (In) /iaiija u/la (in. Ha,Ilu. Ph, Ind)Lhissi ssivnslsi~h / ota (In) 1. artilidhinaea (In. Ba. flu. Ind)Cr'plallsac'hir i m /rgracile (in) R?.ttatia (ti)Jmhu/io,slmts str'iclu (In) B. wilgaris (flu.U) vik'[illilivit(. (in) Ph. Ind)

A1 blitmeanta (I'h)
Lcavcs ofall hamhoos (Ha. flu. Ind) fl. glatiremens (Ind)1:umiatfor tiller; raft.% Denroralo isi /,ami (la flu)ihla5ii/,1i1a lirillii)i.iai (In, fIlu. Th) D. fat/ijhru. (Tai)I. hhu/tsa.la (I'h, Ind) D. gisofittisr (In. Ind)/)s'idretisca/s hm j/amihimli flu) D. /ongiipoulhs (Ha)(in. 

D). thmtii~tl l D. flagqell!'[er ( flu )
D. h~t~tD. merrilliamits (11hi

D. sr/r (In() 1. asler (Intl. Th)I). 5ius'ti/,rsstsri'5,tu ( Eh) Dtishlihs wanis/,ns (Inil)O(husmra teriptisrj (lIi)a Gigaitimi'hdoi iii,i'rssiliaa (Ind)Afs'hi-ssu,,im /'u't(ra (I1,,. Ilu) G. I;suufarliami (Ind)t. (. slssiffifiss ([hi) (. srtis'ilhut0 (il. I,Vs~slou,,,. (/i/hi Ill, ) l ) 
5 5 (G,/evis (Ph) As"lfim.sIi ) 

http:hhu/tsa.la
http:slam(ens.ix
http:ainhu.ra


Table 8a.3 continued
 

G aur (Id) 

G Uh. iit,, lra"li) It 

P Ihi Ia , 
 I i4,l it I .u//a . '/'i:1,.vt ,.II .., .! , h, I /I /u (I od)
' 1,/1. ., (I 

!" :,/,',, i .r, h)j, 

o ..........
7-/11 t1- t ~+ z ., ,,'11t 

All lBa~ hnM.. l~ lt(I)lu,
(artrral ulih.rGm!/aiiihiihi, 

lla.thl= tl d, ,u 'a (111. Ila. flu)
8 / u ,lu (13 h1 

R 1p a t h ,!i ( li t!)
/1 . , (IhI'll) 

PI il'/'ti, (1 1,) 


('1l / ..l . .tI ..I'pv'yrtZ I.*,-
C "b w m a v t .H.'l..t ...
 

I) , , i II
1) /ha-lh....I jjj 


1) , a /- , u /i t, . ( li hl 


ttiIi l/a sp ( hIh)
GIKU'llmillou 1i' . ( hi'l 

G. Uilpir (Ph) 
A'l/itotii~riiii
i'tl/u
All (tron(:hal, T.lh. Ja, Ko, Tail
P oon 'lin gl[ o h 

O* I'iialt to ir l/ (Io)

Solid varilic (Ill:, flu) 

tP/lh lai lit' 'I y (Ja)
,I 


S cricullurAltr indutwr.
silk" ir - trap'for 

lJum/u.iu urimihititifu(lit) 

D*'l tit, lu jiiiioItit(In)cII-rtvilll i i t il (ifIij1i)i'tnt )

All bairo t, (if;l lid) 

Chicksifor door.%and "irjo~ s 

t1)ll, uIltu i , ihll (111 flu, hid. Th)B. I/1, t , l IN,./lit: . Il)

i hi..*i It Ii d I 

1 vo,l o rt (Il d )Dl, ' m . ,uo , , .lum 

D. I I h 
A. /llti ti uiiii , (ii I )mhrun.Mvhrnt/tu l /t/ttdb''(- I"I 

'oI lm:vmw (fr ,. t/tZ I/, lhtlrtll' ... tl/ttt 
S : . )lgll fl ~ld 

] lrr. , j',.....~ [h 


/ oivi/ ri I it / r )i
All hanimP'ipes, )(, I ,,. It) 

./l'~~u,,t hwu (fll)
Tr'lo ta, him 'V,,k /11ll1th(11n, It.,) 

Iiay ,lack slbilitirs 
lJaithr iillg'uro (Ha. 
/a.. (1J'. flu)
AI hhiont-na (I'h)
 
Dellhlr cilultuo .Aril'tt (11)
 

All barnLfois can hc used (Ind) 
orlieullural pur,,uil,. 

l rultitu(,- (It,. [it,) 
pollIiirpia Ii./1 I~hmr, (l)
 

1hhm"'um (PI'l
 

D e mIt/lf- ala m .I j tim tm ( lIt) 
f em ,ahi'u h a i / ra Ili a . fl u )

All hanboo (Intd. 'Ii) 
Other trolnig sp-clcs ('h) 

loo;C-lr(c 4in~ c'(fro1, 
[],tlIIMiu w ll, va I IIIl ' tllI/ l / ) 

A ll b a r iit, 
Cladiecs
 
l wn hi~ m t/e u (
 

Scaffolding
lt.JIIIIIUJO attzntlinareu (In) 

Dii/tf 'ula/',,,ij vtritlli0 (I n)
Curl yokes 
All large-sized, hard and solid bamboos
( 11n) 

Ladders 
Ban h .o arwoilina iea (inl

D lt/Imaluoum itri'tu, (in)
 
Musical inslruments (fules; nirrbnh ; 

horns; clarinets; fligeoles; sauoptione"; 
piccolos; drums; etc.) 

up.sn 
Aruniinariamitka "oirte.,'i (Ph)
 
Dendrocilamrfstril'ts (11i
. Th)
 
D). /hIgiait h (Tfl
 
G irantoi'hhn alterI ( d)
 
SIi:/iuia
Si'll l r . a i ed /iit ri ' iiu ( l dii
 
S she laInd )
A ll sm a ll-s i .,ed b a m b o o s ( P hl) 

Conmmi ,crs, I sfor cleaning gra/i 

A ll bait boo., (lin)
rotection during grain potunding 

Srt111,e o f'imarimnli tcairtA ll large-siled blatlnb)Uo (111) 
C a rl sh c d s; roo [%
 
Ba,, I'hlealla (11h)
;m bhow 

i/tlitr . iiit'tr/,mto' i/uint (f1r )All hamboo, (Ili)Stake%, for folrc.ts 

7T oln'v (Th~l) 
A llI hamboos. (In) A'.1 ti111 ,) 

http:folrc.ts
http:lJum/u.iu
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Table 8--.3 continued
 

('.tm-(I Oinj. 


lIl /m hII'm I/i//li/
(1lu) 

Secd drifk 

Ih'.dIV,+ah1('I 


( 11n i/ /adinkler ro(i lcne it, 

f lmihma arimlifflca ill) 
Iihinil8111111111ti plfciw tIl i (11a Ito Ind)

r. r 'll",stpens; trips/ 

*:~,ial,,aI('
II r, (Ilnid)(IlIiuiuiA 

I / ,tl la i /i ' l n). 

'Ifiii \CIIt. vh)n,
Ct fl//i/i//ia 
Me iit if...hih i'u,/ti/r m( a. But 
iiiniis . Imi t sfieail.(iifoiis ehiiiu)t~,,"hl,/t/h"'+II1,1.
fill) 

m t mtt (Ind) 


ii"10iI otl h)s 

UIalira ( d) 
.


/ Iii +Mtt (ill 


/I totI'0I1.,i/lahilli ) (tlimii) 
(if/1M)0)iii11hl,, 1 ,41 ~/ra1, It 

't11rlmtol ttt(tro(Ind. Ila. fill. In, h 
It wla (PhI) 

/ t.h' ar.,i 


I odl, .rt( (Ind)
I ,r , t ( 111d ) 


(C ot1,0 rari h (fn)
ep l ,hrtimIlerg 


01,1111/r"( tltITt qi\C'zttjlf 

t t h+; m t 
V.116h1i 1111.111hr r ithttm([illJ) 

l v't re a ( I n tl ) 
/ uchc 


.S.:Wl.tieri (Ind) 

/h~tt~ lt tict 1,01'sor ...' tnl'T 

C u l" I %f :lh,;fi(rri gafio n ) 

1h ([I )111lilea llatt; 

Chmnbig speciesof b.amwo's (Phf) 

0Id't/ a,,tamtmhmt~ir/,tjj (Iho)
tt 

6( aw,,ttt lt+~h th'wtll ~'(B[U) 
(; ',,, ,lh) 

( rl j,c 


I ura,¢,, ,r (I ' 

/]+t~/til~lit tff tt (fill)l 


+, /11 tttPI fp.t'a ;,,,it rldlnti (fill) 

Inn~er li-er (of colm shicilh3%cherootf 

, r.Iper 


,, h
tIt/...... ..it'(111u) 


IL'Izitcd
Ohtoc 


Uhnlbrtelh
handles
 

"h"IM a.,,,thugI ifera (Ila. lit:) 

vI' mu,, -utir (Ila,m go 717tl/Iii Ito) 

litrtt~~zth~r
wu~t~ti (Ih) 
Alhu"IhI . al 
VIcohtltin~ e m (1111" 

Al"0..".7..... 

I ) CII/t ++t+ ,'if), ,+s( i )C"I.rf-

th ac¢. d1r"'gi 

I,<,, 1i~ + (I\l)
,,,,. 


l'll!/,I ]l' 0 IN1~t 


fha mlo ,
 

IJoints forcookig [tlinmt,urice 
CiNs/ia/aii tii Iirrtti/. I lii)C/1ra1,r11lli+. lI1wgl i il) 

Bridgcs
 

B. vul..arit
(Ph)
 
A a,"lllilac'¢a
rloal Plying rods(Ph) 

iace ,Iie u/smet Ph fi'/i Ind),,iclla.i. 

ii iliatrcj (PItI) 
/i/ii ia (i. iti) 

icksh w hood,
lltiv~il'i h1i1iiiiuir11iiiiit aifi,t (Ila)Peit stick%; 

71tSii ala/atitwwth wr (Il 
' i e cy rs 

tte'i(ldrrs
 
It. (fill
All farge-,.iledhaunhnom
 

F"lu"*
 
]tthtt I~l~ttlt Il
 
IIlat i'we.o h 

fl. glti'" OI (Pill 

1121s 
a v ilhusa tm 'a a(l ) 
1. t'tku3rit([I)
 

Barre¢ls for goyJ cantlOlnS 

11,210h11a hi ealta ( 11 h)lttm 

Gieay'llchloa levis (Ph) 

S'ledgei (trampolrl) 
[111111/HTirblumealttt (Ph)
 
De 'mlruca laniu s.m errlla t (11hi
 

lfan d ic r fts
 
AIhnbliso hhl'mca'a (Illh. Ind)
 
R. Wttl11,arif
 
Denttlrmalawmtltiilwr ( Ind 1
 
O It 11chh0w41ctmt (Intl) 

111ol~ltft
vcrtil/tt
' , ,II 

G. t¢ 

V, lillv01/0'm,(o l.........


S .N o.. 4- (Ind) 

All b.llilmns(Ih 

S;prayer%
 
Iftl/hm,, I'ltl ltail(11it)
 

lo 11111llCf 

I"indch treatmtentt(l )
 

flah itauvittviuriv
(Ind)
 
Ladderrs
 
iaiby (nl
 

/satric+ tttl 'tv(Ind)
t'l 


ffOre%fli olllof t hle ar %katitml"-il
 
flhm ared,%;%htller[tell%; 

indjrcw,k, 
A ll m$ ,
 



Allor stItion of riler ainks, and %oil contrilio, are.s, %l elirr bell, and nind belts
 
allbamrboos.
 

Agricultural implements : ?aibusa balcooo, Bainbusn vu/,aris, Dendrocalamus striclus'
 
Ochlandra travancorica,all thinner varieties.
 

Btamboo hats :Baibusa bluneana, Bambusa vulgaris.
 

Basket mAking :Arundinaria internedic. Bamnbusa arundinacca.Bambusa nutans, Banibusa pallida.
 

Blarnbusa killsiana, flainbusa tuh/a. Banibusa vulgaris, Bambusa polyomorpha. Chirnonobambusa
 

falcata, Dendrocalamus giganteus, Dendrocalainus longispatus, Dendrocaloanus hamiltonii,
 
De idroclamusstrictus, Gigaotochloa nigrociliata, Indlcalainus i'gIhiana, Neahauzeoua heiferS,
 
Oxytena'rthera ritchevi, T/,ainocalannusspathiflora.
 

Boat plying rod :Bainbusa glaucesceus and Barabusa polynorpha.
 

Bows and arrows : Blambusa arundinacca, Cephalostachyum capi'tatum,'Cephalostach),un pergracile,
 
Dendrocalurnussitrictus. 

En 

Bridges : Banibusa arundinaca, lRainbusa 'uqaris. M 

Cart containers and roof All bamboos. o
 

Cart yokes :All large sized hard and solid bamboos.
 

Chicks for doors and Aindows :Rambusa arundinacea, Dendrocalonusstrictus.
 
0 

Combs :Oxy'enant/sera bourdillot:ii. 0 

Containers for cleaning grains :All bamboos. . 

Containers to curry mips :Oxytenanthera bourdillonii. 1-4:3 

Constructions : Barnbusa polyinorpha, lahnbusa balcooa, Blambusa tulda, Bambusa arundinacea W. 

Banbusa nutans, /Bambuja khasiana, Bainbusa rulgaris, Bambusa blumenana, Cephalostahyurn C 

capitaimn, Cephalostach'mzo pergracile, Dendrocalarnus tcnbranaccs, Dendrocalan 
hamilionii. Dendrocalarnus giganicus. Dendrocalanum /ongispathus, Dcndrocaolamus strictus, Cn 

Gigantoch/oa nigrociliata, Melocanna baccifera, Neohouzeaua dullooo, Oxtenanthera stocksii, 

Tcinostachyuin bed/oniei, T/i)'rososlachys oliverii. 

Containers to administer medicine to Bulls and animals :Bamnbusa arundinocea. 

Country tiles :Baibusa arutlinaeca. < 

Cooking utensils : Bin~usi aru tdiaacea. Cephalostachyin pergracile. 

Cradles :Bambusa arundinoce,, Dendrocalarnus strictus.
 

Cremation & Co]ins : Ramnbusa arundinacea,Dendrocalamus strictus and all bamboos.
 

Fenci ag : ls.Lcalamnus wigi tiasus, O xytcnonthera ninodelpho, Ox)tcnanthera ritchevi and all 
bamboos.
 

Fishing rods : Aru,;dinaria amo/bilis. Cl/inonobambuso falcora, Chiimonobambusa khasiana,
 
Chsin nwobainbusa intcrrnedir. Dendracalanus strictus.
 

Fluiing timber andt rafing: Baibusa arundinacea, Dendrocalynusham/ihnii. Ochlondro
 

seriptoria. 

Flooring : IBanbusa p.Jlvmurpha. 

Fodder : Arunidiaaria racemngsa, Chinobambusa densifolia, Cephlostachyuin copitatum, 

Cep.'alastach,umpergracile. Dendrocalamus Dendrocolamus strictus,sikkiniensis, Ochlondro 
travancorica, Barn5usa arundinocca and leaves of all bamboos. 

For Jaundice : Basbusa vulgaris. 

Fuel :All bamboos and rhizomc of bamboos. 

Furniture: Bambosa aru!inacea, Batbuso glaucesceus, Bainbusa tulda, Bainbusa vulgaris, all 
thick walled species. 

General utility: Brnbusa aruidinacca, Bambusa tulda. Cephalostach)um buritanicum, 
Cepha/ustuch)u'n pcrgracile.Detsdroca/h, ais hamiltonii, Dendrocalainus hookeri, Dendrocloantus 
Strictus, all bamboos which arc strong 

II in dicraigt : LBuarl:.,ha /la.nI:v Ca r/ aris. 

led ges : rn/u s,: i,.,::, / rb ca/maui j:'ssntes.r. 

l I':faIlcatih'/anJcalafunu.s aristatus, 


/1hairs5oca (,do :ilhylor-

I Iokahl pipes : latilusa , Teino.siachpir griflithii, 

it,I 

I lorticultural pursuits 'i/.sh st Uadmnacra. Ds'ns/ro ca/amus .rirtts, all bamboos and other 
S11oog Specie'. 



;|c Sts c Jriltitlr0CJl/aInj i/ricris.i 'Oi,iltr,, irr r' Oicltlldret rT34,.2... iriiti . 2 
Ite h Its vIDndrocaL/,m slricius. Oc/ilait,/Ira iCC ,
 

ILoading iessels : IeolII:ea a :1,alo a.
 
. lit :. rat, odjneirt
i'Uertcilia, .- rutdinajciarace,, )s"l. llambusa artmlditicea,'lambusa blumeana,ltipbusanutaats. Baimbusa pallida. lamnbusa teres. baitnt/b'si tulda, Cephalosachyum pergracile,)enlJrocalantmus haltolitn, Dendrocalantis strictis, itdocalalius Ivightiana. Neohiouzeaua,hloo, Ochlundri scriptor'ca, Ochlandra travtancarica, OxYtenanthera nigrociliata,


cinostacyuridulhwta.
 
latch boxes and splints : Ocllandra Iravaitcorica.
 

,"luical instruments: (Flutes, niariba, 
 liorris, clarionts, flagcrlcts, saxophones, piccolcs,
drums, etc.) : 4rundittariaspp.. Denidrocalamusstrictus, all small sized bamboos.
 
Ornamental purposes 
: [tambusa vulNaris Cep talostchytt pert,'racile. Dendrocalanus giganteus,l'ltyll..st,tchvs a:urea. Oxry'tttrn r,j nonaCelplta. "1thvrsosrachyssiantitsis. 
I'andals for shade : .ll bamboos. 

'arn trays : Neohau:eta u//toa.
 
Paper and Pulp :-An idea 
about the changes in thc utilisation pattern of bamboo in the
 

pro luctoai o' paper and paper board can 
be had from Table I. 

"laWe I 
/'r,'lcfijt' ,J*Pa,/per andt Pa'er tloard and Consuiption of the 

Ra .'l[.ierie.ljfrthe Industry 

Yca r of rPaperalProduction& B~oard Namie of the Raw material and its percentage (by weight)uIse In the manufacture
 
ons
1 '000 o Grast a sW aste Agricu I...........1 IHard / Imported
..s ....Paper toamboo 1lodGras l wood 

r___l__ua___ woodl IwoodN 36 .10 29.31 7.27 5.01 0 49.08 0 9.331952 130 12.86 6.30 6.30 0 73.59 0
203 S.23 4.11 4.11 3.29 

0.951'15s 
74.13 1.15 4.98],)70 758 9.75 4.87 7.31 2.43 56.09 19.51 0.041975 959 9.83 4.09 6.55 2.45 47.54 29.54 0.001980 2001 6.42 3.66 6.42 2.75 29.35 51.37(c-;t atel) 0.03 

Source Pant, M.M.. 1977 'Socio-conomie Returns of Applied Research in the Celluloseand Paper 3ranch of Forest Research Institute'. 

Thu country's paper industry mainly depends upon Dendrocalamus strictus andatr:tw/inacea l .e mills ambtusaill tie northIiinly use the former species while those in the cast andthe ;outh us,-' both. Hambusa nutans, Iattbusa tih, Dendrocalatnus hamiltonii and:,7cj'era are sonie ,felocantnaof (lte other bamboo .specics with limited uses. Presently, nearly 3 million
 
tonS If batboo; aye used 
a1inually by tihe paper industry with possibilities of a substawuial rise
i ihe ititake i1 econtoiitically available.
 

Other suitable species are :-Veotai:eamj dtilloa. Ochlandra brandisii,rccec(c'ii. Oclandra Ochlandra
script ra. Ochl/amra selera. Ochlandra iwightii. Oxry'lenaitteranigrociliata.
la tbra rte.tlitiacca, Ia mltbija itattits, [o/tbtsa plymOrpha, Bloitbusa tit/da, Dendrocalamursa1rper, Dendroca/hnits brandisii. Denduracahttus htmilionii. Dent/rocalants long'ispathus.Dendrocalnzus ienthrantceits, Tlyrsostachys oiveri. T/tyrostachys siamra as. 

Pea sticks : lltannocalhintusspithiflora. 
Pipes : /lantbtusa artii/ietaceat. De/racalao, it ilti,,itii and "lTinostacht.umgrijbitlii. 
P'olotu Ilets : 1tantb s,1 I inleana ([Ilisal portion of CuIt ). 
l'rotection ,,hilt ilt tin grai, : la n/toa ,rt 1,htcC,t and all big sized bamboos. 
1, tt/11ig pi,tles: C)tj-,it /t.r,t vit sit. () t vi'.t timl/: ra ridlteti, solid varicties. 

t 
l Or ,;'c)lti '1iecje'. 

It,1,,Iin of hoats 

Ilir.slt it, lot t,dl ',t,.., lt itis. 
,,,.:r :... ,,,.t.!..,,: ,t,,,. 

•l ,i ag[ : It t , ., , . :0 , ,et: ' ' . . ' ,: , , , . . . . , , , ,f r,,,lr t i w t w mt im s ~ 
\ 

http:lTinostacht.um


Seed drills :Dendrocalatnusstrictits. 

Scricultural Industry :Trays for rearing silk worms :Bambusa arundinacea, Dendrocalainus 
strictus. Thyrsostachys siatnensis. 

Shoots as vegeab!cs and food :Batnbusa arundinacca, Bambusa nana. Biambusa tulda, 
Bambusa vulgaris, De.mlrocalainus gigamteus, Dcndrocalanfus hamnihlonii, Dcadrocalonu. 
longispatiUs, Sinobatnbusa clegans and all large bamboo shoots. 

St.blisbing haystocks :Bambusa blumeana, Bambusa tulla, Barnbuja vulgaris, Dcdroalaamus 
strictis (All bamboos can be used). 

Stakes in Forestry practices :All bamboos. 

Tea estates :Pseudostachymn polynvrphun. 

Thatching and roofing :Bainbusa arundinacea, Bambusa polymorpha. Bambusa tulda, Bawbusa 
vulgcris, Chhinobanbgisa falcata, Dendrocalalus brandisii. Dedricalamus haniltonii, 
Dcndrocalamus longispathus, Deadrocalainus inembranaccus, Gigantochloa art..*OxytCnanthera 
inonodelptha, DeLndrocalamunsstrictus. 

Tool h:odls: Dendrocalainus merrillianus, Dendrocalaruts strictus, OcItlflra ra ancorica 
and all solid varicties. 

Trellis work :Btmbtsa (Irtundinacea, Bamnbusa bl,,i'na and all big siced bamboos. 
Umbrella handles :Ailocanna baccifera. Acohauzeaua dullooa, O.xvtenanthera ritchcvi Oxylenin

thera stocksii, Teinoiachyum griffithii. 

Working sticks :Araidinaria artnata,Dendracalanus strictus, Ociandra travranorica. Oxytenan
them nigrocilhttt. Ox ivciuetilite ritchevi. Phyllotach/.s marni. 

Valling of natic huts : ,rtdttriatraentosa. Bambusa atra, ianibusa polynorpha, Bnmbusa 
tbidt, Gigant c:hho. nigrociliawa. A'eh'Ouze.ar, dulljon, Oxytcinawhera iiraciliata Sitobambusa 
elcgans. 

Vater and milk vessels (lIhunga), iater blckets, cups and containers: Banibusa pallida. Bambusa 
tuldi. De.tulrocalanus asper. Dctdr.calanus igatlcus, Dendrocq/a,,,tshantillo1i,Dcndrocala.
 
mus hokeri, Dcndr.jcalanrus siA''kimnnensis. Gigantochloa aspera, Gigantochlha le'iT. Mclucanna
 
baccifera. 

http:A'eh'Ouze.ar
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Ecological requirements of 
some artificially established browse
 
species 
in North Africa
 

(Source: 6
Le llourou, 1980)
 

Species 
Rainfall 
in mm 

Mean minimum 
t0 of0 January Soils 

in C 

Acacia cyancphylla > 250 > 3 Deep sandy 
ligulata > 150 > 3 " 

" salicin3 > 150 > 3 it 

victoriae 

Artcmisia herba alba 

> 150 

> 150 

> 3 

>-2 

Silty to sandy 

Silt,. Shallow 
Atriple%:, nesccns > 2.0 >-5 Sandy to Silty 

glauc' 

hlinus 

> 150 

> 150 

> I 

> I 

Silty toclayey,salin. 
EC < 30 m=hos 
"" ' -

nuicularia > 200 > I Silty to.clayey 

Brachychyton poptlncum 
Broussonetia papyrifera 

> 300 

> 400 

> 3 
EC < 20 mohrns 
Various 

Various 

Calligonun comosum > 80 >-I Drifting sand 
Cassia sturtii > 150 > 3 Silty7Sandy 
C aluisastralis > 700 > I Various 
Ceratonia silijua 

Chcn'!-od jun airicomuln 

> 300 

> 20,3 

> 3 

> 3 

Silty-sandy "'ocky 

Various 
C,-;orilla glauca > 300 > 2 Silty, Shal-low 
EIeagcus anturstifolia > 300 >-2 Various 
F %r.inus; nxyphylla > 500 > I Various 
Clcidits;hia triacanthos > 1,00 >-5. Various 
Ilalorylon ophyllum > 80 >-I0 Sil-ty-claycy. 

4. 

Hedicago 

paraicuEa 

arborezi 
> 80 

> 300 

>-I0 

> 2 

Sandy 

Silty, Shallow 
orus alba > 350 >-5 Various 

OlMe. curcpaca > 20. > 2 beep sandy 
(l['1ttia ictis ihn ica iner .Iis > 20G > 2 Deep sandy 

fs icazil in > 200 > I 
>' ' >vI I.. It 



Prosopis 	juliflora 


Vitis 	 berlandieri 


riparia 


rupestris 


vinifera 


From the above table it 


of some 35 species, one 


'200 2 Sandy 

>200 -5 Various 

>200 -5 " 

>400 -5 " 

,200 -5 " 

is obvious that %ith the available plant material,
 

can meet most of the ecological conditions
 

prevailing in northern Africa, except in the desert where rainfall does
 

not reach the 100 mark.
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MASTERLIST OF WOODY SPECIES UNDER CONSIDERATION
 

AS NITROGEN-FIXING TREES
 

(J. Ia I!iday. ar d '.L. IhL iao.
 

F'repari2d for LIE] Iagi o !,or'l:shop, Documenlt 11)
 

1. The I\IFr Ma-.-tLrlitst incILude-s" 

-- 7,? pecic s 

- a L I o.,rjd v>', ?-: s of the !euime fami J even though 

confcircin,rat ion t-.ha t they individual 1v nocdil ate and f i 
(1 tr'o4?E fla;: he 1 aqct.:c; 

hp'i:
- - aII ocS I cift a l I citlnr I3 er,a in which a has 

b En :r3ii f rimiotl to nod te qr: fi : n i trolen 

,r. rc),r, I arler data base rain. ' ,L i t: tztrac:t.o.d 

atui~lod Lb iHr,,1 i ,i , : i 1ia1 IT' '-L. . Trri 


imp I ,I . a oc-M:rI LtILn5 a cir( nt-r.I ci..wiac Qelr :.a ton of: L .cl
 

s.. i uL,' n 'I..c l:, L cr-o.rmbl ot:i af fi ni L Les. both
5 (:I F L -. 

I i i Le , L d . .i/.CJr' i c iL:'pt t:t d ata jac;u alscu ctL.,i.I j ilie 

CIiz ' rC it L ir{,t.r-v2 Ltbatan tia that a 1isted
tht t oscc: IC 


jJe ci c}cc c ,.: 01 tIm!.c ricsi It:: Ii t r cijrulne . 

[I-l il t er I :-C iS1.. actual !,,'the t.i.rst section of a more
 

availahe directlv fFrom NiFTAL (P.0. Bo:
c:mplete pLUIblication
0, F',,ia . H,-.w aii 3."' , SA 

19U2. The symbiotic aFFinities of(fat Iil,!J..*and F'.L. Na!:ao. 


,.ood', speciescrlder considoration as nitrogen-fi::ing
 

tr'?(?t2. Uni. er:iitv of Ha1aii NiFTAL Pro ject. 85 pages. 
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ojcaa a;y~snca Acacia cyanophylli isaligna) Acacia holosericea 
Ac-cia acinacea Acacia cyclops Acacia hoaaloghylla 
Acacia icuminata Acacia divyi Acacia horrida 
Acacia adenocaly: Acacia deZbata Aca-ia horridula 
Acacia adunca Acacia deaaai Acacia huegeliji 
Aca:za aiita Acacia deanei Acacia instia 
Acacia albidi Acacia decora Acacia jonesii 
Acacia anceps Acacia decurrens Acacia juniperina 
Acacia aneura Acacia diptera Acacia karoo 
A:acia irabica (nilntica} Acacia doratn:ylon Acacia kauaiensis 
Acacia arenaria Acacia drunondii Acacia kerpeana 
Acacia armata Atacia ehenberqtana Acacia irl:ii 
Acaca ronA Acacia Elat; Acacia koa 
s:a a spera Acacia eremophiia Acacia kOua 

Z:-c!3i :c.~ :mj; er~ctfoilis Acaci; kraussiana 
A:a~uc u:&:ocJrpa 4Aecia erznaca Acacia ltilolia 
A:acia auriculirornis Acacia erubescens Acacia leptoneur' 
AcaI at leN.ana Acacza e;:raphiolata ACacia Ieccophloea 
Ar , ',erPndiri 4cacia ercel Ar :ia linearis 

ca1 3 be-tria.a Aacau I ten a A:;:;J I~neata 
A3:133tidra ta - v~ye ia!s cc i n.:u;aa 
ac :isra *;rrvi n :-a i4er! 

hA:t'Ier.sais .qaZId ia~vd1ccaledrt 
Acac i borIaea Acaciz tIstua Acacia Itnata 
HcaCII brachybotrya Acac:; fIavi Acacia macrantha 
Acacia brjchystachya Acacia ilechi Acacia sacrathyrsa 
Acacia burl:ei Acacia fle:uosa Ac;cia ingium 
Acacia tuzifolia Acacia licribunds Acacia acarnsii 
Acca byoneana gcacia galpin I Acacia celanoxylon 
cacia caffra Acacia qe1sto;des Acacia zellei 

Acc;a ci c'foi1 Acacia qerginue Acacia sellilr-a 
Aca.ia calcina Acaci; qiraffae Acacia aicrcbutr)a 
Acacia catbagei Acacia gladiiforais Acacia SolIissiCa 
Acacia cana Acacia laucescens Acacia RolIissia 
Acacia cardiophylla Ac;cia glaucescens Acacia rcoreina 
Acacia catechu Acacia glaucoptera Acacia ayrtifolia 
Acacia cavan Acacia gIcrerosa Acacia nebroanii 
Acacia cavenia kcacia coet:ii Acacia neriifolia 
A:ac:a celastrifolia Acaciagrandiccrnuta Acacia ne:osa 
Acacia ch;iressa Acaia grrit i ca Acacia nicrescens 
Acaciz cograta Acaci; gregii Aa, niggricans 
Acacia co!!etoides Acari haieaides Acacia niletica 
<cacia ccr lanata Acacij harpahtl1 Acia nubaca 
!caia Onusa Aca:i; harvey; AriObliqua 
mcunia constricta Acacia hau!aIa Arara; obscura 
Acacia cramsicarpa Arcm a !.cberata Acacia Orloto 
c;cia cultr;fa.as Acacia h-eroensas Auca aswaIdii 

Aca:i UnrinhaIi Aracriheteracan:ta Acacia p;rraeattcnsis 
Acacia cuaressilc'is Aic;l he'ter-PylIa Acacia pence 

s ql
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caca pennita AczcIa triptera Albizij :ia&eruannii 
cac:a pentldenia Acacia tucuaanensis Aldina insignis 
Acacia pentagana Acacia unicifera Aleta izperatricis 
Acac:iaperuirta Acacia urophylla Alnus acuninata 
Acacia podaiyriaefolia Acacia verei Alnus corda~a 
Acacia polyacirtha Acacia verticillata Alnus crispa 
Aracia pravissiaa Acacia vicliriae Alnus firan 
PA)cia proinens Acacia visco Alnus forcosana 
AcicIa pubescens Acacia visite A!nus fructicosa 
AZOcapulhelia Acacia volubilis Alnus glutinosa 

puzila Acacia welwitscii Alaus hirsuta 
6.,c;a y nantha Acacia xanthophlea Alnus incna 
ca ta raddiana Acrocarpus frainifoius Alnus jrullensis 
Acr; reiiciens Adenanthera bicqlor Alnus maritipa 
Acacia reinniana Adenanthera intereedia Anus sollis 
A:jcza re tzicea Adenanther; pavonina Alnus nultinervs 
Acuc; a rhetanodes Afel i africana Alnus nepalensis 
Acdcza richii AI:elia quan:ensis Alnus nitida 
cc! I r:qvas Airyantha borneenuss Alnus orientalis 

rca:;rnhtta Airya-tha schaeinlurtbiz Alnus rubra 
. :a roste!liferl Aiat:ua ;cie A~rus serrulita 
ca:,a rujda Albz;a adanthIfol ? Alnus siuboldiuna 

Icac e sahcina 
'c ca ct ai~na,nthelaintica 

A!bt:za ,ura Alnus sinuat;
Alnus tenuifolia 

i:Acaascheiniurthia 
Aci-:a scorpoides 

AibtUA ;ntuneiana
Aibizl brevafiia 

Alnus tinctoria 
hinus undulta 

ca:ia seneqaI Albiaia carhonaria AInu; viridis 
AC:iA seya! Albi:ia CSirensis Akiygoniocarpus a.dongensis 

cAcai sz r. .s;s Aliuza distachya Akhurana acreana 
AcC~AZsachYer~a Albizia ealenis berana crarensis 

s;t.,Ico!a hibia iliaiaa hlaherstia nnbilis 
Acacie spidiciqera Alba:ia iorbesat Anphiaas ferruganees 
Acecia spathulata Alba:ia glabcrri-ia Anadenarthera colubrina 
Acacia spinescens
Ac;ciasparocarpa 

Alh:aia gueaiera
Aibiaa bareyp 

Anadenanthera pErEgrina
Androclyama glabiforus 

MCdCIJ Usnata Alb;nia ultbrissin Angyiocalyr oligophyllus 
AcAiAi stnnophylla Alb na hatangensis Anqylocaly: zenleri 
Acacia steneptera liha:1alebbel Antheroparus pierrei 
hca:aa strzqa-a Alb!nia !eltekoides Anthanotha nicrophylla 

.C 'A ImnuiaI 
AciIa suvoens 

Ai ::alaphantha 
Abi:ta noIluccana 

Apalorylon zadagoscariensis 
Aphonocalyx cynoaetroides 

Acacia sucerulea Alb;:iaodoratassia Apoplanesia paniculata 
Acacia s'If.uccescens Albiia Vetertiana Aprevalia floribanda 
Acucia sulcata Albania orozera Apuleia praecor 
Acacia swJ:icl Albazia retusa Arthrocarpue gracile 
ACaci a taainensis Albi:a saponaria Arthrosananea pistaciaefolia 
Acacia tennispina Alba:Ia schiaperana Ateleia ptrocarpa 
Acicia tetragonecarpa Alba:a stapuI ta Paikiaa nsignis 
Acacia toaen tosa AIb a4 targanyiceasas Baikiaea plurijua 
Acacia tortilis Albt:ia versicaIor Baphiapsis pareiliera 
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iakljia svranjif(lia eractysteqia wanqertmeanJ CaSSId nodS. 
&Vesti flfrdtundj 
bjira rubiflura 
eiArninta sollyiforsis 
EuLinia acuainati 
6auhinia benthaoiana 
bauhinia bidentata 

trdnd:eia filicilolin 
renoerJ isiqnis 

brannii.tia tinutilolia 
Brongniartia podalyroides 
Brownea aria 
Brosnea capitella 

Cassia stiaej 
Castanospersus OustrJle 
Casuarina cristita (C.lepidophloiaI 
Casuarina cunn~nqh'aijni 
Casuirina equistifalij 
Casuarina fraseriana 

buhinta binata 
Pauhinia blakeana 
bauhinia candicans 
Sauhiria carronni 
auhinia corabosa 

Brownea coccinea 
Prones crawfordii 
Braonea grandiceps 
ronnea latifolia 

Brownuopsis ucayalina 

Cisuarina glauca 
Casuarina grandis 
Casuarin; huEqeliana 
Casuarina junghuhniina (C.montana) 
Cosuarini hittoris 

a-uhiniacuningiana Prya ebonus Casurira euellerj.a 
bauhinia diphylla Burlea africana Casuarina euricata 
Wuhiria ercisa Pussea occidentalis Casuarina nod;iira 
pau0ini. galpinit butea eqqelingii Casuarina obesa 
bsuhin:a 
,zuhiniu 

irki, 
lochiana 

futea Sassaiensis 
Butea monosperma 

Casuarina oloqdon 
Casuirina pusilla 

?auhtnia kunthi;ns Cadia purpurea Casuarina quadrivrais 
rauh:n!a iesranthi 
4Jhzn:a ; ar;ca 

Caesilpinia echinata 
Czesalpinia peltophcroides 

Casuirira strict. 
Casuer!.a suctra.n 

cnuIaiar 
r; r.:nndra 

Carsipiria pulcuerrins 
Caianus cajan 

Casuirz'.atennUis3;; 
C;-urina torulco 

;auJh!n! pau:eat Caliiadra affinis Cstc.4r1;oieptC-Phyllux 
;40ini2 petersiani CaVijrdra calotlhyrsus Cathormian eoniliforne 

uhznzuaPurpure; Calliandra eriuphylla Cedrelinga catenaelorzis 
PeU,Ini rscecosa 
ISuhini; reticulIt; 

Calliandra foliosa 
Calliandra grandiflora 

Cecostiea; sacrephylluz 
Cer.troiobiuo robustun 

? nchinie!.iE.atos; :aliand.a auildinjii Ceonothus.aericanus 
Snhai; cubensis C.iiaandra haeaatocephala Ceonothus azureas 
nlsaI.i6sp;iosa : riiadra hneuatoas Ceonothus cordulatus 
ergeron;a setcea :al!iandra huailis Ceenathus crassifolzus 

Ferlinia acuninata Calliandra insequilatera Ceonothus cuneatus 
Serlinia con1usa Cilliandra parvifolia Ceonothus delilanus 
Serlinia §randiilora Calliandra selli Ceonothus divaricatus 
falusanthus sprciosus Cailiandra surinsceasis Ceongthus diversifolius 
Powdichia virgilioides Calliandra tweedii Ceonothus fendleri 
Eruchystegia allenii Calpocaly: brtvibracteatus Ceonothus foliosus 
Srschysteg;a appendiculata Cacpsiandra anmustifolia Ceonothus fresnensis 
:'achystecia boeh~i" 
?rac steqia qlabErria 

Carpsanqra 
Caupsir.dra 

coaosa 
laurifolia 

Ceonothus 
Cecnothus 

glabra 
Sloriesa 

&rachyste;iaa glaucescens Caraqvna arborescens Ceonothus qreqoii 
'achyste)a rji ii 
-rachystoraa lauentli 

Cara,;na surantiaca 
Caragana irutescen; 

Ceonothus arisee; 
Ceonothus inpressus 

?rchnStrqla eu'ensis Carayana nelinensis Cecrothus incana 
rschysteqia tanga 

?rschystegia iicrophyl la 
?-schysteqia nigsrica 

Cascaronii astragalina 
Cassia fistula 
Cssis grandis 

Ceonathus integerrisus 
[eonothus interiedius 
Conathus jelsonii 

irschyntegaa spicIorais 
rachysteqia utilis 

Cissia javanica 
Cassii leiandra 

:eocothus n;i':nderais 
:eonathus cicrophyllus 
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Cvtsaliqinlhus 
 Cynooetra bauhintlefo111 Oipl.ychandra epu~Ictat,
Ceaa rIs ovatus Cynoaetr4 citilifOra Discaria tausatou
Iej, t h'js p~rvifoflus Cynonetra hankel Distemaninthus benthanianus

C oioth*j~Frostr~'us 
 Cynametra leonensis 
 Dryas druiondij
Cenotthus rigidus 
 Cynoaetra raiillrj 
 Oryis integrifolia
ceanGthus sinquineus Cyna~etra retusa 
 Oryas actopetalia

lecnathuq sorediatans 
 Dalberqia baroni 
 Ouparquetia orcbidacei
 
Ce,)v)t
hus thyrsiflorus 
 Dla
Iberqi a cearensis Dussia discolor

Cccno thjs velutinus D~iber.7ii cochinchinensis Dussia rairtinicensis
Ce atcnia siliqua Dalbergia cubi!quitenci5 Elaeanaus angustllolia
Cerc1lun floriduct Daltergia greyeana 
 Elaecagnus
argentea
I-er ci ;um pruecox Mabergia litifolia 
 Elaeagnus cocnutata

Lrr; u.1hrrvyinui 031bergii a.elanolylon 
 Eliaeiaus !d-11i s
CFis si I quistrui Da!bergi a niqrj Elaeaqnus lonqipes
Ctr;c:jrpus 4etuloides D;!ber.;a ret,use Elaeaqnus eacrophylla


Sasn
ahdLq ea Dilb"'91i 5155CO Laeainui .iultif!T'ra

Chc Prtlupt ste-ens~nii Dalbergi a sprucilna E:4qnjF pungers


IIa~stis plitycirpa 
 Dalberqia stevens ,nt, Elaeennus rhasacides
sin-?nsisCl3'jrjst;s Pilbvq~c!la Pyasae Eiaeunus uibelfataLit rtrop~s brachypetala Maee spiasa Eliqocarpus cyasetraides

L!A.',c 'r'oy!s
sic. ocarpus 1Enielii cqela Elizabetha durissiq; 

CkeI.
I3'riceiosa Oanser: proccra 
 rEndroaEngqlc uibarense
Cr.7tc,'na pe. egrina No. ,,!niaia
laportej i.-Aita Entada abyssinica

C,,r!Eauxii
edulis 
 Delonjx baccal 
 Entada phaseolcides
Ccrdyla africana 
 Deloniz elata 
 Enfida suinica (E. airicanut)Coriaria ingustissima DElonix reqia Enterajobium cyclocarpus
Caraa irborea Denistophy/tuni Qadiqiscariense Enterolobitie schozburgI:iiCortaria interaedia 
 Derris indica 
 Enterolobiua timbouya
Coriaria japonica 
 Oetiriun unnegalense 
 Eperija
falcata


Coriaria kirngiana Oewc~rei bilabiata 
 Eperua jencani
Corivaia lurida 
 Dialius englerinua 
 Eperua purpurea
Coriaria ayrtifalia 
 9ialiui pach)yphyllui Erythrina abyssinica

Coriaria plunosi 
 Dialius zenkeri 
 Erythrina berteroina
 
Coriaria patridoid 
 Dichrostachys cinerea 
 Eyhiacfr
CoiaiaptrioiesDichrostachys gloierata (O.cineral 
 Erythrina cristi-galli
Coriaria sarnentasa 
 Oichrostachys spicata 
 Erythrina (uscd
Coriaria thyuifolia 
 Oicoryna guianensis 
 Erythrina 9lauca
Craath!
baptisirut 
 Dicriecpetalus; stipulaire Erytbrina indi~i

Crii.aa
brEvacaudita 
 Darcvot
iltsont 
 Erytbrina lithosperzi
Craatta qraaidiflora Oacy;be corveibosa 
 Erythrina xonosperr)
C--Lu.;a.qaboncnsis 
 Dideh'1,africana 
 Erythrina orientalis
Crdi4a para':oa 
 Oiaorphar.dra divisa;. Erstrina poeppigiana

Cyc~obi ua brasiltense 
 flina:ii
eucelsa 
 Erythrina s'iberosaCyci' kbiu3 r.ecchii 5:Ptaysafirrbuandi 
 Erythrophleun ifricunu;

ClIacudiscus qabinensis tpthyw~rohaides 
 Erythrophleue avorense
Cfro~:plu.s bironi Diplctrapis pu, purea Erythropaileua suav'eoleisCynocetra alezann:ri OaptEryt odoIrath Etibillia dubiaCy.~oretra anita Dipte.-? 'rtioliaa Eurcpetaluut latesli
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EItyotilu tessiuiii Inoppadenru oudhensis Leucost.2.7aneIatitiUpuIata 

(-s hartia imorphoides Inga ed-;Iis L',eseni a I iatha 
Eys~abirdtia perninsullris 
Eysent~ardtta tezani 
Ferreirea spectabilis 

I090 fEUjIet 
Inga lauria 
Inia cerstediana 

Lzunchocarpus capa'sa 
Lonchocarpus !attioliu-, 
Lonchocarpus *ouctatus 

Fillaeopsis discoph.ra 
Fissicalyx iendleri 
Fordia cauliflora 
Gagn~ebina tacarjscina 

Inqa patvrna 
Ingavera 
Inccarpus edulis 
Inslja acuajoiba 

Lonchocarpus utulis 
Lonchocirpus violaceus 
Lysidice rhodostegia 
Lysilona urituA 

Selista sp. 
Gnif-rce decc-rticans 
6eoflroei spinosa 
6GjbertjodErr, deconstrans 
61J'-to~cdron lianel 

Instia bakedi 
Ir.sti.bijuua 
Jnsti.1 paleebtnica 
!n~tia pi'irijuge 
instia relusa 

Lysiloma bahmvnsis 
11silm ivaricata 
Lysilaa Iatiiiqua 
Lysiloaa tharriberi 
Iha;cIiaamurensis 

C'; crphides Jsmeiascefeaiaickha chineasis 

Nieditsi2 japonica 
Siedi 'si3 sinern3is 

s:'ti:.scc,Iin;a aroatensis 
Isoberlinia d~liaeii 
lsober!inia doa 

Nlackia (loribunda' 
flchaerius robinifoljun 
facbaprjua schomburgkii 

51,', ts:i tr!-canthos 
5hrlc~.,a 

Iso~eriinia torentosa 
I~t~rpsct2aro~c'ium leptcrr?,ic 

facroberlinja bracteosa 
fl3CrG-Ji3 coriun;5 

*)ac~u~s.'bria'uz~iu~cu;ta czamia r.,elie, 

LIdniui ioetida 
Ju~ciIJbrr.a,d ia g bi ,1r 
Julber;.ardie h.-hreutineri 

P.a.-.iItoa gr andifIra 
Maailtoa s'hefiera 

E;-We~oenlroa balsanjferun 
5o'irI a decorticins 

Juibuucrdi2 r.49nitip-flata 
Julbernardi4 p~nicul. a 

flrmaroxeylcn racerosu; 
lartiodendron excelsua 

6-uiburi CO!2 sperna Ju!'Ernae-ia eoretii Mleanorylon brauna 
Guibaurflla coriupat4 
guibourti3 'demeusN* 

Julbernada uni jugata 
Kfappia ce!EbIc3 

iichelsonia aicrophylla 
ficroberlinia brazzavillenmis 

Guibr.rti a schl ienj i Kingiodendron lterni-ioliuc fllbraediodendron excelsum 
1n~a~udoc fingiodendcGn PinnItu.I Milettia du bia 

eImtcO.i2n br ciletto 
Han: "oqlcn ceaprchianuc 

VocapatEia excelsa 
rooripassia maliccnis 

.4i~ettia qrandis 
hillettia laurentii 

fipborofsia sonophyIla 
HarJ.ickia binata 

Laburnun alpinuq 
Laburnum anagyroides 

flullettiariubiginosa 
flullettiastuhiaannii 

Hardpickia pinnata 
Far-j)-'ce cubensis 

Laburnum I ratense 
Lebruniodendron lepthan't.ui 

hflilettiathonningii 
flullettiausaratensis 

?.vbntiqia rubense 
HSperolaburnua platycarpu4 

Leccintea aeazor.4ca 
Lennea rGbinicides 

Niams bracaitinga 
Miiaosascabrella 

Heerothanus littoralij Leonardoza africana fluaosateniflora 
HeeGteoivosaides 

Hppph'n rhainoides 
Lcucaea callinsii 
Leucaena diversifoli 

fiozyganthus carinatus 
rcoldenhauera floribunda 

Holo~atyx baansae 
tuc~oldtia laurilolla 
Hylode.,dro: gibunc.,c' 

-

1euLcmna esculenta 
Leucacna iinceolota 
Leucarnai Ieucocephaia 

fonopetalanlhus pturidophyllus 
Ionopteryx angustifolia 
fonoschista leptostachyr. 

Hyr~nana canfer-ti flora Leucaena ticrophyllA Mloraexcflsa 
.- icraea courbarilI eucapinapuirerulenta Mloragonggrijpii 
flycnolobiug excelsur Leucaena retusa iluelierifruttcscens 
Hynenolotiun nitidur Leucan shannoni tiunduleasericea 
Hfmenostvqia floribunda Leucaena trichodes flyricaadenophora 
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Urolinensis 

.nyr i i ceriferi 
Myrici gale 

M-tr i c a jjvjntca 
A-iricipensylvanica 

lync; piluliferi 

P09scens 

.1yrica rubra 
Myrici s2pida 

Myrici serriti 

fdst!q!4tus 

jr?- rpus frindosus 

;rutescen-, 

Mvr 31 balsa.1-is 

Mkrrcdon pereira? 

Pirl-ia clappertoniina 
Par P.i a filicoidca 

Part-.i i javinici 
Pirkii ruburliii 
Parkia speciosa 

jrkij tiaoriana 

Parkinsoda aculeata 

Par[insonia africina 
Feileg-riniodendron diphyllum 
FcIt3(.,-.nE catingue 

Mtqy'ne dpnsiflor4 
? i 

Peitophorvil adnitut 

P?:tophvruri d3syrrhachts 
Pf!to:f.cru.i pterocarpu4 

PEItophcrun vcq21 :;..ut 

at Yfi sc Iud di aor P.43,1d, u A 
NatymisciU4 pi.inatu2 

Plitysiscium trinitatii 
Plitymiscium Llei 
Platypodiu.1 ?Ieq3f,.s 
Plat)-sep2lif Yanhouttei 

Phtyspalua Yioli-eus 

PlatySepalum violouttei 
Podopetallji ortandii 

P ecilantbe effvs 

Pceppiqia rocera 
Pocacyte entadoide-

FolvEteconanthus dinklaqei 
Ponq'itiapinnata 

Frioria copiifera 

Prosopis ai*riCdft3 

Seo,- e, i ?rj4erdron stepi.ji, 
PeataclOre 
Pentm;e'N'3 

eet,-e!de;na 
;Icroloa 

Prosapis albi 
Proscpis articula,; 

"!d3laiciri nsis r ficjpsis 2'aciells; 
Prozwls ChHensis 
Fr s, )is ciseraria 

4;Ide5rjnd'ij 

qr ac i I ;s 

Notas;artiua qla5rescens 
riddmoJendron ricrinthut 

O!eiocarpon panaliense 

Olnep tesoti 
Ornsis cocco,-,e.j 

nsia f.csei 

ro-135P2, .13 
Ostryoderris q2bunica 

Ostryoderris stuhlrannii 

6-i-veinia ooieinersis 
0, istigal unnii 
O Vihq-.2 flsco 
PgchydaEri tesnannii 

hhudia qfl2dupa 

rjrjc,,pjjs elit., 

Pr;copsis mooniana 

Petaladeniua urcedi(e.uq 

Fhyllocarpus riedelk 

P,'fllocarpus septentrionflis 

Fhylloxyloo xipboclah 

Phylicnylor qlop. ylloldes 
Fictetia Iculeati 

Pillostipa salabarivis 
Piliostipa reticulatL,q 
PiliGstiqr. thanningii 

Pipt3denij excel;3 

Piptadenia Aicruarpa 
Pipti-le-11a pariquayne,.sis 

Piptudeniistrua afr;carutt 
PiscieI3 piscipuli 

Pithecellqbiu4 idinoc Oalum 

Prnopis dOcis 
'Prusnpi s qlandulosi 

Protipis juliflora 

Pros'fjpisurt:eiie 

Prosopis nigra 

Prosopis pallida 

Prosopis ruscifaiii 

Prasopis timarugo 

Prrsopis vel-itini 
I'seueosa.unea guachapele 

Pscrodendron spinosuo 

Rvrocarpus angolosis 

Ptersicarous blancoi 
Rerowpas echinatus 

Pterocar-)us indicus 
Pteracarpus marsupiuA 

Pterocarpus officinalis 

ij!cue juiarensis 
Fit-hEtel!r-bium .boreu., 
pithecello-Nilm caribcboinse 

Nerocarpus podic2rous 
Pterocarpus rotuildifolius 

Plthe(?l lu. Iul cj-jhlI rvf. 10terccarpus saintalulde-, 

Fteroc;rpus sericeus 

P2rivicrolobi-it c"ruluui 
PdraPir.,24emirigida 
Paraspon j aade.scrii 
Nrispaid pj.-vif!.ira 

dL:!Ce 

oh; 1-'k 
plthec?! 3 I um lowj.z 
Pi2qjcsip:-cn Oisciier 

Ptercurpus soy2uxii 

Fter-narpus 
Fteroci.pus vidalijjus 

Pterodoa emarginitus 

Ftercqyne nituns 

*jo-iia r-ijosaParkia africinj 

Parkia biqlandulosa 

Nithyreni4 r ticulit;
Plit)-celyphica c)-;nanthu:! 

NO*gvi;ius rtInd Ii t 

Ppiertiodendron congotanu4 
Ranorinaa girolie 

R2cordoxylon aiazonic-io 
Firkia biqlobosa Plit).Cvjrus UlEi Robinia hispida 
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lotr1 n -e:c4na S',hora 2,IeatusI 1lr-th.cercis zi:beslaCa 

Rob.ra ptt'dvca 1oropi s pal;eri leroJerrj stLIhllannii 
Robini; visco a Spirotruoais ionqifolia lglia eansi; 
Sabine4 flcrida Stachyathyrsus staudtin fylia ghesquierei 
Saloaaala nadagascariensis Stahlia aaritiaa lylia xylocarpa. 
Sanane; pecicellaris Steinbachiella leptoclada Yucaratonia brenningii 
Sananea polycehila Stemonoccleus aicranthus lenia insignis 
Sasanea snjan Storkiella vitiensis lenterella citrina 
Sananea saainiqua Strombocarpa stroAbulifera lenterella citrina 

/
 



- 6 

70. P. velutina 
 Velvet Mesquite University of Arizona 162 
 Tucson. Arizona 
 Currently out of stock.

7. P. velutins 
 Velvet Mesquite University of Arizona 163 
 Tucson, Arizona 
 Currently out of stock.
 
72. P. velutina 
 Velvet Mesquite University of Arizona 164 
 Tucson, Arizona 
 Currently out 
of stock.
73. P. velutin. 
 Velvet Mesquite University of Arizona 
 165 
 Tucson, Arizona 
 Currently out of stock.
 
74. P. velutina 
 Velvet Mesquite University of Arizona 171 
 West of Tucson, 
Arizona Currently out of stock.
 
75. P. velutina 
 Velvet Mesquite University of Arizona 172 
 •W.lTcn Arizona 
 Currently out
s of stock.
 
76. P. velutina 
 Velvet Mesquite 
 Texas A&I University 
 0457 Kingsville, Texas 
 Currently out 
of stock.

77. P. velutina 
 Velvet Mesquite 
 University of California 
PC 035 Arizona 
 Currently out of stock.
 

Riverslie
 
78. Siz ondsal 
 Jojoba 
 University of Arizona 
 Southern Arizona
chinensis Liquid wax; browse; 
salt tolerant, drought
 

tolerant.
 
79. StyLossothes 


CSIO, Australia 
 Verano 
 Coastal South America 
 Browse shrub.
hamsata
 

80. S. scabra CSIRD, Australia 
 QI0042 
 Bahia, Brazil Browse shrub.
 
81. S. scabra CSIRO, Australia 
 Fitzroy 


Browse shrub.
 
82. S. scabra CSIRO, Australia 
 Seca 


Browse shrub.
 
83. 1. XPodisli CSIRO, Australia 67703 Coastal Equador 
 Browse shrub.

84. Tarchonanthus 
 Camphor Bush 
 Bolus lerbarium 
 Bloemfontein, South
EamOoratus 
 Fuelwood, fodder, windbreaks, termite-resiLstant
 

Africa 
 wood. medicinal uses.
 

ca~phorstu
 



ECONOMICALLY IMPORTANT NITROGEN FIXING TREE SPECIES
 

w. L. Lbrewbaler arid Lr n T- itvLt. -ds. 

Prepared for Eie I .aio 7,7rl.shop; DoLUment t2A) 

Format:
 
SPECIES (FAMILY) 

1. 	ORIGIN; HC IGIT.SHAPE 
USES AND CHARACTERISTICS 

3. 	 ADAPTATION (INCL.MIN. RAINFALL) 

4. 	COMMENTS, CHROMOSOME NO.
 

ACACIA AlDIDA DEL. (MI10SOIDEAE: LEGUMINOSAE) 

and Israel. to 231 m: leafless in rainy season
 

.Foroqe (pods. foliaqe), shade
 
I. 	 Af4ricz 

. r-y t.rop3c:.. Sahel (to -.. o mm min) 
4.. Slciw grovwth 

A. 	 CUNN. EX BENT-rf. (MIMOSOIDEAE; LEGUMINOSAE)OCW-I i AURICULIFOFRMIS 
1. 	 Aul . tr i . vNewGuinea; to -Oin. spreading 

2. 	 Ftielwood. pulpwJood: .60 sp.gr.; 15 m3/ha/yr
 
amm. min)
" 3ide, cio.pt.. A(-id £cii I huL cid tropics (75, 

o rant of dr'o'.tht- f ire"I wil, ds? 2n=26i. t. tun 3nJ 

..... 00 DA LEGUMINOSAE) 

* Ph, 1 3ppriLmi . lal,.jan: to 14 n. spreading 

2. 	 F r 3iv?-JIcJd (hi sop. gr. ). ornament ai 

. 1 I ;LI hftr0op c; (tit) /5-,0 inm mJi). ac*cid s i I S 
2r=26c. v,l : cw:rot h 

ACV ] :i FA:NES J A1NA I.L. ) WILL D. (IIIMISOI DEAE; LEGU1INOSAE) 
often shrubby

!. lropictl AOerica: to 1C) .
 

from flowers: ornamental:
 . Ffl.Iwood, forage, tannin.';; perfuLme 

b cl:[ dye Lsed to 3ai-ct ink 

-. Dry tropics: wide variety of soils 

4. 	 Vory thorn,,,: can be weedy 2n=52 

PUC0it I NANGIUI-I WiIL.D. (MIMOSOIDEAE; LEGUMINOSAE) 
-.ipL,, w. Gi.nea. Indonesia: to , : erect. stately1. 	 i,_MILtr lia D rid 

2. 	 Ti riber z.t5 ;p cr) . Firewood?. to :3.' m31halyr 

-. u tloit tript , _ (to 11)10" 11 ,:ir7, . .-Acid soils? 

4. i i' c t- P ri ei, , c: c,en? t i c .'r I ib 1 1i t, 

SJ-C, IL .1l[.I I I 1 W. 1.1.1).I i 1 LJLI IU i L. L31'I fI'ID5U z0) 

l'k t.)L rn. readina 
. 75 sp . qr . to 25 

I. , cLr1 1;: :-i .;| 

1, , I woc,d. (.I,,r c oa I . tann i r,: dense wood 
vil, 	 .) " /,r" 

mid ciL cns: to Of]'.) mi min'V-vti" l' .'.t SLIt)-tropic-- 2n=26• . i~lbcoire_ oeedv 

I XIII tIC CiO 33.Od V.n 
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'-.LA-10'NILDI Il.' LAU WIll. n.I-X DEIL.. (MIMIOSU:] IDI...S:- LEUIMINUM.&Il 
1. I i -. an" j iil i .i t.ri I - " M II I.Al.: I I
' F r.. . od, charcoal. 
 FCdder 'p-d;,. leaves). 
- Pry tnicm; 

ta 'nn ina d qitn(but thr.i von iitnr irriA ton),1. Li.:tr~'nic.! v thorn., vzr iab t 2n=':-2. 1011
 
OE M -A SAL. I G NA 
 (LA ILI.. ) H. tLJUt L. ( I JI.SLI IN!'I=-lE-I . A. Aurtr LEGI.II IIINOl' M E'i a; -thrub or strir- I tree to 7 m. )",older: fuil : . and-dunO fi::-ti,: tannin: recolori.tionm.:-1 ric .i-c o ofro': ion c: ornamter -. rulumid O rr ontalto sIhh.l., toi-p
1 s -". . . ll ; adoptedj

; 1.0 mIll. rai 
'd)Li nand1v 

to 
,w and 
 m!.i y/ . wlt.: t-1. cor (hu-h nuIus: de nit i v. areas:~ tolorat to dt-oiuqht . sailt..~id wi rr: n:.tv bccmrr ,'c.cI
 

07';ACIA' S.IO:NEGAL. (L.) 
 ? W lII:. !['N o! DW!)LE; L.GINI11"IOS-AYE 
K Afria:.-i 
 I1 . [ridiI:di i:' Fi ooI I 1 *ci, ttn ,LPuw'oot-d charcrial; bIv 

t:o .5 m.'h,.i oa.gms.vr *rabic, Feed (pods.
 

. '.. tropis:; 
 to :' mm nmi:), poor soil .hot 

: il A I [I:.I'Il. = 4 0)::,t. HW'r!l. (MiNHSlMlKii .D '. LIGNI.U.IR!.AE; A ri s'. 5Shol . r'ael Arat.i.; to It m, ol ten nhrubb 
W . 1 rewto.oj , dernsje:L'r.' Fodde-_r (nodjs.tro.pic: I e .es)(to 10-, mm min), heat to!er'ant. all::Line soil s1. Thorny. I atra-,.l rri-,tE 

-LBIT A I IATAR:IA (1L.) FIO:SiDERG 1I NOSOII )EARE('10:.1:11 IGLIrI INOB3AE) 

. Hoist sof Cto :00p. mm 
"u1n.ood, t;c, i::s1 . - * pr.mrin).moldings,miudlarndsho:eI sil improvement 

4. Soft woodc1 poor" fuel 

ALGIt I 1.. [EKE (L.. OIwrIIH. ("'I 31/ 1EI1:E LIEGIJI'II NOSAEI. "T',opicalI. Fu.ia.wood A; ia andi g Fri.c _;: toChigh value:. 2Q 30 m:(,' cal/kq)g, Foliage fo.r" feed, yields 
to 5 m3/ha,/- furniture 

-. Wid e ad ap t ab [i ty r . ,dr' J i ,noist tro p i c-3 U nt6r.r 0)" mm min)1. w01.lroL-t n - 7, 

I t . 1.1', ':- it i n r{ ,Ii i. J*J . gr .
 : t: m r . i', in4' ,'h./',i r:
C'oo sho :strOlpic hi',.ainds: I- T-.". m, mrnin. (1:70 mm min)
4. Not he,at. or" d I'ouqhi-,t tol ra.-.nt 

' I!(I.-I I 1 1 I j' n (1,. . ) f;,11 1-:11:1. (1l. l f . . H1. l:-u,'opQ) Lo-' N. Asia.: ,++st+ . M'inr fu N,. Africut+.: to: 40' tr
 

ati l., r 0.miJ-
I , l in + sh5{ni. -.lql. I+ ,ht':-. W(ICl V :IdiitfCJ s . r . 
" tindLum .ratt nr 5"tt'o" c, I . to 50u0m1. Not O.I u C I01 i'r-,:i.It 

A..E+." 

http:i'r-,:i.It
http:rewto.oj
http:LIGNI.U.IR!.AE
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OLNjIJS 1I~lklALLN'S 
 I)],1
U.D OM EilrJI.A.LAL.) 

1. Iliffdiayd'-.: tc. " m
2. Firwiociod but qp.gr. .. ; uti I itv t imher and foraqe

Cool tropic hi yhl tnds to *..('iO!m, mesic (80o mm min?)
4. Some insects, soft wori 2n=28 

CALLIANDRA CALorHYRSUS IEIShS. (MIlOSOIDEAE; LEGIJtIINOSAE)
1. C. 
and S. Amnerica; 
to 1:0 in,. shrubby
2. Firewood; 
forage (high tannin) and green manure: sp. gr.3. Moist tropics (min. 	 .65

1I0iiAtonm) cooler 
(above 5tC)im?); to 
 4 Q
in./ha/yr wi th urlnual harvest 

4. Shrubby 	 (=C. confusa Sprague , Riley) 2n=22 

CASU-; INA CUNNINGHAIIANA 
110. (CASUARI 'NACEAE)

I., ;Itp'.trau lia. to ". in
2. Firi.wood, 	 sp. gr. . 7; shade tree: river bank. stabilization
 

Cool tropic:s t:o warm temperate: 500 mm mn.
 
4. Can be weedv (Florida) 2n=18
 

C S' rI-I A Et I sIE I !IFcjL IA I... C AS jAR-.I N CI - TE.
 
U "., 1 14 c,(r!
. . - P':ki:J t- s_ . to i rclia ; to imF 


i warl d".: windhreal.:
 
S;1,E'I for p ,otw' odi
 
' ,-irir trop 1 .1. coastal 


". ret oo, :r,.,rroc,'i]: --p. (jr'. I . !). "best 

,.r a!--; tvpi-oon tol erant, veiy sa Iine
 
tolera4:nt; very 
 saIine tolerant 

4. )opiCt. pror] 

IIt,~'l:l'lL .t'dII. .I EU. ILX Vi'.:N-_
In 	 1{. ((Yl2!ItIk II.J(CI-I I-) 
1. Athitr~a1Ia I ,l.. l~l~l t 11d.); to 2i m
 

r clh o,.l . irc jon. pi les fior

FiooCd. 

seawater. windbreal~s 

coastal are.is: -p.gr. . .3 in
 

I.'Jaro tenmperate? to subtr-rp-ics. coastalI areas; sal t-tolIerant;heavy clayx :loz j 

4. Produces root 5iclr, and ,_-.:n be wu.idy (e.g. Florida) 

CASUAR NA jIJ'L4-lJI.I ANAn 
PII). (CASUrFA: INACEAE)

1. 1ndone ia: to ; m
 

rwL.ood. charc:oalI
2. F 	 p:.l r. ; p i iig: t--ond spl its easilyf.lr] I0) ,'dpcal and mld)ands. forminq ldensetolI ?rr, .:',* ]ir,;i .:, l 2;dr ri, rqh I 	 forests; wide pH1-n] o:r. < 
| {.] .I.' 211(1] 0,(: lbiS!" ' .I 1or h-.lorid' wiuldelv us ed in 

I 	 . Id, an,TF ('ibCJ~ .i . Iu .'
 
[. zl~q I .
I\I:I 
 *l'wI'L lIIO II-_AIL.: L --IIM II"IO G )


11• sulbE¢liti
DA 1d(.[ti.:c1iari wc, wlll*2p: 1cIj _'.11 Ill 

"5m Il,.:~r ] '_1:.11(,] - 011'11 (t.r.I 1 ti "* (i m , in ).. yieldc; faiit. fcor -. 
D'l . '%g.: by ot-.r o.;cir, r'i-


L)
 

http:EilrJI.A.LA


i-l;J"1,!'/1
YI I IR - zi'iII I Li~r'd (F'I-"L I N[J I DEAI- L:[I. Ill INM[IS AE
Ir op uic- : Lo 10 11 11! :ira- - OWn
L-.LI . vi- purlc 1 t c. Ftsit) WOc)CJCJ wh i c h accVp tS w r es and na iI*;

W2e1 I ff;ur .t j:: i nrdbrc-at:d;; e s iI y Cl - jled
S. LI . .;no and EII)llIla tlao e is t tr-op ics to 200(, m: usual , in
ettter ore..i ?LLt neeje.. ood daioinage
4. Fast qrcwth, rc.-sistant to wind 2n=42 

EliTHR INA FJI;C1t) LOUR. (FAF'IL.IONOIDEAE; LELGUMINGSAE)
I. C. ' S. (rc rica. to .i m: broad crownShade for cof for:- and cacao: live fenceposts; soft wood 
-. Lotland moist tropics to 15011 m; often in 
swamps or 
on poorly


dradined c) 3c) i 

1 Fa-Kst qr-o.jth; ef c t t 


-. Is
 
,.ve reen inan u r-e: eas.5 ily cloned 2n=42
 

L''iT; i N I-F' ANAF lA I ; (WAL.E'ER$; 0. F. COOK, 
 (F'AF I L IGIlII:tI DEAF': 
IEUULI 1 NOSAE) 
I S. America tc P'ariama.: to 41,m
 
. .3hade for co:fee. ornamr,ntal: 
soft wvood: paper pulp: forage.
 

wi! ch 
- I), tc, m.,si: t-ropic-, to highlands


,1. lnst qr'oL.ith, CcoppiCes 
 and clones easilv N=42-.

13L 'IC I )1ft jEI-'IlJM , I"I;.) WOLF. (FPAPFiL r1JoIrIDEAE; LEGIU IILOSAE)
1. 
S. and C. Ameri:a: small tree to It" m
 

-. r,'aocj(d, timber, 
 gr. .75. fodder, 
 shade, ornamental:
r?asilv rir jjcat,:d hv cuttLinc.s. li ving fence to FB 31halyr- Drv to humid tropii:s (I10 mm rin). also sal ine areasic b
. 0'o: r-IE,'seed ,/roots; aphids on f oliage 2n=20 

rI A V1i-RA (L. ) 
 I-.IFF[UN (FAPILII]NOII)E-: LIGIJMINUSAE) 
Caribbe-zjj, C. America; to 20 m

Slhade for -o
fff.!e.Fuelw.ood 
(sp. gr. .75), timbEr. shade, honey

relatively fast orowth
 
Humid tropi(-, (l:00 mm 
 min lowlands 

4. Little studied 

INYSIA 
 EIJIJGA (COLEOR.) 0. KULNTZE 
 CCAESAILPIINIODEAE:
 
L.EGUN INOSAE)
 
I Southeast 
 Asi a, E. Af1ri ca. Ind i A tc) 40 m, buttressed
Handsome timber. decl.rig. 
truck bodies 
("ipil" in Philippines,
highly resi, -rin-,t: n ;i
l,. growth 
H.oist trropics, prol,. (Timm m irl: 

4. Genetic "ari,;hl I it, 2n=24
 

LEUCAENA I)VERSIFOL A
v-SCHt.ECHr) BENrH. (M IMIS( I DEAE,: 
I-EGILIM I NOSAE) 
I. C. Nmeric,-, to 18 m (with shrubby variants)
2. Fueluoid (est. .5 sp. gr.), 
shade, forage

3. Dry to mrr;ic tropic!5. prob. 500mi mm rinn to midlands (15:l11i1ni)
4. Little studied, great genetic diversitv 2n=52
 



359 

1 LIN01,. LL. iJ1IJ .A. Ul;tj' (I..AI. i - j I IlI Mim )] EAE: LL*UI.ISII A ) 
I. -, AImilu:l ,,i i oC. to IH L N wi t. s;hruIhth' var'i;Iri ts)


" . I LiTk i.i;'Cr.I. rilor :: Ire, I -r',:*t.,. simh.-l I ti miher ard 
 ptil Pw)ood; sp.
o~r' .= O n , '. f u nd Li .iiL( pod s. l 'ave s.) u accpy a n t a t i o n ,r p1 

y i' e l d s i t o '.-. m o / h a ly r 

" -. Lry to ruif c tropi c:s, 5%2 mm Ti. I owl and 
4. Widr.ly studi iO 2r=Il~' 

MIMOSA SCWO.RE=I B ENrIF. (IIIMOSOIDEAE; LEGUMINOSAE) 
1. .F.. 'brazil I. Argentina; to 12 m, thorniess 
2. FLu lwood. puipwood, ornamental ; shade for co fee; rapid growth?
T. Mid--rle.ation cool tropics and subtropics (flourishes at 240' m, 

Gucatemnala)
1I. Li ttle st:udiJed 

FA ll!I ( ,JAV N ]It:(" (L.(AM.) IIE:H ILL (IlIMOSDI DEAE: LII]IJII OSAE) 
I. !ndo-Malavia. Philippines: nol widely pantropical: to 40 m, 

tiihre'l I a crown 
2. li mnbe. ornamental, eed- used in local medi ci r,
0. Humid tropics to 1000 mm: 500<-700i m elevation
 
'I. P',t-t wl ont. : prot'ctr,d Indonesi a (al so [nown 
 as P. 

r' ";" h!i : G, Dom,. ) 

I-'iF SnPEd 150 HAWK. tIN -DI DA:-;JI LI J16INOSAE) 
i. rhai land. Malaysia; to 15 m, thin crownh 

2. Food (seds f-om 1ar:i pods)
 
-. Iltunid 
 tropinc ., to l' V n elevaLion 

Send, often inisect infested:4. slow g rowt.h: apparentl, hybrid-
oc:p wi th F. a.'n i a: ria:va 1 : tr'ant seed 

FA ]rMINNIA AC(IJLFI(iA L.. NCAE'.-]AC. Ill]IIOS II: .EISIMINOSAE)
1 . ine r i cam : I o] 20F mn, s.pr wadiCJ rln 

2. Fu. wr.nod: fodid.r; ornamental : fori:e,-; lo:al medicine
 
.. Widel., adapted, to moint tropical and dry areas, 
 also sandy 

and sale ri so i I 
4. Ver, thorn.,: wiedy in Aircentina 2n=21 

F'I'VEIIELLLI-ODIUHI DULUE CF:OX.) UENIH. (MIMU(]IDEAE; LEGUMINOSAE) 
1. C. to S. Amorca. to 20 m. irregular arid untidy spreading tree
 

. lw rd (to 
 SK.iMl I cA.' l ). cmol v: for-anoe. c:on t,'u tion
 
pl ':,t -*ood. sh.,rie t i-ny O  ) -. (poi.lds ). tanni n and oilfol some 

. .- :,,.q:it aij i It-. f- i dr,., to humid tropic: and to cooler 
e1 aaioo 19n.( a. Florida) 

hl urn (rNiiam;r-e: Liii).. iiitr f orm 2n,i .JIf Io (1' F I '1t'~ U:1 :I, I. I f 1 . id - (OF.I I L I 1:Ii"i I L' 'L'r- UI I r'1. E 
INU NG MII.(~F"IINNA (L . ) FPIE R RE-.I-(F'A "IL IION U MIA E : L E..'. U MtIN DSAE )

A 1r 

I. !"di an u;til)c:,la"lril.. Illa'.'c . China. Iropical fUsia; to 8 m 
2. F.i , .orJd. I oddecr (I ,..,es) . ci I K vdas)- . post control (1 eaves),
 

shiade tree'. encdi ci no
 
Mlisi( trop ic:s (mi n. 60 mm) a:.,:tine tole.,r ant; to ful hesqht in 

[., .rc.jrp-siv '0pr ear i-, ricLn: als'Vnriwri as Qrri Qi _ (Laiii.) 
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F:R 	 I:iUF:; I i / C I L.EN'I.,I "C np I e::"
 
Incldes F. alba 
 Grisob. and P. chilensis (M0l.) StuntZ; also 

F. fl ?;:uo.ia .mid F'. nigr )
 
Argentina., Far2cliuay, 
 Chile, S. Peru; to 15 m
 

2 Fl ret.,-cod, i:(.-.asonaI USo as timber; fodder 
 (pods); to 12 
m./ha/yr 

*. 	 Cool dry subtropic.s (2',0 mm 	 min) to 301]' m in Pecru 
4. rhorny (segregatinq) 2n=213 

PR 	 SO3IS CINERARIrAr (L. 	 ) DRUCE (MIMUSACEAE: LEGUMINOSAE) 
I. 	 India. to 9 ai. thorny, spreading
 

. Rirw-jod. t-:.:CI!2 1 1nt charcoal 
 Fdder. Lome timber; oreen 
.n m, .. rsnu-. Irl to .'. a'ha/yr/ (under droUght stress)
 

., . hot truptc ;, to I,00 r
i 	 min
-. 	 lhorny e - Li n ) .weed,.,, 

':RFOI O-l [ P(;L. 1 A/.'JIJL IF-LURn "Coinp Ii:: 
Inc:Iuc, F' . p. I I ida (Mun,b 1. Bon e:: Will d) 	 and P. jul i flora 

('3.w t IM )11

S ... *. d 1"!r . 1:;• L"11!f I- I : t c I -j .; 
 . to,,r i ". z

i-r r?,'Ciuud '. -. z, qi. ) . e::c'. chi -r,.oaI : fodder (pods) . horiev, 
I :) ) . I" " 

. hry ho:t tropc .2) na ril- dr-ep roots. some 'ar. frost
toi or .m I: 

4. rho:-ny (sir lt: nq ) ofti.n weedy (IR. 1 ,'Mnd.l1os.a and P.

velutina are th m?;rUigu.soF So. 
 LISA and elsewhere in tropics,
often labelled ,iuliflora in error) 2n=26 52. 56 

FROSOFIS TAMARUGO F. 'IIL. (MIMOSOIDEAE; LEGUMINOSAE) 
1. 	 Chile, to 1:5 a, 
2. 	 Firewood, foracle (pods, Ieave.s) some Use USIei (high sp. gr.)Dry hot saline tropics, to 10 mm (uses fog drip?); remarkable 

.- alin, tolerance 
4. 	 Slo-) grovit.h, thorny but saegregating? 

PTEQ'OCARF'U-Sc 11DICUS WILLD. (HIPHOSACEAE: LEGUNINOSAE)
I. 	 S. E. Asia, Indo-China. Facific IslandS: to 	407 m, broad crown,1 o 	 Lv 

2. 	 Choice ti mber (nar,) . r.rnom-ntal F,.rnj ture. fl oor'inq

Hlo. ist tropi cs: 
 rel 't i vel v Fast nrntqth

1. 	 NMeeds deep '.oi ,r.o- i iom I : : a'es 2n=22 

R l' IINIA FSh-UDIWI f(; I .. (I-(F'ILIJN(IILIE( LEGUMIIN(OSAE) 
I .	 N.E. IAmli i crc,. to "" . 

2. 	 E-lCeI w-Jood (dcn.nI') o"n., on i ror ..I 	 nLirFsfC tree. posts.
 
to 2'm3ha/yr: for,.cjc.

. Temperat. 
4. 	 fR'estrictod Lu hit II .',nd trupics (littLe tes-.ted) andto(mpe-a te r eqi or- 2l=2,222 
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';IAri(NEgi SAMA1N ' JAC(O. ) 11Er-RILL (Ii I I10SO) E. L'EGUIINOS(AE) 
1. 	 C.. So. (Oneric.. (1re::ico; toj 4C) mi wide .prea.ding
 

- Lhde. imbr an d cr a f td fonod (pod) E. i. 
 .52 

cir 0 aiIIC(t.a 1
 
I1L.i to viet trcnpics. (to 60(.' min min)
 

4 .	 Hot qocid fUeL-wood., r p i d gr owth 2n 2 6 

'i 	 LS-ANUfA GRNDIFLUF<( (L. ) FIDLH. WAP~ILIONMDE)AE: LEGUMMIOSIAE) 
1.f~dat~o SE A-i a: to 0in', ' I rnct:r 

- .f I pt t nor- ae (1 avef. pudo:) food MIower. 1eva/od, young 
:~i *.p . .K4: u in,-/ 


'1w Lt t rop i c:' ( 'Ciy',mfai mi n onto poor oi I s
 
pud'5 ) . 'irciici qr ' 2-2 h, *vr., la.rge nodid os_ 

r~*rt icr:.'rc. i ~bji lv. i -aft w~C14:d . borer S.LISCUPtiblI 11 t1, 



36.1 

ECONON-IC(ALLY IMirP'RTAAT NITROGEN FIXING TREE SPECIES 
'*0'* LISF 

J .ICCIy~t [r LIwb aier -iici Drian T.~;t~If 
i-r~)5C'c 1(31 L4el I agisi I Worlkshoap. ; C 9 

It:e: 
o 1 

o!I 
1t:'-s 

.Q 

r ipci-
!nil'(-pIa 

1:,i o c r 

&.l: woire cons dec~rnd 
fthan t he in n I)tat1.ed 

im~por tan t 
'?A-V I i s t. 

econormi cal Iv. but 

rreI tlrs:t 
-iircfind 

1i--t incluides species known to fi:: nitrogen, while
I i it are not 1:novin to f i:: n itr-roqen, which ma',, ACCOUnt for 

the 

th-r :,bsetict- trom the "A" list. 

)c-:I -- .AuiI a r-ocalC p 4, 
I c cavecn 

w i a hol1osCer 1cea 

ci: i a Iarroc) 

.- lrc(cSa me Iano,: yl on 
"'C- : 1 I f 

)cacI.?~ ;penn t a 

c-~tI j~ zi 1 1c I nC-i 

1 (-LC I 

Adconn I1Cra. pa'/on inCa 
(-fbi.: ia pr-ocera 
rC tC'3M. rijbr,
(--:I .CC ..rII): cr-i statai 

CiiC' Liar in acr and i 
C. C , r CaiC - LlbeSa 

I~,C~~CCCS, SLC~fltr,1.ri 

Dh, I berg 1 a ) a t i f o. Ica 
:0-r~tero 01 ob i Limf c VC i cicarpLUM 
Ery,/.hrCC-i , indCi 1ca 

Er,',.IirCifi cjri c~ftali-
I-ilC U1Ct o:* ylon bras i let to 

Incja patorn-a 

11 CI11 ,i't . 01ILI I cnr z 

-r C':1pi cili nCILCI05 can.C)CiC e;: in-Icid ina P. cii anclulIo!Sa.
I. ftorrey.anfl ariCCIl vel ut in 

I-r CIICC11~jI 2, rjC.CCC'C 
SC1-C al ub iULICC p3C;hyla 

jzvon ca 

a 51 Iilnea 
Codr-I incja cat~enauformisN-fC:at cn l~nI~oC. or Lncertairi,: Cer atonia si liquiaCaesal p i cia rnr . ar i G erc Id ium f I or-i d iUM 

CLa-; - -- digr anii2 
()Ihlysa-. rob I C oi det; 
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Fodder trees for Nepal hills 

Source: Kessler (1981) 

Albizzia mollis 

Artocarpus lakoocha 

Bassia butyracaea 

Bauhinia lon ifolia 
B. variegata 

Brassiopsis hainla 

Castanopsis hystrix 
C. indica 
C. tribuloides 

Erythrina arborescens 

Ficus lacor 
F. nemoralis 
F. glaberrina 
F. roxburghii 

F. semecordata 

Litsea citrate 
L. polyantha 

Morus alba 

Prunus cerrasoides 

Quercus incana 
Q. lamellosa 

Salix spp. 

Sarauria nepaulensis 

Schima wallichi 

1'
 



SaVannla LrcuoS of nutritional importance 

Source: Okafor (1980) 

in Nigeria 
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LIST OF USEFUL JOURNALS - compiled by P.J. Robinson
 

Abstracts on Tropical Agriculture
 

Advances in Agronomy
 

African Journal of Agricultural Sciences
 

African Jot.:nal of Ecology
 

Agricultura± Meteorological
 

Agricultura Tropica et Subtropica
 

Agrindex
 

Agritrop
 

Agro-ecosystems
 

Agroforestry
 

Agroforestry Review
 

Agroforestry Systems
 

Agronomic
 

L'Agronomid T'ropicale
 

Agronomy Abstracts
 

Agronomy Journal
 

American Horticultural Society Procs.
 

American Journal of Botany
 

Annali dell'Instituto Sperimentale per la 
Frulticoltura 

Annals of Arid Zone 

Annals of Botany 

Annual Review - Rubber Research Institute 
of Sri Lanka 

Annual Scientific Report, Tea Research 
Association, India. 

Agricultural Abstracts 

Applied Bota ny AbsLracts 
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Apricot, Pear and Peach Growers Association
 
Journal
 

Arboricultural Journal
 

Arboriculture Fruitire
 

Arid lands abstracts
 

Arid lands Newsletter
 

Australian Forest grower
 

Australian Forestry
 

Australian J. of Agricultural Research
 

Australian Journal of Botany
 

Australian Journal of Experimental Agriculture
 
and Animal Husbandry
 

The Dean Bag
 
Beitrage fur Tropischen und subtropische
 

Landwirtschaft und Tropenveterinarmedizin
 

Biology UJitrogen Fixation Bulletin
 

Biohnass
 

Boiset For~ts des Tropiques
 

Bostid Library News
 

Bulletin d' Information. Institut National de
 
Recherche Forestiere - Tunis 

Bulletin of the International Group for the 
Study of mimosoideae. 

Bulletin de Recherches Agronomiques de 
Germbloux 

Cactus and Succulent
 

Caf6,Cacao, Thd
 

Caliers d' Agriculture Pratique de, Pays
 
Chaux
 

Canadian Journal of Forest Research
 

Castanea
 

Ceiitral Inshitute of Medicinal and Aromatic 
Plants - rlewslot:ter - CIt-T 
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Ceylon Coconut Planters Review
 

Ceylon Coconut Quarterly
 

Citrus and Subtropical Fruit Grower
 

Cocoa Growers Bulletin
 

Coco y Palma
 

Commonwealth Forestry Review
 

Desert Plants
 

East African Agricultural and Forestry
 
Journal
 

Ecological Abstracts
 

Economic Botany
 

Egyptian Journal of Horticulture
 

Experimental Agriculture
 

Experimental Horticulture
 

Field Crops Abstracts
 

Forage Research
 

Forest Ecology and Management
 

Forest Science
 

Forestry Abstracts
 

Fruits d' Ontre Mer
 

Ghana J. of Agricultural Science
 

Haryara Journal of Horticultural Science
 

Herbage Abstracts
 

Horticulture Abstracts
 

Horticultural Research
 

ICRAF Newsletter
 

Indian Cashew Journal
 

Indian Cocoa, Arecanut and Spices Journal
 

Indian Coconut Journal
 

I ndian Farmiing 

)1 
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The Indian Forester
 

Indian Journal of Agricultural Science
 

Indian Journal of Forestry
 

Indian Journal of Horticulture
 

Indian Journal of Soil Conservation
 

Information Bulletin, Citrus and Subtropical
 
Fruit Research Institute
 

International Livestock Centre for Afica
 
eNewsletter
 

International Tree Crops Journal
 

Israel Journal of Botany
 

Japanese Journal of Tropical Agriculture
 

Journal of Agricultural Society of Trinidad
 
and Tobago
 

Journal of Agriculture Tasmania
 

Journal d' Agriculture Tropicale et de
 
Botanique Appliqud
 

Journal of the American Society for
 
Horticultural Science
 

Journal of Applied Ecology
 

Journal of the Bombay Natural History
 
Society
 

Journal of Horticultural Science
 

Journal of Hydrology
 

Journal of the New Zealand Tree Crops
 
Association
 

Journal of Nigerian Institute for oil Palm
 
Research
 

Journal of Plant Nutrition
 

Journal of Plantation Crops
 

Journal of Range Management
 

Journal Research Ludhiana
 

Journal of Rubber Research Institute of 
Sri Lanka 
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Journal1 of Soil ilnd Water ConservaLtin in
 

Inclia
 

Kenya Coffee
 

Kew Bulletin
 

La Yaaran
 

Leucaena Research Reports
 

Medicinal and Aromatic Plants Abstracts
 

Mysore J. Agricultural Sciences
 

N.Z.J. Agricultural Research
 

N.Z. J. Forestry
 

Notes from the Royal Botanic Garden Edinburgh
 

Oleagineux
 

Orissa J. Horticulture
 

Pakistan Journal of Forestry
 

Papua New Guinea Agricultrual Journal
 

Philippines Journal of Coconut Studies
 

Plant and Soil
 

Plants M~dicinales et Phytotherapie
 

Plant Research and Development
 

Proceedings of the Australian Society of
 
Animal Production
 

Queensland Agricultural Journal
 

Queensland Journal of Agricultural and Animal
 
Science
 

Reme d' Elevage Medicine Veterinaire des
 
Pays Tropicaux
 

Scientia IHorticulturae
 

Scientific Activities, Applied Research Institute,
 
Ben Gurian University of the Neger
 

Seed Science and Technology
 

Sierra Leone Agricultural Journal
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Soil Conservation Series of rjew South Wales 
Journal
 

Soils and Fertilizers Abstracts
 

South African Forestry Journal
 

Sri Lanka Forester
 

Tea
 

Tea Quarterly
 

Tropical Abstracts
 

Tropical Agriculture
 

Tropical Animal Health and Production
 

Tropical Grasslands
 

Unasylva
 

Weed Abstracts
 

Western Australia Dept. Agricultural Journal
 

Tropical Oil Seeds Abstracts
 

Turrialba
 

Zimbabwe Journal of Agricultural Research
 

Zimbabwe Agricultural Journal
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GUIDELINES FOR COLLECTING THE ROOT NODULES
OF LEGUMINOUS TREES - by Jake Ilalliday 

Introduction
 

Many traits contribute to the success 
of a tree

species. Some leguminous tree species have the
 
comparative advantage that in infertile soils
 
they can be self-sufficient for their nitrogen

supply. 
This is by virtue of their symbiotic

association with root nodule bacteria 
(rhizobia)

that can fix nitrogen.
 

Exceptional performance of a leguminous 
tree in
 
a particular niche may well be a manifestation
 
of an especially effective match between the
 
tree host and the specific strain of Rhizobium
 
occupying its nodules. 
 Thus a plant explorer

who collects seed alone should not expect
 
to see the full potential of the tree accession
 
in subsequent evaluations unless some attempt is
 
made to reconstitute an equally effective
 
symbiosis.
 

Commonly, an introduced crop or forage legume fails
 
to encounter effective native strains, and/or

nodulate effectively with available tnoculants, in
 
a new environment. Such nodulation problems

will certainly turn up when some 
tree species
 
are used in new sites. Knowledge about the
 
need to inoculate trees is improving but is not
 
keeping pace with the expanding array of species

being collected and evaluated around the world.
 
Experience shows that nodulation failures 
can
 
be avoided if strains of Rhizobium which are
 
genetically and geographically affiliated with
 
their hosts can be made available for use as
 
inoculants. Thus nodule (Rhizobium) collection
 
should be undertaken as a routine procedure by

plant explorers when they are collecting seeds.
 

These guidelines are for plant collectors with
 
no backgrorund in microbiology and who do not have
 
back-stopping in legume bacteriology from their
 
home institute/organization. 
 The following

instructions describe how a sample should be taken
 
in the field shipped to a receiving laboratory

offering Rhi-obiun isolation, evaluation, and 
preservation services. 
 The instructions should
 
be followed closely to favor successful
 
isolation of the rhizobial strains and also 
to
 
comply with quarantine protocols applying to the 
receiving laboratory. 
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Because of 
the risks of 
loss or damage during
shipment of samples, plant collectors aLe
encouraged to 
seek microbiological support
from an existing laboratory (e.g. Plant Pathology)
at their home institute. 
For those who are new
to handling rhizobia, 
a separate publication
available from the author, details the field and
laboratory methods for isolation of Rhizobium
from nodules, for characterizing the strains
in pure culture, for conserving strains in a
Rhizobium collection, and for testi.ng their
nitrogen fixation effectiveness.
 

Preparation for 
a collection trip
 

Ideally a trip to collect root nodules of
leguminous 
trees should take place in the 
season
of vegetative plant growth and adequate soil
moisture. 
This is when legume roots have active
nodules and is 
also the 
time when the soil is
easiest to dig for nodules. But this may not
always be possible, since plant exploration is
usually conducted in the dry season to facilitate
seed collection. Unfortunately, at this time
most 
legumes carry only a reduced nodule
complement (if any) and the soil may be dry and
baked hard.
 

It may be necessary to undertake a separate
expendition specifically to collect nodules
for a tre2 accession of special interest if the
nodule and seed-collecting season do not
coincide. Therefore, it is 
imperative that
collection site documentation be sufficiently

explicit to permit the exact location and,
ideally, the 
same plant to be re-visited in
different season. 

a
 

Material and Equipment 

The materials required during a nodule collection
trip depend on 
its duration. 
On trips that 
are
completed in 
one day, the following are needed:
spade; knife; permanent marker; field book;
and a selection of polyethylene bags. 
 For trips
of up to 
two weeks, collection vessels 
(Figure 1)
are needed in &v]dition

listed. For loi ger 

to all the items already

trips it is best to forward
samples at intervals to 
the receiving laboratoryand this requires packaging materials and sterlizing solution (alcohol or bleach). 

Collection
 

When collecting from roadsides and other disturbedsites, be aware Cai- the soil conditions, plantperot 1ma nce ,11(. noj ui ation may not be typical of t h, 

http:testi.ng


3.77
 

reqion. Having located a leguminous tree that is 
ot sufficient interest to prompt you to
 
collect seed, take the following approach:
 

" 	 If you are dealing with a tall, mature
 
tree, are there any superficial roots (in
 
the leaf litter?) that have nodules?
 
Make sure of course that the roots belong
 
to the tree of interest.
 

* 	 Are there any seedlings of the tree that
 
can be dug up easily and do they have
 

root nodules?
 

* 	 If the answers to the above are "no"
 

then it is best to retrieve a sample of
 
a few grams of soil from which it may be
 
possible for the receiving laboratory to
 
isolate rhizobia by an indirect procedure
 
later.
 

o 	 Has the species ever been reported to
 
nodulate? A masterlist is available from
 
the author. If "no" and you have observed
 
nodules then it becomes very important to
 
confirm that the tree is really the species
 
you think it is, and that nodules occur on
 
the roots of that tree. The receiving
 
laboratory should be advised of the "new
 
nodulation report" so that special care
 
care can be taken to isolate and authenti
cate the Rhizobium.
 

When it is possible to deliver the sample to
 
the receiving laboratory on the same day, it
 
is simplest to excavate some nodulated root
 
together with the adhering soil and pack it
 
firmly into a polyethlene bag for transport
 

to the laboratory. The receiving laboratory will
 
then isolate from the fresh nodules, or store
 
a sample of the nodules for subsequent isolation.
 

For trips of more than one day, collected nodules
 
must be prevented from decomposing and protected
 
from invasion by soil microorganisms which interfere
 
with subsequent isolation procedures. Segments of
 

the nodulated root (again, be sure it belongs to
 
the proper tree!) may be collected in the field,
 
stored temporarily in a plastic bag with moist
 
soil, and transferred later to nodule collection
 
vessels. Alternatively they may be retrieved in
 
the field and transferred directly to the collec
tion vessels.
 

Do not expect to locate nodules on the main root
stock of tree species. Nodules of most legumes 
have a finit:e life ;p.in, and i mat.uring root that 
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may have borne nodules when younger, no longer

has the anatomy that would permit reinfection
 
and nodulation. Nodules on tree species can
 
sometimes be located by following a lateral root
 
out to the zone of new growth. This zone may be
 
a long way from the trunk of the tree. Do not
 
expect to find nodules on a sampling plant that
 
has been pulled out of the ground by force. In
 
most species, the connection between the nodule
 
and root is extremely tenuous. Careful
 
excavation (archeologist style) gives best results.
 

Sample only fresh, firm nodules and avoid taking

samples of those which are damaged or decaying,
 
since routine isolation procedures are unsuccessful
 
with such material. If the root to be sampled

is abundantly nodulated, section some of the
 
nodules to check for white (= ineffective), pink

(= effective), or green (= no longer fixing). 
Sectioned nodules are of no value for-subsequent

isolation, and can be discarded. If the root to
 
be sampled bears only a few healthy nodules, it
 
is more important to colle :t these than to section
 
them to describe their pigmentation.
 

The inner pigmentation is sometimes visible
 
through the semi-opaque nodule periderm making it
 
easy to pick active nodules for sampling. Try
 
to collect at least 20 nodules per tree. There are
 
two reasons for this. First, it increases the
 
chances of obtaining a viable isolate for a
 
particular species. Second, sometimes only a
 
small proportion of nodules from a single tree
 
contain rhizobial strains that are highly effective
 
at nitrogen fixation. This is not surprising,

given the range of effectiveness of strains in the
 
soil population of Rhizobium that may infect a
 
native legdminous tree.
 

Snip the root about 0.5 cm on either side of the
 
nodule so that small root tails are still attached
 
(as in Figure 1). This aids manipulation of the
 
nodules later and also prevents the direct
 
ingression of contaminants which can occur at a 
cut or damaged nodule-surface. Use scissors or 
a sharp knife to cut the root. Even very fine 
tree roots can be amazingly resistant to attempts 
to break them away with fingers. Such efforts 
usually result in compression damage to the nodules 
which makes it impossible to isolate rhizobia 
later. Shake or rub away any adhering soil from 
the nodules. Blot dry any excess moisture, 
particularly if you had washed the roots to locate
 
nodules. All of the nodules from a single tree
 
go into the same vessel. Under no circumstances 
should nodule samples from different plants be 
combined. Tile cap on the vessel. should be tightly 
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sealed. Label the vessel with a specimen number
 
that relates it to the documentation of its tree
 
accession and site or origin.
 

Collecting trips of more than 14 days in duration
 
can pose special problems. 14o definitive data
 
are available on the loss of viability by rhizobia
 
in desiccated nodules during storage. This
 
specification of 14 days as a safe limit is
 
somewhat arbitrary and probably conservative.
 
A collector who will be away from home base for
 
two weeks or longer should either dispatch
 
samples to a collaborating laboratory periodically
 
over the trip oi make isolation enroute. The
 
former is the only practical option unless the
 
collector is prepared to learn some field
 
isolation procedures.
 

Sample vessels that are to be mailed to a receiv
ing laboratory should be surface sterilized
 
by wiping the outside with alcohol or bleach.
 
This is to reduce the risk that the vessels have
 
pathogenic organisms adhering to them. The
 
receiving laboratory takes responsibility for
 
quarantine and destruction of pathogens inside
 
the vessel adhering to the nodule samples.
 

Documentation
 

Most of the information required for nodule
 
collection is the same as would be noted in any.
 
case by a plant explorer collecting seeds. The
 
data sought by the NifTAL receiving laboratory

for documenting a Rhizobium strain is indicated
 
in Figure 2. Figure 3 gives an example for a
 
completed entry. The plant collec'. r contributes
 
the items marked * and tbi.receiving laboratory

progessively completes the record. Collection
 
site data should be forwarded with the nodule
 
samples.
 

Receiving laboratories
 

There are several soil microbiology laboratories
 
that have Rhizobium culture collections including
 
strains for nitrogen fixing trees. These
 
laboratories may be willing to handle limited
 
numbers of isolations as a service to plant
 
explorers if they have a shared interest in the
 
tree germplasm being collected and its rhizobial
 
partner.
 

Within the framework of the network of Microbiolo
gical. Research Centres (MIRCENs) sponsored by 
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by Unesco, several laboratories specialize

in Rhizobium germplasm preservation. Among the
 
MIRCENs, the University of Hawaii NifTAL Project

has a special interest in Rhizobium strains for
leguminous trees. 
 NifTAL is willing to receive

nodules from plant collectors for isolation

evaluation ao-d preservation. Strains and related

data are continuously available to 
the original

collector for 
his/her own purposes.
 

When intending to utilize the services of a
receiving laboratory, it is essential to 
communicate
with the collaborating laboratory at 
the planning

stage of the collection trip. 
 Provide information
 
on the approximate number of samples to expect

and of any special emphasis with respect to
species or soil type from which material willbe collected. 
 C~mply fully with instructions

from the recei'ing laboratory on mailing instruc
tions. In the 
case of NifTAL, mailing instructions

and quarantine 
labels are sent to collectors.
 
Only materials entering Hawaii by approved

quarantine channels will be 
released to NifTAL
 
for handling.
 

(cowcwithair-tight 

_Nodule 

I 
-sample 

Glass vessei
fS tO ml 

15.!,,l o,, oIsty) , " - !' L - Colton wool 

chloride) 



-- - ----------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------------------------------------

-------------------------------------------------------------------------------------------------------------------------

------------------------------------------------------------------------------------------------------------------------

Fipure 2. Desc riptors required by NifTAL for strains of Rhizob>, n.
[teins to be provided by tie collector are marked "*"
 

RHIZOSIuiq GERI ;PLASrn RESOURCE - University of Hawaii NiVTAL Project and flIRCEN Rhizobium strain TAL 

Rizonium strain TAL ___ Parent host *Subfamily
Comnmonnames _________ = 
 Uses :
 

Receipt by ;JifTAL _ Courtasy of : * (collector's institute)__r__ *(colecton' nzre;-

Form received: Collected : A (location where collected)__ ___ (site datc)__ '
 

Fast/slow Host for authentication : Effectiveness
 
grower :
 

Acid/alkali Other host tests
 
producer
 

Culture
 

form
 
Last purity
 

check
 

Comments
 

This strain also known as :_Collected 
 in _ 

Availability of antisera :_Availability of antibiotic resistant 
 mtants :
 

Enquiries : University of Hawaii, 
 NifTAL P'-oject and Mircen, 
P.O. Box 0, Paia, Hawaii 95779, U.S.A.
 



-------------------------------------------------------------------------------------------------------------------------

ur( 3. Exald ()I a completed ,Rhizobium germpilasil record. 

RHIZOBIui GERi'PLASm RESOURCE - University of Hawaii NifTAL Project and MIRCEN Rnizobiur strain TAL OO0 

Rnizobiun strain TAL 
 1000 Parent host 
 : Arachis hypogaea 
 Subfamily : Papilionoideae
 
Ccrm-ncn : peanut
names


Receipt oy NifTAL 9/78 Use5
Courtesy of : NifTAL Project, Paui, Hawaii 
: grain legume


From 
 : Or. . Sinlleton
Rorm received: slant 
 Collected 
 1978 at Hamakuapoko, NifTAL field site 
 tTypic Haplustoli. oH 6.S
 
--------------------- -----------------------------------------------..-


- - .------ rast/slow 
 Host for authentication : 
 Effectiveness
 
Arachis hypogaea ........................ 


yrower : slow 

fully effective
 

Acid/alkali 
 Other host tests :
 
producer alkali 
 Picroptilium atropurpureum.............. fully effective
Culture 
 Vigna unguiculata....................... 
 fully effective
 orm : lyophilized Lablab purpureus ....................... 
fully effective
 

Last purity 
 Vigna acontifolia....................... 
 fully effective
 
check : none
 

Comr.ents 
 Sensitive to 4 degree C storage in peat inoculants. Very effective on Burpee, Spanish, and
Florunner cultivars of peanut.
 
T sstrain also known as 
: NifTAL original 
 Collected in : Hawaii, USA
 

Availability of antisera 
: yes Availobility of antibiotic resistant mutants 
 : special oroer only
--------.................................................................................................................
 
Enquiries : University of Hawaii, 
WifTAL Project and Mircen, P.O. Box 0, Paia, Hawaii 96779, 
U.S.A.
 

00 
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Table 1. 	Laboratories with Rhizobium collections
 

that include strains for nitrogen
 
fixing trees
 

AUSTRALIA
 

CSIRO Cunningham Laboratories, Mill Rd., Saint
 
Lucia, Brisbane, Queensland, Australia 4067.
 
(R.A. Date)
 

BRAZIL
 

EMBRAPA, 23460 Seropedica, Kin 47, Rio de Janiero
 
20000, Brazil (J. DLbereiner)
 

MIRCEN, UFRGS, Caixa Postal 776, 
90.000 Porto
 
Alegre, Rio Grande do Sul, Brazil.
 
(J.R. Jardim Freire).
 

COLOMBIA
 

CIAT, Laboratorio de Microbiologia de Suelos,
 
A.A. 6713, Cali, Colombia. (R. Bradley)
 

KENYA
 

MIRCEN, University of Nairobi, Dept. of Soil
 
Sciencra, P.O. Box 30197, Nairobi, Kenya.
 
(S.O. L.eya).
 

SENEGAL
 

ORSTOM, Boite Postal 1386, Dakar, Senegal.
 
(Y.R. Donimergue-)
 

THAILAND
 

MIRCEN, TISTR, 196 Phahonyothin Rd. Bangken,
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GUIDELINES FOR COLLECTING THE ROOT NODULES OF LEGUMINOUS TREES.
 

Jake Ilalliday 

University of Hawaii NifTAL Project, P.O. Box 0, Paia, Hawaii 96779, U.S.A.
 

Introduction
 

Many traits contribute to the success of 
a tree species. Some leguminous
 

tree species have the comparative advantage that in infertile soi] 
 they can be
 

self-sufficient for their nitrogen supply. 
 This is by virtue of their
 

symbiotic association with root nodule bacteria (rhizobia) that can fix
 

nitrogen.
 

Exceptional performance of a leguminous tree in 
a particular.niche may
 

well be a manifestation of an especially effective match between the tree host
 

and the specific strain o: Rhizobium occupying its nodules. Thus a plant
 

explorer who collects seed alone should not 
expect to see the full potential of
 

the 
tree accession in subsequent evaluations unless some attempt is made to
 

reconstitute an equally effective symbiosis.
 

Commonly, an introduced crop or 
forage legume fbils to encounter effective
 

native strains, and/or noduldte effectively with available inoculants, in 
a ucw
 

environment. Such nodulation problems will certainly turn up when some tree
 

species are used in new sites. 
 Knowledge about the need to inoculate trees is
 

improving but is not keeping pace with 
th expanding array of.species being
 

collected and evaluated around the world. 
 Experience shows that nodulation
 

failures can 
be avoided if strains of Rhizobium which are genetically and
 

geographically affiliated with their hosts can be made available for use as
 

inoculants. Thus nodule (Rhizobium) collection should be undertaken as a
 

routine procedure by plant explorers when they are collecting seeds.
 

These guidelines are for 
plant collectors with no background in
 

microbiology and who do not have hack-stopping in legume bacteriology from
 



tcei r h101nc i, i I atman i zt i. " o'ing ions iu i Th lfow itst~LrUt des(crie hol w a 

s:unpl I(- s oIldIb IA ei ini th, tuId and sIpf dt (o I r eisivinug la ;lo t ory 

if I ur inug Rti zi i i isuIa t iuon, l i Oi, ond preset VLtion suI v itvtrhe(,v;lIl , 

itLtri o" shouldSbht)e o(llowed c lousely t) favor successful isolat ion of the 

rhi zofiail strains ald also to Comply With quarattt in proL(colS apilying to the 

rec:e l vngl a bf oratory. 

Because Of the risks of loss or damage during shi pment of Saml[es, plant 

Collectors are encouraged Lo seek nicroliological support from an exisLing 

LaboraLory (eg. Plant I'athology) at their home institute. For those who are 

new Lo handlirg rhizobin, a separate publication, avdilable from the author, 

details the field and laboratory methods for isolation of Rhizobium from 

nodules, for characterizing the strains in pure culture, for conserving strains
 

in a Rhizobium collection, and for testing their nitrogen fixation
 

effecLiveness.
 

Preparation for a collection trip
 

[deally a trip to collect, root nodules of leguminous trees should take
 

place in the season of vegetative plant growth and adequate soil moisture.
 

This is when legume roots have active nodules and is also the time when the 

soil is easiest to dig tor nodules. Bit this may not always be possible, since 

plant exploration is usually conducted in the dry season to facilitate seed 

collection. UnforLunately, at this Lime most legumes carry only a reduced 

nodule conplement ( if any) and the soil may he dry and baked hard. 

Ii. may be "evessary to unitdertake a separate expedit ion specifically to 

col let t noduhlles tr a Irev accession r spen:iat interest if the nodule and 

seed-col lect(iig se tsons do Ito[ 'oitc ide. rherefort, it is itnlferative that. 

Cott1 feut in o ioi su iett ly tit ltheexactslti e d cumentt he Fi xpl icit ltertttiit 

IiCaL. ion iitd, ideal ly, lft' saite tplantLto b1e re-v isi ted ilia di fierent seasni. 

21 
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Mater ia is and Equitpment 

The materials required during a nodule collection trip depend on 
its
 

duration. 
O1 trips that are completed in 
one day, the following are needed:
 

spade; knife; permanent marker; field book; and a selectio: of polyethylene 

bags. For trips of up to 
two weeks, collection vessels (Figure 1) 
are needed
 

in addition to all 
the items already listed. For longer trips it is best 
to
 

forward samples at 
intervals to the receiving laboratory and this requires
 

packaging materials and sterilizing solution (alcohol or bleach).
 

Collection
 

When collecting from roadsides and other disturbed sites, be.aware that
 

the soil conditions, plant performance and nodulation may 
not be typical of the
 

region. 
 Having located a leguminous tree 
that is of sufficient interest to
 

prompt you tc collect seed, take the following approach:
 

-- if you are dealing with a tall, mature tree, are 
there any superficial
 

roots (in the leaf litter?) that have nodules? 
Make sure of course that the
 

roots belong 
to the tree of interest.
 

-- are there any seedlings of the tree that can 
be dug up easily nd do
 

they have root nodules?
 

-- if the answers to the above are "no" then it is best to retrieve a 
sample of 
a few grams of soil from which 
it may be possible for the receiving
 

laboratory to isolate 
rhizobia by an indirect procedlure later. 

-- has 
the species ever been reported to nodulate? A masterlist is
 

available from the author. 
 If "no" and you have observed nodules then it
 

becomes very imlportant to confirm that the tree 
is really the species you think
 

it is, and that the nodnlutes 
occur on the roots of that tree. The receiving 

laboratory shouldl he advised of the "new nodulation report" so that special
 

care can be taken to isolate imdauthenticnte the Rhizohium." 



When il1, i .;.;h ( t) d ' e r tlIhe.'-aimp~I he f-Iv im) ir ,- 11 ) , raliry on 

the Saili.( d;jy , it.is .; [ilIl eat It" - -1'i, I e s(me n ulI ;treld ro)l !t,,tt belr wi t 1 1lhe 

adher i"g so i ard jiack itI rml v i lo a pul yet hv I Pri Wag I or Lraispori Lo I t 

laboratory. The receiving laborat-ory will the"t isolate froim the fresh
 

noldules, or store a or
salnpi the ilt}tilies for subsetluent iso!at-ion. 

For trips of nore lhar one day, Co]]ecedlnodules must be preventei from 

decomposing and protected from invasion by soil microorganisms which interfer 

with subsequent isolation procedures. Segments of the nodulated root (again, 

btesure it helongs tO the prtopter tree!) may be collected 
in the field, stored 

Lemporarily in a plastic tag With moist soil, end transferred later to nodule 

collection vessels. Alteriatively they may be retrieved in the field and 

transferred directly 
to Lhe collection vessels.
 

Do not expect to locate nodtules on the main rootsLock of tree species.
 

Nodules of most legumes have 
a finite life span, and a maturing root that may
 

have borne nodules when younger, no longer has the anatomy that would permit
 

reinfection and nodulation. Nodules on tree species can sometimes he located
 

by following a lateral root out 
to the zone of new growth. This zone may be a
 

long way from the trunk of the tree. 
 Do not 
expect tt,find nodules on a
 

sapling plant- that has been pulled out of the ground by 
force. In most
 

species, the connection between the nodule and 
root is extremely tenuous.
 

Careful excavaiion (archeologist style) gives besi 
results.
 

Sample only fresh, 
firm nodules and avoid taking samples of those which 

are damaged or decaying, since routine isolation procedures are unsuccessful 

with such mt erial. If the root to be sampledt is abundantly nodulated, section 

some Of the niodhules to check for whiLe (= ineffecLive), pi nk (= effective), or 

Mreet (= I ionger fixing). Sect i oed 11o0iiil(s are of no value for stibseriLent 

ist[at-in, ind 
tin tbe discardted. It tLe root. Lo ie sample(] bears only a few 

hlie1hty todtules,, it is minre importantt Lo co[let. tthese than to section them to 

/4 
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dJescr i be t hci r p igmenLa t ion. 

'['he inner pigmentation is sometimes visible through the semi-opaque nodule 

periderm maki_ng it easy tn pick act ive nodules for sampling. Try to collect UL 

least 20 nodules per tree. There are two reasons for this. First, it
 

increases the chances of obtaining a viable isolate 
for a particular species. 

Second, sometimes only a small proportion of nodules from a single tree contain 
rhizobial strains that are highly effective at nitrogen fixation. This is not 

surprising, given the range of effectiveness of strains in the soil population 

of RhizobiuM that may infect a native leguminous tree. 

Snip the root abouL 0.5 cm on either side of the nodule so that small root 
tails are still attached (as in Figure 1). This aids manipulatiou of the
 

nodules later and also prevents the direct 
 ingression of contaminants which can 

occur at a cut or damaged nodule surface. Use scissors ar a sharp knife to cut 

the root. Even very fine tree roots can be amazingly resistant to attempts to 

break them away with the fingers. Such efforts usually result in compression
 

damage to the nodules which makes it impossible to isolate rhizobia later.
 

Shake or rub away any adhering soil from the nodules. Blot dry any 
 excess
 

MiIsture, particularly 
 if you had washed the roots to locate nodules. All of 

the nodules from a single tree go into the same vessel. Under no circumstances 

should nodule samples from different plants be combined. The cap on the vessel 

should be tighlty sealed. Label che vessel with a specimen number that relates 

it to the (,ocumentation of its tree accession and site of origin. 

CollectiRg trips of more than 14 days in duration can pose special 

problems. No definitive daLa are available on the loss of viability by 

rhizoiO in desiccated niiules during storage. '['his specification of 14 days 

as a sa fe liriit i-s somiewlat arbitrary mnd probably conservative. A collector 

who w I I le aiway from hn,,e bIse for two weeks or longer should either dispatch 

saiml s 1_(to co l lahoi'at i rng laboratory periodically over the trip or make 
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is)lations; t l(-)rotL.. Th former IS ih' jly pra(:t 1 li ()'pWil ""iV,,0; the 

Col lector is prepared to ltear, some field isolationi r(iirIlt-res. 

Saml le vssIs thai air, to h, ma iled heto a roeeiving laboratory should 


surface sterilized 
hy wi ping the Outside with alcohol or bleach. This is to 

reduce the risk that the vessels have Pathog.enic organisms ad!bering to them. 

The receiving laboratory Lakes responsihility for quarantine and d struction of 

pathogens inside the vessel adherin I the nodule samples. 

Documentation 

Most of the information required for nodule collection is the same as 

would be noted in any case by a plant explorer collecting seeds. -The data
 

sought by the Ni[TAL 
 receiving laboratory for aIcumenting a Rhizobium strain is 

indicated in Figure 2. 
Figure 3 gives an example for a completed entry. The
 

plant collector contributes the items marked 
* and the receiving laboratory
 

progessively completes the record. 
 Collection site data should be forwarded
 

with the nodule samples. 

Receiving laboratories 

There are several soil microbiology laboratories that have Rhizobium
 

culture collections including strains for nitrogen fixing trees. 
These
 

laboratories may be willing 
to handle limited numbers of isolations as a
 

service to plant explorers if they have a shared interest .in the tree germplasm 

heing collected and its rhiz.ohbial partner. 

Within the framework of the network of Microbiological Resource Centers 

(MIRCENs) sponsored hy Onesco, several laboratories specialize in Rhizohium 

germpIasm pIreservation. Among the MIRCINs, the University of lawaii Ni ['PAL 

Project has nsia:iaIl interest in lRhizohi nmstrains for leguminous trees. 

Ni["IAL is willing to receive nodules from piant collectors for isol tion 

(6 
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(v I i)L 14itd preservat i ioi). Strains and related data are conLinuously 

available to Ihe originalto! lector for his/her own lrl)oses., 

Wheti il end ing Lo utilize the services (f a receiving LahoraLoly, it is 

essenLial LL communicate with the col laborating liaboratory at the p.1 anning 

stage Oft the collcuLi on trip. Provide informati on on the approximate number of 

samples to expect and of any spec ial emphasis wi Lit respect to spec ies or soil 

Lype from %,hc mat er a J will be collected. Comply fully with instrucLtions 

from the receivinp laboratory on mailing ilnstructions. In the case of Nif'TAL, 

mailing instrucLions and quarantine labels are sent to collecto' . Oly 

materIaIs entering liawa i by approved quarantine channels will be released to 

Nif'AI, for handling. 

'[ 1/'1111////-/ I Screw cap 

Nodule 
sample 

Glass vessel 
(5.10 ml 
capacity) 

Cotton wool 

Oesiccant 
(anhydrous calcium 

chloride) 

Fr 11,,,. Vessril lot storing nodules, 



------------------------------------------ ---------------------------------------------------------------------------

--- - ------------------------------------------------------------------------------------------------------------------------

------------------------------------------------------------------------------------------------------------------------

---------------

Figure 2. Descriptors required by NifTAL for strains of Rhizobium' 
Items to be provided by the collector are marked "T" 

------------------------------------.---...........................----------------------------------------------------


RHIZOBIUM GERMPLASM RESOURCE - Universiy of Hawaii NifTAL Project and MIRCN Rhizobium strain TAL
 

-


Rnizobium strain TAL Parent host : _ Subfamily 
Common names : _ Uses * 

Receipt by NifTAL Courtesy of : 0 (collector's institute) _ From *(collector's name)_ 
Form received: Collected : * (location where collected)_ (*_ (site data) ) 

Fast/slow Host for authentication Effectiveness 
grower _ 

Acid/alkali Other host tests 
producer _ 

Culture 
form 

Last purity 
check 

Comments 

This strain also known as 
: Collected in : 

Availability of antisera : Availability of antibiotic resistant rmtants :
 
Enq--
-iries:- Un-awai,-
 fALPrject-a--ir-n,--.O-Bo 
 aiaHawai--------------------------

Enquiries University of Hawaii, if TAL Project and Pircen, P.O. Box 0, Paia, Hawaii 26779, U.S.A. 



------------------------------------------------------------------------------------------------------------------------

------------------------------------------------------------------------------------------------------------------------

------------------------------------------------------------------------------------------------------------------------

------------------------------------------------------------------------------------------------------------------------

Fiuro 3. Example of a completed Rhizobiuin germplasm record. 

RHIZOBIUM CERMPLASM RESOURCE - University of Hawaii NiFTAL Project and MIRCEN 
 Rhizobium strain TAL 1000
 

Rhizobiin strain TAL 1000 Parent host : 
Arachis hypogaea Subfamily : Papilionoideae
 
Common names : peanut Uses 
 : grain legume
Receipt by NifTAL 9/78 Courtesy of : NifTAL Project, Maui, Hawaii From 
 Dr. P. Singletor,

Form received: slant Collected : 1978 at Hamakuapoko, NifTAL field site - (Typic Haplustoll, pH 6.9 

Fast/slow 	 Host for authentication : 
 Effectiveness :
 
grower : slow Arachis hypogaea ........................ fully effective
 

Acid/alkali Other host tests :
 
producer alkali 
 Macroptilium atropurpureum.............. fully effective
 

Culture 
 Vigna unguiculata....................... fully effective 
form : lyophilized , Lablab purpureus........................ fully effective 

Last purity Vigna acontifolia ....................... fully effective
 
check : none
 

Comments 
 : 	Sensitive to 4 degree C storage in peat inoculants. Very effective on Burpee, Spanish, and
 
Florunner cultivars of peanut.
 
This strain also known as : rJifTAL original Collected in : Hawaii, USA
 

Availability of antisera : yes 	 Availability of antibiotic resistant mutants : special otder only
 

Enquiries : University of Hawaii, 
NifTAL Project and Mircen, P.O. Box 0, Pala, H.waii 96779, U.S.A.
 

IC 
'N) 
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lfat)abl I. labornLories wiLh Rhizohium Col lec tions hit include sLrHins for 
nitrogen fixing Lrees.
 

AUSTRALI A 

CSIRO Cunningham Laboratories, Mill Rd. , Saint Lucia,
Brisbane, Queensland, Australia 4067. 
 (R.A. Date)
 

BRAZIL
 

EMBRAPIA, 23460 Seropedica, Kn 47, 
Rio de Janiero 20000,
 
Brazil. (J. Dibereiner) 

MIRCEN, UFRGS, Caixa Postal 776, 90.000 Porto Alegre, Rio
 
Grande do Sul, Brazil. (J. R. Jardim Freire)
 

COLOMBIA
 

CIAT, Laborotorio de Microbiologia de Suelos, A.A. 6713,
 
Cali, Colombia. (R. Bradley)
 

KENYA
 

MIRCEN, Ur.iversity of Nairobi, Dept. 
of Soil Sciences, P.O.
 
Box 30197, Nairobi, Kenya. 
 (S. 0. Keya)
 

SENEGAL
 

ORSTOM, Boite Postal 
1386, Dakar, Senegal. (Y.R. Dommergues)
 

THAILAND
 

MIRCEN, TISTR, 196 Phahonyothin Rd., Bangken, Bangkok 9,

Thailand. (A. Poonsook)
 

UNITED KINGDOM
 

Soil Microbiology Department, Rothamsted Experiment Station,

Harpenden, Herts., AL5 2JQ. England. 
 (J.E. Beringer)
 

USA
 

NifITAL Project and MIRCEN, P.O. Box "0", 
Paia, lawaii 96779.
 
U.S.A. (J. Hlaliiday and P. Sotasega ran)
 

Nitragin Co., W.
3101 Custer Ave. , Milwaukee, Wisrons in 53209 
U.S.A. (R.S. Smi Lh) 

USDA, Cell Iulture and Nitrogen FliXaLio Ilab., BIel isvilte,
Maryland 20705. (I). F. Weber and II.II.Keyser)
 

(
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THE EVALUATION STAGE 
- by J. Burley 

The exploration phase is concerned with sampling

the geographic range of a species and examining

phenotypic variation throughout the range. 
 The
 
objectives of the first phases of the evaluation
 
stage are as follows.
 

* To estimate the extent and pattern of
 
the genetic components of the phenotypic

variation and covariation by comparative

studies of a range of population samples
 
grown on the exotic sites.
 

" To determine the extent and source of
 
Population x Site interactions (synonymous

with Genotype x Environment interactions
 
(GxE), where environment effects include
 
managerial treatments).
 

" If GxE effects 
are large, to determine the
 
optimal species and seed sources for each
 
site.
 

" 
To explain the variation in terms of
 
climatic and edaphic factors at the planting

sites and in the natural origins.
 

Later stages are 
likely to include increasing

numbers of management variables and field
 
measurements in order to decide about the most

effective ways in which to manipulate the trees
 
so as 
to achieve particular objectives with
 
regard to a species' output or service role.
 
This may, eventually, include the addition of
 
field instrumentation, laboratory tests, 
and so
 
on, but 
 any of the initial investigations
 
are best achieved through basic field manage
ment treatments.
 

Ultimately the evaluation stage must include
 
specific species/provenance trials and management

investigations with other potential plant

associates designed to give information, and
 
solve problems, concerning the management of

the various plant species in actual agroforestry
 
land use systems.
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Planning and Control of Research* - by J. Burley 

Research activities
 

In all species and provenance research, whether
 
for dense plantations or agroforestry systems,

planning is required at several levels. 
 These
 
range from an overall plan by the central
 
coordinator of an international collaborative
 
programme through national plans for the overall

control of the investigation in relation to

objectives and policies, to detailed methods and
 
procedures for each specific experiment.
 

The overall plan should proceed from the
 
definition of objectives and the broad
 
statement of policies that will be pursued

to 	achieve them to deal with the following:

* 	The selection, grouping, phasing and

designing of research projects leading to
 
the preparation of appropriate programmes
 
of work,
 

9 	The operational requirements for research
 
units to put these into effect.
 

More detailed plans for specific experiments

in projects, and for services such as
 
experimental design, computing and analysis

should be in the form of appendices to the project

plan. This will 
increase the usefulness of the

plan as. an operational document and will facilitate
 
the addition of new research and the updating 
or
 
amendment of existing projects and services.
 

Research programmes and projects
 

Research programmes will differ considerably

depending on the requirements of particular

countries but it would be of considerable
 
advantage, in organising or benefitting from
 
co-operation between countries, if research 
programmes are fromcompiled considerations of 
an 	agreed standard list of the main activities 
in this sphere of research. It would be a
 
further advantage if, for individual projects,

the detailed procedures could also be agreed and

standardized in so far as this is possible.
 

Outline of research activities (suggested standard
 
list)
 

The main activities in species and provenance

research are as follows.
 

SSee also Part 3C
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Assessments in the mature stage,

including the following:

- survival
 

- form and yield of individual trees
 
and plots
 

- wood quality, the factors that influence
 
it, and their implications for
 
utilization
 

- growth form, fodder yield and characters
 

- chemical observation of wood and other 
products 

- managerial properties (e.g. coppicing or 
pollarding ability) 

- effects on site 
- effects on agricultural crops. 
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" 
A review of literature, correspondence


and personal knowledge of distribution
 
and variation of species likely to be of

value. Discussions with international, regional

and national organisations concerned with
 
these species.
 

" 
A choice of species and of provenances to
 
test
 

- selection of parent stands in natural
forest where possible based primarily on
 
their seed production, yield production

and genetic quality and position in natural area
 

-
 selection and management of seed stands
 
in plantations where possible
 

- procurement, treatment and storage of seed.
 

" 
Design, layout and analysis of species and
 
provenance experiments
 

- assessment and selection of sites
 

-
 selection of systems of silviculture
 
and standard management
 

-
 planning and design of experiments and their
 
interpretation
 

-
 analysis and interpretation of actual
 
experimental data
 

- reports and dissemination of results
 

o 
Techniques and assessments in the nursery stage,

including early test methods
 

- nursery conditions and cultural treatments
 

-
 design and conduct of nursery experiments
 

- nursery assessments
 

-
 early test methods including biochemical
 
and anatomical studies, juvenile-mature
 
correlations.
 

* 
Techniques and assessments in the juvenile to
 
mature stages
 

- definition of types of trials and their
 
objectives
 

- design and conduct of mature stage
 
experiments
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Research Management and Monitoring-

Some Comments - by J. Burley
 

Research management and monitoring comprises
 
the following.
 

" 	A detailed appreciation of the experimental
 
objectives
 

" 	The use of "control plans" to carry out the
 
experimental prescriptions
 

" 	Field management and assessment at the
 
prescribed times
 

* 	Continuous monitoring of the health and
 
condition of the experiment
 

* 	A capacity to "look ahead" and be prepared

for unplanned events.
 

Objectives
 

Each trial should, from the planning stage, have
 
clearly defined overall objectives for example:
 

"Tocompare the survival, growth rate and leaf
 
production of three provenances of Aca >, tortilis
 
at two sites in northern Kenya"
 

Further amplification should also be given
 
describing what is expected from the results
 
especially the possibility of obtaining data on
 
a wider variety of outputs (other products e.g.

fuelwood, and/or a "service" e.g. data on microsite
 
enrichment).
 

Planning and control
 

The experimental or "control plan" sets out
 
the work to be done. It should be kept as
 
simple as possible, but should contain all the
 
essential information to enable another research
 
worker to carry out the work. The basics are
 
as follows.
 

a 	The objectives of the experiment translated
 
into a step-by-step review of how the
 
observations and measurement data to be obtained
 
will achieve these. This may also include some
 
outlines of the magnitude of likely errors or
 
-bias in order that the more sensitive proce
dures can be watched and the irrelevant ones
 
ignored.
 

A)
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e 
The actual detailed programme of work,

phased with dates(or growth stages) for
completion, and careful descriptions of how
observations and measurements 
are to be made
and recorded and how the experimental diary

is to be kept.
 

Field management
 

In common with any kind of field experiment
the allocation of tasks and responsibilities
must be very clearly defined. Observations
and data collection, which are 
likely to be
more complex for multipurpose trees than in
traditional forestry practice, must be carefully
supervised and checked whether "on" 
or "off"
station. 
 Because the size of a research programme
depends on the 
resources available,which are
-ialways limited, it must be kept practical from a
management point of view. 
 The need for testing
a number of sites, 
for instance, will be balanced
against logistical considerations such as maintenance. 
Also from the practical point of view
of management simple statistical designs and field
layouts are desirable whenever possible.
 

Continuous monitoring
 

Regular data collection needs to be supplemented
by management observations by all field staff.
They should be 
told what to look for in terms of
general plant development, health 
(plant wilting
or 
the onset of pests and diseases), accidents,
unusual weather effects, etc. 
Such observations,
both in the nursery and field stages, 
can give valuable guidance for future research work and early
warnings can 
sometimes save whole experiments.
 

Wider issues
 

Any species field trial or experiment is likely
to form a part of a wider national program of
evaluation work on 
that species and 
 on multipurpose trees 
(FGNFs) in general. This wider
programme will take 
into account the broader
national objectives of agroforestry research and
development and 
so will include the following.
 

6 Overall objectives of the national research

programmefor multipurpose trees (FGNFT's)i.e. with regard to a renewable energy
programme, the development of animal 
resources, food production or 
the rehabili
tation of degraded lands. 
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" 	A time scale for this research and develop
ment programme (in relation to government targets
 
for national development).
 

* 	A set of priorities for the outcome of research
 
with MPT's (FGN2T's). That is priority
 
regions , land use types (intercropping

combinations), cash or subsistance systems
 
etc.
 

" 	Any general limitations regarding management

and labour organisation which might influence
 
the experimental approach, assessment procedures,
 
etc.
 

* 	Requirements for staff, materials and finance
 
for higher priority national assignments, and
 
so on.
 

Clearly any specific research programme has to
 
be planned against a background of national
 
objectives and resource allocations. It should also
 
take into account the two-way possibilities of
 
exchanging both information and experience on 
an

international level in view of the 
enormous world
wide interest which MPT's (FGNFT's) have now
 
aroused (see Appendix 1, for some international and national
 
organisations concerned with research in this
 
field).
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The Need for Phased Trials* 
- by J. Burley
 
General consideratio,. 

More often than not adequate information islacking eithier on the requirements of thespecies, or on 
the characteristics of the site,
or both. 
 In such cases embarking on agroforestry or afforestation schemes without a
carefully planned and'executed experimental

programme has often led to costly failures.
 
The choice of species 
to use for agroforestry
involves the extrapolation of information from
elsewhere. 
 Climatic and ecological matching
of a new site and the original habitat of 
a
species is rarely enough since it 
cannot reveal
the adaptability of the species 
to new conditions
or its ability to grow satisfactorily in a range
of sites. When information is lacking, the best
way to acquire it 
is through trials of 
a number
of species in smaZZ 
plots on renresentative
locations within the 
area of the proposed afforestation project. 
Provided the locations are
carefully selected to 
sample the range of
planting sites and 
are properly looked after,
extrapolation of perfomance from small plots to the
whole 
area should involve far less risk than
imprecise comparison, based on 
inadequate data,
between widely separated regions of the world.
 

The advisability of species trials is now
generally accepted, but the need for their careful
planning and for high standaids of maintenance
and assessment has often been less appreciated.
Species trials themselves can be wasteful and
misleading if badly planned or executed and
proliferation of plots, if 
they are ill-sited, illtended and ill-protected, is no 
substitute for a
small, wisely planned programme which is tailored
to 
the staff and financial resources available.
The objective is 
to derive the greatest possible
information from a given cost or, the other way 
to
obtain the desired information at the lowest

possible cost.
 

For species with naturally wide geographical or
ecological ranges, provenance testing is essential.
It is easy to be misled in the comparison of species
for agroforestryor for 
some form of afforestation
(including fuelwood lots), if 
the total range of
intra-specific variation is 
not known.
 

Identification and coinpaLison of sites must bedone on an ecological not a national basis.Results from species trials in other countries*n t0he same climati.c zone and on similar soils may 

I ~;';5 etlen V V 
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be of closer application than those from trials
on completely different sites within the
country. same
In order to make results in one
country readily interpretable in another, the
value of standardizing methodology, design,
methods of assessment and recording, etc,
cannot be over-emphasised. 
The remaining
parts 
of this Manual 
are intended to
facilitate this standardization.
 

If detailed information is available on all
factors significant to 
the success of a species
in plantation 
 and on the status of these
factors at 
the site to be planted, it may be
possible to start agroforestry or afforestation
without preliminary species or provenance trials.
More commonly, however,information has 
to be
acquired gradually. Ideally, 
 when starting
from scratch, species and provenance trials should
be phased according to 
the successions:-


Few data on species 
 -9 Increasing data on
 
or on sites. 
 species/site characte

ristics
Many species and prove-

nances tested by small 
 Fewer species and
provenances tested by
plots for short periods. 
 increasing plot size for


longer periods.
 

Type and duration of triais
 

In classical species and provenance research for
industrial afforestation, distinct phases are
commonly encountered and these may be required
either singly (sequentially), 
or in combination
(telescoped) or at the same time (parallel)
depending on 
the state of knowledge of the species

and afforestation sites.
 

The ultimate phase is, of course, the complete
agroforestry or afforestation project where the
source populations are 
reduced to one or two
provenances of one 
or a few species and where the
annual planting 
area as, in forestry, reckoned in
hundreds of thousands of hectares. 
 It must be
recognized that there is 
no standard procedure or
time schedule for passage through successive stages
of testing; 
nor is there always a need to use
 
every stage.
 

A comprehensive phasing in forestry research
would include the following. 
The speciet; alimination phac? (stepdiagram)* is 

10 in the flowthe mass screening of a larqe numberof possible species in small plots for a short 

kSee below 
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period (1/10-1/5 rotation) to determine

survival and promise of reasonable growth.
The species testing phase (step 11) is assigned
for the critical testing or comparison of 
a
reduced number of promising species in larger
plots for longer periods (J- rotation). The
species proving phase (step 12) 
is designed to
confirm, under normal conditions, the superiority

of a few probable species. Three similar stages
apply to provenance testing for species with a
wide natural distribution, a range-wide provenance
sampling phase, a restricted provenance sampZi2g

phase and a provenance proving phase. 
 Since
these are generally applied to species that are
promising or probable their plot size and duration
 can be larger than the comparable phases of species

testing.
 

In dealing with MPT's 
(FGNFT's) for land 
use of one
kind or another the experience gained from forestry
research is clearly a place from which to start
We do, however, have a range of different end-uses
to which the species will be put, and a much wider
 range of species, of vastly different habit and
growth forms, from which to chose. 
 The experience
of tree crop specialists (for example, dealing with
fruits, nuts and beverage crops) and of range
ecologists is also relevant, and particalarly so where
it comes 
to the later stages of evaluation that

involve management treatments and testing for
 
agroforestry systems.
 

Although the research phases mentioned above apply, in
principle,also to multipurpose trees 
in agroforestry situations, four levels of experimenta
tion are considered in this manual which are 
covered
by 
the individual steps in the accompanying flow
diagram (see the end of the Section). 

0 Introductory "Elimination" field trials 
 (step 10)
maintained for 1 or 2 years, to determine the
capability of each population 
to withstand the
initial transplanting shock and to become

established under local conditions ot site and
management. 
Again these apply to as many
natural origins and land races 
of each species
as it is possible to obtain. 
 In view of each species
urgency for placing MPT/FGNFT species in trials
in as many sites as possible, and the low probabi
lity of obtaining range wide provenance collections
for many of the species, the sequence of species
and provenance trials outlined above are not
 
mandato-y.
 



(Step 11) of the
" 	Vigor/phenology field trials 

most promising (8-10) sources observed in the
 
elimination field Lrials, and perhaps in large

replicated plots, under the expected "best" mana
gement treatments, assessed for all production

characters over several rotations.
 

" Performance/manacement trials (Steps 12a & b) where 
optimum management techniques are worked out 
with regard to individual species, potential
sites and end-uses. These will also include
 
nursery experiments (which may also include
 
some comparisons in the field with directly
 
sown material); 
these apply to all seed sources
 
collected.
 

* 	Intercropping trials with mixed tree/crop
 
components:- First to determine the optimum

mixture of trees and agricultural crcp species

(Step 16), second toobtain initial informatIon
 
on their possible "design" factors for various
 
types of agroforestry systems (intercrop screening

trials); and third, to include or proceed to full
 
management trials 
(Step 18) with mixed tree/crop

components to evaluate the best ways of
 
handling the species mixtures in actual agro
forestry systems.*
 



-------------------------------------------

407 
Taxonomy*  by J. Burley
 

As shown in the Section on "Exploration"
considerable material sampling and taxonomic
expertise may be required in the exploration
phase 
to determine taxonomic identities, affinities
and phenotypic variation patterns between and within
species. Obviously the correct identity,
nomenclature and origin 
are essential items of
information that should be recorded for all
seeds lots and all plantations derived from
 
them.
 

However, taxonomic studies should not stop
at the exploration phase. 
 Similar material
(standard herbarium specimens of flowers, fruits,leaves, twigs and bark) should be collected fromrepresentative samples in each population in all
elimination field trials (juvenile material from
all seed sources) and growth trials 
(mature
material from the most promising populations).
When compared with and between plantations sites
*these determine the rigidity of genetic control
(e.g. the plastic or conservative nature) of the
standard taxonomic traits and hence confirm cr
reject the hypotheses based on 
 phenotypic varia
tion in the natural range.
 

* A taxonomic character is any attribute of 
an organism

which can be evaluated, referring to structure, form orbehaviour and which has two 
or more discountinuous states
 or conditions e.g. 
 morphological 
character of the 
flower
such as 
shape of a petal, stamen number of length 
or a
leaf. 
 Strictly speaking, characters as such 
are abstract
entities it is their expressions or states whichtaxonomists deal with in their classifications. 
 Plant charac.ters are normally listed in the flora descriptions and thediagnostic ones 
are 
used in keys for identification. The
value of 
a taxonomic character is increased if its biological

significance has 
been deter;mined but 
the significance of
most 
characters is stili unknown or poorly understood.

Some characters are very stable and show little variationfrom individual 
to individual and from generation to generation. Such are 
those of the flower and fruit inangiosperms and the female cone in gymnosperms and whichare used extensively in the identification and classificationof these groups. Morphological features of vegetativeorgans, stems, leaves, bracts, etc. which tend to be muchmore variable and affected by the environment are importantat levels below that of the species, e.g. in describing
intra-speci fic variation.
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For a further discussion on taxonomic evaluation
 
see Styles*. In particular he described the
 
categories of population variation including
 
ecospecies, ecotype, cline, deme, provenance and
 
cultivar; he did not include the term "land race",
 
which was described in a previous section and
 
which is commonly used in agriculture; it is
 
virtually synomynous with "derived provenance"
 

In addition to the morphological characters
 
used in classical taxonomy, chromosomal characters,
 
pollen morphology, biochemical products and
 
anatomical features are becoming more widely used
 
as taxonomic traits since sophisticated analytical
 
methods and equipment are becoming cheaper, more
 
widely available and taught at post-graduate
 
level; these include gas chromatography for
 
primary and secondary metabolic products,
 
electrophoresis and electrofocussing for primary
 
gene products, DNA/RNA analysis for genetic
 
structural components, and both transmission and
 
scanning electron microscopy for fine structure
 
of surface, cells and tissues.
 

Despite the importance of taxonomy, with many species
 
of MPT's in the early stages of their evaluation
 
a very wide range of useful features, (such as vigour)
 
is found. These differences may be of far greater
 
economic inportance than classical taxonomic
 
differences.
 

Styles, B.T. 1976. Taxonomic and biosystemaic studies
 
pp. 15-25 in "A Manual on Species and Provenance
 
Research with Particular Reference to the Tropics"
 
(Eds. J. Burley and P.J. Wood) Trop. For. Pap.
 
No. 10. CFI, Oxford.
 

- and see also Appendix 2 for plant nomenclature.
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IMPLEMENTATION FLOW CHART FOR STEPS IN

EVALUATION OF MULTIPURPOSE WOODY
 
PERENNIALS.-
 by P.A. Huxley
 

The flowchart at 
the end has been prepared in
order 
to draw together some of 
the Point raised
 
earlier about field trials with MPT'is,
to combine these with the 

and
 
usual considerations


of planning and resource 
appraisal undertaken
when undertaking 
an experimental programme.
 

The steps have been elaborated in 
some detail
much as an 
"aide memoire ". Clearly 
some
have more weight than others, but they are all
part of the logical process of planning and
implementing a 
sound experimental programme.

If the researcher wishes 
to "skip" some
sections he may chose 
to do so, 
but this should
be done knowingly and not 
by default!
 

Circles represent inputs (e.g. of information
and/or germplasm) rectangles 
"action steps",
parallelgrams 
are "states" 
and diamonds are 
"decision
Processes". 
Fig.1 gives an outline of main flohart
 
sequences.
 
Following on 
from the implementation 
flowchart
presented in Section 2 outlining a nationalstrategy for MPT exploration we 
can assume
that there is 
at least 
some assess 
to existing

information about both indigenous and
exotic MPT species (and, in 
fewer cases 

present, provenances), 

at
 
together with 
a
knowledge of how to obtain supplies of 
the
required, authenticated germplasm.
 

The latter may present some difficulties at
the present time and the 
reader 
can be 
directed
to the Procepdings of 
the Planning Workshop on MPT
Germplasm* for 
a 
fuller account of 
these.
Also, 
to Part 4A of this manual which includes
some preliminary ideas about 
the problems of
chosing appropriate species and provenances
 
of MPT's.
 

Notes on 
the various steps
 

1 
to 5 These arise from and/or relate to 
the
 
processes involved in chosing appro
priate Species/provenances. In

particular, for Step 1, 
the choice

of provenance may offer 
an opportunity

to extend the accepted range 
in which
 
a species is 
general]y found 
to be ada.pted
in its indigenous state 
(see Part 4A).
 

iteid In Wilshl ing ifl I).(C. USA ,Jilno !983 byI l3IG/CPI/NAS , ICIA./ 
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1. 

Steps 


I - 5 


6 - 9 

10-12 


13 

!4-.17 


8 

I: (1.'L.oII NI: O I II" U.c(JlClCH;F;I .{'IL;iIT 

(sLe bick Of t hiitei 1*01 thme floWchar. Its,-I 

Process Results 

Information and 
germplasm acquisition -

Selected choice of indienis 
and exotics. 

Decide on espcrimcfntal 
objectiv1s and match to -
available resource; 

> An exiperimentil p-i: 

Commence field trials to Sufficient research information 
test 11PT species and - - concerning survival adaptabi ityprovenances in a logical and viour and productivity in
 
properly phased manner relation to site and choser.
 

rlevels of management 

Evaluation of tie IPT Decision to go on to mixed
 
information and experimental---} cropping trials or acquire
evidence to dota 
 • more information about -he
MPT's first.
 

Examine an" update, if 
necessary,information about 
other crop components and Determination of suitable 
likely between plant cnt - I1c-.'cropspecies mixtures and 
ponent interactions. Cary a knowledne how to mana -e 
out screening trials with them 30 as tr ctti'i ,' 
mixtures, then More detai led outputs 
management trials 

rilith and aCcepttilit
 
trilswit lndise~ sstctm6-) Ieadinc; to uaptior
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If a detailed diagnosis is available
 
of the land-use systems for which the
MPT's are potentially useful then the
"specification" arising from this will
 
have defined the character and purpose
of the woody plant component in some
 
detail for Steps 2 to 4 (see Part 6G
and refer to the manual on Diagnostic

and Design Methodology" for more 
details

of the land use diagnosis and design

procedures).
 

The outcome, then, will be a list of

MPT species/prov-enances which might be
considered suitable 
after testing as
required, for the purposes and sites

outlined by an 
initial specification.
 

6 to 8 This list might well be rather lengthy

and the overall scope of the experi
mental programme has to be known, or

estimated, at this stage in order to
 
further refine it.
 

Depending also, for example, on 
the
 
urgency with which results are required

and the feasibility of "telescoping"

the various parts of the programme,

the question of arranging to overlap

different phases needs to 
be carefully

evaluated. 
In many cases it will be

likely that the pressure to arrive
 
at practical results as 
quickly as
 
possible, so as 
to provide technical
 
answers for development programmes,
will almost certainly eliminate the
 
opportunity to procede in a strictly

stepwise fashion by completing each

phase of the experimental programme

before moving on to 
the next - this
 
may not be strictly necessary, in any
 
case.
 

Finally, the initial concepts of "end
use", 
together with the information
 
gap which has initiated the need for
 
an experimental programme in the first
 
place, will have given rise 
to a set
of research objectives which have, at
this point, to be weighed against the
 
resources available to achieve them.
 

The cost-benefit of different
 
possible ways to provide the answers
 
must always be assessed in terms of

a) the integrity oC the experiment:al 
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procedures 
 b) the level of information
 
required in order to achieve a satis
factory technically operational outcome
 
at a practical level and 
c) the
 
fulfillment of an 
ddequate set of
 
answers tailored to 
tle socio-economic
 
situations in which they are 
to be used
 
(see also Part 6B). There may, also, be 
a
case for considering the establishment of 
a sound scientific and/or technical
 
basis for the elaboration of future
 
experimental programmes, if this is

clearly apparent at this stage. 
 But

the extent to which this can be provided

for, if it does not co-incide with
current goals, is probably largely

dependent upon the richness or otherwise
 
of the experimental resources available

(although the possibilities of obtaining
 
some "basic" information, e.g. about

plant responses to the simple manage
ment procedures, by adding some simple,

additional measurements at low cost,

should never be overlooked if it can be
done without straining the programme
 
as a whole).
 

Especially with multipurpose tree
experimentation, one 
should always

check whether the programme is feasible

before embarking on an overambitious
 
scheme that has, later, to be curtailed.
 
This applies,especially,because of the
relatively long-term nature of the field
trials involved (see Table 1 Part 1A) and the

need for a sustained provision of experi
mental inputs. At this stage (Step 8)
it is not too late 
to go back and revise
the scope of the experimental plans to

take into account the likelihood of
 
future budget cuts, the loss or

transfer of skilled project personnel,

the breakdown of equipment that is not

easily maintained (and on which the
acqusition of essential data depends),

and so on. Basically, this is 
an assess
ment of risk.
 

Experimental plans 
can be very varied
 
dependinq,to some 
extent,on tle scope

of the programme and the amount of
detail to be included that personal

preferences and the level of
 
organisational ability of support

staff dictate. There 
are some common
 
features that can be listed asgeneral].y desi rn-ble, such as stating 
or de inin q the fIollowing. 

9 
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* 	 A title 
* 	 Project leader/s and other
 

participants
 
* 	 Location/s and dimension and
 

characteristics of site/s
 
o 	Objectives
 
* 	 Goals (summary of outcome and
 

in what form/s and when)
 
o Time plan/s of operations
 
o 	Support personnel required and
 

when
 

* 	Equipment/facilities required
 
and when
 

* 	Germplasm sources and plant

acquisition/plant raising

requirements and provisions
 
(in 	detail).
 

* 	The full description(and map)

of the chosen experimental
 
layout.
 

o 
Planting out and subsequent

plant/soil management procedures
 
to be conformed to.
 

o 	Main procedures for data
 
acquisition (mandatory),
 

o 	Supplementary data acquisition
 
(intermittent and/or optional)
 

* 	Reporting procedures and checks
 
o 	Data processing and storage 
proce

dures including statistical analysis
 
* 
 Procedures for disseminating results
 
o 
Report and accounting
 

operations
 

With field trials of MPT's there is a need
to 	be especial careful in planning (apart

from choice of species/provenances)
 
over such consideration as:

o 	The acquisition of authentic
 
germplasm in good time to 
start

the field trials (and the testing of
 
its viability.
 

* 	The treatment of young plants

to ensure survival and a plant

stand wJ. th minimum variability

(.n other than elimination/
 
:,iirvival trials).
 

/ 
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e 	Pussibilities for gapping up
 
early plant losses (and how best
 
to do this so as to reduce
 
variability and to avoid experi
mental bias).
 

* 	The need to impose a standard
 
tree form through early training
 

o 	Assessing the needs to explore
 
the juvenile or the mature
 
growth stages (or both)
 

" 	The time at which records should
 
commence (bearing in mind the,
 
usually, hiqh variability in
 
the early stages of field trials
 
with woody perennials)
 

* 	The possibilities/desirability of
 
sequential thinning operations
 

o 	The effects of intermittent or
 
sequential harvesting of different
 
kinds of plant parts.
 

" 	Soil management (including times when
 
the plants are to be coppiced)
 

o 	The scale of The field trials
 
(in relation to land and labour
 
resources available and the
 
homogeneity of the experimental
 
site/s)
 

" 	The possibility of amending
 
management treatments at a later
 
stage when these might be made
 
more precise and/or more informa
tion becomes available (implica
tions for the experimental
 
design)
 

" The need for guard rows/areas
 
(both external and internal)
 

o 	The possible occurrence of 
particularly adverse weather 
features during course of the 
experiment (extreme droughts,
floods, cyclones etc.). 
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* 
Guarding against the depredations

of animals at all times (e.g.

browsing animals, birds, rabbits,

wild pigs, monkeys etc., and at

later stages, of thefts by humans).
 

" 
Pest and disease control includ
ing termites 
 and other soil-borne
 
pests (in view of the scarcity of
 
data for many MPT species).
 

* 	The likelihood of 
some species

growing/developing/ageing faster
 
than others.
 

o 	Evaluation of the effects of the
development of the plant canopy

(especially in trials on

communities of plants in plots),

and a clear indication of how this
 
is to be dealt with if the extent
 
is 	not previously known.
 

* How the yield data are to be
 
handled if "seasonal bearing"

is found to be 
a feature of some
 
species but not others.
 

* 
When the trial is to be considered
 
over.
 

10 	to 12 It is here that a decision about 
some

level of overlap will often be necessary

If 	little or nothing is known about

the survival and/or adaptability of
 an introduced species (and this includes

species or provenances indigenous to
 a country but being grown outside thei;
natural range or area of natural stands).

Thus it makes little sense 
to embark
 
on higher orders of experimental

evaluation (Steps 11 
and 12) before
 
at 	Zeast one 
or two seasons of trials
to assess the survival and early growth
phases are completed. This applies with even
 more force to embarking on intercropping

trials (Step 16).
 

In 	practice, more may well be known

about some 
of the species/provenances

selected for a 
field trial and less

about others. In this 
case a decision
 
has to be 
taken on whether to include
 a few "unknowns"' at 	the risk of leaving
gaps in the trial later some notif do
survive, or lave to be ignored due to 



the onset of extreme variability,
 
(perhaps using a layout such as the

"augmented 
 design, described in Part
 
3C) , or whether to plai, for two sepa
rate trials for "unknowns" and "knowns"
 
respectively.
 

The experience gained from elimination 
trials in industrial forestry research
 
would indicate that merely "matching
up" tree species according to similarity

of ecozone in the countries of origin

and introduction may not always result in
 
success, and vice-ve.sa (This is due
 
to a number of reasons and the reader
 
is referred to some of the papers given

in the selected references for further
 
reading).
 

Nomenc la ture 

An explanation may be required for the
 
nonenclature used in this flowchart (and

the manual as a whole) with regard to
 
the main types of trials. (See also
 
"Research Management and Monitoring"

earlier on in this Part). Although

"Elimination Trials" (Step 10) are
 
coincident in scope with those normally

carried out by foresters, being the
 
mass screening of relatively large numbers
 
of species/provenances, the data collec
tion and scope of the subsequent types

of trials - "vigor/phenology trials
 
(Step 11) and "Performance/management

trials (Step 12) are 
likely tc involve
 
a greater degree of sophistication And
 
research management with MPT's than
 
their industrial forestry equipment 
-

at least in some respects. They are,

indeed, more akin to 
the types of field
 
experimentation (and laboratory back-up)

that tree cash,crop and range management
 
specialists are more familiar with.
 

This is because the potential for
 
multiple outputs may require the
 
acquisition of data about the production

of leaves, leafy twigs, small stemwood, 
flowers, flr'uits, seeds, bark, gums and 
secreted compounds and medicinal 
products as major objectives, as well 
as roundwood. And the sustainability
and/or service factors that may be 
requnired of' MiP'i's may, additi.,naly, 
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 TERmS USED TO DESCRnjE CONVENTIONAl 'ORESTRY FIELD TRIALS AND MPT FIELD TRIALS 
(AS DESIGNATED 
IN THIS MAN'AUL)
 



of information that should be tapped.
 
In the first place, (Step 14) there
 
are probably considerable data available
 
about any agricultural crop components
 
that might be potential candidates
 
one form or another of intercropped
 
systems (the various alternatives in
 
space and time are outlined in Appendix
 
3). However, it should be remembered
 
that virtually all selection of geiotypes
 
for the major agricultural crops
 
has been directed at maximizing yields,
and obviating pest and disease damage, 
under sole crop situations, and certainly 
not for compatibility in tree/crop 
associations. Nevertheless, some sensible 
choices can be made in terms of plant 
stature, length of Lhe growing season 
and drought and/or shade resistance (if 
the latter is known). There will, in 
nearly all cases, be a number of specific 
cultivars to chose from. 

The basic, comparable information about
 
the multipurpose tree will be that obtained
 
from the published literature, communica
tions from those with any experience
 
elsewhere with the selected species/
 
provenances and the results of the
 
evaluation programme that have
 
emerged to date. There may be rather
 
scanty information about the performa
nce of provenances for most MPT species,
 
an exception being Leucaena leucoeeph :la
 
which has been the subject of world wide 
trials for at least a few years.
 

In i;uch circumstances it is probably
 
wisu to investigate intercropping
 
possibilities in two stages so as
 
initially to screen, in a relatively
 
simple way, as many possible combinations
 
of MPT's and crops as may be required
 
to satisfy the specifications of
 
relevant agroforestry landuse systems;
 
or as are required by a purely
 
scientific evaluation of combinations
 
chosen to establish any particular
 
hypothesis (Step 15). This number of
 
combinations can then be reduced to
 
only a few and fully explored in terms
 
of management options in a series of 
final tests (Step 17). 

Boththie ntercrop screening and 
Il1ali1l( . l ll draw i l t woir (' lit 


!lil ,) ,il
I(,. I 1)): ) )llilil "opb7
 



419 

interplanting existing stands ofselected MPT species with crop species
(obviously this tests the combinations 
only in the mature stages of MPT
growth and does not exactly simulatewhat would have happened if intercropp
ing had commenced, de novo, on farmer'sfields); and b) information about plantcompatibility obtained from detailed
inventories of existing agroforestry land use systems in the world using the same(or similar) species combinations. Themanipulation of mature stands of MPT'smight well be considered, equally, tobe in the mainstream of experimental
steps in the flowchart. However,
because it involves a somewhat differentexperimental approach to that so farcovered in the manual this has not beendone. Data from such investigations
and from a detailed inventory of existing agroforestry land use systems canbe of value to both the inteicrop
screening trials (t,) help select
appropriate and compatible combinations)
and, if enough detail is available, tointercrop management trials (providing
guidelines for possible plant and soil 
management treatments) 

15 
and 
17 

The possibilities of obtaining a gooddeal of information about tree/crop
interactions, and the potential
performance of each component in the presence of the other at any one site,by "tree/crop interface" experiments isdescribed in another part of the manual(Part 4C). At this level (the equiva
lent, for intercropping, of "range-wide
provenance tests" for foresters, or"vigour/survival trials" for purelyMPT testing) the numbers of combinations 
f')r study is still likely to berelatively large. In the next step(17) only a selected few would be furtherexamined,but the number of possiblemanagement options (spacings, time-of
sowing, degree and time of lopping/
pruning, soil management etc. etc) couldbe large. Possible ways of considering
the selection of experimental variables,
depending on the objectives of theexperiment, are discussed in other 
parts (Part 3C "The sccpe and design
of field trials"; 4B Compatibility
in mixtures and tree/crop optimization. 
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18 

Part 4D "Considerations when experi
menting with changes in plant

spacing" and others to follow).
 

A final step to take-before imple
menting the results of any experimental
 
programme is to re-examine all the
experimental results in the light of

the landuser's requirements. "Do they

satisfy the specification cbtained from

the landuse diagnosis? Or, that concep
tualized from the experience and knowledge of
 
qualified informants?"
 

Where it is possible the plant combinations
 
and their management "packages", should
be tested in complete systems under the
 
socio-economic state in which they are,

if proved successful, to be implemented

and extended. Where some of the
 
previous work has been accomplished

through on-farm trials this will clearly

be easier than if all the work has been
 
confined to research stations. The
 
merits of achieving technical answers
 
in one way or the other will depend on
 
the type of experiment and the
 
resources available. Only local know
ledge of the research and farming

situations can be of use here,but most

experimental programmes with MPT's
 
will, at least with 
some steps, involve
 
a mixture of the 
two approaches.
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PART 3A
 

Appendix 1:
 
Preliminary list of some international
 
and national organisations that can
 
provide information about multipurpose
 

trees
 

Appendix 2:
 

The Scientific naming of plants
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APPENDIX 1 

PRELIMINARY LIST OF SOME INTERNATIONAL AND
 

NATIONAL ORGANISATIONS THAT CAN PROVIDE
 
INFORMATION ABOUT MULTIPURPOSE TREES*
 

ISNAR
 
P.O. Box 93375
 
2509 AJ. The Hague
 

Netherlands.
 

IBPGR
 
Crop Genetic Resources Centre
 
Plant Production and Protection Div.
 
FAO
 
Via delle Terme di Caracalla
 
00100 Rome
 
Italy.
 

ICRA
 
P.O. Box 88,
 
6700 AB Wageningen
 
The Netherlands.
 

CATIE
 
Aptdo. 15
 

Turrialba
 
Costa Rica
 

IICA
 
Apartado Postal 55
 
2200 Cornado
 

San Jose
 

Costa Rica
 

ICRISAT
 
Patancheru P.O.
 

Andhra Pradesh 502 324
 
India
 

ICARDA
 
P.O. Box 5466
 
Aleppo
 
Syria
 

IITA
 
Oyo Road
 
F.M.B. 5320,
 
Ibadan
 
Nigeria
 

SEARCA
 
College, Luguna 3720
 
Manila
 

Philippine
 

*F or -nf e*:tensj.ve List see "Inst itule oI ; tdy 

Nittoqe n ;'i: inq Trees" [rom Nitroqe liin in
 

Tree Assoc in ion.
 

http:e*:tensj.ve
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UNEP
 
P.O. Box 30552
 
Nairobi
 
Kenya.
 

FAO
 
Via delle Terme di Caracalla
 
00100 Rome
 
Italy
 

UNESCO
 
7 Place de Fontenoy
 
75700 Paris
 
France
 

UNU
 
Toho Seimei Building
 
15-1 Shibuya 2-Chome
 
Shibuya-ku
 
Tokyo 150
 
Japan
 

Chiang Mai University
 
Chiang Mai
 
Thailand
 

CFI
 
South Parks Road
 
Oxford, OXl 3RB
 
England
 

University Pertanian Malaysia
 
Serdang,
 
Selangor
 
Malaysia
 

Direksi Perum Perhutani
 
Jl. Gatot Subroto No. 17-18
 
Indonesia
 

IRRI
 
P.O. Box 933
 
Manila
 
Philippines
 

ILCA
 
P.O. Box 5689
 
Addis Ababa
 
Ethiopia
 

Beijer Institute
 
Fack S-104 05
 
Stockoholm
 
Sweden
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VITA
 
3706 Rhode Island Ave.
 
Mt. Rainier, MD 20822
 
USA
 

Biotrop
 
P.O. Box 17
 
Bogor
 
Indonesia
 

CARE
 
660 First Avenue
 
New York
 
N.Y. 10016
 
USA
 

Dept. of Forestry Research Management
 
University of Ibadan
 
Nigeria.
 

Faculty of Agriculture and Forestry
 
University of Dar-es-Salaam
 
P.O. Box 643
 
Morogoro
 
Tanzania
 

Central Arid Zone Research Insitute
 
Jodhpur 342 003
 
Raj as tan
 
India
 

Nitrc.9en Fixing Tree Association
 
P.O. Box 680
 
Waimanalo
 

Hawaii 96795
 
USA
 

CSIRO
 
Division of Forest Research
 
P.O. Box 4008
 
Canberra 2600
 
Australia
 

National Academy of Scieces
 
(Board on Science and Technology for International
 
Development)
 

2101 Constitution Avenue
 
Washington D.C. 20418
 
USA
 

- And see list of NAS Grantees in the "Fast-

Growing Nitrogen-Fixing Trees" Project.
 

These entries are far from complete and they 
form the statrL of what- wi1.1 be a selected 
and ;nnotlated I iI . 
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Reprinted, with permissi.on from the
 
Commonwealth Forestry Handbook.
 

29. THE SCIENTIFIC NAMING OF PLANTS 
The scientific name of most plants consists of two words, e.g. Quercusrobur, which are Latin in form, or are treated as Latin even though they arederived from other languages. The first word is common to all species ofoak and is the name of the-genus; the second word. or more rarely twohyphenated words, denotes the species, and is called the specific epithet.All generic names must be written with an initial capital letter and it isrecommended that specific names should begin with a small one.The method of naming plants by two words was first used consistentlyby Linnaeus in the eighteenth century and isknown as the binomial systemof nomenclature. Itreplaced the previous system of naming species by longdescriptive phrases. Linnacus' method is now accepted and used universally.During the nineteenth century the flood of new speaies described invarious parts of the world often resulted in the same plant rep-atedly described as new and under different names. This caused increasing inconvenience' to the users of these names, especially because of the lack of anyauthoritive guidance on how to choose the correct name from thoseavailable. In 1905, therefore, the International Botanical Congress thenheld at Vienna established the first set of International Rules of BotanicalNomenclature, designed to bring order and stability to the naming ofplants. These Rules are now periodically modified or revised by a committee on nomenclature at each five-yearly International Congress.Even to prdcis the Rules would take too long, but it may be helpful tomention a few of the guiding principles on which they are based. Perhapsthe most important are validity and priority of publication. Thus, of two ormore competing names for a species, the one published first is normally thecorrect one. No names before 1753 (the first edition of Linnaeus' SpeciesPlant arum)are recognised unless they are taken up by an author subsequentto this date. To be validly published each taxon (genus, species or subspecies, etc.) to be namcd must be provided with a Latin description or atleast some kind of reference to such a description.Sometimes a speciesnew is described in the wrong genus. When thishappens the Rules demand that the second part of the name-the specificepithet-must be retained when the plant is transferred to the correctgenus. Thus if somebody proposed to transfer the species Quercus robt.," toanother genus, the specific epithet robur would have to be maintained.In scientific works a personal name, in full or abbreviated (known asthe authority), is often given after the Latin name, e.g. Quercus rabur L.The "L" is a shortened way of referring to Linnaeus who first described the
species Quercus robttr. This is particularly necessary when a name has been
duplicated; for instance, the generic name Petalonema has been proposedby botanists for four entirely different genera. A personal name is sometimes bracketed, for example Chlorophora excelsa (Welw.) Benth. rhisindicates that the specific epithet excelsa was originally used in a differentcombination; Welwitsch first described the plant as MorusBentham excelsa;later placed it in its correct genus, Chlorophora, keeping thespecific epithet excelsa.

Each plant therefore (if the International Rules are followed) has onecorrect name, internationally accepted and applied.Complaints, too often ill-informed,which the names are made about the frequency withof %,,ell-knownplants have been changed. Changes mayhappen for various reasons. Very often it is because the International Ruleshave not been followed or have been disregarded: the earliest availablename, for instance. has not been adopted. This non-adoption may beunintentional through lack of knowledge or research; or sometimesintentional because a writer feels that a name, familiar before the Inter

http:permissi.on
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national Rules were accepted, should bc maintained in preference to the
 
correct name.
 

A change of name may often be due to a wrong identification of a plant
being corrected. It may also be due to other taxonomic research; thus aspecies in one country may be shown to be the same as an earlier-describedspecies in another country; or a species may be found to be not sufficientlydistinct from another, and made a variety or subspecies of it. There arethus many ways in which research can operate to cause name changes.Very occasionally difficulty is caused by genuine differences of opinion.A genus thought to be distinct by one taxonomist is not considered so by
others. These differences are not surprising since Nature herself often
leaves her boundaries anything but cleariy defined, and variation patterns
 
are often very complex.

Cha;i cs 61'tvc iwen us'ortunaety frcquent in the last half-ceniury, butthis has been a transition period during which the Rules have been progressively more widely accepted and applied. It was early foreseen that if the
law of priority was too rigidly applied, a large number of undesirable name
changes would result. In order to reduce the number and ensure somestability a list of conserved generic names has been drawn up, and this isconstantly being added to. At recent Botanical Congresses attempts havebeen made to make it possible to conserve the specific names at least ofeconomically important plants, but these have always been stronglyrejected. Two different standards cannot be used. Foresters and theirspokesmen are still trying to have the Rules modified so that greaterstability of nomenclature will result, but legislation is only one of the means
of promoting stability. Much botanical research still remains to be done,
even on some of tue commonest and most 
 important timber-producingspecies, before botanists and foresters are likely to agree as to the correct 
names of all the trees they are dealing with.

In conclusion, it will do no harm to repeat that the International Rulesare not designed to cause name changes, but to increase the efficiency andstability of Botanical Nomenclature and to ensure that each plant shallhave a single name accepted and used by botanists in all countries.
A simplified account of the principles and Rules of Biological Nomenclature has been published recently: Jeffrey, C. (1973). Biological Nornen

clature. Arnold, London. 

- B.T. Styles 
Commonwealth Forestry Institute 
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SECTION THREE
 

PART 3B
 

Assessment of experimental sites
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Assessment - by P.J. Robinson 

Site assessment is required for the following
 
purposes.
 

a 	To select the locations of trial sites:
 

- these should be representatives of
 
site conditions found in the areas
 
where it is felt multipurpose trees
 
are likely to play an important role
 
in land use systems.
 

9 	To correlate evironmental factors:
 

- either directly with attributes of
 
tree growth and service functions;
 
for example, biomass increment,
 
fodder yield, changes in soil
 
moisture or top soil fertility
 
status; or
 

- with an order of ranking of production
 
and service of two or more species or
 
provenances. This permits some
 
extrapolation of conclusions reached
 
from established trials or sample plots
 
to unplanted sites.
 

o 	To monitor changes in soil conditions,
 
and soil erosion, brought about as a
 
consequence of the trials.
 

o 	To indicate to what extent the environmental
 
conditions for the duration of the trials
 
are representative of the long-term average
 
conditions.
 

Assessment.as an aid to planning trials
 

Unlike species grown in industrial plantations

multipurpose trees are likely to be grown on a
 
wide range of sites which may include extremes
 
in the ranges in the following conditions.
 

* 	In areas which are particularly fertile there
 
may be such land pressure for cultivation
 
that acute shortages of land for fuelwood
 
are experienced. Trees may therefore, have to
 
be planted on very productive sites in close
 
aasociation with crops.
 

* 	Conversely they may have to grow on particularly

degraded and/or inherently unproductive land
 
because these provide the oniy sites suitable
 
or available for tree planting to provide

specific products and wervices necessary for
 
that area.
 

The range of tree types optimally suited to
 
different locations in term-s of site requirements,
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performance(production and service attributes),
and interactions with crops 
or animals are
likely to be very great. 
Thus the range of sitesin any one country on which multipurpose tree
species and provenance trial should be located
may well be much greater than for industrial

plantation species. 

Even so the procedure of experimental site assessmentand selection should be a process of progressive
division and subdivision to arrive at environmental units useful for the planning and
interpretation of trials. 
 Each unit should be
a site as defined by Coile 
(1952). That is:
 

"an area of land with characteristic

combination of soil topographic, climatic
 
and biotic factors".
 

The ultimate definitions of these sites will
depend on the degree of variability encountered.
However, a generalised procedure can be followed,
the specific method depending on what information 
and resources are 
available.
 

Two possible procedures are described below:
further guidance is provided by FAO in its
"Framework for land evaluation". FAO has also
prepared guidelines on 
land evaluation for
forestry in cooperation with a IUFRO/ISSS working
group on land evaluation for forestry.
 

Procedure using individuaZ geoclimatic 
parameters 
Classify each proposed planting area by the 
following:
 

Lati tude 

- to, say, nearest degree, and because

latitude is related to day length (this
may be of less importance for most tropical

species).
 

Rainfall
 

- According to distribution throughoutthe year. For example uniform, one dryseason, or two dry seasons. If the annual
rainfall shows wide variation within any
category a secondary division according

to mean 
annual rainfall will be necessary.
 

- For many species it may be critical todefine clearly "summer" and "winter" rain
fall regimes.
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The boundaries of proposed planting sites
can be drawn on maps or aerial satellite
photomosaics, preferably using a scale of about
1:50,000. 
 On these maps, or a series of
transparent overlays, the following should
be marked in the sequence shown.
 
* 
Geological boundaries, or the boundaries
of generalized soil groups.
 

* 
The boundaries of conspicuous geomorphic
features, for example, flood plains, river
basins, undulating hills, escarpments,

dissected plateau.
 

* 
The boundaries of major topographical
categories, for example, valley bottoms,
hill crests, plateaux. 
The definitions
of these categories will depend on the"
degree of topographic variation encountered
Suitable categories should be determined
with the aid of aerial photographs
(preferably wide-angle 1: 
50,000) 
or large
scale contoured maps. 
They should be
suitable for quick identification and not
refined to a degree which results in
excessive fragmentation of the landscape.
 

The ultimate units in the classification 
are,
therefore, units of topographic categories.
These occur in groups, the number of groups
depending on 
the environmental variability encountered during the processlatitudinal range. 
of regime andIn these circumstances
the additional factors frequently cited for
inclusion in the site 
 classification schemes
become characterized by a narrow range of
altitude, soil conditions, natural vegetation
type, exposure, and both marco and micro

climatic factors
 

If information necessary for the implementationof any of the phases 
-f L:is scheme is lacking.
that phase can be omitted and the resulting
less refined level of classification accepted.
Alternatively, another factor can be substituted
for the recommended one. Thus maps of natural
vegetation types may assist with determining the
boundaries of vaguely defined topographic units
or broad soil groups.
 

If the area under examination has had an intensive
soil survey with subsequent mapping at the soil
series level, then the entire classification
procedure described here becomes unnecessary.
soil series can be defined as comprising similar 
A
 

soil profiles derived from similar parent materials
under similar soil-forming conditions of climate.
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vegetation, relief and drainage. 
Recurrences
 
of the 
same soil series therefore reflect
 
recurrences of the same environmental
 
conditions and further division becomes
 
superfluous.
 

The land system procedure
 

The method described in the previous section
depends on 
a degree of prior knowledge of the
 
area. 
 This is not always available and the time

and resources necessary newly to acquire it by

ground survey are prohibitively large. An

alternative method is 
required in these
 
circumstances.
 

Christian and Stewart, faced with the problem of
classifying large areas of land in 
 conditions

where the standard traverse method of survey was
 
not possible, devised such a scheme.
 

The basis of their method is the iand system.

This is defined as:
 

"an area, or group of areas, throughout which

there is 
a recurring pattern of topography,

soils and vegetation"
 

A change in the pattern determines the boundary of
 
a land system and a land system need not be

continuous. Separate examples of the 
same
 
system may occur, provided that they are within

the 
same general climatic conditions.
 

The main inflUence which determines the boundary

of a land system is geomorphology. A single
system has a common geomorphology throughout its
 
occurrence. 
 It may comprise several types of
underlying geology which 
are no longer recognizable on 
the surface through overwhelming geomorphic

influence, or one geological group may be divided

into two or more land systems through the action

of different geomorphic influences. Obviously
geological material and gecmorphic piocesses 
are

closely related and their boundaries frequently

coincide.
 

Since this original conception of the land system

method of classification further refinement has
taken place in that, not only is the land system

itself described, but also the components of the
recurring pattern which go 
 to make up the land
 
system. These components are 
called land facets.
A land facet is defined by a combination of soil

topographic position, and vegetation characteristics.
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The implementation of the method comprises

three stages.
 

* 
With the aid of topographic maps and

aerial satellite photographs the distinc
tive combinations of landscape patterns,
which constitute the different land systems,

are identified and mapped.
 

" From examinations of aerial photographs the
boundaries of the land facets are mapped

according to the combinations of vegetation

and topography. In defining the land

facet the important things to avoid are over

refinement to the point of confusion in

application, and over-simplification to the
 
point of having a unit with an 
unacceptably

wide degree of variation.
 

" 
If the necessary facilities are available a

limited field survey is carried out. 
 This

usually takes the form of transects planned

so as 
to pass through at least one example of
each of the facets. This enables the charac
teristic 
soil and associated vegetation of

each facet to be described in broad terms.
 

An example of a land system description is given
in Appendix 1. 

The scales used for the 
mapping of the land
systems and land facets depend very much on 
the
degree of complexity encountered. Normally land
systems can be satisfactorily mapped at scalec of
1 :250,000 or 1 : 500,000. Land facets canusually be mapped at a scale of 1: 
50,000 but may
need a larger scale such 
as 1 : 25,000 or even
1 : 10,000 in areas of great variation.
 

It is evident that the final unit of classification

produced by the appli.cation in full of the procedure

described by geoclimaLic parameters is closely
compatible with the concept of a land facet. 
 It
is useful to keep this in mind when formulating an
approach for a particular set of circumstances.
 
The land system method is ideally suited to the
classification of terrain in which there is 
one or
 more distinctive recurring patterns of topography,

soil and vegetation. 
Where there is no such
distinctive pattern a compromise approach may be
 
necessary.
 

Finally, choice of method will depend largely
 
on the facilities available. 
The time and
 resources required for the implementation of a
land system/land facet classification through to
completion should not be under-estimated. it is
 
not unreasonable to require a period of three
 
years for the complete study, and presentation of 

(
 



435 results, of a square block of side 64 
km (40miles)
of 	mixed savanna types. 
 However, land system
classifications have already been published
for some regions and these provide an 
excellent
frariework for the planning and interpretation of
a series of species and provenance trials.
 
For trials attempting to define relationships
between environmental parameters 
and plant growth
and/or plant-soil interactions the land facet
approach has its short-comings, not the least
of which is the division of what is actually a
continuum into a number of discrete units.
is 	 This
an entirely subjective operation requiring
a degree of essential artistry. 
 Some organisations
with facilities for field survey and soil analysis
may wish to develop more accurate performance
prediction models based on the use of continuous
scales, rather than discrete classes, for the
measurement of environmental variables. This
avoids the uncertainties associated with variability within a unit and location of boundaries.
 

Where organisations have these facilities, or
anticipate acquiring them, a logical sequence
for any site assessment study is 
as follows:

* 
Classify the sites using the procedure

outlined above.
 

" 
Locate trials or sample plots as 
described
in 	the following section.
 

* 
From the assessments of these trials or
plots reach conclusions on 
the tree
performance that is characteristic of the
individual environmental units.
 

" 	When circumstances permiti acquire
meteorological data and descriptionsand

measurements of environmental data by
field survey. 
In the case of meteorological data, this is a .continuous process.
 

" 	When sufficient data 
are available,
investigate the 
feasibility of formulating
a site assessment model with satisfactory
predictive efficiency. 
It 	is by no means
certain that a satisfactory model will be
produced, and the investigator may have to
fall back on 
the conclusions reached
whilst further research is undertaken.
There is, therefore, a need to approach
this phase with caution; 
the desired
results may not be forthcoming.
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Practicaz imp lications
 

While the previous sections describe procedures

which should ideally be used to identify and
 
describe the site differehces of land units
 
where multipurpose trees are to be planted, it
 
is realised that it will often be infeasible in
 
the first instance to make such thorough site
 
assessments in order to decide rationally on
 
the siting of trials. This is likely to be
 
particularly so in countries where resourses
 
are limited, detailed information scarce, and
 
where it is essential to establish trials
 
quickly.
 

The process of planning site assessment and
 
identifying appropriate trial sites can be
 
seen as re-iterative. In any country, enough
 
information is available about its environment
 
and about the problems facing agricultural or
 
forestry systems for reasonable estimates to
 
be made of the following.
 

" The broad range of ecoclimatic variation. 

" The areas where particularly important 
bottlenecks to effective land use exist which 
may be alleviated by the presence of multi
purpose trees.
 

A start can therefore be made on the establish
ment of trials to cover the major agro-ecozones
 
-of a country. Additional trials, to cover more
 
detailed variation in site characteristics can
 
await the availability and processing of more
 
detailed information about geoclimatic and/or
 
land system characteristics.
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The Distribution and Location of Trials 

The desirable distribution and location of trials
 
clearly depends on many factors including the following.
 

* 	The extent of ecoclimatic variation in the
 
region and the extent to which this has
 
been defined.
 

* 	The resources available and the resources
 
required to establish, maintain and
 
monitor the trials.
 

Ideally, a trial should be established in each
 
of the land unit or land facet categories as
 
determined by the land assessment stage. Although

there will be some variation in the response

of a provenance or species to the conditions
 
encountered within such units, provided good

judgement is used in defining the boundaries of
 
the unit, this variation should not be extreme.
 

However facilities seldom exist for such
 
comprehensive coverage. 
In which case a compromise

between the following criteria should be used to
 
prioritise the distribution and location of
 
trials.
 

* 
Choose only the most widely occurring cate
gories of units.
 

• 	Select categories of units which are
 
representative of areas where trees are
 
expected to provide the most significant
 
benefits.
 

" Select categories of units from as wide a 
range of eco-climatic situations as possible 
so that some kind of rough extrapolation can 
be made to sites'showing intermediate
 
characteristics to 
those of trial sites.
 

" 	 'here frequent environmental and performance 
measurements are to be made - thp sites must
 
be accessible to staff capable of carrying
 
out these measurements. And if resources
 
are scarce, it may be advantageous to have
 
trial sites close to existing climate record-.
 
ing centres (Section 3E describes types of
 
meteorological equipment available).
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Environmental Factors 
- by P.J. Robinson
 

There is a need to be able to predict

objectively from measurements made in trial
 
plots, the responses of the trees to changes
 
in various environmental factors. Only

be achieving this, to whatever limited extent,
 
will we then be able to extrapolate the result
 
of a restricted number of trials to much
 
wider areas.
 

The plant parameters we are considering cover a
 
wide field:
 

growth and development, service functions
 
and tree interactions 
on the site itself
 
associated crop/animal production. There
 
are a large number of environmental factors
 
involved.
 

Site assessment and environment response
 
studies
 

Although considerable progress has been made over recent
 
years in the field of plant physiology, the complex

interactions between the plant and its environment
 
are 
far from being fully understood. It is, therefore,
 
impossible to predict plant performance by working from
 
fundamental cause and effect principles in the manner
 
and engineer can forecast power unit performance from
 
a knowledge of the 
design of the machine and rate of
 
fuel input.
 

These factors of the environment influencing the perfor
mance of a given species, and/or influencing its service
 
function parameters, change with location both in identity

and magyitude.. Poor performance at a Site X may be
 
because of the presence of a particular factor, its
 
total absence, or the presence of a new inhibiting

factor. Consequently, a list of environmental factors
 
known to be limiting to the performance of a particular

species on a first site may be completely inapplicable
 
to a second through a change in the basic nature of the
 
environment, and not merely quantitative changes in the
 
magnitudes of its components.
 

These circumstances imply that:
 

" It is 
not yet possible to establish a comprehensive
 
performance model, suitable for practical applica
tion, which relates total "tree" behaviour to
 
environmental properties.
 

* 
The factors limiting "tree" p,rformance in all
 
environments cannot be described by just one
 
comprehensive set of values.
 

This has implications that models relating a particular
 
tree species' performance to environment can only be
 
devised by 
means of identifying significant correlations
 
between the two, 
for specified tree characteristics and
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not from broad cause and effect
 
relationships.
 

Methodologies for measuring and describing
 
the environment at the site
 

Several authors have described site environment 
assessment methods, and recent discussions are avai
lable on the problems facing attempts of meaningful 
assessment in the tropics and subtropics.*
 

Those studies which have been most successful
 
(when applied to regions of consierable environ
mental diversity) first eliminate variables
 
that are non-quantifiable, or difficult to measure,

by implementing an environmental stratification.
 
Possible limiting factors within the units of
 
the stratification are then measured. 
The data
 
for individual environmental units are subject to
 
a statistical screening process to identify

those variables which will serve as useful
 
predictors of Ferformance either singly or in
 
combinations.
 

The nature of the preliminary stratification
 
will depend on the accuracy of prediction

required. For regional performance studies with
 
the aid of sample plot data, land systems are
 
suitable units. The land facets may be used to
 
plan thorough coverage at the experimental design

phase, but ignored in the final analysis.
 

For very general predictions of performance or
 
preliminary decisions on the most suitable provenance

to plant, a more broadly based environmental unit 
may be adequate, for example, one based on climatic
 
characteristics alone.
 

What approach?
 

When deciding which variables to measure within
 
the classification framework one is faced with
 
two possible courses of action. Firstly, knowing

tne characteristics of a given tree species
 
one can hazard an informed guess as to which
 
attributes of the environment should
 
be studied. Alternatively, one can attempt to
 
devise a list of observations to be made with the
 
intention of observing first, without regard to
 
preconceived plant/environment relationships, and
 
examining for useful trends afterwards.
 

The first approach is dependent on the prior

knowledge and good judgement of the investigator.

The second assumes that a manageable, yet

sufficiently comprehensive list for all circumstances can be drawn up.

tac-cn-b 
rw-p----------------------------

* See Part 2A and "suggested further reading"
below.
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Again, the first method establishes well defined
 
guidelines from the outset. Guidelines which,
 
however, may not be vindicated in the final 
analysis. The second method attempts to pre
serve flexibility of approach, leaving the
 
investigator with alternatives should his
 
first line of analysis prove unfruitful.
 

It is for the second method that proposals are
 
made here in the belief that flexibility of
 
approach is of paramount importance in dealing

with multipurpose trees (FGNFTs).
 

The descriptions used here will undoubtely be
 
considered elaborate for many local or
 
regional needs. Howcver, if site description
 
work is to be undertaken the procedures in the
 
followingsections should be regarded as the
 
ultimate objectives. fhey will provide a
sound data base with which to meet many

contingencies. Whether they be the detailed
 
information for local prediction models, or
 
the broader generalities necessary to
 
facilitate a meaningful exchange of data on a
 
given species or provenance.
 

The classification framework has already been
 
described (geoclimatic parameters) but, if a
 
land system classification is available it
 
should be used in preference. Existing ecological

classifications may also be used to advantage,
 
but care must be taken in determining

their relevance to agroforestry situations.
 
Within a chosen framework we can then procede
 
to the following descriptions.
 

Trial site description
 

Many forestry and agricultural research
 
organisations have their own systems of site
 
description which are perfectly adequate. In
 
view of the restricted purposes of this Manual
 
it is inadvisable to put forward proposals which 
could be construed as an attempt at "standardiza
tion" in such a complex matter.
 

The proposals made here for site description
 
are therefore restricted to observations that can
 
be recordel easily, that can be related to
 
existing and establish procedures in various 
countries, and that are readily intelligible for
 
purposes of exchange of information between
 
research organisations.
 

It should be noted that many studies which have
 
attempted to assess the contribution of different
 
environment parameters to the growth of trees,
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have shown that the parameters in order of
 
importance are as follows:
 

" 	Climate.
 

* 	Relief factors 
(the basis for nature of
 
several important parameters; for example,

soil depth, water accumulation zones)
 

* 	Rooting depth in soils 
(a measure of
 
potential soil water availability and of the

volume of soil which can be tapped for
 
nutrients).
 

* 	Soil parent material - although the latter
 
often accounts for only a small variation

in 	the growth rate of trees and soi'Z 
type

is 	more important.
 

" 	An additional overall guiding feature is
 
existing vegetation.
 

Climate: 
 For the local conditions in the

vicinity of the trial 
a detailed description

is desirable. An attempt should be made to
 
acquire the following management data.

Appendix includes 
a list of meteorological

equipment and addresses of manufacturers).
 

* 	mean monthly precipitation (and mean annual totals)
 

* mean monthly temperatures
 

* 
mean and absolute daily minimum temperatures
 

* 	mean 
and absolute daily maximum temperatures
 

e. Evaporation (measured)
 

v 
mean monthly relative humidity percentage
 

* 	mean monthly wind run 
(at 2 metres above g.(ound

level) (and occurrance of maximum wind speeds)
 

* 	incoming shortwave solar radiation
 

From ch the following derived data can be
 
obtained:
 

* 	Potential evapotranspiration (Penman)
 

* 	Rainfall reliability (assuming 15-25 years of

records are available) e.g. from a newly site,

depending or variability).
 

* 	Vapour pres:ure deficits (from wet/dry bulb data).
 

* Also see Part 3E. 
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The number of years of observation on which
each of the above categories is based should
also be recorded; this will help in 
calculating
the statistical probabilities of occurence of
specific climatic conditions occuring at any time.
 
It is unlikely, except for a very small
minority of instances, that climatic data will
have been recorded at the actual trial site.
Some degree of extrapolation from established

meteorological stations will therefore be
necessary. Where this is 
undertaken it is
important that the vertical and horizontal
seperation of the two 
locations be noted,
as well as circumstances which might indicate
 a difference in climatic conditions, such as achange in vegetation type, 
or different

locations in relation to topographic features
and the prevailing wind which might be the
cause of differences, arising from rain

shadow effects.
 

Information on the incidence and general dailyand yearly trends in fog, cloud, dew, sand storms,
fire and ground frost occurence may help explaincertain phenomena of tree performance; such
information can usually be incorporated in thedaily climate record sheets. 
And soil temperature
measurements 
(at stated depths) from open sites
can 
also provide useful information.
 

If it has been shown 

vegetation type 

that, for the region concerned
 or altitude is 
a reliable indicator
of climatic conditions the method can used,be butfull references to the procedure should be given.
Examples of more advanced ways of describing
climatic conditions are 
given in Appendix
 

Topography: The general topographic conditions
will be accounted for during the preliminary
environmental classification.
 

When the unit of classification, be it land facet
or otherwise, encompasses an escapment, or similar
topographic feature, defining the trial locationaccording to 
one of the categories of summit,
upper slope, middle slope, bottom, wil. be useful.
If the slope is well defined "percentage distance
from the ridge" is 
a more suitable scale.
similar procedure can 
A


be used when the facpt
comprises an undulating plateau or plain.
 

Situations 
can 
arise where small and graduil
variations in the level of the land surface bringa water table close to the surface with consequentmarked differences in tree performance. When
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this is suspected, attempting to account for the
 
variation with a topographic position classification
 
is undesirable. Owing to the slight and gradual

changes the categories are poorly defined and
 
excessively subjective. This condition is more
 
easily measured from observations on the soil
 
profile.
 

A topographic position may be meaningless in
 
circanstances where there is no 
 altitudinal
 
variation. But it may be quite critical
 
where 
this varies by as little as 200-300m, so
 
causing significant variations in topoclimate

and/or a soil catena.
 

Angle of slope is an excellent measurement for
 
describing this attribute of 
local topography. It
 
is commonly expressed as slope percentage this being

the natural tangent of the slope measured in
 
degrees (for example, on slope of 150 is a ""27 per

cent" slope). The measurement should be an average

reading over a transect aligned at right angles to
 
the contour (not plot boundaries) and passing

from one side of the plot to the other.
 

Aspect can be significant in certain conditions,

especially for young plants. It should-be recorded
 
in degrees true bearing from north. 
It is important

that it be measured with reference to the characte
ristics of the unit of environmental classification.
 
Even when dealing with a land system which is
 
essentially 
a plain, but with minor fluctuations
 
in slope and altitude sufficient to cause localized
 
climatic or micro-climatic variations (for example,

through modifiying the influence of a wind
 
damage or solar radiation on planting ridges) the
 
measurements of this variable will not be super
fluous.
 

The criterion for a decision on what to measure
 
must be "Does the variation exist in these
 
circumstances?" 
 And, if so, is it likely to effect
 
the plants at one or more of their stages of
 
growth and development".
 

Soil description and measurem6nt data: The
 
description of the soil profile is achieved most
 
efficiently by the completion of 
a tabulated check
list. A suggested format, based on the work 
of Jenkin , 1973, is presented as Appendix 6 in Part 2A. 

Attempts to relate tree performance to chemical
 
content of soils as derived from soil analyses

have to be anproached with caution. 
 The more easily
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measured soil features such as texture and
 
depth are generally useful. Chemical analysis
 
should be included if local laboratory facilities
 
offer standardized procedures. See Appendix
 
Information on pH may be useful especially
 
if it is particularly high or low; however, the
 
nature of the parent material should provide
 
a good indication as to the possible raage of
 
soil pH. The wide range of soil types on which
 
MPT species will be grown means that other
 
physical and chemical data will often be useful
 
e.g. conductivity, salinicy, bulk density
 
percolation rate etc. Notes on these are given
 
in Appendix 6 in Part 2A.
 

Again, as in previous sections, the underlying
 
principle to this method of description is that
 
classification of the observations should not
 
take place during the compilation of field data.
 
The data, if preserved in this manner, are
 
available for reappraisal and re-classification
 
during the analysis phase, thus preserving
 
flexibility of method. As has been stressed
 
repeatedly, any set of data can be handled in
 
a number of ways depending on the objectives of
 
the investigator, which, in turn, are dependent
 
on the local conditions and, to a certain extent
 
on the background knowledge available. A soil
 
property which appears to be insignificant at
 
first sight might assume greater importance
 
in later years when the factors limiting tree
 
performance in general, or of a certain species
 
in particular, become more fully understood.
 

This, it is hoped, will emphasize the danger
 
in ignoring some properties of the soil profile
 
(or of designating some as being more important
 
than others) without very detailed reference as
 
to the soil used, in this case performance of
 
a species, for which the properties are being
 
assessed.
 

For a full description of soil survey procedures
 
the reader is referred to the soil survey
 
manuals prepared by the United States Department
 
of Agriculture, FAO and the Australian Forestry
 
Council.
 

Vegetation ciarsification: Dansereat* .na
 
critical and very thorough review of tne methods
 
of describing and recordinq vegetation began by
 

* Dansereau, P. 1951. Description and recording 
of vegetation on a structural basis on Ecology
 
32, 172-229.
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stating "The geographer, the ecologist, the
taxonomist, the pathologist, the geneticist

and others, many others, are interested in

encompassing in a classification the living
beings on which they work or which presumably

bear some relation to a particular organism

on which they are working". He continues that
there is a necessity to define "the scope of one
such (method) and points to the futility of
 
applications exceding it".
 

Fosberg*echoed these sentiments stating that:
 
" 	A uniform technique for the study of
 

vegetation is neither possible or desirable.
 
* 	A natural classification of vegetation


in one of the ways this term is commonly used
is inherently impossible and in the others

is improbably feasible, and if possible •
would be too complex to be readily

understandable.
 

* 
No 	single artificial classification will
likely be serviceable for all purposes, and
that therefore no 
such classification will

be generally accepted.
 

" 	A uniform nomenclature of vegetation types,

being dependent on a single accepted classifi
cation, will not be feasible.
 

Nevertheless Fosberg acknowledged that classifications
 
are useful and indeed necessary, to facilitate both
understanding and communication provided that their
limitations are acknowledged.
 

In this particular instance, it is impossible to
devise or select a classification scheme which will
provide for all contigencies. For example, where
there is 
diversity in vegetation appearance a
physiognomi. classification may be most appropriate
such as 
that prepared by Ellenberg. Where there is
only one physiognomic type, 
structure and composition

might assume paramount importance.
 

In 	these circumstances a method of vegetation

documentation is required which will enable the
recovery of information at different levels of

abstraction to facilitate the appraisal of
different methods of classification. 
It 	would
 appear that the system proposed by Kuchler provides
a suitable foundation for such a scheme (See Appendix 2in Part 2A. . It 	must however be realized that the


Fosberg, F.R. 1958. On the possibility of a rational
qeneral classification of humid tropical vegetation
in 	"Proc. UNESCO Symp. 
on 
Humid Tropical Vegetation"

Indonesia UNESCO. Paris.
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vegetation on most sites where multipurpose trees
 
are likely to be of prime importance, does not
 
represent the potential of the site; it may
 
therefore not be a good integrator of environ
mental variables but rather reflect the degree
 
of human impact imposed on the site.
 

Alterations of site environment by
 
management
 

In many situations, particularly where some site
 
characteristics are limitin4 to tree performance,
 
site alterations are likely to be necessary, or
 
desirable, in order to improve the conditions
 
for growth. In some situations these may be
 
necessary to get the trees established and to
 
grow at all. It is, therefore, necessary to
 
record accurately what site alterations are made.
 

The following practices may charge to a
 
considerable extent scme of the environmental
 
parameters about which the previous sections
 
provided some guidelines for direct or indirect
 
assessment.
 

* Microcatchments affecting:
 

- soil water (a greater volume of water per
 
unit surface area-infiltrates thi soil
 
close to the tree - the soil may even
 
become temporarily waterlogged);
 

- night and day surface temperatures;
 

- soil fertility (where the inflowing water
 
is loaded with sddiment which then becomes
 
deposited in the catchment).
 

* Terracing (and to a lesser extent bunding)
 
affecting:
 

- soil water status (surface infiltration capacity
 

increased)
 

- daytime temperature
 

- soil fertility (the spacial patterns of
 
nutrient leaching and accumulation are
 
altered).
 

- wind speeds and turbulance
 

w Drainage affecting:
 

- soil water status
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- depth of water table
 

- soil structure
 

- soil fertility (including surface salt
 
concentration)
 

- the rooting depth of the tree.
 

" 	Irrigation; 
the timing of application, the

quantity applied and the specific location

of application may influence some or all of
 
the following:
 

- tree rooting depth and spread
 

- nutrient leaching
 

- salt concentration
 

- soil temperature
 

" 	Cultivation affecting:
 

- soil moisture (infiltration capacity, water
 
storage, soil surface evaporation)
 

- soil surface temperature
 

- soil structure (for example, indurations may
 
be 	broken through).
 

" 	Weeding affecting:
 

- soil water status
 

- soil temperature
 

- soil fertility
 

Depending on 
the 	weed species concerned, allelopathic

compounds may influence the rate of root develop
ment and/or the development of micro-organisms

associated with tree roots thereby influencing

the growth of the tree. Legumes may of course
 
improve soil fertility.
 

Mulching affecting:
 

- soil temperature
 

- soil water status (water infiltration capacity

increased, and decreased soil surface

evaporation; 
 in the medium term increase in
 
soil storage capacity through improved soil
 
surface).
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- nutrient status of the soil 
(direct

influence through nutrient additions at
 
the time of decomposition of the mulch;

indirect influence by a probable increase
 
in cation exchange capacity; possibility

for nutrient immobilization depending on
 
the nutrient status of the soil and the
 
ratic of carbon to nutrient content of
 
the mulch).
 

* Dung/fertiZizer applications affecting:
 

- soil structure (and therefore soil moisture)
 

- soil fertility.
 

-
weed growth (and therefore the effects of

weeds per se, 
or of extra tillage to
 
eradicate them).
 

In the case of microcatchments, terracing,

drainage, and irrigation, the degree of site
 
alteration for example, the size of the micro
catchment or terrace, or the depth of the drains,

will influence the extent to which the environ
mental parameters are altered. 
 In the case
 
of cultivation, weeding, mulching, fertilizing,

the timing of the input in relation to environ
ment events will further influence the effect of
 
the input on the environmental parameters

concerned (for example, in relation to subsequent

rainfall).
 

It is unlikely to be feasible to assess the exact

degree and extent of alteration of specific

environmental parameters which has taken place due

solely to any individual management input listed

above, but some attempt should be made to measure
 
the-overall changes. Certainly, an accurate
 
description of the timing and extent of the

managemefit inputs should accompany trial site
 
assessment descriptions so as 
to give a clue to
possible reasons for differences in tree perfor
mance on sites with different management inputs.
 

'.V
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ANNEX 

PART 3B
 

Example of a Land system description
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APPENDIX 1
 

Site assesr-ment methods
 

Example of a land system description (Astle et al., 1969)

(The permission of Blackwell Scientific Publication, Ltd., 
to
reproduce this page is gratefully acknowledged)
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The scope and design of field trials
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NOTE
 

It is not the intention in this Part to
 
elaborate on the general concepts of experi
mental design, or to attempt a review of all
 
possible layouts together with the statistical
 
background to their evaluation. This has
 
already been covered in a succint and easily

readable form in the CFI "Manual on Species

and Provenance Research with Particular
 
Reference to the Tropics" (Tropical Forests
 
Papers No. 10, compiled by J. Burley and
 
P.J. Wood). Further elaborations are readily

available in the experimental and statistical
 
manuals of the reader's choice - A selected
 
bibliography of the most relevant and useful
 
of these is given in Appendix 12.
 

In this Part, and those that follow in
 
Section Three, only the particular aspects

which have to be taken into account with field
 
research on MPT's (FGNFT's) will be outlined
 
and summarized. And four possible experiments
 
are proposed covering, respectively, Nursery,

Elimination, Vogour/Phenology and the early

Management stages of investigation. It is
 
assumed that these will be carried out in a
 
phased manner according to the needs of any
 
particular time plan (see Section 3A). That
 
is either separately or as overlapping trials
 
but in any case, as a set of mutually

supportive investigations.
 

Subsequent work to investigate the place of
 
particular MPT species in land use systems,
 
more particularly in mixed cropping agroforestry
 
systems, is dealt with in Sectioa 4 and
 
examples of possible field layouts to achieve
 
particular experimental objectives in MPT mixed
 
cropping research are given there.
 

P.A. Huxley
 



Field Trials - Some General Considerations - by P.A. Huxley 

1)e in toiau~tihialt:; i ela tion 

the potential role of 1.1117"s
 

The multiplicity of uses to which woody
perennials can be put in land use 
systems
 
implies that 
a very wide range of experimental

approaches will be used to investigate them,
 
depending 
 upon the plant part, or parts, which 
are to be utilized. However, because of the
 
permanence of their aerial structures and,
 
sometimes, their deeper-rooting characteristics
 
as 
compared with herbaceous agricultural crops,

they may also fulfil a number of other 
functions. These relate to 
the maintenance
 
or improvement of their immediate
 
environment.
 

Trees and bushes, for example, can confer shade
 
and shelter and they may, through nutrient 
recycling, including litter deposition, improve

adjacent surface soil characteristics. Then
 
again, woody species, especially the taller,
 
larger ones 
will modify rainfall interception
 
patterns ("throughfall and stemflow") . In a
 
practical way trees and bushes can be utilized
 
to aid in soil conservation; provided that the
 
right species are planted in the right spatial
 
arrangements, and if they are associated with
 
suitable gorund layer vegetation and/or

appropriate soil modifications (terracing,
 
cut-off drains etc).
 

Many of these functions can be considered,
 
cumulatively, to confer some 
level of
 
sastainabitity to any land use system. Indeed,
 
this is one of the prime objectives of
 
agroforestry, and it clearly depends the
on 

woody species used, their age, the number grown
 
per unit of land and the way they are arranged
 
and managed. (See Part 6B). These are
 
all key experimental variables and the extent
 
to which any woody species may enhance sustain
ability in one way or another is an important
factor to be taken into considerations in evaluation 
its worth. In planning experiments, therefore, 
these variables should be taken into 
account, both in relation to the experimental
layout (see further on, this Section) and with 
regard to what is observed and/or measured. 
(See Part 3E) 
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ar i wih highly variable species 

Because many zpecies of multipurpose trees

will be outcrossing and therefore, highly

heterozygous, the plant material for 
trials

will inevitably be variable, however carefully

it has been grown and selected in the nursery

(Part 3B). 
 One way to avoid this would

be to use vegetatively propagated material

(if ways of doing this are already known),

this raises issues concerning the basis 

but
 
on


which the parent plant/s are chosen and, it
 
may well be, that insufficient is known

about the soecies at this time to make such
 
a decision. Otherwise it is important to

have some information from the Exploration Stage

(Section 2) concerning the variability found

in natural situations (especially on homogeneous

sites), and to limit the 
more advanced Performance/

Management Investigations (Step 12 in 
the

Evaluation Flow Diagram Part 3A) 
to plants from
 
carefully selected seed lots.
 

Earlier steps, Elimination Trials and even
 
Vigour/phenology Trials 
(Steps 10 and 11,
respectively), are 
more specifically directed
 
to discovering the extent of variability.
So that these will have to be made large enough
to explore this adequately depending on the known 
extent of variation in generaleither vigourand form, or for any particular plant character
 
being investigated.
 

Sing!.e or ,.uitiple tree pzots? 

Field trials may involve examining trees as
species ("single trees") or in plots,

depending on the objectives and the amount
 
of plant material available. For investiga
tion an early survival, phenology or the

specific responses of a species 
to particular

management variables (e.g. the effects of

pruning, tolerance to pesticides, time-of
planting effects and on) studyso the ofsuitably replicated single, free-standing trees
 
may be perfectly adquate. In effect these
 
are "single-tree plots", or lines, where 
individual plants are 
not subjected to any

community-imposed stresses. 
 Even where plots
are used the early growth stages of youngplants are similarly stress free, of course. 

Although the ultimate objective :may be to grow
the species in communities (e.g. woodlots,
orchards, or fodder Llocks) 
trials on a single
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tree basi3; can still provide a very cost
 
effective way of obtaining some preliminary

information, and species/provenance elimation
 
trials (Step 10 in the Evaluation Flow
 
Diagram) and VigouriPhenology TrIals (Step 11).
 

Where it is neces-iry to learn how the
 
species performs in association with its fellows
 
trials on a plot scale are mandatory. In this
 
situation plant populaLion and arrangement

will be a primary variable affecting the yield
 
per unit area and the form and dry matter
 
distribution of individual plants. Furthermore,
 
the type of plant required will be different
 
from that required if the ultimate objective is
 
to obtain yields from effectively free-standing

specimens. Because multipurpose trees will be
 
grown under both situations this has to be
 
borne in mind when 
 a) selecting provenances and

b) planning the experimental programme and
 
chosing a field layout.
 

The principles for comparing plants, woody 
or
 
otherwise, which are 
to be grown separately or
 
in communities are now well known (see Appendix 1).

Total biomass and the proCiction of
 
plant parts (fruits, seeds, boles, etc) will be
 
maximised in communities of single species

(a) where individual plants experience some
 
level of community imposed stress and (b) where
 
the plant ideotype is not "aggressive" that is

spreading, with horizontally inclined leaves, etc
 
as distinct from "community tolerant" ideotypes

with a more erect form, and erect leaves.
 

With MPT's (FGNFT's), therefore, and depending
 
on the situation, we may be selecting different
 
ideotypes within the same species not only for
 
different end-use purposes, but also for
 
systems in which they may be either community
grown or effectively free-standing. In addition,
 
on farmers' lands, they may often be part of a
 
mixed cropping situation, but this is specifically

dealt with in Section 4.
 

On-station or On-farm? 

Many multipurpose tree species are likely

to be highly variable. In addition every

country as well as evaluating indigenous species

is now interested in testing a range of promising

but previously unknown exotics. 
 Both these
 
factors suggest a need to carry out trials at as
 
many sites as possible. In the first case to
 
adequately explore genotype x environment effects (GxE)

and, in the second, to test the opinion of land
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users with regard to 
the ways in which species

which perform well 
can best be incorporated into
existing land usc 
systems as rapidly as 
possible.
The number of experimental sites attached
to 
research stations is invariably limited and, in 

as 
"farmer" involvement is itself a 
useful

investigational procedure, there is 
a powerful
aigument for setting up 
at least additional onfarm trials to supplement those carried out
 
on-station.
 

The kind of investigations required with MPT's

(FGNFT's) range 
from preliminary tests of
survival (perhaps involving different plantingout or 
direct sowing techniques), through

vigour/phenologically trials 
to testing

every degree of 
relevant management. All of
these stages can often,advantageously, be
undertaken on-farm as well 
as on-station.
 

There is really a whole specLrum of onstation to on-farm approaches depending on
what the objectives of any particular investigation are. Indeed,exactly the same experimental
layou might be 
sited both on-farm and on-station

(provided it fell within the limits of complexity
imposed by most on-farm situations), but be much
more critically measured at the on-station site.
 

On-farm approaches related to technology

evaluation can be of different kinds with
regard to farmer participation. 
The examples
listed below 
are in decreasing order of farmer
 
participation.
 

* Investigations which demand a high 
level

of farmer participation in the form of
decisions, management, skill and/or understanding at some 
or all stages (e.g. pruning

trials).
 

" Management "as is" 
trials. 
 Where the farmer

is left entirely, or guided only minimally,

with regard to the management programme he
choses to 
adopt (e.g. some on-farm variety

trials).
 

" Set piece" trials where 
a fairly straight

forward sequence of simple operations are
laid down according to 
a strict timetable
 
(e.g. fertilizer and pesticide trials), 
and
management decisions are not required

except at 
a very simple level (e.g. the

weeding practices to adopt). 

" "Nil farm management" trials  where 

any case
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technicians from the research station
 
carry out all essential work, measurements,

and the harvest, and the farm is merely

used as an additional location for a
 
test.
 

Where experiments relate to whole agro
forestry systems (Section 4) they may be
 
considered as of two kinds 
(1) testing of
 
complete designs or (2) "perturbation"

experiments, whereby one or more components

and/or management processes are changed in
 
order to ascertain how this effects the
 
system as a whole. Type (1) can most
 
rationally be carried out within the context
 
of the relevant systems of land use 
and
 
Type (2) clearly have to be on-farm.
 

Because of the highly socially interactive
 
and preliminary nature of possible land use'
 
interventions involving MPT's many on-farm
 
technology investigations may best be
 
initiated with a strong element of "farmer"
 
participation. 
This may still, advantageously

be accompanied by a high level of farm visita
tion in orde2r to monitor progress, and to take
 
supplementary measurements. 
If, in these circums
tances, the "farmer" departs from suggested trial
 
layouts or operations, then it indicates that the
 
experimenter has something still to learn about
 
the objectives of the investigation, and time has
 
not been wasted.
 

A good deal has been learnt in recent years about
 
the problems and potentials of on-farm experimenta
tion. Some useful references are given in
 
Appendix 2.
 

Dealing with unwanted locational
 
variability
 

In undertaking trials with either single or
 
multiple tree plots there 
are the usual
 
considerations to be borne in mind.
 

Sites should be chosen so that each is
 
as free as possible of unwanted random
 
effects or bias, i.e. it is homogeneous

in terms of soil fertility, exposure,

and any special "headland" effects.
 

- this is often best achieved by using
rectangular plots and it is contained
 
statistically, by adequate replication.
 

\o
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If plots are assembled into blocks
 
because of some known variations in the
 
experimental site, or because the experi
ment is planted or sown over a period
 
of time, then each block should be made
 
as homogeneous as possible.
 

- the advantages of blocking as against
 
loss of some degree of freedom by so
 
doing are discussed elsewhere. If little
 
is known about the area a detailed
 
soil survey should be carried out and
 
it may be wise to run a uniformity
 
trial first, using an annual crop as
 
a test plant.
 

Plot size
 

The size of a single plot, in terms of both.
 
space and number of plants involved, needs
 
careful consideration. A number of factors
 
are involved and a compromise reached,bearing
 
in mind the following.
 

* 	The area of homogeneous land, and the
 
resources actually available for the
 
experiment.
 

* 	The genetic diversity of the germplasm
 

* 	The typesof treatments to be imposed, and
 
the extent to which they can influence
 
adjacent plots.
 

" 	Management considerations of how to
 
care for the plants, how to apply
 
treatments, and how to take records or
 
coliect data in a cost-effective and
 
efficient manner without disturbing
 
the plants (for example by trampling
 
or the use of machinery).
 

The actual number of plants per plot will also
 
depend, then, on what is known about the likely
 
variability and the need for a sample variance
 
which will allow adequate tests of significance
 
for differences between treatments. (Increasing
 
the sample size by fourfold will only halve the
 
sample variance under identical experimental
 
conditions). There are some other practical
 
considerations also.
 

• 	Newly-planted trees/bushes are much more
 
variable in the first few years than later,
 
when the effects of planting-out have become
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less important, and/or imposed

treatments 
(e.g. pruning, browsing)

will have "evened-up" the stand. 

the size of plots may need to be 

Thus
 

different if the experiment is

directed at the "juvenile" rather
 
than the mature stages.
 

e 	Where mechanical equipment is used

for cultivation 
etc then the size of
plots may have to be modified to
satisfy the requirements for doing

this effectively. Similarly, if the
plots are to be irrigated differentially,

then their size may depend on the limitations imposed by the need to apply water
 
uniformly.
 

Foresters often use 
7 x 7 plots for species
selection trials but, from what has been
said above, it is not wise to 
use just a
"rule-of-thumb" decision. 
It 	is better
to 	base a 
ecision on known information
 
about the species and the experimental
site(and see CFI Manual, Page 79) . Plots in anyone trial should be of the same size and shape.
 

Guard rows
 

A factor which can increase the experimental
area and resources needed, especially for
conventional field layouts (randomized blocks,
latin squares, lattices, etc) is the need for
"guard" plants. 
 These may be just external,
to 	obviate "headland" effects; 
or 	both external
and internal, where some form of plot-to
plot interference is suspected.
 

Just to set a single row of guard plants
between plots to 
take care of these factors
 may not be adequate, and the underlying cause,
or causes of bias need to be carefully

considered. 
For example, in experiments

involving the spread of pests or plant
diseases the distances over which an infested/
infected plot of a susceptable cultivar can
impose increased hazard to others may distort
the results. 
Then, again, where treatments
bring about a large change in plant structure
 or habit (e.g. pruning, or the application of
fertilizers) then the question of possible
important differencies in the light profiles at
the edge of plots needs to be addressed.

Lateral movement of fertilizers, and the
 

A
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effects of mulch or added water in
irrigation experiments, can all be sources
of bias. Spacing experiments need especial
care*. 
 To avoid bias the between-plot guard areas,
or rows, should contain enough plants similar
in structure to each adjacent experimental one
to eliminate changes in 
 the different levels
of interplant interference brought about by
any particular spacing treatment. 
This
interference will consist of shelter effects,
root spread and its consequences on water use
and nutrient uptake, and shading effects in
different plant spacing treatments, where the
plants will attain different heights. 
 To
maintain appropriate light profiles the

guard areas surrounding individual plots
should allow the 
same lateral light infiltra
tion to that received by any plant situated
in the middle of the plot. 
 In practice this is
seldom achieved with tall plants such as
trees being grown in small plots, but the
consequent errors 
should at least be aknow
ledged and, if possible, estimated.
 

Conventional designs, such as 
randomized
blocks, can be very uneconomical of space if
extensive ruard rows 
are used. As the diagrams
in Appendix 3 show, depending on the number

of plants per plot and the extent of the
guard plants it is unlikely that more than
50 to 60 per cent of the total area could be
effectively used for data collection, and it
 
can be much less.
 

All told, the need for guard plants should
be taken seriously but, in most cases, 
a
practical compromise may have to be accepted.

In planning an experiment with trees arranged
in small plots a careful appraisal of exactly
what is involved, and how much error this

introduces should be undertaken.
 

Relating results to comparisons the landuser wants
 
to make.
 

Agroforestry systems of landuse, by incorporating

plant species with different spatial requirements
and of very diverse economic life span and phenology, provide a better than usual choice of
combiaations to share the environmental riches
available. 
In agroforestry one is out to exploit
the heterogeneity of the system, both in terms
of space and time. 
 This too has to be borne in mind in
 

*See Part 4E
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in planning investigations. 

Usually researchers in agriculture and forestry
try to contain variability in 
a way which can
be easily handled. Thus field experiments
press resulus in terms of 

ex-
means and variances,

and layouts do not always facilitate comparisons

between potential "packages" of treatments aswell as 
they might. Sometimes there is a good
reason 
for this but, generally speaking, the
technical objectives of the researchers take 



precedence over the need to have data presentedin a form which can convince the farmer. For
example, in 
a factorial experiment data should
not be presented just as mean effects and interactions, but as yield increase ratios in terms

of the "least input" treatment or treatment

package. Such 
a course 
implies considerations

of layout and degrees of freedom for appropriate
tests from the initial planning :3tage of theexperiment. This approach can be more meaning
ful in extension and development because farmersdo not always wish to maximize yield but rather
to remain with a choice of treatment optionsdepending on decisions about available inputs.An example isof what meant is given in Appendix 4. 



564
 

Choice of experimental layouts 
- by P.A. Huxley
 

From what has been discussed so far we might

briefly summarize the alternative types of
 
layout which are most likely to be used in
 
MPT field trials. And mention, briefly, the

advantages and disadvantages of each. Once
 
again, the reader is referred to the CFI's
 
Manual on Species and Provenance Research
 
(Tropical Forest Paper No. 10) for 
a

practical account, and especially to Section
 
4 "Principles of Experimental Design" by

H.A. Wright and I. A Andrew (pages 67-82),

and "A Guide to Field Practice" by J. Burley,
P.J. Wood and R. Lines (pages 83-107). 
In troduction 
Any particular field layouts should be 
con
sidered in relation to how satisfactorily

it achieves an effective compromise between
 
attaining the specific experimental objectives

whilst remaining well within the resources
 
available. 
 In most cases, and especially with
 
woody perennials hecause both the duration of the
 
experiment and the level of research manage
ment required are usually greater than with
 
annual crops, it pays to use several
 
relatively simple experiments rather than one
 
or a few larger, more complex ones.
 

With these factors in mind a pre-requisite

for choice of layout is to consider the following

questions in the order shown.
 

* 	How variable is the experimental plant

material? And how much is available?
 

" 
How much of the desired information can
 
be obtained by examining single trees?
 

" 	If community-grown specimens are required

what other factors 6f plant-to-plant variability
 
are involved in deciding plot size?
 

" 	Is some control over local environmental
 
variation needed?
 

Each of these questions requires careful thought

and, if necessary, recourse to available sources
 
of information and/or advice with regard to
 
individual species of MPT's 
(see ICRAF database).

The final choice of layout, and t1, degree of
 
replication needed, will depend very much on
 
the outcome. Table 1 summarizes the kinds of
 
approaches that might be suitable for MPT trials
 
of different kinds.
 

( 
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Table 1 	Selection of approaches for MPT trials of
 
various kinds.
 

Type of study requires:
 
Degree of control
 
over local environ-
 Single plants Community-grown

ment variation 	 plants
 

Well-spaced
None Simple replicated
 
fully randomised plots
or 	 (individual or 

or
Minimal lines) 


systematic designs
 

Definitely 
 Single tree plots Multiple tree plots

required
 

arranged

in: 

" Randomized complete blocks
 

o Latin squares 
* Rotating designs (e.g.
 

Augmented 	 layouts) 

Consider raising efficiency and/or

effectiveness by the use of:
 

* Partial replication
 
(e.g. Lattice designs)
 

* 	Split plots/factorial
 
arrangements
 

* 	Covariance/Nearest neighbour
 
analyses
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Well-spaced fully randomized individuals 

Tree crop horticulturalists sometimes use
 
this layout, often for preliminary tests of
 
a range of management techniques. It is:
 

* 	Useful for elimination/survival trials,

especially when the supply of planting

materials is strictly limited and
 
variation occum in the nuinbers of plants

available.
 

* 	Also where local environmental variation
 
(e.g. soil fertility or exposure) is
 
minimal and blocks are considered un
necessary; 
or 	where such variation can
 
be 	eliminated, as in some nursery
 
experiments.
 

* 	Particularly economical where one wants
 
just to observe the growth and phenology

of different accessions of a "new"
 
species (in vigour/phenology trials).
 

* 	Also where intra-specific variation in
 
vigour and habit 
are not too marked and
 
a number of provenances are being
 
tested.
 

* 	It is not suitable where there are marked
 
differences in plant size and form, 
for
 
example, if large and small species are
 
to be mixed, because of possible

differential levels of interference
 
between plants within a standard-spaced
 
field layout.
 

* 	This layout is probably mainly of value for

general "observations". It can provide a
 
very simple statistical test of differences
 
between means and this 
can be for samples

of'different sizes (Appendix 5). Thus
 
all available material can be planted

and/or if some casualties occur the
 
experiment is not ruined.
 

Simple replicated plots(or lines)
 

This is, perhaps, the most straightforward way

of 	handling very limited amounts of plant

materials where local environmental variation can
 
be assumed to be minimal otherwise it may have
 
only management and/or demonstration advantages.

Some points to note are that:
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" 	If the plants are to be kept for seed
 
then attention has to be given to the
 
breeding systems and the possible

need for isolating accessions.
 

* 	Statistical evaluations have the same
 
advantages and disadvantages as before,

that is considerable flexibility but
 
relatively little efficiency for tests
 
of significance.
 

Single oersus multiple tree plots 

" 	One factor to consider is: what is the
 
purpose of the trial and the nature
 
of the plant material? If the material 
is homozygus (perhaps clonal), then the 
purpose of having more than a single

tree plot is to confirm the observations being
made. 
 If the plant material is heterozygus,

and growth is to be measured, then the
 
purpose is to Oecrea e bias caused by
inadvertently havir-ci samoled from the popu
latioo extremes. 

* 	 Singla tree plots clearly can save much 
space. They are valuable for studying

plant behaviour on homogeneous sites, (which
 
are thus easier to select), but of less
 
value for measurement data where a
 
reliable sample mean from multiple tree
 
plots may more 
than make up for a greater,

but less reliable, set of data from
 
single plants. Only some knowledge of the
 
variability concerning the characters to
 
be measured for particular species under
 
trial can help here.
 

" 
The amount of plant material available
 
may restrict plot size 
- but the question

then becomes one of whether to carry out 
the trial at all, inlthat form, or not. 

* 	 Some of the factors to be considered 
in 	 deciding on the number of trees per
plot, and their spacing, where multiple

plots are to be used are mentioned in the 
CFI Manual.
 

Randomized complete blocks/Latin squares
 

* 	 These are often necessary in ordor to 
account for loral onvironmental variticr),
(One can use latin squares wharu thora ih 
environmental variations in two directionlg,
preferably at right angles)! but conoidatblm 
care is needed in siting blocks, that LA lkr 
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local environmental variation must be known
 
for blocking to be effective. (See CFI
 
Manual pages 71 and 76).
 

" 	Blocks can usefully be used to confound
 
differences due to nursery selection, time
 
of planting out, timing of major management
 
qperat ons for an experiment (e.g. irrigation

by blocks) In other words both spatial and
 
temporal variations can be assigned to the
 
block residual and removed from between
treatment comparisons so as to make these
 
statistically more bffective.
 

" 	Randomized blocks may use space inefficiently

if guard rows are required (see Appendix 3)

and optimum plot size has to be judged 
care
fully to effect a compromise between obtaining
 
effective samples, statistical efficiency

and,particularly with trees/bushes, cost
management feasibility.
 

* Randomised complete blocks are fairly robust,
 
that is some missing plots can be accounted
 
for statistically (CFI Manual, p.120), but
 
non-orthogonalarrangements (i.e. those in
 
which different population samples occur
 
in different blocks without it being

possible to make balanced comparisons)
 
are difficult to analyse.
 

" 	With few replications (blocks) and
 
treatments there may be insufficient
 
degrees of freedom for the error variance
 
to test mean differences between treatments
 
effectively.
 

* 
The relative value of using randomised
 
blocks and/or other methods of controlling
 
or accounting for environmental variation
 
has recently been discussed by Pearce
 
(see selected references).
 

" 	In cases where no logical grouping of
 
provenances (or any other set of treatment
 
variables) is possible it is more prudent
 
to use a multiple range test than an
 
ordinary t -- test to make statistical
 
comparisons.
 

Augmented designs 

These are a form of "rotating" design
(normally used for fittingtsecond 



order (quadratic) response surfaces, 
see Cochran and Cox, p335). As adapted

the "augmented" design provides a useful 
approach to comparing some relatively

few 'ireliminary treatments (e.g. completely 
new species) within a trial where more 
precise comparisons are required between
 
previously observed treatments (species

which have already been initially worked
 
on) (See Appendix 6).
 

This is done at different levels of 
statistical precision, but the layout
 
has space-saving characteristics which
 
make it valuable for vigour/phenology
 
or early management trials.
 

* 	For example the layout fitted into
 
randomized complete blocks, allows
 
flexibility in block design where not
 
all treatments appear to warrant
 
full replication, but a range of
 
interesting "possibilities" exist
 
to be tested as well. 

* Standard, or check, treatments (species, 
provenances) are replicated fully but a 
limited number of new selections
 
material from which may be in short
 
supply,are additionally split among

the replications (or are left un
replicated).
 

" 	Statistical comparisons involve a calcula
tion of an overall mean square for error
 
which excludes unreplicated ent'ies. The
 
means of unreplicated treatmen'.S are
 
adjusted and a procedure for 3stimating

standard errors of differences depending 
on whether treatments we are replicated, 
unreplicated or in the same or different
 
replications, is undertaken. 

Increasing efficiency and/or effectiveness
 

a 	Partial replication in the form of incomplete
 
blocks can be useful where some information
 
can be sacrificed and it is essential,
 
becausu of environmental heterogeneity, to
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limit the overall size of 
each block.
 
If the designs are balanced (and hence
 
comparisions between treatments remain
 
orthogonal) comparisons among all pairs

of treatments can be made with equal

precision. 
The layouts can be randomised
 
incomplete blocks or quasi 
- latin squares.

The minimum number of treatments and units
 
per block decides the number of replica
tions required - so that these may be
 
very large unless the experiment is 
a
 
simple one.
 

A particular set of partially balanced
 
designs which require fewer replications
 
are lattices. 
 In these designs different
 
pairs of treatments will be compared at
 
different levels of precision and the
 
number of replications are 
fixed according
 
to the number of treatments ('square' or

'rectangular' lattices 
- see Cochran and Cox).
These designs can be useful for early investi
gations where rather large numbers of
 
previously untested selections 
(species of
 
provenances) are 
to be chosen in a prelimi
nary way i.e. for 'elimination' and/or

'vigour/phenology' trials 
- and where control
 
over environmental heterogeneity rules out a

completely randomised layout. 
They do not
 
increase statistical efficiency (indeed, the
 
statistical comparison involves the 
calcula
tion of several different standard errors), 
but
 
they may well increase cost-effectiveness.
 

Split plots or more complicated factorial
 
arrangements can be especially useful where
 
either the interactions between treatments
 
is likely to be important or, in the 
case
 
of split plots, where one group of
 
treatments need to be 
tested with greater

statistical precision than another. 
 This
 
might be because one set of differences
 
is already fairly well established (main

plot treatments) and this is 
not so in the
 
other case (the split plots 
treatment. Split

plots 
are also used where some treatment
 
can be applied to small plots 
(e.g. pruning

but others cannot be 
(e.g. soil management

treatments or irrigation). In such 
cases
 
the only feasible way 
to set out the experi
ment may be to apply treatments requiring

the larger amount of space to main plots

and the others to split plots. are
There 
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statistical problems in making comparisons
using "split-split' plots and it
satisfactory to 	

is more
 
use a fully factorialized
layout. 
 The latter 
are particularly
valuable for exploratory experiments, and
statistically efficient because of the
enhanced level of replication ("interval
replication") 
which occurs. 
 However, because
of 	the space involved they have been used
much less with trees 
than with smaller
perennials or annual crop plants 
(and see
page this Section).
 

e 
A logical arrangement of 
different classes
(taxonomic or vigour selections etc),
provenances fpecies,

may help raise efficiency.
For example, it may be desirable to confound
large between-species effects by assigning
each species 
to 	a separate block 
(which themselves are replicated) with the separate
provenances 
in randomized plots within these.
This would be where there was 
little or no 
inter
interest in making statistical comparisons
between species and th2 between-provenances/
within-species comparisons 


ones. were the important
Such an arrangement is 
basically a split"plot" design. 
 ("Family blocks" designs, 
see
p. 	77 CFI Manual).
 

a 	Covariance analysis can be used to
experimental increase
 
accuracy where supplementary
observations 
(for example on seedling size
at planting out, or on


(according to some 
initial plot fertility


measured statistic such
as 
soil organic matter content, etc) 
can
be 	used to establish correlations with the
final performance data being measured.
Cochran and Cox, page 82). 
 The effects of
these unwanted influences can be accounted
for and thus eliminated from the comparison
of experimental 
treatments per se 
(and see
P.124, CFI, Manual). In 
cases where the
presence of one plant may markedly influence
that of its neighbours 
(for example in plots
of 	composite mixed genotypes of differing
vigour) 
a "nearest neighbout" analysis may
provide useful additional information 
as
Bartlett points out.
 

Systematic designs*
 

Since these types of layouts were originally
proposed by Nelder they have been used
extensively with many different kinds of
plants, and for a variety of purposes
(spacing trials, fertilizer and herbicida
experiments, etc), 
 They can be espeoally
 

* and see Part 4V
 

/ 
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useful at the early stages of
 
investigation when it may not be quite
 
clear what level of a particular treat
ment is likely to be "on-target". In
 
particular, systematic designs lend
 
themselves to investigations which
 
involve studying the effect of a wide
 
range of plant spacing. Either when
 
this is the primary variable, or where it is a
 
background treatment against which some
 
other management 'ariable is to be
 
tested (lopping or pruning treatments,
 
for example). Systematic designs
 
are likely to be extremely valuable
 
field layouts for early management
 
trials with MPT's.
 

" 	Two kinds of systematic design have been
 
commonly used to investigate sole crop.

spacing problems from vegetable to tree
 
species. The "fan" design and "parallel

row" layouts. Examples are given in
 
Part 4F, and methods for calculating

uhe actual changes in spacing for any one
 
layout are fully described by Bleasdale.*
 

" 	Fan designs have a restricted number of
 
plants to sample limited by the number of
 
radii in the fan. Parallel-rows, which
 
are easier to lay out in the field, can
 
be made as long as necessary to achieve
 
a suitable sample size at the wide spacing.
 
But then there is an unnecessarily large
 
sample for close-spaced rows. This can be
 
remedied by successively shortening those
 
rows to make it resemble a 'fan'. More
 
complex designs (log/log) can be used to
 
combine testing plant population and
 
rectangularity simultaneously.
 

* 	 Systematic layouts have the following
 
advantages and disadvantages compared with
 
conventional layouts:
 

- they take up very little space even if
 
several replications are laid down (as
 
they should be, with different
 
orientation):
 

- they make excellent field demonstra
tions the results of which are very
 
easily understood by extension workers,
 
farmers, etc.;
 

* 	 A microcomputer p3iogramme is available from 
ICRAF. 
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-
they are, however, sometimes difficult
 
to lay out, establish and maintain 
(not
 
ac all 'robust');
 

- few, if any, statistical. comparisons are
 
valid except regression parameters;
 

-
all systematic designs which incorporate

spacing as a variable need some additional
 
guard area surrounding the close-spaced
 
treatment rows; 
 otherwise side-effects
 
(especially extraneous light) will completely

distort the growth and/or yields 
in this
 
part of the layout.
 

Simple types of systematic designs may well
 
have a place in "on-farm" trials. One such
 
example, in this case 
to test the results of
 
having different proportional areas of bush
 
to arable land, lopped/unlopped bushes; woody

mulch, and tillage,is given in Part 4F.
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Comments on and outlines of proposals

for four different field trials with MPT's
 
- by P.A. Huxley
 

Parts 3A, 3B and the 
first chapters of this
 
Part will, hopefully, all have contributed
 
to a clear definition of what has to be done
 
in the evaluation stage. From thip process

will arise definite proposals for field
 
trials. The remainder of this Part is
 
devoted to outlines of such evaluation of
 
MPT's (that is from steps to in the
 
flow diagram contained in Part 3A) as they
 
may be carried out by a network of operational
 
researchers.
 

Although some level of conformity in experi
mental design is desirable, in that it more
 
readily enables comparisons of results
 
between participants in different lorations,
 
there will, inevitably, be lc.:al conditions
 
and somewhat disparate objectives which
 
result in individual trials being run in a
 
somewhat different way from one another. 
Or
 
in some participants dL-iding to interpolate
 
additional experiments and/or overlap experi
mental phases 
more concisely. No co-ordinated
 
programme should discount any such preceived

investigated needs, so long there is a
as 

central 'core' of research activity which
 
retains a significant level of commonality.
 

CheckZist on design decisions
 

First of all, Table 1 gives a useful checklist
 
of questions concerning all aspects of designing
 
an experiment (by J.N.R. Jeffers of 
tFa
 
Institute of Terrestrial Ecology, U.K.) 
to
 
serve as a reminder.
 

Design proposals
 

Table 2 then indicates the scope of the four
 
experiments suggested and these are, 
then
 
expanded in the last part of this chapter.
 



Plot shape and size 
19.Design of Experiments 	 Is the plot size for the experiment defined by the nature of the experimental meral orthe

site? 
20.Stating the objectives 	 If not. will the p" posedplot si.. enable the treatments to be appiend& t 	 dt ed

records to be made?1. Have you stated cearfy and explicitly the objectives ofthe experiment and the reasons forundertaking it? 	 21. Is ;.e plot shape defined by the nature of the expernentalmate.ialor treatments?22.2. 	 Have you translated these objectives into precise questions tha. ihe experiment can be 

If not. will the proposed plot shape enable the treatments to be appled and aIlow the
expected to answer? desired records to be made?

23. Are the experimental pbts all of the same size and shape? 
Defining the population about which inference are to be made 	 24.

2 	 If not.
lts
are you aware of the problems that may be encountered during the analysis of there 
 ofthe experimet
 

3. Have you defined carefuly the population about which you are seeking to make inferencesfrom the results of the experment? 	 25. Is there ikely to be interction between the indidual plots of the experiment?26. Can this competition be reduced by increasing thospace between plots, or surrounding each4. Is the site or location ofthe experiment representative defined population?ofthat 

plot by a buffer zon?

5. if not. what do you need to do to finda representative site? 27. Are the pOtsof the ex:erment of the smallest size consistent with theother cor'.',nts?6. 	 Is the expemriental material to be used in the experimentL e.g. plants, animals, soil. water.
etc.. representative of the defined population? 

Number of replications 

7. ifnot. how can representative
materal be obtaned?
8. If either the locatn o the experimental mat,- no 	 28. Do you have any preiinary esrnates of the precision likely to be achieved by theS.Ifoethe the l 	 representative of thepopua.experimenton o tmake infermences, is it worth dong the experiment 	 (expressed as a coeft.ent of variation, for example?a i? 29. Is it possb to conducta pilot experiment to determine the oefficienofvariation to
encountered. and to test the experimental procedures?	 
be 

Selection of experimental treatments 	 30. Have you determined the s ze of the difference between treatment rneanswhichyou would9. Have the experimental treatments been defined suffientlypreciselyfr them to be applied 	
regard as of practical importance., if such a difference were to exist?

31.correctly by the experimenter or by those wishing to repeat the expeient and are thythe 
Have you caiculated thenumber of replications that would be necessary to match the size ofdifferences likely to be detected as signifcant with the size of differences you regard asrealistic? 

10. 	 If the "treatments" of practical importance?consist of species, varieties, or strains of organisms, are they repre- (E.g. N - l isentative of some defined population of organisms? s
11. 	 Can the experimental treatments be expressed as "factors-. that is as groups of treatmentsat two or more levels? 	 where N - nurrber of repiications 
12. 	 c - coefficient of variation13. 	 If so.can all combinations of factors be achieved and are these combinations realistic?Is the number of levels within each factor restriced to twoo three? 32. s standard error of meansIfteei nufcn adoeprmna feee o
13. Isthnotither of leels withn each f 	

h o xcto eurdt r
14. 	 If not is there any rea advante iusing moretha give significant differences of practical importance, is it worth doing the experiment at al?re 	 Levels to determinetthe response curve? 	 pe of 33. 	 Do the controls need to be replicated more or less frequently than the other tvaatments. in 
15. 	

order to place greater emphasis on particular comparisons?Do the levels of any one factor change by a constant amount or in a constant ratio?16. If not. is there a good oeason for departing from linear relationships, or relationshps whichcan be made inear by an appro ri te transfo nt~n?I Layout of the experiment 
m ae liear prop'ritcan bthe ayna erans o rm n 	 "y u oft ee p r e thatt34.

17. 	 Is it possible to divide the site of the experiment or the experimental material into blocksis the nuimber of factorial comibinations so large that there would be some advantage in
considering only some of those combinations. perhaps sequentially? 

35 within each of which there will be less variation than over the experiment as a whole?Is the size of these blocks sufficiently large to contain at least one plot of each treatment and18. Is there a naturally defried control treatment which should be included in the experiment? controls? 

Table 1. 	 12
Statistical QCeklist "Design of Experinents" by J.N.R Jeffers. -Institute of Terr.Ecology U.K. 



36 Have you considered the advantages of robustness and easeblock dlesign? of analysis of a randomized 
37. Ifthe blocksare not Large enough to contain at least one plot of each treatment and controls. 

is there some tayof allocating the treatment replications so that the important c-r --sonsare estimated with the greatest precision? 

38. Ifthe treatmentco pansonsare not onhogon, do you knowhowthedata can be armlysed, 
and wig thanalysis answer the questions the expemet isdesignedtopose?

39. Are there any regular trends across the experimental site or material? If so. are these trendsin one or both directions? 

40 Have you considered the use of row and Column designs to remove the effects ofone or two-
way trends?41. Is there likely to be any advantage in the use ol a split plot design? 

42. If so. are the treatments applied to the sub-plots the ones forwich the greatest precis 
requred?

43. Will confounding of treatment factors or interactions with block differences inmprove theefficiency of the design? 

44. Have you planned to use the blocks of the experivents to absorb as much as possibleof theextraneous variation in the execution and conductof the experiment?
45. Is it possible that plots may be lost through accidents or mishaps? 
46. If so.does your choice of experitmental Layout alow for a meaningful interpretation of theresults? 

Randomization
47. Have the treatments andcontrols been allocated to the plots of the experiment byan explicit 

48. Was a separate randomization carried out for each block or row of the experitment? 

49. Were the constraints on the ranoonxzation correctly applied?
50. Were you tempted to m-randomize any part of the alocation of treatments arkxnntrolS tOt7o 

plots because of apparnty unfortunate coincidences? 
51. If so.doyou have someknowiedge,of variation in the site or experimental materialwcnot been incorporated into the design of the experiment? s 

52 Does a plan exist, shineing the allocation of the treatments and controls to the individual 
plots? 

Re:ording of results

53. Does each plot of the experient have a dear number or designation, linking it unambigu-

ously to the plan of the experiment? 
54. Have you defined the time intervals at which assessments of the experimental results are to 

be made? 
55. Have you defined the variables or attributes tobe counted or measured at each assessment? 
56. Ifso.are the measurements meaningful and relevant to the objectives of the experiment? 

.. Table 31. Statistical Checklist " resign of E3perijents".:by 

57- Are any f the asesets to be made from 1Wrots of th eVqje~ntlplot rather6Mfrom the whole plot? 
58. If so has the effcencyof tho sampling been tested? 

59. Are any of the assessments k be used as c.,ariates to correct for uaavoklable bIt 
measurable differences between te plots? 

60. If 0. will am
the" assessmentsneed tobe madebefore anyof th exthrimentsl tesebfnte 
applied, or can take any effect? 

61. Have you planned to ue the blocks or rows of the experiment to absorb any unwantedvariation in assessment, e.g. different obServers. assessments on different days or atdifferent times of the day? 

62 Have youdesignd atrecordforrwhch wplensurethataassessmen rcorletear 
63. Have the assessors been trained to measure and Count the variables or attributes efficien

and accurately? 

64. I 
effects, ar, hawethe assessors been encouraged to look for these effects? 

Planning for analysis 
65. Haw the hypotheses to be tested in the analysis of the resu ts of experiment arid ther 

alteniatives, been defied a priori? 
66. Are these tests expressed. as far as possible. as niuhypotheses?
67. Have any special contrasts to be tested or estimated in the analysis been defined in adva;ice 

of a first inspection of the results of the expriment?68 Do you understand the methods of analysis that wig need to be used for this experiment andmade arrangements for the computations to be done on a compvutr, or elsewhere?69. Ifthe .onputatonsaretobedoneonacomputer.does hMnacessarlrognlexist.anddo 
ycj understand the constraints that the program piaces on the data set? 
of the u oblybefr sari 
e stai rith

of the results, preferaby before starting on the e t? 

The final [andm kr ntj qcmsto
71. If you are in doubt about the purpose of anyof thequestions inthis chcdlsktshould you not 

ebtain some advice fromna statistician with experience of your field of research before 
continuing with the experiment? 

There is usualy little that a statistcian can do to help you once youhave comnitted yourself to ap experimental design. 

4J.N.R Jeffers. Institute of Terr. Ecology U.K. (cont') oS 



TABLE 2 


Types of trial 


1. Nursery 


2. Elimination/ 

Survival (= 

"species elimi-

nation" 

or "Range-wide 


provenance 


trials") 


Objectives 


To explore the ways of
optimising the-plant-


raising conditions of 

selected species using

relevant nursery practices. 


..... 


To test, in the short-term 

(2 to 4 years, maximumX the 

ability of any interesting

species 
(and/or range-wide 

provenances) to establish 

and flourish, 


3. Vigour/Phenology To re-evaluate, and criti-

(="Species 
 cally compare the growth 

testing or performance of apparently

"Restricted 
 adapted selected species (or
provenance 
 provenances), 
and to obtain
trials") 	 information concerning plant


behaviour. 


OBJECTIVES AND DESIGNS FOR FOUR DIFFERENT TYPES OF FIELD TRIALS WITH MPT'S
 

Suqested desi n(s) 


Fully-randomized plants,
or plots; or randomized 


complete block design. 


Fully-randomized single

plants or small 
plots 

(no guards needed),

Split into several 

experiments if 
needed 

to obviate local 

environmental variation. 


Depending on whether 


a) single plant 	b) 

community grown 	assess-

ments are required:

a) Fully-randomized 
or 

lattice designs or 

b) Augmentedi. design in 

randomised blocks, 


Commen.;
 

May also involve separate directsowing trials, if appropriate,.
 
(Studies on biosystematics,

juvenile-mature correlations, seed

soJrce identification and specific
Physiological/microbiological
 

responses would 	be treated as
 
separate experiments).
 

The inclusion of some, known well
adapted species 	is useful in order
 
to have a 'controlled' estimate

of potential growth in view of
 
year-to-year climatic variations
 
over the short term of these
 
trials.
 

Species (or provenances) of very
 
different structure should not
 
be included in the same
 
'community-grown' trial.
 
The repetition of trials in both
 
space and time at this phase will
 
enable GxE evaluation to be
 
started.
 

...../2
 

/~
 



Types of trial 


*. 	Early manage-

ment ("species 

or provenance 

proving") 


Objectives 


To 	compare a selected range

of 	management techniques

for one or more chosen 

species (or provenances) 

with a view to obtaining 

extrapo~atabie information 

on how best to optimize

chosen outputs (products 

and/or services) in 
a range

of practical situations, 


Suggested design(s) 


Fully-randomized for 

single-plant studies, 

Randomized complete 

blocks (possibly with 

split-plots or a full 

factQrial arrangement) 

for community-grown 

studies. Systematic 

designs where spacing 

is a prime variable, 


Comments
 

See the 'Evaluation' flow
 
diagram. 
As more is known
 
about the species (or provenance),

and the land use system for
 
which it is destined, then
 
increasingly complex management

trials will be required. At

this stage vegetatively propagated

material 
can help cut down
 
unwanted variability.
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Nursery Trials
 

Objectives: 
Although the general objectives will
probably remain the 
same throughout the network

of 	trials 
(see Table 1) specific objectives

may well vary, depending on the amount of prior

information about suitable nursery practices

for the particular MPT species which have been

selected. 
There may also be opportunities to
undertake some back-up experiments ir the

laboratory or in controlled or semi-,ontrolled

environmentst 
For example on seed germination,

the results of rhizobial innoculation,or for
 
studies on biosystematic and juvenile 
- mature
correlations or seed 
source identification; all

unden relatively uniform conditions. Practical
"plant raising" issues ace likely to need looking

at with MPT's, as 
is 	involvement in direct-sowing

investigations. 
Only the outline of investiga
tions of possible practical nursery techniques
 
are dealt with here at this time.
 

The decision on what exact questions these

trial (or trials) should attempt to 
answer
 
will depend on the extent to which any of

the following are 
seen to be relevant.
 

" 	Are investigations needed before the
 
species can be economically raised in the
 
nursery?
 

* 	If it 
can be germinated and grown successfully,
 
.are there improvements to be mad-- in the
 
reliability of production and uniformity
 
of 	plant material?
 

" 	Are there economies of 
cost and of labour
 
inputs which 
can be made through improving
 
nursery practices?
 

* 	Is there a need to compare species 
(or

provenances) at the same time, and under
 
the 
same range of nursery treatments and

conditions, in order to select those that
 
most reliably produces seedlings of the
 
best quality?
 

Planning: 
 Once having decided on a more specific set of
objectives the trial or trials 
can be planned

by reaching Cecisions on the following.
 

o 	 Where are the trialn to bo Ioaxta4? 

- On-station or on-Varm?
 

- What are the marits/delnritb OC t10 Oil
 
for nursery trial work?
 

-

*See Part 5A
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- If the seedlings are subsequently to be
 
used in a field trial where is that to
 
be located?
 

" 	At what time of season is the trial to be
 
done?
 

- Is it a normal period for producing
 
tree seedlings? If not is this
 
likely to matter?
 

- What seasonal changes in climate will
 
occur during the course of 	 the nursery
trial and at what stage of seedling
growth is this to end? 

- Are there any management or administra
tive concerns arising during the 
course
 
of the trial (i.e. public holidays,

competing work directives etc) 

" 
What species are to be selected for nursery
 
trials?
 

- Is it necessary to test all 
the species

which may be required for field programmes

- Even if the nursery stages of some species 
are well-explored should some be included 
as 'controls'? 

- Is there a case 
to 	leave out particularly

difficult species in order 
to 	mount
 
separate and more 
thorough invest.gation

for these? For example on special

germination conditions, dormancies,
 
innoculation etc. etc
 

- What is the status of seed acquisition
 
for all the species required? Will
 
they all be available in sufficient
 
quantity, arrive on 
time, store viably,

be free of pests and diseases and be
 
true to type?
 

0 	Has the seed been tested recently for viabili

and allowance made in the amount to be 
sown
 
for the number of seedlings required for

the experiment? (Preferably x 3 viable
seeds sown compared with number needed) 

A "standard" trial to explore a range of 
nursery techniques might select, 
as 	thought

appropriate,from the following variables
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eithur to eho:e them as trcatments or
 
to ,,tandardi::e thcem throughout:
 

- Germination medium? (soil, sand, peat,
 
compost mixture)
 

- Germination method? (chitted seed, scanfied
 
seed, depth of sowing, soil surface covered/
 
shaded, watering techniq,!es, pesticide used)
 

- Choice of sowing/germination/planting out
 
sequence? (i.e. sown in situ, sown and
 
pricked-out)
 

- Choice of seedbeds or containers?
 

- Choice of growing medium? (What soil
 
mix or compost is to be used? Is fertilizer
 
to be added?
 

- What additional treatments might be of
 
interest (e.g. undercutting, topping,

side-branching etc).
 

- What type of containers? (if used)
 

- Choice of seedling watering method?
 

- Type, duration and management of shade?
 

- What precautions are to be taken to ensure
 
adequate plant nutrition? (original application
 
of fertilizer or top-dressing; leaf applications.
 
What tests to ensure that nutrition is adequate?
 

- What pest and disease control measures are
 
necessary?
 

Choice of layout will depend on the nursery site
 
variability, the resources available and the
 
number and relative importance of the treatments
 
decided upon. One important decision to be made
 
early on will be whether to have a separate trial
 
for each species. If this is done it will mak2
 
for simplicity and, if the number of other
 
variables to be tested are large, it may be
 
necessary to do this anyway. Factors to be
 
considered in deciding on the exact kind of
 
layout will involve:
 

- What limitations of size are there?
 

- Are there to be single plant plots? (e.g.
 
if in containers in a fully randomized
 
trial this will facilitate regular
 
re-randomization to help obviate local
 
environmental variation, but them rigid
 
con tainers are desirable).
 



582 

- What to do about blocking? (if this
 
is to be used)
 

- What should the plot size (number) be 
if single plant plots are not used?
 

- How many replicates are required?
 

- What spacing will be chosen?
 
And will it be changed during the 
life of the trial? (By thinning
 
or by re-spacing containers).
 

- What is to be done to 'gap-up'
 
failures? (in a seed-bed)
 

* 
Records will consist of the following:
 

- Details of experimental site
 

- Names of experimenter/assistants
 

- Origin and all details of seeds
 

- Date of sowing and exact methods and
 
conditions. 

- Plan of trial 

- Details of all experimental treatments 

- Additional information and/or observations 
made at sowing/pre-germination time 

- Dates of germination (seedling emergencies) 
and sample comments 

- Observations on health and vigour (damaging
off, pest, incidence etc) 

- Dates and kinds of applications of any 
pesticides applications 

- A diary of daily management treatments 
with regard to shading, watering 
fertilizing or soil management etc. 

- Details of any gapping-up - or if any
destructive sampling (e.g. for growth
analysis) 

- Measurements of height/stem girth at root 
collar at stated intervals
 

- observations of vigour/health at sa..ie
 
intervals (leaves, stem and roots)
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- observations on nodulation at regular

intervals (position, number, colour,
 
shape).
 

- Observations (laboratory) on
 
mycorrhizas.
 

- Observations and photographs of form and
 
branching (designations of buds 
 bud series). 

Direct-sowing trials could investigate some

of the following variables whilst maintaining

the others at a standard level: 

- Time of sowing
 

- Different sites (topography, soils).
 

- Site improvements (soil amendments, micro
water catchments etc).
 

-
Seed treatments (scarification, innoculation,
 
chitting, pesticide seed dressing,

pelleting, irrigation).
 

- Sowing techniques (soil preparation,

depth of sowing, immediate post-sowing

soil management).
 

- Post emergent treatment (irrigation, Pesticides, 
animal protection). 

- Seedling treatments (as above and thinning, shading)
capping). 

EZimination/SurvivaZ Trials 

Objectives: The objective will be 
to test, in
the short term (2 to 4 ',ears maximum) the ability

of species 
(or range-wide provenances) to establish

and flounish in the particular ecozone and chosen
 
sites.
 

Planning: (See CFI, Manual, page 95 on). 
 At this

early selection stage many accessionsare likely to be
compared, and little or no element of plant-to-plant
interferencc2 or competition is being studied.
Any number of accessions (species and/or provenances)

can be included depending on 
the land and research
management resources available. 
 We need to consider
 
the following: 

* Trial layout (fully-randomized single plants or
small plots - minimum 5 tree lines, maximum 5x5)
the decision must be based 
on:
 



-
what plant material is available?
 

- how variable is it?
 

- what resources are available to support
 
the 	trial (or trials)?
 

* 	On-station or on 
farm locations?
 

" 
How to minimize local environmental
 
variation?
 

* 	 What spacing? Depending on the species (earlyvigour) not less 
than 1 x 1 and not more than
 
than 2 x 2 meters will probably be suitable
 
(especially if plant arrangement is staggered).
 

* 	Careful nursery preparation is required

(has seed viability been tested?),and the best

available plant raising and planting out proce
dures should be used.
 

- some thought needs to be given as 
to
 
the apprcpriate stage for planting out,

whether or not young plants are 
to be
 
given a "start" (fertilizer, initial
 
irrigation). 
 The case for initial help

will depend on what might be found
 
later, when the species is to be incladed
 
in 	various land use systems but, above all,
 
what is the research objectives.
 

* 	Consideration about protection from animals
 
is needed.
 

- are the trials to be guarded or fenced? 

" Records for such a trial should consist of
 
the following:
 

- Information al'out the 	site (location and
 
brief detail.)
 

- Names of investigators
 

- Meteorological 
 data (daily records throughout) 
- Soil data 
(soil water status in the rooting
 

profile)
 

- Details of 
nursery treatments
 

..Seed identification
 

date of sowing
 



selection procedures
 

layout in nursery.
 

nursery techniques and management
 
details (diary)
 

-	planting-out details
 

* 	date 

* 	soil preparation
 

planting btails
 

- Survival records (on several occasions)
 

- Observation on health and vigour
 

- D3scription of form and branching (annually)
 

- Measurement of stem girth and height (twice
 
yearly or after any giowth period)
 

- Records of phenology
 

* Time of growth flilshes/flowering/fruiting
 

* 	Leaf senescence details/leaf fall periods
 

* observations on extension root growth
 
(soil cores)
 

observations on nodulation and mycorrhizais.
 
(laboratory examination).
 

->ecords 
 of plant stress/exposure
 

effects of drought (visible wilting, or by
 
po.rometer measurements)
 

visual effects after chilling or frost
 

* wind or sandstorm damage
 

effects of heat stress after maximum temperatures 

-- Aecords of pest/diseases 

describe symptoms
 

identify casual agents.
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Vigour/Phenoiogy Trials 

Objactives: The critical comparison of growth

performance and plant behaviour of selected
 
adapted species (or provenances). At this
 
stage so as to obtain information about their
 
likely performance in actual land 
use
 
situations and, if possible, 
an appreciation

of Gx E interactions in order to 
assess
 
their potential over a range of sites.
 

P lanj~n: By now a clearer idea of the
value of outputs will have emerged (i.e. whether
 
the species is likely to be successful as a

potential fuelwood, fodder, fruit tree, 't.:)

If trees are to be grown wide-spaced, beck. ite

that is how they will eventually be used

then fully-randomized balancedor lattice
designs will serve 
(see CFI manual p. 73, and

Cochran and forCox page 483 layouts) 
remembering that the latter will restrict the
number of species used to an exact square
(16,25,36 etc o, in rectangular lattices,

12 20, 30 etc). For community-grown studies
 

an augmented design suggested by Brewbaker
 
is shown in Appendix 3C - 15.
 

Aditional considerations for this type of 
trial are as follows.
 

The duration can be extended to be longer
than for elimination/survival trials -
say 4-6 years. Because of this the spacing

of plots should be adjusted. Again, depend
ing on species and trial duration, between 2x2 
and 3 x 3 meters, with stagger_1 rows, will
 
probably be suitable for most. 
 If early

community stress and canopy closure is important

then double this plant population with a 
later thinning regime can be adopted.

this is done then there is an advantage 

If
in
 

using a triangular or quincunx planting 
arrangement (see Part 4E).
 

a There is a case with vigour/phenology trials for
 
favourably considering introducing some 
level of inputs at the planting out/plant
establishment stages. This will depend on
whether the experimezntal conditions are to be 
entirely natural, "realistic" (that is kept

to a level that the majority of land-users/
tree-planters will adopt) or, for the sake

of a complete establishment, afforded some

higher level of preparation and plant 
care. 

This question can only be resolved by a close
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examination of the experimental

objectives, and it nearly always involves
 
a measure of compromise. In some cases
 
the trial plots might be divided, using
 
a RCB and a split plot design, so as to
 
re-examine survival and early growth under
 
conditions which exactly conform to the
 
natural state also to simulate what a
 
land-user will do, and to provide optimum
 
conditions.
 

Even in vigour/phenoloiy trials there 
can be
 
a case to introduce some simple manajfement

investigations in order to discover more
 
concerning the plant's responses to environ
ment and manipulation. These might be
 
carried out on relatively few plants, perhaps

in the guard rows. For example, it could
 
be of value to remove some plant parts such as
 
shoot apices, flowers and/or fruits in order
 
to effect growth regulatory processes and/or

source-sink relationships. This will help

to clarify the phenological behaviour of the
 
plant (and to compare its responses with
 
other species in the trials). More
 
elaborate tests of this nature
 
("perturbations") would be left 
to subsequent

"advanced management trials".
 

A decision should be made on whether or 
not
 
to alow the trees to fruit, especially where
 
pre.ocious flowering can be expected. 
 De
flcwering will help obviate possible large

plant-to-plant differences in vegetative

vigour, which may occur if young trees or
 
bushes are allowed to fruit heavily.

Eliminating flowering and fruiting might also
 
be a treatment to investigate maximum
 
potential vegetative yield ii,some cases.
 

Records for such a trial should consist of the
 
following, if applicable, and depending on
 
resources available:
 
- Information about the site (location and
 

brief details)
 

- Names of investigators
 

- Neteorological data (daily records throughout)
 

- Soil data (soil water status in the rooting
 
profile)
 

- Details of nursery treatments
 

- Planting-out details
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- Records of any gapping up needed 
 1,
 
number trial position)
 

- observations on health and general appearance.
 

- Description of form 
ind branching (annually)
 

* Including one set of herbarium species

of leafy twigs, fl~wers etc for each of
 
the juvenile and rnature 
stages.
 

Crown dimensions
 

* 
Position and number of fruiting points
 

- Measurements of stem girth and height

(twice yearly)
 

. for each stem, (label, 'a', 
'b', 'c' etc.)
 

- Records of phenology
 

Time of growth flushes, flowering, fruiting

leaf fall.
 

Analysis of vegetative bud activity (times
of bud maturation, description of bud break
 
sequence in relation 
to climate, sequence of
 
axillary shoot growth.
 

Analysis of average leaf age
 

* 
Analysis of flower bud activity (time of
initiation, maturation, anthesis, in relation
 
to climate)
 

Fruit set informution (flower bud: 
 early
fruit set ratio 
 extent and period of later
 
fruit drop)
 

* Root activity (including nodulation, presence

of mycorrhizas.
 

Bark formation (timing,and 
on what inter
nodes) 

- Yield data (most to be estimated by nondestructive methods until final harvest)
 

Estimates of total dry matter 
(and annual
 
increment)
 

Stem wood volume (estimated)
 

* Fuelwood assessment (estimated)
 

Leafy fodder yield (estimated)
 
Fruit/seed yield (actual)
 
Litter fall (actual)
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- Environmental changes
 

Soil micro-site enrichment
 

* Shade (at ground level)
 

• Shelter (wind profiles)
 

* Rainfall interception/stemflow
 

* Soil temperatures
 

* Soil water profiles away from the trunk
 

- Pests and diseases
 

Early management trials
 

Objectives: 
 Early trials involving ma.agement

will compare a scected range of management

techniques on a few chosen species(or provenances)

with a view to obtaining information on how

best to optimize particular outputs (products

and/or services), or sets of outputs.
 

By the time these trials are started the species'

(cr provenance) adaptability to ecozone and/or

special site conditions should already be tested,

the characteristics of the land use 
system or
systems in which they are to be used should be
 
throughly known, and thus some appreciation of

the possible ways in which they are to be managed

and can he expected to perform will be apparent.

In particular, where the trees 
or bushes are
 
destined for use in multiple cropping agro
forestry systems, the management trials can

include some measurements which can at least
 
indicate their likely potentials at intercrops

with agricultural species - although this

would be tested, thoroughly, latter (See Section 4)
 

Planning: 
 These trials differ from those previously

discussed in as much as the kinds and degree

of management technology that can be applied to

MPT's will be potentially far-ranging. All
the kinds of trials and layouts (and laboratory

support) sui'able for investigating them wi2l,

similarly, be numerous 
and should be precisely

designed for any set of opecific objectivo.

Nevertheless, it is ponsiblo briefly to ravi4w
 
some df the factors to consider in ouch mana4amang

trials with MPT's, and to suggest ways of

approaching the experimental proce 
xes.
 



590 

Early management trials with MPT's are
likely, depending on 
local circumstances,

to be concerned with some of the lines of
investigation listed in Table 3. 
The type
of layout suitable in designated (FR) = fullyrandomizcd; 
 (RCB) = randomized complete blocks,
(S) a systematic dasign; 
and simple

observational 
(0).
 

TABLE 3 
 Subjects of investigation for early management

trials and MPT's
 

investigation 
 Comments 
 Typesuitableof layout
 

Piant
 
management 

Spacing 
 For all kinds of MPT,s. 
 (S) for exploratory
Consider not only suitable 
 trials followed by
plant populations but also

rectangularity and plant 

(RCB) once "target"

spacings identified.
 

arrangement. (See Part 4E)
 

"Lopping" 
 May include cutting back 
(coppicing, pollarding) or 
just the removal of leafy
shoots - or combinations of
these. For fodder, mulch,
fuelwood species.- Consider
age treatment starts, seasonal (FR) for initial trials
timing, plant parts, removal 
 followed by (RCB) once
intensity (frequency x amount) main treatments
and total amount of dry matter identified.
 
removed each year in relation
 
to annual increment. 
All
 
trials should include a
 
'control' treatment in order
 
to compare the yield

response and phenology of untouched plants.
 

Spacing x 
 To discover the optimum 
 (S)
lopping 
 combination to maximize
 
yield of parts required and
 
to maintain suctainability.
 

t4
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Type of
 
investigation 


Soil aspects
 

Soil manage-

ment options 


Micro-site 

enrichment 


Soil 

conservation 


Innoculation 

experiments, 


Special
 
suitability
 

For example for: 


Shelter (wind.-

breaks) 


* Dune fixation 

* Slope stabili-

zation
 

* Swamp drainage 

Land reclama-

tion
 

• Planted fallow 

* Browse resist
ance
 
Drouiht resist
ance eLc.
 

Comments 


Cultivations (er zero/

minimum tillage) 


Mulch 

Water collection/water
 
spreading
 

Important to obtain such 

information so as 
to compare
 
relative value of species 
-
but trial may have to run
 
8 - 10 years, at least
 

Looking into plant numbers
 
required, planting arrange-

ment and how best to manage.
 

Normal-y, this would follow
 
nursery (or glasshouse)
 
screening trials
 

Comparing local strains (any 

natural infection by.

Rhizobium) with strains
 
obtainable from Niftal.
 

All of these would involve
 

some selection of appropriate
 
management treatments.
 
For example:
 
Planting-out techniques 


spacing
 
early training
 

harvesting
 

Type of layout
 
suitable
 

(RCB) - using split
 
plots or full
factorial.
 

(FR)(RCB) (0)
 

(0)
 

(FR) or (RCB)
 

All (0)
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Management trials will be relatively long 
term
 
(8-15 years?) and therefore costly. Plot sizes

(where used) will be relatively large (not less
 
than 7 x 7) and there is an advantage in being

able to divide them so as to change to a "split

plot" design during the courseof the trial,

should any new management treatments require

looking into.
 

All such investigations should be planned so
 
as 
to collect adequate (but not superfluous)

data on the plant and the environment (see

Section 3E for detiailj) throughout the trial.
 
This will be a selection of that listed on
 
page 33 to 35.
 



593 

SELECTED REFERENCES
 

See also the references given in Part 4D
 

"Considerations When Experimenting with
 

Changes in Plant Spacing".
 

Anderson, J.R. 1971. Guidelines for applied
 
agricultural research in designing,
 

reporting and integrating experiments.
 

Rev. Marketing Agric. Econ. 39,3-14.
 

Bartlett, M.S. 1938. The approximate recovery
 
of information from replicated field
 
experiments with large blocks. J. Agric.
 
Sci. 28, 418-427.
 

Brewbaker, J.L. 1978(?) Application of augmented
 
designs in field crop experiments.
 
(Mimeod, 4 pages) Nitrogen Fixing Trees
 
Association. Waimanalo, Hawaii.
 

Brooks, 	W.H. and Burgess, R.L. 1979. Ordination
 
analysis in surveys of desert vegetation
 
pp. 4G9-485 in Advances in Desert and
 
Arid land Technology and Development"
 
Vol. 1 (Eds. A. Bishay and W.G. McGinnies)
 
Harwood Academic Chur.
 

Federer, W.T. and Raghavarao, D. 1975. On augmented
 
designs.Biometrics, 31, 29-35.
 

Finney, D.J. 1981. The misuse of mathematicians,
 
statisticians and computers in agricultural
 
research. Expl. Agric. 17, 345-353.
 

Freeman, G.H. 1973. Statistical methods for the
 
analysis of Genotype - Environment
 
interactions. Heredity, 31, 337-354.
 

Laycock, D.H. 1955. The effect of plot shape in
 
reducing the errors of tea experiments.
 
Trop. Agric. Trin. 32, 107-114.
 

Lockwood, G. 1980. Adjustment by neighbouring
 
plots in progeny trials with cocoa. Expl.
 
Agric. 16, 81-89.
 

Oranga, 	H.M. 1981. Multivariate statistical
 
analysis in agroforestry research. pp.
 

Hairobi,
 

- A simple account which may iuggest wayd
 
of handling some kinds of data analysis
 
sometimes necessary in mixed cropping
 
oxperiments with tres involving Spn0oInl
 

chango (pQo 'hiiqIIrsa/Crop ni3VVAW&' 
Part 4D. 



594 

Pearce, S.C. and Moore, C.S. 
 1976. Reduction
 
of experimental error in perennial crops

using adjustment by neighbouring plots.

Expl. Agric. 12, 267-272.
 

Pearce, S.C. 1978. 
 The control of environmental
 
variation in 
some West Indian maize

experiments. Trop. Agric.(Trin) 55, 97-106.
 

Pearce, S.C. 1980. 
 Randomized blocks and some
 
alternatives: 
 in tropical conditions.
 
Trop. Agric. (Trin) 57, 1-10.
 

Warren, J.A. and Mendez, I. 1981. Block size
 
and orientation, and allowance for

positional effects, in field experiments.

Expl. Agric. 17, 17-24.
 

Williams, W.T. and Edye, L.A. 1974. 
 A new method
 
for the analysis of three-dimensional
 
data matrices in agricultural experimenta
tion. 
 Aust. J. Agric. Res. 25, 803-12.
 

Williams, W.T. (Ed). 
 1976. Pattern analysis in
 
agricultural science. 
pp.331. CSIRO/

Elserier, Melborne and Amsterdam.
 



596 Appenzdix 1 


IDEOTYPES - by P.A. Huxley
 

During the 1960's there was a growing
 
input from crop physiologists, particularly
 
with regard to an understanding on what
 
crop plant attributes contributed to

"yield". This led 
to a close association
 
between crop physiologists and crop breeders
 
in order to seek a more satisfactory way
 
to select new crop cultivars through a
 
knowledge of, and ways of measuring, those
 
actual attributes that made any one
 
cultivar more successful than another.
 

Plant breeders had, up to that time, as
 
Donald (1968) pointed out, conformed in
 
general to two types of breeding programmes:
 
"defect elimination" and "selection for
 
yield" (on the basis of yields). Donald
 
(see also Donald and Hamblin, 1976) assumed
 
that if enough was known about the plant
 
attributes that contributed to any set
 
of breeding objectives, that is if a

"model" could be established, then plant
 
breeding could be made much more exact.
 
He derived the term "ideotypes", that is
 
plant types with model characteristics
 
known to influence photosynthesis, growth

and fruit/seed production (in breeding
 
for yield). He postulated that a
 
successful crop ideotype model differed
 
from a high-yielding free-standing plant

selection type by being less competitive
 
relative to its size - with a greater
 
capacity, in other words, to share environ
mental resources in a community of its own kind.
 
With 7Fereals and other crop plants this
 
was often found to be achieved by plants

witha less "aggressive' form or individual 
plant canopy (among other features) . And 
for a number of crops, by rather less
 
"bushy" plants with more erect branches.
 

Three types of "ideal" plants can be
 
envisaged.
 

o 	Those that do well as spaced indivi
duals ("isolation" ideotypes)
 

a Those that do well in varietal mixtures 
("competition" ideotypes) 

* 	Those that do well in crops consisting
 
of sinqlc cultivars ("crop" ideotypes)
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Fig. 1. Possible differences in the performance of various 
ideal plant types (ideotypes) as 
spaced individuals
 
(centre), in mixtures (left) and In stands (right)
(after Donald 
1968; Donald & Hamblin 1976). Note that
 
(a) relationships between 
individual plant performances

and per hectare productivity after canopy closure can 
be negative (Hamblin & Pow'ell 
1975), (b) 'isolation/
 
competition' ideotypes may tend 
to be selected if the 
criterion is plant size, and (c) selection for
 
'isolation/ccmpetition' Ideotypes may lead 
to a desirable 
early spread in tree size frequency distributlons.
 

From Cannell, i'.G.R. (1978). 
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The extension of these ideas to fore't
 
tree breeding has been clearly set dc¢wn
 
by Cannell (1979) and
- see Figure 1 
and given credence by some experimental
evidence (Cannell, 1982). 

With multipurpose trees there is 
a need
 
to explore, and possibly extend the ideas
 
concerning "competition" ideotypes in
 
relation to the highly variable nature
 
of most MPT germplasm at present. Also,

to resource-sharing/yield-optimizing
 
characteristics under management in mixed

cropping situations. Although these might

add additional complexities the ba8ic

assumptions made by Donald are most likely

to remain as a sound starting point for viewing the
attriLutes of any MPT species or
 
provenance.
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Some references to "On-Farm Experimentation"
 

See "On-Farm Experimentation in Farming Systems

Research. Rep. of discussions held at
 
IITA, Ibadan, Nigeria 31- May - 4th June
 
1982. Eds. D.S. Ngambeki and G.F. Wilson.
 

From Farming Systems Programmes, IITA.
 
Oyo Road, PMB, 5320.
 
Ibadan, Nigeria. pp.101.
 

The appendices to this include the
 
following:-


Pages

Flinn, J.C. Constraints Analysis Approach by
 

IRRI 
 62-64
 

Zandstra, H.G. On-farm Research to Improve
 
Production Systems 65-80
 

Collinson, M.P. Farming Systems Research 
 81-83
 

Norman, D.W. 	 Institutionalizing the Farming
 
Systems Approach to Research 84-92
 

McGuire, J.V* 	Some selected Analytical
 
Techniques for On-Farm
 
Experimentation. 93-101
 

- this is especially useful for 
statistical approaches and it 
gives an example of a balanced 
incomplete block design.
 

See also:
 

Kirkby, R. P. Gullegos and T. Cornicle, 1981. On-farm
 
research methods: a comparitive approach

(experinces of the Quimincy-Penipe Project,

Eduador) Cornell Univ. Ithican. pp 29.
 

IRRI, 1977. Rep. of Symposium on cropping systems
research and development for the Asian 
Rice Farmer. IRRI, Los Banos. 
Philippines. (and numerous papers in this) 

Norman, 	D.W. 1978. Farming Systems research to 
improve the livestock of small farmers. 
Ann. J. Agric. 	 Econ. 60, 813-818. 
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Guard rows and effective percentage
 
plot space - by P.A. Huxley 

Effective percentage space for plot layouts

involving different numbers of plants arranged

in single, double, treble etc. rows within
 
plots, and assuming that each such plot is
 
surrounded by a single 
row of discard "guard"

plants at the 
same spacing ("internal guards")

and a singie external guard surround.
 

The family of curves generated shows that:
 

a) spacing experimental plants in a single

row soon results in a virtual upper limit
 
(around 25% of effcctive experimental space,
 

b) doubling or trebling 
row arrangements
 
as a larger number of plants is- used per

plot results in an appreciable improve
ment in effective space, but this
 
improvement diminishes as 
plot size
 
increases, and
 

c) even if single guard rows are considered
 
adequate (and they may well not be with
 
trees at different spacings) then even an

efficiently-designed plot layout wi.l]

not utilize more 
than some 50-60 percent

of the available experimental area.
 

See also comments on guard rows in:
 

Part 4E "Considerations when experi
menting with changes in plant

spacing", and
 

Part 4F "Systematic designs for field
 
experimentation with MPT's".
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Presenting results in a way that is
 
meann ful to-farmers - by T'.A.Huxley 

Introduction
 

Any set of experimental objectives must be
 
derived bearing in mind the possible ways in
 
which the results of the experiments laid down
 
will be used. In some cases experiments may be
 
carried out in order to collect data to prove
 
or disaprove a particular hypothesis which is
 
of immediate interest only to other scientists.
 
Much more often, in problem-oriented research
 
related to the development of agriculture, forestry
 
or agroforesty, the results wil.L be needed to
 
assist in making decisions abeuu, and so help

implement, a project development related to some
 
improvement of landuse that wili brin9 about
 
benefits for the landuser and improve the level
 
of national resources.
 

Under the latter circumstances both the
 
experimental designs and the presentation of
 
results need to be carefully considered in order
 
to maximize their "interpretibility' for the
 
user group without jeopardizing the scientific
 
integrity or technical efficiency of the
 
experiment/s. In practice, ard unless the
 
experiments are "on-farm" the immediate "target"

is more likely to be the extension service whose
 
field operators need to be shown the results
 
of 	experiments in a form that is easily trans
cribable to the real situation facing the
 
landuser and particular in terms of ;his likely
decision making processes. Thus, in planning

field experiments a comparison is needed on the
 
following. They apply particularly to agroforestry
 
research because of the input needed for adoptable
 
answers to immediate development problems and the
 
large number of management options open in
 
agroforestry about which we have little information.
 

a 	The precision and experimental efficiency
 
to be gained by using any particular layout

in relation to the scientific information
 
required and the practical appli'cation of
 
the results.
 

- For example, a factorial arrangement
of plots (including the split-plot 
design) can very satisfactorily
 
test main treatment effects and/or inter
actions (depending on the outcome)

and indicate the kind of relation
ship exhibited by a range of levels
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applied to any particular treatment
 
(linear, quardratice, cubic). To do this
 
effectively the experimenter is used to

"optimising" (in cost-benefit terms) the
 
plot sizes and arrangements and the
 
numbers of replications of them. The
 
outcome can also be e,:pressed in any

of the "packages" of trt-tments (and/or

levels of these) that are relevant
 
practically. This may not always leave
 
as many degrees of freedom 'or testing difference 
between such"packages" of treatments, but this 
can be borne in mind when planning the 
layout. If a design can accommodate
 
both requirements it should do so; and
 
this implies that the research worker
 
understands the landuser's likely

requirements before the experiment is
 
laid down.
 

0 The flexibility of the design.
 

There is often a need, particularly in
 
agroforestry trials, to leave some
 
treatment options "open" as, during the
 
cause of the experiment, a particular

modification (say, a management treatment,

such as lopping) becomes obviously in need
 
of testing. The treatment of plot layout

that immediately suggests itself as
 
adapted to this requirement is the
 
'spliu-plot' (see Appendix 9) or, where
 
single tree plots are being used in a
 
fully-randomized layout some can merely

be converted to the new treatment, as long
 
as sufficient were planted at the start of
 
the experiment
 

Yield increase ratios
 

Landusers are more likely to come to'decisions
 
abot whether or not to adopt any new methods
 
(species, cultivars) on the basis of the likely

benefit to be achieved compared with the extra
 
level of inputs (labour, skill, cash, land)

Lequired. 
This ratio - the "yield increase ratio"
 
will seldom be attractive if it is less than
 
20-30 per cent, and it may be much more depending
 
on the level of "affluence" of the farmer and the
 
degree of risk and level of"innovation" involved.
 
In many of the poorer parts of the tropics and
 
sub-tropics, where agroforestry can be seen to

be a feasible alternative to current landuse,

the landuser may often be expected to be
 
operating at a minimal level of inputs. What
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he then 	needs to know is exactly what return
 
can 
be expected by applying, incrementally, the
 
various 	treatments being suggested to him and
 
the advice should be based on valid experi
mental evidence that adequately tests each
 
specific set of additional combinations. This
 
approach assumes that a farmer is heavily

influenced by his need to see 
some immediate
 
gain from his efforts, and that events from
 
the recent past weigh more with him than
 
possible future trends.
 

The example, below illustrates the point using
 
the results of a minimum tillage experiment in

which both fertilizer and different kinds of
 
mulch are 	applied.*
 

Layout 	 Factorialized arrangement of main plots

in 2 replicated blocks.
 

The crop was a maize/cowpea mixture.
 

Treatments
 

(i) Tillage - zero and two levels of hoe
 
tillage (3)


(ii) Mulch - zero and 2 levels of grass and
 
2 levels of woody mulch (5)


(iii) Fertilizer - zero, N, P and N+P (4) 

= 3 x 5 x 	4 = 60 plots per block 

(The 20 fertilizer and mulch treatments were
 
factorially arranged and each was split for 
the
 
3 tillage treatments).
 

From such an experiment it is possible to provide
 
a great deal of information e.g.
 

(a) The mean effects of tillage or mulch or
 
fertilizer (i.e. the outcome of the
 
different main treatments averaged over
 
all the other treatments).
 

(b) The effects of various combinations of
 
"packages" of treatments 
- from minimum
 
to maximum inputs.
 

(c) The "sole" effect of any treatment (i.e.
 
at zero levels of the others)
 

(d) Various interactions (note: if inter
actions are important there may be no
 
value in deliberating about main effects).
 

* 	 Huxley, P.A. 1980. Report on Zero tillage at 
Morogoro, Tanzania. II Summary of crop
yields over the first 3 yea s (1.975-1.977)
Faculty 	of Agric. For. and Vet. Sci.
 
Unjiver ;ity of Dar-es-Sa].ai, P.O. i1on:. 
634, Morogoro, Tanzania. 26 pp, 

http:Dar-es-Sa].ai
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The landuser is most likely to be 
interested
 
in (b) chosing combinations that are meaningful

to his actual situation. For example, starting

with no tillage, no mulch and no 
fertilizer he
 
might wish to be told what 
to expect if he does

till (but does not add mulch or fertilizer), and

if he adds only mulch, or fertilizer, or both
 
but does not till.
 

In fact, in this experiment all the different
 
kinds of information (a) to (d) were available
 
but, as there were only 2 plots 
(i.e. 1 df)

for testing differences between any two indivi
dual "packages" of treatments they are not tested
 
statistically, very effectively.
 

As a first experiment this factorial/split-plot

layout exemplifies how extremely useful it can

be - but subsequent experiments, if more
 
specifically designed to test 
"farmer" situation,

would probably need more emphasis on selected
 
treatment packages. The results could then be

indicated to the farmer as 
'Yield increase
 
ratios" rather than as actual figures.
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Fully Randomized Layouts
 

(with or without equal sample numbers)
 

Either as multi- or single-tree plots this can
be a very flexible layout to use 
with MPT's,

especially in early testing of 
species and/or

provenances. 
There needs to be minimum spatial
variability (e.g. in 
soil fertility) over the
 
experimental area, but the design can handle
 
Samoles of differenf si 7 pq.
 

Replicates
 

5 a's
 
8 b's Single trees
 
7 c's 
9 d's
7e's aghb fc e d b f b le 

10 f'is b f d c e b f f a gc d' 
5 g's
9 h's f g a h f g h c e b f ad -dgdc e' 

d th. c h! f d 

or fully randomized strip plots.
 

b a c b c ad d a b c Ib Ida 

Continued
 

d b c a d c 
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Analysis
 

To compare any two means 
using a t-test.
 

Calculate the variances of A and B
 

S(Xl) - (S(x,,) 2 
e .g . SS - n 

in, 
Y11-1 

and check that they are not too dissimilar
 

Then calculate a pooled variance 

e.g. S(x,2)- (S(x1 ))
2 2 S_ )2
n l + S(x22) (S(x2))n-i
 

n2
 

ni + ni - 2
 

and use it in a t-tbst.
 

t= x1- X2
 

(l 	+ 1 )x pooled variance 
F1n2 
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APPLICATION OF AUGMENTED DES-GN
 
IN FIELD CROP EXPERIMENTSt 

James L. Brewbaker
 
Professor of Horticulture
 
University of Hawaii
 

Tropical crop investigations often involve treatments or varieties at two
 
distinct stages of inquiry. Some treatments will be at a fairly advanced level of
 
inquiry, and extensive replication is desired. Other treatments are preliminary
 
in nature, and it may be unnecesarily expensive and time-consuming to include them
 
in all replications at all locaticns of the experiment. An experimental design
 
that conveniently incorporates both types of treatments is the "Augmented design"
 
of Federer (Federer, 1956; Federr and Raghavarao, 1975; Federer and Searle,
 
19Y6 Neely, personal communication, 1978).
 

- The augmented design was first applied to varietal trials,of sugarcane, where
 
it was desired to compare new seedling varieties with older, well-adapted varie
ties (Federer, 1956). Plots were large and experimental expenses and errors were
 
both high. As Federer pointed out, however, the design has wide applicability
 
where both advanced and preliminary varieties or treatments are studied. This
 
seems especially true for tropical crop experiments, such as these involving
 
multiple cropping, soil amelioration, new varieties or new control measures. It
 
is widely used in Hawaii for Statewide corn yield trials, involving about 20 old,
 
standard hybrids and about 40 new hybrids, with 4 reps in 8 experiments annually.
 

A simplified example is given here of an augmented randomized block I have
 
borrowed freely from Dr. Federer's papers,land acknowledge his authorship of the
 
design and statistical notation used here.
 

AN EXAMPLE OF THE AUGMENTED RCB DESIGN
 

All calculations and interpretations apply to the following set of data, from
 
a randomized complete block (RCB) design with 3 treatments (tr) in 3 reps. The
 
design was augmented by the inclusion in each replication of 2 unreplicated
 
treatments (tu).
 

Table I. Treatments:
 

Replicated Unreplicated
 
Sub- Rep
 

Rep A B C total totals
 
1 3 6 12 26 (D) 4 (E) 6 36
 
II 9 5 9 23 (F) 13 .(G) 10 46
 

III 12 8 13 33 (H) 10 (I) 8 51
 
Total 29 19 34 82 27 24 133
 

iThe author acknowledges with thanks review and criticism of the manuscript by
 
Dr. W.T. Federer, Biometrics Unit, Cornell University, Ithaca, Now York, and by
 
Dr. Douglas Neely, formerly of ORD, Suweon, Korea.
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The experiment is 
seen to
each. include 15 plots, with 3 replications of 5 plots
Randomization is practiced of all plots in each replication, with
sub-grouping. no 

PRELIMINARY ANALYSIS OF THE DESIGN

In most instances, the following analysis of variance 
(Federer's type (b)


analysis, 1975) and standard error calculations, using only the replicated treat
ments, should suffice for augmented designs.
is required. Adjustment of unreplicated treatments
The basic ANOV (Table 2) ignores data from the unreplicated entries.
The computed error variance is then applied in tests of differences cuiong both

replicated and unreplicated entries.
replicated entries only, where SS 

Referring to the data in Table i for
-
Sums of Squares, corrected, and CF =correction factor for the mean:
 

EX - 82, EX 2 = 808, CF = (82)2/9 = 747.11
 

SSTOT = 808 - CF = 60.89
 

SSREP 
= (262 + 232 + 332)/3 -
CF - 17.56
 

SSTRT 
- (292 + 192 + 342)/3 
- CF = 38.89
 

Table 2. 

ANOV
 

Source 
 DF SS 
 MS 
 F
TRT 
 2 38.89 
 19.45 
 17.51*
REP 
 2 f 17.56 
 8.78 
 7.91
ERROR 
 4 .44 1. 
TOTAL 
 0 60.89
 

The analysis of variance results in 
an error mean square (MSe) Of 1.11.

This should reflect directly the dispersion of the 3 replicated varieties included

in the 5 plots of each rep; i.e.,
replicated entries were excluded. 

the MS would normally be smaller if the un-
In normal practice probably no more
of each rep should be than half
taken over by unreplicated entries.
 

ADJUSTMENT OF UNREPLICATED TREATMENT MEANS
 
Before comparing means, it is necessary to 
adjust the unreplicated treatment
 

values for the effect of the rep in which each occurs.
value of an unreplicated treatment in the it 
Letting Tu represent the
be made: Tadj = Tu - xi. 

rep, the following adjustment must
+ .. , where Xi. is the mean of all replicated treat
ments within the ith rep, and X 
 is the
experiment. mean of all replicated treatments !.n 
the
These values are as'follows, based on data in Table I: 

= 26/3 = 8.67 

. 33/3 = 11.00
 

=2.23/3 = 7.67 
 x = 82/9 = 9.12 

61" 
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Adjusted treatment values are then obtained as follows:
 

RepTreatment 
 Tu N 
 Tadj

No. xj,
 

D 
 4 I 8.67 
 4.4
E 
 6 I 
 8.67 
 6.4
F 
 13 
 II 7.67 
 14.4
G 
 10 II 
 7.67 
 11.4

H 
 10 III 11.00 
 8.1

I 
 8 III 11.00 
 6.1
 

STANDARD ERRORS OF DIFFERENCES
 
Standard errors of differences based on the MSe
apply to all = 1.11 can be chlculated to
treatment comparisons as follows, where r 
= 3 reps, tr = 3
replicated treatments and tu 
= 6 unreplicated treatments: 

1. SED between any 2 replicated treatments:
 

(2MSe/r) 
 = 0.86 
2. SED between any 2 treatments in the same rep:
 

(2MSe) 
= 1.49 

3. 
SED betweem any 2 unreplicated treatments not in the same rep:
(2 Ns ( I.+ I t r e (1 
1.72 

4. 
SED between replicated treatments (averaged over all reps) and

unreplicated treatments:
 

[MSe (1 + I + L + -- 1.32 
V i r x tr )1 13
As 
an example of further calculations, LSD (least significant difference)


values are obtained by the formula:
 

5% LSD = t (at dfe = 4) x SEd
 
For the four comparisons above, t 
= 
2.70 and the LSD's are:
 

1. 2.39
 
2. 4.14
 
3. 4.78
 
4. 3.67
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Discussion
 

The augmented block design provides
where not all 
treatments a welcome flexibility

replication, appear to block designs
to warrant full replication.
rep size may be reduced; experimental By reducing


errors should thus be reduced
also. 

hsb eue


Greater care 
can in general be encouraged in the choice of replicated
 
treatments for tropical crop triels. 
 Preliminary evaluation in unreplicated plots,
 
that can be cmpared visually and statistically with replicated treatments 

controls," 


as
 
permits better choice of treatments for study in advanced trials.
 

Augmented designs might alro include such unreplicated 
treatments as
by Junior investigators, extension men 
those suggested
for demonstration 
purposes,


combinations. and farmers, or treatments chosen largely
 
or treatments representing extremes of treatment
A major advantage of
how discrepant their values may be, 


the design is that such treatments, 
no matter
of the experiment. 
 In 
do not contribute to the experimdntal 
error
a replicated experiment, the unwise choice of an extreme
 

treatment may greatly increase the experimental 
error, damaging thereby the entire
experiment.
 

References:
 

Federer, W.T. 
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(2): 191-208.
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 1975. 
 On augmented designs. 
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31: 29-35.
 
Federar, W.T. and S.R. Searle. 
 1976. 
 Model considerations and variance


component estimation in augmented completely randomized and randomized
complete blocks designs. 
 Biometrics Unit Mimeo Series, Cornell
University.
 



6].2 

NI i Ii((iN FixIN(; [R [Iu ASsOcIAII() N 
1'.0. Ihox 0hO 

Waibanalo, Ilawi Nii 
96795, U.S.A. 

INTERNATIONAL NITROGEN FIXING TREE TRIALS
 

ABSTRACT
 

NFTA coordinates biomass 
productivity trials
outstanding nitrogen fixing trees 	
that evaluate
 

of the tropics for growth
and utility as fuelwood, pulpwood and 
forage.
 
The basic trial is an augmented block design of about 
1/4 ha
in size, including ten 
or more NFT species.
 
Primary data 
are on 
heights and diameters on 6-month cycle.
 

EXPERIMENTAL DESIGN
 

Smal I plots (e.g., 42 trees with 20 internal data trees). 
Field Size: 
 0.2 ha including border.
 
Augmented block with four 
(4) replicates of outstanding species
and single (1) rep of other species or varieties.
 
Population density of 
10,000/ha or 
5,000/ha if preferred.
 
Data: Heights and diameters on 6-month cycle. NFTA will assist
in computerization and analysis 
of data.
 

SPECIES ENTERED IN TRIAL
 

REPLICATED 

.NREPLICATED
 

Acacia auriculiformis 
 Acacia mearnsii
Acacia mangium 
 Albizia falcataria
Calliandra calothyrsus 
 Albizia procera
Gliricidia sepium 
 Cassia siamea
Leucaena diversifolia 
 Casuarina equisitifolia
Leucaena leucocephala 
 Dalbergia sissoo
Sesbania grandiflora Enterolobium cyclocarpum

(Plus others as desired) 	 Eucalyptus spp. ("Check")


Mimosa scabrela
 
Samanea saman
 
(Plus others as desired)
 

FOR FURTHER INFORMATION AND SEEDS, 
WRITE:
 
NFTA, Box 680, Waimanalo, Hawaii 
 96795 U.S.A. 

/
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NITROGEIN FIXING "iREE :ASOCIA'ION' 
P.O. BhOX 680 

Wailna ii:i lo, l lawdii 
96795, U.S.A. 

INTERNATIONAL NITROGMI FIXING TREE (INFT) DE ON9RATIONIJALS 

ABSTRACT 

NFTA coordinates biomass productivity trials that evaluate outstanding ntirogen fixing trees of the tropics for growth and 
utility as fuelwood, pulpwood and forage. 

The basic demonstation/trial is an imreplicated design of about1/10 ha. in size, including ten or more NFT' species. 

Primary data are on heights and diameters on 6-month cycle. 

FIELD DESIGN 

* Field Size: 1, 200m2 including border. 

* Field layout: Plot size of 6 x 20m per speci!swjtht0-Q
sampled per plot. 
 "
 

Population density of 10,000/ha (1x Im spacing). 

Data: Heights and diameters on 6-month cycle. NFTA will assist
in computerization and analysis of data. 

SPECIESETFERED 4TRIAL 

Acacia auriculiformis
 
Acacia mangiun
 
Calliandra calothyrsus
 
Gliricidia sepium

Leucaena diversifolia
 
Leucaena leucocephala
 
Sesbaria grandiflorm
 
Casuarina equis-itifolia

Plus locally adapted species
 

FOR FURTI L'RINFOPI-ITION AND SEEDS, WRITE: 

NFTA, IBox 680, Wairnuialo, JHwaii 96795 U.S.A. 
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Appendix 7
 

Incomplete block deoigns
 

Commonly in population studies, and particularly with provenance
trials, 
the number of populations to be compared exceeds 10 or
if there are 25-36 or more trees per plot, 
12 and,


it is difficult to find 
a
site with sufficient uniformity to accommodate a complete replication.
Incomplete block designs have the common feature that the expexituental
plots are grouped into blocks of less than the total number of populations.
In addition, each block has the same number of plots and each population
occurs 
the same number of times in all (i.e. there is constant replication).
The arrangemert is such that variation between blocks can be estimated and
eliminated from the analysis of population differences. An ideal incomplete block design is one in which each patr of populations (e.g.
enances) occurs in prova block together the same number of
design is said times.- Such a
to be balanced and allows all population comparisons to
be made with the same precision; however, it generally requires a large
number of replications. 
 Smaller experiments, with only partial balance
 are commonly used.
 

Incomplete block designs are not available for all numbers of populations, particularly if 
near or 
complete balance is required. However,
the number of populations 
can often be adjusted 
to fit a design by either
eliminating populations in which interest is low, or by including one or
more additional 
or "dummy" populations (local, mixed collections, say).
Increased replication of standard or 
control populations is also possible.
A complete list of available incomplete block designs 
was given by Cochran
and Cox (1957) who also described their construction and analysis 
in

detail.
 

Extracted 
from, right, IL. and I.A. Andrew, 1976.
 
pp 67-82 in "A Manual1 on Species and Provenance 
Resea rchi w.Lh IYaL-i cu mr Re ei:onceL t he
tropics" (Coupi I by J. lur1ley :ind P.,. Wood 
'1 op. For . ti .
c). 10. . ) ord. 
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Lattice designs
 

A particular type of incomplete block design is the lattice, in which
the blocks 
are physically grouped in sets which form complete replications
of the populations.

k 2 The number of populations must be a perfect square,(= 16, 25, 36, etc.), or a product of the form k(k +etc.); these designs are known as 

1) (= 12, 20, 30, 
square or rectangular lattices respectively. 
 In each case there are k (= 3, 4, 5, etc.) plots per block and k
(square) or k + 1 (rectangular) blocks per replicate. 
In general a fully
balanced square lattice requires k + I replicates, each arranged in 
a
distinct way; balanced designs do not exist for certain sizes of square
lattices (e.&. for k2 
= 36, 100 and 144) 
nor for any of the rectangular


lattices.
 

Unrandomized plans for all the important lattices are given in
Cochran and Cox (1957) 
and in Fisher and Yates 
(1963); a selection are
incorporated in Appendix 5. When the required numbers of populations and
replications have been determined the appropriate plan is used to produce
a randomized design as 
follows:

(a) If the required number of replications is less 
than that given
in the plan select the required replications at random. 
Thus if four
replicates of a 5 x 5 lattice are required select then randomly from the
six given in Appendix 5, Table (d). 
 :f mcze replications are
than are required
given in the plan then two or morc of the theoretical replicates
must be selected and repeated. 
For example, if four replicates of a 6 x 6
lattice are required select 
two from the three given in Appendix 5, Table
(f) and use each twice. 
 Note that if replicates 
are to be repeated the
total number of replications must be 
even. Repeated designs are rather
more 
difficult to analyse than otherwise and any imbalance in population

comparisons is magnified.
 

(b) Randomize the order (sequence) of the replicates actually used.
 
(c) Randomize the order of incomplete blocks within the replicates.
 

(d) Randomize the-plots within each block.
 

(e) Assign the populations at random to 
the treatment numbers in
 
the plan.
 

The series of randomizations described above should be carried out
using a table of random numbers and permutations. The result is
layout analogous to th-it described for an RCB design above (4.21). 
an office
 

The
principles for layine out of the desigr in the field follow those given for
RCB designs; 
blocks should be confounded with systematic site variation
and plots should avoid obvious 
extreme irregularities. 
A possible field
layout of three replicates of a 3 x 4 rectangular lattice is illustrated
in Figure 4.3; 
it may be compared with the plan from Ohich it
was derived

in Appendix 5, Table (a).
 

The single advantage of 
lattice designs,

block designs, or of any other incomplete
 

be estimated is 

is that the precision with which population differences may
at least as great as 
with a RCB design with equal raplication. 
The disadvantages are 
that the designs are complex and their
analyses are 
involved 
and best undertaken on an electronic computer;
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however, a lattice, unlike other incomplete block designs, is arranged in
complete replicates and it 

as a RCB. 

can be analysed (with some loss of information)
This feature can be of considerable utility if 
one or more
populations fail completely, or if there are mafy missing values.
over it I'exmi:s Morethe experimenter who does not have ready access
computer L. do his 
 to a
 own initial analyses by hand.
 
Cubic lattice designs exist for very large numbers of populations
which form a perfect cube (e.&. 


so 
27, 64, 125) and where site uniformity is
low that very small blocks (3, 4 and 5 plots respectively) should be
used. The 
use of these designs has been described by Yates (1939).
 

Possible field layout of three replicates of a 3 x 4 rectangular
 
lattice design
 

Replicate I
 

Blockl 3 10 9 6 z 

Block 2 
 11 12 
 2 10 6 12 Block 5
 
Block3 
 8 4 5 5 
 2 1 Block 6
 

Block 4 
 6 7 '1 

Replicate II
 

3 
 7 
 8 Block 7
 

4 11 9 Block 8
 
Block 11 
 3 5 12 
 1 10 4 Block 9
 

Block 121 
8 11 6 7 
 9 2 Block 10
 

Replicate III
 

Extracted from, Wright, H.L. and I.A. Andrew, 1976.
pp 67-82 in 
"A Manual on 
Species and Provenance
Research with Particular Referencetropics" (Compiled by J. Burley and 
Lo the 

P.J. WoodTrop. For. Pap. No. 10. CIi. Oxfor d. 
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Appendix 9
 

Factorials
 

Using a randomised block design each block
 
will contain all the combinations and levels
 
of treatments. These can be assembled most
 
easily by drawing a small table. (see below)
 

For example, if there were 4 species of MPTs
 
(ABCD) each to be subjected to one of 3
 
lopping regimes (1,2, and 3) to be carried
 
out at one of two seasons (early or late = x or
 
y) i.e. a 4x3x2 factorial.
 

Lopping Regime 
Species 1 2 3 

x y x y x y 

A Axl Ayl Ax2 Ay2 Ax3 Ay3 

B Bxl Byl Bx2 By2 Bx3 By3
 

C Cxl Cyl Cx2 Cy2 Cx3 Cy3
 

D Dxl Dyl Dx2 Dy2 Dx3 Dy3
 

When these are tabulated they provide 24 plots

with all the various combinations of treatments
 
to supply 1 replication (block).
 

An advantage of factorials is their ability to
 
test interactions, and this can be particularly
 
useful in exploratory work when one is not
 
aware if the main effects are additive or not.
 
Factorials also contain a high degree of "internal
 
replication" and are therefore efficient designs.
 

Analysis
 

For the above example with just 2 blocks the
 
analysis would, in outline, would be:-


Overall: df
 

Blocks 1
 
Treatments 23 - split as shown below.
 
Error 23
 
Total 47
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Treatments 

Species (pp) 3 
Lopping regimes (L) 
 2
 
Seasons (Se) 1 
Sp x L 6 
Sp x Se 3 
L x Se 2 
Sp x L x Se 6 

23 

The variances of higher order
 
interactions are 
sometimes used
 
as an "error" variance to test
 
differences between means 
involved
 
in lower order interactions.
 

- See any standard 
text book for details of
 
calculating n sand carrying out 
tests of
 
significance.
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Split-plot designs
 

Example. A randomised complete block layout with:
 

3 main plot treatments - randomised throughout 
each block (each block 
contains all 4 treatments 

6 sub plot treatments - randomised throughout 
each main plot,and 

4 replicates (blocks) 

Main plot treatments Block 1 

A C B 

* I 

* I 

cb f e ald ec Ia b d f a c f d e b 
Split plot treatments 

Analvsis
 

Main plots d.f.
 
Blocks 
 3
 
Main plot treatments 2
 
Error (a) 6
 

Split plots
 

Split plot treatments 5
 
Split x Main treatments 10
 
Error (b) 45
 

Total 71
 

Such a layout gives more precision for testing

the differences between the split-plot treatment
 
means (with 45 df as compared with 6 df for main
 
plot treatment means), and this is 
sometimes
 
the reason why it is used i.e. when the kind of

differences to be expected between main plot

treatments are reasonably well known but the main
 
emphasis is to discover more about the split
plot treatments and the interaction. A problem 
can sometimes be that the number of degrees of 
fredom to test main plot differences is very
low ald, if the error variance (a) is large,
nn i(nili(-nt: (lifferencns will emerce. 

6?>
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This layout is also useful when there are some
 
reasons of convenience for assigning a
 
particular set of treatments to the main
 
(larger) plots, for example, if each is to be
 
subjected to a common tillage treatment and, with
 
multipurposes trees there may be a reason to
 
assign species (or provenances) to main plots

and use the split plots to investigate management
 
treatments.
 

The standard errors for comparing means of
 
different kinds are as follows (from the example
 
given):
 

Any two main plots 2 x errorMS(a) with 6 df
 
means 24
 

Any two split plot 2 x error MS(b) -with 45df
 
means. 12
 

Any two split plot
 
means within a single/ 2xerror MS(b) with 45df
 
main plot
 

The di,'Ferences
 
betwee;Itwo split 4xerror MS(b)

plot means for any 4 with 45df
 
two main plot
 
treatments
 

The standard error
 
for comparing any
 
two main plot treat
ments either for any
 
any split plot or 2((B-I)MS(b)+MS(a))
 
for different split rB
 
plot treatment
 
involves both
 
error mean squares
 

(where r is the number of blocks and B
 
is the number of split plot treatments
 

-No t test is possible)
 

See also: 	Abou-el-Fittough, H.A. 1978. Relative
 
efficiency of the split-plot design. Expl.Agric.
 
14, 65-72.
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Appendix 10
 

Family block designs
 

If the populations divide naturally into a number of groups it may
be useful to keep the groups together in blocks within each complete
replication. Typically the groups may be separate species or 
distinct
varieties, with several provenances of each. 
 The number of provenances
(i.e. group size) need not he constant. The resulting design is analogous
to a split plot layout with groups corresponding to main plots and provenances to sub plots. 
 Family block designs have been called pseudo split
plot designs. 
 The advantage of the design, in the specialized set 
of
circumstances described, is that differences between provenances, which
are 
likely to be smaller than those between groups (e.y. species), may
be estimated more precisely.
 

Designing a family block layout is straightforward. The groups are
assigned at 
random within each replication and then the individual populations are assigned randomly within each group. 
A possible layout for
four provenances of each of three species is shown below.
 

A family block design for four provenances
 

of each of three species.
 

Replicate I Replicate II 

B1 
(Species B) 

(Prov 1) 

A2 C2 C3 B4 A3 

Cl Cl 


B A3 4' 04 


A4 B2 A2
 

B3 A1I
 
34 AA1 03 0 
 1 A
 

(For illustration only two 
replicates are shown)
 

Extractecd from, Wriyht, Hi.L. 
and I.A. Andrew, 1976. pp 67-H2 in "A Mainual on Species and Provenance
1c ;(2,1erd with PMrticu1Ar RTeforence to ther)j~i (((orlii ed by 1 . 1Lr y nnc P .3. W10d 
1,..Ior. I tjp. No. 10. CFI. Ox lord. 



623 Appendix 1i 


Controlling residual variation by co-variance
 
adjustments including adjustment by neighbouring
 
plots
 

A covariance analysis can 
be used to adjust observed
 
plot values by adjusting them according to a

correlation either with initial values 
(e.g. some of

the young trees) or with some oneasure of the

variability of the experimental site (the date
 
from a previously run "uniformity trial") 
 The
 
reduction of experimental error by judging the
performance of each plot by that of 
a neighbours,

which also uses a covariance technique.
 

Analysis of covariance
 

Covariance anL. ysis is 
an extension of the analysis bf variance in
which observed plot values are adjusted according to their correlation

with initial values 
or with inherent site variability. Thus growth in
some 
plots may be good partly because of high soil fertility; in this case
assessment of 
some aspect of fertility may be used as a covariate to adjust
the analysis of variance. 
 (The effects of site variability should, of
 course, be controlled as far as 
possible by good experimental design;
covariance analysis provides 
a means of reducing residual variation which
cannot be controlled by design alone.) 
 The theory behind the analysis of
covariance is, strictly, only applicable if the covariate is independent
of population differences, as 
in the example just described. The method
 may also be used to adjust, say, fifth year growth data according to variation in initial field height, in order to investigate, specifically,

growcn n ne riee. 
in cnis sort or 
analysis the standard signiticance
tests should not be made as 
they may be seriously in error (Cochran and
Cox, 1957); 
moreover the results of the analysis must be interpreted v '.h
extreme care. 
 If adjustment makes little difference to 
ultimate population differences it indicates that initial growth differences between
populations do not 
have much practical importance. If initial growth is,
on the other hand, closely related to ultimate performance the adjustment
by the analysis of covariance may obscure important population differences;.
a provenance may ultimately perform better than its rivals precisely

because it grows well initially.
 

Computations for the analysis of covariance for simple designs
are descried by Snedecor and Cochran (1967) and by Cochran and Cox (1957).
A Statform for the calculation of a randomized block analysis of covariance

is given by Dawkins (1975). 
 For square lattice designs the analysis is
 
described by Cox, Eckhardt and Cochran (1940).
 

Extracted from, Wright, H.L. and I.A. Andrew, 1976.
 
pp 67-82 in "A Manual 
on Species and Provenance
 
Research with Particular Reference to 
the

tropics" (Compiled by J. Burley and P.J. Wood

'rrop. For. Pap. No. 10. 
 CFI. Oxford.
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Adjustment by neighbouring plots
 

This procedure, described in Pearce and Moore
 
(1976) involves calculating then plotting the
 
residuals (residual variance about the overall
 
mean for the experiment) on a plan of the
 
experiment to indicate their spatial relation
ships, after which a "concomitant variate" is
 
calculated. This is done for any one plot
 
using the residuals of its neighbours and the
 
plot data are then subjected to an analysis of
 
covariance so as to adjust them by the
 
"concomitant variate".
 

Replication must be adequate in order to 
leave
 
sufficient degrees o-
 freedom, after substracting
 
treatment effects 
to enable a reasonable estimate
 
of residuals to be made. Or, in other words,
 
there has 
to be enough plots of each treatment
 
to give a reasonably precise estimates of its
 
mean performance over the whole experimental
 
area.
 

Results are available of a study by Pearce and
 
More (1976) of some 11 situations involving

6 trials on tea, peach, pineapple, grapes and
 
apples, in which the experimental data were
 
adjusted'by neighbouring plots using 6 different
 
ways of calculating "neighbours" two of which
 
used double covariance, and compared with
 
ordinary blocking and no attempt to control
 
circumstantal variation at all. Readers are
 
referred to the original paper but, in general,

double covariance was more successful than
 
single covariance and the more trees used for
 
adjustment the larger the reduction in error.
 
The technique was particularly successful with
 
the tea experiments but not with apples.
 

With the high degree of vaiability expected from
 
experiment, with most MPT species all possible
 
ways of reducing unwanted variation will be
 
necessary (nursery selection, planting out
 
care etc etc.). In addition spatial variation
 
will need to be contained by blocking 
although the size of field experiments will
 
often put a limit on the effectiveness of this.
 
The methods proposed by Pearce and Moore may
 
be particulazly suited tc MPT field trials
 
especially where, as is 
often the case, the
 
germplasm is heterrozygous and individual plots
 
will, anyway, vary genetically in their
 
potentials to attain different statures and
 
habits - irrespective of the extent to which
 
environmental variation brings this about.
 

What is now needed are more experimental data 
an(d .1 coer examination of the techni(lue for 
use with M"lP' species. 
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APPENDIX 12
 

Selected and annotated list of books
 
on statistics and field experimental
 
design
 

- Being prepared 
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SECTION THREE
 

PART 3D
 

Raising plants for field
 
experiments
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Seed for species and provenance research
 
- FY p-j. Wood and P.A. I x e _ -

The information and instructions given by the
International Seed Testing Association 
(ISTA)
should be followed for all species used in
agroforestry if possible. 
 Normally all the
seed handling under these rules will be carried
 
out in national laboratories.
 

Germination testa 

The 
most important sections of the ISTA rules (Appendix 3D-i)
relate to the germination procedures and the
calculation and expression of results. 
 For
these, standard tests of 4 x 100 seed samples
are specified. 
However, for some multipleseeded species either 400 "fruits" (as with
teak) or for small seeded tree species (such
as (Euce. zyptus or A nus), the weight of eachreplicate is specified. Clearly the ISTA
rules cannot include all possible multipurpose
species and, if a "new" species is under trial
the procedure for a species with similar seed
should be used (siirilar first of all in size and then
in physiology, if this is known).
 

ISTA rules also indicate the duration of the
germination test 
to the final count for
different agricultural and horticultural seeds.
Again, many multipurpose species, particularly
tropical ones, 
are not listed, and the nearest
relatives should be taken. 
 The prescribed
germination period seldom exceeds 28 days.
Additional information that is 
sometimes useful is 
to obtain an estimate of "seed vigour
This is obtained by counting germinated seeds
at more frequent intervals and plotting

germination percentage against time. 
 The
combination of "ultimate percentage germination"
and "germination rate" gives a better description of the seed lot than the former alone.
A knowledge of "seed vigour" can be useful incalculating the 
amount of seed needed both for
nursery and direct sowing work. 
 When seedlings
are being used for experimental purposes it is
preferable. 
to use seed batches with good "seedvigour as "stragglers" will not, in any case, beselected for planting out.
 

Deciding on 
the time at which a seed can be
considered to have germinated may, occasionally,
present difficUltisa. 
 In most cases, after aseed has imbibed, the extension of I centimeter ofradicle is a suitable stage. 
 !owover, sometimes
further growth of the hypocotyl (and/or epicotyl)is inhibited for one roason or another,expansion of 7otyledons 'Tha
and the appaal':anoe o02 
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healthy shoot apex (in epigeal seedlings) , or
the appearance of both a healthy radicle and shoot
apex (in hypogeal seedlings) is more 
confirmatory.
The literature on seeds and seed testing contains more information. 

The ISTA rules also give maximum tolerated ranges
of germination percentages between the replicates
of 100 seeds under test, at 0.025 probability. Thisis given in Table I. 

Table 1 

M-ximum,tolerated ranges between seed
 
lot replicates
 

Average percentage Maximum 
 Average percentage "Maximum

germination 
 range 
 germination 
 range
 

99 or 2 
 5 87 to 88 or 13 to 14 13
98 or 3 
 6 84 to 86 or 15 to 17 
 14
 
97 or 4 	 81 to 83 or 18 to 20 15
7 

96 or 5 
 8 78 to 80 or 21 to 23 1695 or 6

9 3 	 9 73 to 77 or 24 to 28to 94 or 7 to 8 10 6 7 to 72 or 29 to 34 	

17
 
18
91 to 92 or 9 to 10 11 
 56 to 66 
or 35 to 45 19
89 to 90 or 11 to 12 12 51 to 55 or 46 to 50 20
 

From ISTA(1976)

Specifications for a range of permitted test
substrates including paper towels, the soil andwater used are 
given, together with descriptions
of equipment, the use of light and the temperature
regimes, etc. 
 Some examples are given in
Appendix 3D- 2 and sources of other information -in Appendix 3. 
In very general terms, small seeds which will
germinate quickly are suitably tested on 
seed
testing papers (in petri dishes or, better, on 
a
Copenhagen Tank), 
or in paper towels. These
methods are not suited to large seeds 
or to
small seeds that take a long time to germinate.
because of difficulties in maintaining an 
adequate
and constant water supply to the seed surface
in the first case, and, in the second, because
the capillarity of the paper cleteriorates with timeif the duration of the test is prolorgod unduly.Large seeds can be :ested in free-dri.aining
'flats,' or plastic contatners filled with asuitable compost, o: with coarse, washed sand whLchhas been wett--d to field caPaci-yIId rillowod 
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to drain at the start of the test. 
The containers
should be kept at room temperature in the shade
(or preferably in an 
incubator at the temperature(s)
stated in the ISTA rules). 
 The seeds can be placed
in rows on the compost or sand and pressed
into it with a piece of flat board. In this way
each seed is equally situated in the germination
medium. 
The water status of the medium can be
maintained by spraying (with a fine spray) at
intervals which can 
be regulated (a) exactly, by
monitoring the weight of each container plus seeds
(b) less exactly, by observing the persistence of
the condensation film on a sheet of thin 
polythene

laid directly over the seeds as 
a cover.
 
Some seeds 
(but not all) will germinate if placed

in a flask in water through which air is
bubbled (using aquarium bubbler) andan 
this method can provide a cheap form of an
easily-controlled, and standardized, germination environment. 
It cannot be too strongly
stressed that some form of germination test
is absolutely essential before distributing
seeds either for experimental or developmental
programmes, otherwise 
costly and unnecessary

failures can 
ensue.
 

Biochemical -viability tests
 

For a rapid determination of the viability of
seed 
samples, biochemical tests may be used, and
for use on International Analysis Certificates
strict instructions are 
included in the ISTA
rules. However, for a quick working estimate
of viability these may be varied. 
 In addition
to such "short cut" viability tests the method
may also be used to examine any unusually high
proportion of apparently sound ungerminated
seed at the end of a standard test. 
The use of
a buffered solution of tetrazolium chloride or
bromide makes it possible to distinguish living
cells in an 
excised 
embryo, and instructions
for applying the method, together with diagrams
of several examples are 
given in the Annexes to

the ISTA rules.
 

Seed health
 

This is 
an important subject since seed-borne
diseases may affect performance in the field and
may affect the germination test. 
 In the
international context of seed introduction and
exchange, quarantine is always necessary. 
 However,
only where specific pathogens are known to exist
will it be necessary to carry out special tests 
and
these will always be done in pathology laboratories.
 



Nevertheless, careful examination of the seed
sample plus examination of the growing plants
should always be carried out as 
part of the normal
process in nurseries and after germination tests.
The germination regulations of individual countries
will 
specify the regulations for inportihig 
seeds
of particular species. 
In most cases it is
necessary to have an 
accompanying phytosanitary
certificate and additional requirements may have
to be met (e.g. fumigate with methyl bromide againstpests, or 
strict quarantine examination if plant
pathogens or 
 eelworm contamination is 
suspecteo.
Most countries forbid the import of vegetative
materials except through quarantine stations, and
the import of plants in soil is usually completely
forbidden. 
 Tissue or meristem cultures may require

special permits.
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Plant raising
 
- by P.A. Huxley and P.J. Wood
 

A main principle in testing species is the
 
evaluation of as wide a genetic spectrum as
 
possible. The design and size of experiments

is thus critical, and in the agroforestry

situation many more variable require testing

than in more straightforward forestry or
 
agricultural situations. Since 
resources are
 
nearly always limited the greatest amount of

information should be aimed at 
for the minimum
 
outlay of resources, but critical decisions to
 
be made early on are how many plants are needed?
 
And how should they be raised in order to
 
produce "standard" material for planting out?
 

Experimental Nursery Progranmes
 

It may be necessary, when little information
 
is available about plant raising for a'particular

species, to embark on at least a small programme

to inbestigate simple germination and seed
 
raising techniques. The first step towards these
 
is to refer to any information obtained in the
 
Exploration Stage (Section 2).
 

If further information on germination is
 
required then this might include:

* 	Studies of viability: 
- tests of appropriate seed storage methods 
e.g. combination 6f different low
 
temperatures x seed moisture content;
 

- -sealed as against open storage. 

- effectiveness of locally available
 
insecticidal/fungicidal seed dusts,
 
including observations of phytotoxicity
 
and so on.
 

- some seeds ("Recalcitrant seeds") do not
 
stand drying or chilling and these need
 
special care.
 

" 	Trials on the optimization of- germination
 
conditions:

- tests of sowing depth, soil temperature,
 
temporary soil cover (light mulch) etc.
 
but where seeds will not germinate a
 
viability test shouldbe carried out
 
(see previous chapter)
 

- tests of different treatments to over
come dormancies (e.g. scarification,
 
drying, heating, chilling etc
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tests for providing special conditions
 
(e.g. wetting/drying as 
for Conocarpus

lancifolius, 
or heating as for Hakea
 
saligna)
 

0 	Trials for optimising seedling emergence:
 

- attention to the soil environment (soil or
compost type, 
texture, water-holding

capacity, nutrient status, 
 etc) and for

FGNFT's inoculation ,:Iith Rhizobium
 

-
 attention to the aerial environment
 
(particular shade requirements)
 

-
 optimum times for planting out;
 

-
 early plant training requirements (nursery).
 

Nursery germination
 

The objectives of germination in the nursery

phase include the following.
 

* 
the evaluation of germination and plant

percent on an operational scale.
 

* 	the provision of suitable planting stock
 
for field trials.
 

* 
the evaluation of juvenile characteristics.
 

0 	the establishment of juvenile/mature

correlations using mature characteristics at
 
a.later date.
 

The germination procedure, including pretreatment
such as exposure to acid, sun, heat, etc, should
be kept as uniform as possible throughout for a
particular species or provenance.
 

Routine germination tests should always be standard
practice in any nursery, as 
mentijned above.
 

Germination can be hastened and 
t.e period
shortened by pregermination in mcist sand,
vermiculite or moist blotting paper.

larger seed, viability can 

For
 
also )) studiedquick.iy by the nurseryman using simple cutting
tests with or without the 
use of stains, as
referred to above. 
 For smaller seeds Le.g.
many eucalypts ) a testsrear between two sheetsof glazed writing paper at least identifies full
 

seed, if not necessarily viable seed. 
 For moot
 

1
0.


http:quick.iy


multipurpose species it is also desirable
to 
arrive at syJtems for germination that do
not require specialist treatments, equipment
or chemicals that might prove difficult to

obtain.
 

Direct sowing in 
the field
 

In forestry and horticultural practice,is direct sowingthe exception rather than the' rule; the reverse is 
true for agricultural field crops. 
 The
advantages of using nursery planting stock
relate mainly to increased raliability of
survival, and to the more efficient use of seed.
Where seed is 
rare or expensive or of a valuable
genetic strain, this is particularly important.
Some tree species used mainly for fuel, poles 
or
tanning bark lend themselves particularly.to direct
sowing  examples are Neem (Azadirachta indica),
Cassia siamea and black wattle 
(Acacia mearnsii).
 

For trials of multipurpose trees in which yield
performance is the main parameter to be tested
it will usually be best to raise plants in the
nursery. 
 If it is 
desired to test the feasibility
of direct sowing, this should be done in separate

field experiments.
 

There are, powerful. arguments 
to
re-evaluate the place of direct sowing in view
of the very large number of MPT's 
(FGNGT's) which are
needed in order to supply current and future
national needs. 
 Where the 
 cost of seed is 
low, and
it is in plentiful supply, 
some trials nm2ght be
undertaken to investigate ways of.improving
germination, survival and early-seedling growth
in the field sibuations that apply.
 

The variables tested might include the following:
 

e Germination treatments
 

- sowing before or 
after rainy season begins
 

- soil preparations (manure, soil additives
to improve water-holding capacity, soil-working,

pesticides, micro-water catchments/

"inprinters" and so on)
 

- "Pelleting" (but using local materials e.g.
dung?) plus stickers in order to improve

the seed environment.
 

- Insculatiu; with an appropriate strain of
 
Rhizobium (FGNGT's). 

, 1 

http:particularly.to
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Early seedling treatments.
 

- micro-water catchments;
 

- protection against animals 
(heaped thorn
scrub 
over sowing site, seed dressings); 
- fertilizers (small amounts to surviving
 

seedlings only).
 

Nursery methods
 

Nursery methods can be divided into two main
groups, those where the aim is even'tually to plant
out a complete plant and those where only part
of the plant is planted out. 
 These are subdivided
 
as follows.
 

o Complete plants. 

- Containerized 
(usually a polythene tube),

planted with soil.
 

- Containerized, planted with some other
 
growing medium.
 

-
 Grown in open beds, to be planted out
 
with soil.
 

-
 Grown in.open beds, but planted out.
 
bare rooted.
 

All these can apply equally to plants raised
from cuttings, from tissue culture, or by

grafting.
 

* Incomplete plants.
 

Stumps (plants grown and then cut back to

about 20cm root and 2cn 
 shoot).
 

Striplings 
(tall plants with leaves removed
 
to reduce transpiration).
 

A reliable method for experimental work, and one
which is widely practised and understood through
out the tropics, is to produce containerized plants
with soil. Growing seedlings in beds and planting
bare rooted is 
a cheaper alternative in suitable
climatic conditions. 
 Tests of suitability should
be the subject of special trials.
 

Even where containrrized plants are 
to be
produced for planting in field trials some
attention may be needed to ascertain the best
soil mix or composv 
to use, if this is 
not already
known. The principles involved are 
well-documented
 
and include the foliowing:
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" 	Attention to a compromise between good
 
water-holding capacity yet free drainage.
 

* 	An adequate level, of nutrition, bearing
 
in mind the length of time the young
 
plants are to remain in the containers.
 

* 	Reproducibility/availability/cost
 

" 	Freedom from pests and diseases
 

The constant watering which container grown
 
plants require soon destroys the structure of
 
ordinary top soils unless they contain large
 
amounts of humus. Furthermore, existing
 
nutrients are fast leached out. Thus most
 
mixtures (composts) for container plants consist
 
of 	either a natural humic material (forest top
 
soil, peat, palm fibre, compost, vegetable

materialsetc) or components to assist urainage
 
(grit, or washed (coarse sand of a restricted
 
size grade)and, possibly, added nutrients in
 
the form of well rotted manure, fertilizers or
 
composted vegetable matter. Natural materials
 
are not easy to standardize in the tropics so
 
that attempts to reproduce standard plant
 
raising composts (John Innes Composts, etc) have
 
not usually been successful. Other types of
 
composts wlichuse materials such as vermiculite,
 
or 	which relate more to sand culture conditions
 
(U.C. Composts), are costly and more suited to
 
experiments where a high level of control over
 
plant nutrition is required.
 

Even composts which are initially well balanced
 
nutritionally will require supplementary nutrient
 
additions if seedling growth is to remain
 
unrestricted by nutrient deficiences,unless some
 
form of-slow release fertilizers have been added
 
to 	the compost. Top dressing with an appropriate
 
fertilizer mixture (using nitrate as a souroe.of
 
N) at regular intervals and/or applying dilute
 
nutrient solution to the foliage (in shade or at
 
night) are common methods. The extent, amounts
 
and timing obviously depend on individual
 
circumstances. If a drip irrigation system is
 
being used then nutrient applicators can be
 
incorporated in the system. 

Watering seedlings 

Of all management techniqies in the nursery
the one most likely to cre-:e unwanted variability 
is watering. Although identical containers can 
be filled with carefully prepared "compost" to 
the same amount and bulk density, and initially
 

http:souroe.of
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equally watered, irregularities in shading,
 
differences in advective energy from the sides
 
seedbeds /standing grounds inevitably lead to
 
different water requirements from one container
 
grown plant to the next. Capillary beds will
 
help alleviate this problem, but not where
 
rooting into the bed is to be avoided (as will
 
happen with long-term nursery stock); and
 
drip or capillary irrigation systems are
 
both costly and need skilled and careful
 
attention to maintain equal flows. Sprinkler
 
irrigation systems are often not accurate
 
enough for most experimental purposes, and
 
mist irrigation may encourage diseases and/or
 
produce "soft"plarits. Watering each container
 
with a surplus each time is one way to ensure
 
that the soil or compost is brought back to
 
field capacity but, of course, this can result
 
in severe nutrient leaching which has to be
 
overcome by some form of nutrient application.
 
This can be by top-dressing with fertilizers,
 
but here damage to the young seedlings has to
 
be guarded against. A nutrient solution can
 
be used for watering hut this, again, can
 
damage the leaves of s-'dlings exposed to sun.
 
Weighing potted plants to ascertain the known
 
amount of water to replace is a method few can
 
undertake and, in any case, with large and
 
growing seedlings the dry weight increment of
 
the plant has to be known.
 

Probably some combination of methods is best,
 
for example, hand-watering plus a mist back-up
 
system. If this is combined with careful
 
supervision to ensure unbiased watering (that

is starting at a different point each day) it
 
will help to minimize variability. Two other
 
obvious factors which 'require attention are:
 
arranging for watering to continue over weekends
 
and holidays; and allowing for more frequent and
 
greater amounts of water as plants become bigger.
 
Although soil water measuring equipment is
 
available (resistance blocks, or capillary
 
moisture water for a "wet" regime) there is
 
probably no substitute for the skilled
 
plantsman.
 

Shading seedlings
 

Unlike many herbaceous agricultural crop species,
 
seedlings of many perennial woody species
 
in the tropics often grow better if shaded: but
 
the amount of shading at any particular seedling
 
growth stage, and the time at which to stop

shading, many vary considerably with species,
 
site and season. Shading and watering are
 



639 

closely interrelated in seedling management

and, additionally, little-shaded plants will
 
utilize available nutrients to a greater extent
 
than heavily-shaded ones. 
 All three factors 
light (shade ), water and nutrients - have to
 
be considered together in relation to the local
 
climate, and a suitable balance achieved if
 
growth is to be optimized and plants of the
 
right form and quality produced.
 

Where little is known about a MPT species
 
some simple shading experiments (degree of
 
light interception, shading more at midday or
 
not, dispensing with shade at different
 
growth stages etc.) will provide useful
 
information. Such experiments can easily be
 
combined with different watering regimes, and
 
the foliar applicati n of nutrients provides

yet another set of variables in experiments

to reach a "standard" set of nursery practices

that apply the information so obtained in more
 
practical ways.
 

A critical feature in raising tree seedlings for
 
field experiments is to ensure that shading is
 
evenly applied to the whole batch of seedlings

and/or young plants at any one time. This is
 
difficult (but not impossible) if natural
 
shading materials (banana leaves, palm leaves,

dried grass) are use, but seldom possible if the
 
seedlings are raised under a light, high canopy

provided by shade trees - although the latter
 
method might be found adequate for providing

production batches of tree seedlings.
 

Plastic shade netting will providethe most
 
uniform light conditions. Failing that, roll-on/

roll-off matting can be used 
to impose a fairly

standard of type of shade over the area, and it,

especially, enables regulation of exposure to full
 
sun 
at times when this is not harmful (i.e in
 
the early morning and evening). In practice,

seedling growth is unaffected whether "dappled"
 
or 
"strip" shading is used as distinct from
 
materials giving a completely diffused light

transmission.
 

A useful compromise is a light level of high (i.e.

2-2.5m) shading with plastic matting, combined
 
with roll-on/roll-off shade mats supported on
 
a system o 
fence post and wires at waist height.

This kind of shade must extend well beyond

the seedling area to avoid edge effects and so 
it
 
should not be placed too much above the seedlings

(it will be rolled off for watering). In more
 
sophisticated arrangements the height of such
 
shading is adjusted at intervals, a3 seedlings
 
grow, so as to be some 20-30 cm above the tops

of the young plants. Even then a more uniform 
batch of experimental plants will be obtained 
if all the young plants (if in containers) are moved
 
around at random once or twice during the nursery
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stage. Where such seedling re-randomization is
 
not possible then edge plants should be
 
either discarded or carefully sorted into
 
classes on the basis of their growth and
 
appearance ("sun"-types versus "shade"-types)
see below.
 

Uniformity and seZection
 

In the experimental situation thu maiii aim
 
should be uniformity and well grown plants. Even
 
with every attention to environmental and manage
ment issues some phenotypic variability will
 
be apparent in any batch of seedlings. Where a
 
species is highly heterozygous this may well be
 
reflected in seedling vigour and habit, so that
 
a decision may have to be made,even at this early
 
stage, to select or cull particular phenotypes.
 

Bearing this in mind it is also useful for
 
experimental purposes to grade seedlings into size
 
classes based on their apparent vigour. Dis
carding plants below a minimum, the remaining
 
size grades can be accepted or discarded depending
 
on the level of uniformity required. Within close 
limits individual size grades can be used in 
seperate blocks (in a randaized block experiment) - which 
will include this factor in the block variance. Or 
they can be equally,or proportionally,distributed 
among all treatments in plots; which will 
probably increase the residual error,somewhat, if 
size in any way affects response to treatments. 

For highly precise work,selection into size
 
grades on two separate occasions during the
 
seedlings stage may help choose plants which
 
are both equal in size and growth rate.
 

If a major objective is to estimate the
 
genetic differences between accessions, as might
often be the c:ise, then 6tulILical i,11LL cu:, 
be used in the nursery and the field. In this 
case nursery blocks are also confounded with 
field blocks taking care to produce more plants

in the nursery than are needed for the field
 
e 7iment.
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Plant type and quality - by P.J. Wood 

Scope for nursery experimentation
 
Because the growth and development of woody
perennials are markedly affected by what
happens to them in the seedling/young plant
stages 
(for example whether taprcoted species
are grown to retain the tap root or not; 
or
what early plant form is encouraged) there is
a need to establish suitable plant raising/
planting out techniques for the wide range of
species now being grown 
as MPT's (FGNFT's) where
these 
are not already well known. 
We need,
therefore, to consider suitable experimental
designs and procedures for testing appropriate
nursery and planting out methods and for direct

seeding trials.
 

There is a wealth of existing technology
relating to nursery work derived from forestry,
agriculture and horticulture to draw on. 
 There
are also "new" techniques (seed pelleting,
soil amendments, slow release fertilizers, soil
blocks, new types of containers, a range of
up-to-date watering methods, anti-transpirants,
growth regulators, plant handling equipment, etc)
as well 
as new systems of seedling production
(fluid drilling, semi-controlled environments,
"automatic" plant raising systems, etc) from
amongst which there might well be the germs of
ideas which could be scaled down into appropriate
technology packages for improved low cost
systems for raising tvPT's 
(FGNFT's). There is,
therefore, considerable scope for nursery
experimentation. 
Some improvement in direct
seeding might also be of interest and, planting
out techniques could be improved through soil
amendments, micro-water catchments, plant protec
tion technology, ete)
 

Although the same well known experimental
principles govern small scale investigations

with seedbeds and/or containerised plants
as with experiments on young to adult plants in
the field, there are 
some special considerations

which should be borne in mind.
 

a 
Spatial variability. Although nursery
experiments allow considerable scope for
limiting differences with regard to th'e
soil environment they do often involve

increased variability in other ways.
Experiments with seedlings need to take
into account variations in aerial environmental parameters which 
can often be
significant over relatively small distances
in a nursery or (glasshouse) 
. Theseinclude variation in nhading, temperatura
and evapotranspiration. 
 These often occur
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as "edge-effects" (i.e. clines) in small batches

of plants and should be allowed for by:
 

- adequate guard rows;
 

- increasing the extent 
(area) of shade in
 
relation 
to the area of seedlii.gs;
 

-
moving round the containers so that

each plant "samples" the whole range of

micro-environments 
 imposed (but taking
 
care not to damage the plants).
 

v Temporal variability. Experiments with
 
seedlinqs need 
to take into account the changes

which can occur over time.
 

The most obvious of these are:
 

- differences in within- and between
season weather; and
 

- changes in 
the growth and structure of
 
the young plants.
 

Because nursery experiments are under semicontrolled conditions it is possible, in many

places, to maintain them through the year. 
However
there can be considerable climatic differences,

especially in semi-arid and arid regions (incoming

solar radiation, ambient temperatures, rates of
potential evopotranspiration) which could markedly

affect growth rates. The obvious way around this
where it is considered important, is 
to run nursery

experiments at 
the time of year at which the plants
would normally be required; or at a similar timu each
 year, and to 
measure meteorological conditions.
 

A point to watch for container-grown plants sited
above the soil surface is 
that the growth medium does
not get unduly hot. The growth of even warm-season
plant seedlings is often adversely affected if
root medium temperaLure rise much above 350C. 
Some

form of pot-shading may be necessary, or reflective

material (or paint) can 
be used to reduce

container temperatu:-es. Alternatively, the pots can
 
be plunged in sand.
 

As seedlings grow i.l a nursery experiment someattention should be given to re-spacing them so as
to reduce plant-to-plant interference. 
Especially

if the treatments imposed result 
 in different

growth rates and/or branching forms. This can
only be dealt with by carefully examining the

objectives of the experiment, the treatments and
the behavioural responses of the species under 
test.
Spaci' . has often been found to act independently

of rooting volume.
 

I 

http:seedlii.gs
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Plant quality 

Where a complete young planc of a woody

perennial species is to be used quality is
very important. 
The required qualities are follows:
as 


" 
a good root system, generally a fibrous 
one.
 

" 	a sturdy stem and degree of "hardening-off". 

* 	 appropriate proportions of above andbelow ground parts shoot:(a root
ratio which conformc to 
 hat growth

stage).
 

* an appropriate form (height and branchi 

ness).
 

* freedom from pests and disrases.
 

* 	nodulation (for FGNFT's).
 

A fibrous root system is best obtained by root
pruning in the nursery. However, many dry areaspecies(Cordeauxia many Acacias and Prosopis,
produce a very long and rapidly growing tap root,
which is difficult to handle in normal nursery
practice and which should not be removed or
damtaged if tne plant is 	 to continue to grow well.This should be deterriiied during the preliminarystages of germination testing. 

Root pruning also arrests sappy growth and induces
the formation of 
a tough woody stem which is better
able to withstand severe conditions .after planting.The process of "hardening-off" is critical if
plants ari to withstand planting out with the 
least
disturbance and (.especially in arid and semi-arid
regions) by physiological adjustment theto fieldenvironment. 
Hadeni.ng-off is achieved by
gradually applying increasing amounts of environmental stress. This 
 is 	done by restricting the
seedlings' water supply to some extent, by gradually

removing shade, and by increasing the amount of
plant nutrients to the rooting 
zone (especially K).
Each species will probably require a different
regime of hardening-off if a compromise between plant
form and the correct physiological stage underlying

restricted growth is 
to be achie'ved.
 

The best proportions of stem and root 
(shoot: root
ratio) can only be determined by experimen .
in 	a
particular set of conditions, Sturdiness index isan 	easy parameter to measure 
in the nursery and is the
ratio of height to root collar diameter. In
determining the optimum index (and hence the optimum
nursery regime) the performance, and particularly the
survival of plants in 
different height classes should
be taken first, followed by an evaluation of plants
with different "sturdiness indices" within height classes.
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Planting out and early care-
 by P.J. Wood & 
P.A. Huxley
 
Land preparation
 

Ground preparation in agroforestry situations
 can vary from ploughing and/or sub-soiling

completely bare ground, to making judicious
openings in the tropical rain forest canopy.
This initial cultural treatment interacts very
strongly with the need for subsequent tending
operations, and its effects on the growth of
plants can 
last for very many years.
 

Mechanical treatments require 
 more logistical
forethought in general than do labour intensive
methods, and the constraints of such methods
 may affect experimental design and layout. 
 In
particular, it may be extremely difficult to
arrange to have equipment available over a wide
range of scattered plots.
 

Normal attention to 
soil conservation is of
course necessary. 
This may require contour
planting or bunding of waste vegetation in 
areas
of high rainfall. On slopes The use 
of
bench terraces of appropriate width and pattern
or of wider traditional terraces in mountainous
 
areas may be indicated.
 

Water harvesting, or water spreading techniques
may be of considerable value but the difficulty
here is 
to ensure uniformity over the whole
expe.r.ental area. 
 Other soil management
approaches to improve water percolation, and
to reduce run-off (tie-ridging, trash-bunding,
etc.) may be relevant but, again, spatial considera
tions and uniformity of effect should be given

careful consideration with tree crops.
 

Ptanting
 

Planting rf woody perennials should follow the
"best" practice, or that normally used in
plantation agriculture or horticulture depending
on 
the objectives and kind of experiment (e.g.
it may be an "on-farm" trial). Uniformity of
treatment is the most important factor, and this
applies particularly to the method and timing
of lifting in the nursery, conditions during
transport, and timing and methodology of planting.
The key to all this is efficient p.a!uning and

preparation.
 

The best type of planting material will vary from
species to species, many requiring potted planting
stock, others being plantable as 
stumps or striplings
 
or being sown direct.
 

Replacement of early casualties 
(ei:cept in a trial
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which is purely concerned with survival) is 
an
essential operation and it must always be well
recorded so as 
to avoid losing important information on 
any growth differences 
(or late survival)

at different stages after planting.
 

Records for planting sites 

The identities of morphologically similar speciesand provenances can easily become lost in a large
field experiment, and the Importance of clear
labelling from the nursery stage onwards cannot
be overemphasised. 
As with most field experiments
a detailed planting plan should also be prepared.
 

Soil inputs
 

The decision as to whether or not to add fertilizers
and/or to irrigate will depend on 
whether-a particular
trial is related to 
"real" conditions, or whether
the main objective is to test some scientific or
technical aspect which requires optimum, or
near optimum environmental conditions. 
 In a-,y
case it may be necessary to apply a short initial
irrigation to help survival, and a small initial
planting dose of fertilizer (especially P) to help
both with this and to improve nodulation.
 

If fertilizers are 
to be applied then it will be
necessary to consider whether these are 
applied
just to individual trees, as is 
common in forestry
or woody cash crops, or to the whole 
area. The
latter may require evaluating in terms of 
an
associated agricultural crop if the experiment is
to be converted,later, to test agroforestry crop

combinations.
 

Cultivations for weed control , etc. 

Previous or accepted practice of the intensity
or type of cultivation methods should be the
initial guide 'and, 
as a general principle, the
best feasible "de luxe" 
treatment should be given
so as to reduce as far as possible the iiasking of
site, climate and crop interaction effects by

weak growth or poor drainage.
 

However, constant 
top soil cultivation 
can affect
the form and efficiency of the surface-layer of
tree/bush roots. 
 The alternative is to use
herbicides but great care has 
to be taken to
ensure that no phytotoxic effects 
occur. There

is little information available about the
selectivity of currently used herbicides with
MPT's (FGNFT's) species. 
 Soil acting herbicides
such as substituted ureas and triazines of low butvarying solubilities may effect trees Cifferentlyin wet and dry years, also depending on how the 
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surface roots have been activated through

cultivation or mulch. 
Contact or Contact/
translocated 
herbicides (Paraquat and Glyphosate)

are relatively "safe" when applied accurately
to avoid tree stems, but they can cause 
considera
ble damage where any green, photosynthetic stemtissue still exists. Hormone weed -killers are
likely to be of little value.
 

For small experimental areas 
the best comparison

is 	likely to be.
 

* 
Really effective land preparation before
 
planting.
 

* 	A continued and timely shallow surface
 
weed control regime (best by hand).
 

o 
Spot weeding with carefully controlled.
 

contact herbicides.
 

Irrigation (whero ,.qed)
 

The evaluation of species under irrigation
calls for detailed attention to water measurement.

Broadly speaking irrigation may be used as 
follows.
 

* 	To ensure survival until the roots of young

plants reach a moist soil zone, or they are

tapping a sufficient soil volume.
 

* 	Effectively to lengthen the growing season, or
 
to provide water at 
a critical development

stage (flowering or fruiting), and
 

* 	To provide a permanent supply of soil

moisture in order to maximize growth and
 
yield.
 

The methods commonly in use include.
 

- watering by hand;
 

- flood irrigation;
 

- overhead irrigation;
 

- trickle irrigation;
 

Only hand and trickle irrigation methods lend
themselves 
to 	accurate measurement of the water
applied, but in all case.% peaial in'trumentation
is 	required to measure 
soil water bAlAnaa andplant water stress. Whatever method of watering
is used however it is important to record the
kinds of operation and their timing. 
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The effects of irrigation need to be thought

about carefully.
 

" 	Irrigating young trees tends to limit
their root extension. 
This can create
problems later on when irrigation is
stopped and severe drouyht periods 
occur.
 

" 
Changes in phenology may occur. 
 Irrigation

may bring on flowering, change the time
and duration of flower initiation, brinq
on 
an early vegetative growth flush and 'or
prolong vegetative growth. 
 It 	may also
affect fruit set and the duration of

fruit growth.
 

* 	Regular irrigation will increase

vegetative growth and leafiness and this
 may create pest and disease problems.
Sometimes plants may have a rather
different form 
(and certainly a different

structure) as 
compared with unirrigated
 
ones.
 

* 	Mature irrigated trees will, normally,

require 
a greater supply of plant nutrients
to 	fulfill their growth potential under

irrigation.
 

One of the difficulties is 
to 	decide on an
irrigation regime. 
 The factors to consider
 
are the following.
 

* 	What 
are the detailed objectives of

irrigating? (See also start of this section)
 

* 	When to irrigate? (in relation to seasons)
 

" 
How much water to apply ?
 

" 
How often to apply it ?
 

The subject is well covered elsewhere but, very
briefly, if water is 
to be applied at times to
obviate some pre-judged degree of plant water
stress 
these can be recognised either by (a)
assessing soil water status 
(directly measuring
soil water in the rooting profile or by calculating
evapotranspiration and water balance through an
empirical equation), 
(b) by measuring plant water
status 
(for example by a sampling technique and
using a pressure bomb to estimate plant water
potential, or a field steady state porometer to
 measure 
stomatal aperture.)
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The methods are well documented in easily available publicationsbut measuring plant water status is the mostsensitive, and currently obtainable equipment
relatively cheap and easy to use. 

is 
This approach
also helps, with the question of "How often?" if
something is 
also known about the plants' responses
to water stress at different seasonal phenophases


and stages of life cycle. 

"How much?" is best approached by monitoring
soil water status (for example using resistanceblocks replicated in 
a suitable three-dimensional

"grid" in the rooting zone so that the wetting front
is identified). Cheap equipment for this purpose
has now been developed. 

All these factors 
are more readily conceived than
achieved in practice due 
to the difficulties of
applying irrigation water evenly to 
an experimental
area. 
 Overhead (sprinkler) irrigation is 
notoriously
uneven; flood irrigation is hard to control and alsouneven if the ground is not made very accurately gently
sloping; 
trickle irrigation needs careful maintenance,
but is suitable for limited areas; and hand irrigation
requires constant supervision. 
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PART 3E
 

Assessment
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PLANT ASSESSMENT 


LEAVES 
CHARACTERS/CONDITIONS 


COMMENTS
 

1. MORPHOLOGY
 

Size/Shape/Form 
 For standard taxonomic records.
Surface/Margin 
 Herbarium specimens should be retained
Petiole/Stipules 
 (taking into account both within and
 
between tree variability). In the
 
nursery shape and size of the
 
cotyledons (for epigeal seedlings)
 
can be an identifying characteristic.
 

Variability -
 Whole plant assessment in the form of
 
• Juvenile/Adult. 
 reports/photographic records to
* Sun/Shade 
 indicate age and eco-site characteristics. 
 May effect chemical, physical


and physiological status.
 

Area (SLA, SLV) - see 
 Single leaf assessments by a) leaf
also "Canopy" 
 area photometer b) graphic methods
 
c) correlations with dimensions for
 
irregular-shaped leaves. 
 Specific

Leaf Area (SLA) and Specific Leaf

Volume 
(SLV) to indicate responses to
 
shading and/or water stress.
 

2. ANATOMY
 

Thickness 
 In relation to: xeromorphic
Tissue kind and disposi- characteristics and water loss/drought

tion resistance; responses to shade
 
Stomata/Enations
 

3. PHENOLOGY OR STATE
 

Age Structure (Different 
 Time and duration of individual leaf
Levels) 
 expansion from apical 
and lateral
Stress effects? 
 buds. Whole plant assessment of leaf
 
longevity, ageing pattern and leaf
 
senesence characteristics. Phenology ot

of leaf ageing and shedding both in
 
relation to climate 
(weather) and to
 
vegetate growth and 
fruiting patterns.

Correlations with climatic parameters

and soil water status at specific site
 
is desirable, as well as with
 
phenological behaviour of local
 
naturally occurring plant associations.
 
Specifically occuring stress 
effects
 
(e.g. drought) may give information
 
about the ability of leaves 
to with
stand particular environmental
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hazards if observed and recorded. 
Written descriptions and photographic 
records are desirable. 

4. CHEMICAL COMPOSITION 

Organic 
Matter - Fibre 

Oils/Waxes 
Crude Protein 
Carbohydrate 
Ash (N.P.K.Mg. 

Ca. Na, Si) 

Palatability 
Useful Products 

Sampling procedures should take into 
account: leaf maturation/age$ 
position on the tree; exposure; 
phenophase (especially stage of 
flowering/fruiting, and amount as 
well as root behaviour), management 
(e.g. addition of fertilizers, mulch), 
and age of plant. 

May be of value in relation to: 
estimating level of'nutrient 

availability at site 

value for food, fodder, mulch 

taxonomic affinities (oils, waxes, 
gums) 

Physiological conditions (in
relation to management e.g. pruning 
cycle) 

fertilizer requirements (where used). 

On leaves,estimates of available 
total carbohydrate and/or specific 
components (starch, sugars) will 
mostly be related to their potential 
value for food/fodder. And so will 
.need to be accompanied by palatability
trials. 

Both plant age and environment will 
greatly effect the extractable amounts 
of oils or waxes (younger plants and 
cooler climates usually increase 
extractable oils in those species
that produce them, e.g. Eucalyptus 
for oil extraction sho-ld be in 
the juvenile stage) 

For medicinal compounds and other 
useful extracts from leaves. See 
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5. PHYSICAL
 

Fresh Weight Fresh weight can be very inaccurate
 
Dry Weight Oven drying at an appropriate
 
Water Content temperature (see ) to a constant
 

weight is best (on a sub-sample if
 
necessary). If volatiles or chemically
 
heat labile compounds are to be
 
conserved small samples can be
 
freeze dried.
 

Temperature 	 Estimates of leaf temperatures may be
 
needed for carbon assimilation/res
piration and transpiration experiments
 

Light reflectance/ For inclusion in crop growth
 
Transmission 2ndels and details of light effects un
 

ph..tosynthetic rates..
 

6. PHYSIO,)GICAL 

Water potentials Most easily and accurately measured
 
by using a pressure bomb apparatus.
 

Leaf resistance to gas Using a field steady-state porometer
 

exchange:
 

Stomatal
 

mesophyll 

chemical
 

Carbon fixation rates 	 By Co2 gas analyser or 14C radio
isotope method.
 

Source/Sink relation
ships 14C tracer methods (for photoassimilates
 

Growth regulation Bio-assays, application of growth
 
regulations, plant manipulation.
 
(or all three).
 

7. MICROBIOLOGICAL
 

Phyllosphere population 	 In humid situations Blue-green
 
algae (nitrogen fixation)
 

8. MISCELLANEOUS
 

Epiphytic plants
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9. PESTS AND DISEASES 

Symptoms 

Damage Estimate 

Identifying causal organisms 

(if possible). 



674 

C R 0 W N C A N 0 P Y 

CHARACTERS/CONDITIONS 
 COMMENTS
 

1. MORPHOLOGY
 

Shape 
 Shape of,the "crown" is a species
 
characteristic but it can be modified
 
depending on competition from associated
 
trees/shrubs,and early training.
 

Size Size of single tree crowns can be
 
assessed by linear measurements of
 
depth (maximum/minimum) and diameter
 
by an average of two measurements
 
at right angles.
 

Community form 
 In plant communities the "Canopy"
 
(an association of individual
 
"crowns" can be described by a sectial
 
drawing along a transect together

with a vertical plan. Very dense
 
plantings may have apparently
 
homogeneous canopies but closer
 
examination will usually show
 
variations. For a single species

association Leaf Area Index 
(LAI 
or total area of individual leaves, 
per unit area of ground , as used by 
crop physiologists, may helpfully
describe changes of canopy structure
 
with time, or variations due to site
 
or management at any one tiide. 
 The
 
assessment is very laborious for
 
large plants however, and it has to
 
be seen as necessary before being

undertaken. Alternatively, spherical
 
photography (with 180" wide angle

lens focussed vertically'on the
 
ground) can pictorialize canopy
changes, in terms of light transmis
sion, and thus may be useful as a
 
record.
 

3. PHENOLOGY OR STATE
 

Seasonal changes Seasonal changes in the structuce (and 
age) of a canopy, or Of individual
 
crowns, can be very important where
 
other under-storey crops (or grasses
 
are to be grown). The effects of
 
these on a) light interception/

transmission b) nutrient transfer to
 
the topsoil through litter deposition

and leaching of nutrients from leaves
 
twigis and c) effects on rainfall
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interception and throughfall/
 
stemflow patterns, and the subsequent
 
water balance of the plant association,
 
are critical features for multiple

cropping systems. Even in single

species communities an understanding
 
of canopy structure and dynamics
 
can help with the interpretation of
 
the factors controlling the growth

and development of the stand, and so
 
suggest appropriate management practices

(principally plant spacing, thinning,

pruning and harvesting programmes).-


Site effects 	 The phenolocical behaviour of particular
 
species can be affected, sometimes
 
quite considerably,by site characte
ristics. Other species behave more
 
consistently. Some species (e.g.

mango) may exhibit different pheno
phase~in different parts of the tree,

depending on exposure and part fruiting
 
patterns.
 

All phenology behaviour should be
 
recorded at regular intervals by both
 
written and photographic means.
 

6. PHYSIOLOGICAL 
 - See "Leaves" (whole plant crowns, 
and senescence and observations on 
plant water status). 

Water loss 
 Water loss measurements from whole
 
canopies may be required-for water
 
bal-ance studies of plant associations.
 
Various methods available: Bowen$',s

ratio measurements, net radiation
 
measurementseddy diffusion
 
techniques, soil water measuring
 
techniques.
 

Radiation measurements 	 Total radiation aftd PAR radiation 
measurements can provide evidence ot
 
the distribution of incoming and out
go.ng short and long wave radiation,
 
which is of use 
for both water balance

and efficiency of primary productivity
 
of the plant association.
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9. PESTS AND DISEASES 

Of tree/bush species These may often be located in different 
itself: parts of the crown/canopy depending on 

their etiology. Canopy density will 
effect the survival and success of soil 
inhabiting pests by altering the 
micro-environment. 

Of other pests: Species preference of pest birds to 
roost should be noted. 

Overall effect of canopy on suitability 
of micro-site for important pests 
such as tsetse fly could be important. 
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BUDS
 

CHARACTERS/CONDITIONS 	 COMMENTS
 

1. MORPHOLOGY
 

Type (vegetative or The characteristics of both terminal
 
fruit buds) and axillary buds should be noted i.e.
 
Location/number whether with scales or naked,
 
Size characteristics of scales (if
 
Characteristics (e.g. present), whether buds are stalked or
 
with or without bud sessile, position of axillary buds
 
scales (pseudo-terminal, sub-petiolar etc),
 

stipular characteristics and type
 
of leaf 	scar.
 

2. ANATOMY
 

Formation of leaf 	 The ability of plants to sprout
 
initials/flower initials 	 vegetatively from dormant ancillary
 

buds on old steins is often critical
 
where the mature plant is later to
 
be coppiced, pollarded: otherwise
 
pruned or browsed. The location of an
 
axillary bud series can be confirmed
 
by a coppicing experiment (at
 
different seasons) and the structure
 
of the bud series clarified by

anatomical sectioning and observation
 
of gross morphology.
 

Growth: 	Plastochron (time sequence of
 
development of leaf initials)
 
using microscope sections; or
 
phyllochron (time sequence of
 
young expanding leaves) by
 
observation.
 

Develop
ment: Sections of buds to discover
 

time of flower initiation.
 

3. PHENOLOGY OR STATE
 

Occurence of vegetative From visual observation combined
 
and/or fruit bud with weather data
 
dormancies.
 

Growth flushes 	 For information on what effects
 
growth phenophases (species differences
 
weather, site factors, management)
 

Flower/infloresences 	 Development of parts (including short
 
development 	 shoots), anthesis , pollination/ 

fertilization stages, ovule develop
ment and early fruit growth (fruit 
abscission? And why?) - for inforna
tion on what affects fruit/seed 
yields. Detailed records of environ
mental parameters and flower counts
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can bften provide a valuable 
indication of why fruit/seed yields 
are below potential (and see "Fruit/ 
Seeds"). 

5. PHYSICAL 

Bud Temperature Might occasionally provide informa
tion relevant to a study of growth 
regulation patterns (vegetative buds), 
or times of anthesis. 

6. PHYSIOLOGICAL 

Bud Temperature
Water potentials 
Hormone status 

As for (5) above 

Bud maturation Useful observation with regard to 
selecting material for Vegetative 
propagation. 

9. PESTS AND DISEASES 

As for leaves - but 
also observe for 
flower eating beetles 
etc. 

Especially thrips, occasionally birds 
and some plant diseases. 
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STEMS 

CHARACTERS/CONDITONS 	 COMMENTS
 

1. MORPHOLOGY
 

Size: 	diameter and Traditional forest mensuration to
 
height; taper and assess growth rate and yield.
 
volume (and see Diameter measured at base/breast
 
'Phenology' below) 	 height and top to estimate taper
 

and volume. For forked or multi
stemmed trees, assess each 	 stem. 

Form (Straightness) 	 Related to sawnwood recovery and
 
ease of harvestial and transport.
 
Assessed by subjective classifica
tion or objective measurement of
 
deviations from a plumb-line.
 

Forking Frequency and height of forking
 
Branching (and crown/ (branching) of main stem/s.
 
canopy production - Number, diameter and angle of
 
which see) branches influence knots, associated
 

reaction wood and timber strength
 
volume of branch wood is important
 
in fuelwood and fodder trees but
 
notoriously difficult to assess, it
 
requires destructive sampling of a
 
few trees (>20) per species to
 
determine correlation between stem
 
diameter and crown production. Shape
 
of crown is often a species characte
ristic. Degree of branching is
 
greatly affected by management
 
(training and mature 	 pruning, 
lopping, browsing), by the degree
 
of concurrent plant association and,
 
to a smaller extent by site factors.
 
Dimorphic branch types should be
 
recorded (photographs). In nurseries
 
height, root collar diameter and
 
early browsing characteristics are
 
often useful indication of species
 
variation.
 

Bark 	 Thickness (determined by bark gauge)
 
and rate or pattern of loss are
 
important in species used for cork,
 
fibre, bark extractives.
 

Thorns 	 Size and frequency may influence
 
the ease of handling wood. In some
 
species the thorns are used themselves
 
(for carving, e.g. fagara speciesor
 
toothpicks, e.g Acacia species).
 
Record any changes in degree of
 
thorniness with age and/or site.
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2. ANATOMY
 

General wood Classically used for taxonomy,
 
anatomy identification and prediction of wood
 

properties.
 

Fibre length, diameter Measured by microscope, related to
 
and wall thickness timber strength, bulpwood properties.
 

Vessel/Fibre/ Particularly important is the
 
parenchyma proportion pattern of variation within siqgle
 

trees.
 

Texture 	 The uniformity or heterogeneity of
 
diameters of axial cells, affecting
 
processing for furniture.
 

Grain inclination 	 The angle of fibres to the main stem
 
axis affects timber strength, splitting
 
ability, twisting of poles. Measured
 
by ocular protractor or microscope
 
goniometer.
 

Figure 	 The decorative pattern produced on
 
quarter sawn wood; most important
 
in fine furniture and veneers
 

Heartwood/sapwood 	 In most species heartwood is more
 
proportionz 	 durable than sapwood; it can often
 

be recognised by its darker colour
 
which also makes it more desirable
 
for furniture. Individual elemental
 
composition in wood and ash (see
 
."leaves") Indications of plant
 
nutrient status (as sap analysis),
 
but less often used than-leaves.
 
With main roots,an important location
 
for carbohydrates storage which
 
can be-affected by site, climate,
 
fruiting load, time-of-year and
 
growth flushes, as well as management
 
factors. Crude protein analysis of
 
green twigs may be important if these
 
are browsed.
 

3. PHENOLOGY fX. STATE
 

See also 'Buds' (below) 	 The within-season occurence of bark
 
Time and extent of formation may be of interest as it is
 
bark formation and a pest/disease habitat - also as an
 
branch shedding indication of physiological change.
 

For self-pruning trees and bushes
 
the degree and extent of branch
 
shedding and the season at which it
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principally occurs should be noted. 
In both cases photographic records 
are desirable. 

Where extractives and/or exudates 
are important the seasonal change 
in abundance, and management required 
to increase flow, are relevant (e.g. 
gum arabic from Acacia senegal). 

Seasonal periods of Linear measures using an accurate 
elongation versus tape (branch or stem elongation), 
increase in girth 

4. CHEMICAL COMPOSITION 

Extractives and Also important in some chemical 
exudates; yield and pulping processes (e.g. silica in 
quality viscose pulp), and where ash is used 

for fertilizer or the -twigs/branches 
are used for woody mulch. Sometimes
 
useful in taxonomy/identification (e.g
 
silica or calcium oxalate crystals). 
Some woods react with nails and wires
 
by staining. A wide range of chemical
 
extractives are derived from wgod by 
tapping (e.g. rubber, gum arabic,
 
pine resin, maple sap), or by pyrolysis, 
distillation. The quantity may be de
termined in the field; quality is easily 
determined by analytical techniques such 
as gas-liquid chromatography in the 
laboratories.
 

carbohydrates estimates can indicate 
conditions of total and transportable 
reserves in relation to bud burst 
(vegetative flushing) , fruiting or re
generation of shoots after pruning/
lopping/coppi cing
 

Analysis of major (and minor)elements 
in woody tiss:,es may also help. to high
light deficiencies but leaves or sap
 
are better used to indicate this. 

5. PHYSICAL AND PHYSICO-

MECHANICAL PROPERTIES
 

Colour 	 Particularly important for decorative 
Density 	 fine hardwood for futniture and 

veneers. This is closely correlated 
with most end use characteristics. 



Calorific value 


Fuelwood properties 


Strength properties 


Processing properties 


Finishing and pieserva-

tion characters 


Veneer and pulp/paper 

properties 


Fire resistance 

in the field 


Physical measurements 

(fresh and dry weights, 

water content) -as for 

leaves) 
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It can be determined gravimetrically
 
(weight and volume) or by X-ray
 
densitomentry (which facilitates study
 
of within-tree variation).
 

Although C.V. does not vary greatly 
between species (18-21,000 KJ/kg) it 
is a useful indicator of heat yield 
(when multiplied by wood density). 
It is assessed by bomb calorimeter. 

Desirable properties vary with country
 
and objective but usually include
 
smokiness, tainting of food, sparking,
 
burning rate, moisture content, ash
 
content and composition, and
 
acceptability to local populations. 

These vary with density and anatomy
 
of wood and influence suitability for
 
use. Typical properties of sawn wood
 
include bending, compression, shear,
 
tensile and hardness, standard methods
 
of testing exist but usually require
 
large numbers of specially prepared
 
samples. Pole testing of round
wood is simpler and cheaper.
 

These include sawing, planing , sanding,
 
nail and screw-holding ability. They
 
are also affected by the anatomy of
 
the wood.
 

Woods are assessed for paint and varnish
 
retention, preservative penetration
 
and natural durability.
 

Highly specialised. These industrial
 
uses require large quantities of
 
uniform material
 

Considerable variation between
 
species and with age (and management?).
 

Samples of woody ti .sues should be
 
chipped or shredded before 'ven-drying 
and several days may be necessary
 
before constant weight is acheived.
 
Resinous stems/twigs may have to be
 
ground arid freeze-dried for accurate
 
dry weight assessment and the
 
volatiles extracted with a suitable
 
solvent.
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For fairly crude field work an 
adequate number of small samples 
(10 to 15) of each kind of woody 
material (sapwood, heartwood, twigs 
of various ages etc) can be taken 
and the dry weight df the total 
estimated from the whole plant mea
surements of either fresh weight or 
volume where these were also accurately
 
measured on the samples. Volumes can 
be measured direct (e.g. of bundles 
of twigs, by water displacement in 
a 44 gallon drum, or by linear measure
ments (e.g. of trunks). 

6. PHYSIOLOGICAL 

Water potentials
photosyn the ticphotsynteticby 
potential of green 
stem tissues Source/ 
sink relationships 

as for leaves (except 
psychrometry) 

water potential 

Sap studies The hormone contact of the sap may be 
informative with regard to growth and 
development patterns and stress-resist
ing factors (dr aght, chilling). 

7. MISCELLANEOUS 

Epiphytes 

8. PESTS AND DISEASES 

As for leaves Look out for presence of stem cankers, 
galls etc; or epiphytic parasites 
(Loranthaceae). Wood-borers and/or 
bark inhabiting pests. In the nursery, 
crickets and damping off fungi and/or 
stem rots. 

Resistance to termites 
posts/building poles. 

when used as 
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FRUITS/SEEDS*
 

CHARACTERS/CONDITIONS COMMENTS 

1. MORPHOLOGY 

Of fruits and Seeds 

Size (lineardimension) Photography combined with linear 
Shape (cross sections) measurements and written notes 
Surface characteristics 
(colour, texture, enations) 

Variability 	 Within-tree and in relation to
 
light interception of crown/canopy,
 
tree age, season-of-fruiting,
 
management (browsing)etc.
 

Between sites in relation to
 
soil, exposure etc.
 

2. ANATOMY
 

Fruit
 

Ovule development 	 In relation to pollination/
 
fertilization processes
 

Young fruits and
 
fruit maturation Development of desired issues
 

(e.g. development of seeds) in
 
relation to fruit growth/matura
tion and plant behaviour,
 
development of edible parts,
 
sutures and dehiscing mechanism
 
(to avoid shattering and seed
 
loss). For edible fleshy fruits
 
the between-selection variability
 
in the proportion of edible 	to.
 
non-edible parts needs to be
 
scrutinized.
 

Seeds
 

Seed growth 	 Noting abortions
 

Seed characteristics 	 As an aid to improving handling,
 
seed cleaning techniques,viability 
and germination, e.g. characteristics
 
of(testa), endosperm and embryo.
 

Relation of seed to fruit growth
 
(by sectioning during fruit growth)
 

*Flowers may be important taxonomically
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3. PHENOLOGY OR STATE
 
Time of flowering and 
 After fower initiation and flower

fruit set 
 bud formation and maturation have
 

occured the time at which flowering

and fruit development occur in rela
tion to season, and the seasonal
 
weather in any one year, can make
 
a great deal of difference to fruit
 
set, fruit development/maturation and
 
to the production of viable seeds.
 
Detailed environmental records jist 
prior to anthesis and through early

fruit development, combined with
 
counts of fruit set at labelled
 
fruiting points (continuing from
 
flower bud counts - see "Bues"), can 
indicate how environmental factors
 
are affecting fruit set.
 

Pollination 
 Many MPT's are outbreeding, some may
 
be obligately so through a cross
pollination mechanism (either

"mechanical" with a seperation in time
 
or space of the maturation of the
 
stigma and stamens,or through a
 
physiologically acting "S-gene"
 
inonpatibility mechanism -(the 
 latter
 
usually breaks down if polyploids
 
are formed). In this case pollinations
 
may .(eventually) be required.
 

Simple tests of removal of stamens
 
from some flowers left to open
pollinate or removal of stamens and
 
hand cross-pollinaticn followed by bagging,

can indicate if there are 
any specific

problems. The outcome will be observed
 
from fruit set percentage but some ovule
 
sectioning and staining for pollen

tubes and fertilization may be helpful

also. Viability of pollen could be a
 
factor in poor fruit set and sectioning

and staining of developing anters
 
(to observe proper tetrad formation)
 
could be done; as well as specific hand
 
pollinations,as mentioned above.
 

Duration of fruit 
 The normal duration of the fruit
maturation maturation/seed development period can
 
vary considerably between species and,

within any one species,both the
 
environmental conditions in any one
 
season and the within-plant source/

sink-relationship (for carbohydrates)
 



Site of fruiting 

points and source/ 

sink relationships 


Affects of 

weather 
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nitrogen and other nutrients) are
 
important factors in optimizing fruit/
 
seed production, if this is what is
 
required.
 

In 'he first instance records of
 
fruit growth (linear measurements and
 
weight of samples), estimates of whole
 
plant fruit numbers and some descrip
tion of the location of fruiting parts
 
in relation to foliation can give
 
comparative data. In any case a
 
clear description of where fruitini
 
parts are located in relation to
 
stem growth should be given (last
 
season's wood, or "short-shoots" on
 
old stems, current season's wood either
 
at stem apicesor lateral apices,or
 
both). This information is essential
 
before any pruning regime can be
 
effectively undertaken in order to
 
maximize or minimize fruiting. More
 
complicated investigations on carbo
hydrate and nutrient transfers from
 
storage tissues (stem, roots), and
 
of the capacity for current carbon
 
assimilation to provide the needs for
 
the developing fruit loads require
 
a detailed series of experiments on
 
source/sink relationships using
 
appropriate isotope techniques. The
 
outcome can be a clear idea of what
 
type of plant, structurally, is most
 
effectively allocating its
 
resources between vegetative growth
 
and fruiting, and what effects
 
changes in the-environment (cloudy
 
weather, droughts etc) are likely to
 
have on the growth of plant parts.
 

The actual duration of fruit growth
 
can be profoundly affected by seasonal
 
weather and by site characteristics
 
(shallow soils, exposure etc). If
 
fruit development is curtailed and
 
fruit maturation hastened by
 
inclement conditions,seed size (but
 
not number) is usually less affected
 
than fruit size, especially for
 
fleshy fruits. The amino acid
 
constituents of the seeds may also be
 
changed.
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Size of fruiting 	 A heavy fruiting load compared with
 
load 	 .urrent or stored carbon assimilate,
 

nitrogen and other nutrients can
 
result in a severe depletion in other
 
plant parts, resulting in early leaf
 
senescene (particularly near the
 
fruiting points), and stem and root
 
die-back in extreme cases (e.g. coffee).
 
For this reason flowers are often
 
stripped from young trees/bushes
 
for the first year or so after planting
out in order to a) allow maximum
 
resources to go to building up a
 
sound vegetative structure and b) pre
venting unwanted variability in growth
 
form and fruiting pattern within an
 
experimental batch. In extreme cases
 
heavy, precocious fruiting can initiate
 
a "biennal bearing" pattern.
 

4. CHEMICAL COMPOSITION
 

Standard analysis for 	 For edible fruits references should
 
N.P.K.Ca.Mg./CP/ be made to standard tests - fruit
 
fats and oils/fibre/ quality can also be important (sugar/

total carbohydrates, acid ratios etc) and also vitamin
 
starch, sugars/and contents. For seeds the amino acid
 
other tests spectrum may be required using
 

an amino-acid analyser. Palatability
 
tests (for humans and animals) may
 
be required. Essential oils and
 
other flower compounds require special
 
procedures. The presence of toxins
 
and anti.-metabolites in some fruits
 
and seeds shouldbe considered.
 
Fruits with waxy coats may need
 
careful handling if they are to be
 
stored optimally.
 

5. PHYSICAL
 

Fruit and Seed The storage of fleshy fruits is
 
Storage and chemical highly dependent on the stage of
 
composition 	 maturation and the conditions of
 

storage (temperature, humidity and
 
Co 2, N and 02 gas concentration
 
as well as the presence of 	ethylene)
 
Similarly,seed storage is depended
 
on temperature, water content and
 
the presence of oxygen (not all
 
seeds can be dried and/or stored at
 
temperatures below 50C and 	still
 
retain viability). Oily seeds often
 
lose flavour qualities if stored in air
 
at ambient temperatures for more than
 
a few months.
 



6. PHYSIOLOGICAL 

Growth rates Fruit and seeds growth rates 
(measured by dry weight increase) 
can reflect genetic, climatic, site 
and management restraints, as mentioned 
above. Early fruit growth is 
dependent on a hormnne supply from 
developing seeds. However, some 
fruits are parthenocarpic. 

7. MICROBIOLOGICAL 

Mycotoxins Damaged fruits and seeds which are 
stored under damp conditions can be 
infected by moulds (e.g. Aspergillus 
flavus ) which produce mycotoxins 
which are carcenogenic to man and 
domestic aaimals. 

8. MISCELLANEOUS 

Permits The movement of fruits and seeds from 
country to country is nearly always 
subject to legal restrictions. In 
all cases the appropriate regulations 
should be consulted and the necessary 
permits obtained or quarantine 
arranged. 

9. PESTS AND DISEASES 

Occurence Very many to he expectedfrom 
mamalian (rodents), and avian to 
insect,and similarly for plant 
pathogens. Legume pods are 
especially prone to insect pests 
the seeds being high in 11.Farinaceous 
seeds are invariably attacked by 
bruchids. The susceptibility of 
fruits (on the tree) and of seeds 
(in open storage) should be 
examined and reported on. 

Symptoms )We need more information and 

Damage assessment descriptions for most MPT's 
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ROOTS 

CHARACTERS/CONDITIONS COMMENTS 

1. MORPHOLOGY 

Rooting habit In recording root form data on root
 
Types of roots 
 types should be obtained i.e. characters
 

of the main roots (branching, thickness,
 
secondary thickness/bark characters,
 
co'our); of secondary, tertiary roots,
 
of 'long' roots (if present) rhizoids,
 
prop-roots. Finer roots should be
 
examined in the laboratory for root
 
hairs (and mycorrhizal associations)

Photographs and/or botanical drawings

should suffice.
 

Overall root form varies according to
 
species but is greatly modified by site
 
(soil) conditions and the management

(cultivations,mulching, irrigation).
 
Can be examined by a range of methods:
 
excavation techniques (destructive
 
unless just using a soil core and
 
sampling techniques); root laboratories
 
and/or spaced "visi-tubes", radio
isotope techniques,or soil water
 
measurements (all non-destructive).

All methods are laborious and adequate

rieplication is therefore difficult
 
three plants per situation might be
 
considered a minimum but, often, a
 
single "typical" plai. has to suffice
 
More knowledgve about the rooting
 
habit of MPT's (FGNFT's) is urgently
 
needed.
 

2. ANATOMY
 
Degree of secondary Transverse microscope sections can
 
Thickening etc. 
 be taken if some special reason
 

occurs, but there is probably little
 
need for such studies at the present 
time. 

3. PHENOLOGY OR STATE 

Evidence of elongation 
growth, (long roots, 
branch rnots) Evidence 
of root death (decay) 

Can be of considerable importance
for management and for helping to 
explain whole-plant behaviour. But 
again, difficult and tedious to 
to obtain such data. However, an 

511 
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attempt should be made by seasonal
 
sampling techniques (soil cores). Vital
 
to record both above-ground phenophases
 
and at least basic above-and below
ground environmental conditions
 
(standard meteorological parameters
 
and soil water status throughout
 
the rooting profile). Seasonal root
 
growth patterns (when and where)in
 
relation to vegetative shoot growth
 
and flowering/fruiting can vary
 
between species and be affected by
 
both site and management.
 

4. CHEMICAL COMPOSITION
 

Organic matter and 	 Main roots are important storage
 
ash (see "Leaves") 	 organs. Status of transportable
 

carbohydrates in relation to
 
growth of aerial parts can help
 
understand whole plant behaviour and
 
effects of management (pruning,
 
branching etc.)
 

Extractives 	 Many medical compounds occur in
 
roots.
 

5. PHYSICAL
 

Fresh weights The main problem is removing soil and
 
Dry weights fragments of detritus (dead roots)

(Water content) 	 from the living root sample,
 

especially in soil high in clay and
 
organic matter. In sandy soils
 
correcting dry weights of root
 
samples by re-weighing any remaining
 
sand particles after oven drying is
 
often helpful. The root systems can
 
be divided into fractions but the
 
size limits will most usefully relate
 
to what seems to be their function,
 
and this will be different for different
 
species, e.g. main (and tap) roots
 
(structural) branch roots (exploratory)
 
and fine roots (functionalin uptake of
 
water and nutrients). Whatever is
 
chosen some indication of size
 
(diameter) limits should be given.
 

6. PHYSIOLOGICAL
 

Root activity 	 The mere presence of live roots may
 
tell us little about how they are
 
functioning at any one time. For
 
example, elongation growth 	and
 
increase in girth often occur
 
separately. Again, uptake 	of
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different nutrients occurs at
 
different parts of the root away

from the apex and is varyingly
 
affected by increasing soil water
 
potential according to each specific
 
nutrient (access to soluble nutrients
 
such as N is mainly dependent on a low
 
soil water potential, access to
 
insoluble nutrients such as P will
 
depend on continued soil volume
 
exploration by growth of fine roots).
 

Active water absorbtion may depend
 
on the presence of root hairs and
 
these can be quickly eliminated
 
by a short drought period. During
 
such periods soil shrinkage, which
 
can ocdur around fine roots, will
 
drastically affect nutrient uptake.
 
Rate of suberization of fine roots
 
may be related to both season and
 
activity of the aerial part.
 
Actively growing roots produce

cytokinins and giberellins which
 
are transported to the aerial
 
parts and affect growth regula
tion(check by bioassaying sap
 
from stump)
 

A simple approach to studying root
 
activity is to take soil core samples
 
seasonally and examine the separated
 
fine root fraction for viability
 
(Tetrazolium test), root hairs (micro
scopic examination), suberization,
 
evidence of elongation (young white
 
root tips), nodulation and mycorrhizae. 
More elaborate studies require some
 
form of permanent/semi permanent root
 
observation, sequential destructive
 
techniques, radio-isotope techniques,
 
or all three.
 

A knowledge of the ability of root
 
systems to survive hazards can give
 
information on site-suitability
 
e.g. drought periods (and severe 
soil cracking), flooding, exposure 
(when planted in drifting sand), and
 
so on. Also tests of the effects of
 
management (e.g. severe pruning or
 
browsing on growth of fine roots).
 
In the nursery the effects on root
 
growth and form of compost, fertilizer,
 
watering techniques, container-type
 
and management (shading) can usefully
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7. MICROBIOLOGICAL
 

Symbiotic N-fixing 

association 

(Rhizobium, Frankia). 


Free-living N-fixing
 
associations
 
Azotobacter spp. etc. 

Bjijerinkia 

Spirillum 


General symbiotic 

associations 

(mycorrhizae) 


9. PESTS AND DISEASES 


be tested and, at planting-out,
 
the timing/amount of previous
 
root-pruning (undercutting) of tap 
roots (e.g Cordeanxia) can indicate 
the plants requirements vis-a-vis
 
direct sowing or nursery 
preparation.
 

Seasonal occurence of nodules
 
(where, how many) and their visual
 
condition (senecent, healthy and
 
if so, leghaemoglobin or not?) should 
be recorded (soil cores). Nodule
containing root samples can be tested 
for N-fixing capacity (per unit 
fresh or dry weight) using the 
ethylene-reduction technique. Whole 
plant assessment of gross N-fixation 
requires more complicated methods 
using radio-isotopes and/or cuvette 
gas analysis, but net N-accumulation 
in the topsoil may at least be 
indicative (straighforward total 
soil-N analysis). 

May be helpful in improving the
 
N-balance to a lesser extent. By
 
soil core sampling and testing whole
 
of core by ethylene-reduction
 
technique and relating to root
 
length (volume, or surface area).
 

By microscopic examination of fine 
roots(slide section) for presence 
or absence. More elaborate micro
biological assays required to test 
functions.
 

Susceptibility to soil-borne plant 
pathogens JPhytop" hora root pests) 
or insect pests (Lopecially root 
mealy bug, aphids, cutwarms, 
termites).
 

Ability to withstand competition from
 
weed uecies (allelopathy?).
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IETEOROLOGICAL ELEMENTS AND THEIR OBSERVATION 
- by T. Darnhofer
 

General
 

Basic AspecLs
 

Meteorological stations
 

Measurement of meteorological elements 

Temperature and heat flux 

Humidity of the air 

Sunshine and Radiation 

Precipitation 

Wind
 

Evaporation
 

Atmospheric pressure
 

Recording of meteorological elements 

Manual recording-


Mechanical recording 

Electrical recording
 

Data loggers
 

Remote measurements and data transfer 

Remote sensing
 

Annex list of suppliers 
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General
 

Basic Aspects 

" 
Observations of the bio-physical environment are
 
essential in agricultural research including forestry

and livestock. 
 The physical elements of climate
 
are observed in order to assist in the evaluation of
actual and future land use potentials and of
environmentally caused constraints in agriculture.
To meet these requirements, agricultural meteoro-.logy needs reliable c:uantitative data on the relevant 
climatic elements.
 

" Indispensable climatic elements in agricultural
meteorology include those pertaining to geographical
climatology and especially those permitting interpretation of physical processes in the lower layers ofthe atmosphere and the upper soil layers. Elementspertaining to energy and waterbalance are thus veryimportant, as well as other related phenomena such as
humidity, temperature, wind and precipitation.
 

* In agricultural meteorology macro, meso and micro 
scale observations 
are required. While macro
scale observations provide information on the
climatic background, most. of the agricultural

planning and research activities require data 
on the meso..or micro-climatic scales. 
 Standard instru
mentation and standard exposure conditions in

agricultural meteorology are important as far as
comparability is concerned. 
However, in research

work instruments and exposure conditions 
not always

standard.
 

MetrioroZogicai Stations 

" Basic informatic.n on the physical environment can be 
obtained from observations made at stations of the
synoptic, cliratological and hydrological networks.
Since these networks may be restricted in density
and in kind of observ?.tion it desirableis that theybe supplemented by agricultural meteorological

stations. Such stations are equipped to perform
general meteorological and biological observations 
and are usually located in areas of particular

interest for agriculture, horticulture, forestry,

animal husbandry cnd soil sciences. 

" The site of a meteorological station should belocated in place truly representative of the naturala 
conditions in the region concerned, 
The site should:
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- be free from obstructions and fairly level
 
- have a sod cover if possible or natural
 

cover common to the area 

- not be concrete, asphalt, rock 

-
 not be closer to any obstructions (trees

shrubs, buildings) than eight to ten times
 
their height 

- not be near to areas with cold drainage, 
flooding and frequent sprinkling
 

- should be easily accessible for appropriate 
. maintenance 

The lay out of a station will mainly depend on the
 
number and type of observations to be carried out 
as well as on the types of instruments used. However,
it has to comply with the following basic requirements. 

- mrinmum tampering by animals and people 
(fence) 

- instruments should as asfar possible not 
be shaded by each other or the fence 

- instruments for air temperature measurements 
have to be properly screened against direct 
sunshine. 

Measurement of meteorological elements
 

Temperature and heat flux 

9 General omments
 

- Temperature is the conflition of a body which 
determines its ability to communicate heat to 
other bodies or to receive heat from them. 

- For meteorological purposes, temperature is 
rsferred to the Celsius Scale (°tC). 
0 C normal ice point; 1000 C normal boiling
 
pcint of water. 

The relationship to the absolute thermodynamic
Kelvin sca]e is given by: t°C T°K  273.15 
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- Air Temperature 

Air temperature should be measured in repre
sentative places at different levels adjacent
 
to the soil in order to allow the study of
 
its vertical distribution which is relevant
 
for the climatic conditicns of agri;cultural
 
crops. As radiation is a serious source of
 
error in measuring temperature, appro
priate protection has to be provided.
 
(thermometer screens, small plastic
 
screens, or roof shaped shelters). Another
 
approach to minimize errors, is the use 
of thermometers having sensitive elements 
with low response to radiation. (e.g.. 
electrical equipment) Prope-" ventilation 
has as well to be assured. 

- Soil Temperature 

Soil temperature is of particular interest
 
for enprgy balance computations, for plant 
growth dnd various pest development 
assessments. The standard depth levels 
are 5, 10, 20, 50 and 100 cm. Soil 
temperature is measured under two
 
standard types of soil cover - bare
 
so..l and short grass. Its simultaneous
 
mea.urements under crops end trees shows 
the mccdificatiors of the temperature 
regime due to the crops and their
 
management.
 

- Special temperature measurements
 

For particular purposes the temperature
 
of.
 

water surfaces and water bodies
 
(including ice and snow)
 

plants (leaves, stems) 

animals
 

can be of interest and have to be measured. 

2- Heat fluy density (unit: cal cm- s 1, Jcm-2 s-,wn 2 ) 
is a quantity which is required where detailed 
heat balances must be ascertained. 

Instruments
 

Physical principles of temperature measurements 
To measure the temperature of a body the
 
following physical principles are mainly used:
 

the expansion of liquids and meta2s
 

the change of electrical resistance
 
with temperature
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the thermo-electrical effect
 

chemical reactions
 

the black body radiation
 

Thermometers and temperature sensors 

The most common thermometers for 
standard observations in the air
 
soil and water are the differential
 
expansicn thermometers which
 
include the liquid in glass, the
 
liquid in metal and the bimetallic
 
sensors. 

Different designs of liquid in
 
glass (spirit or mercury) ther
mometers are: Crdinary thermometers,
 
Minimum and Maximum thermoireters 
and soil thernmoxeters.
 
(suppliers: A 1-5, B23, B2h)
 

Liquid in metal (e.g. mercury-in
steel) and Bourdon tube devices, make
 
useful temperature recorders with the
 
possibility of remote measurements up
 
to 50 m.
 

Bimetallic strips or helix which change
 
the curvature with temperature are
 
widely used in the construction of
 
mechanical temperature recorders.
 
(suppliers: A 1-5, B22)
 

Electrical resistance sensors
 
Metallic resistance thermometers are
 
annealed elements, generally of 
nickel cr platinum, whose electrical
 
resistafice increases with tempeiature.
 
Most common are platinum-wire hard
glass sensors with 100 ohms at 00 C.
 
Their resistance temperature response
 
is .to a great extent linea.r. Readings
 
are made with appropriately rcaled
 
meters such as power bridges.
 
(suppliers: A 2-5, B25) 

Thermistors are solid semi-conductors
 
with large negative temperature coe
fficients. They are produced in
 
various shapes such &s beads, rods, 
and flakes. Their small size, high
 
sensitivity and rapid response are
 
valuable characteristics, offset how
ever by their lack of linear response
 
in the resistance temperriture rel.
tionship. Additicnal components are 
therefore required tc obtain linear 
output. 
(supplirr-s: A, 5, C22 
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Therrocouples
 

Thermocouples are convenient temperature
 
aensors because they are inexpensive
 
and easy to make. For meteorological
 
applications copper-constantan
 
thermocouples are the ones most fre
quently used. The weak thermal 
electromotive force response, of
 
about hO VV/°C can be increased by 
connecting several thermocouples
 
in series, or using suitable d.c. 
amplifiers. Modern recorders provide 
for reference jurction. temperature 
measurements and/or ccmpensation. 
With reference to the basic 
physical principle thermocouple 
instruments are especially useful 
for differential measurements. 

Heat-flux plates
 

Usually these instruments Pre thermo
piles whose output is proportional
 
to the temperature difference between 
the sides of a plate crossed by the
 
flux. 

Diodes and transistors 

Diodes and transistors with outputs
 
higher than 1JV/°C are used to construct
 
sensitive and accurate thermometers
 
for aprlications in plant environments.
 

Katathermometers 

To measure the cooling effect of 
temperature and wind, Katathermo
meters are used. They are spirit 
in glass thermometers with a rather 
big bulb of accurately detcrmined area, 
With these the time iequired for a 
fixed amount of Looling, after the 
thermometer has been ws.rmed, is 
measurfd. 

Surface temperatures can be determined 
by using radiation measurements and 
applying the physical radiation laws 
(Stefan Bot.,mann, W. Wien), to them. 
Use of those trethods are m:ainly made 
in remote sension from aircrafts and 
satellites. 
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The chemical transformation uf 
saccarose to glucose and fructose 
in a solution in an expontential 
function of its ph value and 
temperature. This reaction is used 
to measure the average temperature 
or rather the heat quantity 
received, over a longer period. 
To measure the state of transformation 
a polarimeter is used. With
 
respect to the non linear response
 
of the chemical reaction to tem
perature, satisfactory results with 
this method is mainly obtained 
where temperature variaticns are 
small (soil, water bodies).
 

Humidity of the air 

General comments on air h midity measurements 

- physical aspects
 

Air humidity is defined by the water vapour
 
contained in the atmosphere. 20 defi
nitions and :peci fications are given by
 
WMO. The most relevant for agricultural
 
meteorological purposes are: 

Vapour pressure e: partial
 
pressure cf water vapcor in moist
 
air of total pressure p. (units mb)
 

Saturation vapour pressure E:
 
maximal water vapour pressure at
 
pressure p and temperature T.
 
(unit: mb)
 

Relative humidity U: Ratio in percent
 
of partial to saturation vapour pressure
 
of a given total pressure p and a temp
erature T. U= 100 = e (unit:%)
 

Dew point temperature Td: Temperature
 
at which the partial vF.pour pressure
 
becomes equal to the sE.turation
 
vapour 8ressure. (e = E; U = 100%)
 
(unit: C)
 

Saturation deficit Ae: Difference 
between saturation and partial water 
vapour pressure at a given total 
pressure and temperature 
(Ae = E -e; unit: mb) 
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Mixing ratio r: ratio of the mess
 
of water vapour to the mass cf dry 

air with which the water vapour is 

associated. (unit: g/kg) 

Note: Distinction has to be made between water vapour
 

over water or ice. 

- Observation of air humidity. 

The humidity of the air should be measured 

in representative places at different ]evels 

in the layer adjacent to the soil from 
ground level up to 10 m. Observations taken 

for special research projects will vary -ith 
the needs of the problems under investigL'iI. 

Instruments 

- Methods of measurement. 

Methods using the change in eimensions 

of hygroscopic substances (hair 
hygrometers)
 

Thermodynamic methods (psychrometer) 
Dry and wet bulb temperatures allow 

to calcul..te air humidity. 

Absorption method using a change 

of electrical resistance or
 

capa.city. 

* Condensation method (dew and frost 

point hygrometers).
 

- Water vapour sensors 

Mechanical hygrometers End hygro

graphs. The change ir length of 
.hygroscopically sensitive hairs 
is used to construct "mechanical" 

hygrometers and hygrographs
 

measuring the relative hiunidity. 
Provided that no extreme temper

atures and very low humidities 
(<20%) occur, these instruments 
meet the general requirements of 

accuracy (±3 to 5%). Hair 
hygrographs are the most frequently 
used stamdard recording measurements 
for humidity measurements in inter
national networks. However the
 

following disadvantages have to be 

noted 



701 

nen linear response to humidity
chz:ges, changes in zero point
requirement for frequent cleaning 
and recalibration; sensitive to
 
destruction or errors through 
chemical pollution (e.g. ammonia.
 
gases), low response rate at low 
temperatures. 

There are simple hygrometers foi
 
direct readings and hygrographs with
 
adjustable mechenisms for direct
 
recording on clockwork driven
 
cylindric drums. Similar hygrometric
 
sensors have been constructed, where 
the chang in 2.ength of the hair
bundle operates an electrical potentio
meter, whicb allows for remote control
 
(suppliers: A 1-5, B22).
 

Psychrometers 

Psychrometers basically consist
 
of two thermometers 
 one of which 
is measuring the air temperature

(dry bulb thermometer) while the
 
other is covered and kept moist to
 
measure the 
"wet bulb tesperature".
For accurate measurements provision
 
has to be made: 

for appropriate protection against
 

radiation;
 

to avoid error due to conductive heat;
 

.to ensure adequate wetness of the 
wet bulb thermometer; 
that the thermometers used have approx
inately the same lag ccefficient.
 

Distiction is made between simple
 
psychrometers without ventilation an-e
 
artificially ventilated psychrometers. 

Non ventilated psycrometers are still 
in general us-! at climatoloEical stations,

but as ventilaticn (up to 2.5 m/s) affects 
the results considerably, the acctracy 
of these instruments va-.y with the 
conditions of natural ventilation. The 
error usually will be about 5% rel. humi
dity but can reF.ch 10% in diy air. 
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Artificially ventilated ;sychrometers 
as the Assmann type, the ,,spirated 
screen type, the whirling t.rpe 

are designed to eliminate these 
errors to a large extent by provi
ding forced ventilation of at 
least 2.5 m/s. (the sling or 
whirling type however needs par
ticular attention to avoid radiation 
caused errors). The general 
accuracy of these psychrometers 
depends mainly on the accuracy
 
of the thermometers and the wet 
bulb reading. (Arn error of 0.50C
 
in the wet bulb reading will cause 
an error of 44% in rel. humidity 
at -250C but only 2% in rel.
 
humidity at +15 0 C) air temperature. 

Psychrometers using liquid in
 
glass thermometers allow for 
instant readings only. By using 
electrical temperature sensors
 
and providing for permanent water 
supply for the "wet bulb" ther
mometer, recording psychrometers
 
have been designed. Modern 
microprocessors, by ayplying the 
psycrometric formula immediately 
to the temperature (dry and wet
 
bulb) readings of such psychrometers, 
allow for continous recording of air 
humidity in technical units. 
(sufpliers: A 1-5, B5, BI6, C4) 

Absorption method 

Electrolytes- which change their 
electrical resistance with 
relative humidity have been used 
for measuring and recording the 
vapour ccntent of the atmosphere.
 
Lithium chloride or sulphanrted 
polystyrene layers are most 
commonly used for this purposes. 
The non linear resistance/h nidity 
response of these sensors has to 
be considered as a disadvantage 
especially in very dry cr very 
huriid conditions. The fact, that
 
these electrolytikal sensors are
 
easily contaminated by gases 
smoke or- oil vapours contained
 
in the air, requires great care in 
handling. 
(suppliers: A4,5,B5)
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There are also snmall humidity 
sensors which change electrical 
capacity vrith hbdd~ty. Their 
size (]ess than 1cm ) and fast 
response (approx. 's) is of 
particular interest for agri
cultural meteorological applications.
 
With an appropriate micro
electronic circuit, a linear
 
(approx. 1%) D.C. voltage output
 
can be achieved.
 
(suppliers: C2, C5) 

Dew point hygrometers indicate 
dew point temperature rather than 
relative humidity. Using the 
principle of cooling an air 
sample - which has to be delivered 
without changing its water vapour 
ccntent to a measuring unit 
until condensation takes place, 
these instruments e.e in general 
more complicated, more expensive
 
but more accurate. One such 
inEtrument, im illuminated con
densation mirror is alternately 
cooled and heated by a circuit 
energised by a photocell relay 
which maintains the mirror at
 
dew pcint temperature.
 

Peltier psychrometers, using 
the Peltier effect in chromel
 
ccnstantan junctions are also 
used for accurate me-surement 
cf water potential in plant 
tissues and soil samples. 
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Sunshine and Radiation 

e General comments 

- Radiation fluxes to and from the earth's 
surface are most important meteorological
 
elements for heat and energy balance 
assessments. As the energy conversion from 
solar radiation mainly takes place on the 
surface of the soil and of plants. This par
ameter. is of special interest in agricultural
meteorology.
 

- The duration of sunshine (units: h per day) 
allows for estimations of the energy availa
ble for physical and biblogical processes.
 
For accurate investigations, measurements
 
of the different radiation (solar and tere
strial) fluxes are required. In meteorology,
 
the following radiation fluxes are measured:
 

- Solar radiation fluxes (short waVe length 
0.29 -

Direct solar radiation is measured at
 
normal incidence.
 

Global solar radiation: downward
 
direct and diffuse sol>r radiation,
 
received on a hc'-±zontal siu-face from
 
a solid angle of 211.
 

Sky radiation: downward diffuse solar
 
radiation received on a horizontal surface.
 

Reflected global radiation: Upward
 
solar radiation reflected by the earth's
 
surface and diffused by the layer between
 
the ground and the point of observation.
 

(Albedo: Ratio between upward and down
 
ward global-solar radiations)
 

- Terrestrial radiation fluxes: (long wave 

length h - 10011) By terrestrial radiation is
 
to be understood the thermal radiation of
 
the earth and the atmosphere. 

- Total radiation fluxes 

By total radiations is to be understood the
 
sum of the solar and the terrestrial radia
tion. The flux of both radiation components
 
passing throuih a i orizontal plane is called 
net radiation.
 

jr 1V
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- 7n agriculture, the spectral distribution of 
solar radiation especially in photosynthesis 
assessments is of great interest. 

- The measuring units of solar energy are: 

1 cal c,-2min- 1 4,1868 j.cm- 2min - ' 0.069 Wcm 2 

1 J cm- min - 1  0.238 Cal Cm- 2 Min-l = 0.0165 Wcr - 2 

- 2 i W cm = i.3 Cal-2Min -l =60.5Jcm 2Min-1 

In order to ensure the reliability and comparability 
of radiation measurements the sensors have to be 
checked frequently and calibrated at regular inter
vals against reference instruments at national 
or regional centers as recommended by W140. 

* Instruments
 

Physical principles
 
To measure the duration of sunshine to 
the nearest tenth of an hour,. 
four physical principles are mainly used. 

heat radiation from the sun is 
focused to burn a trace in a chart. 

radiation from the sun is made to
 
record a trace on photographic papers.
 

thermometric (bimetallic) switches 
controlling either mechanical or 
electrical recording devices.
 

photoelectrical sunshine switches. 

To measure solar and terrestrial radiation
 
* two basic physical principles are used:
 

the absorptive and emissive proper
ties of black and white surfaces 
resulting in temperature changes 
and differences when exposed to 
radiation fluxes. These changes 
and differences in temperature
 
can be measured and give quanti
tative information on the radiative 
energy received.
 

the photoelectric effects of various 
semiconductors. (photoresistances,
 
photoelements photodiodes, phototran
sistors)
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- Sunshine sensors 

To measure the duration of sunshine, the 
Campbell-Stokes recorder, where the 
focused radiation from the sun burns a 
trace in a chart, is the most used one, 
in international networks. It is also
 
recommended as an interim international 
reference instrument.
 
(suppliers: A 1-5) 

To allow for electrical recording of the 
duration of sunshine, different "detectors" 
using thermometric -switch devices or photo 
electrical elements are available. However 
measurements with these instruments shbuld 
be checked against Campbell-Stokes results 
and eventually be corrected accordingly. 
(suppliers: B2, C5)
 

Radiation Sensors 

Pyranometers and actinometers are used.to 
measure the global radiation. 

Bimetallic actinographs are simple self
contai'ned recorders. A mechanical linkage 
is used to record the temperature difference 
between a black coated bimetallic strip 
exposed to the sun and one or two similar 
bimetallic strips either painted white 
or shielded froi solar radiation. 
(suppliers: *A 3)
 

The Moll-Gorczynki pyranometer is a 
thermopile instrument, having a rectangular 
receiving surfacL which is covered by two 
concentric hemispherical glass domes. The 
Volachine pyranometer is of similar const
ruction but has a circular receiving
 
surface, hence no attention need be paid to 
orientation. 

The Eppley pyrsaometer has two concentric 
silver rings as receiving surface. One of 
which is coated black and the other white. 
The tempe-.ature difference between the
 
two rings is measured with thermojunctions. 
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The Dirmhirm -Sauberer pyrEnoneter uses black 
and white segments alternatively mounted 
in the form of a star. Again the temperature 
difference is measured with th'.rmojLrctions 
which are in good thermal contact with the
 
segments. 

The above mentioned thermopile instruments 
are covered by hemispherical glass domes of 
2mm thickness. They are usually well sealed 
and provision is made that the air inside
 
is kept dry with silica gel. The time
 
required for about 98% response to a sudden
 
change varies between 20 to 30 seconds. The
 
temperature coefficient does not exceed -0.2%
 
per 2 C 1The sensitivities are about 2 mV/J 
emE2m Their spectral range includes the 
wave length is from o.3 to 3)J. 

For the standardisation of pyranometers the 
preferred method is by comparison with
 
a standard pyrheliometer using the sun as 
a source. More often, one pyranometer is 
is checked against another. This method 
requires a high quality reference instru
ment which is regularly calibrated against
 
a recognized standard. 

Pyranometers with an appropriate device (disc 
or shadow ring) to screen off direct solar
 
radiations .are used to measure the sky
 
radiation. For the measurement of reflected 
global radiation (albedo) pyranometers are 
exposed downwards.
 

For measurements of short wave radiation 
falling from the sun and sky and from soil 
or other reflection on a freely expored object,

the Bellani spherical pyranometer is used. 
The radiation is inteGrated over a spherical
 
surface and over a certain time. Daily total
 
radiation values with satisfactory accuracy can
 
be obtained providad the instruments are
 
scrupulously evacuated before filling with 
alcohol, properly exposed and well calibrated.
 

Total radiation (solar and terrestrial) and
 
net radiation (net flux of downward and upward

total radiation) is measured with black coated 
heat-flux photo-sensor, in which thernocouples 
are eabeded to measure the temperature 
difference between the two sides of a thin 
uniform plate with well-known thermal pro
portios. Erdoro due to co! ,',ection and plate 
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temperature are avoided by using forced venti
lation, appropriate shields and temperature 
compensation circuits. Most of the
 
commercial net pynradiometers or balance meters 
use hemispherical windows to cover the circular
 
or square receiving surfaces (1 to 30 cm 
The material used is thin polythylene, 
having an integrated transmission in the 
spectral range from 0.3 to 1001).
 

Plastic tube net radiometers are useful instru
ments for measuring relative values of average 
net radiation inside crop and forest canopies. 

By shielding on, of the receiving surfaces 
and measuring the temperature of the instrument 
net-pyrradiameters can be used as pyrrdiameters 
or pyrgeometers. (for determination of the 
downward or upward long-wave radiation). 

As the surface has an influence on the 
terrestrial radiation near the ground, the
 
exposure of a pyrradiometer needs to be 
chosen with care to be represntative for the
 
neighbourhood. 

For measurements of energy-flux densiti.es in 
selected spectral bands solid-state sensors 
(photo-electric cells, photo-emissive elements,
 
photo-resistors) are increasingly used as they 
produce larger outputs as thermopile
 
instruments with respective filters. The
 
differert adoptations af these types of instru
ments are of special interest in plant
 
canopy research.
 
(suppliers: BI, 3-6, 26)
 

http:densiti.es
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Precipitation
 

* General comments 

The amount of precipitation rain, snow/ice and 
dew which reaches the ground in a stated period, 
is expressed as the depth to which it would 
cover a horizontal surface if there were no loss 
by evaporation, run-off or infiltration, or if any 
part of the precipitation falling as snow 
or ice were melted (liquid equivalent). 

As precipitation measurements,should as much 
as possible7 be :epresentative for a larger 
area, the choice of site, the form and 
exposure of the gauge, the prevention of 
loss by evaporation as well as the effects of
 
wind and splashing are important points 
which have to be observed. 

The amount of precipitation is measured in 
millimeters the readings being made to the 
nearest 0.2 mm, 10 mm should read to 2% of 
the total. Depth of snow are given in 
centimeters. 

o Instruments
 

- Non-recording rain gauges. Ordinary rain 
gauges usually have the form of a collector 
above a funnel leading into a receiver. The 
opening of the collector should have a recei
ving area of 200 to 500 cm (The mst 
common standards are: 200cm , 324cm diam. 
8 inch and 400 cm . However, in many countries 
126 cm - diam 5 inch,are still used.) 
The rim of the collector should have a sharp 
edge and should fall away vertically inside 
and be steeply evelled outside. It 
should be designed to prevent rain from 
splashing in and out. The receiver should 
have a narrow neck and be protected frcm 
radiation to prevent loss of water by 
evaporation.
 

Weekly and monthly raingauges must have
 
a receiver with a capacity to store the
 
catch over the period. To avoid evapo
ration losses, a known quantity of oil 
is placed in the receiver.
 

- The raLn measures, measuring glass or 
dip rod, have to be graduated to correspond
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to the relative areas of cross section of the
 
gauge orif ice. A measuring cylinder should 
be made of a clear material (glass or
 
moulded plastic), have a low coefficient of
 
expansion and its diameter should not exceed
 
30% of the gauge diameter. Graduation should 
be in units of rainfall and at least every 
0.2 mm should be narked. Dip rods are mainly 
used to measure rainfall in monthly or 
seasonal gauges. However, these measurement 
should be checked using cylinders as well. 

As far as the exposure of rain gauges is con
cerned, sites sheltered from wind but not 
from the rain should be chosem. Eddy distur
bances of the airflow due to obstructions and 
the instrument itself have to be avoided. 
It is important that the orifice of the 
gauge is horizontally exposed and is high
 
enough to prevent splashing from the ground. 
(in different countries standard heights 
from 30 to 150 cm are used). 

Recording rain' gauges 

Rainfall recorders to record the total 
amount of rainfall..
 

In the float type of instrument, the rain 
is led into a float chamber, and the 
vertical movement of a light float is 
recorded on a chart, when the level of 

-the water raises. To provide a record over 
a longer period, these instruments are 
equipped with a device for emptying the 
float chamber once it becomes full. This 
is usually a siphoning process which should 
-take no longer than 15 sec. and should 
start and end abruptly to minimize errors, 
as rain during this process is not recorded. 

In the tipping bucket type, the rain is 
led from the receiving collector to a light
 
metal container divided into two compart
ments. This container or bucket is so
 
balanced that when one compartments holds 
a predetermined weight of water, it tilts 
allowing the compartment to empty and the 
rain to fall into the other compartment.
 
The tilting of the bucket is used to
 
operate either mechanically a counter or 
recording device, or an electrical switch 
which allows for recording at distance. 
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The time the bucket needs to tip over 
leads to appreciable errors only in 
heavy rainfall. The discontinous nature 
of the record is not satisfactory for 
use. in very light rain as the time of 

beginning and ending cannot be accurately 
determined. If detailed records are 
required the amount of rain per tilting 

process should be 0.1 mm but in many 
cases 0.25 or 0.5 mm "sensitivity" 
will be sufficient.
 

For recording rainfall intensities the
 

above mentioned amount recorders can 

be used provided the recording device 
allows for a timely resolution of 15 
minutes. (5 min for special purposes).
 

There are also instantaneous intensity 
recorders which utilize the relation

ship between the rate of flow of water
 

through a restricted orifice and the
 
head of water producing the flow.
 
(Jardi rate of rainfall recorder). To 
evaluate the amount of rain which has
 

fallen, planimetric measurements of 
the area under the recorded trace are 
necessary,which is not an accurate 
and simple procedure. 

For measuring snowfall,gauges are used
 
where the snow is melted by heating or
 

by mixing with chemical anti-freezers.
 
There are also rain recorders with
 

heating devices which can be used for
 

snowfall measurements as well. Heated
 

recorders should be constructK. in such 
a way to avoid exessive evaporation 
when the heating is on.
 

Rain detectors or wetness detectors are
 

used to record duration of precipitation.
 
Conventional instruments are similar to
 

hygrographs expept that the sensing 
element - a string - is exposed openly
 

to precipitation. Electrical sensors
 

will close or open a switch when pre

cipitation is falling on its surface.
 
To speed up drying of the senoor after
 

the x.:infall, heating devices can be
 
built in.
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Measurement of Dew 

Dew being essentially a nocturnal pheno
menon, and although relatively small in 
amount, it is nevertheless of much inter
rest in arid zones. The amount of dew 
deposited on a given surface in a stated
 
period is usually expressed in the same 
units as rainfall - mm depth of dew. 

A direct method of measuring dew is to
 
expose a weighted plate of hygroscopic
 
material (gypsum, blotting paper) 
at sunset and re-weighing it after 
sunrise. This method requires accurate
 
weighing and protection at sunrise to 
prevent evaporation. Qualitative assess
ment of dew is obtained by exposing 
filter paper "sensors" with dye spots.
When wetted by dew the spots will spread 
to. an extent which depends on both the 
duration and intensity of dewfall.
 
Dew duration recorders operate to a far
 
extent in the same way as the above 
mentioned wetness recorders.
 

For quantitative assessments, dew-balances
 
are used to weigh the amount of moisture 
deposited on a surface with similar
 
structure as leaves. The amount of dew
 
on natural leaves can be measured by
 
collecting it with blotting paper which
 
is weighed dry and after being pressed 
against the leaf. The leaf-surface 
has, however, to be measured i.swell.
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Wind 

6 General comments 

- Horizontal pressure differences, caused by 
temperature variations in the earth/atmos
pheric system, result in atmospheric motion 
or wind. Thus, thermal energy is converted 
to kinetic energy. In the layer near the 
ground one is concerned with winds of local 
and micro scale origins, as well as the 
modifications of airflows, generated on 
larger atmospheric scales, by the topography 
and the cover of the surface.
 

- In agricultural meteorology, not only the 
effects of the kinetic energy transfer of wind 
to the plant/soil system is of interest but 
as well the effects of its mass transfer, on 
the energy and water balance. 

- Units 

By its physical nature two magnitudes are 
required when describing wind; its velocity 
and the direction from which it blows.
 

Windspeed is usually indicated in: m/sec,
 
km/h, or knots (= 1 nautical mile/h), but
 
occassionally the non linear Beaufort scale
 
is still used, which refers "forces" from
 
0 to 12, to the effects of wind on smoke,
 
trees or water surfaces.
 

The direction from which the wind blows is 
either given in accordance with the geogra
phical directions (e.g. N,E,S,W) or in
degrees:l to 360 (900 = East, 1800 = South, 
270 = West, 3600 = .qorth; 0 frequently stands 
for Calms
 

Wind can be conceived to be a vector,
 
which, in the polar system of coordinates,
 
is defined by an azimut and a distance in a unit 
of time, in representing the wind speed.
 

As this system is only for bidimensional
 
representation of the wind, the cartesian
 
system of coordinates (X axis: North/South;

axis: West/East; Z axis: vertical) is used
 
when vertical convection has to be considered
 
as well.
 

Observation of Wind
 

As the wind field, speed and direction, near

the ground is to a large extent influenced by
the topography and the surface cover (vegeta
tion  grass, crops, trees; artificial
 
obstacles - buildings, walls;)
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Observation sites have to be chosen very
 
carefully in order to be representative.
 
For climatological purposes wind should
 
be observed at flat and openly exposed

sites (distance to the next obstacle
 
should be 10 times the hleight of the 
obstacle; not on top of the buildings
which cause turbulences). 

As standard height above ground, 10 m is
 
generally recommended for wind measure
ments in climatology, but for agrometeo
rological purposes measurements are very

often made at 2m above ground.
 

Detailed micro climatic investigations on
 
the windfield near the ground and its
 
modification by the vegetation, will re
quire purpose specific choice of obser
vation sites.
 

Instruments
 

Methods of measurements
 

Basically the following three physical principles are 
used to measure wind.
 

dynamic energy methods
 
heat transfer method
 
sonic method
 

- Instruments using the dynamic energy methods. 

The wind Vane (Direction);
 
An assembly of a vane plate (which can have
 
many shapes) and a needle is mounted on a 
vertical axis, which allows it to revolve
 
freely. 
As a result of the mechanical action
 
of the wind on the vane~the needle will be
 
turned in the direction, from which the wind
 
blows. As the direction indicated by the
 
vane, oscillates around the equilibrium-point
 
of the airflow (which can change direction
 
rapidly over time) big efforts have been under
taken to minimise this drawback by different
 
designs. The axis of the wind vane can be
 
connected to a mechanical or electrical
 
(contacts, potentiometer) device,which provide

recording facilities and remote reading of
 
the wind direction.
 

Instantanous windspeed can be measured with
 
a swinging plate, placed on an horizontal
 
axis of rotation, provided it is exposed

perpendicular to the air flow. 
This can, to
 
a certain extent, be achieved by a combina
tion of a directional wind vane with the
 
swinging plate.
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Cup anemometers
 

One of the most common instruments for mea
suring the wind speed are cup anemometers.
 
A small "windmill" device with cups 
 on a 
vertical axis of rotation, placed in the
 
plane of the wind, will assurie are angular
velocity which is a linr (within a large
range) function of the wind speed, irres
pectively the direction of the wind. 
The
 
direction of rotation of cup anemometers is
 
always the same. The time, when the equili
brium speed is reached, depends on the moving mass, while the minimum speed, required 
to start the anemometer, is a function of 
its internal friction. Cup anemometers with
mechanical counting or recording devices are 
used to measure distances of windrun over 
larger time intervals, thus allowing mean
 
windspeed to be calculated for this periods.
 

By using electrical devices to count the
 
anemometer revolutions (reedswitches, photo
diodes,etc.) the internal friction of the
 
instruments can be decreased, thus allowing

high sensibilities with low starting speeds.
 

For measuring instantaneous (subject to the
 
reaction time of the instrument) windspeed,
 
cup anemometers are coupled with D.C. 
 gene
rators. 
The voltage output of which,is a
 
function of the windspeed. 

Propeller a'id Vane anemometers with mechanical
 
or electrical revolution counting devices or
 
DC generators, are also used to measure inte
grated or instantaneous windspeed. 
As these
 
instrumpnts require to be exposed perpendicular
 
to the air flow, they have to be coupled with
 
a directional vane, or be used under circum
stances where changes in the direction of the

air flow do not occur. As the angular speed

of a propeller is a function of the wind
 
speed and the sine of the 
angle

between the direction of the air flow and the 
axis of the anemometer, it is possible to
 
obtain wind data in cartesian coordinates, by
using thre, anemometers mounted in the X,Y,Z 
axis. 

The starting speed of standard cup, propeller

and vane anemometers is between 0.5 to 1 m/s

but high quality instruments can have tresh
holds as low as 0.1 m/s.
 
Suppliers Al-5, B17, B18, D19, C3, Ch.
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For very low windspeeds, particles drifting in
 
the air (e.g. soap bubbles, smoke) can be used
 
for qualitative rather than quantitative mea
surements. Upper air wind measurements use
 
the same method with balloons having a known 
rate of climb. They are followed opticalr; 
by theodolite, or by radio or rader waves.
 
The angle from north and the azimuth measured 
qt given intervals, enables one to calculate 
the winspeed and direction in the upper atmos
phere layers. 

Static instruments
 

These types of instruments depend on the hydro
dynamic principles of the dynamid and static
 
pressure in streaming gases and liquids.
 

The "PITOT tube", exposed in f ,ont of the air 
flow indicates the dynamic pres sure, while a 
tube exposed parallel the air J.low shows the
 
static pressure. By knwing the pressure 
difference and the specific mass of the air
 
the windspeed can be deduced.
 

With the "VENTURI TUBE", pressure measurements 
are taken at places having different cross 
sections. In the narrow section of the tube
 
the air flow is accelerated, thus creating a
 
lower pressure compared with the one in the 
wider section. Using a differential manometer,
 
the instantaneous windsDeed can be measured. 

Eoth the Pitot tube and the Venturi tube must
 
be placed parallel to the airflow. (Supplier A2) 

Instruments using the heat transfer method.
 

In "hot wire anemometers", an electrically 
heated wire is cooled by the air flow. As the 
amount of heat loss is proportional to the wind
speed at normal incidence of the air current, 
this principle can be used to measure the wind
speed.
 

The heat loss of the exposed wire results in a 
temperature difference to an unexposed control 
wire. This differential temperature is usually 
controlled with thermocouples. 

Either the temperature difference is used to 
deduce the speed of the air flow, or the expos'i 
wire is heated up to the temperature of the un
exposed one, in which case the current required, 
can be referred to the windspeed.
 

Vertical mounting of the measuring wires makes
 
this instrument independent of the direction of
 
the wind in one plane .
 

Cross wire sensors are used for measurements of
 
turbulent motion, to scparate the wind components.
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* The same physical principle is used in the "Hot 
Bead Anemometer" where the hot wires are replaced

by small heated beads. These have the advantage

1niat the heat transfer is less dependent on the 
direction of the air current, on the other hand 
their response is slower.
 

* 
The small size and high sensitivity, makes this
 
type of anemometers particularly useful for mea
surements 
of low wind speeds (down to 0.02 m/s)

in plant canopies. (Suppliers A2, A4, A5).
 

- Sonic anemometers. 

* As the rate of propagation of sound waves depends,

independently of the temperature, 
on the displace
ment of the air, this can be used to measure the
 
windspeed.
 

If the direction of the sound waves coincides with
 
the wind direction this will result in an accle
ration of the speed of propagation or vice-versa.
 

If the air flow does not have the same direction
 
as the propagation of the wave, the latter will
 
thereby be distorted as a function of the sine of
 
the angle formed between the two
 

Sonic anemometers are composed of four sets 
of wave
 
generators and receivers, installed on opposite

sides of the N-S and E-W axis. Such a set up

allows for measurements of average 
 windspeed

and direction,within the plane of the dedectors.
 
By adding more sets of wave generators and receivers
 
on the vertical axis, this method can be used to
 
build tridimensional measuring devices.
 

The important instrumentation (wave generators,

receivers, signal analysers coi.iputers) and the
 
complex installation of this type of anemometer,
 
makes it not only very expensive but also unsuitable
 
for agrometebrological field applications. 
(Suppliers C2).
 

Evanoration
 

- General comments 

As the water loss from a surface depends on a
variety of meteorological par'.aeters, such as air
 
humidity, temperature, radiation, wind and atmos
pheric pressure, an accurate determination of

this component of the 
water baltnce equation causes 
considerable problems. Althoug;h theoretical pproa
ches, based either on the en2ry budget 
 or th . mass 
transfer method, allow for e.timations of th. moteo 
rological parameter, direct ::;-a:suements are often 
preferred.
 

\7
 



-------------------------------------------

718 

However a common problem to all direct measure
ments is the representativeness of the installa
tion relative to the "natural" conditions of the
 
above mentioned meteorological parameters.
 

The amount of water loss is, analogous to rain
fall and expressed in mm of height of the water
 
column evaporated.
 

Oinstruments to measure potential evaporation*
 

- Piche Evaporimeter
 

This evaporation gauge consists of a graduated

glasstube which is closed on the upper side.
 
To the lower, open side a disc of blotting paper

(usually 3cm diameter) is fixed with a clip.

Filled with distilled water, the waterloss from
 
the paper surface is referred to the evaporative

demand of the air. Although it is a cheap and
 
widely used instrument, the results are of rather
 
limited value in water budjet assessments.
 
Hence it should be used only for special applica
tions of qualitative rather than quantitative
 
nature.
 

Evaporation tanks
 

Evaporation pans 
or open water tanks exposed to
 
the enviromental conditions are most commonly

used to measure evaporation. Larg6 number of
 
different designs, sizes and ways of installa
tions are used throughout the world. The most
 
commonly used Pan Typs are:
 

-Class A Pan: 	 Round evaporation pan made of
 
stainless steel or galvanised
 
iron sheets. Diameter: 120.6 cm,
 
Height: 25.4 cm.
 
Installation: Horizontally on
 
a wooden grac.e above the ground
 
approx. 13 cm-height.
 

!Colorado Sunken Pan: 
 Square evaporationipan
 
Size: 92 x 92 cm, 46 cm deep

Installation: buried to the
 
level of the ground.
 

In most cases evaporation pans have to be pro
tected against 	animals by wire grids. 
As this
 
grids modify the windfield around the instru
ment it becomes necessary to apply correction
 
coefficients to the measurements.
 

* (Potential Evaporation: Evaporation from a free water 

surface)
 



------ -------------------------------------------------

719 

The water level is controlled with a graduated

hook gauge, set on a still well,or with a fixedpoint, to which the pan is refilled each time a 
measurement is made, with a calibrated gradua
tion.
 

For continous recording, mechanical wa,;er levelrecorders can be connected to the evaporation 
pan, or water level gauges with an electrical
 
output can be used with appropriate recording 
devices.
 

For special applications, recording evaporation
balances (evaporation surface 250 2 , othercm or 
devices using porous ceramic discs or spheres

have been designed (Evaporimeter "Bellani".,
 
"Livingstone").
 

- Instruments to measure potential or actual evapo
transpiration.*
 

Lys!meters are field tanhs of varying types
and dimensions containing natural soil and
vegetation. Provisions ar.e made which allow 
a detailed assessment of the water budget

inside the tank. 
 (By measurements of the

precipitation and the drainage, weighing the
 
entire tank, soil moisture measurements inside
 
the tank). 

In order to meet the requirements for representa.
vity and homogeneity, both in soil structure and
vegetation, lysimeters should 

2 
not be too small in

size (surface3 m
 , depth>l m). Thus, lysimeters

require rather high capital input upon installa
tion and further to obtain valid research results,
important maintainance efforts as well.
 
Suppliers Al-5, Co)
 

- Atmospheric Pressure
 

* General comments
 

Atmospheric pressure is regularly measured at

stations of the international meteorological

network for synoptical and weather forecast
 
purposes. In agricultural meteorology this
 
paraneter has no direct importance and there
fore is not included in the standard observa
tion program. 

' Potential Evapotranspiration: Maximum water loss
from a surface covered with vegetation, when water
 
supply 
to the soil is not limnitinlg.
Actual Evapotrin-Lm)i:-.ttion: ',.:'iter Lo:-.; from a p]ant/ 
::)ii COf;ilU1t i 'rIl io :i;t12 i r Or o jr l SOU1


I ~ j l ir
c'21 Ii.V1 '1.. 
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However, atmospheric pressure data is required

for computations such as air humidity and eva
poration. Generally mean pressure values as

given by the altitude/pressure relationship is
 
sufficient,or otherwise data from nearby synoptic
 
stations can be used.
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RECORDING OF METEOROLOGICIL PARAMETERS 

a General 

Meteorological data can be obtained by direct readings of measuring instruments, and by instrumentsproviding a continous record of the parameter overtime. Instruments for direct readings are usually
simpler and cheaper than the latter, but the typeof information obtained is of instantaneous character and the amount of data which can be collecteddepends to a lerge extent on the availability of
trained staff. 
Recording instruments have beendesigned for practically all meteorological parameters using various physihal principles as described in the previous sections. Generally they can
be divided into mechanical and direct recording
instruments and in electrical recording assemblies.
 

* 
Calibration of meteorological instruments
 
Just as any physical measuring instrument, meteorological instruments have to be calibrated, to
meet the comparability requirements. 
Initial
calibrations are usually made by the supplier of
the equipment, but many instruments need to be
checked or recalibrated after transport and instal
lation. Recalibrations are a "must" after repairs
or replacement of essential parts of the instruments.
As the ageing process affects in most instruments
the "zero" level and eventually the sensitivity, it
is advisable to recalibrate at regular intervals to
maintain the equipments accuracy and the comparability of data obtained. 
The most common way to
calibrate meteoro.og-ical instruments, is by comparison
with standard instruments. 
These are usually kept
at national centers 
 and checked from time to timeagainst international standards. 
However certain
instruments and high precision calibrations, require
sometimes rather sophisticated calibration equipment
and have therefore to be scnt to specialised labora

tories.
 

o Manual recording of ,:eteorological data 
Observation with instruments which do not have self
recording devices are bymade individual readingsat given observation times. These readings arewritten into an appropriately designed observation
book. (It has to be avoided 
 to note field data onloose leaves and to transfer it later to the observation boo,:). 
 This note book has 
to be designed
in acccrdance with the observation progrrrneshould in addition provide 

and 
space for the application of calibration co-efficients to actual measuremerits and for basic calculations

awera.,e3, total ; otc). 
(e.g. humidity, 
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For stations which do not have self recording

instruments, the observation book constitutes
 
the basic document and it is extremely important that it is properly kept and Culy completed
in accordance with the initial instructions.
 
From this basic document, data can be transfered
 
to monthly summaries and be extracted for special

analyses.
 

For stations having self recording instruments,

it is nevertheless important to maintain an
observation book although it will serve for
control purposes rather than for direct data
 
recording.
 

9 Mechanical recording instruments
 
As already mentioned, there are physical principles available to measure meteorological para
meters, which result in changes of length ofthe sensing element or where the sensor exerts 
aforce. 
 This can be transmitted mechanically with
 or without amplification to a recording systemi

usually based on a clock driven paperstrip,

either of the drum or endless belt type. 
With
regard to the magnitude of the movements and/or
the exerted forces and the technical possibili
ties for mechanical amplification, mechanical

recorders have a limited accuracy and the distance
 
between the sensing element and the recording

device have to be kept small. 
 The main advantage
of mechanical recorders are relatively low cost,
easy maintainance and their independence from an
external power supply (except that the clock drives
 
have to be wound up in regular intervals.)
 

The variations over time of the parameter to be
measured, are displayed in graphical form,on

diagram chart. Generally these charts have an
appropriate time unit imprint 
 to facilitate the
analysis. 
As,in most cases this chart analysis

(the transfer of graphical "values" to numerical
data) is carried out manually,considerable "man
power" input has to be considered; this however
depends 
on the type of record and the details
 
requested.
 

a 
Electrical recording instruments
 
Electrical recording assemblies consist of a sensor
or dectector component and the recording device. 
As
electrical signals can be transmitted over bigger
distances without major problems, such set ups are
particularly recommended whure "remote" measuring

is required, to minimise the interference with
natural environmental conditions. 
A further advantage are high amplification possibilities for
electrical signals by electronic circuits, to obtain
high accuracy outputs. The power supply on the otherhand represents a frequent drawback for electrical 
measurement units in field applications. 
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- Electrical sensors 

For electrical measurement assemblies either
sensors are used which produce electrical

signals "ipso facto" (voltage, differences
in potential, resiutance) to be referred tothe parameters under consideration, or detectors where initial mechanical "signals"
(2ongitudianl changes, rotations etc) aretransformed into e].ectrical ones, by appropriate devices (potentiometer, switches etc).
 

- Recorders
 

Depending on the signal output of the sensor.
The following types of recorders are used. 

null-balance potentiometric recorders
 
to amplify d.c. voltage signals.
 

galvanometric recorders,with or with
out amplification,, for current signals 

wheatstone bridges for electrical
 
resistance measurements.
 

Single or dual channel recorders are mainly
constructed as continous line recorders. 
In
multiple channel recorders (6-12) channels,
the different 
sensors are consecutively connected (by switches or relays) to the measuring
unit, Equipped with a multicolor printing device,these records result 
 in dotted lines.

switching interval can be 

The
 
user determined, but
has usually a lower limit, depending on the
mechanical inertia of the switching system thd
measuring and the printing device.
 

Analogue to the mechanical recorders the measurement results are graphical displays on a diagramchart,which usually again needs to be analysedmanually for further interpretations and/or

computations.
 

To reduce the chart analysis requirements, electrical recorders with integrators have been
designed to integrate signal inputs over a given
time interval. 
To obtain directly mean 
or total
values of continuous observations, some of theseintegrators allow for a digital outprint of the
values, which courseof facilitate again the data 
analysis.
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Electronic measurement and recording devices
 
With the progress in micro-electronic technolo
gies over the last years, more and more instruments using integrated circuits and micro processors are designed for meteorological

measurement purposes. 
 While, on the sensor side,
this technology has not resulted in major changes,
it has largely affected the measurement and recording instruments, including the data handling
and analysis.
 

- Instruments for direct readings
 
Together with electrical sensors the use of
integrated circuitry chips has allowed the
construction of highly sensitive, low weight,
digital read out 
instrunents for most of the
meteorological parameters. 
Their main advantage compared to the classical instruments is
the possibility of the build in "conversion"from electrical sensor outputs to technical 
units, including complex linearizations.
 

-
Electronic recorders and integrators
 
Electronic integrators with very low power
consumption and considerable electronic memory
capacity for data storage, are available for
measurements of radiation, wind, ruin and other
elements. 
The szored data can be recalled
from the memory manually, but transfer possibi
lities to magnetic charts or tapes,are frequentlybuilt in features of this type of equipment.The power requirements of a few MW allow batteryoperation over long periods, which makes theseintegrators in connection with appropriate
sensors particularly suitable for use at remote 
observation sites.
 

- Data loggers
 

Consequent use of integrated electronic circuits
and microprocessor chips had led to the constructionof automatic environmental control systems and

automatic weather stations.
 

Simpler systems do provide for 
sensor exitation,

the conversion of sensor readings into technicalunits and the recording of this data, on magnetictapes fron where it can be transferred to computersfor further treatments (calculation of averages,
totals, frequency distributions etc). Morecomplex systems can process the input data (including
averaging, totalizing,etc.) 
in accordance with user
defined programmes, before storing it on magnetic

tapes, putting it out on paper prints, or transferring it to network centres through telecomm
unication lines. The advantage of such systems isa higher resolution through higher sanpling frequencies. However, with egard to the products offered,there is a wide range oi 
features available for data
loggers to meet the 
user requirements in the field
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of meteorological and environmental measurements. 

It is admitted that complete environmental control
and data acquisition systems uill require considerable capital input, but the advantages offeredby these 'ystems compared to "conventional" measurement equipmer- will in many cases Justify theinvestment costs for data loggers.
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List of Companies supplying meteorological
 
Equipment
 

Meteorological equipment -conventional and mordern electric
 
and/or electronic sensors, as well as recorders and data
 
acquisition systems 
-
is produced by big international
 
companies, as well as by small specialized manufacturers.
 
The latter, especially cooperate in many cases with national
 
research institutes, in the development of new instruments,
 
or get new devices tested and certified by officially

recognized institutions. 
Equipment for special applications

is often developed in research laboratories of national
 
meteorological services or agricultural institutions and
 
not produced commercially, and is therefore difficult to
 
obtain.
 

With higher and higher technological standards many

companies offering meteorological measuring systems, tend
 
or need to use components produced by other specialized

manufacturers. 
 This applies in particular t,) modern

electronic sensors, recording and data acquisition systems

used in agricultural meteorology.
 

It frequently happens that requirements (sensitivities of
 
sensors, power supply, environmental conditions of
operation, type of recorder output) for measuring programs,

cannot be met by equipment offered by a single 
company.

So it may become necessary to buy components from different

supplies and to "assemble" the meauring plant in

accordance with 
 the particular requirements. In this
 
case frequent problems 
 are the 	"what to buy where", theassessment of the compatibility of different components,
the 	installation "in situ" and the calibration of the 
equipment.
 

Another aspect which should be considered when acquiring

an environmental measurement unit, is the data analysis.

It is advisable to check on 
the compatibility of the

data output and the data processing facilities, either
 
already existing or envisaged to be set up. 

The 	list of suppliers given below intends to assist
in addressing requests for detailed descriptions and
quotations of meteorological equipment, but 	must by 
no means be considered to be complete.
 

A. 	Suppliers for a cmplete range ofrreteorological 
instruments
 

Al. 	Cassella, 
London Ltd. 
Regent House, 
Britannia Walk, 
London, rl YND 
U.K. 	 (Telex 2616h1)
 

sroduets: Complete 
 rat'ir of conventional Meteorological 
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A2. 	 Wilh. Lambrecht, 
P.O. 	 Box 76, 
D - 3400 Gottingen,
 
GERMANY,
 
(Telex 96862)

Products: 
Complete range of conventional instruments and
Electrical sensors and recorders; AWS
 
Speciality: 
 Wind measuring instruments
 

A3. 	S.I.A.P.,
 
Vid. Massarenti 412,
 
1 - 4040100 Bologna,
 
ITALY. 
(Telex 511197)
 
Products: 
Complete range of conventional and electrical
 

met. 	 instruments including AWS. 

A4. 	 Weather Measure, 
Systron Donner,
 
P.O. Box 412-57,
 
Scramento,
 
CA. 95841, WUD 377-310, 
U.S.A.
 
Products: 
Complete range of conventional and electrical
 

meteorological instruments; AWS, commercializing
 
as 
well 	as instruments from other manufacturers.
 

A5. 	 Weatheronics 
P.0.B. 41039,
 
Sacramento CALIF. U.S.A.
 
(Telex: 377-395
 
Products: 
 Complete range of conventional and electrical
 

meteorological instruments; AWS, commercializing

as well as instruments from other manufacturer.
 

B. 
 Supplierswith a restricted range of products
 

-
 Sunshine and Fidiation Equipment
 

B1. 	The Eppley Lab. Inc.,
 
12 Sheffield Ave.,
 
Newport, 
Rhode Island 02840,
 
U.S.A.
 
Products: 
 Complete range of Radiation Instruments.
 

B2. 	Haenni Instr.
 
Ch - 3303 Jegenstorff,
 
Bern,
 
SWITZERLAND, 
(Telex 32386)
 
Products: S'nshine Detectors
 

B3. 	Li-Cor,
 
P.O. Box 14125,
 
Lincoln,
 
Nebraska 68509, TWX 910 
 621 8116, 
U.S.A.

Products: Instruments for biological and enviror-nental sciences.Speciality: 
 Photo electrical and Radiation instruments.
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B4. 	Middleton Instruments,
 
P.O . Box 442,
 
South Melbourne,
 
Vic. 3205,
 
AUSTRALIA
 
(telex 32486)

Products: 
 Radiation Instruments (Thermopile and Photo electric
 

instruments).
 

B5. 	 Ph. Schenk, P.O.B. 3,
 
A - 1212 Wien,
 
Wien,
 
AUSTRIA.
 
Products: Radiatio.n sensors 
and recorders 

Air htiddity measurement equipmentSpeciality: Radiation sensors (Pyranometers and Pyrradiometers) 

B6. 	Swiss Teco Instr., 
Ctegweg, Eichunwies,
 
Ch-9463,
 
Oberrient,
 
SWITZERLAND
 
Products: 
 Radiation Instruments (WMO Quality Class 1)
 

- Soil and plant water potential instruients 

B7. 	P.M.S. Instruments Co.,
 
2750 N.W. Royal Oaks Drive,
 
Carvallis, Oregon 97333,
 
U.S.A.
 
Products: 
 Plant water potential instruments.
 

B8. 	Soiltest Inc.,
 
2205 Lee Street,
 
Evanston Illinois 60202,
 
U.S.A.
 
(Telex 72-4496)
Products: Large range of testing instruments for agricultural

and soil sciences; some conventional meteorological

equipment.
 

19. 	 Wescor Inc., 
459 South Main Street,
 
Logan Utah 84321,
 
U.S.A
 
(Telex TWX 910 971 5870 WECOR)

Products: Water Potential systems
 

B10. 	Westgate Agronomics,
 
1015 Pitner Ave.,
 
Evanston,
 
Illinois 60292,
 
U.S.A
 
(Telex - 681422)

Products: 
 Soil 	measurement instruments. 
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Miscellaneous (wind, rain, humidity, temperature etc)
 

Bll. Benoit Et Freres,
 
Rue Marcellin Berthelot,
k'-95140 Al1foktville, 

FRANCE.
 
Products: Direct reading raingauge (400 cm24
 

B12. Envircnrmntal Measurements Ltd.,
 
Raleigh Park Road,
 
Oxford, OX2 2BB,
 
U.K.
 
Products: Rain Recorders (Logger types) 

B13. Gulton,
 
The Hyde,
 
Brighton,
 
Sussex BN2 4JU,
 
ENGLAND.
 
(Telex 87172) 

B14. Th. Haywood and Sons Ltd.,
 
83 Avery Hill Road,
 
New Eltham,
 
LONDON SE 9 2BW.
 
Product: 
Rain gauges and Recorders.
 

B15. Kroneis,
 
Iglaseegasse 30-32,
 
A-1191 Wien,
 
AUSTRIA.
 
Products: Met. Sensors for Wind, Rain, humidity Pressure. 

B16. J.R.D. Merrill,
 
Speciality Equipment,
 
R.F.D. Box 140A,
 
Logan Utah, -84321, 
U.S.A.
 
Products: Special Psychrometers.
 

B17. Met. One Inc.,.
 
P.O. Box 1937,
 
Grants Pass,
 
Oregon 97526,
 
U.S.A
 
Products: Wind sensors.
 

B18. R.W. Munro,
 
Cine Road,
 
Bounds Green,
 
London Nll 2LY,
 
ENGLAND,
 
U.K.
 
(Telex 24130)

Products: 
 Complete Range of Wind Measuring systems, Rain gauges,
 

Barometers.
 

D19. Northunbrian Energy Workshop Ltd.,
 
Tanners Yard,
 
Gilsgatc flexham,
 
Northunberland,
 

U.K. 
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Products: Wind measurement equipment
 
Speciality: 
Wind 	logger
 

B20. 	Paulstra-sites,
 
61 Rue Marius Aufon, 
F-92300,
 
FRANCE. 
Products: 
 Meteo Screens (Plastic)
 

B21. 	Precis Mechanique,
 
14 Rue Denis Papin,
 
F-95870 Bezons,
 
FRANCE.
 
Products: Conventional Met. Equipment
 

Barometers, Rain recorders.
 

B22. J. Richard,
 
116-120 Quai de Bezons,
 
F-95100 Argenteuil,
 
FRANCE 
Products: 
 Conventional Temperature, Humidity, Pressure Recorders.
 

B23. Thermo Schneider,
 
Postfach 58,
 
D-Wertheim/Main 1, 
GERMANY.
 
Products: Liquid in Glass Thermometers. 

B24. 	 Freres Thibault. 
F-77190 Danmarit Les LYS, 
FRANCE. 
Products: Thermometers. 

B25. Degussa-

HANAU, 
Germany.
Products: Themometers 
Speciality: 
 Platinium resistance themometers.
 

C. 	 Suppliers for Automatic Weather Stations and Recorders 

- AWS 29- 34 

Cl. 	Austrian Research Center,
 
Seibersdorf,
 
A-2444 Seibersdorf,
 
AUSTRIA.
 
(Telex. 014353)

Products: 
AWS, 	Mobile and Stat. Using components other
 

manufacturers 

C2. 	 Campbell Sc'ientific Inc., 
P.O. Box 551, 
Logan Utah 84321, 
U.S.A. 
(Telex 453058)

Products: Complete AWS Systems. (using components from other suppliers)Speciality: Measurement and Control systems (Data loggers and 

data Proces.-ors) 
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C3. 	 Cimel Electronique,
 
13 Bvd Rochechouart,
 
F-7500,
 
Paris,
 
FRANCE.
 
Products: Meteorological Data, Acquisition System.
 

C4. 	 Didcot Instraments Ltd.,
 
Station Rof.d,
 
Abington,
 
Oxon,
 
OX i4 3LD,
 
U.K.
 
Products: AWS using components from other manufactures. 

C5. 	Vaisala 0.Y.
 
PL 26 SF-001 21,
 
Hel;inki 42,
 
FINLAND.
 
(Telex 122832 Vsala SF)

Products: AWS including complete data 	transfer and processing.

(uses partly components from other suppliers)

Speciality: Capacitive Humidity sensor 4MP 
14U
 

C6. 	Compagnie Industmelle Radioelectrique,
 
Bundesgosse 16,
 
CH-3001 BERNE,
 
SWITZERLAND.
 
Products: 
 Automatic weatherstations
 

Lysimeters
 

D. 	 - Recorders
 

Dl. 	 Rimco,
 
Analite Pty. Ltd., 
P.O. Box 11,
 
Oakleigh,
 
Vic.
 
Australia 3166,
 
(Distributed in AUS by "Medos Company Pty Ltd)

Products: AWS.
 
Speciality: Self contained and rugged recorders for up to
 

12 month operation
 

D2. 	Grant Inst.,
 
Barrington,
 
Cambridge, CB2 5QZ,
 
ENGLAND (Telex 81328)

Products: Chart recorders 
- Cassette data recorders - Memory 

recorders. 

D3. 	 Leeds and Northrup,
 

D4. 	Philips
 

D5. 	 Siemens
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IMPACT OF TRIALS ON SOIL IN EXPERIMENTAL 
PLOTS* - by A. Young
 

Introduction
 

The growth of woody perennials normally has
 
favourable effects on soils. These arise from
 
the well-developed root system; the protection
 
of 	the soil surface from raindrop impact
 
by 	the canopy; possibly by the addition of
 
nutrients through tapping of atmospheric dust;
 
and above all, by the fact that the leaf litter
 
is 	not removed but decays to become incorporated
 
in 	the soil. In regions where the natural
 
vegetation is woody, trees restore an approxima
tion to the natural conditions under which the
 
soil developed its humic topsoil (Ah horizon)
 

Trees may thus counteract the adverse effects
 
of 	continuous arable use on soils, that is,
 
may reverse soil degradation. Measurement if
 
such effects becomes of major importance in
 
trials of species intended for possible use
 
in 	agroforestry systems.
 

The effects of trees on soils may be divided into
 
effects on soil physical, chemical and biological
 
properties, and effects on soil erosion. There
 
is an interaction between these, in that erosion
 
removes soil nutrients.
 

Measurement of these effects should form part
 
of 	most trials of species intended for possible
 
agroforestry use. The order of importance is
 
as 	follows:
 

o 	Measurement of soil Techniques relatively
 
chemical and simple. Should be
 
biological changes carried out in all
 

substantial trials.
 

a Measurement of soil Techniques more specia
 
physical change lized. Desirable in
 

major trials.
 

* 	Monitoring of soil Requires special installa
erosion tions Desirable in major
 

trials where potential
 
for erosion control is
 
considered important.
 

* 	 See ailso Appendices 2.5 and 2.6 in Section 2A 
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In al cases, it is essential to determine soil
 
conditions at the start of the trials, to provide
 
a basis for subsequent comparison. The initial
 
sampling and measurements form part of the
 
experimental design, and must thus be made on
 
a statistically valid basis.
 

Measurement of chemical and biological
 
soil changes
 

The soil is sampled at the start and at
 
intervals during the trials. Samples are
 
analized for organic matter, nitrogen and chemical
 
chemical properties, thus obtaining a record
 
of changes in these properties over time
 
in relation to the growth cycle of the trees.
 

Timing of sampling: If under natural vegeta
tion, particularly if mature, it is highly
 
desirable for the first sampling to take
 
place prior to.clearance. There should be
 
a further sampling after clearance (and burning,
 
if practiced). If more than a year elapses,
 
the soil should then be resampled prior to,
 
or shortly after, planting. Sampling then
 
repeated at regular intervals during the growth
 
cycle, e.g. every 3 or 5 years.
 

Sampling design: Sampling should include the
 
topsoil (0-20 cm) and at least one lower horizon
 
(45-55 cm i_ recommended as a standard). Owing
 
to high microvariability of properties, sampling
 
should always be composite (see Appendix 2.6,
 
Composite sampling). For the basic sampling
 
design a rectangular grid pattern is recommended,
 
the spacing depending on plot size and finance
 
available for analysis. A baseline is marked
 
down one side or the centre of the plot, and
 
traverse lines measured from this by compass
 
and tape; the baseline is marked permanently.
 
Composite samples are taken over a 10 m radius
 
around grid points.
 

This basic design may be supplemented, later
 
in the growth cycle, by micro-transects from
 
close to tree trunks to the soil beyond the
 
canopy (Kellman, 1980).
 

Analyses
 

- Organic carbon and/or total organic
 
matter (as ignition loss at 375 0C)
 

- Nitrogen
 

- Properties of the exchange complex:
 
reaction, individual cations. total
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exchangeable cations, cation exchange
 
capacity (specify and standardize whether
 
CEC at pH 7.0, 8.2 or unbuffered, the
 
last preferable on strongly acid iron
oxide rich soils)
 

- Available phosphorus (specify and
 
standardize method).
 

By combining soil analytical data with data
 
on litter fall and composition, and rainfall
 
analyses, it may be possible to build up models
 
of the cycles of organic carbon, nitrogen and
 
other nutrients.
 

Measurement of physical soil changes
 

Soil degradation under arable use is not
 
confined to organic matter and chemical
 
properties. Deterioration of physical properties
 
can have substantial adverse effects (Lal and
 
Greenland, 1979). Trees will frequently improve
 
such properties, through the root system and
 
by means of organic matter augmentation.
 

Measurement of soil physical properties requires
 
sampling of undisturbed cores and, for infiltra
tion, field tests. Specialist assistance will
 
thus normally be required and, owing to higher
 
costs, the number of sampling points will be
 
fewer than for chemical analysis. Time intervals
 
may also be longer, for example, at the start
 
and end of the trial only. The following tests
 
are desirable:
 

o 	 dry bulk density (requires undisturbed 
cores). 

o 	 infiltration capacity (field test, double
ring infiltrometer)
 

o 	 field capacity and wilting point (usually
 
obtained indirectly by soil moisture
 
retention curves; requires undisturbed
 
cores in special rings, see Appendix 2.5).
 

Monitoring of soil erosion
 

There are two techniques for measuring runoff
 
and soil loss by water erosion: run-off plots
 
and wash traps. Both involve continuous
 
recording on the site. 

Run-ofj' plots: This is the standard technique 
for measuring accelerated soil erosion, developed 
in the US and now found wide y on agricuLturaL 
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research stations. A portion of the experi
mental site is selected as a plot. This is
 
enclosed, usually by low corrugated iron
 
sheeting driven into the ground. A pit is
 
constructed across the lower end, frm which
 
runoff water and suspended soil particles are
 
collected across a concrete lip flush with
 
the ground surface, and directed by guttering

into collecting tanks. The water is measured,
 
then syphoned off and the sedimented soil
 
collected, dried and weighed. As the collect-
ing area is known, the soil loss can be
 
caJ.clte-I ta-ne: per hectare per year. 
For a full investigation, several plots on
 
different slope angles and of different
 
lengths are required.
 

Wash traps: These are metal troughs (.also

called Gerlach troughs) by which runoff water
 
and suspended soil are collected across a
 
metal lip 0.5m wide. Advantages over runoff
 
plots are that wash traps involve less soil
 
disturbance, can be installed anywhere on 
the
 
site, and are cheaper. The disadvantage is
 
that the collecting area is not enclosed,
 
involving uncertainties in interpretation of
 
the results (Kirkby and Morgan, 1980, p.76).
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INTERCROPPING WITH TREES 
- by P.A. Huxley
 

Introduction
 

Before starting experiments with tree/crop

mixtures it is assumed that we 
are already dealing with
well-established agricultural crop components,

and that there is sufficient knowledge about
 
the adaptability and behaviour of the tree species

or provenances. 
 It will then be necessary to
 
test the ways in which the plant components

interact. The earliest stage at which this
 
can be done is after- the tree species in question

have, at 
least, been shown to be site-adapted,

to possess suitable growth characteristics (vigour

and morphology) and to be phenologically suitable.
 
Final selection between or within multipurpose

tree species, for example for vigour and yield

potential, pest and disease resistance and manage
ment, might still continue in 
field trials carried
 
out concurrently with tree/crop investigations

(see Sect. 
3A pages 8-11 and flowchart).
 

There is now an 
extensive and rapidly-growing

literature on 
agricultural intercropping and
 
some useful approaches to experimental methodology.

Anyone starting mixed cropping investigations

with MPT's who is not familiar with the selected refe
rences 
(see the section on plant spacing) is strongly

advised to look into these before going any further.
 

Intercropping Investigations: 
cause or effect?
 

When testing mixtures of different plant components

there may be several objectives apart from
 
maximizing overall yield. Thatis the experimental

design, and the exact data collection procedures

in experiments involving two or more plant

components, have to 
be very carefully thought

out. 
 If they are not the trials will be either

just site-specific tests 
of highly confounded
 
"packages" of several treatment variables, 
or
 
they will become very large and 
 complex. In

the first case 
(for example, comparing two species

in an incomplete set of 
plant density, species

ratio and management combinations) the extent

and degree of plant-to-plant interactions will

inevitably depend on 
such environmental. factors
 
as soil 
fertility and the weather experienced

during the 
period of the experiment. The experi
menter can certainly determine whether "package A"is better that "package B" but- such results 
arc unlikely to be extrapolatable to other
soils or climatic conditions; nor will they
be sufficiently informative about the reason 
why/ any particular set of results have been
acl}ieved. "Packages" of treatment variables 
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representative of 
farmers' alternatives may
be useful under some 
circumstances. 
 For example.

if the trials are 
to be carried out over 
a
sufficiently wide sample of the environmental
 
range in which the plant mixtures are to be
 grown, when extrapolation becomes 
unnecessary.

Or if the experimental programme is 
just starting

and the researcher is trying to simulate what
 
a 
farmer does in order to establish what the
research problems actually are. 
 Otherwise it
 may be better to breaX 
down the problem into
 a series of 
relativecy small experiments each
investigating one 
or a limited number of causative
 
factors.
 

Trying to decide on 
the actual causation of the
differences observed in 
the growth and yeild of
plants in mixtures may require a fairly detailed

level of crop physiological research. This
approach can sometimes produce 
a great deal
of unwanted and sometimes uninterpretable data
if it is carried out without regard to 
the more
practical issues at 
stake. However, a focussed
study of the allocation and effects of rnvironmental resources 
in crop mixtures 
(light, nutrients,
water) can be of considerable value when consider
ing the possible performance of 
the mixture under
other environmental circumstances. 
 Furthermore,

the greater complexity of the crop physiological

approach, both in 
terms of the kinds of 
measurements made and the number and location of samples
of various environmental and plant attributes,
 
may well be offset by the relatively smaller
experimental layout required. 
It largely depends

on whether or not the experiment is designed

to glean information just about the 
outcome
(i.e. yield per se), 
or whether the objective

is 
to discover what contributes to yield. 
 Of
 
course 
a complete investigation covers both
these aspects, but 
we may have to settle for
 
one rather 
than the other.
 

Plot sizes have to be fairly large to obtain

repeatable yield data, but 
then they may well
be excessively oversized if all that is 
required
is an interpretation of plant-to-plant interactions,

and vice-versa. 
 Crop physiological investigations
 
may not need very much additional equipment

or facilities (see Section 3E) but they will
 
certainly, take more 
time.
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Intercropping with a tree component
 

The spatial and temporal dimension of an
 
intercropping experiment designed principally

to measure yields will, often, when one of the
 
plant components in a mixture is 
to be a tree
 
or shrub, become quite unwieldy and the cost
 
exorbitant. 
In these circumstances it is
 
necessary to examine the experimental objectives

with even greater care than usual. 
 Can we do

without certain data for the time being? 
And
 
will it cost less to obtain them later, when

the number of experimental variables and levels

of each are considerably narrowed down? 
Are
 
they best obtained through simple "on-farm"
 
trials anyway? Is it., perhaps, of more value
 
to know how the crop mixture behaves in terms

of each plant component's responses to environ
mental resource deprivation, so that some
 
predictions can be made when environmental or
 
management circumstances are changed?
 

If the answers to the questions above are mainly

'Yes' then much smaller field layouts can be
 
used, and the experimental designs can be different
 
from those addressing principally just comparisons

of yields. In particular, if we confine ourselves
 
to investigating the interface 
(or interfaces)

between the plant components in the mixture under
 
test, then the dimensions of the experiment, and

hence its cost, can be markedly reduced.
 

In agricultural intercropping experiments, which are

.with seasonal plants of relatively similar stature,

both the size and investment in any one experiment
 
are usually containable. Hence, reliable data on
yields are a reasonable objective and the
 
arguements for-the use of factorial combinations
 
with intercropping experiments, both to raise

experimental efficiency and to study interactions,
 
are very powerful, as Mead and Stern 
(1980) firmly

point out. With trees 
as part of.the intercrop the

theoretical issues still maintain their force, but

the infeasibility of handling such large field

experiments will often force 
us to adopt another
 
approach.
 

Certainly when woody perennials are included the
objectives have 
to be clearly decided (plant responses,
 
or yields, or both?) and, 
if yield data are required,

the experimental goals almost certainly will have
 
to be broken down to address feasible component

issues. A more practical way will then often be
 
a series of small, phased trials starting with
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plant responses (if these are 
not known) and
 
using these to make sensible yield predictions,
 
at least for the time being. The long-term nature
 
of the tree component will demand, eventually, an
 
equal consideration of plant responses and of
 
yields over time. And, indeked, also of system

sustainability factors, but these can 
then be
 
undertaken in a 
focussed and more cost-effective
 
manner if the choices of experimental variables and
 
levels have already been considerably narrowed
 
down.
 

Evaluating intercropping experiments
 

It is not the intention of this Manual to elaborate
 
on 
the background to intercropping experimentation,

th4s is thoroughly dealt with in the selected
 
references mentioned above. 
 However, there is a

need to raise issues concerning field layouts,
 
assessment and the evaluation of results when the
 
inclusion of long-term woody perennials make the
 
practical and/or theoretical approach different
 
from that normally found when handling comparably

sized seasonal crops.
 

Some aspects relating to field layouts and assess
ments 
are briefly covered in the sections on
 
"Considerations when experimenting with changes in
 
plant spacing", "The tree/crop interface" and
 
"Systematic designs for field experimentation

with MPTs". 
 We should, here, explore the questions

relating to the evaluation of intercropping

experiments involving trees/bushes.
 

When evaluating mixtures of any two component plant

species the results, in terms of mutual inhiition,

mutual co-operation or some form of compensation,

will be dependent on a number of factors.
 

" 	The extent to which individual genotypes

influence the basic "aggressivity" of the
 
species concerned.
 

- and here we should remember that many

MPTs are often outcrossing and the
 
available germplasm is highly heterozygeus.
 

" 
The general level of environmental resource
 
availability.
 

- stresses imposed by limitations of water,

light or nutrients will each result in
 
different responses depending on the
 
component species requirements, their
 
ability to adapt temprarily,and the manner
 
in which this will affect the distribution
 
of dry matter to the plant parts representing
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yield. A change in environmental resources
 
may bring about a different outcome either
 
as a result of differing interactive
 
processes,or though the same interactive
 
processes resulting in an outcome of a
 
different magnitude.
 

" Site-and season-imposed restraints on resources
 

-
 to the extent that these are different from
 
the mean.
 

" 	 The level of Uensity stress' involved (plant
population per unit area and the rectangularity), 
as well as the "intimacy" of the mixture. 

in an evaluation process the density stress
 
considerations must apply to the species

concerned both as sole crops and in 
a
 
mixture, which itself can be of different
 
species proportions.
 

Early work on species mixtures and competition/

interference were carried out with replacement

series experiments where a stated total plant

population was manipulated so as to give varying

proportions of each component species. 
 In 	practice,

in intercropping,the populations of both sole crops

and the mixture can be varied and the expected

and actual yields of any mixture density (for any

proportions of crop mix and levels of intimacy) can

be compared with any relevant sole crop densities
 
(usually the optimum for-that site).
 

Where species yield differently the combined yield

of 	mixtures is highly dependent on the proportions

of 	species used. 
Nowadays, when making comparisons

between mixtures containing different species mixed
 
in various proportions this evaluation problem

can be overcome by comparing the separate yields of
 
the two intercrops and their combined yield, in
 
terms of the relative land areas under sole crops,

(at a stated plant density) that are requi:.ed

to produce the yields acheived in in'ercropping 
the "Land Equivalent Ratio" (LER). These are
 
equivalent to "Relative Yields" and the "Relative
 
Yield Total" of earlier workers. The LER is always

less than or greater than 1.0 with mutual inhibition,

and mutual co-operation, respectively. And it can
 
be 	either where one species dominates the other
 
but some level of compensation is apparent.
 

Thus: 
 Ya + Yb
 

LER = La + Lb = __
 

S, Sb
 

http:requi:.ed


------- --------------------------------------------

Where: La and Lb1 are the LER's for the i ndJiv i d uI,, 
crop s'Lecies in the mixture. 

Ya and Yb are the actual yields of the 
intercrops, and
 

Sa and Sb are their yields as scle crops. 

Because a change in crop prcpartions in a mixture
will itself change the calculated LER's and the 
Total LER of the mixture, there is not only an
"optimum" Total LER at a particular mixture but a 
set of "Effective LER's" for different crop 
proportions'. Furthermore, an LER involves a
comparison with component species sole crop

yields 
(very likely at plant densities that are
 
not only different from that of 
the mixture but

different from one another, also) 
so that these
 
must all be clearly stated. This tends to
 
make between-site and between-year comparisons

of LER's (or "Effective LERs) less fundamental 
than they might seem because the optimum sole
 
crop density will itself change with the lavel
 
of available environmental resources. 
 As will
 
the individual and total crop yields in the
 
mixture 
(and hence the individual and total LER's)
 
as mixture intimacy is changed.
 

Recently, a "Competitive Ratio" (CR) has been 
proposed 2 
to serve as a more universal measure of
 
comparative "aggressivity" of species used in
 
mixtures grown under different circumstances,
 
where:
 

CR = Actual yield of (a) when Actual yield of (b) when 
intercropped 
 intercropped
 

Expected yield of (a) Expected yield of (b)

when intercropped when intercropped
 

or Yab Yba
 

Yaa x Zab Ybb x Zba
 

When: Yab = yield per unit 
area of (a) intercropped
 
with (b) (at the plant density and intimacy of
 
the mixture)
 

Yaa = yield per unit areaof sole crop"a" presu
ably at its optimum and - for "b" likewise.

bbZab = porportion of intercropped area initially

allocated to cropa". 

Zba = proportion of intercropped area initially
 
allocated to crop "b" 

See Mead, R. an d 14i ey, R%.. (1980) for ,i full dicir;:s on. 
Sov IU,'ifle I, ...,. and :tn, M.R. (I'8(). 
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LERa Zba
 
In fact CR = LJERb x -Zab
 

and it is simply the ratio of the individual
 
LERs of the two component crops but correcting
 
for the proportions in which the crops were
 
originally source.
 

Problems with woody perennials in intercrop.

experiments
 

When 
we come to try to express the results of
 
intercropping experiments in which one of the plant
 
components is 
a tree or bush there are several
 
problems.
 

* 	 The normal plant populations per unit area
 
of trees and agricultural crops are of a
 
completely different order (see Figure 15
 
in "Experimenting with changes in plant
 
spacing").
 

- It is much more meaningful to consider
 
the "area occupied" in mixtures of trees
 
and agricultural crops because the number
 
added by the tree component to the plant

population total of the mixture will in
 
no way be commensurate with its competitive
 
significance.
 

* 
 The usual problems exist over specifying sole
 
crop yields for the relationships LER or CR
 
so as to make the comparisons most apt in terms
 
of relevant plant densities.
 

* 	 MPT trees/bushes will provide, by definition,
 
several products (fooder, fuelwood, timber,

food, mulch, medical products, honey etc) as
 
well as "Service functions" that can be
 
difficult 4-.. ovaluate totally (shelter, soil 
improve' nt etc). And yet some of these may
well be modified when the tree or bush is 
grown in a mi::ture. This "yield" (of widely

disparate outputs) may not be so readily
compared between sole crop and in a mixture
 
if the ratio of outputs is changed.
 

* 
 Trees and bushes may provide harvests at
 
different time intervals depending on the
 
part being harvested.
 

For example there may be several intermittent 
within-season harvests (browse), a seasonal 
harvest (fruit/seeds) , harvests at several
year intervals (fuelwood, building poles) 
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0 

and/or a final harvest after many years

(timber). Some form of averaging (or

discounting, if monetary values 
are 	of
 
interest) will therefore be needed if
 
comparisons are 
to be made with the yields

of seasonal crop in mixtures.
 

The very considerable differences in stature
 
between mature trees and bushes and most
 
agricultural crops is, itself, a condition
 
that can markedly affect "aggressivity" in

either positive or negative 
 ways depending
 
on circumstances (and bearing in mind the

comparitive phenology of the component species).
 

- There is, therefore, likely to be very large
differences observable between performance/stature
of a tree/bush in a sole crop situation as

compared with its performance in a mixture
 
with a (say) dominated agricultural crop.

Much more so 
than where plants of a similar
 
stature are being compared. This raises
 
an issue as to whether intercrop plot

experiments are really necessary in the
 
preliminary steps or whether some simple

examination of the "tree/crop interface",

followed by a study of sole crop yields at
 
different plant densities, will not provide

sufficient information for formulating

design and management features. (This is

discussed further in the two sections 
"The
 
tree/crop Interface" and "Considerations
 
when experimenting with changes in plant

spacing").
 

a 	 Woody perennials occupying the land for
 
several to many years. Althofigh this need not

obviate the use of, say, LER or CR as 
a tool for

comparing different plant mixtures involving

trees/shrubs, there is 
a need to bear it in mind if

the 	comparisons are to be meaningful.
 

- Even with annual species there is 
a case
 
to treat comparisons of LERs between long

and short-season crops with caution,

particularily in situations where differences
 
in the duration of land occupancy does not
 
make 
 the best use of the environmental
 
resources available. Furthermore, if there

is a possibility to manipulate the length of
 
the growing season and/or time-of-planting

in relation to cultivars then different
 
cultivars might be, in practice, better
 
suited to either the sole crop or 
the 	mixture
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but 	not both. Where a long-tenure crop

(a tree or bush) is concerned the yields
 
may be accumulated over a much more
 
complete part of the accumulated growing

seasons than a series of seasonally sown
 
annual crops could achieve.
 

* 
 Trees/bushes (even fast-growing ones) are in the
 
ground for considerably longer than any

herbaceous seasonal 
or even perennial crops.

During their occupancy they progress from the

juvenile state 
(when they may be dominated plants)

to maturity (when they will be dominants or
 
co-dominants), 
and 	they can be subjected to various

forms of training in their early stages, and of

plant management during their production stage.
 

Experiments in intercropping must have
 
clearly --stated objectives relating to
 
which growth stages are to be studied.

Furthermore the development of the 
trees or
 
bushes themselves will also be dependent upon

the plant associations, soil management etc,

that are imposed in previous years.
 

* 	 Many agroforestry systems exist that have more
 
than two plant components.
 

Some of the most productive man-managed

plant associations involve woody perennials

and 	contain number of species mixed together.

Conventional intercropping experiments will
 
not encompass the range of variables
 
inherent in such systems 
(see "The Tree/crop

interface" section). Bivariate and multi
variate methods have been suggested'for the
 
evaluation of intercropping experiments

(see references in the section on plant

spacing), but the added complexity of agro
forestry intercropping is likely still to
 
cause problems of data evaluation.
 

Bearing these comments in mind it seems likely that
 
some relatively elementary facts about the growth

complementarity and environmental resource 
needs
 
of the proposed partners in tree/crop mixtures will

be needed before one embarks on yields investigations

through more elaborate intercropping trials. These

ideas are discussed in the sections that follow.
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SECTION FOUR
 

PART 4B
 

The problem of chosing appropriate
 
species/provenances
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Adaptive Behaviour and the Selection of
 
MPTs - P.A. Huxley
 

Effective selection of MPT (FGNFT) species for

testing in elimination trials can prevent a waste

of effort later but, if the process is to be
 
more 
than just the outcome of suggestions from
 
informed opinion, (see page 32, Part 2A and
 
Appendix 2 Part 2B) some additional considera
tions need to be explored. Some of these are
 
discussed below in relation, mainly to adaptive

behaviour and also the concept of multiple outputs.
 

Fitness and flexibiZity*
 

Environmental selection pressures will, through

eventual genetic change. result in different
 
degrees of adaptation to a range of ecological

niches ("flexibility") or, in other cases, to
 
a more rigid adaptation to a specific set of
environmental variables ("fitness"). 
 Genetic
 
flexibility is an attribute of a particular

pool of germplasm and individual genotypes
 
may or may not have the capability to flourish
 
outside the immediate environment in which they

are discovered to be well-adapted. Genotypes

within a particular taxon (species, cultivar)
 
may, individually, exhibit a narrow or a broad

adaptive capacity, irrespective of how
 
heterozygous they are. 
 Thc capacity of a singZe

genotype to grow in 
a range of environment
 
will depend on its ability to modify the
 
phenotype, through plant anatomical, morphological

and physiological characters, and in response

to changes in particular environmental variables;

i.e. the extent to which it has retained some
 
"buffering" responses within any set of broad

genetic instructions. Table 1 indicates the
 
combinations found.
 

* 	 See also Pickersgill, B (1983) "Aspects of evolution 
in herbaceous tree crops relevant to 	agroforestry*
 

-	 'art 2A, A pentlix 10. 
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TABLE 1: 
 Degrees of Adaptability
 

Type of adapta-
 Controlled 
 Adaptation limits
tion of germplasm 
 by mechanisms

(genepool) to 
 which are
 
environment
 

Only grows in one 
(or a rest-
Genetical andhighly specia-	 ricted number) of ecologicalniches for which its form and
lized. function is highly specialized. 
Fit 


Genetical, but 	
Grows usually in a restricted
 
number of niches (where it has
some non-
 evolved), 
but has maintained
specialised 
 some capacity to be moved to
traits remain-
 others by retaining sufficient
ing. 
 "non-specializationI in terms
 
of anatomical, morphological

and physiological traits.
 

A wide range of genotypes

available which enable some
Genetically 
 to grow in a number of
diverse 
 different kinds of 	habitat
(each genotype restricted
 to one or similar habitats
 
though)

Flexible
 

A wide range of genotypes

" Genetically available from different
diverse and 
 ecological niches but many-of
 

many non-
 these also are individuallyspecialized 
 capable of considerable
traits, 
 morphological, anatomical and
or physiological modification
in response to environmental
 
change.
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Survival and resource-sharing
 
mechanisms
 

Many of the attributes for adaptive change,

and the capacity a plant has for either limiting
 
or expressin these in response to changes in
 
the environment, will have evolved during

evolutionary history both from a need to ensure
 
survival as well as an ability to develop

competitively in plant associations 
 The
 
balance between these two objectives has been
 
resolved in an infinite number of ways by

plants. Often, depending on their evolutionary

history, by achieving some level of compromise

in the size, form and physiological behaviour of
particular organs. 
 Once an evolutionary modification
 
has established a more specialized trend, 
in the
 
form of either a survival mechanism or an
 
enhanced ability to compete (or more correctly

to develop a "resource-sharing ability", aid
 
where these two are acheived by a different plant

modification) then the plant's capability of
 
adapting to another set of environmental conditions
 
has been diminished, however infinitesimally.
 

As an example, and to make this clearer, we might

look at one aspect of the evolution of the plant

leaf. Various adaptive structures have evolved to

reduce water loss from leaves in arid environments:
 
thicker, fleshier leaves; 
smaller stomata; hairs;

etc., and without these (or alternative) mechanisms
 
the plant would be unable to survive the inevitable
 
prolonged drought periods imposed by such a climate.
 

Such leaves are very different in character from

those of many plants which have evolved in moister
 
conditions, where species can grow relatively

closely together, and where the major limiting
 
resource 
to be shared in such a plant community

is not water but light. In such circumstances
 
leaves are aggressive organs and shading out
 
another plant is an adaptive strategy to achieve
 
a greater share of available light. Under these
 
conditions leaves have evolved so as to respond

rapidly to reductions of light by increasing their
 
specific leaf area (unit leaf area per unit leaf

weight). In other 
words as the plant is shaded 
leaves still in a formative stage quickly grow

bigger in area, but to 
conserve assimilated carbon
 
they also grow thinner. This is seen to a high

degree, for example, in many Cucurbitaceae but it

is, clearly, a feature which puts them to a

disadvantage if water becrmies in short supply. 

The arid land plants with thick leaves might well
 
grow vigorously if moved to a situation 
where 

k-----------------------------------

T'lse Lwo o) juct i \'C IIIay ove rIr lap in some cases
 
but not in all..
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water becomes more plentiful. But the type

of leaf structure to which they are by now gene
tically restricted will not be of much use in a
 
plant association where the other species have
 
leaves which will respond to shading Equally the
 
survival of the latter, if moved to a desert
 
fringe, would depend, at least in part, on the
 
extent to which they had retained the capacity
 
to respond to dry envirornents by producing
 
thicker, waxier leaves.
 

General adaptability therefore becomes a matter
 
of being relatively non-specialised. As
 
distinct from specific adaptability which
 
derives from morphological, anatomical and
 
physiological specialization which are the
 
result of evolution towards genetic "fitness".
 

Potentials for exploitation
 

In addition, "success" in any particular community

(expressed as the ability of a genotype to
 
increase) may depend on a plant's capacity to
 
acquire, through a whole variety of strategies,
 
a 
greater share of the available environmental
 
resources than co-habiting species which happen
 
to find themselves there. Rather than on 
more
 
positive adaptations to fit it to the specific

environment. The implications of this in terms
 
of selection for particular products or attributes
 
are rather important.
 

For example, Coffea arabica, at its centre of
 
origin (Ethiopia), is found as a successful
 
understorey shrub producing, under relatively
 

-shady conditions, only a modest number of
 
fruits per tree; but sufficient to ensure its.
 
survival. Removed from its natural habitat,
 
and grown by man for its seeds, it has been
 
found, to yield much more prolifically if grown

-in full sun; as long as it is provided with
 
a high enough level of plant nutrients to enable
 
it to do so on a regular season-to-season basis.
 
The physiological reasons for this are now well
 
undarstoc and supported by the results of
 
several decades of detailed study.
 

There are, of course, many other examples of a
 
similar nature in which the attributes for
 
ecological success conceal a potential for
 
exploitation by man.
 

Implications for selecting MPT's
 

If we understand sufficient about the genetic

background of ur MPT species, and have at least
 
a basic understanding oE its anatomical, morphological
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and physiological adaptive behaviour when exposed
 
to environmental change, we will be better able
 
to chose the correct species for a particular
 
ecosite. And to be able to propose appropriate
 
management techniques to optimise the products
 
we require.
 

In selecting multipurpose tree species for
 
various uses we are likely to find the whole
 
spectrum of available adaptive strategies. Both
 
in terms of genetic pools of varying degrees

df flexibility , and as a consequence of an
 
individual genotype's ability for anatomical
 
and physiological "buffering". However, the
 
task of unravelling the evidence for either
 
(or both) is made more difficult because of
 
the multiplicity of "products" (in its widest
 
sense for which we may select any one species,
 
or provenance. There is, therefore, a need
 
to know and understand, however marginally, the
 
growth and development processes involved in
 
the achievement of "adaptation" to the particular

habitats where we propose to grow that species.

Also the management to be imposed and, in addition, 
we must clearly define its uses. Is it to be
 
grown primarily for its leaves? for fuelwood? for
 
building materials? for fruits and/or seeds?
 
And so on. To be productive the species or
 
provenances we chose for a particular ecozone
 
must be either generally or specifically adapted
 
to grow vigously in that particular environment
 
and also be suited to it in a way that will
 
maximize the product (or service) that we
 
require.
 

Ittherefore makes little sense to attempt to
 
rank, say, "the best 20 MPT's for tropical semi
a-rid regions". Rather we have to consider what
 
are the most promising in this environment, 
for each of the end uses for which MPT's might

be required. We need not a list but a two-way
 
table. Then ultimately, from the results of
 
enough field trials of all the potentially

useful species throughout the whole range of
 
ecozones in which each might appropriately

be grown, a series of rankings will emerge

in each one according to une. See Table 2.
 

We have to take this one step further, however,
 
when evaluating potential species(or provenances)
for any particular site because, by definition, 
MPT's are required for more than one use, 
although we might expect that they are not all 
equally important. If we can assign priorities

for a selected set of multiple uses at a site 
then it should be possible to devise some form
 



TABLE 2 Two-way table for tabulating order of suitability of MPT species in different ecozones 

PRIMARY OUTPUTS 

ECOZONE TIMBER FUELWOOD FODDER FRUITS/NUTS/SPICES ETC. HONEY SHELTER WINDBREAKS 
SOIL 

AMELIORATION 
SOIL 

CONSERVATIOTI 

ARID 

SE4I ARID 

SEASONALLY 
ARID 

MOIST LOW-
LAND 

TROPICAL 
HIGHLAND 

LITTORAL 

OTHERS 

(SEBKAS 
LAKE-SIDES 
ETC.) 

If 
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of "selection index" to assist in ranking

them. 
In doing this it would be necessary
 
to give different weightings to each of the

combination of uses required, according to the
 
end-user's requirements. And to use this to
 
adjust the actual results of field trials
 
comparing different species in order to derive
 
a single index of suitability. Such a procedure

will no doubt have to await the time when a

sufficient number of field trials have been
 
established.
 

Conclusions
 

The present fragmentary state of knowledge about
 
MPT's together with the large numbers of species

(let alone provenances) involved, and the need to
 
get trials started quickly, will all militate
 
against any in-depth evaluation of factors under
lying the adaptability of particular species.

Nevertheless, where some consideration can be
 
given to this, however briefly, it may not o,-ly

save resources but assist in the 
more rapid selec
tion of species for particular end-uses in selected
 
ecozones. Certainly, there has to be a more
 
elaborate process of judging the relative value of
different MPT species combined in any early period

trials than is usually the case for single
product forest tree, or agricultural crop
 
species.
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SUGGESTIONS ARISING FROM THE MPT GERMPLASM 
WORKSHOP * ON THE PROCEDURES FOR SELECTING 
MPT SPECIES - by P. von Carlowitz 

The suggested procedures presented hereunder
 
are based on discussions at the "Multipurpose

Tree Germplasm Workshop" held in Washington D.C.
 
during May 30 to June 3, 1983. 
 Participants

and donors alike felt that research and
 
development efforts have to be concentrated
 
on a selected number of multipurpose tree
 
species. The fact that the improvement of
 
MPT germplasm, in going through its various
 
necessary stages, will be not only time
consuming but also restrictively fund-absorb
ing, calls for a process of short-listing the
 
hundreds of known potentially useful species
 
to a manageable number.
 

In the course of extended discussions on this
 
basic problem doubts were voiced whether ad hoc
 
priority lists of MPTs which vary considerably

in their ranking of individual species,

constitute an acceptable approach. 
 It also
 
appears that certain species or genera receive
 
a high ranking mainly because more is known
 
about them or - for whatever reason - more
 
interest has been focussed on them. Other genera

and species which may have a high potential

and which may be used extensively by local
 
people, are neglected because they have escaped

the attention of scientists.
 

The objective of the procedures suggested here
 
are, therefore, to propose an initial process for
 
the rapid selection of multipurpose tree species
 
on 
the basis of their-uses. Further refinements
 
and modification will, undoubtedly, be required.
 

In order to avoid subjective prioritizing and
 
r a biased approach, possible ways and criteria by

which MPTs can can be short-listed for further
 
development were discussed. These have been
 
somewhat modified and elaborated here in the form
 
of Tables 1 to 3 below. Each of these represents
 
a step in a rapid appraisal methodology by which
 
any candidate species can be screened against
 
some major selection criteria.
 

* Multipurpose Trec Germplasm - A Planning Workshop to
 
Discuss International Co-operation, Washington D.C.
 
31 May to 3 June 1983. ICRAF/IBPGR/CFI/NAS.
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Ranking genera/species by 
use and ecozone
 
(Tables 1 and 2)
 

Table 1 has been developed from a similar table

introduced during the MPT Germplasm Workshop.

The various uses shown in Table 1 are based
 
on a list of productive and service uses
prepared in the course of the Workshop. By

constructing a simple matrix of information
 
about the full extent of uses to which a
selection of genera/species can be put, and by

assigning a rank to each of these, together with
 
an indication of the extent to which any

particular use is 
"local", "regional" or
"widespread", a subjective choice is made easier.
 

In the attempt to arrive at a method for

singling out the most promising species another

proposal* has been to combine u~e and ecological
 
zone in a simple matrix. The format of this
 
has been slightly modified to prepare Table 2.
 

Operational procedure
 

Tables 1 and 2 are intended to serve as an easy
to-handle tool for identifying promising MPT
 
species.
 

Since the uses, by definition, have to be main

criteria for a tree to qualify as 
a MPT, Table 1

emphasizes this aspect. 
Any species entered into

this table will easily reveal its individual
 
range of productive and service uses. 
 However, the
potential uses, as 
such, do not provide evidence

of the economic value and-the geographic range of
their application; thus ranking codes 
(0 to 5)

have been introduced to rate both of these. 
 For

example, species having a wide range of different
 
uses which are highly valued, and which are utilized
 
over a wide geographical range, may rank more highly
for selection for inclusion in the stages that

follow than species restricted only to 
a narrow
 
range of uses in limited localities.
 

Species so qualified can then be entered into

the matrix contained in Table 2. 
While Table 1
 
concentrates on 
the uses of the tree species,

Table 2 gives more 
emphasis to the ecological
 
range of these species.
 

If a tree species which has qualified already,

by using Table 1, also shows, in the two
dimensional design of Table 2, a wider-ranging

ecological adaptability it has definitely to be
 

by i'oltr Ilwxly :IIII :l ptd ol"l t he Bel legii Neting

I Itc faq I t-grow il Ng1iI'rngez I iXi Zig Tree Ass(o 
 i it. i oniSvI)l VII)Mwr_ 198I2 0 11(l st"., pro~violl; ch1.-IIL, r). 
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regarded as a promising candidate for selection
 
and study.
 

Such species should then be screened by using

Table 3, which in a similar form was designed

by one of the working groups of the "MPT Germplasm

Workshop"*. Using the tabular matrix the present

state of knowledge about any given species can
 
be set down and, by doing so, prevailing gaps

exposed frcm which conclusions for priority

research requirements can be drawn. In this
 
latter exercise the draft table (May 1983) in
 
Appendix 8 of Forest Genetic Resources Priorities
 
which was drawn-up by the FAO Panel of Experts 
on
 
Forest Gene Resources (5th Session) can be of
 
great help. The FAO Draft Table provides, for
 
a large number of tree species, an operational

priority rating with regard to exploration,

evaluation, conservation and utilizatibn.
 

The MPT data base
 

Whenever attempts are made to short-list species

it should be kept in mind that in the course of
 
scientific studies new multipurpose species and
 
new potentials of known species are bound to be
 
discovered. ICRAF's establishment of a computerized

Multipurpose Tree Data Base (see Appendix 1)

of which the collection, storage end evaluation
 
of data is a central part, may, for example

produce results which could prove relevant in
 
short-listing the numerous useful species. 
There
fore the prioritization of species for further
 
development has to be an re-iterative process
 
as new, useful information is gathered.
 

The proedures outlined in this paper can easily

and repeatedly be applied whenever the need
 
for prioritizing or re-prioritizing arise, and
 
they may serve as a useful preliminary tool for
 
any scientist who has 
access to the information
 
required to construct Tables 1 to 3. Such
 
selection procedures are essential if limited
 
research resources are to be assigned to the most
 
promising species.
 

-------.--------------------------
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An xamPle of Rapid A.. praia.,-arix for Use-Oriented Priorit 
GeneraSpeciesb
Selecon fo 
Research and Dev 
 nt (Example of 7 Genera)
 

PRODUCTIVE USES
 
Genera/ 
Species 

Leucaena 

Wood/Timber 
Industr l LocalUse Use 

(e.g.) (e.g.)2/L/b 

Fuel 'ood 

5/R/c1Rla -4R/e 

Exudati
ons (o.g.Fodder oil, g 

a(e.g.).( )etc
(e.g.) • 

-

etching 
Fibers 

Medi-
cinal Orna

rental Othe ra 

__ 

Prosopis 
(e.g.)4/L/b (e.g.)S/R/a (e.g.)SL / (.e.g.)/ 

(e.g.) 
-- - 2/L/b 

Eucalyptus (e.g.) 
5IR/a 

Acriplex 
e--

__ 

African Acacia-----,
 

Australian Acacia 

-----.------

Coconuse.g.)
 

For each Genera/Species and Use apply the 
following Codes:

Value of Use : 0 
- 5
 
Geographic Range of Use:
Reputability of Information: Local; R - Regional; WL - Scientific research; b a - W-ide-spreadObservation; c - Cozmmon knowledge; d - uncertain/unconfirmed informatio4 

ina
 



(Contin.) Table I 

Cenera/Species 

Leucaena 

Prsoi 

Eucalyptus 

Atriplex 

Services, Uses, and indirect products
Wind - ouhrar - Soil irn Erosion-I 
Wind [curable prove- Dune N-fix-Shelter mental ment Control ation 

belts use 

(eg) (e.g.) ? 

1/L/b - 51w/a 

~2/Lib 

"-----

Mul-
chine 

Weed 
control 

? 

___ 

Livehed- Demar-
gas/fence cation 

pasts 

(e.g.) 

._____3// 

Fire
breaks 

(e g.) 

Others 

Austraiian Acacia 

Coconuts 



Ues 


cl-F~res, 
-ical Zones 


Rain Forest
 

- Lowland
 

Rain Forest
 

- Highland
 

Savanna 


- Lowland 


Savanna 

- Highland 


Semi-Arid 


Arid 


Sub-humid 

.tropical 


Mediterra-


nean 


RAPID APPRAISAL MATRIX OF PRIORITY GENERA/SPECIES'BY 
SE AND ECOLOGICAL ZONES 
 Table2
 

P R 0 D U C T I V E U S E S
 

Timber Fuel oil, ResinFood Fodder GuAbret. Mdcnl Ohs 

(e.g.)
 

Eucalypts
 

(e.g.) (e.g)
 
Eucalypts 
 Eucalypts 
 (e.g.)


Eucalypts
 

(e.g.) (e.g) 
 (e.g.) (e.g)

Eucalypts ProsopisEuc 
 Prosopis Prosopis, sre
 

African+Austral. 
Acacia
 

(e.g.)
~Atriplex
 
(e.g) Euc., (e.g.)
 

Prosopis African
 
Acacia
 

(e.g.) Euc.
 

Prosopis
 

41 



(Contin.) Table 2 

Uses Service Uses (and indirect benefits and products) 

cc 1 0- Envirort'mental rsin!C ones i~ ~~Use (ndrkSoil Improve- Eoin
):c onewinse break, mI Dun N-fixing Live Hedges/ 

:, s secrec etContro1 Fence Po st s 

?aln :orest 
Lowland 

Weed Control Others 

Raln Forest 

- Highland 

Savanna 

- owland 

Savanna 

- Highland 

Sub-humid 

Tropical 

nean 

-4 

U, 
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IAPID APPRAISAL MATRIX TO ASSESS STATE O1F KNOWLEDGE AND 	 IlIble3 

PRIORITY RESEARCH REQUIREMENTS (Example of 7 Genera). 

Criteria-level of know
ledge on: Multipurpose Tree Genera / Species 

(Answer following questions I 
for each genera/species) 
 IAfrican Australia
 

Leucaena Prosopis Eucalypts Atrlplex AcaiAcaia n
Acacia Acacia Coconut:
 

Eco-geographic/Fnviron- for some Considei 
mental Assessment? some some extensive some spp. yes starting able 

Historical Uses? yes archaic - little some No advanced 
his torici 

Practised Use:
 
- Productice Use? yes yes yes yes yes yes yes
 

Service Use? yes 
 yes yes yes yes yes yes
 
-ndirect benefics and goods)
 

Known Res. and Dev. on high (in-

Farmer Acceptability? yes limited ternation yes (bo
 

(even if narrow genetic base) 	 ally low s land n ly high 
(farmer) users) cent y 

Taxonomy? 	 yes starting yes little yes yes little 

Genetic Variability? yes starting yes little No starting little 

Exploration? yes starting high minor yes, with Relative- very 

some back- ly new little
 
I- Iup
 

Conservation of Primary
 

Cene pool?
 

Active Work on Germplasmi 
Enhancement 	 yes starting yes startinf No minor starting 

Work and Results consider- very 
Published yes some able some few spp starting yes 

Expansion to N/ 	 A very No
Environment? yes N advanced 	 No 

Are Cermplasm 	 T N spp y NoResources 	 som 
Endangered? 	 No No NO NO possily 

Principal Financial Nick- some nor Colonial; Large 	 people;
pel; 

limited govern prir. Govern- Cndminorei
ground 	 colonial; Mnr Clia;Lge minor minor 

major ment/ gemn private:
university ment 
govern- Idonor peop met minor 
melt 	 governfI 

ment. 
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ANNEX
 

PART 4B
 

Appendix 1: Multipurpose tree data sheet 
- P. von Carlowitz
 



ICRAF 
INTERNATIONAL COUNCIL FOR RESEARCH IN AGROFORESTRY 
CONJI L INTRNATIONAL POUR LA FIEC.ERCF IN AGROFORLSTERIE 
CUNSFJO INERNACIONAL PARA INVEITIGACION FN GHOSILVICUJTURA 

PO Bo, 30677, Noob, Kepa Tel29867/332304 Tale,2204OCable ICRA 

Dear Colleague, 

!n Agroforestry and in relevant land use systems trees and shrubs play an increasingly
important and varying role, both with regard to their multiple use and also their ability to 
provide ecological stability. To ensure that trees and shrubs make an )ptimum impact it is 
necessary to know not only about the magnitude of their potential uses but also their 
biophysical requirements. Failure to consider these inter-related factors may well 
jeopardize both the reputation of a vital component of Agroforestry systems, as well as the 
systems themselves and ultimately Agroforestry as such. 

We realize that many institutions, organisations and individuals have already done 
invaluable work in collecting and evaluating relevant information on Multipurpose Trees 
and Shrubs. However, this has often been directed to selected species only and/or has 
been concentrated on specific uses. In addition the collection of information has 
sometimes been limited to certain regions. 

In order to collect and to systematically store existing information around the developing
world, ICRAF is in the process of establishing a computer-based data bank on Multi
purpose Treos/Shrubs. This will enable us to respond in the future to the many requests 
we receive on where, how and what to plant to meet certain demands (food, fodder at 
seasonal gaps, fuel, etc.) with a maximum likelihood of success. 

Further objectives of the exercise are: 

1. 	 To assess the bio-physical range (minimum-maximum-optimum) of Multipurpose 
Trees/Shrubs. 

2. 	 To establish possible variations of tree/shrub characteristics within the bio-physical 
range covered by individual tree/shrub species. 

3. 	 To arrive at a thorough assessment of uses (beyond known commercial uses). 

Your co-operation in this exercise would be ,ireatly appreciated. Could you please fill in the
attached "Multipurpose Tree Data Sheets' for as many of those species as are growing
(naturally or introduced) in your area andwhich are of importance tothe people ofthis area. 

..... /2 
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We hdve tried to limit the nu,,ber of questions to the minimum required to meet the fore
mentioned objectives. Nevertheless, we are awere that it might often be impossible to 
answer all of thom. In any case, please do not hesitate to fillin the Data Sheet with what
ever information is available to you. We appreciate all relevant data. 

We are also attaching an example of a completed data heet to facilitate your job and, 
hopefully, minimize your effort. 

May we ask you to kindly return the completed 'Multipurpose Tree Data Sheets" before 
May, 1984. 

Thanking you in advance for your kind co-operation. 

Yours sincerely, 

(Peter G. von Carlowitz) 

Encls. 



MULTIPURPOSE TREE DATA SHEET 	 ICRAF 

INTERNATIONAL COUNCIL FORRESEARCH INAGROFORESTRY 
CONSEIL INTiREIATh,0,,ALi'O)Ji' LA Ri'fC'i.C Ni AGkOFORISTERIE 
CONSEJUINir(A'IACIONAL PARA i'V TIQACI, Ft' AGROSILVICULTURA 

PO BON30677 NAhloi, T 29867/332304 T61#1 22048Cabt. ICRAFT., 

EXPLANATORY NOTES FOR ANSWERING THE MULTIPURPOSE TREE DATA SHEET 

1. In answering the Data Sheet please be site'speclflcl 

2. Please fill In Data Sheets only for those species with which you are familiarand which are of Importance Inthe area you am concerned with. This will hopefully make it easier and less time-consuming for you and 
provide us with the necessary sito-spcific information. 

3. If the described species has boon grown from seeds col cted locally then the question "Source of Seeds, ifknown" (first box on front page) should be answered at for example, "local, from vicinity of growing site".If the described species is from natural regrowth please s,. - this. In other cases the country and location of
seed origin should be stated according to documents rec,.d with the seeds. 

4. 	The "Info-Reliability" is regarded as important 1,yus. For each answer to the questions you are requested to use one or more capital letters (A-F) according to the code given on top of page 2. 

5. Except for qu, ons 1-9 dnd 21-27 for which specific data or information are required, only tick in the 
boxes []whic.vr appropriate. 

6. Question,; 23-25: In case there are two "Growth Phases"/"Fiowerlng."/"FruIt Ripenlng"-porlods perannum please enter these separately in the two boxes indicating the months (e.g. for "Growth Phases":
4(Apr.)- 6(June) in the first box and 11(Nov.) - 12(Dec.) in the second box: for "Floworing"/"Fruit Ripening"e.g. 9(Sept.) in the first box and 2(Feb.) in the second box. If there are more than two phases/periods per
annum please enter details under "Comments" (26). 

7. 	 In questions 62-73 and 80-85 lFood Fodder, Other Products) "Months of Harvest" are markedwith "(1-12)",
meaning January to December. Please note in the appropriate box the number of the correct month(s). 

8. 	For questions 62-95 (Uses) a ranking of importance is requested only for the uses In the area you areconcerned with, and/or fa, the sites) where the described species grow. Only the first three most mponant 
uses may be ranked, 1 be ng the most important of all indicated uses. 

9. If, for whatever measons data and information requested under questions 1-61 ar 	 not available to you,please enter "n.d." IT. he appropriate box or space behind the respectiNe queation(s), unless questions
are competitive (e.g. "evergreen" (34) versus "deciduous" (35/36) or "monoacious" (41) versus"dioeclous" (42)) m,,which case a tick for the one question makes entry of "n.d." for the alternative 
question Irrlewvint. 

10. 	The box on page 4 ("Relevant Publications") should be filled in when you have access to lesser known but
relevant publications or unpulished research results. 

Species: Family: 

Synonyms: 

Vernacular Name (state language) 

Location (nearest Town, Prov., Country): 

Growing Site: Long: Let.: Alt./m.: ...........
 

Source of Seeds, if known (state location, country): 

von Carlowitz 
ICRAF, Oct. 1983 



Code for Info-Rellabillty: 

A = Scientific Research/Measured B = Case Study C Observation 
D = Common Knowledge E = Best Guess F = Unknown/Unconfirmed 

oInfo-Re- Morphological Charsctsdrtcs nF
BiD-physical Data liability 2 A liability 

1 Mean annual Rainf. (mm).................................................... Shrubs at maturity.e,
 
2 8 being
........ 

28Generally single-stemmed E]L2 	 nearest Met, Stat. at ........................................ 


3 at altitude of ........................ m, 29 Generally multi-stemmed
 
k from she (as at ground level) E]I
 

5 .......... . T mp........... .......... SoSpecial Characteristics (describe) . .
..................................... 30 .t ,c..a.I.C..
 
6 Mean man. Temp. OC................................................ Canopy
 
S Ab ol. Temp. °C ................ ' Dense
m in. ................... ___ 31 


8 	 Approx.av. depth of dry season 32 Medium [] 

ground "ater table in m..........................................Open E l --33 	 --

Monthly Rainfall (mm) 34 Evergreen 

Jan. Feb. Mar. Apr. May Jun. 35 Deciduous, dry season 
JIn. FIb. Iar. Ipr. 1ay Jun. 36 Deciduous, wet season i--- i 
Jul. Aug. Sept. Oct. Nov. Dec. 	 Root System (cm) 

! t.. Ii iI IZI37 Shallow Rooting 10-50 	 11 1 
Soil Texture 	 38 Medium Rooting 50-100 139 	 Deep Rooting ,'100 [[ 1 

10 Heavy (clay) I] L 0 Others (state) ................................................................ i- 1 
1 Medium (loam) F L- I 41 Monoecious L] _ -
12 Light (sandy) L = 42 Dioecious L] 

Soil Reaction Applied Reproduction 

13 Acid (pH.. 6,5 43 Direct Sowing lI 
14 Neutral (p.H. 6,5-7,5) F j 44 Seedlings ] L 
15 Alkaline (p.H. .7,5) 0I F 45 Coppicing L L ---- 

46 Cuttings 1] m
 
16 W ell drained F] 47 Others (state) ................................................................
 

i] E m 48 Seed Pre-Treatment Li
 

Drainage 

17 Seasonal water logging 


18 Permanent water logging IKl l4 noculaton ]E
 
Applied Tree Management 

Other Soil Charactertics 50 Coppicing [I 
19 ShallownessI. 50cm) El 51 Pollerding L] 
20 Salinity Li Z 52 Lopping [ 1 
21 Soil Type:......... ............... ........ ... 53 Grafting F-1 
22 On which Soil Classification: 54 Budding [1] I 

................
 . .......... .................. 555 O-........................................h....................Others (state)............................................................... 
 [E111 
Phonological Behaviour 	 Other Characterilstics 

State n.onth(s) (1-12) of: 	 56 Shade tolerant 

23 Growth Phases L IZ [ ] 57 Termite resistant IZ ----
- W 58 Fire resistant D24Flowering ______,,Sco~o, ] W 

r7 59 Succulent
25 Fruit Ripening 60 Others (state) ............................................................... [1 1
 
26 Comments: ........................................... 61 Problems (e.g. developing into weed)
 

..... . ....... 	 -state,
 

http:Approx.av


USES Unit. Ann. Month($) Rink Into(kg, gr, Yld of har. Import. RRII.
etc.) per vest lanco of I ability! Remarks 

e (1 1 (asFodtre ( Iu1s) 
ood j [to 

2Fruits i WZ l l 

86 OthertsOthesFats)..I F(s...........te.
A . . .. . . ..... .......................
VeSiele = L ...... ....................
 

8Ohr ...........................
1(statWe)Z........ 

Fodder 

Leersodses
.............. 

.. .. ... 

............................
s d EU .....................................................
S e ................
I h L----P2 Bee-forage L L= -- . ..........................................................................
ts I][ii.......
 
Q3 Others (state) ................. 


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

Wood 1- I ........................................... ..............
6 t arc h, ,e - I ................... ........
 
1ZI ............... 
" I--I 3 ..............................................................


4 Fuel wood -i [ I I5 CharcoalLi[edic ne (state)M ...................................... [].. I I I L I iil--- - ..... 
 ............................. ...........
.......................
.....
 .......................................... 
-Poles I _ .......................................
 
7 Tim ber ............
. ............
B Carvings L 11]. . . . -

SOthers(state).........................
.. . . . . . . . . . . . .
 
Other Products 

waxesL.i.v.............c......g............. 
 I ........................................................ 

.. L m [I .................... ........
Essential OilsLi[ II IZ [ Z LI ]
Tannin/Dyes L h~ll][11LI]Ll.......
 

Gums L X ILI[I X.......
 
.................................................
........
 

Medicinal (state)...Li....................... 
 _ . . . ..Ornamental . .Fl L Z [II 
Ohr(sae.................................... Lu......................
Li................ 

Service Uses 

Windbreaks FI . .. . ... .Soil conservation L II X . . . . . 
.

. .
Dune Fixation L
 
Live Fencing Li... 
 .

N-Fixing Li..[........ 

.... 


Mulching Li. LI..I LX . . .. ....*......
 
Hedgerow Li .i.
...................
 
Others (state) Li...................
II El 

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

http:state)...Li
http:F(s...........te


Relevant Publications: 

(Use separate sheet if necessary) 

Informant: 

Na me .. . . . . . . . ... . .. .. .. .. ........ .. . ... . . .. . ... ....... ... .. .... .. . .. . . ... . .. . . . ... . .. . . ...
 

P ro fes sio n .. ......... ... . . .. . ........................ .. ........ ........... . . . .... ... ........
 

Ad dre ss ........ ......... ........ . . . .. ... .. .... .... ..................... ...... ... ... ......
 

Date :.. ............................. . . .........................
 

Please return filled-in Data Sheet to: 

Peter G.von Carlowitz 
International Council for 
Research inAgroforestry (ICRAF)
P.O. Box 30677
 
NAIROBI/Kenya
 

Thank you for your valuable co-operation 
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Agro-forestry Extension and Research applied 
to
 
intensiftcaoatpA.. 
 Subsistence Agriculture
 

in Papua New Guinea.
 

John F. Swift
 

Wau Ecology Institute
 

P. 0. Box 77
 

Wau, Papua New Guinea
 

Summary: This background paper reviews 
the unique characteristics of the Papua New Guinea environment and culture
as 
influencing agricultural development and change.
reference is made to Wau, the main research site, at 	
Specific

1200m
with 1887 mm of rainfall..Casuarina oligodon, Termanalia
Kaerenbachii and Oarasponia 2gosa are described as
agro-forestry specius. traditional
 

A summary of the research garden
established in 1976 at Wau Ecology Institute is followed by
a description of extension approaches for promoting forest
fallows, methods 
to improve gardening techniques and agroforestry benefits for stressed 
areas. 
 Eight species of n
nitrifying trees are 
compared by growth rate and insect
attack. 
Leucaena leucocephala at 38cm/month was
as 	 selected
the best multipurpose species. 
Extension problems are
described relating to establishment and management of trees
and 
the lack of integration of Agriculture and Forestry
departments. An intercrGpping trial with Leucaena and sweet
potato, 
on a 35 degree grassland slope, 
to quantify the
relative 
spacing and benefits 
of such an integrated land use
system is 
outlined. 
A conclusion, recommendations and
several annexes are 
presented.
 

Presented at:
 

Environmentally Sustainable Agro-forestry and Fuelwood
Production Workshop. 
East-west Center - Honolulu, gvvmbr

12 to 20, 1981.
 



769 Introduction: 


Papua New Guinea contains a wide range of environmental
 
zones, each of an extremhy diverse and comPlex nature. Theve
 
exist undisturbed rainforests, 
areas of large anthropogenic

grasslands, lowland swamps, to highland valleys where population

densities may exceed 
100 persons per km . 
 The lowland climate
 
has intense 
rainfall, high humidity and temperatures which
 
can leach or erode a 
soil rapidly and breakdown the organic
 
matter. 
In contrast, 
the highland climate seemns 
very for
giving of rapid yield declines especially in areas with deep

volcanic ash soils where 
some gardens have been contihuously
 
cultivated for over 50 years. 
 Agronomic generalizations 
are
 
of miner value in PNG. 
New crop varieties require testing

before recommendations 
are made concerning their suitability
 
to a particular environmental 
zone.
 

In PNG, 97% 
of all the 
land remains classified under
 
"customary ownership" titles. 
(Yauieb 1979) 
 Land disputes,

most 
common in heavily populated highland villages, occur with

reLularity through out 
the country. 
The current land system

inhibits certain groups, especially squatters, from planting

permanent crops, since 
tree planting is viewed 
as claiming

ownership of the land. 
 Larger, more economical plantings of

forestry trees 
for reforestation 
purposes 
are difficult 
to
 
organize due to 
complex ownership patterns.
 

There are 
few severely "stressed" areas in PNG. However
with a population growth rate 
of over 3%, problems of forest and

land deterioration, and 
so 
declines in food crop production

become more 
immediate. 
Subsistence farming systems and 
trad
itional crops 
are 
receiving increased attention in PNG. 
 The
 
subsistence 
farmer comprises 70-80, if the 
total population.
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Traditional farming groups adapt 
to environmental change
 

and increased population through the process of land use
 

intensification. (Brookfield 1971) 
 As soil fertility declines
 

the predominant staple crop usually becomes 
sweet potato,
 

instead of taro or yams, due 
to its higher yielding potential.
 

To insure an adequate yield 
on the less fertile soils, additional
 

labor inputs are required for soil preparation and crop protection.
 

Agro-forestry systems are one way 
to intensify traditional
 

subsistence agriculture. 
As change has become more diverse and
 

rapid in PNG, traditional cultural structures capable of reacting
 

to these changes appears diminished. (Bayliss-Smith 1977) There

fore, a demand exists for innovation of viable techniques
 

which the traditional farmer can integrate into his current
 

farming methods to improve his production and prevent deterior

ation of his land resources.
 

There are many traditional agro-forestry practices currently
 

used in PNG. The planting of Casuarina oligodon (a non-legu

minous nitrifying tree) in highland gardens 
to improve soil
 

fertility during the fallow period and insure a wood supply for
 

future pig fences is one example. In Gulf province, Terminalia
 

kaermbachii produces a large edible nut and is planted in new
 

garden sites to insure a high survival rate. There are other
 

examples of planted Pandanus sp. 
 orchards, of intercropping
 

staple crops underneath valuable Araucaria species and planting
 

native secondary regrowth trees on grassland sites to insure
 

sustained production on limited land. 
 Modern agro-forestry
 

practices znd ideas are 
starting to circulate while research
 

work is now begining in PNG. (Howcroft 1930) For an agro

forestry system to be successful in PNG, traditional farming
 

practices need be understood, quantified and compared 
to the
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new system so desirable and clear improvement can be demontrated.
 

Only then can new techniques be properly integrated.
 

The work outlined in this paper represents the relatively
 
dry mid-montane zone (800-1400 meters) of Papua New Guinea. 
The
 
mean rainfall from nine years data at 
1200m in Wau is 18
 87mm
 
per annum (Gressit/Nadkarni 1978). 
 No precise rainfall intensity
 

measurments are 
recorded but a heavy storm may only rain 25cm/
 
hour; a gentle rate compared to the lowlands. 
The soils are
 
shallow with low fertility, especially on 
the 
steeper hillsides.
 

The basic physical texture is a 
sandy/clay of low plasticity.
 

The region represents a mountainous topography of broad river
 

valleys previously covered by forests.
 

In 1976, a project began at 
the Wau Ecology Institute to
 
improve subsistence agriculture by developing an alternative
 

farming system. 
This work is 
reviewed while recent extension
 
and research results are presented followed by a description
 

of current on-gcing research and concluding recommendations.
 

Agro-forestry Research Garden in lau:
 

A composted.contoured ridge garden was established on a
 
grassland site at 
the Wau Ecology Institute in 1976. (Gagne 1978)
 
Thn main purpose was to devise a site-stable alternative to 
the
 
traditional shifting cultivation practices found in the 
Wau
 
Valley. 
These farming practices were labeled as the main
 
cause for spreading ImDerata cylindrica grassland and destruction
 

of the rainforest. 
 From an ecological viewpoint, the 
traditional
 

farmers were degrading the 
forest resources and therefore needed
 
to intensify 
their farning practices 
to relieve pressure from
 

forest land. 
 A pormant agro-forestry garden, where secondary
 

regrowth trees 
were permitted to 
grow as a future firewood
 

supply, where fruit and nut trues were int,-rcroppod with a 

/ 
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dense multicrop planting of food crops and where coffee pulp,
 

normally dumped into rivers, would be applied as 
a soil
 

improving compost; seemed to be an answer to removing the
 

gardening stress from rainforest areas.
 

The tl1ee main reasons causing farmers to shift their
 

gardens are either 1. A 
 decline in soil fertility such that
 

planting an additional crop is not worth the effort. 2. A
 

build-up of pests in the garden which cause 
excessive damage
 

to 
food crops. 3. A profusion of competitive weeds which are
 

not worth the 
extra labor to control.
 

The specific results from the 
one 0.2 hectare rdsearch
 

garden are presented in several papers. (Gagne 1977, Swift 1981)
 

In brief summary, insect pests tended to 
reach a balance in the
 

garden as most traditional food crops grew without excessive
 

pest damage. Soil 
fertility was improved through composting
 

and so able 
to maintain yields, at a slightly declining, but
 

acceptable level of production. The high labor input demanded
 

by this intensive system maintained adequate weed control. A
 

few specific problems were: 1. The build-up of taro beetle
 

(Papuana sp.), which severely damages the Taro 
corns. 2. The
 

spread of a fungus (Colletotrichum gloeosDoriodes) causing
 

diebacks on cassava. 
Avocado (Persea americana), a host
 

for the fungus may have initiated the fungus to spread.
 

3. Serious tr ee root competition as the secondary regrowth
 

trees have 
surface feeding roots. The shortage of a balanced
 

quality compost throughout the year.
 

Traditional Farming SXstems Constraints to Accep'ance
 

Preliminary extension attempts to introduce the intensive
 

site-stable techniques to the traditional shifting cultivators
 

emphasized the gaps in our understand'ing of their aystem and the
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agronomic limitations of 
our approach. 
The farmers were 
eager
 
to establish small intensive Gardens near their village houses
 

and learn the associated techniques yet, the methods had no
 
impact on their traditional gardening practices which remained
 
viable due to reasonable yields, lower labor inputs, land tinure
 
commitments and greater social acceptance. 
The research garden
 

"alternative" 
to shifting cultivation was not 
a viable solution
 
as 
 defined by the realistic perspective of the farmers. 
An
 
intensive system is only useful if it fullfills the demands
 
of the farmers at their current 
stage of intensification. Com
posting requires 
a high labor commitment and becomes a useful
 
agronomic technique only when yields are very low or land very
 

limited so 
the farmer is motivated to adopt this technique.
 

On redefining the problem of how to intensify traditional
 

farming methods, three approaches were devised.
 

a) Promoting Forest Fallows: 
 In areas where land remains
 
relatively abundant, a forest fallow of five years 
or more is
 
possible. 
Encourgino the forest to regenerate, thereby improving
 

soil fertility, is 
the best method to 
sustain garden product

ivity. 
In PNG, one secondary regrowth tree 
(Parasponia 
 ugosa)
 

fixes prodigious amounts of nitrogen (Trinick 1979) 
and has a
 
light canopy permitting growth of food crops underneath.
 

Retaining these 
trees un-cut in a garden sitQ would promote rapid
 
regeneration of a highly desirable 
species and introduce the
 
basic concepts of agro-forestry 
to the farnioes 
 In one area of
 
Enga Province, the 
technique of pruning and retaining the
 

Parasponia tree in 
the Garden is currently practiced. (Bourke,
 
unpublished). 
 As the meds of this 
species have 
a dormancy
 

poiod before germination, the 
farmers have naturally devised
 
a system to encourage 
this soil improving species 
to regenerate.
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In other areas (Clarke 1971) 
Albizia falcataria is recognized
 

by the farmers for enriching the soil and is 
a dominate species
 

in fallow sites. Improving site selection to protect r.ew
 

gardens from being burned by regular grassland fires would
 

allow tree species to regenerate. 
The following practices all
 
promote rapid forest regeneration (Grandstaff 1978): 
 Selective
 

weeding, crop diversity, controlled burning, 
a short garden
 

Life, tree cutting techniques which encourage coppicing or 
the
 
introduction of other productive tree species, for firewood,
 

or building materials, is 
a possibility.
 

b) Training and Extension of Improved Gardening Techniques:
 

The process of extending even simple agricultural techniques
 

may take years before they are 
actually practiced and into
grated by the farmer. 
The key people within a country who can
 

influence change especially teachers, agriculture, health workers,
 

and forestry, must be made 
aware 
of and assist in identifying
 

problems and solutions. 
They can then cooperate in the long
 

process of implementation. 
PNG is beginnin- to initiate this
 

type of inter-departmental cooperation and 
training directed
 

to 
subsistence agriculture. Establishing the foundations for
 

a dynamic extension base with a 
training network is 
a prerequi

site to 
any major improvement of traditional agricultural
 

practices. An agro-forestry training workshop for field
 

extension workers is 
one direct method 
to transfer ideas.
 

c) Agro-forestry for stressed areas: 
 Large areas of grassland
 

have been created in PNG. 
 Some grassland sites have existed
 

for hundreds of years maintained by periodic burning. 
 The
 

Wau Valley is 
a center for goldmining and has attracted settlers
 
from all over tho 
country. 
These people, considered squatters,
 

have been gardentng on the nearby mountains in progressively
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increasing numbers for the past 15-20 years. 
Many of these
 
mountain.slopes 
are now deforested with grass fallows rarely
 
exceeding three years. 
 The main problems are loss of soil
 
fertility 
thru erosion plus a greatcr time investment 
w in
 
collecting firewood from the 
receeding forest. 
 In these
 
areas compost is in short supply as 
the grass is normally
 
burnt. 
 The best method 
to improve soil fertility and reduce
 
erosion would be with the close planting of nitrifying trees
 
along the contour with food crops interplanted between each
 
tree row. 
 But which soecies 
of tree? 
At what spacing?
 

And with which food crops?
 

Fast GrowinG Leguminous Tree Species:
 

For the highlands region of PNG above 1400 meters, the
 
Casuarina oligodon is the most suitable multi-purpose 
tree if
 
for no other eason than the 
farmer is familiar with its use,
 
propagation, and benefits. 
 Its adaptation to 
the environment,
 
moderately fast growth rate, 
useful wood qualities and nitrogen
fixing potential 
are 
a few additional reasons. 
 The farmers
 
have developed a silviculture system for selecting and 
improving
 
the Casuarina (Howcroft, unpublished). 
 The best individual
 
tries in a garden site are left standing and ring barked
 
to promote panic flowering. 
The seeds then scatter over the
 
sire as 
food crops are planted. 
 By the time the garden is
 
abandoned a dense regrowth of young seedlings has been estab
lshed. 
Wau represents the upper end of the mid-montane zone
 
but the Casuarina is not as 
prolific in this region. 
The
 
Albizia falcataria, native 
to PNG, is found growing along old
 
landslips in the 
rainforest near Wau. 
 One trial plot of 
Leucaena leucocephala (K8) as coffee shade has been planted. 
Hence these three species were selected along with Sesbania 
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grandiflora, Acacia auriculiformis (also native to PNG),
 

Callianidra spp., Leucaena diversifolia and Alder japonica.
 

I had hoped to include Parasponia rugosa but the seed has a
 

dormancy period before germinating and could not be propa

gated in a controlled manner. Each of these tree species
 

were planted out at a 1.5 meter spacing between tree and 2 meters
 

within row for a 28m 2 plot. A properly replicated trial was not
 

possible due to space limitation. Here was also an establishment
 

variation so the results are only useful as an indicator of
 

which trees should be tested in more detail (see Appendix 2).
 

The results show both species of Leucanena to be the
 

fastest growing tree's for the Wau area. In four separate
 

farmer evaluation trial plantings in areas varying from steep,
 

low fertile slopes to flat ground, Leucanena outperformed
 

other tree species. An exception was one extremely productive
 

Albizia C.F. falcataria which, as an individual, had the fastest
 

growth rate and largest diameter of all trees planted (6 .2m
 

and 83mm at one year). Leucaena leucocephala growth rates
 

fluctuated from 38cm/month for the comparative trial to 22cm/mo.
 

on a steep hillside sweet potato garden to a low of 18cm/mo.
 

on poor rocky soil. The average growth rates at a lower
 

altitude in Bulolo at 700 meters were 40-50cm/month. (see
 

appendix 3) These growth rates reveal the variability of
 

Leucaena production with different environments implying the
 

need for proper local assessment before promoting the species.
 

Leucaena should be recognized as having lim.tations on growth
 

rate, sensitivity to soil ph and suceptibility to fire.
 

Albizia falcataria has one serious pest, a small yellow
 

butterfly (Eurena h!!cabe) which lays eggai only on Albizia
 



777 

falcataria. 
The larvae emerge and either defoliate the entire
 

tree or often a particular branch; causing it 
to break. The
 

tree does 
not die but the growth rate is reduced especially if
 

young seedlings are attacked. 
Albizia is also suceptible to
 

galls of the 
rust genus Uromycladium. Initially Sesbania
 

performed poorly because 
the proper Rhizobium for nodule
 

formation was not in the 
soil (Hardy 1977). Once innoculated,
 

the tree looked healthy but several types of fungus attacked
 

this soft wooded species forming brown splotches on the branches
 

causing them to break off. 
The base of the tree became unnaturally
 

enlarged causing the dried bark to split. 
 The tree showed an
 

obvious lack of vigour as reflected by its growth rate. 
 The
 

taro beetle larvae (Papuana _p_.) killed many newly planted
 

seedlings by chewing the young roots. 
 Several plant chewing
 

and sucking insects caused minor damage to some 
of the tree
 

foliage. Leucaena leucocephala seeds are damaged by a boring
 

insect and fungus unless collected early. The K67 variety
 

directs much energy for prolific seed production which seems
 

to slow the growth rate and vigour of the 
tree. Chemical
 

analysis of sweet potato vines were 
compared between control
 

and Leucanena plots. 
 The Leucaena had a higher percentage
 

of the five major macro-nutrients; particularly nitrogen
 

(Appendix 2). 
 If protein content of tuber's reflect the 
same
 

trend, then intercropped sweet potato may produce a more
 

nutritious tuber. 
 Further detailed analysis will show if this
 

holds true.
 

Problems of Extending Agro-forestry Ideas:
 

Most subsistence farning Groups do not 
plant non-food
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trees in their gz.rdens. The whole gardening system, though
 

revolving around the 
use and exploitation of various tree
 

species, focuses mainly on cutting and burning trees at the
 

garden site. The farmers understazid rainforest trees have
 

surfaco feeding roots which compete with the food crops.
 

Many villagers consider planting trees an active claim of land
 

ownership which causes disputes between clan members or non

traditional land owners. 
 Farmers are familiLr with Leucaena
 

calling it Landro or mar-mar but perceive its use only as
 

coffee shade not something to be 
planted with their traditional
 

food crops. Certain farmers express interest in try-ing multi

purpose trees to judge for themselves the use and benefit of
 

the trees.
 

Initial extension efforts revealed problems with the
 

establishment and management of the 
trees. Onefarmer wanted to
 

grow a fuelwood orchard near his house. 
He planted the trees
 

but neglected weeding so 
the quick growing Imperata smothered
 

most of the trees, Gardens are maintained for only two or
 

three crops so the 
trees become a planted fallow rather than
 

a beneficial intercrop. 
 With a high risk of being burned
 

during future garden preparation, the energy expended for
 

planting is not justified.
 

The preliminary extension approach established farmer
 

evaluation tree plantings whereby potentially useful species
 

were distributed,. plan ti and 9b erved by the farner., The.
 

more productive species were identified and a seed supply
 

became available to 
the farmer for further planting. One
 

farmer collected giant Leucaena seeds and raised his own
 

seedlings in a small bed protected against chickens by a
 

tightly woven bamboo fence. 
 These plantings identified
 

xc
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specific extension problems. For example, what are 
the best
 

methods of establishing the 
trees; by direct seeding, with
 

young seedlings 
or applying a starter fertilizer? Is the
 

proper Rhizobium present in the soil? 
Which food crops grow
 

best with the trees? 
These and other basic questions need
 

to be resolved before the general extension agent can promote
 

agro-forestry.
 

In PNG, agriculture and forestry remain separate dici
plines with minor overlap or cooperation (Tisseverasinghe 1980).
 

To st-ructure a productive extension approach will require
 

understanding, integration and motivation for new agro-forestry
 

methods to 
be linked to traditional farming techniques. 
This
 

process is 
just beginning to emerge as more discussion and work
 

is focused on agro-forestry.
 

The extension priorities of the Department of Primary
 

Industries concentrates 
on cash crop production but recently
 

more effort is 
being directed to traditional food crops.
 

Forestry extension promotes the planting of Pinus 
s to
 

rehabilitate unproductive grassland areas 
thereby improving
 

the 
site for future plantings of more desirable fore'st 
species.
 

In the meantime, Pinus sp. 
 provide a supplementary source
 

of fuelwood. 
These extension efforts are neither integrated
 

in their approach nor impacting upon the subsistence gardening
 

system. 
They do not focus 
on declining garden productivity,
 

loss of topsoil, forest destruction or associated problems
 

which should be addressed and which 
an agro-forestry land use
 

approach can help answer. 
Systems which directly integrate
 

trees with agricultural crops need 
to be designed and tested.
 

Meanwhile, seedlings can be distributed and potentially
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desirable tree 
species identified and propagated. In PNG,
 

the 
tree Terminalia kaernbachii and impediens produce 
an
 

excellent nut with high agro-forestry potential. 
Other
 

species like Finschia chloroxantha, Gnetum gnemon, and
 

Pangiun, edule have the 
same potential but little 
or no work
 

is carried out on these species. The most productive ext

ension focus 
are school, health center and other communal
 

garden areas where new ideas 
can be tested, observed and
 

learned by many. 
For the time being, the agro-forestry
 

extension effort will be 
on education, field trials and
 

group demonstrations. 
The state of the art of research
 

makes a large scale 
extension effort inadvisable for the
 

time being.
 

Research Focus: An Intercropping Experimenr
 

Research trials become 
a useful extension tool if
 

carried out 
in a village setting using the assistence of
 

local farmers. Since agro-foresty-experiments inevitably run
 

for a minimum of several years, effort can be saved by
 

involving the 
farmer during the experimental process. Agro

forestry experiments are difficult to design due 
to the diversity
 

of mixing woody perenials with herbaceous crop components.
 

Traditional multi-factorial designs demand a prohibitively large
 

trial area. Experimental designs, though, can provide much
 

information with a minimun of space.(Huxley 1.979).
 

The grassland areas 
around Morobe Province are degraded
 

land sites. The topsoil on these 
steep, frequently gardened
 

areas is 
thin and yields of sweet potato declining. The supply
 

of firewood is currently a secondary problem but will become
 

more crucial in the 
near future. Agro-forestry may be 
the most
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productive land use 
system for these areas 
as yields should
 

improve per unit of land compared to sole cropping.
 

An experimental trial is being established in Wau 
to
 

quantify the interactions when intercropping Leucaena
 

leucocephala(K8)* with Merikam, a high yielding variety of
 

sweet potato. The spacing between tree rows 
is one meter with
 

a 70cm by In spacing of sweet potato plants; a density
 

equivalent to traditional planting patterns. Finding an
 

optimun tree spacing for ma-imizing the yield of sweet potato
 

is the major objective. Two pruning and harvesting methods of
 

coppicing and hedge-layinG will be compared for their soil
 

retention benefits. The first method, coppicing, cuts down the
 

tree after one year at a 
20cm height; removes the wood and
 

permits new sprouts to grow. The 
second technique is based on
 

the English technique ot hedge-laying which cuts the base of
 

the tree trunk in half laying it horizontal and weaving it
 

between the adjacent tree to creat 
a thick fence or hedge to
 

protect against erosion. The experiment will run for two and
 

a half years covering five 
sweet potato harvests(see appendix 4).
 

A similar experiment .in the lowlands 
on a gentle slope will be
 

established near 
the city of Lae. The main cro-. for this spacing
 

trial wil- be Leucaena leucocephala as a fuelwood source for
 

the urban population. Sweet potato will be 
the interplanted
 

food crop.
 

If the benefits of interc.opping are proved and the right
 

density and best variety and species of Leucaena determined,
 

then specific extension recommendations can be made to 
promote
 

a more broad based extension effort.
 

*K-8 was choosen by availability of seed and before the results 
of ap:endJix 3 were known. 

/
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Conclusion:
 

Papua Now Guinea has a wide diversity of environments and
 
cultural patterns. Few areas 
of the country face serious
 
firewood shortage but most Provinces experience 
an overall
 
deterioation of land resources caused by the pressures of
 
population growth. The historical pattern of the traditional
 
subsistence cultivators is 
one of Lntensifying their farming
 
technolot-y in responce 
to increased land use 
pressures. The
 
farmers in Enga Province currently practice sophisticated
 

techniques which promote rapid regeneration of two native,
 
non-leguminous but nitrifying species Casuarina oligodon and
 
Parasponia 
ruosa. Modern agro-forestry investigations of
 
alternative land use 
systems which can.increase production per
 
unit of land, possibly on a sustainable basis, are 
being
 
initiated on a 
small 
scale. Two formal research trials are
 
being established at 
sea level 
and 12 00m to compare the effects
 
on yield between different 
spacings of Leucaqna 1-ucocephala
 
and sweet potato. The Agriculture and Fore~try disciplines
 

remain seperated in their approach but limited cooperation is
 
begining. Preliminary extension work is continuing, largely with
 
farmer evaluation plantings of potentially useful 
tree species.
 

Agro-forestry remains 
a new concept poorly grasped .by
 
most people except some 
farmers who unconsciously practiae the
 
main principals of the 
technology. With further exposure,
 

discussion and experimentation, agro-forestry should become a
 
more instutionalized dicipline. For the moment it remains
 
both an old and 
new idea seeking integration with the 
farming
 

systems evolving in NewPapua Gulnea. 



783 

Recommendations:
 

I. To increase integration and cooperation of Agriculture an-d
 
Forestry in the country; especially at the Provincial extension
 

level.
 

2. Promote training workshops for extension staff into basic
 
cuncepts and principals of agro-forestry.
 
3. Introduce an agro-forestry curriculum into Agriculture and
 
Forestry colleges.
 

14; 
Distribute seed to rural stations for establishment of trial
 
plots 
to identify the best species over a range of environments.
 

5. Identify xknowledge 
gaps and priorities for coordinated research.
 

6. Compile existigg information on secondary regrowth species
 
by botany, regrowth patterns and potential uses.
 

7. Encourage further research 
on desirable and potentially
 

useful tree species.
 

8. Investigate butterfly farming as 
integrated with agro-forestry
 

systems to provide a cash income.
 

9. For UPNG to research nitrogen-fixation and mychorrizal
 
telationships in the soil, 
tree and crop environment.
 

10. To establish an agro-forestry resource center to compile
 
information from within and outside the country and distribute
 
useful extension materials.
 

11. Conduct socio-economic surveys in areas 
with high agro
forestry potential to identify labour constraints, firewood
 
supply and the overall costs and benefits of establishment.
 

12. Design more diversified Forestry plantations and cash crop
 
gardens which integrate food crops.
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Appendix I: 
A List of Tree Species grown in the Vau Ecology Institute 
Research Garden. 
As of Sepzenber 1930, the tree Canopy cover was measured
 
at 42 percent of the Zarden area.
 

Fruit Trees: Number of:
 

Annona muricata Soursop - 15 

Annona reticulata Bullocks Heart - 14 

Annona souarmosa Custard apple - 9 

Artocarpus altilis Breadfruit - 1 
Ccrica :aava Patpaw - 10 

Citrus spp. - 11
 

.usenia malaccensis LauLau - 2 

Persea americana Avocado - !8 

Psidium zuaiava Guava - 4 

Nut Trees: 

An-.c'riium ni-cidentale Cashew - 3 

Cennarium indicum Ga.ip - 2 

Mac-damia ternifolia - I 
Jerminalia kaernbqccii Okari - 3 

Nitrifying Trees: 

Albizia Ialcataria - 3
 

Gasuarina sp. - 2
 

Teucaena leucocenhela - 13
 

Prasnonia ruzosa - 2
 

Sesbanin rrandiflora - 6 

Second3rv Rerrowth/Firewood Species: 

Actinodaphne sp. - 1 Eugenia sp. - 1 
Alstonia sp. - 1 Ficus snp. - 13 

Altoffia su. - 2 Litsea snp. - 3 
Araucaria -unninghamii - ' Parasponia ridgia -

Ar-auciria husteinii - 2 Piner sp. -'2 
- jisi p. - I Pipturus snp. - 11 

cast3nonsis spp. - Pschotria s. -
19,:r"iium sp. - irema orientalis - 2 
Dondon-e= s. -

..soxylum spp. - 1 

:uc-ly:ptus torrelinana - 1 

2. toretiranis 
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2
perdx 2: e5 ;It o multi-purpose, nitrifying 
tree trial intercopped 
.ith sw:eet potato. 

Alder japonica: seed obtained from 
the Philippines but 
due to pour
germination only 
five trees servived. 
 There may be a rhizobium problem
as the trees are growing very slowly but 
appear healthy. Large maple

leaf type with serrated edges - size 7.Ocm by 4.5cm.
 

Calliandra s.: 
due to 
profuse low branching structure and poor woody

growth, 
no ,-rowth rate measurements could be obtained. The sweet potato

vines climbed :he 
thin trunk making this species uadersiable.
 

?rees ranked according to 
growth rate, uniformity and vigour:
 

Snecies Growth Rate 
 BHD Uniformity Pinnule Size" 
 nLsect Pests
 

1.Leucaeua 3$cm/month 32mm 
 excellent 1.3cm-Length 
 'od borer, seasonal
 
leucocephala (KS7? 
 90 percent 0.3cm--'idth 
 moth larvae.
 

2.Leucaena 33cm/month 
 2Srm good 
 very small none
 
diversifolia (KLq) 
 75 percent
 

3.Albizia ?Ccm/n.onth 2Cmm medium 
 . by 0.4 :urenthecabe
 
l....taria 
 ndonesi,) 
 55 percent
 

4.Cqsu-rina "cm/sJ.ath 1 mm med./poor 
 needle shape
 
oli~odon 
 14C percent
 

;.asnia 3cm/month "'mm poor 
 T.3 by i.4 'listrsnidqe
wrudifboral (B"24E) 
 RThizobium oroblems 
 brschv'iatvs
 

.cacia '2cm/month mm very oot
 

auriculifortis 
 possi bly a mycorrhizal problem 

*In terms of the shade factor, the smaller the leaf the 
better since a 
sc3ttered "netting" o4 
shade is best for maximum plant -rowth .*.diversifolia han 
very tiny pinnules.
 

For the first sweet notato harvest, two control plots yielded 19.7 kl
while two Leucnena nlots 3veraced 25.0 kg. 
 The seconi crops under the
Leucena, none under 4 in. tall, is not as vigorous, indicating a l.5m'"
 
by 2.On spacing may be too dense.
 

2 ...oil amle: Extractable Cations 
 Pvrcent Saturation 
Phosphorus me/1OOmg CEC k Ca Mg Sok Sensi, .. u/ml k Ca 
 M., .*odium 

1.05 s.O 
 2 .31 1; 1. .0 '
 C-
 .09o 3 3. 72 n.7 0.5 
:lant Analvsis a_: Percent on dry basis p.2.m, on dry basis 

P K Ca Mg Al Mn Fe Zn Cu B Na.aukau - Control 2.7 0.57 4. 2 0.7 0.4 290 99 1570 31 15.6 2.0 4'5 

Kaukau - Leucaena 3.1 0.60 L.4 0.8 O,P 5 110 825 31 17.6 31.8 160 
Plot
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Appendix 3:
 

Giant Leucaenn Speices and Variety Plots: Annual increase results.
 

The following growth measurements were compiled by Neville Howcroft at
 
7oresty Research Station, Bulolo.
 

Measure Results, Augzst, 1981
 

identitv Dami K20 l. Salv. Mexican 
 Ka Local K67 

Mean Ht. 23.5 554.8 c54.6 845.3 638.8 256.7 726.9 cm 
Inc for 4mo. 165.' 186.5 294.0 315.3 155.3 42.2 ?14.1 cm 

" " 2 " 45.o 435.3 465.9 678.4 476.f 143.8 5'8.9 cm 

Ht Rance 

Min 415 460413 713 534 137 610 .cm
 
Max 33. 682 712 
 966 782 %28 815 cm

Mean Dia 
 602 5.48 4.87 6.12 5.75 4.00 cm
 

2Dia anze 

Mia (cm) 4.85 4.00 4.05 4.30 3.15 --- 4.00 cm
 
Max 8.95 6.80 6.05 8.25 7.50 7.70 cm
 

Comments
 

From the measures it is obvizus that the Mexican species is performing
.he best here at Bulolo followed by K67. 3l Salvadore, K28 and 
Ke s:ill look promising and trials proposed for the lowlands are still 
recommended to test these further. 



SECTION FOUR
 

PART 4A
 

SUPPLEMENT
 

1
 

Some field layouts used in mixed
 
cropping trials with MPT's
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PART 4A
 

-	 SUPPLEMENT 

1. Agroforestry extension and research applied

to intensification of subsistence agriculture
 
-	 by J.F. Swift
 

(plus Appendix by D. Morton)
 

2. Agroforestry experiments at Morogoro,
 
Tanzania. - by J.A, Maghembe
 

Note: 	 This supplement is in the process

of being compiled. Will anyone wishing

to have details of their mixed cropping
 
experiments with MPT's included please
 
send full details to:
 

Dr. P.A. Huxley
 
I.C.R.A.F.
 
P.O. Box 30677
 
NAIROBI
 
Kenya.
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Appendix 4: Prof. Dick Morton of UPNG designed the mixed 
cropping experiment. The 
following shows 
a detailed half block
 
of the eight block design.
 

-. . - ::-.: ... .,,... 
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The sampling area for sweet po*ato is within the four stakes: 12rn.
For the Leucaena, the two central columns. 
Each plot or cell is 6

m(row) 
x 7m(column.
Each half block requires 36 Leucaena seedlings and 14I4 sweet 
potato cuttings at 2/mound. 



Design 789by Prof. Dick Morton for MInstitute John Swiftof an experiment of the Wau Ecologyin mixed cropping 
andof kau-kau

Leucaena 

Backqrou~nid
 

On the slopes 
of the 

areas hills around Wau valley, as 
in many similar
of Papua New Guinea, heavy cropping of root crops, reduced

fallow and demands for firewood are
erosion Qf causing denikrification
the soil. and
The general hypothesis
inter-cropping of N-fixing trees among 


to be tested is 
that
the
this process, permitting root cro-
more harvests of roots wit,., 
could arrest


the soil and providing domestir fuel 
t damage to
 as a by-product.


Preliminary experiments by John Swift suggest that Leucaena is 

most easily established N-fixing 
 the
 
seedlings can 

tree for the Wau region ard that
is known be simply interplantei
as one of the in kau-kau qjdens. Kan-kan
that most soil debilitating of
a simple Leucaena kau-kau mixture seems 
root crops, 
so
 

*a first the best material 
for
test of the general hypothesis.
 
In 
a quick survey of land available at 
the Wau Ecology Institute,
John Swift and Dick Morton preliminarily selected a steeply
sloping piece of land above the Wau football field, which 'we

estimated to be at 
 5
least 
 0m wide along the contour and close to
100m deep down the slope.
 

Design:
 
A A-block of 4 
 Block-treatment
spacing cells isof the Leucaena plants along 

shown in diagram 1. Theof the the rowskau-kau (contours)plants 3 /4m and the is lm row (down the sloue) distance between eachis Im. kau-kauEach cell includes 4partly as a measure metal stakes,accumulation suggestedand partly by Adrian Williams ofto delineate soil erosion/harvests (12m 2 the sampling= 16 plants), area for kau-kauthe remainder being treatedrows. The sampling as guardunits for Leucenacolumns trees are the two centralof each cell. 
The Leucaena spacing 
treatments 
are dscribed in
4 the diagram as
coluimn 3 2, being the numberbut at least there of Leucaena plantsother eummerations per 
variable are 

of the independentpossible, vinz
1 2 3 
 6, the distance between1 1 each Leucaena 
Leucaena 2 the mean distance row 

trees between kau-auplantswithin and8 the sampling4 2 arect0 , the numberkau-kau of Leucaena ksampling trees p sarea. withinThe chance the curve to of of dscribingone a simple responsethese versions of the spacing variables or
reciprocals should be high. 
their
 

Many ways of pruning and harvestingis therefore proposed that 
the Leucaena are possible.


treatments, two contrasti-ngmthods It
 
based be applied ason the English practiceshedge-laying. The effects of these 

of coppicing and 
gross on treatmentsyield of domestic fuel 

are likely to beretention (in favour (in favour of coppicing) and soilof hedging),reduced andwhere long runs 
the work of hedging

fairer are possible (and a 
is much 

test of its .1i retont ion 
long Yun of hedge is aahi litieNA pl it p lo t U ; qn , 
than :everal short ones)wi fh w j i'ltn o r eap i rin U r i1l y a s i g ned t o

4-hlcksis h-rpnraprolred.Comoredin
b lock d n comlet
, h in w ill .- it lrndiomisned.. L Lu... dt t.5"w-U.... .pnc.<)pi l ,d:, 

d i f ".e eisCC in
ha . d "-h]owk:, bL shnuld 
inprnvQ 
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the precision of the estination of the effect of Leucaena spacing on
kau-kau yields, which is 
taken as 
the most important effect in the
experiment.
 

Effects of 
time within harvests are 
to be absorbed into blocks. For
this 
to be effective labour will be required to complete each
harvest/planting of each block within t0weeks. Assuming that the
time from planting to harvest of kau-kau crops
4 - 6 months accordi.ng to season, 8 blocks can 
at Wau varies from
 
thus be planted without danger or a double labour shift.
 

The total layout of the experiment then becomes as
requiring a piece of ground 48 
diagram 2,
m 
(along the contour) by 75 m (down
the slope).
 

The basic skeleton analysis of variance for single and cumulative
 
harvests is 
: -


Source of variation 
 Degres of ferdom
 
Blocks (B) 
 7
Coppice vs hedge (Ch) 
 1
B x Ch 


Main plots 
7
 
15
 

Spacing (S) 3
 
(S linear (S) 
 1
 
S quadratic (S ) 
 1 
S cubic (Sc)
C)
 

S x Ch
B xS 3
21
 
B xSexpected 


to be combinable
B x S x Ch 
 21
 

Subplots 
 48
 
Total 
 63
 

'h-two degrees of fiidom for error in the subplots may appear excessive.
 
However, it"should be recalled that if time 
(harvest) trends are to
be anaiysed, the correct error 
term for, say, harvest linear (Ii) x
S is B x H1 x S1 with only 7 d.f..
 

Procedure
 

Eight blocks to be prepared, one per 
 over "f weeks. (It
doesnot matter which block you start with).
 
1) Iach block to be cleared of grass


and io2bt 1 - 11 
(to be kept as mulch) &&A tm metal stakes driven in at positions indicated.Anount of stake protruding above soil 
to be measured by running
washer over stake and using metre rule to measure from washer to
tops of stakes.
 

Kau-kau slips to be planted on 
mounds over grass mulch (or as
as prefered, but stick ridges
to one or the other), with
at 1 m intervals rows along contourpsdown slope and slips at 3/4 m intervals along rows.
 
Pa ndom]y a,~; on(.- hl l, ( f
~, ",Ch hiOck to a rld on(. Of 

fut:u re hedging or coppicinyo;p.fei.r of Le(ucatena to (each half block. PlantLU c enaI ; d I i x1); ,c'VortI i.n-jTy.a( 

http:accordi.ng


791.
 

2) First harvest, starting with first block planted, when ready.
 

Measure stake as 1)
 
Harvest kau-kau. Within sampling area, divide kau-kau
 
into tops, ware tubers and kaukau bilong pik and weigh
 
each.
 
Retain tops for mulch, and slips.
 
Replant kau-kau in same areas as soon as harvest
 
complete.
 
Harvest blocks at fortnightly intervals in the order
 
planted.
 

3) Second harvest, as first, plus
 

a) 	Coppice every other column of Leucaena in -block to be
 
coppiced (choose odd or even columns for each block at
 
random). From central column 7,feach treatment-block cell
 
that is coppiced, separate prouct into sticks for burning/

and twigs and leaves for mulching and weigh these.
 

b) 	Lay as hedge the Leucaena in the other half block. Treat
 
any cut-out from the central half of the hedge (i.e. as if
 
from 2 central columns) in each treatment blocks as in a).
 

4) Third harvest, as first, plus
 

a) 	Coppice the other columns as in 3a)
 

5) Fourth harvest as second.
 

Data collection and duration of experiment.
 

The first harvest will give data on loss of soil from upper and lower
 
parts of each sub-plot, yield of kaukau tubers (ware and long pik) and
 
tops (and hence mulch supplied for harvest 2). It is unlikely that the
 
Leucaena will yet have had any effect, so that this will mainly be
 
supplying the base-line against which to judge subsequent harvests.
 
The second harvest will supply additional!v data on yield of Leucaena
 
fuel-wood and mulch-leaves (also applied uo third crop). Since at this
 
stage there can be no effect of Ch, there will effectively be 16 blocks
 
to assess the effects of S on yield of kau-kau and Leucaena.
 

The third harvest will yield the first data on effects of Ch on soil
 
preservation and kau-kau yields, but the Leucaena yield will
 
obviously be artificially different. The fourth harvest will extend
 
the data of the rthird, and by combining these two will give meaningful

data on Leucaena yields, by Ch treatments. By the completion of this
 
harvest we should have
 

1. Soil retention/erosion
 
2. Kau-kau yields a) ware tubers
 

b) kau-kau bilong pik 
c) tops - mulch for next harvest 

3. Leucaena yields - a) domestic fuel
 
b) leaves = mulch for next harvest
 

If 	representative samp>.,s of 3a) be converted to charcoal (incl.
 
'before' and 'after' weights) and of 2a) and b) offered for sale, it
 
should be possible to add
 

4. 	kina value of take-off hervest.
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It is anticipated that spacing treatment 7 (S7) will be too dense
for efficient kau-kau production and quite probably for maximum 3a),
while S will be too 
sparse for maximum 3a) and probably fo maintenance of soil fertility for kau-kau. The response curves fitted
are thus expected to produce intermediate maxima for both 2 and 3.
If, as is 
likely, these do not coincide, an overall optimum spacing
could be determined from the maximum of 4. It is also likely 
that
an analysis qf covdriitnce could assign the contributions of 1, 2c)
and 3b) to these maxima.
 

Thus after harvest 4, which should be completed by about 2 years
from the start of the experiment, a detailed and useful analysis
should be possible. It would probably be worth while completing a
5th cycle while the data from the first four are analysed so that
sunsible decisions could be made on whether to scrap or fundamentally
re-organise the experiment in the light of the analysis after about
 
2 years.
 

Dick Morton,

Prof. of Biology
 

DM/mtes,
 
16/6/81.
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A, 

WAU ECOLOGY INSTITUTE Patron: Sir MaoriKiki 

V.O. Box 77, Wau, Papua New Guinea 
Founding sponsor: 
Associatesponsors: 

Bishop Museum. Honolulu 
PNG University of Technology 

Tel: 44-6-41 Smithsonian InstitutionUniversity of Papua New Guinea 

Director: J. Linsley Gressitt, PhD 
Deputy Dirtctor: Harry W.Sakule,. B.S. . 
Assistant Director: Allen Allison, PhD .. -

Michael Greene ., "K 
Committee on Research and Grants 
National Academy of Sciences -. 

2002 Constitution Ave. 
Wash, D.C. 20418 December 16, 1981 

Dear Dr. Greene, 

One of the stated research priorities from the workshop

concerned collaboration with intercropping trials to determine
 
the spacing/density relationships between NFT species and food
 
crops. From the preliminary information you had sent to Dr.
 
Gressitt which I read upon my return from Honolulu, you have
 
already begun to coordinate such a research approach.
 

The main problem I see with using similar experimental

designs relate to the variations in farming systems between
 
countries. In PNG, the main priority is 
soil conservation and
 
improving soil fertility rather than fuelwood production. The
 
tree species should be the same for a spacing pattern to emerge

while the food crop will need to be different.
 

Have you any proposed designs? I enclose the trial we have

established in Wau which may be of interest to you. The Institute
 
wants to continue with this line of research as expressed by

Allen Allison in his letter to you Oct. 28th.
 

Please send us more information as soon as possible. If
 
you have yet to design the comparative trials you mention
 
or similar intercropping trials like the approach we are taking
 
in Wau, please let me know..
 

Thank you for your interest at the Institute.
 

Sincerely,
 

,/John F. Swift
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AGROFORESTRY EXPERIMENTS AT HOROGORO, TANZANIA* 

BY 

J.A. HAGREMBE 
DIVISION OF FORESTRY 

UNIVERSITY OF DAR ES SALAAM 
P.O. 	 BOX 643 

MOROGORO 
TANZANIA 

INTRODUCTION
 

Over 90 percent of the Tanzanian people use wood as their main source 
of energy. lo the rural communities fuelwood is as basic a need as
 
water and it has been collected free of charge for many years. Although

there is no 
land hunger in most savanna areas, continued exploitation

of natural woodlat.ds with little concern for replenishment is bringing
about serious fuelwood and building pole shortages (Temu, 1979;
 
Mnzava, 1980). See Table 1.
 

The government has launched an ambitious, village afforestation
 
programme (Mnzava, 1980), but the state alone cannot plant and tend
 
trees on the vast scale needed to avert the impending crisis.
 

The need to encourage villagers to participate in the scheme through

agroforestry systems is very important. 
This will ensure that trees
 
are planted early in the rainy season, and provided more care -in tending

and fire protection. But before such a system is adopted widely, it
 
is necessary to obtain suitable tree-crop mixes and eipacements,

especially for the semi-arid areas. 

INITIAL TRIALS 

An initial trial (Maghembe and Redhead, 1980) with Eucalyptus meZlioaora 
had shown that even at the close espacement of 2.5 x 2.5m, good crops
of maize (1260 kg/ha) and sorghum can be obtained in the first year.
However, maize yields fell by 92 percent in the second year and the crop

failed to flower in the third year. 
 Sorgham yields followed a similar
 
pattern. The yield of beans was reduced by a bad attack of an
 
unidentified fungus in the first year. 
In the second year the bean
 
yield was 150 kg/ha but for the third year the bean plants were etiolated
 
and their yield was insignificant.
 

* ..eprint from "Proceedings of the Kenya National Seminar 
on Agroforestry" (Ed. L. Buck) pp 435-442, 
1981. ICRAF, Nairobi. 

http:woodlat.ds
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After 30 months, the mean heights of Eucalyptus melliodora was
 
between 6m and 8m, already large enough for rafters of village houses.
 
Overall volume production ranged from 5m3/ha in unweeded E. mettiodora
 
monoculture plots to 35n 3/ha where intercropped with beans.
 

It is clear that normal crop yields could be expected in the first
 
year with little effect on the tree crop in case of E. melliodora.
 
But for intercropping with food crops in subsequent years, wider
 
espacement of trees was necessary.
 

FOLLOW-UP TRIALS
 

This section presents preliminary first year growth observations of
 
follow-up trials with Leucaena leucocephata, Eucalyptus ccanadulensis 
and Acacia aZbida intercropped with maize and beans. The species have
 
been chosen to test the multipurpose production of fuel, fodder and
 
poles at various espacements and their influence on crop yields.
 

The trials were established from January - March, 1980 at the Mafiga
 
Forestry Experimental Area of the University of Dar es Salaam's
 
Faculty of Agriculture, Forestry and Veterinary Science at Morogoro,
 
Tanzania. They have been carried out by J.F. Redhead, L.L.L. Lulandala
 
and J.A. Maghembe. More detailed accounts are available in the Faculty's
 
Rerarch Reports (from which this account was summarized. Ed.)
 

There were four trials involving:
 

1. Eucalyptus caaldulensis for fuelwood and poles
 
2. Leucaena leucocephala for fuelwood
 
3. Acacia albida for fuelwood and poles and
 
4. Leucaena leucocephaZa for fodder.
 

All four were laid out as split-plot designs with crops (maize and
 
beans) and weeding regimes (clean weeding and spot weeding) as the
 
main plots, and tree espacements forming the sub-plots.
 

PRELIMINARY RESULTS
 

The different tree espacements ranging between 3 x 3m to 5 x 5m in
 
Leucae-a and Eucalyptus and 4 x 4m to 6 x 6m in Acacia did not show
 
significant influence on tree height nor did they cause significant
 
variations in maize and bean yields. This is because in all the
 
experiments the trees were still too young to pose effective
 
competition. This may show up in subsequent years, especially when
 
the canopy closes.
 

Unfortunately, it was only in experiment No. 4 that maize and bean
 
yields were normal. In experiments 1 to 3, the crop planting time and
 
maize flowering coinci'ied with severe drought so crop growth and yield
 
were both poor and unev.n.
 

I fAc2 
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The yield of maize in investigation No. 4 ranged between 1400 to 1800 kg/ha
 
which compared favourably with yields of maize monocultures at
 
Morogoro and is twice the national'average (Acland, 1971). The mean
 
yield of beans was 401 kg/ha,an average yield by peasant standards
 
(Acland, 1971).
 

On the other hand, maize caused significant height growth increases in
 
all the tree species tried and in all experiments; see Table 2. Leucaena
 
intercropped with maize was not only the tallest, but also had
 
straight and unbranched stems. In contrast, the Leucaena in the beans,
 
clean weeded or spot weeded plots were shorter and branchy and many
 
had multiple leaders. These trees also flowered and set abundant pods
 
only 15 weeks after planting out, whereas the taller Leucaena amongst
 
the maize had not flowered. It is apparent that intercropping
 
Leucaena with maize would be advantageous if the objective was to
 
produce a proportion of poles as it precludes the common habit of
 
Leucaena of heavy branching and multiple leaders from near the base of
 
the tree.
 

Measuring height only in an intercropping situation may not reflect changes
 
in actual dry weight because of a possible change in form brought about
 
by mutual shading. Clearly more data are needed and these will be
 
obtained in subsequent years.
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TABLE 1:
 

Forecast of supply and consumption of fuelwood and

poles in some regions of Tanzania by 1985
 

Estimated Estimated Deficit 
 Deficit
 mean annual 
 annual 
 as a

increment 
 Consumption 
 3 4 percentage
 
m x 104 m x 10 of demand
 

Arusha 
 75 
 200 
 125 
 63
 

Coastal and
 

Dar es Salaam 
 57 
 210 
 153 
 73
 

Dodoma 
 84 
 212 
 128 
 60
 

Kilimanjaro 
 11 
 210 
 199 
 95
 

Lindi 
 117 
 117 
 -


Mara 
 9 
 174 
 165 
 95
 

Morogoro 
 134 
 193 
 59 
 31
 

Mtwara 
 36 
 187 
 151 
 81
 

Mwanza 
 11 
 315 
 304 
 97
 

Shinyanga 
 117 
 384 
 267 
 70
 

Singida 
 127 
 145 
 18 
 12
 

Kagera 
 23 
 190 
 167 
 88
 

Source: Forest Division, Ministry of Natural Resources and
 
Tourism, Dar 
es Salaam, 1978.
 



TABLE 2: 

Height (cm) of Eucalyptus caraldulensis, Leucaena leucocephala and Acacia albida intercropped

with maize and with beans compaced to clean weeded and spot weeded treatments at various times
 
after field planting.
 

Eucalyptus Leucaena Leucaena 
 Acacia 
Tree cropping system carmldulensis leucocephala leucocephala albida
 

(for fuel) (for fodder)
 
18 weeks 24 weeks 17 weeks 23 weeks 
 13 weeks 19 weeks l7weeks 23weeks
 

Intercropped, maize 120 145 
 129 161 160 194 
 56 81
 

Intercropped, beans 103 138 107 139 
 104 160 49 75
 

Monoculture, clean weeded 
 87 114 112 140 114 153 47 66
 

Monoculture, spot weeded 
 90 110 91 112 - - -

LSD 0.05p 9 13 8 12 
 11 15
 

LSD O.Olp 12 19 11 16 15 22
 

'
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SECTION FOUR
 

PART 4C 

Optimising tree/crop combinations
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OPTIMIZING TREE/CROP COMBINATIONS
 

- by P.A. Huxley
 

Introduction
 

The selection of plant components for any

land use system, in the first instance,

involves two main considerations:
 

e 
First a choice of genotypes known
 
to be well-adapted to the agro
ecological zone under study

including the soil type(s) present).
 

* 
Then a critical selection of
 
potentially adapted plant components

to fit the broad requirements of
 
the existing, or projected, land
 
usage.
 

- These two choices will be based
 
on what is known or can be dis
covered, for example either through

currently informed opinion, or
 
through a more exact process of
 
landuse diagnosis, of both the
 
biological-environmentat and the
 
socio-economic potentials and
 
restraints of the sites under
 
consideration. 
 Here, again, the
 
MPT components may need to be
 
chosen at this stage on 
the basis
 
of what we 
know about their possible

values whereas, for crop plants, a
 
process of closely matching environ
mental crop requirements to climatic
 
and soil suitability*, and to 
local
 
preferences and marketing

possibilities, will be 
feasible.
 

In practice, these two decision-making
 
processes can be invoked in a close, re
iterative sequence, resulting in an 
initial
 
combined list of potential MPT and crop

selections. However, these will still only

be broadly suitable as possible candidates for
 
a further more exact process of selection, both
 
for different site, requirements (environmental

and management) and for an evaluation in
 
terms of between-component compatibility.

The latter will be needed so 
as to ascertain,
 

• For a procedure to 
do this see "Report on
 
the agro-ecological 
zones project, Vol.1
 
Methodology and results 
for Africa/FAO,
 
Rome.
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as precisely as possible, the relative
 
potentials of any pair in whatever mixtures,

arrangements and management sequences may

logically be proposed.
 

As background reading some basic issues under
lying the reasoning for chosing/selecting
 
genotypes of one kind or another are

elaborated in 
Appendix 1, the possibilities

of applying various forms of manangement

and arrangements in space in Appendix 2,

and considerations for chosing phenologically

suitable plant components (i.e. "matching"

in time) in Appendix 3. 
Some of the factors

underlying the success or otherwise of plant

mixtures as -ompared with sole crops are 
to
be found in the list of selected references;

but the subject is too extensive to be dealt
 
with here.
 

The remainder of this manual part is concerned
 
with outlining a simple sequence of steps

(Figure 1) which can be used to select tree/
 
crop combinations from biological/environ
mental and management standpoints. This is

based on a broad agronomic/silvicultural
 
approach at this stage and, clearly, can be

ultimately refined through the development

of the more precise modelling of the
 
processes involved. 
The alternatives which
 
emerge would need to be further evaluated
 
for their economic viability and social
 
acceptability and, overall, for their
 
potential adoptability.
 

An implementation flowchart for deciding
 
on appropriatetree/crop combinations
 

The procedures are based on first providing
 
a list of potential plant components, as

outlined above. The right hand side of the

flowchart (a pair of columns) deals with the

agricultural crop or grasses, the left-hand
 
side with the MPT. Where the crop is also 
a
woody perennial species the a left-hand pair

of columns can be substituted, or some
 
combination of steps, as 
appropriate.

Within each column pair the factors to be
considered are set out under main headings.
 

Agricultural crop.3:
 

* Cioice of cropping period 

o Factors related to the form of the crop 
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FIGURE 1 

OPTIMIAO
 

I 'PUR OSE TR ES [L U C O
 

ON.PFES EFFECTS ON 
EFFECTS ON 
 PT 
 SUSTAINADILITY/

PRODUCTIVITY EFFECTS ON CROPENVIRONMENT EFFECTS ONPRODUCTIVITY SUSTAINABILII'yENVI RONMENT 

CHOICE OF INIIAL PLANTING 
PERIOD CHOICE OF CROPPING PERIOD
 

TREE A IN/ARRANGENT 
CROP FORMAND MAAGEMNT AND DEVELOPMENT WITH 
REGARD TO SPACING/PLANT 

ARANGEME1T 

CHANGES WITH TIME 

CHANGES WITH TIME 

Short-term 

Short-term
 

Medium-term 

Medium-term
 

Long-term 

Long-term
 

VSTING
VAR 

AVESTIVESIG
 

PLANTING 
SOWING/PLAUTING 

FLOWCHART SIIOWINIGSTEPS TO CONSIDER 11101 ATTEMPTIZIJGOPTIMISE MPT/AGRICULTURAL TO
CROP COMBINATIOUS THROUGHAGENERAL AGRONOMIC/SYLVICULTURAL APPROACH. 

Pairs of 
tree/crop selections can 
be considered at
one time, treating 
these successively if there 
any
 

are more
than two plant components. 
 Start wiLh the agricultural
crop and then "match* the NP's
as well as possible,

reiterating the process as necessary.

The steps are described more fully 
in the text that
follows.
 

(revised version of an ICRA' 
in-house paper by
P.A. Huxley, June 1979). 
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plant (bushy, prostrate) and its require
ments for successful development (that

is the flowering/fruiting behaviour, if
appropriate) and so 
to consider plant

spacing and arrangement.
 

* Considerations of changes with time

(within-season, between-season and long

term).
 

* Harvesting requirements.
 

* Planting/sowing needs.
 

The choice of growing period in relation
 
to the choice of genotype (a short or
 
long-se;ison crop), 
and the probability of
 
any particular rainfall/temperature

regime, 
are key issues for agronomists when
selecting crops for particular sites, and
 
so this assessment is put first. 
 It is
 
assumed that the other key issue 
- the

suitability of the crop chosen for the

soil type at the site 
- is one that has
already been decided when selecting suitable
 
potential components.
 

In considering the various steps, sequentially,

within each of the above sections consideration
 
is given to both
 

a) the direct effects and/or the

indirect implications of the factors
 
involved on the productivity of the
 
crop itself (left-hand column of
 
the pair) and
 

b) the effects on the sustainability

of the system and any consequences for
 
changes in 
topo (local) environment.
 

Under some headings only one column is used
 
f-as the process is considered always to be
equally important for both immediate plant

productivity and for sustainability/topo
 
environmental changes.
 

Multipurpose trees
 

This general layout applies also to the
 
sequences for the MPT, which can be addressed

after the first 'likely' choice of agricultural

crop has been considered, using the 
outcome
 
to compare with alongside the MPT species'

characteristics. 
The process can be 
a reiterative one 
either by manipulating the
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available management for the original

pair, or by replacing one or another
 
components of the original tree/crop

combination in order to 
see if a better
 
set of possibilities exists. Similarly,

other pairs of choices can be put through

the same procedure until all the
 
combinations have been examined and the
 
most promising have emerged together with
 
an understanding and appreciation of why
 
they are so.
 

The comparable sequence of main headings

for MPTs is similar except that there will
 
be less emphasis on the first step ("choice

of planting period").
 

In most cases it is probable that tree
 
seedlings will have been nursery-raised

in containers and there may, therefore, be
 
a somewhat more extended choice of planting
out time (or even season where two rainy

seasons exist) than is desirable with an
 
agricultural crop if optimum yields are
 
required. When MPT's are 
to be direct
sown then the timing will be equally

critical as for an agricultural crops.
 

The main headings for the sequences to
 
be considered for 
a MPT are therefore
 
as follows.
 

* Choice of planting out period
 

o Tree form and development with regard 
to spacing with yield of parts
 
required.
 

o Changes with time
 

* Harvesting requirements
 

* Land preparation and planting
 

These are similar in scope (out not detail) to
 
thos being considered for the agricultural 
crop and, at each point, cross references to 
the outcome of any restraints imposed by that 
crop needs to be made, and vice versa in 
any reiteration. 

Explanation of steps 

Iocatis , (!,;l ticl-iolis of space the low C]1eh -1t 

Ii,) I
It~ 'l'. l 'I({ 1, 

' 
i
!~ 

I Ii . ,' ', ) l -lv i'lv e[' kf,l ' 1:1 , ( l i l' ll l liW~i 
lil' I {'J,
!I,,.'ly( IIt,:;t"O!l tl(li;,\t: I( H~
 



AGRICULTURAL CROP 

EFFECTS ON PLANT PRODUCTIVITY 
EFFECTS ON SYSTEM SUSTAINABILYTY 

TOPO-ENVIRONMENT 

Will there be enough rain, and willthe soil be in a Suitable condition 
for germination of the particularn 

Choice of cropping period From an "enlv1zllll.taIpoint of view - howwill the cropping period chosen affectplant cover in relation to soil erosion? 
crop chosentnoil temperature is How will N-fixation processes be 

affected by the chosen cropping period 
also Important here). Bearing in mind (especially if it is a legume) as 
the exneocted rainfall, temperature andseasonal solar radjation income what 
is the otan t. Z jrowth rate for tte 

crop and how will it fit into the 

compared with some other? What arethe likely changes in overall soil 
factors (e.g. humus formation affecting percolation rates, temperature, 

seasonal environment changes expected?
In what wa_ will any particular 
cropping period affect the likelyincidence of pests and diseases? 

biota etc.) to be expected from one 
cropping period to the next? Willthere be any pest (or parasite/ 

If planted on a 
the crop likely 

certain date when is 
to mature and what 

predator) carry over? 

is the weather likely to be at that 
time-. 

* Ti.e methodology outlined in 
"Rep. on the Agro-Ecological Zones 
Project Vol.1 FAO,Rome.-
a detailed sub-routine to 

provides 

be 
followed here, if required. 

SEEaeinLant Arrangment
(= Pant Popuation) 

flow will the plant population chosen 

affect the within-season potentialcrop growth rate? For example, at 
what time will stress for limiting 

factors (water, light, nutrients)be likely and how will the choice 
be plantpoul aand lnt cexploitationof plant Population and plant 

arrangement affect this? Can
anything be assessed aboutoverall plant interference/ 

To what extend will plant population 
arrangement affect the distributibn arr oo t in the d istri et heof roots in the soil and hence the 

of nutrients and water,and the build up to soil structure? 

competition processes for the 
crop, season and plant arrange-

ment chosen? 

How will the particular shading 
pattern of the crop affect soil 
degrration processes and soiidess 
losses? 

HOW will the choice of plantPopulation/rectangularity/ 
arrangement affect dry matter 

How will the application of pesti6ides (if used) affect biota and 
distribution and the yeild. 

residues? 

Co0 
-:) 
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:40 effects an immediate crop
because it is 
 ust removed 

(but optimZe time and 
manner

with reference ti 
the MPT). 


What Is 
the expected condition of
 
the seed bed under the crop

management decided upon up to 

now? (and will it be affected by 

the presence of MPT's?).
 

fiarvesting
 

Sowing/Planting
 

At this point one should proceed to the
top of the -PT sequence and progress

through it,examining not only how the
factors affecting the productivity and
 
influence on 
the environment of the MPT
itself,but also how they will 
interact
 
with the outcome of this set of
 
considerations.
 

In what ways will litter, root
 
residues, soil 
nutrient status
 
and soil losses be changed by
different 
forms of harvesting?

What 
will be the effects on
 

residual weed populations and/or
 
on weed seed residues?
 

What effect will sowing/planting

methods have on soil structure,
 
permeability etc?
 

co 

r0
 



UI'ICTS ON PLIANT PRODUCTIVITY 

How will all this affect dry matter
distribution and the proportion of 


desired harvestable parts of the
How will Partcular management 


practices affect the development of 

tree form, 

lcw wi~l pnlant arrangement affect 
Plant-to-plant competition at the
root level (and how will all 
this

affect ytclds and tie in with

soil management of the crop?) 
How 11i this affect growth rates and 
pote:;tlal production per unit area
 

sec -:.G.P. Cannell "Plant
Management 1:1Agroforestry"
 
in Appendix 
 1 and "The Role 
of Trees in Agroforestry in
 
Appendix 4). And 
see Part
 
4C "The tree/=rop interface
 
approach" 

-111.TIRPOS L "RLESI 

(Bear in mind what has already emeiged
from considering the agricultural crop)
 

Choice at [l,-ntini period (this 
will only 
occur oncc in 
a cycle
 
1ow much flexibility 
is there? What 
prior
preparations 
are 
needed (nursery production

of plants in containers, bare rooted,
 
stocks - how is it 
to be organiscd?).

Is t.1ere a case 
for direct sowing?

This has also 
 to be optimized with
reference to 
both the environment and
the 
labour and other resources needed for

sowing/planting the 
agricultural crop

and any possible benefits of combining
 
these 
(taungya practices).
 

Tree Doulation/arrangement
 
management of 
tree form'
 

EFFECTS ON SYSTEM SUSTAINABILIT.
 
ToPe-ENVIRONMENT
 

How will the development of the tree
 

canopy affect factors such as shade/
shelter/through-fall, 

which can
affect the environment beneath?
 

What effect'will the trees have on
 

the residue and build up of pests/
 

CD 

0 



Changes with time due to tln. MPT
chosen and Lts maeic]ent 

a) Ch-,Ues with tue (short ad mejdum
term) 

What uptI rins to, tree IIIlihcnent arethere (traininq, Lhin(nj, pruning orlcopping, sprayin, etc?. Will these 
affect the phenology of the treeand/or modity the environment in thatseason (short-term) or in subsequent 
season; (mcdiUr-term). 

b) Changes with tine (long-termn) 
lo, will time-dependent processes affectproductivity and environment during
the whole period up to maturity of 
the tree? 

How is the tree expected to age?And what will the site factors 

and association crops do to 
hasten or hinder this? 

In general, what opportunities and/or restraints will be imposed by the 
development of the tree canopy. 

fow will the tree be affecting thesite over decades? 

What is the most productive way 

of removing the tree parts 
required? And how can it be donewith the least disturbances toassociated crops? Will harvesting 

be a) seasonal b) intermittent 

or c) one final harvest?. 

Harvesting 
Will harvesting procedures affectsoil (compaction)? Aad more litter? 

Bring about pest/diseasa prol-lems? 
Cause mechanical problems of disposal? 
What will the sudden changes in 
the aerial environment (caused by 

removal of trees, or tree parts) do? 

What will the long-term effects of the 
removal of harvested parts be on the 
fertility of the site? 

Are there any re-plant problems forthe trees (specific and/or general?). 
Planting 

Will there be soil erosion problemstbetween harvesting and planting again? 

Return to Agricultural Crop tore-iterate process and/or changeplant components under consideration 

cc 

F 
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SECTION 4C 	 ANNEX
 

Appendix 1: 	 The influence of genotype and
 
environment on dry matter 
distribution in plants 
- by F.T. Ledig 

Appendix 2: 	 Plant management in agroforestry:
 
manipulation of trees, population
 
densities and mixtures of trees
 
and herbaceous crops.
 
- by M.G.R. Cannell.
 

Appendix 3: 	 Phenology of tropical woody
 
perennials and seasonal crop
 
plants with reference to their
 
management in agroforestry
 
systems
 
- by P.A. Huxley
 

These papers 	are reprinted from
 
"Plant Research and Agroforestry"
 
(Ed. P.A. Huxley), 1983, ICR.AF,
 
Nairobi.
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TIlE INFLUENCE OF GENOTYPE AND ENVIRONMENT ON
 

DRY MATTER DISTRIBUTION IN PLANTS
 

F.T. LEDIG 
Institute of Forest Genetics, Pacific Southwest Forest
 
and Range Experiment Station, Forest Service, US
 
Department of Agriculture, Berkeley, USA.
 

ABSTRACT. Plants d.slribute growth among comlpeting sinks 
in such a way as 
to retain a functional structure. When

photosynthate is limiting it 
is used in the canopy and

little, 
if any, is available to the roots. When water ornutrients are limited they are intercepted by the roots,

growth of the canopy is restricted, and photnsynthate is
 
available fcr root growth.

Because 
most changes are adaptive, environmental effects
 

are predictable. High levels of irradiance increase root
 
growth relative to shoots, and low levels increase shoot

growth relative to roots. Especially in temperate peren
.nials short photoperiods signal a cessation of shoot
 
growth, subsequently favouring root growth. Infertile
 
soils and low water potential inhibit shoot growth pro
portionally more than root growth. The effect of tcmpera
ture cannot be generrlized as 
easily because it depends

not only on the temperature regime to which the plant is
adapted, but also on 
the climatic correlates of tempera
ture.
 
Life form is intimately connected with the shoot- root
balance and.with reproductive allocation. The shoot.root
 

ratio in annuals increases with time, and 
the reproduc
tive allocation is 
a high proportion of 
total biomass.
 
In woody perennials the shoot:root ratio generally

declines with and
age, reproductive allocations are

usually les , 

than those 
 in annuals. 
Within species the variation of growth distribution,


and hence plant architecture, as a fesult 
of population
adaptation to latitudinal, elevatLional, edaphic, and
moisture gradients is well docum _nted. Vatiation within 
Iopulations is less well studied and estinvites of herit
ability are rare.
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 F.T. LEDIG
 

INTRODUCTION
 

It is reasonable to assume qhat plants can adjust their archi
tecture to fit their environment. Animals have behavioural modes
 
to accomplish this. If they find themselves too warm, they seek
 
the shade of a burrow; if too cold, they bask in the sun. Analo
gous responses in plants would be the differential allocation of
 
growth to the stem in order to seek the 
sun when they find them
selves in partial shade, or the allocation of growth to roots
 
when the soil water status or nutrient environment become limit
ing to biological function. This is not a teleological argument. 
These responses have been fixed by natural selection: those
 
individuals capable of adjusting their growth to seek a more
 
favourable environment were better equipped to survive 
 and
 
reproduce than those that did not.
 

But the ability to respond to environmental stimuli entails 
a metabolic cost, and plants, with their limited capacity to
 
sense stimuli, can eir in their growth response when confronted 
with fluctuating environments. The bounds to environmental re
sponse, called phenotypic plasticity or individual adaptability, 
therefore, are not without limit. Plants have adapted to meet
 
the demands of the environmental rigours that they most fre
quently encounter, ard to respond to changes within limits
 
around the mean.
 

The allocation of growth is a broad topic. It includes the
 
division between reproductive and vegetative efforts and the
 
di3tribution among vegetative organs: 
 leaves, stem, and root
 
system. Within organ 
 systems there are also trade-offs: for
 
example, long tap roots with fev, laterals versus 
 fibrous, multi
branched root systems.
 

This paper is primarily a review of the patterns of distri
bution among vegetative organs, but also refers briefly to
 
trade-offs within organ systems and to reproductive allocation.
 

MODELS FOR T1IE DISTRIBUTION OF GROWTh! 

Thornley (1972a, b, 1975, 1977a, b) and Hunt (1975, 1976,- 1977)
discussed models for the partition of photosynthate in which the 
balance between rate of nutrient and water uptake by the root
 
and C02-fixation by the leaves determines the allocation of
 
carbohydrate:
 

root mass x rate (absoption) leaf mass x rate(photosynthess) 

If conditions limit photosynthesis (for example, low light) then 
most or all of the current photosynthate will be used near the
 
source, and leaf 
 and stem growth will exceed that of root growth
until the' canopy is capable of producing sufficient photosyn
thate to exceed its requirements. This agree3 with most observa
tions on translocation. For example, translocation of carbohy
drates from the shoot is lowest when shoot growth is most active 
(Lister ct al., 1967) . If nutrients limit growth, then photosyn
thate cannot be used in the canopy and it will be available for 
translocation to the roots. The limited nutrients that are ab
sorbed will be used near the point of entry, the roots, so that 
root growth will exceed stem and leaf growth until the root is 
capable of exporting nitripnts to the canopy. The model would 
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predict that periods of root growth should alternate with
periods of shoot growth which, in fact, is tilesituation for
 many species even under constant conditions in growth chambers
(Fig. I from Ledig at al., 1976), or in tropical trees growing
in 
an aseasonal clima~e (Borchert, 1973). 
And it has long been
observed in the field (for example, Kienholz, 1934; Webb, 1977).
Rhythmic growth patterns in pines are parallelled by rhythms in
short-term translocation patterns as indicated by distribution

of phntosynthetically fixed I"C 
(Shiroya at al., 
1966; Schier,
 
1970).
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Fig. 2. 
Peaks of root growth activity alternate with peaks

of shoot growth in spedlings of pitch pine (Pinus rigida)
grown under constant conditions (Ledig at al., 
1976).
 

DEVELOPMENTAL PATTERNS
 

The shoot:root ratio increases with age 
in herbaceous plants and
decreases in woody perennials, 
at least in seedlings (Figure 2).
Rooted ,tonterey pine (Pinus radzata D. Don) cuttings from
physiologically mature trees have lower shoot:root ratios than
seedlings of the 
same size (Fielding, 1970). In general, the
greater degree of perenniality (that is, the longer lived), thegreater the root growth relative to shoot growth (Troughton,1960). Because of developmental changes it is difficult to
evaluate 
treatment effects by comparing proportions or ratios.
It is better for many purposes 
to compare the parameters of the
allometric equation (Ledig and Perry, 1966; Ledig at al., 
1,970):
 

LnY 
= a + binX.
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Fig. 2. Shoot:root ratio generally declines with age in
 
woody species and increases in herbaceous species (Turner, 
1922; Ledig et aZ., 1970).
 

In the equation, InY and inX may be the natural logarithms of
 
two organs, or one organ 
(inY) and total dry weight (nX). Allo-' 
metric relationships among vegetative organs are constant until
 
the onset of flowering, at least in grasses (Troughton, 1956, 
1966). in tree species, the relationship seems to hold for at
 
least three years, and perhaps much longer, for example, 15 
years in peach (Prunus persica [L.] Stokes) (Chalmers and van
 
den Ende, 1975) and 55 years in 
 Scots pine (Pinus syZVestris L.).
(Ledig at OZ., 1970). 

After perturbatioi, such as root pruning or shoot clipping,'
differential growth returns shoot and root to the relationship 
existing before disturbance (Brouwer, 1962). The relationship 
between shoot and root is obviously altered after leaf abscis-. 
sion in deciduous trees, but apparently returns in the follow
ing spring to levels that continue established trends (Figure 3)
Photopeglodic responses in woody species cause alternating.. 
growth of shoots and roots, resulting in swings around the allo. ' 
metric relationship (Figure 4); nevertheless, over a sufficient' 
period of tine a consistent trend is obvious (Cannell and
 
Willett, 1976).
 

Although environmental stimuli cue changes in the dev'lop7,

mental pattern, controls on the distribution of growth are prob.

ably hormonal in nature. Certainly, the strength of reproductivei' 
organs as a sink for both nutrient elements and carbohydratesli
the result of hormonal control rather than external limitation'4 
to growth of the leaves, stem, or roots. Changes in leaf or--roe
activity change hormonal balance. And because subsequent grow3 
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 After winter dormancy the relationship of leaf dry
weight to 
total seedling dry weight tends to return to the
patterns established in 
the first growing season 
in the deciduous European larch. Asterisks (*) indicate values during
early spring when leaf growth 
was just beginning and in
autumn after 
leaf fall had begun.
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response to correct 
the imbalance is adaptive, hormonal control
and control by limiting factors are 
indistinguishable in effect
'
 Hormonal control is necessary to maintain growth along adaptive

lines despite environmental noise.
 

ENVIRONMENTAL INFLUENCES 

P'ysical environment
 

Light. If light has an effect on partitioning of photosynthate
* it is to 
increase root growth relative 
to shoot growth at higher
levels of irradiance. Shading reduced the relative growth of
roots in grass seedlings (Troughton, 1960), but had no effect onthe relative growth of root to shoot in several tree species(Ledig at at., 1970; Doley, 1978). Light pe 
se had no effect on
the allometric relationships in perennial ryegrass (Lolium

peranne L.), but under a combination of shading and high levels"of nitrogen fertilization, tops grew at a relatively greater
rate than roots (Table I from Hunt, 1975) 
. Based on the proportion of new growth accounted for by leaves, stem and root theallocation to leaves remained a constant proportion in chrysanthemum (Chrysanthemum nprifolium Ramat.) irrespective of irradiance; and similar responses were cited for other species (Acockat aZ., 1979) . Under a combination of high light and high moisture Douglas fir (Pseudotsuga menzieosj (irb.] Franco) hadrelatively greater shoot growth than root growth compared withother combinations of light and moisture treatment (Ledig at 
al., 1970).
 

Table 1. Effect of nitrogen and light on relative root to 
shoot growth in ryegrass (Hunt, 1975). 

Treatment 
 Allometric constant
 

High nitrogen 
 - high light 0.838
Low nitrogen 
- high light 
 0.953
 
High nitrogen 
 - low light 
 0.694

Low nitrogen  low liqht 
 0.727
 

As expected, shoqt:root ratios in several woody species
were higher in shade than 
 in full sun (Kozlowski, 1949; Huxley,
1967; Gordon, 1969; Carpenter, 1974; Patterson, 1980), 
 but investigations based on the final proportion of dry matter inleaves or roots after extended periods of growth ,ire difficult.:;,
to 
interpret. Because shoot:root ratios change w'ch ontogeny,
developmental differences are confounded with 
 treatment effects*.In several studies of shoot:root ratios, the effect of irradi-.:.'ance may also be confounded with moisture stress (for example,
Gordon, 1969; Carpenter, 1974).


Root growth response to illumination of the leaves resem- ,bles photosynthetic light. response curves in some woody species .(Richardson, 1953); 
that is, there is a light compensation point,
a rapid increase in root 
growth with increasing irradiance, an*
finally an approach to a: asymptote or saturation level. The 
*
 response time was in the order of 12 to 24 hours in silver mapl'(Ace' SOcchartim L.) seedlings, but substantially longer in red 

/
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oak (uercu6 rubra L.) (Richardson,
1 1956). Studies on translocation of 'C-labelled carbohydrates also fidicate an increasedexport to roots with increasing irradian,:e.hydrates More labelled carbowere translocated to roots afL-r exposure at high irradiance than after low irradiance in Italian ryegrass (Loliumtemulentum Lam.) 
and barley (iordewn vulgare L.)Powell, 1976) (Ryle and. The response is immediate,

until two three 
but not fully expressedor days at high or low levels of irradiance. In
some pines, and in sorghum (Sorghum sudanense [Piper)translocation Stapf),to the roots was greatest following several daysof preconditioning under high irradiance (Shiroya at al., 
1962;


Wardlaw, 1976).

The results agree with the hypothesis that requirements for
shoot growth are satisfied first and, as 
the needs of the shoot
are saturated, the carbohydrate gradient 
increases and the roots
receive an increasing share of assimilates. If nutrients or
water are 
limiting then carbohydrates cannot be utilized for
shoot growth, and the root will receive a disproportionate share.'
Therefore, 
shoot growth should be saturated at a lower irradiance 
than root growth. In fact, for western 
hemlock (Tsuga
hetcrophyZla [Raf.] 
Sarg.) and Douglas fir, shoot dry weight was
greatest when seedlings wetr grown at 50
9 to 75 per cent of full
sunlight, but root growth 'was greatest when seedlings were grown
without shade 
(Brix, 1970). For ryegrass and barley, the amount
of 1"C-labelled products retained in the leaves was constant, so
increased assimilation under high irradiance primurily favoured
the roots 
(Ryle and Powell, 1976). 
Whether short-term change in
translocation has an effect on developmental patterns is less
certain. Short-term experiments do not always separate temporary
storage products from structural growth.


Many species respond to levels of irradiance by changes in
leaf and stem morphology without changes in the allocation of
dry matter growth between tops and roots 

are 
 (Figure 5). Internodeslonger and/or leaves are broader and thinner when shaded,for both woody perennials and herbaceous species (for exa.jple,
Jackson, 1967; Ledig et al., 
1970; Carpenter, 1974; Doley, 1978;
Acock et al., 
1979).
 

Photoperiod. 
Without xception,

photoperiod is 

the effect of lengthening

to increase shoot growth relative 
to root growth
in temperate perennials (Bourdeau, 1961; Giertych and Farrar,
1961; McNaughton, 1966; Itead 


Heide, 
and Bagley, 1967; Eliasson, 1971;
1974; Anon., 1976; Immel at al., 
1978; Kinloch, 1980).
Temperate plants respond to 
long photoperiods by extending their
shoot growth period. Because growth is episodic roots elongate
after shoot extension and leaf expansion slow down. Thus,
extended periods of shoot growth result in an 
increase in shoot:
root ratio. Tropical plants, 
not photoperiodically adapted,
should show no 
response, or 
an erratic response, to variation in
 

photoperiod.
 

Temperuture. 
 The effect of tempetature 
on the allocation of
growth 
is difficult to generalize about 
(for example, see literature reviewed in Acock at al., 
1979). Shoot:root ratios,
relative shoot orgrowth to root growth, 
increase with temperature
in some species (McNaughton, 1966; Cooper and Thotnley, 1976; 
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Fig. 5. 
Drawn for sugar maple (Acor saccharum). Shade

leaves and sun leaves. Shade leaves are broader and produce

higher concentrations of chlorophy)' than 
sun leaves which
 are thicker and have higher 
levels of carboxylating enzymes.
 

Gur et al., 1976; Hodgkinson and Quinn, 197A; Gowin et al.,
1980) and decrease in others (Troughton, 1961; Mahon et al.,

1976; Gottlieb, 1978; Acock et 
al., 1979). Part of the problem

may be the lack of temperature differential between shoots and
 
roots in controlled environment experiments; an unusual situa
tion in nature where variables such as 
light, photoperiod, soil
water status and mineral nutrition impinge directly on one or
the other of either the shoot or 
the root. However, temperature

treatments in most controlled envirosments are usually applied

to both simultaneously, and root ?nd shoot responses and inter
actions 
are complex. for exampi:, photosynthesis is partly a
temperature insensitive photochemical reaction, while photores-
piration increases with temperature as a result of the tempera
ture dependence of leaf ribulose-1,5-diphosphate carboxylase/

oxygenase activity. Therefore, as temperature increases, the
rate ?f root absorption should increase more rapidly than the
 
rate of net photosynthesis.
 

Thornley's model would, indeed, predict that shoot:root

ratio will increase as root activity increases. However, 
this

hypothesis was not borne out in 
several species of trees when
 
root temperatures were varied from 19*C to 27*C and shoot tom-,
perature was held constant at 22'C (Ifeninger and White, 1974)..'1,..
Shoot:root ratios did tend to 
increase at 31'C, perhaps because:
of rapid rates of root respiration. Shoot:root ratio decreased'
with change in temperature from 19°C to 15"C in species with
 
apparent growth optima of 19'C or above, which can 
be explained
either by reduced root activity or by th observation that theq'optimum temperature for root growth is lower than that for shoot, 

'N
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growth (Nielsen and Humphries, 1966; Davidson, 1

969a). The
results suggest that the effect of temperature is directly on
growth rate and not on relative activity.


6

ceNorwegian Norwo0 > 

O 04 
0 n 
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 e nPortuguese-

0 
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5 10 20 30 
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Fig. 6. Shoot:root ratio in a Norwegian race of orchardgrass (Dactylis glomwrata) increased with increasing temperature but decreased in a Portuguese race adapted tosummer drought (Eagles, 1967).
 

Temperature responses may vary among species 
as a result of
differences in climatic adaptation. For example, allometric root
to total dry weight growth increased with increasing temperature
in the subtropical species cassava 
(Abnihot esculenta Crantz)(Mahon at al., 1976), but decreased in several 
temperate species
(McNaughton, 1966; Cooper and Thornley, 1976;
In orchard grass (Dactylis glomerata L.) 
Gur at al., 1976).
 

relative shoot-to-root
growth increased with increasing temperature in a race from a
climate with a cool, moist growing season 
and decreased in arace from an 
area with summer drought (Figure 6 from Eagles,

1967).


If seasonal chahge is sigalled by a difference in temperature its effects will also depend on 
the precipitation regime 
to
which a plant is adapted.
 

Soil water status. 
 Greater available soil water often reduces
root growth relative to shoot growth (Figure 7 from Gales, 1979,and sde 
Harris, 1914; Satoo, 1956; Troughton, 1960; 
Steinbrenner
and Rediske, 1964; Zelawski at al., 
1969; Read and Bartlett,
1972; Barlow at al., 
1976; 
Timmis and Tanaka, 1976; Silvius at
al., 1977; Fisher and Turner, 1978; Blake at at., 
1979). Relatively few studies, however, have shown a change of the allometric coefficient in response to soil water status 
(Pearsall,
1927; Troughton, 1960; Ledig at al., 
1970).

In soybean (Glycine max (L.) Merrill) a condition of water
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Fig. 7. 	Increase in root:shoot ratio as a result of drought
 
treatment in ryegrass (Lolium pernne) (Gales, 1979).
 

stress as 
compared with adequate watering resulted in greater

translocation of photosynthetic products to 
the roots, except

during the period of pod-filling (Silvius et al., 
1977) because

reproductive demands have priority of resources in annuals.

Genotype can 
interact with drought treatment. For example, in

cottonwood (Populus deltojdes Bartr. ex Marsh.), 
or loblolly

pine (Pinus taeda L.), 
clonal or family interactions with a
 
water stress treatment were observed 
(Farmer, 1970; Cannell et
aZ., 1978). Even when effects of soil water on shoot:root dry
weight balance appear to be lacking 
there are changes in root
 
morphology (Penka, 1965).


Evans (1980) has suggested that the 
input of energy in the
form of irrigation may permit the breeder to shift growth from
the roots 
to the top to increase merchantable yield. Furthermote,

this 
trend would reduce respiratory losses because roots can
 
account for a high proportion of a plant's carbon loss through
respiration. In additiop ,'allocating a greater proportion of
carbon resources to 
lea growth would increase the growth rate
(Ledig, 1976). 
Without irrigation the optimal shoot:root balance

will necessarily be less than that where irrigation is practised.

Furthermore, on dry sites, Cannell at al. 
(1978) have found a

negative association between volume growth in loblolly pine

families and high relative shoot-to-root growth.
 

Nutrient Zvel and coil structure. The response of shoot and
root growth to fertilization conforms to 
the expectations of

Thurnley's model. 
High levels of nutrients increase growth of
shoot relative to root in both herbaceous and woody species

(Figure 8 from Shamsi and Whitehead, 1977, and 
see Harris, 1914;
Turner, 1922; Pearsall, 1927: Mitchell, 1934; White, 
1937;

Williams, 1948; Troughton, 1955, 1956, 1977; Vose, 1962;
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Fig. 8. Change in root:shoot ratio with various nitrogen

concentrations in Lythrum salicar a 
(Shamshi and Whitehead,
 
1977).
 

Steinbrenner and Rediske, 1964; Davidson, 1969b; Blackmon, 1970;
Giertych, 1970; Evans, 1972; Mathews, 1972; Drew et at., 
1973;
Hunt, 1975; Haines and Dunn, 1976; Stribley and Read, 1976;

Will, 1977; Joiner et at., 1980; Maynard et at., 1980). However,
in some other examples nutrient level had no effect on 
the
shoot:root balance (for example, Shamshi and Whitehead, 1977;
Anderson and Ladige7, 1978; Joiner et al., 
1980). Perhaps

because the 
rapge of fertilizer treatments was not broad enough

to cause a measurable response. Potassium is 
less effective in
altering the shoot:rqot! balance than nitrogen or phosphorus
(Vose, 1962; Sham~hi and Whitehead, 1977; Bouma et al., 1979; 
Joiner at al., 1980).
 

Not all genotypes respond 
to changes in nutrient level to
the same degree. For example, the relative shoot-to-root growth
of various provenances of Norway spruce (Piaea abics (L.] Karst)was affected differently by changes in phosphorus level 
(Gier
tych, 1970). In European larch (rar x dccidua Mill.) fertilization prolonged the shoot growth period (Pineau, 1968), 
a possible mechanism whereby nutrient level may influence shoot:root
 
ratio in 
some tree species.


There is less information on the effect of soil structure
 on shoot:root balance. Root growth is retarded by compaction andlack of aeration, probably because of inhibition of root respiration. As a result shoot:root ratio may increase. In ryegrassand clover (Trifotiwn repenas L.), shoot growth was favoured 
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against root growth in waterlogged soils (Davidson, 1969b).
ever, Ladiges and Kelso 
 ow

(1977) found no effect of waterloggin.-At,
on shoot:root ratio in ribbon gum (Eucalyptus ui~ninaZis Labil.),j

or swamp gum (E. ovata Labill.). 
 '1V 

Biotic conpetition 
The effect of plant population is variable. A greater plantpopulation may increase 
(Kamel, 1959), 
decrease (Troughton,
19S5, 1956), 
or not affect the distribution of growth between
shoot and root (Troughton, 1956; Rennie, 1974). 
This variability
may result from differential effects of plant population on
above- versus below-ground competition, depending on the speciesand levels of stocking used. Results that show an increase in
shoot:root ratio in woody species with increasing nursery bedpopulation, or under grass competitlon, are suspect becauseeffects are confounded with developmental changes (Fober andGiertych, 1971; Wilson and Campbell, 1972). Changes under interspecific competition seem to be complementary. If shoot:rootratio is increased in one species it is decreased in the other 

* 

(Troughton, 1955).
 

GENETIC VARIATION
 

Species patterns
 
Shoot:root ratios decrease from the annual to 
the herbaceous
perennial habit, and to seedlings of woody perennials (Table 2
from Abrahamson, 1979, 
and see monk, 1966). Tuber crops are
exceptions having a high proportion of growth in below-ground
organs (Bray 1963; Penka, 1965). 
Within the woody -life form
there is a trend for species of early seral 
stages to have
greater shoot-to-root growth than those from later ones. Species
like pin cherry (Prunus pennsyivanica L.) , trembling aspen(Populus tremuloides Michx.) and red.alder 
(Ainus rubra Bong.),
which are geared to temporary occupancy of a site, distribute
more growth to leaves and stems 
than to rcots, and they enter
the reproductive stage at an early age as contrasted with longer
lived species such as beech "(Fagus grandifoZja Ehrh.) and sugarsmaple (Accr saccharum marsh.) (Zavitkovski and Stevens, 1972;"

Marks, 1975). 

Table 2. 
Per cent of biomass in vegetative and reproductive
organs in herbaceous-wildflower species from the eastern
United States by life form (Abrahamson, 1979).
 

li.of
low--i!
 
No. of Stem Leaf 
 Flowers
species ground Shoot: 

root 

Field annuals 
 9 14 43 
 24 20
Field perennials 24 29 
6 14
 

31 28 
 12 2.45
 

Habitat related gradients also are 
observed. Species specific shoot:root ratios increase along gradients from xeric to'h,
 
masic habitats in bath herbs and trees
al., 197 ). Desert species (Bray, 1963; Mooney et'...,have the lowest stoot:root ratios 
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(Mooney and Bartholomew, 19A4; Evenari et al.,
root morphology may vary as 
1975). Apparently


well. For example, from predominantly
taprooted, in eucalypt species native to dryer habitats, to
shallow fibrous-rooted, in species from mesic habitats
and Grose, 1958). (Zimmer
Shoot:root ratios may decrease from high values
in species at low latitude and altitude to low values in species
native to high latitudes and alti 
u;- (Wieijuiki 
1 1",.
 

Intrcspecific varfation
 
Ecovariants. 
When the pattern of dry matter distribution varies
among populations within a species the trends can 
generally be
interpreted as adaptive. For example, two populations of ribbon
gum and mugga (EucaZyptus sideroxylon (A.Cumm. I Benth.), nativeto areas with low rainfall, had lower shoot:root ratios 
(that is
larger root systems for their size) than populations representative of high rainfall climates 
(Zimmer and Grose, 1958; Ladiges,
1974; Pederick, 1976). 
Seedlings with relatively larger root
systems were 
less susceptible to wilting when water was wi.thheld,
and recovered 
from stress 
more rapdily than seedlings from populations characterized by high shoot:root ratios
Ladiges, 1974). (Table 3 from
Similar exam les have been reported in a variety
of species (Bey, 1974; BalFw1n and Barney, 1976; 
Venator, 1976).
 

TabZe 3. 
Shoot:root ratios and drought damage for 3-monthold seedlings of ribbon gum (Eucalyptus viminaZis) (Ladiges,

1974).
 

Leaf 

Population material Plants 
 Dry
dead, killed' 
 weight Shoot:root

dead.ratio
 

% % 
 ( g) 

Dry sites:
 
Anakie granite 
 20.8 
 10 
 172
Anakie basalt 2.22


65.1 
 10 
 230 
 1.96
 
Mesic sites:
 
Trentham 
 69.0 
 50 109
Mt Cole 2.94


73.0 
 40 
 230 
 2.56
 

Latitudinal trends in the distribution of growth are quite
consistent in tree species. In uniform garden experiments provenances native to northern latitudes have relatively more 
root
to shoot growth than provenances from southern latitudes
(Kriebel, 1963; Gordon, 1966; 

1971; 

Brown, 1969; Schultz and Gatherum,
Brown and Cech, 1972; Farmer, 1975). Apparently, the
proximal cause 
is photoperiodic. Growth is extended
enances in provfrom areas south of the test location because photoperiods are longer than those to whichthey are adapted they are adapted, and/orto an inherently longer growing season.the reverse Whileis true for provenances from areas north of the testlocation. Shoot growth, therefore, continues longer in southern
provenances. And by the time buds are
able for 
 set little time is availroot growth before temperatures become restrictive.In northern provenances of lodgepole pine (Pinus contortaDougl. ex 
Loud.), Sitka 
spruce (Pcea autche:ssis (Bong. Carr.),
and black cottonwood (Populus trmchocarpa Torr. 
et Gray) , where 
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Fig. 9. Seasonal fluctuation in root:shoot ratio in lodge
pole pine (Pinus contolta) provenances. The longer the period

fo shoot growth, thc'less time for root growth and the lower
 
the root:shoot ratio (Cannell and Willett, 1976).
 

terminal buds formed earlier, periods of root growth were 
longer
 

and shoot:root ratios lower than in southc..n provenances (Cannell
 
and Willett, 197G, and also Sweet and Wareing, 1968). However,
 
more detailed analysis indicated that this compensation occurred
 
in the spring. So for periods measured in years rather than
 
months 
the allometric relationships were similar "or all prov
enances of Sitka spruce and black cottonwood (Cannell and
 
Wil.ett, 1976). 
The pattern of greater root growth relative to
 
shoot growth waL retained in lodgepole pine because shoot growth
 
was not as 
strongly linked to photoperiod. In lodgepole pine
 
current growth was fixed by the number of primordia laid down in
the bud the previous year.
 

On the basic of trends for latitudinal races, and when
 
grown in the same environment, provenances from high altitudes
 
should have greater root growth relative to shoot growth than
 
provenances from low altitudes. In fact, little information is
 
available on relative shoot and root growth with relation to
 
altitudinal transects, and it is conflicting. In lodgepole pine,

shoot:root ratio was lower in montane provenances than in coast-"
 
al provenances (Roberts and Wareing, 1975), 
but in Norway spruce:

shoot:root ratio increased with elevation 
(Iolzer, 1966).


Not all differences among provenances are of the fixed or
 
constitutive 
type. Different populations of the same species mayj-.:

differ in their environmental response, or even 
in the degree of;

their response, exhibiting phenotypic plasticity. As an example-%,
 
of differences in environmental response the shootroot ratio'of 4
a Norwegian race of orchard grass increased with Increasing tem_.i
 
perature, but that of a Portuguese race decreased (Figure 6)..
 

For the Norwegian 
race, which evolved in a climkate characterized
 
by summer rainfall, higher temperatures favour iater and mineral'i
 
absorption by roots, so the shoot is free 
to grow. But for the
 
Portuguese race, higher temperatures signal summer drought, andt'.
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On Droughty Sand On Poorly Drained Loam 
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Fig. 10. The root system of aeedlings from northern white
 
cedar (Thuja occidentaZis) growing on the uplands responded
 
plastically to soil moisture conditions in an otherwise uni
form environment. Seedlings from parents native to poorly
 
drained lowlands lacked the ability to respond adaptively
 
(Habeck, 1958) 

survival depends on anlextensive root system. The classic study
 
of Iabeck (1958) on upland and swamp ecotypes of northern white
 
cedar (Thuja occidentalis L.) has demonstrated genetically
 
determined differences in plasticity (Figure 10, from flabec::,
 
1958). 

In addition to simple differences in the distribution of
 
growth among organ systems, there may be differences among prov
enances in the way available carbohydrates are used within an
 
organ system. For example, growth of roots may be dominated by

formation of a taproot or by a much ramified and fibrous struc
ture. Examples of variation in root morphology include prov
enances of Scots pine and black cherry (Prunus serotina Ehrh.)
 
(Brown, 1969; Brown and Ceck, 1972).
 

Intrapopulation uAration. Much less is known about variation
 
in growth allocation within populations. Ledig and Perry (1966) 
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and Cannell et al., (1978) found differences among families in 
loblolly pine. In Cannell et al.'s (1978) sample, families 
having a high relative rate of root growth compared to shoot 
growth in the seedling stage produced the greatest wood volume 
at eight years when evaluated on a droughty site (r varied from 
-0.5 to -0.0), but not on a site with a high water table. Cotton
wood clones vary in relative growth of shoot to root and in their 
interaction with moisture stress treatment (Farmer, 1970). Vari
ation in shoot - root relations among varieties of ryegrass, 
orchard grass, and tall fescue (Festuca arundinacea Schreb.) 
was also related to differences in growth and yield (Troughton, 
1963; MacColl and Cooper, 1967) , but gains were predicted for 
selection of varieties with greater top growth (Troughton, 1977).
 
The only report of heritability uncovered was 0.32 for shoot:
 
root ratio in bread wheat (Triticum aestiVum L.), and effects
 
resulting from dominance variance werg iso significant (Kazemi
 
et al., 1978).
 

REPRODUCTIVE ALLO(ATIOZ 

The induction of reproductive structures results in a decrease 
in allocation to vegetatile organs (Leonard, 1962). In peach
 
trees diameter increment, or dry weight growth of vegetative
 
organs drops 80 per cent within four years after fruiting
 
(Chalmers and van den Ende, 1975). Fielding (1960) estimated
 
that 7-year-old Monterey pine allocated 16 per cent of current
 
dry weight to sexual reproduction. Dwarf ecotypes of pitch pine
 
(Pinus rigida Mill.) grow at almost the same rate as normal
 
pitch pine for their first few years, and the distribution of
 
growth between shoot and root is similar. But the dwarf forms
 
are reproductively precocious and rapidly fall behind in stature
 
after flowering begins (Good and Good, 1975; Ledig and Little,
 
1979) . Dwarfing rootstocks are used to change allocation patterns 
in fruit trees to favour fruit at the expense of roots. Appar
ently phloem transport is checked in some graft combinations
 
but, in others, swelling below the graft union suggests that
 
there is an accumulation of carbohydrates in the roots (Sax,
 
1958). Therefore, more than one mechanism may be responsible for
 
increased reproductive allocations. Rootstock- scion interactios
 
are known (Tubbs, 1980).
 

In their wild state, annuals devote a greater proportion of
 
photosynthate to reproduction than flowering perennials (Pitelka,
 
1977; Abrahamson, 1979). Annual allocation to fruit may be very
 
high in domesticated perennials once they reach reproductive
 
maturity; allocation to fruit can be greater than 60 per cent of
 
annual increment in peach (Chalmers and van den Ende, 1975).
 
However, the annual increment is only a fraction of the total
 
accumulated dry weight in roots and stem, so fruit weight is a
 
small proportion of total dry weight. Plants growing in more
 
rigorous habitats and under limiting conditions allocate less.to,%*
 
sexual reproductioa than those more favoured, although the
 

'
 former may allocate more to vegetative reproduction through in-....
 
creased growth of below-ground parts, such as rhizomes. Thus, in';
 
a sample of native North American herbaceous species those in-.5 
digenous to open hz.itats allocated 14.5 per cent to flower pro 
duction and 24 per cent to below-grot~nd organs, but figures or f 

• :,I
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Table 4. 
Per cent of biomass in vegetative and reproductive
organs in herbaceous wildflower species from the eastern
United States by habitat type (Abrahamson, 1979).
 

Habitat 
 No. of Below-
 er
type species ground 
 Leaf
%tem Flowers Shoot:root
 

Fields 
 36 24 36 
 26 14 
 3.2
Woods 
 16 
 40 18 34 
 8 
 1.5
 

those from woodlands were 8.1 per cent to 
flower production and
.40 per cent to below-ground organs 
(Table 4 from Abrahamson,
1979). 

high 

Temperate plants growing under rigprous conditions at
elevation may depend on vegetative reproduction, allocatingless to sexual reproduction but more 
to below-ground parts than
those at low elevation (Jells, 1980). However, for species relying primarily on 
sexual reproduction, reproductive allocation as
a proportion of total growth may increase with elevation (Kawano
and Masudo, 1980), 
because less time is available 
for vegetative
growth in shorter growing seasons.
 
According to some authdrities, natural selection may modify
wild plants along an r- and K-selection gradient (Solbrig,For example, dandelions (Tarazacwn 

1971).
off ionale Weber) from frequently disturbed habitats enter the reproductive phase early,wile those under severe competition in unmown fields devote
considerable growth to 
leaf production before flowering (Solbrig,1971); little bluestem (Andropogon scopaerus michx.) from older
fields, fully stocked with competitors, devoted less to reproduction than those from recently abandoned fields (Roos and
Quinn, 1977) ; and grazed colonies of raspberry (Rubus hispidusL.) put more growth into leaves and less into reproduction thanungrazed colonies (Abrahamson, 1975). 

APPLICATION TO AGROFORESTRY
 

In many instances, the distribution of growth in temperate
plants, particularly the partition between vegetative and
reproductive growth, is regulated directly or 
indirectly by
photoperiod. Photoperiod induces flowering and cues shoot 
growth
cessation by Inducing resting buds. Agriculturists and foresters
in the tropic and subtropics 
use many introduced species from
temperate zones. The lack of photoperiodic or climatic signals
can disrupt their customary growth patterns. The short photoperiods typical of 
the equatorial regions induce precociousflowering in short-day plants and may prevent flowering entirely
in long-day plants. However, these patterns are 
readily susceptible to modification by breeding. For tropical species, the
Signals for change from one growth phase to another are
well understood, lessand the subject is in need of a major research 
effort. 

Responses to 
limiting factors, such as 
light, water, and
nutrients are adaptive and enhance survival and growth. Withintercropping, the patterns of dry weight distributionStorey crops are in underlikely to change in the direction ofleaf increasedand Stem growth and reduced root growth as a response to 
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shading. However, root competition for water and nutrients could 
be compounded because of reduced transpiration under shading, 
and the net effect warrants study. Certainly, flowering and 
fruitinq will be reduced by growth below an overstorey. 

The effect of intercropping on the overstorey is less 
obvious. Root competition from pasture grasses may increase the 
distribution of growth to the roots in trees, but once past the 
seedling stage, competition between roots of annuals and peren
nials may be less important with respect to dry matter distribu
tion. Species should be chosen that use different rooting zones. 
If we assume that trees intercropped with low plants will be 
grown at wide spacing, it seems likely that light will not be 
limiting to the overstorey and the relative distribution of 
growth to stem and roots will be greater than when they are 
grown in a closed canopy. 

The types of studies needed to fill our information gap are 
empirical and practi'al in nature. In particular, we need more 
information on the effect of competition, especially comparisons 
of growth in pure culture versus performance in mixed crops of 
overstorey and understorey plants. 

SUMMARY 1 

The distribution of growth arong vegetative parts can L
modelled by reference to limiting factors: when photosynthate
 
is limiting, it is used in the canopy and little or none is 
available for root growth; and when water or nutrients are 
limiting, they are used at their point of entry, the roots. The 
mechanism is adaptive because it corrects functional imbalances. 

During the period of vegetative growth, relationrhJps among 
leaves, roots, and stems can be described by the allometric
 
equation, although oscillations around the relationship are
 
observed in response to seasonal demands. The consequence of
 
allometric growth is an ontogenetic change in the proportion of
 
dry matter accumulated in different organs.
 

Because most changes are adaptive, environmental effects 
are predictable. High levels of irradiance increase root growth 
relative to shoot growth, and low levels increase shoot growth 
relative to root growth. In temperate perennials (and a few 
tropical ones) short photoperiods signal a cessation of shoot 
growth, subsequently favouring root growth. In annuals flowering 
Is often keyed to photoperiod and will signal a switch from 
vegetative to reproductive growth. The effect of temperature 
cannot be so easily generalized because it depends not only on 
the temperature regime to which the plant is adapted, but also 
on the climatic correlates of temperature, such as the associa
tion between high temperature and drought in Mediterranean 
climates, versus high temperature and precipitation in climates 
with summer maxim. Infertile soils and low water potentials 
inhibit shoot growth proportionally more than root growth. In 
addition to changes in plant architecture there are also trade
offs within organ systems; for example, narrow, thick leaves 
versus broad, thin leaves, as in the sunleaf- shadeleaf 
dichotomy. 

Life form is intimately connected with the shoot:root 
balance and with reproductive allocation. The shoot:root ratio 
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in annuals increases with time, and the reproductive allocation 
has highest Friority. In perennials, the shoot:root ratio gener
ally declines with age and reproductive allocations are less
 
than those in annuals. Perennials adapted to a pioneering role
 
are relatively short lived, and generally put less growth into 
root systems than perennials typical of late successional stages.


Variation in plant architecture within species is well
 
documented. 
 There are examples of population adaptation to
latitudinal, clevational, edaphic, and moisture gradients.

Variation within populations is less well 
 studied, and estimates 
of heritability for the shoot:root balance are rare.


In agroforestry, the complex effects of species mixtures on 
light, water, and nutrients and, therefore, on blant proportions,

will depend to a significant degree on the particular combination 
of species chosen and the number and kinds of plants per unit
 
area. Choice of species will 
require careful research. 
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DISCUSSION
 

LEYTON -
How many of your examples of root:shoot ratios were

obtained inJoors and how many under outdoor conditions? Also,

has your equation taken into account presence versus absence of
mycorrhizas, since 
infection by these can lead 
to a substantial
 
reduction in root:shoot ratio because 
improved uptake of phos
phorus and water moans that the plant can 
survive with a smaller
 
root system?
 

LEDIG - In all 
my own experiments the seedlings had mycorrhizas.
 

CANNELL - It is difficult 
to achieve absence of mycorrhizas even
 
in pot-grown plants,'and all field plants would have had mycor
rhizas.
 

OLDEMAN -
HeVua shows rhythmic growth 
in the upper parts while
 
underground growth is cohitinuous. I suggest.a model relating

photosynthesis and cambial 
activity which 
gives a more complete
 
picture 
than the model you presented.
 

LOOMIS - Thornley's model shows 
a balance depending on a vari
able resistance, which 
is difficult to 
think about. Brouwer's

model 
shows that undtr conditions of water stress shoots cannot
 
grow but roots can, 
-hereas under carbohydrate stress shoots can
 
grow but 
roots cannot.
 

LEDIG -
 I am not wedded to Thornley's model. It 
does break down
 
in certain conditions.
 

HUXLEY - What about complementary changes in 
root:shoot 
ratios

in mixtures of 
crops? Do the ratios for both components become
 
higher, since there 
is often deeper rooting of both components
 
in mixtures?
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LEDIG 
- No. Rot:shoot ratio 
seems to 
Increase in
and decrease in one component
the other, but the data are fragmentary.
 
KIRA 
- There 
are 
some dangers in the 
interpretation oZ 
some of
the data you have presented. First, it is dangerous to base
generalizations 
on 

period of 20 

work with young seedlings, since over 
a
to 50 years the root:shoot ratio decreases. Second.
density of stand is important as,
tion 	 for example, dry matter partito reproductive 
organs greatly decreases under overcrowded
conditions. Isolated plants should therefore not be compared
with plants in dense stands. Third, it is dangerous to depend
too heavily on 
allometric relationships, since 	even when there
is no flowering the 
log-log linear relationship is not always
maintained over long periods of time.,

LEDIG 
- There are many problems with the allometric constant,
but it does hold for long periods of time. For example, for 15
years in peach and 55 years in
right that 

Scots pine. However, you are
the root:shoot ratio
trees, although this may be due 	
seems to decrease in older
 
to our inability to reach
entire root system in 	

the
 
older trees.
 

LOOMIS 
- Kira raises an 
Iportant point, in that functions must
be balanced (mass of roots 

leaves 
 x water uptake must equal
x water 	 mass of
loss) and we should consider
balance, that is not root mass 

the activity of the
but root surface, water uptake,
znd so on.
The ordinary allometric equation deals with the change in
ratio between 
 the
two different dimensions of an organism with time.
However, the changes caused by such growth factors as
nutrients and water can light,
also be formulated by
In terms of differential equations, the 
the same equation.


former is given as
 

1 dsS dt I dR
Ri 
dt
 
where S and R are shoot 
and root weight,.while the latter is
 

I as 
 I 
 aR
 
where f is the level of 

in the latter sense 

a certain growth factor. The allometry

is much more stable and highly useful.
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PLANT MANAGEMENT IN 
AGROFORESTRY:
 
MANIPULATION OF TREES, POPULATION DENSITIES AND
 

MIXTURES OF TREES AND HERBACEOUS CROPS
 

M.G.R. CANNELL
Institute of Terrestrial Ecology, Bush Estate, Penicuik,

Midlothian, Scotland.
 

ABSTRACT. 
A review 0s1given of some plant management

practices that alter dry matter production and distribution, and hence the yield, of trees and herbaceous crops.

The topics covered are: 
(a) the manipulation of individual trees for vegetative and reproductive yield; 
some

principles and methods of tree pruning, and 
some problems
and techniques of fruit tree culture; 
(b) effects of
increasing plant population densities; some 
general principles involved, and some implications for agroforestry,

and (c) the likely effects of manipulating tree/herba
ceous crop mixtures; the principles of resource sharing,
and some speculations on 
the management, in agroforestry,
of trees grown for different purposes. 

INTRODUCTION
 

This contribution draws together information relevant to tropical
agroforestry on some of the ways in which the production and dis.
tribution of dry matter, in 
trees and herbaceous crops can be
altered by managemend practices. Practices involving the time of
planting and seasonal phenology are described by Huxley (this
volume), and the whole subject of soil management (tillage,
fertilization, mulching, use of N2 
fixers, etc.) 
was dealt .with
at a previous ICRAF meeting (Mongi and Huxley, 1979). C,nsequently the scope of this contribution will be limited to (a)
tree pruning and tree 
 fruit culture, (b) effects of altering thepopulation density (plants per hectare) 
, and (c) the likelyeffect of growing various types of trees and herbaceous cropstogether In mixtures. The emphasis 
is on spatial r'ther than

temporal aspects of plant management.


The objective is to summarize the main principles involved
in the different forms of management, and then to consider some
of the options relevant to 
tropical agroforestry. The merits of
the different options will be 
judged, in this paper, by their
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effects on yield per plant and per hectare. This is not to say
that it will always be possible, or desirable, to maximize yieldi
per hectare. One of the main objectives of agroforestry is to .
maintain soil fertility, usually with low inputs, ano 
tropical
 
farming systems need to be designed to meet socio-econowic needs;*

to 
reduce risks of crop failure, to prevent soil degradation, and.
so on, all of which may limit the ability to maximize yields per'X

hectare. Nevertheless, it is important to know what the option:,
 
are for.increasing yields. " R 

This paper is divided into three sections. The first deals

with the management of individual plants, and concerns 
exclu
sively the management of trees for leaves, wood, fruits and nuts.
 
The trees in agroforestry systems are 
almost bound to demand, or 
benefit from, individul. management, because of their persis
tence, size and domini ice, because they may become too large or
unfruitful if unpruned, and because various products may be har
vested from them over many years. The second section deals with 
relevant aspects of the effects of plant population density on 
crop performance and should be read in conjunction with the 
second paper (Cannell, this volume) on the responses of differ
ent types of tree and herbaceous crops to density stress in mono-'" 
cultures. For many crops this is the best information available
 
on their responses to 4eilsity stress and 
so it has to form part

of the foundation for speculation on the likely responses of
 
different crops to resource 
deprivation in the various mixtures
 
contemplated in agroforestry. Also, there may often be some
 
practical and yield advantages in growing particular crops 
as
 
monocultures, in 'zones', or groves, as 
part of agroforestry

farming systems. The third section considers the principles of

manipulating crop plants in mixtures, and presents some specula
tions on how trees and herbaceous crops may be grown together in
 
different arrangements to influence the yield per unit area of
 
fuel, fodder and food.
 

MANIPULATING INDIVIDUAL TREES
 

Horticultural herbaceous vegetable and 
flower crops can, in 
some
 
cases, be profitably manipulated as individuals; for example,

tomatoes, cucurbits and c)rysanthemums. Experiments have shown
 
also that defoliation, 6hoot thinning and tipping of cotton,
 
cowpeas and cassava, can divert assimilates to the yield portion

(as occurs in tomatoes and cucurbits), but for most field crops

the increased yield is small per unit of labour (e.g. Ezedinma,

1973). Trees on the other hand, often need to be managed indi
vidually. The principles and practices involved obviously depend'6
 
on 
whether the product is a vegetative part (wood, leaves, resin}
etc.) or A reproductive part (frui-- nuts, etc.).
 

Vegetative yield
 

Pruning of any sort cn alter (a) tree shape, (b) total dry
matter production per tree and (c) dry matter distribution within7
 
the tree, all accordilg to 
a general set of principles which need,

to be understood befo:e judging the outcome and merits of differ_
 
ent pruning practices.
 

Principles regarding rea shape (Fig. 1a). Many woody perennials
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can be trained and pruned to a variety of shapes and sizes quite
 
temperate-zone broadleaved trees, fruit trees, and crops such as
 

unlike those they assume in nature. The author's experience with
 
tea 	and coffee, would suggest that the morphological
of many angiospermous 	 responses
trees conform to 
a general set of principles. However, these principles will need to be tested on any
new 	species used 
in agroforestry, with due regard to each species' 'architectural model' as 
defined by Halld et aZ. 
(1978).
(1) 
Pruning stimulates the outgrowth of dormant buds that are
often present at old nodes over the whole shoot system.
(ii) 	Distal buds, near the cut ends, 
are stimulated to grow more
than 	basal buds 
('acrotony') 
and 	more shoots grow than would
normally do so (sometimes producing more fruiting points).
(iii)The length 
to which the new shoots grow depends on their
position: pruning near ground level produces longer shoots
than pruning higher up ('topophysis', Molisch, 1916; 
demonstrated on apple, Maggs, 1964; Eucalyptus, Maggs and
Alexander, 1967; explained by Mullins and Rogers, 1971 and
Wareing, 1977). Notching the bark on old woody stems
lates bud outgrowth in the same 


stimu
(iv) In 	 way as pruning.
a sense, pruning revfrses tree ageing: the new shoots
are 	'vigorous', less pe lodic in growth, have fewer short
shoots and greater apical dominance, a]l possibly resulting
from increased supplies of root cytokinins and nutrients
per 	shoot 
(e.g. peach, Chalmers and Van den Ende, 1975).
(v) 	There is a tendency for new shoots, derived from resting
buds, to grow orthotropically, that is vertically, where
branches 
in that position would normally grow plagiotropically. This is not the case, however, on
such as coffee, where a few species,
the buds on branches are'irreversibly
plagiotropic ('propridt6 fixde', Champagnat, 1954), 
and
cuttings rooted from such branches produce horizontally


spreading trees.
(vi) The highest upwardly directed orthotropic shoots attain
dominance, uspecially in nutrient deficient conditions
(Wareing, 1968), 
and left alone these shoots will reconstitute 	the 
tree 	in its juvenile form (rt~raton Hall& et
al., 1978). 

(vii)Bending'shoots , t


horizontally checks their elongation and
stimulates buds to grow on their upper sides, especially
thos'e buds at theiighest point on the arched shoots nearest
the root systems ('gravimorphism', 
Wareing and Nasr, 1961;
'epitrophy', HalI1 et al. 
1978).
 
Principles regarding dry matter production
usually decreases total dry 

(Fig. b). Pruningmatter productionleaves are removed, and root pruning has the 
per tree because
 
same affect because
new foliage development is checked. However, the decrease in
productivity 
may be less than expected because there can be an
increase in net photosynthesis by the remaining leaves, possibly
owing to increased sink/source ratios, and because the leaves
become better illuminated and receive a greater share of root-


Madgwick, 1975). 


originated metabolites (e.g. Betula, Sweet, 1966; Liriodendron,
Indeed, if only old, shaded foliage is pruned,
there may be no decrease in dry matter production at all: basal
branch pruning in closed forest stands has 
little effect on
 

/V 
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volume increment (Zavitkovski et al., 1974), 75 per cent of the
 
leaves of young Populus can be removed in early summer without
 
any effect on height growth (Bassman and Myers, 1979) and tea
 
yields can actually be promoted by removing the older leaves
 
(Magambo, pers. comm.). Thus, whenever foliage is to be removed
 
from trees for fodder or mulch, there is an advantage in removin4 
only old shoots, especially from closed stands.
 

Principles regarding dry matter distribution (Fig. ic). There
 
are three relevant points that should be made with regard to 
the
 
effect of pruning practices on dry matter distribution within
 
trees.
 

First, the proportion of dry matter devoted to bole wood as
 
opposed to leafy shoots depends on 
the size of the bole cambial
 
sink relative to other sinks. 
If the trees are kept small, and
 
branching is encouraged, a relatively small proportion of the
 
total dry inatter incr,.ment will be used to produce bole wood,
 
whereas if the trL 
; are allowed to grow tall, and branching is
 
discouraged (by pruning or competition) a larger proportion of
 
the total dry matter increment will be used to produce bole wood.
 
Accordingly, the proportion of current dry matter increment going
 
to stems in forest trqel increases during stand closure (see
 
below); the'proportion of dry matter going to thick woody stems
 
is decreased in tea by pruning and plucking (magambo and Cannell,
 
1981), and Prosopis cincraria (syn. spicigera) yields more fodler 
and less wood when completely lopped than when only partly lopped
 
(Tejwani, 1979). Thus, by manipulating the height and branchiness
 
of trees, one can alter the proportion of dry matter devoted to
 
leafy shoots as opposed to large diametered fuelwood or timber.
 

Second, it should be realized that the relative growth
 
rates of the stems of trees are proportional to the relative
 
growth rates of both the roots and crowns; that is, there are
 
strong stem- leaf and stem- root allometric relationships; just
 
as there are strong shoot- root allometric relationships. The
 
cambium is an integral part of the total vegetative structure.
 
This fact has been discovered and rediscovered many times: Maggs
 
(19A2) suggested that radial growth was proportional to extension
 
growth in apple; Dawkins (1963) and many others i. forestry have
 
related bole diameters Po various crown dimensions; trunk sapwood
 
cross-sectional areas are positively related to total leaf areas
 
per tree (e.g. Grier and Wareing, 1974); the summed cross-sec
tional areas of branches at one level can be linearly related to
 
the leaf area above (distal to) that position (the 'pipe model
 

Fig. 1 (Opposite) Diagrammatic representation of some
 
responses of trees to pruning.
 
(a) 1 and 2 illustrate topophys,s and acrotony; 3 r6itera

tion; 4 dominance and the ezfect of notching; 5 epitrophy,
 
and gravimorphism.
 

(b) This illustrates the partial recovery of open-grown trees.
 
from pruning (see text).
 

(a) (i}, (ii), and (iii) illustrte relationships between
 
crown size and stem diameter- (iv) allometric relation
ships with diameter (D) and ('eight (1); (v) effects of 
root and shoot pruning, and vi) effects of lopping on 
heighc- diameter relationshirs. 
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theory' of Shinozaki et aZ., 
1964); 
and many workers have
related root, crown or total tree biomass to some function ofstem diameter 
(notably diameter squared times height, Ogawa and;:,.Kira, 1977). In short, this means that (a) it is not possible :to permanently change the growth rate of oe part of the vegetaZ:
tive structure without simultaneously changing the growth rates
of all other vegetative parts, 'and (b) the diameter increment
and taper of the stems will depend on the size and disposition

of the crowns (Figure 2c).


Third, and following from 
 the above, neither shoot norpruning can permanently alter root
shoot- cambial-

relationships. Shoot pruning temporarily checks 
root aZlometric 

root growth, androot pruning temporarily checks shoot growth, in both cases inproportion to the amount of shoot or root removed and for as
long as it takes the original shoot-
 root allometry torestored (apple, Maggs, 1965; 
be 

orange, Alexander and Maggs, 1971;
peach, Richards and Rowe, 1977). Root prruring never divertsassimilates to the shoots, it diverts them to the roots. Severelopping increases the proportion of dry matter taken by new leafyshoots (Haggs, 1960), it does not alter the allometric relationships between roots, camlbium and leaves.
 

Pruning practices. For convenience, pruning practices can be
divided into four types, three of which are illustrated in
Figure 2: (a) operations which spread the trees laterally,
namely, bending and coppicxng, or multiple-heading, (b) opera-.
tions 
which lop off the ma-In 
stem and encourage branching, (c) 1!
operations which limit branching but leave the main stem intact,
and (d) root pruning. Of course, there can be many combinations

of these four operations.


Two trec spreading oForations are shoii, rigure 2a.
bending and coppicing increase the ground cover per 
Both
 

tree so thatfewer need to be planted, or greater use can be made of those
already growing 
- an advantage if planting stock 
is in short
supply. Also, the vertical shoots can be repeatedly harvested,
they are rapidly replaced by new shoots, 
there is less need to
weed than when replanting, and one has all the other advantages
of ratoon cropping (Plucknett et aZ., 
1970). Regular coppicing
will also keep the lsafy thoots accessible for harvesting or
browsing, and by restribting the development of the boles and
woody frames, coppicing will increase the proport .on of dry
matter going 
to new leafy shoots.

However, there is otten some cifficulty with coppicing systems in promoting the growth of new orthotropic shoots orsuckers, because the existing shoots shade the suckers and exercise apical dominance over them. One solution can be to bendexisting shoots horizontally, or to notch them, but 

the 
if this doe,not work they will need co be cut off altogether. This meansthat new growth has to rely entirely on root reserves, which:issuccessful only when the 
individual stumps and root systems'arelarge, implying a minim,:m tree size and spacing, combined with,timely coppicing and a minimum copp..ce cycle. There are no rulesabout thi: many willow5 
in Europe can be coppiced annually at
very close spacings; tet.
in the troeics can be coppiced ver,,y,4 to 6 years, while swei:t chestnut aud aspen in temperate regionsyield most on coppice rutations of l'ito 25 years (e.g. Bnr,' ¢d 
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(a) 

Bending Coppicing 

f 

Pollording Bushing 

(c) 

Bosal branch pruning Selective branch pruning 

Fig. 2. Diagrammatic representation of trees, illustrating
the effects of (a) pruning operations which spread the tree
canopies, (b) lopping, and 
(d) selective pruing of branches.
 

Steill, 1978). By analogy with grasslands, the optimum cutting
frequency may be shorter with increased mineral nutrition. Each
species brought into an agroforestry'system for fodder or mulch
production will need toIbd tested.
 

Two basic lopping operations are shown i. 7igure 2b.
Pollarding is 
no more than elevated coppicing: high pollarding
will produce trees with a greater potential for wood production
and the development of large individual root systems, while low
level pollarding and lopping will produce spreading bushes with
a greater potential for fodder production. The regrowth of new
shoots will be 
less vigorous with increased distance from the
roots. As with coppicing, the optimum cutting frequency 
to ensure
survival and rapid recovery will depend on
ment the species, environand amount of foliage left. Prosopis cineraria growing indry areas of India can be killed if lopped for fodder more oftenthan every three years (Bhimaya at al., 1964). Bearing in mindthat pollarded trees have more reserve capacity left aftercutting than coppiced ones, trees which recover poorly aftercoppicing may recover better after pollarding. However, pollarding itself may be preferred, for instance, to keep the new 
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foliage out of the reach of animals, and to allow some timb.r 
and thick fuelwood production.
 

Branch pruning (Figure 2c) may involve simply the rCUXjval 
of lower branches, as in intensive forestry (for example, Iopla£1

for matchwood or Pinua rcdiata for high quality sawlogs in New 
Zealand), thereby lessening stem taper and decreasing the number 
of knots in the bolewood without greatly decreasing bole volt,,, 
increment. This is a highly desirable operation in forests grown|
for high-value timber, and yields some small diameter bran;h aid 
firewood. Alternatively, branch pruning may be highly selective, 
as in tree fruit culture, restricting height growth, encout'gug
the development of spreading, shallow, well-illuminated caopje. 
enhancing fruit bud production (see below) and allowing so:(' 
light to reach herbaceous crops beneath.
 

Although root pruning checks shoot growth, apparently 1n
 
direct proportion to the aount of roots removed 
 (Richards and
 
Rowe, 1977), it can have two beneficial effects: (a) enhanced
 
flower bud production, apparently as a direct result of checked 
shoot growth, and (b) the regrowth of a more fibrous root -Y5lum,
with greater access to inmobile soil nutrient, and occasionlaly, 
in P deficient soils, temp-rarily enhanced tree growth. Iii th: 
case of nursery seed]ings, the more fibrous root system ProuIc,:d 
by undercutting or'wrenching helps them to survive after t:rj-iiii 
planting.
 

Frui,' and nut yieZd 

In gineral, woody perennials present many more problems t.h1,,1
 
herb;.ceous crops when grown for fruits or seeds, rather t 

hi'il fjr
 
some vegetative product; a feature related to 
their life ;l.r~t,,.:Y
 
and evolutionary history. On the one hand woody perennialn ,ry

need to be intensively managed to encourage them to bear fruit::.
 
For example, it may be necessary to overcome prolonged Vgptljujti.iv,.
 
juvenile periods, poor floral initiation, poor pollinatio,, linemr
 
fruit set and fruit shedding. These are all mechanisms evulv,?, t,
 
ensure that the potentially very powerful reproductive sik; jo
 
not usurp all assimilates and threaten the survival of tlI,li-r
ennial vegetative structure. On the other hand, management i:;
 
needed.co limit the fruit load so as 
to maintain a satisf.'tLiry
 
balance between fruit agd'vegetative growth, and to safegl~lt.uI
 
future yield.
 

Consequently wherever trees are grown specifically for
 
fruits or nuts they will generally benefit from intensive 
rare. 
An enormous amount has been learned about fruit tree culture 
which could be applied to fruit trees in tropical agrofore:;try. 
All that can be attempted here is a summary of the main pabhlj,.b
their causes and possible cures, all of which are elabora,.ui iill 
the following volumes: Ferwerda and Wit, 1969; Williams, I975;
Alvim and Kozlowski, 1977; Tomlinson and Zimmermann, 1970; l'ooks 
at at., 1965; Luckwill and futting, 1970; Pereira, 1975; lauld:
berg and Cutting, 1977.
 

Juuenile vegetative period. Small, juvenile trees do not flower. 
For instance, few flowers are produced for 1 to 2 years it, nptn
grown coffee, 5 to 8 years in citrus, and 30 to 40 years il niny 
forest conifers, depending on the cultivar. Recommendations to::j.

shorten the juvenile period may include any combination of thie", 

http:elabora,.ui
http:safegl~lt.uI
http:needed.co
http:Vgptljujti.iv
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following three general management techniques: Ui) to promote
early growth by growing the trees on the most fertile patch of

soil, applying fertilizers, mulch and irrigation, and removing

competition; (ii) 
to graft on to flower-promoting rootstocks,
 
as done routinely in apple, mango, orange, walnut and many other
 
fruit trees; and (iii) if all else fails, or 
the trees have been

neglected, to partially girdle, root prune, or bend the stems
 
horizontally; all measures 
that could be used on old trees
 
before they are destroyed for fuel.
 

FZoral 
n tiation. This is inhibited as much by shading in 
trees
 
as it 
is in cereals and legumes (Jackson and Palmer, 1977). But,
whereas herbaceous crops need to be well 
illuminated at critical
 
stages of development, many tropical perennials need to be well

illuminated all the time, because they initiate flowers over most

of the year. The numbers of floral initials produced within thecanopies of apple, citrus, cashew, grape vine, oil palm and coco
nut have all been related to some measure of solar radiation
 
receipt anL.,in oil palm, shading reduces the proportion of
 
female 
to male flowers. High insolation must occur during the
periods of potential floral initiation and at the points 
in the
 
trees where the initials form. %me 
species and cultivars are
 
more light-demanding than others: coconut is particularly shade
intolerant, whereas coffee, naturally an 
understorey shrub,

produces some flower buds in deep shade. In fact, for fruit trees
 
like coffe, some shade may be desirable on infertile sites, in

order to keep the fruiting load in balance with limited nutrient
supplies (Willey, 1975). Also, trees which fruit on young shoots,

that is, on the outside of the canopy, like mango, may need less
intensive pruning than trees which fruit on old wood. However,
for most fruit trees overstorey or mutual shading depresses 
yield. 

Consequently treer grown for fruits or seeds are traditionally grown in the open, widely and preferably evenly spaced,

often 
trained when young to produce a well-distributed 'scaffold'
 
.and regularly pruned and 'handled' to maintain low, accessible,

shallow canopies with limited within-tree mutual shading. However, precocious fruitind speciescan 
also be tried in closely
spaced, short-duration systems which are renewed eithr by cut
ting down or replanting before the canopy becomes too dense.
 

The details of pruning for maximum fruit bud production

(and adequate fruit size and ripening) differ for different
 
species, but my impression is that many trees used in agro
forestry naturally grow either 
too tall, too upright (with

vigorous vegetative orthotropic shoots), 
or too densely branched,

for efficient fruit production. The contrast between an unmanaged

and a manageu chdrry tree is illustrated in Figure 3.
 

Pollination. With exceptions such as clove and coffee, most

tropical 
fruit trees are at least partially self-incompatible or 
self-unfruitful. Poor cross-pollination can be a major cause of 
poor fruit set, for three reasons: (i) the flowers may be poorlydeveloped or 'effectively' receptive for only a very short period

(the 'effective pollination period', Williams, 1970), 
for

instance 3 to 
4 days in oil palm and mango, 2 days in cashew,

I day in avocado; 
(ii) there may be insufficient pollen,
 



() (b) 
:g. 3. Ten-year-old cultivated European cherry trees
(b- prune (cv. brello) (a) completely unpruned, and
to 
develup a spreading, open crown 
favouring fruit production. Taken from Hilkenbuer (1976)
 

AL 0 

-sO 
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sometimes due to an imbalance between male andor (iII) there may be 
female flowers. 

tors too few general or(e.g. midges specific pollen vecfor cocoa) or hostile weather conditions for

pollen transfer, especially heavy rainfall. The obvious answer
 to these problems is to 

cultivars, but even 

select self-fertile 
or Parthenocarpic
 
cross-pollination. 

these may benefit from measures which enhance
These 
measures 
include: growing the 
trees
reasonably close together, interspersing
withholding insecticides, with pollinator trees,
keeping bees, 
timely and selective
pruning to phase flowering with favourable weather conditions
and, in the last resort, supplementary 
hand pollination.
 

Fruit shedding.
centage flavng obtained 
a good fruit set,
(up to 80 per cent, or more) of the 
a large per

fruits 
can be shed
 
befrze they mature. June drop of apples in Europe has counterparts 
in 
cherelle wilt of cacao, abortion pf button
citrus 


coconuts,
and coffee fruit drop 2 to 4 months after anthesis,
drop 2 to 
 grape
3 weeks after anthesis and mango drop throughout the

period of fruit development. At one
fruits stage or more, young treeseem 
to be weak sinks 
for nutrients and carbohydrates
compared with the shoot tips, especially when there are 
synchronous leaf flushes or enjironmentzl
droughts. The preventativ, stresses, especially


easures

and/or are to alleviate water stress
internal competition for nutrients and carbohydrates
irrigating, applying fertilizers, by
removing shade, synchronizing
the sensitive stages of fruit growth with favourable climatic
conditions, usually by selective pruning, and by removing shoot

tips at critical stages when 
fruit shedding is
example, grape, citru, anticipated (for
apple, Coombe, 1962; Quinlan and Preston,
1971).
 

Irregular bearing. 
Biennial or 
irregular bearing is 
a feature
of many woody perennial plants, especially
is a 
serious problem in 
as thuy get older. It
some cultivars of apple, citrus and mango
 

and is 
a characteristic 
of nut
walnut and almond. 
tree crops such as pecan, hazelnut,
It is especially 
common 
in trees with pro

longed periods of fruit development,

with both vegetative growth 

where fruiting overlaps
 
season's and floral initiation for the
crop. Cashews, with only a 

next
 
three-msnth period of nut and
receptacle development: usually


irregular bearing may have subtle 
bear regularly. 
In nature,
 

instance adaptive advantages, for
in combating seed predators, 
and so 
it should not be

regarded a,; simply a mechanism to balance 
fruit and vegetative
growth. And in seeking explanations for irregular bearing we
 
have to 
look further than the well-established
fruits utilize fact that the
reserves and divert assimilates from vegetative
parts, particularly 
the roots (Haggs, 1963;
1964; Cannell, Rogers and Booth,
1971; Chalmers and Van den Ende, 1975;
al., 1979). 
In Ifeim et
many Instances it seems
inhibit floral 
 that the fruits directly
initiation, perhaps by producing growth regulators
(apple, Luckwill, 1970; orange, Moss, 1971).
tative 
measure is to partially deblossom 

One obvious preven
but this or thin the fruitlets,
assumes that one knows how many fruits will be shed,

anyway, or lost to Pests and pathogens. The best solution is 

select regularly bearing cultivars. If that is 

to
 
selective 
pruning can be done 

not possible,
 
to obtain a balance of 'on' and
 

/~~(
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'off' trees, or 
a balance of 'on' andinstance on mango (Scarrone, 1969). 
'off' branches, for 

may, in fact, Heavily bearing 'on' treesuse environmental 

photosynthetfc resources efficiently:
rates, net
and possibly root 
activity, will be
 
enhanced by the large sink capacities (see Avery, 1975;
Ct a., 1979), the Richards..
 
demands, and 


fruits will meet some of their own assimilate
some assimilates will be off-loaded into seeds,
 
which have lower maintenance respiratory
and roots. The rates than
ideal may, in fact, be 

new shoots
 
'off' tree 
system, where fruits are 

a half 'on' tree, 
half
from leaves the other 

able to draw assimilateson side ofaway in the tree (atapple, least oneHansen, metre1977) but are toofloral initiation far away- a technique develqpd on 
to inhibit 

some cultivars ofapple (Parry, 1974).
 

Other problems. To complete this list, mention should be made 
of (i) replant problems possessed, for instance, by peach and

citrus, (ii) the need to produce virus-free stock, (iii) the

problems of fruit ripening and storage, 
as well as 
(iv) nutritional, pest and disease problems.
 
CoancZud.ng remoz'ks. 

for fruit 

Many of the management techniques developed
trees and pas for plantation culture could be transcal smallholdings, 

fruit trees growing on tropi

ferred directly and iIdiately to

important becase the fruit trees often occupy the best land;
 
also if thers 


with no need for further research. This is
 
were 
sufficient improvements in yield and quality,
many fruit, 
could become cash rather than subsistence 
crops,


given adequate marketing and processing facilities. Some of the

1000 or more 
'new', potential agroforestry fruit and nut trees

(Weaver, 1980) may have immediate appeal but there is need for
 
caution: 
fruit 
trees are exptnsive 
to grow, tend to be labour
intensive, and are clearly problem-prone. 
A lot needs
learned about each species before it 

to be
 
can be
greatest effect with minimum risk of failure.

introduced to
 

MANIPULATING SOLE CROP POPULATIONSSo far we have considered the management of trees as individuals,essentially by altering the relationships
Sinks within 
 between assimilate
the plant. Another way to alter the shape and yield
 
of crop plants 
is to alter the plant population, by altering the

degree of density stress 
(or environment
experienced by each individual. Agiin, there is a vast literature

on this subject, and my aim is to
examples that are 


resource deprivation)
 

!elect only those concepts and
relevant to tropical agroforestry. 
The accom
panying paper (Cannell, this volum.2) provides a background
main effects of plant population density on 

on the
individuals and corinunities of different 
the performance of
 

crop types. From that

paper, and from the literature 
on Population density effects, I

shall, 
first elaborate some

Second, draw some 

relevant general principles and
specific implications for agroforestry.
 

http:CoancZud.ng


853 

PLANT MANAGEMENT IN AGROFORESTRY 
467 

General pri iciples
Asymptotic and parabolic YieZd-density relationships (Fig. 4a).In general, total dry matter production per hectare, andtive yield' such as 'vegetastorage roots, wood or leaves, increases with
increase in planting density 
to a plateau, which remains constant
regardless of further increase 
in plant population, barring
lodging, disease, drought stress, 
or in the case of trees,
arrested development following severe
early in life inter-tree competition
(see Cannell, this volume, his Figures I and 3).
contrast, 'reproductive yields' such as 

By

grains or fruits tend to
be greatest at specific plant populations, above which yields
decrease and then level off (see Cannell, this volume, his
Figures 2 and 4).
 

Reciprocal yield relationships (Fig. 4b), 
 Ionce there is interplant competition mean individual plant weight decreases
tive to open-grown plants) and (rela
'.-es inversely related to plant
population, often conforming to the reciprocal equation
 

O/wt per plant  (a + b (plants per hectare)) 

relationships and less thah 
1 for parabolic-type relationships.
 

where a and b are constants, and 0 is either I for plateau-type
 
In both cases 0 is approximately the slope of a line relating
total plant weight to 
the weight of the yielded part (that is,
the allometric relationship, Willey and Heath, 1969; Harper,
1977). This relationship applies to
plants (Cannell, 1980) and, as 

trees as well as herbaceous
 
long as 
it holds, then the mean
weights of individual plants, or vegetative parts such as 
storage
roots and woody stems, can be manipulated simply by changing the
plant population, without decreasing total dry matter production
per hectare. Also, the relationship between individual plant
weight and planting density, and hence between yield per hectare
and planting density, can be found using only two or three
 

spacings, with substantial savings in 
research costs.

Econozja optima (Fig. 4c) 
. The most profitable planting density
is not necessarily that giving the.greatest yield. Indeed it is
almost always less than the optimum for yield when either, the
planting material 
is expensive, as 
with grafted fruit trees, yam
(as opposed to yam vine cuttings) and pulse seeds 

setts 

Cannell, this volume, his Figure 4), 


(see
 
or there is 
a premium on
large sized productv, such as graded potatoes, pineapples for
canning, and timber for sawlogs (see Cannell, this volume, his
Figure 1).
 

Size frequency distributions (Fig. 4d). 
The weights of individual plants within populations are not uniform: plant weightfrequency distributions become positively skewed with increase
in density stress, giving a preponderance of small individuals.
Tree diameter- frequency distributions 
are 
less skewed and can
become bimodal when two-tiered canopies develop (Ford, 1975),
while height  frequency distributions often remain or become
normal in 
both tree and herbaceous crop stands 
(Harper, 1977;
Mohler et al., 
1978).
 

th'if
hinning (Fig. 4e). 
 When competition becomes intense, the
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smallest individuals or ramets die, often following the relationship between mean individual plant weight and plant population
shown in Figure 4e. Although this so-called -3/2 power law of
self-thinning may not hold the value of exactly -3/2 in 
all
environments, for plant parts, or for ramets of clonal perennial

herbs (Westoby, 1977; Hohler et at., 
1978; Hutchings, 1979) it
is of some practical value. It defines the maximum number of
plants that can possibly exist of a given mean size, so 
it can
be used as a point of reference to determine the degree of
stocking and the stocking density at which plants are 
likely to
die because of competitive 
stress rather than other causes 
(Drew
and Flewelling, 1977; 
the concepts of limiting tree basal area,
Dawkins, 1959; 
 and stand density index, Reineke, 1933).
 

Rectangularity (Fig. 4f). Per hectare yie~ds 
can be substantially

greater, and occur at higher plant popdlations, with uniform
square or hexagonal planting rather than with rectangular, row or
'hill' planting (Derry, 1967; Willey and Heath, 1969) (see
Figure 4f). Competition is 
a spatial process and will of itself
tend to give rise to an 
even dispersion of large and small plants
(Ford, 1975). However, the depressive effect of spatially uneven
planting may be small 
in crops which can spread by profuse
tillering or branching, espelially in wet, fertile conditions
(for example, potatoes and vining legumes). And in many crops,
like potatoes, groundnuts and cereals, 
row planting offers considerable advantages for 
ease of planting, fertilizer placement,
weeding and harvesting, although these advantages will be less
with hand cultivation on tropical smallholdings. Finally, where
 rows are 
used there 
can be a benefit in north- south orientation,
 
even in the tropics (Donald, 1963).
 

Plant envtironment and habit (Fig. 4g). 
 The optimum plant population is often lower in conditions of nutrient or water shortage

than in wet, fertile conditions, and the optimum is 
lower and
less critical for spreading and profusely tillering genotypes as
opposed 
to single stem, determinate or erect genotypes. There
 can, for instance, be 100-fold differences in the optimum densities for different legume cultivars (for example, cowpea,
Erskine and Khan, 1976), 
and marked genotype- environment inter
actions, which call 
for large numbers of local spacing trials.
 

Plasticity of plant characters 
(Fig. 4h). 
 Not all plant characters are 
affected equally by competitive stress, and some effects
tend to be species and environment specific. However, 
some
general points can be made, illustrated by Cannell (this volume)
 
as effects on yield components.
 

Fig. 4 (Opposite) Some principles regarding the effects of
planting density on the growth and yields of crop plants.

(a) to 
(c) 0, a, b and c are co.nstants; p is population density in 
numbers of plants per ".ectare; (f) apple data are
for years 5 to 0 after planting, in western Australia, from
Crippn et al. (1975), 
where I ",square planting; 2 = spaced
x by 2x; and 3 = x by 3x. Pea lata are for dried peas In-England, from Willey and Heath 
(1969) where 0, 16, and 24
 
refer to 
row widths in inches.
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i) Lateral spread by branching and/or tillering (suckering,
sprouting, etc.) 
is always suppressed by density stress,'be-.--'

it in cereals, potatoes, legumes, bananas or trees. Consequently, all the components of yield associated with lateral;
spread such as numbers of branch nodes per plant, cars per.
plant and branch-borne fruits 
or pods per plant, are all
decreased (see Cannell, this volume). But conversely, a
greater proportion of the total dry matter 
is devoted to
stalks and stems, and as discussed above, 
in trees there is
an increase in the proportion of the total increment devoted 
to bolewood. 

(ii) 	 Mutual shading further decreases thb number of fruits whichform on the stems and branches which do develop. The degree
to which fruiting points are shaded depends on where thefruits are borne: it is obviously less on wheat than onmaize, and less on palms than citrus. Also, the fruiting
points 
most 	likely to be shaded are those which develop in
the axils of old nodes during the later stages of plant
development, for instance on indeterminate legumes, or trees
 
which fruit only on 
'old' wood.
(iii)Density stress has relatively little effect on the heights
of trees and herbaceous crops - they may increase ordecrease 
- but it always greatly decreases the diameter
growth of trees (in accordance with the 
above-mentioned

decrease in branching, crown 
size and allometric relation
ships). 

Civ) 	The weights of individual fruits, fleshy roots or tubers
are decreased by density stress 
(Cannell, this volume, his
Figures 2 and 3) but individual seed weights (for examole,nuts, grains and pulses) are characteristically relativelylittle affected (Cannell, this volume his Figures 2, 3 and4; Salisbury, 1942; Harper ct al., 1970), although excep
tions can be found, not,,,b.y sunflower (Clements ct al., 
1929).

(v) 	 There is sooe evidence that the root systems of closelXplanted forest and fruit trees tend to be denser per unit
volume of soil and grow deeper thar, those of widely-planted
trees 
(Adams, 1928; Atkinson, 1973). 
However, shoot/root

biomass ratics may change relatively little (Rennie, 1974).1.
 

Ibrplications for agroforestr 
Soli 	0o'mzted cropping? 
 It should be stated explicitly that,
for most crops, the greatest yield per hectare is obtained when
Lich individual is under some critical level of 'density stress',
that ,s, deprived of some 
 light, water or nitrients by its neighbours. In agroforestry, where crops will be planted at differenti
times 	 *in complex ui!xtures, it will be almosi. impossible to ensu're'
that each individual of each crop species experiences its optimum
level of density. stress throughout its development. 
 For some'.crops the sacrifi,:c in yield may be small, ,r may be compensatedby other consideritions such as soil protection and weed con:rol,but for other cro,)s this may not be the cas , and these crops,,might be better g.own as sole crops at their optimum densites'.1"-.I would speculate thot; this 	could be so for (a) trees grown for--;wood 	 and (b) some herbaceous crops grown for reproductive yild5 

4>
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Increase in the proportion of the annual dry matterincr,..q,.nt taken by the stems in temperate forest plantations 
dur- C:;Jiropy closure. 
0 "'fu:;:YlVeStris in England (from Ovington, 1957)
rC'?/PI.meria Japonca inSa,, Y - Japan (AndoPInus radiat at al., 1968);in New Zealand and Australia (Madgwick
at W'i., 1977; Forrest and Ovington, 1970, respectively).
(a) I",. t 

.ro.es produce more stemwood, and possibly more total
 
wood (::In!; plus branches; Adams, 1928) per unit leaf area, and
per unit. ,f intercepted light, when-density stressed'
in for...".. that is
indivi,hJ,,l,. 


,,rgroves, rather than when grown as widely-spaced
The proportion of the total annual dry matter in
cremen, 
F°r hectare taken 
from al 

by the main stems of30 per cent to trees increases 
Stand ,:Ai'tr;c (Fig. 5). 

60 per cent during the periods ofThis is partly because the trees get
stance;taller, 11r',tly because branching is suppressed, and in 


, 9aUse mutual shading suppresses fruiting: somethe si.,: inrf asthe stem cambial a result
 
size Of sinks is increased relative tothe other sinks (shoot apices, the 
quentl, fruits and roots).if the objective is to Conseproduce wood, especially largediametr(.,I wood for slow burning (because the ignition time of 

wood varier:,; inversely with its surface-to-volume
building avIt,!rials, ratio),
stakes, tools, or for 
way to 
,roeuce it 
 etc. , then the most efficientis to plant the trees in groves or pllntatlons.lt !;nuld be added that where the objective is to produce
large-)'ifllutered sawlogs, the trees need to beregularly thinned, thereby losing 
 widely spaced andstress some of the benefits of density
(ir'-ased stemwood production
"uppre!;!;i,
, Weed per unit leaf area, branchsuppression and reduced knot size).
systemn; 
,f ,ciroforestry offer some obvious advantages here,
 

'Taungya'

because 
if 

.';'7 of the above benefithe c,,lt, ,tes the land 
can be provided by the farine.betwevn the trees and prunes the lower 
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branches for fuel dnd improved light penetration. Obviously
these systems have thrived because both the forester and "armer

have benefitted.
 

(e) (b) (C)
 

per 

hectare 

Plont populalion or densily 

Fig. 6. 
The optimum plant population (or degree of density
stress) for mixtures of (a) two crops with reproductive yield
having parabolic yield-density relationships; (c) two crops
with vegetative yAe~d having asymptotic yield- density rela
tionships and (b) a mixture of the two. The downward pointing
arrows mark the optimum population for each mixture.
 

(b)The problem of obtaining the critical
needed level of density stressfor maximum yield efficiency is likely togrowing be greatest whentwo or more crops together, each of which has a very
different specific optimum population density as a sole crop.
This is mst likely to occur (i) when growing mixturesceous of herbacrops with reproductive yield, such as 
grain legumes and
maize, (ii) when the crops are planted and harvested at the same
time, (iii) when the crops differ Jn stature and habit, and 
(iv)
when one or more of the crops has a compact habit, and so
unable is
to spread by tillering or branching, perhaps because it
has been selected for high density, sole cropping (for example,
some maize and sorghum :ultivars). 
In such cases, it may be
impossible to manipulate the 
total plant population, and the
proportions of each croo, so 
that the overall yield Df the mixture on a given land area is as greatof pure stands of as the sum of the yieldseach component, each at its optimum spacing(Fig. 6; Donald, 1963; Willey and Osiru, 1972;might be better to grow each 

. In such cases it 
component cropyield were the in monoculture, ifonly obje-tive, as wa.; suggested by fluxley andMaingu (1978) 
 for maiz, and cowpea in Tanzania.
The problems of Laximizing yield will bewhich include crops less for mixtureswith vegetative yield, such
crops, and perhaps also for 


as storage root some culivars of cereals andwhich can legumesspread by tillering and branching. This is because
these crops have less cr tical optimum population densities.
Indeed, as 
mentioned abore, storage root crops will require only
some minimal level of der-sity stress for maximumarea (Fig. 6). Consequongly, there ma' 
yield per ground 

growing, be less yield oenalty in.for instance, m;ize and sweez potatoes together rather.than maize and grain legimes. 
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crops 

Increasing had, O*creosng sol frlil;ty 

Fig. 7. Diagrammatic representation of general crop differences 
in response to shading and soil fertility.
 
Different crop resporseo 
 to resource depriv:'tion
responses of different crop types to densi . 

(Fig. 7). The 
idea about how stress give some
they may respond to interfetencein mixtures; from neighboursalthough rneir exact responses
depending on 

will be different,the timing and kind of interference that occurs.For instance, wheat and rich 
are tolerant of density stress as
sole crops, but they are very intolerant of shading during the
periods of 
ear initiation and grain filling. Nevertheless, the
following inferences may be drawn 
from the literature on
crop population density effects. 
sole
 

First, most fruit-yielding trees and palms are
intolerant (for fruit yield) very shade
 . The pruning and management of
fruit trees will often be made more complicated by close spacing
and, 
as mentioned above, dense shade will markedly decrease the
number of fruits, decrease the size of the fleshy pirts, hampet
ripening, and probably exacerbate pest and disease p>roblems.
Also, anything that hampers individual tree growththe onset of fruiting. Tlis is 
will delay

also thecoconuts "(Tai, case for bananas under'977) and density stressed oil palms. Like many
plants, oil palms produce fruits only when the..-c
structures have reached a minimum size 
vegetative
 

(Cannell, this volume,
his Figure 2), 
and any form of interference, including pruning,
that decreases individual palm growth tends to occur at the
expense of fruit production rather than of vegetative growth.
Second, 
it should be restate,j that fruit andherbaceous see!d yieldingcrops are also shade !.ntolnrant and should,possible, whereoccupy mpen spaces, or be able to grow to the top ofthe canopy in a mixture. Tall or climbing legumes might be better
in mixtures 
than prostrate ones; the ancestors of peas
satitum) were climbers, quite unlike 6he 
(Pisum


short statured cultivars
selected for mnocvlture. 

interference, 

Third, the crops that will suffer least from competitive
or shading beneath trees, will be 
those that yield
sow. vegetative parts. The most shade tolerant crops will
probably be those yielding leaves, including trees grown for
fodder or mulch, and crops like tea, tobac. -), 
 forage grasnp. and
legumes. Shading will decrease total dry matter production I,this will be partially compensated by an 
increase
ratio and shoot in leaf area
- root ratio, ignoring for the moment the soils
aspects and other effects of shading (Willey, 1975)'. 
Silvo
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pastoral systems are evidently successful
world (Tejwani, 1979). 

in many parts of theIt is also worth noting that most trees,
especially late successional ones, are very shade tolerant during
their juvenile stages and will make efficient usesity radiation (Jarvis ct al., 
of low inten

1976) and so will grow satisfactorily beneath tall herbaceous crops such
seedlings grow better in shade than in 
as maize. Coffee
 

1967). full sunlight (Huxley,
Storage root crops are also reasonably tolerant of mutual
shading at high population densities and the shading of taller
plants. The bulking rates and yields of sweet potatoes, cassava
and cocoyams, like 
those of European potatoes, are regulated
principally by the size of the storage sinks, and yields can be
unaffected by up to 50 per cent shade in
the conditions during storage 
the tropics, provided
 

(that is, there 
root initiation are satisfactory
are 


withheld; 
short or cool dayst Ad N fertilizers are
sweet potato, Hahn, 1977; cassava, Wholey and Cock,
1975). Consequently, there may be little yield penalty in growing
climbing cocoyams under trees, and sweet potatoes and cassava
among fruit or multipurpose 
trees.
Fourth, crops differ in their responses to poor nutrition,
and the harmful effect of competition for lighteither diminished and water may beor am~lIfied by a shortageAs mentioned of mineral nutrients.above, theiojtimum degree of density stress may belower under low nutrieni: conditions. On the other hand, crops
which already yield 


not suffer much loss 

liti:le because of poor mineral nutrition may
in yield as 
a result of overstorey shade
(for example, coffee and cacao, Willey, 1975). 
And obviously,
legumes and other crops that form dinitrogen-fixing symbiotic
associations, tend to be 
more tolerant of N-deficient soils than
non-N-fixing crops provided there is adequate P and K, althoughtheir capacity to fix ntrogen may be seriously impaired by light


deprivation.
 

MANIPULATING CROP MIXTUIXS
 
So far we have considered some of the waysmanaged as individuals; 

in which trees can behow different crop types respond 
to competitive stress; and how competitive stress can be exploited to
maximize the yield per unit area of ground. In practice, however,
a subsistence farmer may be better able to maximize yields by
avoiding competitive stress rather than by exploitin- it. To do
that he needs to 
alter the relationships be-tween crops
horizontal, vertical and temporal dimensions 
in the
 

so that the different crops share environni.ntal 
resources of light, water and
nutrients 
(that is, theze is annidation, Trenbath, 1976) 
in a
way that minimizes mutual interference and maximizes resource
sharing (commensalism, 2.inting, 1976). 
In this section, 
I shall
consider some of the prilciples governing this
management, that form of crop
is, the management of crop mixtures, followed
by some speculations 

with herbaceous 

on ways in which tree crops might be mixed
crops to met some of the objectives of agro
forestry. 

General principZes 
De Wit (1960), Donald (1533) and oth,-sdeveloped models to evalLAte 

(soe Harper, 1977)
two-species he!rbaceous crop mixtures
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Fig. 8 
 Differences in spatial and vertical arrangements of
three crops. (a) Three spatial arrangements with a 5-fold
difference in area of interfade between different crops
(marked with lines). 
(b) Three ways of managing mixtures
that each matures at the top of the canopy 
so
 

(i, ii,
described In the text). 
and iii as
 

which describe 
the effects of changing the proportions and populations of the two components. In these models, indices such as
Irelative yield totals' or 
greater than one 
'land equivalent ratios' that are
indicate that mixtures yield more than their
components would as sole crops on the same area bf land. These
concepts have been helpful in discussions on mixed cropping
restricted to two species of herbaceous crops, but only Donald's
model copes with the problem of differential optimum populations
discussed above (Huxley and Maingu, 19?8), 
and none of the models
cope with t'e complex three-dimensional 


Consequently, this discussion will be limited to 
the general con

situation in agroforestry.
 
cepts and principles of resource iharing in three dimensions,
without going into details on 
inappropriate two-species models.
 
Resource sharing in the horizontal dimension (Fig. 8a). 
Environmental resources of light, water and nutrients can be shared in
the horizontal dimension by altering the spatial dispersion of
different crops 
in 
a mixture and by altering the proportions of
each crop. Having decided what crops are to be groom in an agroforest, and where they are 
to be grown (depending on soil ferti)ity, slope, objectives, etc.) 
one needs to focus on the areas
 of land occupied by each type of herbaceous crop- tree boundary
or -ntetrbae and to determine 
 how the yield of each component 
 isaltered along each interface (Trenbath, 1976; Huxley, 1981).
Appropriate steps could then be taken to maximize the desired
yield of the different components by altering their spatial dispersions and proportions 
as much as possible in 
such a way as
maximize the area of profitable crop- tree 

to
 
interfaces and minimize the unprofitable 
ones. 
Let us consider this further.
The minimum areas of interface between herbaceous and tree
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crops will occur when each is grown in monoculture in 
'zones'
and when fewest different types of crop are grown (Huxley, 1980.)-
The maximum area of interface will occur when there 
are many
crops and each is evenly dispersed in a hexagonal arrangement.
Between these two extremes 
there will be clumped, multiple row,.
random, single row, rectangular and square planting arrangements

giving progressively smaller areas of interface. In this way the
area of herbaceous crop- tree interfaces could be changed 3- to

5-fold (Figure 8a; Trenbath, 1976).


The changes in yield df the trees, 
and of the herbaceous
 
crops growing beneath them, need to be explored, perhaps using
the designs suggested by Huxley (1979). 
Not only will some crops
be more shade tolerant than others, but some may benefit more
than others from the nutrients in 
tree litter, any changes in
soil pH, water relations, shelter from winld and rain, and so on.In 
some instances there may be no effedts on either herbaceous or
tree crop yields, for instance where 
forage legumes are grown
beneath trees on 
fertile soils. In other instances, herbaceous
 crop yields may be depressed by allelopathic tocins produced by
the 
trees, or tree yields may be depressed by competition for
nutrients, poor mycorrhizal development, or because the trees
along the interface are 
not subjected to competition by other
trees. In each study oLJwould need to determine the yield of theherbaceous and tree crops along 
the interface compared with theiryield within similar areas of monoculture (within the stable
agroforest system) preferably with some auxillary information sothat one could explain the results in 
terms of annidation,
allelopathy or mutual interference for given environmental
 

resouces.
 
Then, by altering the area of each type of herbaceous croptree interface it will be possible to alter not only the total
yield, but also the balance of yield obtained from the two components. The greater the 
area of interface, the 
more opportunity
there will be for the dominant comoonent tp benefit and the
weaker component t,7be suppressed. Consequently, the proportions
of yield taken frc-s 
the different components will diverge more
and more from the proportions 'expected' on 
the basis of the
land area allocatcd to it (Huxley ard Maingu, 1978).-Thus, withincrease in inter:ace area, more land has to be devoted to theweaker component in order to obtain the proportions of herbaceous 

and tree crop yield expected.
 
This approach could, of course, be applied to tree- tree and
crop- crop mixtures, but for the lat:er it is usually too difficult to quantify interface and non-interface areas, and de Wittype models still 
serve some purpose if the crops share the sane
land over the sarr,!time period. Also, the optimum design of
herbaceous crop sLxtures is difficult to predict because the
relative dominance of the component species 
is often itself
dependent on the .*lant populations ani proportions 
in the mixtue


(Osiru .nd Willey. 1972; Harper, 1977:.

Lastly, I should repeat that the spatial configuratio- of
trees and crops li agroforests will be 
influenced by many ractori
other than those .:onsidered here. Very likely the soil will be
heterogeneous, soie 
trees 
and crops may thrive only in certain
areas, some may n,!ed to be near homusteads or boundaries, and so 

on.
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Resource sharing in the vertical di enion (Fig. 8b). 
 If light
is the main limiting environmental resource, then leaves become
organs of aggression, and the dominant crop will be that which
is tallest. One of the most potent ways of resource sharing is
to plant crops so that they each become tallest in turn. Five
ways of doing this spring to mind (Figure 8b): (i)by planting
crops together which attain similar heights but with different
Ilie cycles; UL) by planting crops together which attain different heights such that the shorter ones mature before the taller
ones; 
(iii) by planting crops at different times; Civ) by planting crops which can climb up the stalks of crops that mature
before them; and (v) by minimizing the shade cast by the tall
crops, by using erect-leaved crops (for example, maize), by
pruning trees or by planting deciduous treep. Baker (1979)
describes examples in the tropics where qereals have been mixed
so 
that each spends the latter part of its life at the top of
the canopy, and in 
most instances there isa substantial increase
in total yield. By contrast, when cereals with similar stature
have been planted ind harvested simultaneously, the yields in the
majority of studies have been no greater than the yield of the
highest yielding cereal in monoculture (Trenbath, 1974).
If 
we regard the soillas part of the vertical dimension,
we can include here'the sharing of soil nutrients and water
 
then 

by planting deep-rooted 'nutrient pumping' trees like some
Acacias with relatively shallowly rooted crops like millet,
sorghum and sesame. And to complete the list we.should include
the mixing of legumes with non-legumes as a means of sharing
atmospheric and soil nitrogen (see Mongi and Huxley, 1979).
 
Resource sharing in time. 
 If 
no one crop fully utilizes environmental resources available throughout the year, then yields will
be increased by skilfully phasing the growth cycles of different
crops. The skill-is required in (i)chosing the species and
cultivars according to their phenology, stature, habit, product,
etc.,'and (ii)staggering planting or sowing, relay-planting,
etc., so 
that soil water resources are fully uti'lized, the soil
is protected from rain, weeds are suppressed, erosion is prevented, crops with reproductive yield are not overshadowed after
the onset of floral initiation, and so on 
(Andrews, 1972, 
1974;
Baker, 1978, 1979; Fisher, 1977, 1979). Subsistence farmers 
are
apparently very skilled in this way, and much could probably be
learned from them (Bunting, 1980; Okigbo, 1980). 
No more needs
to be-added here because this subject is treated elsewhere in
this volume (see Huxley, p.503).
 

Tree - herbaceous crop mixtures 
Before speculating on some ways in which trees and herbaceous
crops might be managed to advantage in agroforestry systems, it
is important to recall the many possible objective 
of agroforestry beside that of maximizing yield. First, in order to 
conserve the soil and its fertility it may be imperative to have aminimum number of trees, perhaps deeply rooted ones or dinitrogenfixing ones, and a continuous ground cover. Second, to spread
risks it may be necessary to grow low-yielding hardy crops 
(for
example, sorghum instead of maize, or drought-deciduous trees)
and also to reorder one's ideal priorities on how much land is
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devoted to food, fuel, 
fodder and cash crcps. Third, to control
 
weeds 
it may be desirable to grow crops which establish large
leaf areas quickly, such as cucurbits and pioneer tree species.
Fourth, to further ease th2 workload, it may be important to
 
stagger planting and harvesting, to grow low yielding but prob
lem free fruit trees, or root crops (which 
 have a high yield per
unit of labour), to minimize transport distances and the use of 
ladders, and to provide shade for animals or t.omake field work
 
agreeable. Fifth, to control pests and diseases it may be prefer
able to plant crop mixtures, even if sole crops yielded more, tc 
mix crops with differing heights, smell, colour and susceptibil
ity, and to provide shade (for example, to lessen banana leaf
 
spot or cacao capsid damage) . And to these rational objectives 
may be added the 'irrational' ones of tradition,- culture, reli
gion, division of labour within families and so on. 
Clearly,

with so many factors to consider, it wquld be foolish to offer
 

t
general management prescriptions. As l have said above, all that
 
can be usefully done here is to consider come of the options
 
with respect to yield per unit area.
 

Let us suppose that trees were grown in agroforestry system:
 
as multipurpose trees, 
or for timber, fodder, as planted fallows
 
for fuel, 
fruit or shelter] For each of these purposes, how coulh
 
the trees be managed to advantage, and what herbaceous crops

might be grown with them, bearing in mind the foregoing discus
sion on tree pruning, effects of spacing and resource sharing in
 
mixtures?
 

Multipurpose trees (Fig. 9a). Multipurpose trees, and all the
 
other kinds listed below, should be established by underplanting
 
beneath herbaceous crops such as 
beans and maize. As the trees
 
grow taller and cast more shade the best companion crops might

be 'vegetative' crops such as cassava and forage crops, climbers
 
such as yams, or tall 'reproductive' crops such as bananas.
 
Where possible all tree and herbaceous crops that have 'repro
ductive' yicld should be relatively unshaded or at the top of
 
the agrofortst canopy.
 

Multipurpose trees could be grown as widely spaced individ
uals, in small groups or rows, but should not be in closed stands 
if they are required to yield fruits and browse as well as wood.
 
'Multipurpose' might mean 'multimanagement'; some trees might be
 
pruned for fruits, others lopped for browse, others allowed to 
grow tall fcr shade and ground cover; trees for different pur
poses might be planted on different patches of soil; fruit trees 
might become 'multipurpose' if poorly managed; 
some trees might
 
be culled fov fuel and continuously replaced; and old trees might
 
be girdled to obtain a last crop of fruits before felling. The
 
management options are legion.
 

Timber trees (Fig. 9b). As discussed earlier, the forestry
enterprise mst compatible with tropical subsistence farming is 
high value sawlog production. Wide spacings and the pruning of 
basal branches benefit the forester by improving the timber 
quality and shortening the time to maximum mean annual increment 
(see Cannell, this volume), and provide the farmer with.fuel or 
mulch and open ground for agricul. ure. Obviously a wide range of 
crops can be grown in the early y,:ars including cereals and 
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Fig. 9. Diagrammatic representation of the 
suggested management of trees grown 
for different purposes in agroforestry.
For each tree type a diagram is 
given of the change in height
of the trees with time, and 
their spatial dispersion at
maturity (see text).
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legumes, provided the growth of the trees is not severely
 

checked and their leaders are not damaged. In temperate regions,
 

where wheat and barley have been grown among widely spaced 
pop

lars, and soybeans among walnuts, tree growth has been checked
 

where crops were grown within about one metre of the trees 
after
 

the first year. But shallow-rooted crops may be less harmful 
to
 

the trees than deeply rooted ones; for instance, Poe spp. check
 

apple tree growth less than Loliwn spp. The tree canopy can be
 

kept open by thinning, or by growing seasonally deciduous spe

cies, but in most cases the choices open to the farmers will
 

become restricted to vegetative crops and eventually to the 

grazing of animals. 

for browse, fodder or mulch
Fodder trees (Fig. 9c). Trees groon 


should be coppiced, or if animals 
are grazed beneath them,
 

pollarded. They will recover from coppicing best, and yield most,
 

rows or small groups, possibly alongside
if widely spaced or in 


paths or roads, so 
that the fodder can be accessed, or the mulch
 

easily carried to nearby fields. Coppicing and lopping could be
 

phased to coincide with the interplanting of field crops such 
as
 

maize and cassava, in the 
same way that ratooned sugar cane can
 

Short-statured coppice
be intercropped (Pillay fnd Mamet, 1978). 


might be grown permanently with bananas or small shrubs and,
 

being a vegetative crop, coppice could be grown with overstorey
 

shade from fruit or multipurpose trees.
 

(Fig. 9d). The species suitable for short
Planted fallow trees 


forest fallows in shifting agriculture should obviously be highly
 

competitive pioneers, able to grow in nutrient deficient soils,
 

be dinitrogen fixers and soil improvers which will quickly cover
 

the ground and oust weeds such as Imperta grass. They should
 

ideally have low spreading canopies, low density wood, large
 
the natural
leaves and contnuous aperiodic shoot growth, such as 


south
pioneers Musanga spp. in West Africa and Mcaranga spp. in 


east Asia. They should also produce large quantities of seeds
 

and be easy to germinate or propagate. Apart from their role as
 

restorers of soil fertility they could be sources of fodder and
 

low Oensity wood would notmulth, and of edible seeds, but their 

be ideal for fuel.
 

(Fig. 9e). Arguments were presented above for
 

growing fuelwood trees as sole crops, in groves or large clumps,
 

where the trees would be allowed to grow tall and there would be
 

inter-tree competition. There would be 


Fuetwood trees 


little opportunity to
 

grow anything other than herbage crops with them, except during
 

the early years, so evergreen fuelwood species could be used,
 

and the groves could occupy the poorer land with limited animal
 

grazing. The wood should have a high sp2cific gravity, and the
 

trees should be spaced to produce stems and branches of the
 

desired diameters in the shortest time. The outer edges of the
 

groves might be planted with fodder-producing trees, or coppices,
 

which would yield satisfactorily in the shade of the taller fuel

wood trees and would also provide some competition for the outer 

fuelwood trees. This would be better than planting the groves
 

alongside paths or fields or herbaceous crops, or using the edge
 

fuelwood trees themselves for browse.
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Fruit trees and palms (Fig. 9f I and ii). As mentioned above,
fruit trees should be widely spaced, yet be within reach of
pollinators. Palms, which are circular, benefit from lateral
illumination on all sides, whereas angiospermous fruit trees
could be grown in 
rows. The trees should occupy the most fertile
land, perhaps near homestead refuse or a source 
of animal manure,
and should be subjected to 
little competition of any sort. 
The
trees need to be regularly visited for pruning (except palmp),
harvesting and probably pest and disease control, 
so there needs
to be access, which might be given by planting alongside paths,
within animal pastures, 
.omestead gardens or field boundaries.
The fruit trees should be small, without overstorey shade (except
perhaps unfertilized coffee, 
cacao and a few shade tolerant species) and should have open canopies, enablirtg legumes, cereals
and bananas to be grown close 
to them and'perhaps climbing plants
to be grown on them. Other points regarding fruit tree management

were covered above.
 

ShclterbeZts. 
Where there are strong winds or there is strong
advection or wind erosion, shelterbelts increase crop yield,
especially of vegetables and legumes. Work on 
strip intercropping,
summarized by Radke and Nazstrom (1976), has shown that theshelterbelts should be ppr-endicular to the prevailing wind,
spaced at intervals 10 to 
!5 times their heights and should be
wind porous. Crops sheltered in this 
way often grow taller than
they otherwise would, produce more dry matter and larger fruit
and vegetative yields, mostly because of improved water relations.
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DISCUSSION
 

KOZLOWSKI - When treesz 
are widely spaced they produce conical
 
stems. They should, tIerefore, be closely spaced, 
so that they
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produce cylindrical stems, then thinned. 

CANNELL - Wide spacing and basal pruning have proved beneficial
 
In agroforestry situations where other products are 
also
 
required.
 

BUDOWSKI - Studies in South Africa have shown wide spacing and 
intensive pruning to be preferable to thinning, but the decision
 
depends on the labour available.
 

LOOUIS - Dr Cannell's presentation is a most elegant demonstra
tion of a systems type analysis for cause and effect. 

CONHOR - Dr Cannell previously asked how systms analysis could 
handle situations where there was a range of.objectives. Systems
 
analysis is 
the only way in which all the objectives can be met,
 
but for any particular system the objectives must be specified
 
clearly. For example, 
to maximize the yield of one particular
 

component, with the constraint of no 
soil erosion and some
 
element of aesthetic function.
 

BRUNIG 
- If you take the information of Figure 5 of your paper 
to infer in Figure 9(b) thtt options are narrower, you disregard 
the interactions between-the various compartments of the stand 
as an ecosystem. For example, if 
you keep your tree density in
 
the early phases as low as possible with respect 
to your objec
tive functions, you will change 
the structure and functions of
 
the trees. At the same 
time, you will change the understorey,
 
and the nutrient, water and energy regimes. There are means
 
available 
to describe and predict these reactions of the system
 
in ecological and economic terms which would also be useful 
to
 
agroforestry. An example is the-model hierarchy which I
 
described in my paper.
 

HUXLEY - It is necessary to consider the optimum populations of 
mixtures separately from optimum populations of sole crops. The_ 
optimum population of a mlxture is not necessarily the mean of
 
its two components.
 

RAINTREE - Linear programeing Is another good tool for handling
 
situations with multiple constraints' and multiple variables.
 

NAIR - The cultivars used in agroforestry are often not those
 
applicable to marginal areas. Experience with high input culti
vars 
has to be used in the agroforestry context because there
 
is as yet no other experience available. This co-,Id, 
however,
 
easily lead to wrong conclusions.
 

ALVIN - There is now a tendency to use wide spaci'gs, for exam
ple box planting in Malaysia. Economic species are not currently 
used for the box, but this could be done. Planting patterns of
 
this type are necessary 
for crops which do not withstand much
 
wind, such aS cacao.
 

CANNELL - There are 
many constraints on spatial arrangements of 
trees other than those which I mentioned, as you rightly point 
Out. 
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ABSTRACT. 
Adapted plant species should be *matched' in
agroforestry so 
that they complement one another in their
time dependence for environmental and managementsharing. resourceA knowledge oflphenological mechanismsresponses andhas, therefore, considerable practical value.With tropical woody species the onset of rest may bedecided, primarily, by the ageing of leaves. it will thusbe regulated by any environmental or endogenous stresses
that hasten leaf senescence: for example by drought or by
fruiting. With such a system renewed vegetative growth can
then be centred on 
times when the environment best suits
it, and a generalized growth regulating mechanism of this
type is well adapted 
to the vagaries of tropical climates.
It does not preclude additional specific regulation
through, for example, photoperiodic control. Tropical herbaceous crop species, or cultivars, need to be selected
for particular growing seasons and with special reference
to 
the water budget and to day and night temperatues.
Cotton, maize and ccwpea are given 
as examples. Matching
the woody and herbaceous components is the 
final stage of
finding effective plant combinations.

Recording plant phenophases in 
relation to environmental
change in the natural, indigenous state is easily accomplished; 


well 

it provides inforration about adaptability, as
as possible phenologlcal complementarity. Once genotypes are chosen the next most important concern is plant
ranipulation and how this modifies phenulogy. For woody
perennials manipulations are 
limited to relatively few processes; removal of plant parts at appropriate times in
order to entrain subsequent phases of growth and flowering
is likely to be 
the most effective. For herbaceous annuals
time-of-sowing is the 
most influential time-related procedure. The need for more information about juvenilitymaturity -ageing 


logy for 
sequences, and about 'below-ground' phenothe wide range of multipurpose tree species being
used in agroforestry is noted. All agroforestry field research should include simple plant phenologica: studLen
wherever possible.
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INTRODUCrION
 

Phenology is 
the descriptive study of the behavioural 
-haracteristics of organisms in 
relation to their environment. Phenometry

being the quantitative measure of life cycles or specific phenophases. Their value with regard to ecosystems analysis lies pac
ticularly in the understanding they provide of plant responses

to climate (Lieth, 1970, 1974).
 

Stone Age man was a good practising phenologist - he hadto be in order to 
gather plant products effectively, and to know
where and when the animals he hunted would be feeding. For more
 
modern land users a knowledge of phenological relationships also
affords the opportunity to select plant genotypes and management

practices in a way which will optimize plant productivity, and/
or obtain particular products 
from the land at the time of sea
son at which they Are required.
 

When plants of different kinds grow'together the effective

sharing of environmental resources depends on both their spatial
and temporal patterns of distribution and actitivy. The spatial

relationships have been dealt with in detail by Cannell 
(see

p. 489, this volume). My contribution deals with temporal rela
tionships, but it is not intended as an 
in-depth review of
 
tropical plant phenology as~such 
(for example, see extensive

references in Alvim, 19641 
Huxley and Van Eck, 
1974; Lieth,

1974; Whitmore, 1975; Borchert, 1976; Alvim and Alvim, 1978;

HalIl et al., 
 1978; Putz, 19791. It is, rather, a summary of
 
some relevant aspects which are 
briefly related to the design

and management of agroforestry land use systems in the tropics
 
and subtropics.
 

THE BACKGROUND
 

Different plant species have evolved a wide range of behavioural
 
strategies to enable them to occupy various ecological niches in
all kinds of climates. However, in over 200 years of continuing

investigations on ctiiate and plant productivity it 
 is only
recently that our knowledge of the effects of individual climaticfactors on particular plant processes has taken a significant

stop forward (for example see Rees et al., 1972; Evans, 1975;Monteith, 1975; Cannell and Last, 1976; Alvim and Kozlowski,

1977; Go6dall et al., 1979). 
much remains to be learnt, however,
especially concerning the 
interactions of climatic factors 
(see

also Kozlowski and Huxley, this volume), and the effects of climatic 
'noise'. There is also a dearth of specific information

for hundreds of useful species, including many of the multipur
pose trees which 
can be valuable in agroforestry systems.


The tropics and subtropics are exciting places in which to
study phenology because of the very wide range of climatic zones
which exist, involving aseasonal, wet 
tropics to highly-seas6nal,

semiarid and arid regions, with either winter or 
summer rainfall
and a variety of temperature regimes. These provide a complex

climatic matrix within which to investigate the behaviour of
vegetation or of particular component species. Climatic complex
ity is increased further by the large season-to-season variationswhich often exist, as well as the wide range of topo.Zlimatic

changes -'ich may occur within a comparatively short distance in
broken or undulating land 
(Huxley and Beadle, 1964).
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Against this backgrotnd it is not surprising that a number
of different hypotheses have arisen to account for the recorded

behavioural responses of tropical vegetation to changes in particular climatic variables - espeoially with regard to tropical

trees. In 
the next section 
I want first to summarize these.
 

TROPICAL TREES AND SHRUBS: PHENOLOGICAL TACTICS FOR E. IRON-
MENTAL STRATEGIES 

Exogcnous/endogenouG control
 
Some degree of veqetative growth regulation is 
a feature of many
ligneous tropical soecies. The 
initiation of growth has been
attributed to 
the occurrence of rain 
(Richards, 1952; Ilolttum,
1953), an increase in air temperature (Murray, 1961; Sale, 1970)
or an increase in the 
level of incoming solar radiation (Alvim,
1964), 
a decrease in air temperature followed by a rise 
(Jeffers
and Boaler, 1966), 
and to fire (Hopkins, 1970b). 
As well as to
combinations of these factors which, in any case, are sometimes
confounded. The onset of 
rest has been attributed also to numerous climatic factors. For example, to seasonal drought (Koriba,
7
1958; Alvim, 1964; Hopkins, 19
0a, b), low atmospheric humidity

(Wright, 1905), photoperiodt (ijoku, 
1964; Longman, 1969; Hopkins,

1970a, b) and thermoperiodism 
- more particularly low night

temperatures (Longman, 1969).


Many early workers, in addition 
to evoking exogenous 'cues'
for particular growth and development phenomena, pointed to"the
apparent existence of endogenous rhythms in tropical woody perennial species (Richards, 1952). A premise which we know, from
experimental work in uniform environmental conditions, 
to be
valid (for example, Greathouse et al., 
1971, with cacao). Models

of plant growth have since been proposed (Thornley, 1972a, b;
Borchert, 1973)'which would result in such rhythms, based on
feedback mechanisms between shoots and roots. Finally, the
dependence of many
, species on photoperiod to promoce flowering,
even within the relatively small daylength changes which occur
in tropical regions, is very well documented (for example, Vince-

Prue, 1975).
 

A flexible strategy for the 'tropics 
What we have been outlining up to now are the tactic. which
plants adopt to achieve particular adaptive life strategies,

that 
is patterns of growth'and development which enable 
:hem to
sur,,ive 
and to retain their share of resources in association

with other plant species. To be successful in many tropical 
regiovs with year-to-year climatic variations, these stratecies may best depend on alternative set:s of tactics. Or at least notbe too inflexible if 
the timing o 
 growth and flowering is to beoptimally adjusted to tropical cl.matic vagaries. Huxley and VanEck (1974) suggested that such a :;cheme is fulfilled if therea gi:neral underlying control 

is 
of vegetative growth which is regulat-id by the physiological ageinc of the leaf canopy as 
influenc:d by any environmental stress 
factor, as well as 
by endogen

ous factors. Effectively this will regulate the activity cl
shoi.t apices by contLolling the bilance of growth promoting andgro, th retarding hormones (Borchert, 1970). After the onse: of 

1W 
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rest, renewed growth may depend, at least for some species, on
 

no more than the occurrence of the next set of favourable cli

matic circumstances. This sequence will tend to centre periods
 

of maximum vegetative growth on times when the environment best
 

suits it, either for individual species (see details in Huxley
 

and Van Eck, 1974) or for the woody vegetation as a whole
 

(Fig. 1).
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Fig. 2. Overall seasonal trends in vegetative growth, leaf
 
fall, flowering and fruiting of woody perennial species near
 

Kampala, Uganda. Mean values of all recorded specimens from
 

Huxley and Van Eck (1974). The phenology of individual spe

cies varied considerably even to the extent of different
 

specimens being out of phase with one another (see original
 

paper for details).
 

Such a qcneralized scheme in no way precludes futther regu

lation hy dditional mechanisms involving specific environ

mental requirements. For example, daylength (Hildcgardia
 
barteri, Njoku, 1964) or relief of high plant water potentials 

(Coffea arabica, Browning, 1973).
 

Many tropical and subtropical species of trees and shrubs
 

flower on current season's wood, and subsequent fruit develop

ment is, therefore, supported by a relatively fresh canopy of
 

photosynthetically activc leaves. The exhaustion of the plant's
 

carbohydrate and nutrient reserves during fruit maturation will
 

itself then bring on leaf senescence; a sequence which 'entrains'
 

the subsequent cycles of vegetative growth and fruiting (for
 

example, in coffee, Cannell, 1971).
 

Manipulating woody plants in tropical climates so as 
to
 

optimize production through 'entrainment' is one of the most
 

demanding of management techniques, and one which is very rel

evant to the proper use of trees and shrubs in agroforestry syS

tems.
 

,I
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veqt~ativ! growth and synchroiize the time at which adequate 
numbers of relevant SiMk:s are created (that is for carbon, nu
trients and hormones) in relation to the development of the 
appropriate sources. This can be done only within the limits of 
genetic control, and by a limited number of management practices. 
The first requirement is an appraisal of the 'natural' phenology 
of the various planL crannponcnts in the system, the second a sto
chastic analysis of the extent of between-season climatic vari
ability, the third is an , iderstanding of the degree to which 
various management practices can affect particular phenophases
 

in the species concerned, and the fourth a knowledqe of species
 
interaction. At this stage trying to optimize source/sink rela
tionships in the individual species in agro,orestry mixtures, by 
simple deflowering/defruiting, or by lop'ing vegetative parts at
 
carefully chosen times, is probably all that can be done.
 

A major feature of management in agroforestry must be to
 
maintain the appropriate balance between output of products from
 

the woody and herbaceous components. To do this the population
 
and arrangement of woody plants has to be chosen with the future
 
management of the trees/shrubs firmly in mind. The capacity of
 
the chosen woody species to tolerate pruning, lopping, pollard
ing and browsing, or some other fotlw of vemoval of leafy twigs 
or leaves, is fundamental! to this. Here the question is not only 
what to remove, and hoa much, but iwhen? Removal of apical buds 
From deciduous trees/shrubs which show some form of growth regu

lation will interrupt natural growth phases least if it is done
 
just prior to a growth extension phase. And the same applies to
 
evergr.en species. Such removal of apical dominance during a
 

rest phase can, depending on the species and the timing, bring 
about renewed growth, although shoot removal in a severely dry
 
season can sometimes result in branch dieback. Species will dif
fer considerably in their response to this treatment depending
 

on the environment tey are in, and simple but extensive field
 
tests are necessary. Cultivators of our major tropical woody
 
perennial fruit and beverage crops are well aware of the optimum 

season for pruning, according to their particular climatic ex
pectations, but this has been optimized only after a good deal
 
of research (for exa.iple for tea, Carr, 1972; coffec, Maestri

and Santas Bares, 1977).
 
Removal of leaf' shoots or leaves (particularly old ones,
 

Browning, 1973) during a natural vegetative growth eriod may
 
sometimes help exter the period during which a trca or shrub
 

maintains shoot extc ision and hence a greater proportion of
 
actively photosynthc ;izing canopy. Alleviating stress by irri
gating c.d/or applyiig fertilizers, particularly n:trogen, can
 

also do this. 
All these manacj!ment procedures demand increa:.ed inputs,
 

however. Either in f2rms of skills, or materials. ind results 
depend very much on the timeliness of application. .oody plants 
can soietimes be grcwn successfully completely outside their 
normal climatic rane providing sufficiently skilled management 
is applied. A good vxample of this is the vine. Cul :ivars differ 

but in Its natural labitat in Europe or America it ..s subjected 
to winter rainfall ,nd winter chilling, and the dorimancy of the 
apical buid in each lbud series is broken by a period of cold. 
l'ruit lujthen occur:; on the lateral leafy shoots arsing from 

/ 

http:increa:.ed
http:evergr.en
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rest, a'enewixd growth may depend, at least fur sunv species. on 
no more than the occurrence of the next set ,if favourable cli
matic Circumstances. This sequence will tend to centre periods 
of maximum vegetative growth on Limes when the environment best 
suits it, either for individual species (see details in Huxley 
and Van Eck, 1974) or for the woody vegetation as a whole
 

(Fig. I).
 

1.3Vegeloive 
1.2 growikV 

0.9'
 

1.0 

0.9 

c 0.6- 5Flowering 

0.5 Fruiing 

i I i i , I i i i I 
J F M A M J A S O N D
 

Fig. 1. Overall seasonal trends in vegetative growth, leaf
 
fall, flowering and fruiting of woody perennial species near
 
Kampala, Uganda. Mean values of all recorded specimens from 
Huxley and Van Eck (1974). The phenology of individual spe
cies varied considerably even to the extent of different
 
specimens being out of phase with one anot-..,r (see original
 
paper for details).
 

Such a generalized scheme in no way precludes further regu
lation by additional mechanisms involving specific environ
mental requirements. For example, daylength (HilZdcgazdo 
barteri, Njoku, 1964) or relief of high plant watek potentials 
(Coffea arabica, Browning, 1973).
 

Many tropical and subtropical specien of trees and'shrubs
 
flower on current season's wood, and subsequent fruit develop
ment is, therefore,, supported by a relatively fresh canopy of 
photosynthetically active leaves. The exhaustion of the plant's 
carbohydrate and nutrient reserves during fruit maturation will 
itself then bring on leaf senescence: a sequence which 'entrains' 
the subsequent cycles of vegetative growth and fruiting (for 
example, In coffee, Cannell, 1971).
 

Manipulating woody plants in tropical climates so as to
 
optimize production through 'entrainment' is one of the most
 
demanding of management techniques, and one which Is very rel
evant to the proper use of trees and shrubs in agroforestry sys
tems.
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problem to resolve 
(late planting yieid loss); 
and cowtia, to
note the 
very detailed studies of the climatic factors 
 oftectingl

all 
stages of growth and development which need to be investigated, through both field and controlled environment studios, 
if
 a ".horough understanding of the effects of climate are 
t, he
 
achieved.
 

Cotton and water availability
 

The classical work done at Namulonge, Uganda, during the 
1950s
to relate cotton qrowth and development with water use 
and
availability is a well-known example of matching a crop's needs
 
to a major climatic factor 
(water), using a 
stochastic approach
(Rijks, 1967).?
 

Rijks defined 
the optimum sowing date, or period, 
as the
time during which 
a crop must be 
sown 
in order to be likely to
experience the most 
favourable combination rf factcrs that are
relevant in obtaining maximum yield. In 
agroforestry the complex

of factors involved must of course also include 
the interactions
- biological and managemental 
-
 with one or more woody peren
nials and, perhaps, with other crop species. 
In fact, no single
environmental factor decides yield and even 
if the rainfall/eva_

poration regime is 
seen as
7 a major influence, there are 
others
of considerable signifidance. For example, with cotton, 
the incidence of pests and diseases and the effect of climate on these
is always a crucial issue; 
and solar radiation and 
the temperature regime are 
clearly, important, even 
though they have been
 
less well studied.
 

Figure 2 shows, 
from some of the earlier work, how yield
and the 
water regime were related at two specific sites; present
ing the data in such a way that the probaoility of receiving

rainfall at these sites 
is clearly brought out. The result of
this work, by the 
then Empire Cotton Growing Corporation, enabled cotton breeders and agronomists to 
select cultivars for
particular climatic areas with much more precision and 
under
standing then would otherwise have oeen the 
case.
 

-'aize and heat units
 

Maize provides another good example 
of a crop species where
 
yield is 
highly dependent on 
timely sowing, as numerous field
studios have shown 
(Cooper, 1975). 
Indeed, this restraint is
commonly found with many long-season tropical crops grown under
 summer 
rainfall regimes. With maize, at 
least, this 
Is partly

due to the plants' needs for continuous, relatively high, 
ambient air temperatures, and partly due to 
the adverse effects of

cool soil temperatures, especially in 
the seedling stage
 
(Cooper, 1979).
 

Fig. 2 (Opposite) 
Change in yield with change 
in sowing date

and rainfall pattern at 
a 
station with unreliable (Kawanda)
and reliable (Bulindi) second rains. 
 A - yield and sowing

date for Kawanda. 
 0 - 1:1 confidence 
limits of rainfall at

Kawanda during the cotton 
season and estimated crop water
requirement (broken line). 
 C - as A, for Bulindi. 
 D - as B,
for Bulindi. After Manning, unpublished. From Rijks (1967).
 

1i"
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Growth, development and maturation of maize have been found
 
to be broadly correlated, for any particular cultivar, with the
 
number of 'heat units' received. In view of the complex rela
tionships between climatic factors and plant growth and develop
ment which detailed investigations invariably uncover 
(see cow
pea, below), it seems remarkable that the relatively simple

integration with ti,.e of mean temperature above a base can pro
vide a means for predicting the duration of various stages of
 
plant development and the time 
to final maturation. Even more so
 
when it is clear that in tropical areas Lhe heat balance is very

variably correlated with incoming solar radiation, because 
this
 
relationship depends on 
the weather in the previous period and
 

t
factors affecting net radiation and its
 partitiun into sensible
 
heat and evapotraspiration (Oluxley, 1973). Nevertheless, for
 
maize and other crops, agriculturists do find the 
heat unit con
cept a u';eful albeit somewhat crude tool, and it has been the
 
subject of much evaluation (Arnold, 1959; Wang, 1960; Allison,
 
1963; Brown, 1963, 1969; Dijkhuis, 1971: Caprio, 1974; Carr,
 
1977).
 

Measuring the integration of temperature with time can 
be
 
both cheap and efficient, for example by using the 
sucrose in
version technique (Berthet,
1 1960; Lee, 1969; Jones, 1972) with,

perhaps, a 'roving' statistical sampling as suggested by Wilm
 
(Rieley ec al., 1969). There is much to be said for such a prag
matic approach to measurements in predictive phenology and 
we
 
need to simplify techniques and adapt them to be 
less costly.
 

In agroforestry the effect of the 
trees or shrubs on the
 
environment of the associated agricultural crop species can be
 
highly relevant. Changes in soil temperature being a case 
in

point. However, each situation has to be considered carefully.

For example, although low soil temperatures can be detrimental
 
to 
the early growth stages of maize, with soya and other grain

legumes unduly high soil temperatures at germination 
are to be
 
avoided (Singh, 1975). 
The situation in any agroforestry system

will be complex, and it requires detailed study in relation to
 
time of season 
and the stage of growth of accompanying crops,

using all the available information that can be gleaned from the
 
literature.
 

Cowper and integrated climatic reaponse 
Extensive studies both in th.:field and in controlled environ
mants 
have contributed to ou:" knowledge of phenological respon
ses to climatic factors for :.hisspecies. It provides a good

example of the value of comb.ning these two experimental

approaches (see Kozlowski anl luxley, this volume). Yield poten
tial in cowpea, as 
with othe: grain legumes, is critically
 
affected both by the developient of the plant's vegetative

structure and the 
initiation, growth and moturation, zt the
 
appropriate times, and 
for the optimum duratioa, of the repro
ductive elements. These proc,!sses are markedly 2ff-ctd by day
length, day temperature and ight temperature (Huxley and
 
Summerfield, 1976) (see Figue )). 

Daylengths below the cr..tical will shorten the vegetative

phase of the plant affecting adversely th: potential number of
 
fruiting points which can de/elop; warm d.y temperatures can
 
increase vegetative growth ii the period -p to 
flower initiation
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Fig. 3. Effects of treatments on dry matter production (g

-


plant ') of cowpea cv. K 2809 at various stages of growth.
 
(a) and (b) - Pre-flowering 11 and 25 days after sowing. 
(c) - Early/mid podfill 47 days after sowing. (d) - Final
 
harvest 77 to 105 days after sowing. In these interaction
 
diagrams the solid thick lines represent the effect of rais
ing the night temperature (-) and dashes that of raising
 
the day temperature (---) in the 13 - 20 daylength. Equiva
lent thin lines represent these effects in the 11 h 40 day
length, thus the relative positions of the various day- night
 
temperature combinations (*C) are denoted by (1) for 27-19,
 
(2) for 33-19, (3) for 27-24 and (4) for 33-24, as indicated
 
in b). From Huxley and Summerfield (1976). This was one of
 
the early, significant results of a programme initiated by
 
P.A. Huxley and the. late A.P. Hughes in 1971 at the Plant
 
Environment Laboratory (PEL), University of Reading, UK,
 
(funded by the British Overseas Development Ministry), which
 
has subsequently expanded to cover investigations on the cli
matic responses and the nitrogen nutrition of several grain
 
legume species. Readers interested should write direct to
 
the PEL.
 

but also shorten the period of seed maturation: warm night tem
peratures can reduce thc period to flower initiation. Further
 
work (for example, Stewart at al., 1980) has helped to explain
 
the detailed effects of climate on flower and fruit development.
 
Warm days can reduce the number of nodes at which peduncles are
 



884 

512 P.A. HUXLEY
 

formed, they increase, the number of peduncles aborting or growing 

poorly, as well as the number of flowers and pods which abscise. 

Cool nights following warm days increase flower abscission, but 

rool days followed by cool nights enhance flower retention. 

Resolving the climatic needs for all the complex staues of 

growth and development of plants as complicated as the grain 

legumes, in which nitrogen supply is additionally dependent on a
 

symbiotic association and interaction with rhizobium may seem a
 

hopeless task. But the results of a combined approach of labora

tory, controlled environment and field work has now enabled us
 

to determine the pattern of programming a~d response for this 
group of plants to a point where it is feasible to fit the spe
cies and cultivars so far investigated to specific environments
 

and production systems. Or, conversely, to arrive at reasoned
 

explanations for their climate-related success or failure on any
 

one site, or in any one season (Summerfield and Bunting, 1981).
 

This type of detailed knowledge will clearly not be available
 

for all but a few of the species of interest, but whenever such
 
information can be obtained it will help to make the design of
 

agroforestry systems infinitely more precise, their management
 

more rational, and the outcome more predictable.
 

The agroforestry situation 

These three examples - cotton, maize, and cowpea - illcstrate, 

in increasing detail, how complex the many stages of growth and
 

development are and, in no small measure, the reason why in the
 

field it is often far from easy to explain the gross effects of
 

weather. Furthermore, the riic at which environmental changes 

are 
imposed is, in many cases, critical in relation to particular
 

development phases of the plant. Thus the complex environmental
 

interrelationships affecting the phenology of the woody and
 

herbaceous species in an agroforestry mixture will not always be
 

easy to identify or to quantify. Nevertheless, as our knowledge
 

of the influence of one agroforestry plant component on anothe:
 

builds up, through tree/crop interface studies, a useful level
 

of prediction is likely.
 
One other point. Many of our most successful crop plant
 

selections are not just those well adapted to grow, flower and
 

fruit vigorously in any particular climate but probably, also,
 

those less likely to suffer from environmental stress. For ex

amole, with cowpea growth cabinet studies have shown that, in
 

terms of overall seed yield, some cowpea cultivars are insensi

tive to daylength changes, or to night temperatures, or to b.oth
 

(Huxlby and Summerfield, 1976; Summerfield and Wien, 1979). Cul

tivars of herbaceous crop plants which are high yielding but
 

have a small genotype x environment interaction (G x E) could,
 

perhaps, be the safest choice for agroforestry systems, particu

larly where marksd temporal microenvircnmental changes are
 
likely to be imposed on the lower storeys.
 

THE VALUE OF STUDYING NATURAL PIIENOLOGICAL STATES
 

Plant phenologi al studies can be of tne simplest kind, irvolv

ing only a seri,.s of observations of the plant accompanied by 

nd soil data (soil water status and soil temperameteoroloqival 

tulres , if p)ssi.l}) . Obviu:;-,- o),re s )phisticated measurements
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to help elucidate specific plant responses. For excan be made 

miaht wish to check plant water potentials, or bud
ample, one 


so on. For the current level of agrofore.t rytemperatures, and 

state of veetaresearch a weekly or fortnightly record of the 

not), leaf fall, flower
tive growth (nhoot growth occurring or 


not root extension is
ing, the presence of fruit and whether or 


may well be sufficient. Table I gives
occurring in the topsoil, 

remind
 

a more complete list of phenophases and it serves also to 


us of 
the complex and parallel series of steps which 
have all to
 

be completed for any plant to achieve maturity.
 

There is a very extensive literature rq(lating types of
 

(e.g. Ellenburg and
tropical vegetation to particular climates 

Mueller-Domhois, 1967; Walter, 1973, 19771 and, apart from hot,
 

wet, aseasonal climates, a rather important division needs to be
 

made between climates with rain during the cool season, and those
 

receiving mono- or bimodal rainfall in the hottest part of the
 

year; either as a consequence of a true monsoon-type air c'rcula

tion, or through the north.south transition of a convergence zone
 

(winter or summer rainfall climates). This is because a consider

able body of evidence suggests that perennial woody species, 
and
 

two types of climate may often possess some
grasses from these 


what different groath reouation syndromes.
 

Woody species adaptbd t9 winter rainfall regions have often
 

developed a vegetative growth regulation mechanism which 
is
 

lesser amount of winter chillbroken, naturally, by a greater or 


(for example, usi;ig di-nitro oetho-cresol),
ing. Chemical means 


or end-of-season defoliation can same
sometimes achieve the 


for fruit trees). Moving such species to
effect (see hock, 1975 


summner 
rainfall areas may, ubviously, bring problems. Some of
 

our 
promising species of multipurpose trees (for example, Cera

tonia sit.iquo, BIrosimum alicastriun) originate in-winter rainfall
 

this should be taken into account when including them
 areas and 

rainfall climates. Some simple comparative
in trials in sunmer 


are any diffiphenology should quickly indicate whether there 


culties.
 
summer rainfall species to
The reverse process of moving 


winter rainfall areas involves less a problem of growth regula

ting mechanisms than of achieving optimum temperatures for car
time of
bon fixation, distribution and utilization during the 


available water supply.
 

Some tree species useful in agroforestry appear to be very
 

widely adapted. For example, species of Acacia such as A.
 

Kazmi (1979), or A. albida, see lialevy (1971);
tort tles, see 
and someFicus besjamino, Schinzus molie, GrovCU1oa robusta, 

see Food and Agriculture Organization (1976),Eucalyptuta species, 

to name but a few. Foresters 
are well versed in 'provenance
 

for miltipurpose 

specie; to be used in agroforestry should be carefully borne in 

mind, and some evaluation of 

testing' but appropriate selection procedures 

the genetic fitness or flexibility 

of different species needs to be undertaken. The separation of 

genetically and environmentally induced phenological responses 
on potential agroforestryis critical (Flint, 1971), but work 


is not well advanced and only fragments of intree components 
formation ire available (for example, I'eacock and McMillan (1965) 

for A,-r, iii 1',,o::opei and , ,and Ialevy (1971) for Acacia 

,;. i I s~eI 
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In such investigatirs

obvious not allindications woody species willof non-adaptability show
of-sequence vegetative dormancy 

in the form of an out
phenoloutcal growth flush,behaviour 

or 
but theirmay stillsuitability. provide some evidence of
For example, 
 unan increase
flushes (for cacao, Sale, 

in frequency of growth
I970) 
 !;Irsst
may be early leaf senescence/leaf such an indicator. Asflower inq/fruiting, fall, earl/ or intermittent 
maturation. 

anid either premature orAll undulythat delayedIs needed fruit 
conducted to obtain such dataset is aof field observations carefully
If the and somephonology of meteorologicala woody species data.IS carefullytionl to the climate studiedin its area in rela
ful of naturaldistributionpointers immediately somebecome available use

as
other, supposedly suitable climatic Zones. 

to its management in
 

PH1ENOLOGY A14D 
PLANT "AIIAGEM-NT IN AGROFORESTRY SYSTEMS 
PhenoZogjca compernen 
a ,tdy

Much of what has been 
said so 
far has emphasized the importance
of the behaviour of the woody component 
in an
tem. Because at maturity these are, almost 

agroforesty 

nant partners in invariably, 

sys
an interr.opping the domi

crops situation with herbaceous
the selection of appropriate
This choice, with an 
genotypes is 
a crucial
eye both one.
to Possible
bilities resource
as well sharing capaas 
the potential


environmental 

amelioration 

for microsite enrichment 

is, clearly, and
 

consideration the 
once produ:tion first management

outputs
The choice of 

have been decided
an agricultural upon.

to be crop is,
limited to that which in practice, likely
the local
markets, population,
require. But within these 

or established
 
compatibility limitations, 


can be phenological
sought. The 
important
length of the growing season, the 
variables being the
time of
the environmental sowing
resources likely to be 

in relation to
natural phenophases available, and the
and/or potential
as lopping) of the 
management 
treatments 
(such


ral relationships 

trees rnd shrubs. The various 
kinds of tempowhich '.an occur
in Figure (crop sequences)
2 of the papr- 'Comments are set out
 on agroforestry 
classifica.
 

to plant aspects' (see p.161,
volume). this
 

tion: with special rc.ference 


Some 
tree species, for example Acacia albida, produce a
 
leafy canopy prior 

during the early part 

to the onset of rains 
and loseof the these leaves 
enables crops 

rainy season (Felker, 1978).
such as This
millet and groundnuts
or even beneath to be 
top 

the trees, where they can 
grown around
 

soil microenrichnent, derive benefit 

otherwise 
 from 

Separated resource 
but environmental 

in time. sharing isThis almostration of growth periods complete temporalis sepaan ideal one,
only limited opportunities but there are probablyto mdifymost woody species the naturalto phenologyany extent ofthrough management practicesorder into simulate this.Optimum yield of vegetative Parts 
e:ring and 

will be obtained
fruitinq if floware avoided.L[iticaeia leuvocaphiala (fodder, For example, thecreased fuelwood) usable yield ofby onme 20 could, perhaps,to 30 per cent be incultivars could if Sterile or scantlly-fruitingbe found. However,cliding to maximizefrinit.:; total yield,and seeds., init is nocessary 
to optimize early 
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vege taivLe growth and synchronize the Lime at which adequatet 
numbers of relevant sinks are created (that is for carbon, nu
trients and hormones) in relation to the development of tile 
appropriate ources. This can be done oaly within the limits of 
genetic cent.ol, and by a limited numbei of management practices. 
The first requirement is ar,appraisal ot the 'natural' phenology 
of the varit',us p1j.ri c'r-'mpnents in the !,ystem, the second a sto
chastic analysis of the extent of betwen-season climatic vari
ability, the third is an understanding of the degree to which 
various ma'lagement practices can affect particular phenophases
 
in the species concerned, and the fourth a knowledge of species
 
interaction. At this stage trying to optimize source/sink rela
tionships in the individual species in agro 'orestry mixtures, by 
simple deflow~ring/dmfruiting, or by lopo'ing vegetative parts at 
carefully chosen times, is probably all that can be done.
 

: major feature of management in aijroforestry nust ae to 
maintain the appropriate balance between output of products from 
the woody and herbaceous components. To do this tilepopulation
 
and arrangement of woody plants has to be chosen with the future 
management of the trees/shrubs firmly in mind. The capacity of 
the closen woody species to tolerate pruning, lopping, pollard
ing a.rdbrowsing, or some other form of removal of luafy twigs 
or lfr.ves, is fundamental to this. Here the question is not only 
what to remove, and how much, but Whon? Removal of apical buds
 
fror deciduous trees/shrubs which show some fo, m of growth ragu
lat .Dn will interrupt ntllral growth phases least if it is done 
jus: prior to a growth extension phase. And the same applies to 
evergreen species. Such ramoval of apical dominance during a 
re.: phase can, dependirng on the specie; and the timing, bring 
abcut renewed growth, aithough shoot remioval in a severely dry
 
se..son can sometires result in branch dieback. Species will dif
fe: considerably .n their resoonse to this treatment depending
 
or the environment they are in, and simple but extensive field 
tists are nezessary. Cultivators cf our major tropical woody


$
perennial fruit and beverage crops are well aware o the optimum
 
stason for pruning, accordina to their particular climatic ex
lectations, but this has been optimized only after a good deal
 
if research (for example for tea, Carr, 1972; coffee, Maestri.
 
and Santas Bares, 1977).
 

Removal of leafy shoots or leaves fparticularly old ones,
 
Browninc, 1973) during a natural vegetal ive growth period may
 
sometimes help extend the period durinc which a tree or shrub
 
maintains shoot extension and hence a creater proportion of
 
actively photosynthesizing canopy. Alleiviating stress by irri
gating and/or applying fertilizers, paiticularly nitrogen, can
 
also do this.
 

All these manaeuement procedures dvmand increased inputs,
 
however. Either in terms of skills, or naterials. And results
 
depend verly much on the timeliness of ap3. ition. woody plants 
callcometIolme:; be rown successfully ccmpleL, .y outside their 
normal climatic rangu providing surf itictly skilled management 
is applied. A good e.alaple of this is the vine. Cultivars differ 
but in its natural habitat in 2urope or America it is subjected 
it)winte.r r-ainfall and winter chillin_, and the dormancy of tile 
apical bud in each bud setis is brok.!r by a period of cold. 
lrikitint then occur; on tht lateral I afy shnots arising from 
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these apical buds. In summer rainfall tropical regions fruiting
can be brought about 
on the shoots arising
the axillary series, 
from lateral buds in
if apical dominance is removed by pinching
out shoot tips (Shalitin, 1973). 
Such complex management procedures are unlikely to be of much use 

tree; in handling multipurposein low input aqroforestry systems, however. 

hton-': ll .h-nohiage; 
The changes which occur in woody plantshave also over the longer termto be considered. That is, the
to maturity and, finally, 

changes from juvenility

to various staqes of ageing. Borchert
(1076) points out that 
the various a
ageing can s of physiologicalbest be understood by considering them asof the consequences
increasing complexity which arises when viewing the tree
as a growing ystem.


Although the onset of flowering in
related herbaceous plants
to early growth rate is
(number of 
leaves),
the the extent of
juvenile phase in woody perennials can, 
in practice, be
unduly delayed by such practices as 
early pruning or 
an excessive
supply of nitrogen. Some degree of environmental stress is therefore likely to promoite early flowering. The process of ageing in
plants in general (Wareing? and Seth, 1967; Cart and Pate, 1972;
Woolhouse, 19721 
and its morphological expression in trees
particular (see Wareing, in
19681 

In 1groforestry systems i 

is low fairly well appreciated.

is the juvenile phase of the woody
compcient(s) which is most likely 
to be dominated by associated
aaricultural crops and, during this period, special care is
needed to ensure phenological compatibility,
regulation, if the as well as spatiai
trees, shrubs or vines are 
to be properly
established. 'Taungya' practices take these facts into account
(for example, Buchele and Conn, 1981). 
In some circumstances, an
optimum solution may be reached by adjusting the geometry of the
system with time. For example, by sequential whole-plant thinning, or the increasing removal of stems and branches from the
woody species in an originally thickly planted stand.
 

3ELOW-GROUND PlIENOLOGY
 
Root systems and root growth and activity in relation to agroforestry are discussed" by luck (elsewherein several recent general reviews (Lyr 

in this volume), and
 
Sutton, and Hoffman, 1967;
1969; Cooper,

doe,; need 

!973; Drew, 1979, 1980). Some emphasis
to be qive., however, to the If, ,2at which differentactivities LcC-ir.
 
A co sequence of i constant allometric relationshiproots and shoots betweenwould he .In alternation

gIrowth (see Le1di, this 
of root and shootvohtlle), although, inof overlap in practice, a measuret iwo IS to h,'ex1ected. however,which initiate .Ipihlt 

the mechanisms
it of root elon.ation in tropicaLelnials woody peraretnot cle. lv esitolbli.hd. And whethertion phase a root elongaprEtcedes a leaf flush, andwhether is cut short by this, orit occurs subseqtli to leaf fluhiiiri( 

' may deend oin thes;pecies concerned. Certainly, pre!;ent fiold evid.nceelusive is Ilncont(lhilxliy 
 ind Turk, 1976). It t. a ,H .iplictila) ielevane tte.r of considerableIn ,I(Ilofnie.;tly 
oI tl1,1 l ' 

'Ilixe t lOppittt ( .1l oli dI~, lt 'claUsl] 11 +1 1It'll.- ' , - 1, I t I $ ,1 I' N I I 
ill 

l c I-;t';1.'' 


nlb 

I 
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these apical buds. In suminer rainfall tropical regions fruiting
can be brought about 
on the 
shuots arising from lateral buds inthe axillary series, 
if apical dominance 
is removed by pinching
out shoot tips {Shalitin, 1973). Such complex managementcedure:; proare unlikely to be of mvo:h use in handling multipurposetrees: in lo, Input aqroforestry systems, however. 

tunyj-. ,tm ho:le5 

The changes which occur in woody plants overhave the longer termnalso to be considered. That is,
to maturity and, 

the changes from juvenilityfinally, to various st,)es of ageing. Borchert
(1976) points out that the various aspects of physiological
be understood by considering

ageing can best 
them as consequencesof the increasing complexity which arises when viewing the tree
 

as a growing system.

Although 
the onset of flowering in herbaceous plants is
related 
to early growth rate 
(number of leaves), the extent of
the juvenile phase 
in woody perennials can, in practice, be
unduly delayed by such practices as early pruning or an
supply of 
 excessive
nitrogen. Some degree of environmental stress is
fore likely thereto promote early flowering. The process of ageing in
plants in general (Wareig and Seth, 1967; Carr and Pate, 1972;
Woolhouse, 
1972) and its morphological expression in 
trees iii
particular 
(see Wareing, 1960) 
is now 
fcirly well appreciated.
In agroforestry systems 
it is the juvenile phase of the woody
component(s) which 
is most likely to be 
dominated by associated
agricultural crops and, during this period, special care is
noer:ed to 
ensure phenological compatibility, as 
well as
regulation, if the spatial


trees, shrubs or 
vines are 
to be properly
established. 
'T,'ungya' practices take these facts into account
(for example, 83chele and Cenni, 
1981). 
In some circumstances,
optimum solution may be an
reached by adjusting the geometrysysLem with time. of the
For example, by sequential whole-plant thinning, or the increasing removal of stems and branches from the
woody species in an oricinally thickly planted stand. 

BELOW-GROUND PHENOLOGY 
Root systems and root 
growth and activity in relation to agroforestry are discussed by Huck 
(elsewhere in 
this volume) , andin several 
recent ouneral reviews 
ILyr and Hoffman, 1967;
Suttbn, 1969: 
Cooper, 1973; 

does need 

Drew, 1979, 1980). Some emphasis
to be given, however, 
to the tfnc at which different

activities occur.
 

A consequence of a constant allometric relationship between
roots and shoots u -d be anlalternation of root and shoot
growth (see Ledia, th.1 volume), although, in practice, aof overlap in time is measur .to hu expected, However, thewhich init iato mechanismsa phase of root elo-igation in tropical woody pero'nnials are 
not. cearly establishied. And whether a root elongation phase precedes a leaf flush,
whether and is cut short by this, orit occurs subsequent to leaf flushing, rmaydepend on the
species concerned. Certainly, present field evidence incoi-Iusiv,, (Huxley and Turk, 1976).
prctLical relevance 

It is a matter of considerable
in ,(lofor'stry mixed croppil('%i(]'l) l/ll l:;~a d, and o)pt because inI ;,, ;11ch I11I11.1h1(nllt practice.;; as1 

i 
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cultivation, fertilizer application and pruning, lopping andbrowsing, an appreciation of 
the state of activity of the 
roots
of the woody components is essential.
 
Another feature of below-ground phenologytioned. Many of the should be menmost promising multipurpose trees(National Academy are legumes

of Sciences, 1980) and effective nodulationdinitrogen andfixation is important if they are to play theirrole in a productive full 
various factors 

and sustainable agroforestry system. Thewhich can help. to optimize dinitrogenin fixationherbaceous legumes are well established (Roughley, 1980),much less.detail butis known about the woody species of theIn family.particular the extent, 

fixation phases 


time and duration ol nodulation andin trees. In this respect we
also, have to consider,the possible symbiosis with mycorrhizas (Redhead, 1979),the pr-"ence of which have been shown to enhancefixatic, the dinitrogenctivity of rhizobium (Daft and EI-Giahmi, 197G). Also
the PosS'bilities 
of free-living dinitrogen fixers associated
with tl 9
rhizosphere (Dobereirier et al., 1
 72a, b) 
may be of some
considet 
ble significance.

T:. seasonally arid regions where tree/shrub species 
are
showing distinct growth phenophases,


micro-organisms is also 
the activity of associated
 

likoly to be 
a periodic phenomenon, perhaps occurring within 
relatively short time scales. As with the
state of activity of roots, 
we need 
to be 
aware of at least t!*
broad outline of not only what is h,;ppening but .hen.to make the if we aremost of compatible plant associations in agroforestry
 
systems.
 

SOME CONCLUSIONS 

The choice of appropriate plant genotypes which fit onlynot theclimatic limitations of the site but also match one another's
resource demands 
is 
a critical- factor in optimizing both productivity and environmental benefits in 
agroforestry systems. This
.applies to all plant components, but it 
is especially important
for the woody ones 

many of the 


which are not easily changed. Unfortunately,

woody species we are now 
intecested in are comparatively little studied. Phenological complementarity should be a
major objective in 


land 

the design and management of agroforestry
use systems. 
Once the genotypes have been chosen with this
in 
view then herbaceous species 
can be regulated to some 
extent
through manipulation of time-of-sowing and woody perennials


through the removal of 
parts.
Phenological studies, including the collection oflogical meteorodata, are indispensible and should accompanyforestry all agrofield investiga tions. These should be of two complemenin any particular environmental

tary kinds 
situation.observations of the 

First,
free-standing, untouched plant.
periments Second, exinvolving various types of simple management treatments. The indiscriminate collection of datawasting, is merely timebut careful observations of plant behaviour will undoubtedly help to explain both the level of environmentaltability adapof the plant species concerned, *s welltunities they may of fer 

as the oppor
for temporal reeource sharing in anyagroforest ry systeri.


More dL't.a iled appro ch 
 S to phienology/ph nometry are 
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likely to have a place once preliminary plant component selection has been done. For example, treatments designed to test the
capacity for changing the entrainment sequences of a woody species (or cultivars/selections) and to modify times of 
flowering/
fruiting, timing of plant part removal in order to optimize off
take or, combined with herbaceous crops, time-of-sowing experiments. Such trials are all relatively simple 
to design and carry
out. Table I reminds us that they may not be so easy to inter
pret, however, because of the complexity of plant growth and
development. 7
. phases of these 
are not only highly interdepen
dent, of course, but may proceed along different real-time sequences. The objectives of phenological. study must be clearlydefined and, in 
the case of agroforestry, will usually be limited by practical goals rather than a desire to understand tlie
plant's whole set of relationships with the environment.

We should always remember, too, that an appreciation of thelevels of phenological adaptability to the environment, and complementarity in an agroforestry system, is but one part of theunderstanding required to evaluate that system holistically. The
short- and long-term time dependent factors 
involved must include
those 
related to management and socioeronomic considerations.
 
A PLATE illus'rating this paper 
is elsewhere in this volume.
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DISCUSS10:1
 

CANNELL - Opportunity exists for increasing yield by avoiding
 
competition in time. I would suggest that tire emphasis is on
 
yield as opposed to growth in agroforestry systems. 

IIUXLEY - Resource shiarinrr iin Lime is essential but with trees
 
the first management chice is tire genotype. In agricultural
 
crops resource sharing iii time is; equally vital, but the addi
tional management option of 'time-of-s;owinl' calln help optioize
 
this. Yield or growth, or broth, may be affected )'y time-depen
dent stresses; it will depend or circumstance:;. Many trees seem
 
to have conservative growth stratelies. Ii lli; ture, they flush 
or 
flower sooner or later than we ould wish when tire' are culti
vated. Optimum strategies for yield iii cultivation may rot bie
 
tire sime as for survival and reproductirn iii i;ituri,
 

LEYTON - While discuss in: tire time rif flower pir' uctrit to what 
extent. call you relate this to probleims, p,.rrticilarlyPisect 

po I I iia t i orn?7 

IIUXLEY - There is a need to Iril nikinto wirri exactl theLtree 
starts to initiate flower:; and tiei h lraCter if the wood oil 
which Lhis happens ie for aictuallyn relat il,: thel;e to insrect 

problems (Polliation or len:ti). In :o ffee, for example, hud 
dormaicy is relgulated by temprnaturr ld water stress. 

L.AMPREY - In riry regions tire great majority of tiri' trees arnd 
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PshubIreIOl.OGYAND AGOF1OOrIs-jry 
"shrubs ar inscect pollinated.

plants, Ixcept 
This is true tor 
grasses and 

the herbaceous 
Wind palm treesPollinated which areplants flower wind polliniated.
nated firste. and thens the insectlso come pollI
grow very 

into flower at different
luickly. times and
Root growth
goes tlli'ol1 is geneticallystages which programmed.are related Itto the above-groundIJIUNIG. part,;.The ilhenology of seemingly uniformby furt plants isIty affectedand climatic factors; 
for example Lyab 1 1i t" DO water avail-omuconsider stress to be an importnntIIUXLEY factor? 
there 

- IndiVidual 
haveplants-I Il b0 a basic endogenousdefinite response rhythms,to buta particularIl on shat stressit is, dependto what part of the plant it is applied,whien. and 

hIHIUNIG  l-im o. of1 eveets in plantssurvival is onscrvltivemechan isms. and based on 
HUXLEY - It is certainly important toUntouched. recordfre n-standin1: the phonologyplants ofin their naturalbefore alny environmentranl ipul at ions are carried out. 

BUDOWSKI - It would be
standing useful ifof the environmental we could obtain a better underor managementnilsms which triggeringpromote mecha
plants on 

particular phenophases.tri :.erin(, effects Classification
would greatly assist of 

in management.

CANNELL 
 - In y view there crease are manyil1d more opportunitiesby lasicig crops to inresources so that they share environmental 

1 manllpulating 
in (_. rather thanl byIs mport.;" themt fill in space.the year Itnot just with growth

yielding but with
cal Tc't,,,*ies.stag,. To1f crop do this effectively,development particularlyfIc Chond I may need to critions.. coincideFor example, with specineeded by' high light.-st intensitiesherlbaceous willand tree beinltlatlo: crops at
in order to establish 

tile time of floral

sinksthese e:i;cal periods of 

for potential yield.will he floral initiation and 
And 

I:terin determinate fruit settingcrops 
than 
in indeterminate 

ones.
 

/f
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Simplifying biological/environmental
 
study of mixed cropping agrofcrestry
 

systems.
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The tree/crop interface
 

- or simplifying the biological/environ
mental study of mixed cropping agrofocestry
 
systems.
 

Introduction
 

Agroforestry land 
use systems are relatively

complex and the analysis and understanding of
them, even if just in biological and environmental
terms, can be difficult. Figure 1 shows a plan
view of an 
agroforestry system, wel!-established
 
in Costa Rica, that involves 
3 plant components.
There are many examples of much more complicated
systems, some 
even involving up to 20 to 30
species in an extremely complex space-time

continuum with a multitude of interactions.
 

The multistoried system in Figure 
1 consists
of Cordia alliodora, as 
an upper-storey timber
 
tree, which is generally self scwn and relatively
widely scattered; Erythrina poepigiana in 
the
mid-storey, which is established from large
cuttings and used to provide shelter, shade and
nitrogen-rich mulch; 
and Coffea arabica,

the understorey, planted in 
relatively close
spaced rows 
as 
a cash crop. in this example

all three species are woody perennials.
 

Such an indigenously-evolved system needs first
of all to be described in detail. 
 But how,

then, is it to be further studied in order
to develop an 
adequate enough knowledge for its
improvement and development? 
 On what basis
 can proposals for optimizing some or all of the
output products be made? 
 How is the best
 
management of 
the Erythrina determined? And
 so on. 
 To reach such answers some evaluation

of the effects of each species on 
the growth

and development of the others is 
required, and

of the influence of existing or optional

management practices. 
This 
can be done either
by in-situ investigations or 
from studies made

in specially..?lanted experimental plots.
 

A sufficiently detailee analysis of 
 the responses
of the component plant species 
to major environ
mental limitations 
(water, light, nutrients)
can be carried out in-situ using relatively

little space, although some level of 
instrumenta
tion is 
usually required. 
This is basically a
study of how the environmental are
resources 

shared and to what 
extent. 
 And under what
circumstances 
species interfere with one another.
An excellent example of such 
a study is that conducted
to investigate the effects of 
shade traes on tea
 



Figure 1. 	Plan view of a 3-component, multistoried
 
system. Varying distances are involved
 
between the same species and between any
 
two component species in this relatively
 
complex form of land use.
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in Kenya, which can serve 
as a model for this
 
kind of approach.(see refs).
 

In some more complex systems the relative
 
importance of a whole range of different factors
 
relating to 
the plants, the environment and the

interactions between these may fi:st be examined
 
through the use of multivariate aialysis of one

kind or another (see refs). Nor is it
 
difficulty to modify the existinc 
field situations

and devise a programme to invesLigate the effects
 
of changing selected management variables in the
 
overall in-situ situation.
 

Such investigations, following initizl descrip
tion, will help to establish the main plant-to
plant interactions and the seasonal environmental
 
resource-sharing patterns and limitations. 
 But

how can this information then be further
 
elaborated and tested in simple easily-managed,

experimental layouts? 
 If we are starting with a

potentially useful, but previously unknown mixture
 
of plants (trees and crops), or a list of potential

candidate species, the 
same problem arises. How do
 we obtain the necessary details and yet contain

the size and extent of the experiments?
 

The tree-crop interface
 

In Figure 2 the heart of the problem is shown
 
in the lines at A-C, B-C and A-B. 
These are

the interfaces between the three plant species

in the mixture: Cordia/Coffea, Erythrina/Coffea,

and Cordia/Erythrina. 
 If we can understand
 
what is happening at the three interfaces then
 
we 
have gone a long way towards understanding

how the system is operating. We might also
 
want to investigate the intra-species interactions
 
for Coffea as well, in order to complete our

picture. Certainly, in screening the potential

"Physiological combining ability" of selected
 
tree/crop species mixtures during the early

stages of an agroforestry research programme

the possibilities of limiting the size of the
investigation in this way, whilst still obtaining

highly extrapolatable information, should be
 
very attractive.
 

Figure 3 reminds us 
that there are both above
and below-ground interfaces, the influences of
 
which, of course, extend further than shown in
 
either direction and include a complex set of

interactions relating to radiation exchange, the
 
water balance, nutrient budgets and cycling and
 
shelter and other microclimatic modifications
 
(see Figure 4).
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Figure 2. 	The key to understanding the complex
 
agroforestry system shown in 
Figure 1the interfaces between pairs of 
component

species. 
 It may also be of interest to

examine the 
sole crop interactions(A/A,


Figue 1
 B/B and, certainly, C/C)
shwn i 
sysem
agrofrestr 




Figure 3. 
A tree/crop interface 
- at its simplest
 

The tree/crop interface 
(above -ground) 

The tree/crop interface 
(below -ground) 
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Figure 4. Tree/crop interactions will result in, and
 
be a consequence of changes in environmental
 
resource pools, shelter effects etc.
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The scope of tree/crop interface investiga
tions can be extended to accomnodate a wide
 
range of research objectives including those
 
that contain management alternatives. Let us
 
suppose that we 
require answers to the following

kinds of questions.
 

0 	 Is Prosopis cineraria a good tree species
 
to associate with groundnuts in a particular
 
region?
 

e 	 How close to Leucaena leucocephata should
 
we plant maize in an alley-cropping scheme
 
at Site X (1200mm summer rainfall altitude
 
30m), or 
at Site Y (1800mm rainfall, 600m
 
altitude)?
 

e 	 What are the optimum desigp spacings for
 
Acacia cyanophylla browsed (or lopped) at
 
the end of the winter if chickpea and barley
 
are to be grown as well?
 

% 	 When should we start harvesting Sesbania
 
grandiflora (or Calliandra calothyrsus etc)

for fuelwood when you grow it with sweet
 
potatoes (or yams, or 
upland rice, cowpea,
 
maize etc)?
 

e 	 When tree species X is planted on different
 
soils in various rainfall regimes what are
 
the distances over which it will compete

with interplanted agricultural crops?
 

The quickest, and best way of discovering an

initial answer to these, and many other similar
 
questions, is to set up 
a simple experiment to
 
look at the respective interfaces.
 

Table 1 indicates the successive steps involved
 
in breaking down the problem of the andlysis

and understanding of the biological and environ
mental complexities of existing agroforestry

]and use systems. Tree/crop interface studies
 
can, of course, form an initial 
step in acquiring

information for the design of 
new systems.
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Table 1: 	Steps in understanding the biological/

environmental complexities of
 
agroforestry land use systems.
 

Detailed description
 
of agroforestry systems

in biological/environ
mental terms.
 

Survey
 
Biological/environ-
 methods
 
mental measurements
 
at the site followed In-situ
 
by appropriate bio-
 analysis 	of
 
metrical 	analysis 
 field situation
 
(in some cases multi
variate techniques
 
may be useful)
 

- as above -
Modifications 

(Perturbations) 
and re-analysis 

Establishment 
of experimental 
layouts. 

Tree/crop
interface 
trials for 
initial 

investiga
tions. 

Suitable experimental designs for studying tree/crop 
interfaces
 

Tree/crop interfaces can be studied wherever
 
they occur. That is we can utilize stands of
 
a selected tree species, or we can plant up a

tree/crop combination on a new plot, or both.
 

The issues are whether we wish tc study mature
 
or juvenile (i.e. newly-planted) trees, and

seasonally-planted or 'permanent' crop species.

Where the experiments are directed towards
 
discovering facts about the possibilities of

farmers intercropping among existing trees, the

establishment of tree/crop interface experiments

starting with newly-planted trees is obviously

irrelevant. This is because the root systems

of a mature stand of trees will have already

occupied the ground, usually to at least the
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extent of their canopies, or 
well beyond it
in semi-arid and arid regions. 
 If the "mature

tree" situation 
is the one to be investigated

then existing stands 
can 	be utilized (perhaps

of different ages) 
and tree/crop interfaces
 
can be created by sowing or 
planting the
 
relevant agricultural 
crop species around them.
 

For 	 the "juvenile tree" approach any set
experimental plots containing the 

of 
appropriateplant mixtures will serve, and these could,of course,be ordinary yield plots in 
a conventional
 

or a systematic design. 
 However, if yield data
 
are not 
(as yet) the first objective then much

simpler "Geometric designs" can be used that
will take up very little space (see Figure 5).

If more than two plant components are to be
studied then each combination of pairs of

species can 
be tested separately.
 

Figures 6 and 9 show some examples of the outcome
of some hypothetical tree/crop situations which


be of the kinds listed in Table
can 	 2, below.
 

Table 2
 

Possible kinds of 
interface effects
 
(each comment 
applies relative to the performance
 
as a sole crop)
 

A. 
Tree grows better - agricultural crop grows
 
worse.
 

B. 	Tree grows worse 
 - agricultural crop
 
relatively unaffected.
 

C. 	 Both tree and agricultural crop do better
 
than expected.
 

D. 	Both tree and agricultural crop adversely

affected to 
some degree or another e.g.
 

a) only moderately, or
 
b) severely
 

What to observe and measure? 

A great deal can be learnt about the way two
plant species interact by just observing care
fully and critically how they grow and develop

throughout the 
season. If equipment is also
available to measure various plant and environ
mental factors then more detailed information 



Figure 5. 
Two simple geometic designs. In either the
 
tree/crop interface 
can be studied along

transects a to a' (a"). 
 The circular design

takes into 
account bias introduced by orienta
tion sun angles, prevailing winds etc).
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Figure 6. Section through an 
extended tree/crop

interface in which the tree species dominates
 
the crop.
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As for Fig. 6, but because the growth of

the tree 
species and the crop are separated

in time, both components benefit by the more

timely availability of environmental resources
which otherwise, would be limited in their
 
own species association (an example would be
Acacia albida and sorghum or millets).
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Figure 9. As for Fig. 6, but, here, both plant
 
components are detrimentally affected at the

interface, although not severely so.
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can be obtained that provides a more
 
conclusive outcome. 
It is also better to
 
measure over several seasons. This will
 
help replicate in time but it should als, be
 
realized that the morphology and development

of perennial plant components will themselves
 
be affected with time by the actual 
sequence

of management treatments applied to be experiment

(for example, by repeated tillage close to 
the
 
trees), as 
well as by the results of continuing
 
interactions between the tree 
and crop species.
 

Table 3 shows some suggestions for what lay

be observed or measured in order 
to obtain
 
information about the effects of plant inter
actions in both the short and long term, 
 with
 
some comments on the way the information can be
 
used. Data needs to be collected, at appropri4te

intervals, along replicated transects across the
 
tree/crop interface,spatially extending beyond the
 
area in which interspecific interactions are
 
taking place; that is including also the "pure"
 
stands of each of the components.
 

The results of such a set of 
trials might, for
 
example, indicate that short-season cereals
 
(millets, sorghums) were likely to grow and
 
yield better at close proximity to woody plants

(Leucaena, Sesbania, etc) 
than grain legumes

which, although similarly short-seasoned, suffer
 
from shading stress affecting, particularly,

flower initiation and fruit set. 
 Or again, that
 
tree species X has a more extended surface root
 
system than species Y, and so was a less 
likely

choice to associate with long-season agricultural
 
crops because of end-of-rains competition for
 
water. And so on.
 

The outcome of such investigations are certain
 
to give, at least, valuable clues aboiit the
 
way the plant assocj.otions under test "get on"
 
together. And this can further be tested
 
in larger field trials which can then be '
 
more critically focussed because many of the
 
possible treatment combinations will have been
 
eliminated. At best, through tree/crop interface
 
studies, 
it may be possible to reach a sufficient
 
understanding of the situation to be able 
to
 
enter straight away into design or management
 
procedures with 
a fair degree of certainty that
 
they will be "on-target". An important decision
 
is the design of plant arrangement in agroforestry 
systems is whether or not the biological/
environmental interactions between component

species encourage or discourage a high degree
 
of proximity. Thus either zonal 
or a form
 
of mixed cropping can be adapted, respectively.
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TABLE 3 INFORMATION TO BE COLLECTED FROM A TREE/CROP INTERFACE TRANSECT 

VR - Visual Records  (see also Appendix for complete list)
 

Type of information 

How obtained 

Comments 

I. Plant characteristics (less
Important Items 
in brackets)
 

Morphology

- mainstems 

Visual/photographic 

- branching Weekly notesrecords and 
- and/Or measurehabit 

- vegetative growth tape 
measure
 

ments are

flushes 
 sufficient
 - leaf fall
 

Development
 

- flowering 

Visual/phot.,graphic
- time(s) of flowering Sample branches/
fruit 
set records
plus simple weighing
- fruit/seed size/ labelled at 
the

equipment


numbers start.
 

Stress/shelter
 
effects 

-- (water conser-
water stress 
 Potential equipment

vation) Some water mcasurinq
 

- shading equipment is highly
 

Soil/plant water 


Vn 
 light meters
- nutrient defi- plant analysis/ desirable - otherwise
ciencies visual records of
fertilizers
 Plant and soil conditions 
(by digging)
 

will have to serve.
 

General - Yield/biomass (of Drying ovens/balances

agric. crop)
 

- plant condition
 
- Pest/diseases VR
 
- management records written notes
 

2. Environmental changes
 

Short-term
 
- (wind
- (humidity/dew) - hand anemometers
rain dispersion R May help clarifying
dew gauges
topsoil water statu 
 plant responses and
- small collecting rain visual records will
- (soil temperatures)- light distribution gauges- soil water measuring
- total intercepted certainly help
equipment

light. Will reflect canopy'
- soil thermometer changes 

- light measurement 
- integrating light 

This should be
attempted if
measurement ot

all possible
Long-term 
- soil fertility changes 
 Litter traps, 0.1.
 - soil less/compaction


- (Soil fcuna) analysis
Physical/chemical 


Essential 

soil analysis 

to
 
compare tree and
percolation 
rate viric.crop effects 

- levelling Pegs/bulk soil 

density
 
- samples for identification 
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Figure 10 indicates how the extent of the interface
2
in a -component system can be manipulated.
 

Summary
 

Tree/crop interface studies will be of particular
use to obtain preliminary information quickly

about the following factors.
 

* Choice of species
 

-
 Especially for screening alternatives
 
combinations of woody perennials and
 
agricultural crops.
 

The design of agroforestry systems
 

- The initial choice of whether a zonal
or mixed cropping system is likely to

be most productive cannot satisfactorily

be made unless information about the "interface"
is 
known, however crudely. For example, if
the overall biological effect at 
the tree/
crop interface is generally positive then the
amount of interface can 
be maximized 
(= mixed
cropping). 
 If it is negative it can be
minimized (= some 
form of zonal cropping or

limited mixed cropping).
 

o 
 The management of agroforestry systems.
 

Even if "negative" effects 
are generally

detrimental it may be possible, once 
the
environmental 
resource problems have been
identified, to offset or even avoid them

through such practice as modifying the
time-of-planting of the agricultural crop,
changing the ideotypes used, or 
by choosing
cultivars with more appropriate physiological
 
responses. 
Or, again, by limiting the
component(s) by harvesting them at 
appropriate times, 
or by some form of pruning
 
or training.
 

The amount of 
land needed for tree/crop interface
studied will be relatively little compared with
that of coventional field trials. 
 Basically,
all that is needed are 
a few trees/bushes (palms,
vines, bamboos) and a small area of crop(s).

Normally, pairs of 
plant components would be
studied separately before making more complicated
arrangements which might be difficult to 
interpret.
For initial plantings some form of 
"Geometric"
design is probably suitable. 
 The kind and extent
of observation 
and data collection made
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in replicated transects across the interface
 
can be adjusted to the availability of equipment
 
for measuring various plant and environmental
 
characteristics, and the reliability of the
 
assumptions made will be enhanced (up to a point)
 
by collecting more detailed data if the equipment
 
is available by which to do this. 

Tree/crop interface trials can only be considered 
to provide prcZiininary information. Recent 
literature on how to express "competitiveness" 
in plant mixtures with different relative yield 
potential arid occupying different . oportions 
of the available land (see one ay, ple in the 
selected references) indicates how important 
both piant density and plant rectangularity are 
in determining the outcome. These aspects are 
dealt with in a subseqent Working Paper but it 
is clear that initial tree/crop interface needs 
to be further considered in more fucussed tirals 
in which the spacing and arrangement of the 
component species of the mixture are properly
 
investigated. Such field experiments require
 
considerable resources and it is essential that
 
as much initial information is obtained (e.g.
 
through simple tree/crop interface trials) before
 
they are undertaken.
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Selected References
 

Huxley, P.A. 
 1980. The need for agroforestry and special
considerations regarding field research, pp.117-142

in "Nuclear Techniques in the Development of
Management Practices for Multiple Cropping Systems"

Proc. of Advis. Group Meeting. Ankara 8-12 Oct.
1979. 
 IAEA, Vienna (also supplementary mimeod
 
appendices from ICRAF).
 

- discusses some of the greater complications to be
found in agroforestry experimentation and (in the
appendices) introduces the tree/crop interface
 
concept and geometric designs.
 

McCulloch, J.S.G., 
Pereira. H.C., Kerfoot, 0. and
Goodchild, N.A. 1965. 
 Effect of shade trees in
 tea yields. Agric. Meteorol. 2, 385-399.
 

- referred to in the 
text as an example of how to
break down the research problem and study the

plant responses to environmental factors in
 
detail.
 

Oranga, H.M. 1981. Multivariate statistical analysis in

agroforestry research, pp. 93-105 in L. Buck (Ed)
"Proceedings of the Kenya National Seminar in
Agroforestry". 
 ICRAF, Nairobi.
 

- briefly describes principle components analysis,

discriminant analysis and canonical correlations
analysis and suggests ways in which they are

relevant to help analysize the data obtainable in
 
agroforestry investigations.
 

Willey, R.W. and Rao, M.R. 1980. 
 A competition ratio for

quantifying competiticn between intercrops. 
 Expl.

Agric. 16, 117-125.
 

- one of 
a number of more recent papers that consider
intercropping and the ways in which to handle
experimental data from detailed field experiments

providing yield comparisons. More particularly, it
indicates how "competitiveness" needs to be considered
in relation to intercrop competition (rather than
sole crop yield) and the general yield advantage (or
otherwise) of intercropping. Such considerations
highlight the preZiminariui nature of tree/crop inter
face information. 

Williams, W.T. 
(Ed) 1976. 
 Pattern analysis in agricultural

science. 
 pp.331. CSIRO, Melborne and Elsevier,
 
Amsterdam.
 

- an excellent account of both the elements and the
techniques and principles concerned with handling

sets of attributes. 
 This approach has considerable

relevance to the needs becoming apparent in agroforestry
field research.
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Appendix 1.
 

Characteristics of plant and the
 
environment to be noted and/or examined.
 



Appendix 1 
 91L
 

Charactei:istics of the plant and the

environment to be noted and/or examined
 

A. Specific information about the plants
 

Growth:
 
Main stems
 

- number
 
- height (cm)
 
- girth at ground level (mm)
 
- diameter at breast height (mm atl.3m) 

Branching - notes and/or photos
 

- numbers
 
- positions
 
- lengths (cm) of main ones
 

General habit - notes / photos
 

- canopy dimensions (height, depth,

and extent, maximum dimension at
 
right angles/2)
 

Phenology - notes/photos
 

- Growth flushes
 
dates of
 
number of leaves produced (on marked
 
branches
 

- Leaf senescence
 
dates of
 
leaf duration (on marked leaves)
 

- Leaf fall
 

. dates of,or if continuous.
 

Development:
 

Morphology:
 

- Positions of flowers/inflorescences
 
- Number of flowers (on sample branches)
 

Phenology
 

- Time/s of flowering (anthesis)

- Fruit set data (at marked fruiting sites)
. early counts, final counts 
- Time of fruit maturation (and hence 
duration of fruit development) 

- Means/ranges of fruit size 
- Seed size/numbers (if appropriate) 
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B. Obvious effects of stress or 
shelter
 
on plants (if not measured in "-aove)
 

Water:
 

- Indications of wilting (notes)
 
times of onset/recovery


* 
plant water pOtentials/stomatal apertures
 
(on samples)
soil water potentials (soil water profiles


in the rooting zone)
 

- Indications of water conservation 
soil surface indications
 
soil water profiles 

Light:
 
- Shading effects 
-(on dominated species)
 
* effects on morphology (internode length,
leaf area)
effects on 
flower initiation/fruit set
 

Nutrients
 

- Indirectly
 

deficiency symptoms (description) 
response 
to fertilizers
 

- Directly
 

plant tissue samples
 

soil samples
 

C. General notes
 

Condition of plants (notes) 
(chlorotic, etiolated etc)
 

Incidence of pests/diseases (record and
 
identification)
 

Management records 
- times of weeding, cultivations, pest


control etc.
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D. Short-term environmental 
modifications
 

Windspeeds 
over canopy surface
 
-
 times, speeds, orientation
 

Water
 
- dew formation/air humidity in canopies

-
rainfall dispersion / topsoil water
 

status, waterlogging
 

Temperature
 

- soil surface 
(day and night)
 

Light
 
- light profiles, light distribution
and total shortwave intercepted
radiation 
(at soil surface).
 

E. 
Lon -term environmental modifications
 

Soil fertility
 

- litter formation and organic matter
 
status
 

-
soil chemistry (total base saturation/

CEC/NPK etc)
 

- soil physical status 
(bulk densities/

percolation 
rates).
 

Soil loss /soil compaction
 

Soil fauna
 
-
presence of termites, worms, beetle larve
 
etc.
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SECTION FOUR
 

PART 4E
 

Considerations when experimenting
 
with changes in plant spacing.
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Considerations when experimenting with
 
changes in plant spacing - by PA, Huxley
 

General considerations
 

Crop yields are highly dependent on plant

density (plant population per unit area of
 
land) but there are many factors to consider
 
when attempting to assess an "optimum" spacing.

The three underlying variables to manipulate
 
are: 

* 	 Plant population per unit area of land
 
(plant "density" = number of plants
 
hectare-').
 

* 	 Rectangularity (the ratio of between- to
 
within-row spacing), and
 

* 	 Plant arrangement. That is whether, within
 
any stated rectangularity, the plants of
 
adjacent rows are opposite one another
 
(i.e. a "square" plant) or are offset
 
("staggered") in some way.
 

Rectangularity applies only to row-cropping
 
systems, but the concepts of plant arrangement

extend to clumping and other forms of hetero
geneous spacing arrangements between species in
 
mixed cropping patterns. Figures 1 to 4 give
 
some row cropping examples.
 

The highest yields are obtained when a
 
sufficient number of plants occupy an area 
so
 
as to utilize the environmental resources (light,
 
water, nutrients) maximally, but without plant
 
stature, the distribution of dry matter, or the
 
flowering/fruiting proceEses being adversely
 
affected. Or to a point where pest organisms
 
are encouraged.
 

Because available environmental resources
 
usually vary between-seasons there is no set
 
"optimum" plant density for seasonal species,
 
although it is 
usually feasible to establish a
 
mean plant density at which yields are maximal
 
for the "average" season. In places where
 
there are large seasonal differences in rainfall
 
and/or in cloudiness, therefore, a larger number
 
of years of experimental work are required to
 
establish a recommendation than in more 
constant
 
environments.
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Figure 1. 	Illustrations of some changes in plant
 
population per unit area (plant density)
 
rectangularity and plant arrangement
 
- see text 	for explanations.
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The resource-sharing capacity of perennials

can change markedly within age, and this 
factor

has to be considered in determining original

planting distances and subsequent thinning and/
 
or pruning regimes. 
 With woody perennials

we also need to consider not only whether we

require total biomass or 
just a plant part

but whether, in the latter case, we 
are to
 
regularly harvest a renewable part, 
(e.g. fruits,
 
or vegetative parts such 
as leafy shoots), or
 
a non-renewable part intermittently (e.g. woody

main stem).
 

Environmental resources, both in spatial andtemporal terms, and both above and below ground,
can usually be better shared between'a mixture
 
of species 
 than by sole cropping, and this is
 one of the cases for mixed cropping. In sole
cropping evenly-spaced plants will be 
more likely
to be sharing environmental resources maximally
(but not fully) compared with irregularly-spaced
 
plants, and this is ome of 
 the cases for rowcropping. Maximum yields will then, apart from

the effects of other management factors, be
obtained with a rectangularity of 0.866 (sin 60o)
with the plants staggered between rows 
(that is
 
with all plants spaced equi-distant from one

another as in 
a series of equilateral triangles).Fig.2
 

In plant mixtures exact species ratios and
 
distances between plants will depend on the
growth habits and physiological responses of 
the
species concerned. The manipulation of rectangu
larity, where this 
can be easily managed through
row-cropping, can be 
a powerful tool to obtain

effective species combinations. Especially if it

is combined with manipulation of sowing or

harvesting times 
(with seasonal crops), or with

pruning/lopping regimes(with woody perennials).

Then individual species can have better access
 
to, particularly, water and light at critical
 
periods of their growth and development. "Alley
cropping" for example, is 
one form of mixed

planting that utilises the benefits of high

rectangularity ratios and lends itself to 
a range

of other management manipulations.
 

Apart from its 
major influences on yield per unit
 
area,plant density greatly affects the size of
individual plant parts. 
 This factor is commonly

used tc manipulate crops 
so as to provide

suitable-sized products 
so as to satisfy the

particular requirements of the farmer, the
 
fresh market, the sawmill, or the cannery or

other processing plant. 
For example with
 

/
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Figure 2. 
 Some alternative planting arrangements. 
 Plants

the 
hexagonal arrangement 

in
 
are all equidistant from
one another (see page 3). The qui;;cunx plantingpermits successive alternative row thinnings (eitherdiagonally or 
vertically/horizonally) 


to leave
various regularly-spaced arrangements. 



timber or poles; tubers or roots (e.g.
carrots); fruits 
(maize cobs), or even an

edible stein and inflorescence such as 
the
 
pineapple.
 

Even when plant of the 
same species are
assembled together (sole cropping) plant-to
plant interference effects result in 
a range
of plant sizes. A relatively few specimens

become dominant and a greater number suppressed
to some degree or another. This results in a

positively skewed population distribution for
plant size which is more 
emphasized as plant
density is 
increased and which is accentuated with
the age of the crop (Figure 3).
 

The choice of plant density and arrangement is,

of course, only one 
set of factors to consider
in manipulating yield, plant size, or 
the size

of plant parts. The need for access (for
example for weeding, crop spraying and harvesting) can 
impose spacing restraints particularly.

on rectangularity, which may not be remedied Cy
concomitant increases in within-row spacing to
 correct for overall plant population per unit
 
area.
 

The influence of plant population per unit 
area

of land on yield for a seasonal cr!op is
illustrated in Figure 4a. 
When the output is
measured as 
total biomass the yield/plant density

relationship is asymptotic. 
On a per plant
basis this relationship is described by the
commonly-used "reciprocal yield" equation
 

. a + bx
 
w 

where: 
 w = the mean weight of an
 
individual plant, and
 

x = plant population per

unit area
 

- and a and b are a constant and
 
a coefficient respectively.
 

When the output is 
a plant part, such as the
fruits, seeds, stems or tubers, the relationship
is found to be fitted by a parabolic curve of
 
the type:
 



Well -spacedplants Cosely -spaced
plants 

IL 

Young plants 

Piont size 
Plant sizesmall P large small P largeFigure 3-
 Changes of the frequency distribution of individual plant size with time in
a 
sole cropping situation starting with
(b) closely-spaced plants. 

(a) relatively well-spaced plants and
In both cases a 
few plants become dominant and the
frequency distribution for plant size becomes positively skened 
- but more so
with (b) than (a). 
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lotsstressful
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'5 Poor 30-3 "/or 
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Figure 4. (a) Basic yield per unit area 
(y) plant density (P)
 
relationships


(b)(c)The effects of increasing rectangularity on an
 
asymptotic and parabolic relationship, respectively.


(d) The general trend in a parabolic yield/density
 
relationship brought about by changing soil
 
fertility and climatic stress.
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2. 1
2. a + bx + cx 2 
w
 

The two relationships can both be expressed
 
by the simple equation:
 

3. 1
 
we- = a+bx
 

and when the yield response is
 
asymptotic a = 1, and when parabolic

9<1. Also the constant "a" represents
 
an influence of plant genotype and
 

'b', the coefficient, is related 
to
 
environmental potential (see Willey

and Heath, 1969,for the arguements).
 

Figures 4b and 4c indicate the changes in these
 
basic relationships when rectangularity is
 
increased. 
Although the general principles
 
are well established individual species will,

of course, respond to changes in rectangularity

in somewhat different ways. For example, the
 
yields per unit are of some indeterminate
 
species with wide ranging shoot systems (such as
 
Solanum potatoes or spreading forms of cowpea)
 
are 
less affected by higher rectangularities

than plants of more rigid form (such as 
most
 
trees and shrubs) which cannot exploit wide
 
Detween- to within-spacing so readily.
 

rhe ov ,:ill eff=-s nf cnvircnm;ntal improve
nent (more fertile soils, less water stress,

Lmproved light conditions) is not only to raise
 
?ield levels per unit area of land but 
to
increase the plant population at which this is
icheived (Figure 4d. Thus, although the exact 
xtent of any particular environmental improve
nent has to be measured experimentally for any

;pecies (or species mixture), a knowledge of this

:rend permits at least 
some degree of conjectural

-xtrapolation based on known principles and
 
.esponses.
 

ppropriate orientation of crop rows, even in
 
:ropical latitudes, can contribute to better light

.nterception and distribution over the canopy.
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Thus North-South oriented rows may be potentially
higher yielding than those aligned East-West.
However, this aspect may not be considered as
important a contributor to sole crop yield as
others discussed above, at least in the early

phases of investigation, although its effects
 on light distribution between upper storey
(trees) and lower storey (agricultural crops)
associations in agroforestry systems can be
 
considerable.
 

Dealing with woody perenniaZs
 

The effects of changes in plant density etc
described above for seasonal plants will be
modified in species with a woody perennial
structure by the various ways that a persistent
canopy can influence plant form and develop
ment,with consequent effects in the distribution of dry matter within the individual plant.

Also by ageing effects. As discussed by
Cannell (1983) close-spaced trees forming
a dense canopy will be taller 
(and so possess a
higher proportion of stemwood), 
have fewer lower
branches 
(due to self-pruning) and set 
less

fruit (due to 
shading of potential fruiting
sites). 
 Such factors will influence the shape

of the parabolic yield/density relationships
but not obviate them. 
Ageing of individuals

will diminish, annual dry matter increment
 
in part because of 
an overall increase in
the respiratory load within the population, and
also because of an 
eventual loss of efficiency

in canopy photosynthesis through a number of
 causes. 
 This too will alter the progressive changes o
asymptotic and parabolic relationships alike.
 

Because multipurpose trees species may be grown

so as to optimize provision of a range of
products: total biomass (for soil restoration/

soil conservation), 
total woody biomass (for
fuelwood), leafy biomass 
(for fodder), fruits
and/or seeds, other plant products (bark,

gums, waxes etc), 
or a combination of these, 
an
understanding of the relevant plant responses
to density stress are certainly necessary.
Furthermore, harvests may be as 
a single terminal

harvest 
(but rarely), as irregular harvests
during the productive lifespan (e.g. timber or
fuelwood thinnings), as regular annual or
seasonal harvests once the 
trees are mature

(fruits, seeds) or as 
intermittent withinseason harvests (leafy fodder or browse, sap,
gums etc). Sequential or intermittent, harvesting
of vegetative materials, or thinning of whole
trees will change the level of density stress
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so as 
to set back the trendz in plant
modification being established, either in
 so far as these may be reversible on existing

parts (e.g. re-establishment of a higher

rate of stemwood increment) or, more likely,

for the plant parts that are formed anew

thereafter (e.g. re-establishment of fruiting

points on new branches that can 
then emerge.
 

For woody stems and branches foresters
 
consider changes in both the "Current AnnualIncrement" (CAI) and the averaqe of this withtime, the "Mean Annual Increment" (M.AI). Figure5 
shows the effects of planting density onMAI

for total woody biomass and for merchantable
 
timber, respectively Figures 6 and 7 
show
hypothetical time-trends 
for changes in total
biomass and a renewable plant part harvested
 
annually, respectively.
 

Experimenta7 approaches 

The establishment of yield/plant density relation
ships for sole crops can be achieved either by
using conventional (e.g. randomized block) or
systematic field layouts (for the latter see separate

W. Paper ) . The former are more robust but, ifaaequate internal guard 
rows 
are to be provided

(at least double), which is essential for spacing
experiments (see Figure 
8 ) , then the effective
experimental area 
can be quite restricted
 

Systematic designs enable a wide
 range of spacing levels to be 
tested in a small
amount of space without the use of internal guard
rows. 
 But a rigorous statistical analysis of the
 
results is 
usually difficult.
 

Several authors have suggested that only a limited
ntvber of spacing treatments (3 or 4) are needed
tG establish a mathematical yield/plant density
curve as long as 
certain assumptions are

satisfied e.g. that the 
reciprocal yield

relationship (or plant weight plotted against
plant population per unit land area) is 
linear.
This relationship can 
hold good with all types of
plants, including trees and shrubs, but until any
particular species has been studied under a range
of environmental and management conditions some
departure from a strictly linear relationship

-cannot just be assumed. 
 It seems prudent,

therefore, especially at 
the start of an experimental programme with 
a new species, to accept
the need to encompass a reasonable range of plant
density and rectangularity treatments in any
experimental programme e.g. 
at least 5 plant

densities and 3 rectangularities).
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Soo, 95000dentytrees/ha 

Figure 5. Effects of planting density on the mean annual
 
incrbment (MAI) of 
trees grown for woody biomass (a)

(branches and stems of any diameter) and merchantable
 
timber (b) stems above 
a given diameter). Note that

there is an optimum density for woody biomass as
 
well 	as timber production, and that thinning will
 
move 	the population in the direction A to F. Remember
 
that 	closely spaced trees will be small in diameter,

but not necessarily height, and that, in unthinned
 
stands, the number of trees at harvest will be less
 
than 	at planting owing to self-thinning.

Cannel1.,M.G.R. 1983. 	

From
 
Plant population and yield of
 

trees and herbaceous crops, pp. 489-502 in P.A. Huxley

(Ed) 	"Plant Research and Agroforestry", ICRAF. Nairobi.
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Figure 6. Changes with time of total biomass accumulation per
 
unit area of land for different plant densities of a
 
woody perennial species. Eventually the net 4nnual
 
increment due to carbon fixation and mineral uptake
 
will be exceeded by losses (parts shed, total respiration
 
and this will happen sooner at high plant densities.
 

a 0 

E# 

2 densityo Plant
0.200000 stems ha -I 

in annual fruit yield with time for a woody perennialFigure 7. Changes 
species planted at different densities. Small amounts of
 

fruit per plant can give substantial yields per unit area
 
ac very high plant populations early on, but increasing
 
densities (and the development of pests and diseases) can
 

make such unpruned stands rapidly unproductive. Mid-level
 

'Itt
 
uUO- lOgo (ree21" 

later
populations will attain maximum yields per unit area 


but possibly become unproductive less quickly. Low levels
 

of plant population will give longer individual tree yields
 (although

but too wide a spacing will limit yield per unit area 

it may make manag-ement oasier) . Pruning at any time will 

shift the response to the left. 
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Figure 8 Systematic designs require adequate external guard rows
(especially at the close-spaced part) but no internal

guard rows. Conventional randomized block layouts

involving spacing treatments alsorequire internal
(between-plot) guard areas which can often take up a 
 (
considerable area.
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In many mixed cropping situations it is seldom
easy to predict the full effects of changes
in plant density and arrangement on either the
composite or individual yields of the
components, or on the size-regulating effects
 on plant parts. It is, therefore, often
 necessary to arrange for this 
to be tested
experimentally. 
This particularly applies to'agroforestry plant association- where the speciescombinations may not have been investigated in thisway previously. 
As the possible combinations

of variables and levels of the spacing variables
 are numerous, and other management factors
have also to be included, the space and time taken
to obtain reliable results can be considerable.
Furthermore, experiments n,ed to be repeated
over several seasons and to cover the transformations with age of the woody component(s)
We have, therefore, 
to break the problem down
and find quick, cost-effective approaches.

This may best be done by formulating a programme
in the following manner.
 

* Evaluate any existing information about theknown responses of the individual plantcomponents to changes in plant density and 
rectangularity,
 

* Formulate a selected set of treatments 
that investigates the effects of plant
density and rectangularitv in in unconfounded way , and also of dif ferent levels of intimacy
of the components. 
- So that the results can be made :.uch 

more e:-:traf.olatable to further cihanges
in these variables an 1, to some extentto the effect of chan :es in environmental
condition s as1 car as t-hese can be predicted 

rem the fjene raL body of knowledge. 

* SeLect a basic Cinimummanagemen t of other cr-itical";ariabIes (pr n u ;,'lonning of 
woody component(s), time-of-sowing of theseasonal component(s), [tom what is known orcan be postulia ted as likely to minimize
detrimenta. tweon-spec 125 interface effects. 

* 
Split the investigation into several small,
easily-managed experiments if the number ofvariables and levels 
that 
must be studied
 
is still unavoidably large.
 

Working in the above way is lixely to provide amuch better understanding of what is happening

than by setting up experiments that merely
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test "packages" of treatments (for example,
 
a set of "practical" hedge-row comparisons).
 
Such treatments almost invariably confound the
 
effects of plant density and rectangularity

and so give results that cannot be extrapolated,
 
or provide any fundamental understanding-of

plant responses to these overriding variables.
 
The main excuse for undertaking such "package"

experiments is when either the problems of
 
species selection and/or management options
 
are so little understood that the main purpose

of the experiment is to help define these, 
or
 
when they are sc ,ell known for a particular

site or area that simple on-farm trials are all
 
that are needed to test the best of a small set
 
of establishment optIons.
 

Therc is now a large body of literature concern
ing the evaluation of species mixtures in field
 
trials (see selected references). Comparatively

little refers to mixtures of woody perennials and
 
herbaceous species, however.
 

Rectangularity as an important spacing tool in rixed
 
cropping situations.
 

Manipulating the rectangularity of the tree/

bush species in a mixed tree/crop association
 
can be a convenient way to obviate adverse
 
effects of interspecific interference and
 
this is the basis of "alley-cropping". But
 
Figure 9 illustrates some simple points to
 
remember. First, that changes in rectangularity

above 5 or 6 have a greatly diminishing effect.
 
Second, that at low rectangularities even a small
 
change will greatly reduced the plant population
 
per unit area and, as Figure 4 shows this is
 
the more influential of the two variables on yield i
 
many situations. Figure 10 illustrates the
 
advantage often to be gained by revising the
 
in-row spacing of the trees when increasing the
 
rectangularity, giving several examples.
 

In experimental field layouts it may be
 
'lesirable to keep rectangularity and plant density

.confounded and this can be achieved only if
 

between-row spacing changes (rectangularity

changes) are simultaneously accompanied by the
 
necessary in-row spacing changes (see legend
 
Figure 9).
 

If plants in a 2-component mixture were of
 
approximately the same stature, and each is
 
assumed to occupy an approximately equivalent
 
area of alloted space, then row-cropping with
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Different rectangularities (right) and the way in which plant population perunit
 
area changes with a change in rectangularity if the in-row spacing remains the
 
same (left). Changes in the nominal allocated area (assuming the species A is
 
a tree and it occupies all the land at its. optimum plant density at rectangularity Z
 
i)are shown on the right-hand axis,but the actual area utilized by each species

will be more in the direction of the dotted arrow as the tree matures and its
 
canopy and roots spread to the between-row space.
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2V2 

4

22500 

0 500o 1000 1500 200 25100 

Figure 10. The sets If curves show some postulated yield 
responses to changes in plant density at differentrectangularities (1,2 and 5). In (a) the effectsof increasing rectangulhrity are less than in (b)but, in both cases B and C indicate the yields
obtainable when the plant population is reduced to a half or a fifth, respectively when the in-rowspacing is not changed to compensate for the increase
in rectangularity (continue over). 

\ 
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(c)
 
A 

°
 
B
 

24- 1 

20

16

-12 

8

4-
C 

0 1000 20'00 3000 4000 

Revjsed
Nominal optimum EstimatedPlant density Rectangularity area (M/) plant density yield(t ha- ) 

Plant part
A. 1600 (optimum) 1 100 - 12"2 

B. 800 2 50 (B') 1350 9.6 

C. 320 5 20 (c) 1100 7.1 

© A. 16 00 (optimum) I 100 - 122 

B. Boo 2 50 (B') 1250 8.0 

C. 320 5 20 (C') 875 4'75 

BiomassA. 34 00 (optimum) I 100 - 24-0 

B. 1700 2 50 (B') 2500 17.5 

C. 680 5 20 (C') 1400 8.0 

Figure 10. (continued)
 

B' and C' indicate on the appropriate curves what
 
scope there is, in this hypothetical situation, for
 
such compensation.
 

In (c) the same situation is demonstrated for an
 
asymptotic (total biomass) response curve, with less
 
opportunity for compensation in this case. Unless the
 
relationships such as these shown here are known, the
 
effects of manipulation of rectangularity and pla:.t
 
density can only be conjectured.
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the two species (as in situations shown later
in Figure 12) between-row space as shown on the

right-hand axis in Figure 9. 
If species A is
 a tree or bush it will clearly soon occupy 
a
greater proportion of the available space at

the expense of a smaller-statured agricultural

crop species and continue to increase its share
 as the canopy develops, unless this is restricted

by management. In practice, therefore the space

allocation will always be less than shown (i.e.
in the direction of the right-hand arrow). 
 It
 may be useful to consider the "extra" space needed,
if this can be approximated, in terms Qf the

number of rectangularity units 
(in-row spacing)
it represents,and this should then be added to

the initial rectangularity choice 
(remembering

that after R5 or 6 there is little effect or

either plant density or allocated space). 
 This
 
may make a useful "rule-of-the-thumb" approach
to alley-cropping dimensions, especially if 
a
further correction is also made for any "inter
face" effects on the yield of the two components

(i.e. any likely successful "encroachment on tree
 
space by the agricultural crop, a positive
effect; 
or conversely, any extended interference

by the 
tree beyond its canopy spread). However,

to discover what these effects actually are in
practice it is really necessary to examine
 
specific tree/crop interfaces in the field. 
This
 can be done either by selecting part of a spacing
expc,-iment to work on, 
or by a prior (and

relatively simple) separate field experiment

using just a simple geometric design (see Section
 
on 
"The Tree/Crop Interface".
 

In an "alley-cropping" situation the rectangularity

will usually be such that the tree/bush species

exer:s virtually no intraspecific interference

from row to row other than, perhaps, from a small
 amount of mutual shelter. 
Thus the three factors
 
to consider in influencing yield are 
the withinrow effects of the tree/bush species on its own

growth and development, the interface effects

between the tree and the agricultural crop and the

within-crop conditions of the latter. 
The
comments made previously highliaht the need to
consider carefully the within-ioq spacings of the
 
tree so as 
to maintain an effective plant
population per unit area. 
 This is particularly

important in the early years of establishing

hedegrows when within-row tree/bush spacing
will have an effect on its growth, form and

productivity. Later within-row spacing of the

hedgerow species will become less influential

(Figure 11). 
 It is also important to have a

clear understanding of the interface 
effects, both
for chosing compatible species and in order to
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0. n-"row ./n; ]b
" 0 M - I sa ing 

Figure 11. Changes with age in the yield of leafy shoots
in hedgerows with different within-row spacing.
Assuming no over-browsing 
or excessive lopping and
that hedge height is restricted to that achieved
after 4-5 years. A decline 
in the numbers of active
vegetative buds available may sometimes occur with
some species 
(e.g. tea) after continued pruning'of

leafy shoots.
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manipulate the rectangularity to the best

effectt The crop growing in the "alley"

will, unless the tree/bush rectangularity

is unusually small, be partly growing under

"sole crop" conditions and its yield in this
 
central region of the strip can, therefore, be

estimated from local knowledge, or from
 
previous sole crop spacing experiments.

Effective alley cropping design and management

will be brought about by using existing

information to estimate the overall outcome
 
of selected species/spacing combinations, and

by designing field experiments that provide

actual data relating to the underlying issues
 
discussed here.
 

Design choices
 

In both mixed and zonal cropping situations the
 
proportions of plant components needed in order
 
to satisfy the particular levels of product

required may need to be the modified depending
 
on both the biological requirements to optimize

the effect of interactions between components,
 
as well as environmental demands to maintain
 
land sustainability (and thus to keep a high

proportion of trees/shrubs in the cropping system).

Not only will the individual'plant densities for

each component require looking into but also the
 
rectangularity options both within and between
 
component species. Figure 12 shows that there
 
are a number of alternative ways of arranging the

spacing of the tree component in a mixed tree/
 
crop system depending on what outputs we required

and whether the nature of the tree/crop interface
 
indicates better possibilities for either an
 
intimate or separate arrangement. A reduction
 
in adverse interface effects can be achieved by

decreasing the size of the individual zonal
 
areas (towards sole cropping) and/or by altering

the rectangularity (and in effect, increasing

the actual plant density but not the plant popula
tion per unit allocated area) of both components
 
so as to leave a bigger gap between them at the
interfaces. An example is shown in Figure 13.
 
The effect on within-species yields of increasing

the actual plant density has to be compared

with any improvement shown by the mixture.
 

Where we are dealing with seasonal plants of
 
somewhat similar stature 
(i.e. herbaceous crop

plants in general), and if we are concerned only

with maximizing the overall yield per unit area
 
of land, then the choice of total plant population

of a two-component mixture will depend on 
the
 
shape of the individual yield/density response
 
curves and the extent to which these are
 

* 	 or the 'intimacy' of other mixed croppihg 
arrangements. 
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-Figure 12. 	Various ways of intercropping a tree species (o) and a herbaceous agricultural
 
crop (n): (a) interpolating between the tree rows (shown planted on the square);

(b) removal of alternate tree rows to allow more space; (c) increasing the tree
 
rectangularity but re-establishing the original plant density by a closer in-row
 
spacing; (continued).
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Figure 12(cont') 
 (d) and (e) show zonal arrangements 
(using strips). Biologically the
option arrangement to maximize yields will depend on the individual yield/
plant density relationships and the -interface effects.
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modified in the actual spatial/temporal

arrangement in the mixture by between-species

interactions.
 

Figure 14 illustrates some examples of making

this choice for 2-component pairs of species that
represent a range of different yield/density
 
responses, but without taking any interactions

within the mixtures into account 
(ways of doing
this are discussed by Willey and Rao, 1980).
 

Where one of the components is 
a tree or shrub
then both plant size and the numbers per unit area
will be markedly different from those of any
herbaceous components (Figure 15). 
 In this case
the selection of any appropriate plant density

in mixtures may better be made along somewhat
different lines 
(see Huxley, P.A. 1983 The role
of trees in agroforestry 
- some comments), or the
space - exploiting possibilities of row-cropping

trees at relatively high rectangularities can be
utilized. 
 (Figure lOa-c showed the possible

advantages that are often still 
to be gained in
compensating the in-row spacing when increasing

that between-rows).
 

In planning spacing experiments it 
can be useful
to know the way in-row and between-row spacings
must change in order to maintain a particular

plant population per unit area, 
or some stated
fraction of this, and vice 
versa. This is shown
in Table 1* as 
a 	matrix of factors by which to
multiply theiplant density chosen 
as the maximum
under coiiideration (and at a rectangularity of
 
1.0, initially).
 

Finally, Figure 16 is 
an implementation flowchart

that indicates the successive stages to be taken
when deciding on plant densities and rectangu
larities. 
At the same time it indicates some
of the more practical questions that need to be
answered related to the characteristics of the
land use system, as well as showing what type of
experimental approach is useful if data still
needed for decision-making are not yet available.
Appendix 1 displays some suggestions for field

layouts involving changes of spacing.
 

* 	 A micro-computer programme is available to 
expand this table and to scan the information
 
contained therein for common 
(or closely
similar) between-row or in-row distances.
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(a) 	 (b) 

3! 	 1 
CL 

Plant population per unit area 

(c) 

a 

Plant population per unit area 

(d) 	 (e) 
Total plant population per unit area Optimum population for a more separated 
for maximizing combined yield, mixture or a zonal arrangement. 

a 

M 	 or 

Plant population per unit area 

Figure 14. 	Various yield/plant density relationships of seasonal
 
plant mixtures. The curves show the suggested optimum
 
population of the mixture (a,b & c from Cannell, 1983).

(a) two crop species grown for biomass (b) one species
 
grown for biomass and the other for a plant part (c)
 
two species grown for plant parts (and of similar yield

potentials) (d) as for (c) but of different yield potentials,
 
(e) as for (d) but to be grown in a zonal system.
 
Such simplifications do not take into account the farmers
 
requirement to select appropriate yield proportions to
 
suit his needs (see Mead, R. and Willey, R.W. 1980).
 



X OptimUm density

7- XfX\X log ?-75 562
 

TREE
 
(trost yield)
 

-

7 4 Optlimum density -4 
log 4-40 2 25119 

3 

CROP 2 
(groin yield 

0 101 IOO 00IO -0oo$ 
Plant poPulation per unit oreo(logscale) 

Figure 15. 
 Parabolic yield/density relationships for fresh fruit from a tree species
and grain from a cereal. 
Even when plant density is plotted on a
logarithmic scale these two curves barely overlap. 
Hence "percentage
ground cover" is a more practical unit to use with tree/herbaceous crop
mixtures.
 



- - -- ----- - - ---- -------------------------------------------------------------------------- 

----------------------- 

---- -- -------- - -------------------------------------------------------------------------------

- -------------------- ------------------------------------------------------------------------------------

MAXIMUM NO. OF PLANTS PER HECTARE =1 FRACTIONS OF DENSITY USED 1/10
 
MAIINUM RECTANGULARITY 12 
 STEPS OF RECTANGULARITY USED .5
 
MINIMUM IRECTANGULARITY 


RHO 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50 
 7.00 7.50 8.OO 8.50 9.00 9.50 10.00 10.50 11.00 11.50 12.00
 

1.000 1.O00 0.816 0.707 0.632 0.577 0.535 0.500 0.471 0.447 0.426 0.408 0.392 0.378 0.365 0.354 0.343 0.333 0.324 0.316 0.309 0.302 0.295 0.289
1.000 1.000 1.225 1.414 1.581 1.732 1.871 2.000 
 2.121 2.236 2.345 2.449 2.550 2.646 2.739 2.828 
 2.915 3.000 3.082 3.162 3.240 3.317 3.391 3.464
 

0.745 ----------------------------
0.900 1.054 0.861 0.667 ----------
0.609 0.563 0.527 0.497 0.471 0.449 0.430 0.413 0.398 - -0.385 0.373 0.362 0.351 0.342 0.333 0.325 0.318 
 0.311 0.304
0.900 1.054 1.291 1.491 1.667 1.826 1.972 2.108 2.236 2.357 2.472 2.582 
 2.687 2.789 2.887 2.981 3.073 .162 3.249 3.333 3.416 3.496 3.575 3.651
------......---....-........-------......-....---------------------------


0.800 1.118 0.913 0.791 0.707 0.645 0.598 0.559 0.527 
 0.500 0.477 0.456 0.439 0.423 0.408 0.395 0.383 0.373 0.363 
---

0.354 0.345 0.337 0.330 0.323
0.800 1.18 1.369 1.581 1.768 1.936 2.092 
 2.236 2.372 2.500 2.622 2.739 2.850 2.958 3.062 
 3.162 3.260 3.354 3.446 
 3.536 3.623 3.708 3.791 3.873
 

0.700 !.195 0.976 0.845 0.756 0.690 0.639 0.598 0.563 0.535 0.510 
 0.488 0.469 0.452 0.436 
 0.423 0.410 0.398 0.388 0.78 0.369 0.360 0.352 0.345
0.700 1.195 1.464 1.690 1.90 2.070 2.236 2.390 2.535 
 2.673 2.803 2.928 3.047 3.162 3.273 3.381 3.485 3.586 3.684 3.780 3.673 3.964 4.053 4.140
------........................-..................................................................................---

...........................................................
0.600 1.291 
 1.054 0.913 0.816 0.745 0.690- 0.645 0.609 0.577 0.550 0.527 0.506 0.488 0.471 
 0.456 0.443 0.430 0.419 0.408 0.398 0.389 0.381
0.600 1.291 0.373
1.581 1.826 2.041 2.236 2.415 2.582 2.739 2.897 3.028 3.162 3.291 3.416 
 3.536 3.651 3.764 3.873 3.979 4.082 4.183 4.282 
 4.378 4.472
 

0.500 1.414 1.155 1.000 0.894 0.816 0.756 0.707 0.667 0.632 0.603 
 0.577 0.555 0.535 0.516 0.500 0.485 0.471 0.459
0.500 0.447 0.436 0.426 0.47 0.408
1.44 1.732 2.000 2.236 2.449 2.646 2.828 3.000 
 3.162 3.317 3.464 3.606 
 3.742 3.873 4.000 4.123 4.243 4.359 4.472 4.583 4.690 4.796 4.899
 

0.400 1.581 1.291 1.118 1.000 0.913 0.845 
 0.791 0.745 0.707 0.674 0.645 0.620 0.598 0.577 
 0.559 0.542 0.527 0.513 0.500 0.488 0.477 0.466
0.400 0.456
1.581 1.936 2.236 2.500 2.739 2.958 3.162 3.354 
 3.536 3.708 3.873 4.031 4.183 4.330 4.472 4.610 4.743 4.873 5.000 5.123 5.244 
 5.362 5.477
 
-

0.300 1.826 1.491 1.291 1.155 1.054 0.976 0.913 0.861 0.816 
 0.778 0.745 0.716 0.690 0.667 0.645 0.626 0.609 
 0.592 0.577 0.563 0.550 0.538 0.527
0.300 1.826 
 2.236 2.582 2.887 3.162 3.416 3.651 3.F73 4.082 
 4.282 4.472 4.655 4.830 5.000 5.164 5.323 5.477 5.627 5.774 5.916 6.055 6.191 
 6.325
 

0.200 2.236 1.826 1.581 1.414 1.291 1.195 1.118 1.054 
 1.000 0.953 0.913 0.877
0.200 2.236 2.739 3.162 3.536 3.873 4.183 4.472 4.743 5.000 0.845 0.816 0.791 0.767 0.745 0.725 0.707 0.690 0.674 0.659 0.645
5.244 5.477 5.701 5.916 
 6.124 6.325 6.519 6.708 6.892 7.071 7.246 7.416 7.583 7.746
. ... . . ..- ... .-------------------.-.---------------------------------.-.-----------......................------------------------------------------


0.100 3.162 2.582 2.236 2.000 1.826 1.690 ------.
1.581 1.491 1.414 1.348 1.291 1.240 1.195 1.155 
. 

1.118 1.085 1.054 1.026 1.000 C.976 0.953 0.933
0.100 3.162 3.873 0.913
4.472 5.000 5.477 5.916 
 6.325 6.708 7.071 7.416 
 7.746 8.062 8.367 8.660 8.944 9.220 9.487 9.747 
 10.000 10.247 10.488 10.724 10.954
 
......-...----------------------....---------------------------------------------------------... 


---.. -----------------------------------------.-.-. 

--------.-.-. ----------.
 

Table: 1 Factors for multiplrinq (a) in-row distance and 
(b) between-row distance of 
plants in order to achieve
selected plant densities and rectangularities. Procede by chosng the
required per 
 plant population
unit area then calculate the in-row/between-row spacing (x) r. .tres, for a square plantfor that plant d~nsitv (i.e. R * i, /9 * 1) For Other arrangenents multiply x 
by the appropriate

factors given in the table.
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PART 4E ANNEX
 

Appendix 1: 	 Some examples of experimental
 
designs for spacing experiments
 
- by P.A. Huxley
 

Appendix 2: 	 Plant Population and Yield of 
Tree and Herbaceous Crops 
- by M.G.R. Cannell* 

* Reprinted 	from "Plant Research and Agro
forestry" (Ed. P.A. Huxley), 1983 ICRAF
 
Nairobi.
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Appendix 1.
 

Some examples of experimental

designs for spacing experiments
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954 -From Mead, R. and Stern, R.D. 1980. Designing 

experiments for intercropping research.
 
Expl. Agric. 16, 329-342.
 

A relatively small scale exampie of the use of factorial treatment structure is" 
provided by an ICRISAT experiment. This involved two sorghum population
densities (Sl = 180,000 and S2= 120,000 plants/ha), three pigeonpea population
densities (Pl=40,000, P2 =80,000 =and P3 120,000 plants/ha) and two row 
proportions (A,=2 sorghum to I pigeonpea and A2= 1 sorghum to 1 pigeon. 

S,PA, SP,A, SP,A, S,PA, 

SPA2 
 S 
 P SPA, 

P SP,A, 
 SPA, S5PA,
 

S PA, S,PA,
5	 SPA 
 S
 

Fig. 2.One replicateofa	3 X 2X 2 factorial cxpcriment with 2 sole crop treatments,
arranged in two blocks of 8 plots. 

pea). Large plots were needed for the collection of both growth and yield data,

and hence the A X S interaction was confounded.with blocks, giving six treat
ment combinations plus two 
sole crop plots (S= 180,000 plants/ha, and P=
 
40,000 plants/ha) in each block of 8 plots. Four blocks were used, comprising

two complete replicates of the twelve factorial combinations, and the arrange
ments of one replicate (two blocks) is shown in Fig. 2. The original plan for 
this experiment included three complete replicates of a subset of the treatments 
shown in Fig. 2, which would have reduced the efficiency for many of ihe 
major treatment comparisons by factors of 3/2 or even 2. 

Consider again the two principal advantages of factorial experiments with at
least ihiree factors. One is that the experimenter is able to examine the extent 
to which the response to one factor is affected by different levels of a second
factor (interaction). In the sorghum/pigeonpea experim,nt the yield response
for the three pigeonpea densities can be assessed (and compared) for the twosorghum densities, and also for the two row arrangements, whereas neither 'of 
these interactions could have been assessed from the original non-factorial 
experiment. The second advantage is the greater economy of the factorial 
experiment because of its hidden replication. In the sorghum/pigeonpea experi
ment the average comparison of two pigeonpea densities is based on a total of
8 plots per density whereas, with the original non-factorial design, a com
parison between two pigeonpea densities would have been based on only 6 plots
(two from each replicate). The advantages of hidden replication apply not only 
to tables of mean yields, but also to graphs of growth against time. 

To illustrate these advantages, consider a theoretical intercropping experi
ment with 6 replicates of all twelve combinations of three densities of crop A 
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wizn iour iensltics of crop B. A comparison of.the average yields for two diffcrent densities of crop A is based on 24 experimental plots per density; andthe comparison of any two particular combinations of densities of thecrops is based twoon 6 plotr per combination. Suppose we now introduce threelevels of nitrogen application and two genotypes of crop A, and instead of6 replicates have no explicit replication, giving 72 plts (3 X4 X 3 X 2) asbefore. We now have the same precision as before for the original comp risons, 
but also have comparisons of approximatelythe sameprecision between the nitrogen levels, between varieties and between combinations of any two of the fourfactors. To argue that the comparison between average yields for different densities of crop A may give different estimates from those for the original experiment only emphasizes the need to consider interactions betweenrequirement factors. Theto have the experiment arranged in relatively small blocks mayreduce some of the advantages of the four factor experiments, but most can'beretained through the device of confounding, which was used very simply in the

sorghum/pigeonpea example.

Cochran 
 and Cox (1957) is still the best reference book to help chooseappropriate design if no statistician is available for advice, though the 

an 
have designsto be adapted slightly if sole crop treatments are to be included. If thereare only a few sole crop treatments it may be sensible to include them in eachblock, as in the sorghum/pigconpea experiment. It is important to realize thatin a factorial experiment with a large number of combinations of differentfactor levels it is not necessary to have any replication in the sense of plotstreated identically. Indeed for a large number of factors it is perfectly possibleto draw sensible conclusions from an experiment having only a proportion ofall the possible combinations of factor levels. These ideas (all of which appearin Cochran and Cox) are very well-established and are in no sense new or radical. The crucial point, whic'-i seems not to have been widely appreciated byresearchers, is that the usual practice of having 3, 4 or even more replicates isonly sensible if the number of treatment combinations is small. To usereplicates as a reason 3 or 4for avoiding large factorials is to misunderstand the purpose of replication.
A question which is related to the idea of factorial structure is the number oflevels of a quantitative factor that should be used. There is a substantial bodyof statistical theory which points to the advantages of using a small number of
levels with large replication 
 rather than many levels with lesq replication (the
replication may be hidden). Statistical results show specifically that the number
of levels required should be the same as the number of parameters needed todescribe the form of response. Thus only three levels arepolynomial is used 

needed if a quadraticto summarize the yield response. If it is required to detectdepartures from a quadratic polynomial then fourtha level is needed, but itseems unlikely that more than four levels should be used for any one factor ina randomized experiment, and three will frequently be adequate, particularly ifthey are well spaced. 
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Augmented Block Design 
The leucaena-spacng experiments on whichthe model is being based are in the augmentedblock design of andFederer Raghavarao

(1975). The design allows one to ask questionsof both a fairly advanced nature, with replications, and a preliminary nature for which
replication is unnecessary. For example, oneplanling utilizing the augmented block designconsists of four replications of six plots each(Fig. U. Each replication has four replicatedtreatments and two unreplicated, or aug.mented, treatments. The replicated treat.ments are 5000, 10 000, 20 000, and 10 000plants/ha. Augmented treatrients range from2500 plants/hia (preferred by foresters) to80 000/ha, about the population density of a 
cornfield. 

Analysis Of variance is performed only on thereplicated treatments, and experimental varia
lions thus derived are used in tests of theaugmented treatments Augmented treatments 
are adjusted. according to the replication inwhich they are located, by the formula: 

Tj T. .j,- X,. + X..;where Tad, - adjusted treatment mean; Tunrd
 

From Rick 
H. Van Dan Beldt. 1983. 
 Effect of spacing
on growth of leucaena pp.103-108 in 
"Leucaena
research in the Asia-Pacific region. 
Proceedings
of IDRC/NFTA Workshop held in Singapore, 23-26
November, 1982. 
 IDRC, Ottawa.
 
(see also Annexure to Manual Section 3C for further
information on 
augmented designs)
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Plot Plut
 

Spacing(m) number Spacing numbet
 

[ S" 0i x 02 406 

fIx' I 021 1x25 405 

I1.1 13 11 1x 2. 404 

EIx l
1 104 I Ix 0.75 403
 

,7 mL:mat 4 8

] 148r 

I3130.375305 

0. 033 303[ m 4 

1 x .5" 206 I x 0.5* 301 

F*---_ 12 r___.. 
Fig. 1. Augmented block design of Uniuersity of

Hawaii leucaena spacing studies: plots consist of
 
four rows spaced I m apart. with variable spacing

within rows. Data are taken from centre 
 rows at
regular interuals. Means of augmented (nonrepli.
cated) treatments are adjusted according to the
replication In which they occur ( = replicated 

treat.,ent). 

unadjusted treatmern, mean; X,. mean of 
replicated treatments Incorporating augmented 
treatment; and X.. = overall mean of repli
cated treatments. 

The augmented block design has the distinctadvantage of Incorporating far more treat
ments than the randomized block design used
widely it, forestry and agri :'lture. In all. 12
spacings at each site are examined for 
parameters of growth - height and diameter 
- over 4 years. 
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From Willey, R.W. and Rao, M.R. 
1980.
A systematic design to examine effects of
plant population and spatial arrangement in
intercropping, illustrated by 
an experiment on
chickpea/safflower. 
Expl. Agric. 17, 63-73.
 

Treatmentsand designFour within-row spacings of chickpea
teen were factorially combined fif.within.row withspacings of safflower at two row arrangements; sole plots ofeach crop were included at four plant populations, as follows: 

Intercrops
Chickpea: 25.0, 12.5, 8.3 and 6.3 cm within-row (C,-C 4)Safflower: 75.0 to 19.8 cm within-row in fifteen steps equivalent to 10%increases in population (SI-S, 5) 

Sole crops
Chickpea: 25.0, 12.5, 8.3 and 6.3 cm within-row (C-C 4, equal to 13.3, 
Safflower: 26.7, 40.0 and 53.3 plants/m 2)75.0, 38.5, 26.3 and 1 9 8 . cm within-row (St, Sa, S12, SIS, equal

to 4.4, 8.7, 12.7 and 16.7 plants/m2 ) 
Row arrangements

I chickpea: 1 safflower in 30 cm rows (1:1)
2 chickpea: 1safflower in 30 cm rows (2: 1)

The basic layout was a strip-plot design with strips of chickpea spacing treatments crossed with the intercrop row arrangement(Fig. 1). Safflower and sole plot treatmentsspacings were systematically changed, withinarrangement, with the closest spacing towards the middle of the chickpea strip 
each row 

Sole Replicate IIIchickpea Sole Replicate IVI* - Interops- safflower Sole 
-- chickpea

I 

S1 - S, ---, SS--
 S,

C, C. C, S, S,
S,-o,,Ss------ C. C~ ~-S'* C.S, --- S"S"s. SI 

C, c, s, s,
i c,
S1 - , Sts S, S,1-----
c C,


Sol*-. uS
 

C, C, 

----2: ' 

, , C,
'1 -1:1--- C,--- 11 
 2:f---.. 

Row-arrangement stripsFIg. 1.Lay-out of two replicates showing chickpea and row.anangemcnt-stdps position of sole plots,.and direction of systematic change in safflower population. 
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Willey and Rao 
- continued 

00 

G~ ~ am-1 m-1m-- m m 1n1 rI r-

C. S, S, $2 S.. S-5 SG Ss S,. S3 S S, S 

- 2:1 row arrangement - 1: 1 row arrangement.. 

Fig. 2. Lay-out of a chickpea strip (at Cr population as an example) and sole Plots showing number
of owsharvested (S, to S-range of"systematic safflower popuatons). 

(Fig. 2). For each chickpea strip, a sole chickpea plot was included at the 2:1 
row arrangement end and a sole safflower plot at the 1: 1 end. Within-rowspacings for these sole plots were comparable with the rest of the strip (Fig. 1).Although the layout was arranged to minimize the need for guard rows withinthe strips, 2-3 rows were included between the sole plot an.i intercropping partof the strip and between the two row arrangements (Fig. 2). To minimize thepossibility of the systematic changes in safflower plant population coinciding
with systematic soil fertility changes, these systemnatic treatments were arranged
N to S in two of the replicates and S to N in the other two (Fig. 1). 
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continued
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Appendix 2.
 

Plant Population and Yield of
 
Tree and Herbaceous Crops.
 
- by M.G.R. Cannell
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PLANT POPULATION 
AND YIELD OF
 
TREE AND HERBACEOUS 
CROPS
 

M.G.R. CANNELLInstitute of Terrestrial Ecology, Bush Estate, PenicuikMidlothian, Scotland.
 

ABSTRACT. 
A review is given of the effects of plant popu
lation in mOnoculturg 
on
and components of Pield.in 

the biomass production, yield,
tropical agroforestry 

a range of crop types used in
systems. These include timber trees,
 
fuelwood trees, 
fruit trees, palms, bananas, various 
root
crops, grain legumes and cereals.
 

INTRODUCTION
 
Information 
on the effects of plant population 
on 

mance of different tree and herbaceous the perfor

crops is
in the literature 
 widely scattered
 
Reviews such as 

on forestry, horticulture 
and agriculture.
those by Willey and Heath (1969) 
and Harper

(1977) explain the principles concerned, but they do not bring

together data on the diverse range of tropical crops that are
 
grown together in agroforestry 
systems. An attempt has there
fore been made to summarize such data for (a) forest trees,

(b) fruit 
trees and palms, (c) storage root crops,
legumes, and 
Ce) cereals. For each crop, the effects of plant
 

(d) grain
population 
are described in the figures and/or text on 
mass production (or leaf area index) per unit 

Ci) bio

(ii) area of land,yield per hectare and per plant and (Iii)
of yield. The 
sources of infornation the components

are quoted mainly in
figure legends. the
 

TREE CROPS
 

Forest 
trees 
(Fig. 1)
Per hectare Yields of trees have to be averaged over the years
 
since Planting, giving the mean annual increment (HAI),
like the current annual increment which,
ing as the stand leaf area 

(CAI), increases after plant
the trees age. MAI 

index increases, but decreases when
is greatest at the age when it 
hquals CAT,

by which time there is often cOtpatition-drivenplant population ('stocking density') and age giving maximum
 

mortality. The
 

http:Pield.in


965 

490 M.G.R. CANNELL 

a 
M.A.1. 

Total 
woody 

biomass 

F F E D C A 

Plantig den 
20002000 Stems/h 

M. A.1. 

Merchontoblej 
timber 

So g deSity
5000 treel/ha 

Fig. 1. Effect of planting density on the mean annual incre
ment (MAI) of trees grown for woody biomass (branches and 
stems of any diameter) and merchantable timber (stems above a 
given diameter). Note that there is an optimum density for 
woody biomass as well as timber production, and that thinning 
will move the population in the direction A to F. Remember 
that closely spaced trees will be small in diameter, but not
 
necessarily height, and that, in un'thinned stands, the number
 

of trees at harvest will be less than at planting owing to
 
self-thinning.
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PLANT POPULATION AND YIELD
 
MAX depend on 
the environmental

(Assman, 19 resources, species and product
70 ; Hamilton and Christie, 1974; Baskerville, 1965;
Cannell and Smith, ig0).
 

without 
If the product is woody biomass of branches and rt-ms,
regard to individual tree diameter,('culminates') then MAI maximizesat a youngertion, but age with increasethe greatest MAI is 

in plant populaachievedand age (density D in 
at a Particular densityFigure 1a).spacings the trees This is because, atage physiologically very wideand so produce less total
dry matter per hectare, before they reach maximum MAX, whereas


at very close spacings maximum MAX occurs before the stand has

developed its full height, cambial surface arid canopy depth,
and the stand 
'stagnates'. Thus in pulpwooa plantations the

asymptotic yield- density relationship
wide roes not 
hold over a
 
over 

range of densities, although it 'does hold approximately
the range of densities included in most studies 
(Cannell,
 

merchantable timber, or fuelwood with a certain minimum volume/
 

1979).If the product is boles above a gqJvei diameter, that is

surface ratio, then stands at wide spacings become productive
soonest because they produce large individuals quickly. Stands
at close spacings will hav
9 small diameter stems to begin with,
but after considerable thihning or self-thinning these closely
spaced stands may eventually reach maximum MAI values (including
only large diametered stems) similar
planted at 
 to those of stands initially
wider spacings. In Figure lb thinning the trees moves
 
the population from lines B to C to D to E and is desirable
because it brings forLxdrd the time of maximum MAI and also
salvages the smaller individuals that would otherwise die and
 
rot. Foresters normally preferplanting and this policy - closesuccessive initialthinningnings) - (even 'precommercial,because density stress thin
and suppressesencourages branchingself-pruning, (and weeds)whichtion of above-ground dry 

in turn increases the propormatter going
knot number and size, to the bole&, decreases
and decreaseseffects, stem taper.the Becausesmall tree of thesecrownsdesirable of density-stressedspacings) trees (atare efficient producerswood per unit of foliage and ground area 
of merchantable bole
 

In short, (Assman, 1970).
the forester's aim is to keep the degree of

density stress at a desirable level, balancing the benefits of

density stress on weed and branch suppression against its
undesirable effect on decreasing
tually inducing mortality) 

mean bole diameter (and evenand a delayAnd at the in reaching maximumsame time the forester recovers MAX. 
saleable thinningsSoon as he can. as
 

Fruit 
trees and palms (Fig. 2)Tree populations giving maximum fruit yields per hectare are much lower than those producing maximumwhether the'yield is fleshy fruits, seeds, oris because there is palm 

dry matter per hectare,
 
fruits. Thisa precipitate decrease in numbers of fruits


Per tree with increase in mutualcal shading resulting,plant population, in decreased yield per hectare above, for
 

at a criti

in England, 
instance, leaT area indices of I to 2 in shade intolerant apple
and above leaf area indicestolerant of 3 to 4coffee in in shadeKenya. Also, shaded fruits may not ripen 

http:1979).If
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properly and may be small, 
but 

in 

there may not be much decrease
the mean weights of individual seeds or shelled nuts.
The effects of 
plant population on dry matter distribution
in fruit trees depend on the species. In apple, very widely
spaced trees may produce few fruit because cross-pollination is
hampered. The optimum proportion of the total dry matter
devoted to apple fruits at is
 an intermediate plant population
which decreases 
as the 
trees 7et bigger (Cripps et aZ. , 1975).In self-pollinated Arabica coffee a very large proportion of the
total dry matter is apportioned 
to seeds when the trees are
widely spaced and well-illuminated, indeed so much so on young
trees that they can 
'overbear' (for reasons given by Cannell,
1975). 
So, for coffee too, the optimum lies at 
some intermediate
population, depending on how the trees are pruned.

Oil palm is quite different; the prolortion of dry matter
devoteo -o fruits increases as 
the palms get bigger, will
decrease 
if some leaves 


an 

are pruned off, and will diminish with
increase in plant population because the amount of dry matter
produced per palm will be smaller. However, the absolute dry
weight of the vegetative parts per palm is surprisingly constant
over a wide range of densities, showing that the 
size of individual palms and their individual dry matter productivities have
to exceed a certain minimum before they will produceamounts of fruits large(Corley, 1973). 
Consequently palms need 
to be
grown at relatively wide spacings and plantations often have
only about 200 plants per hectare, as compare. with over 400 forapple and well over 
1000 for coffee.
 

HERBACEOUS CROPS
 

Bananas
 
Bananas seem to be quite tolerant of increases in density stress,
largely because they produce suckers. Unreported 'fan' trials
Jamaica inhave shown that tetraploid clones will yield similar
amounts per hectare over the range 
1077 to 2389 plants per hectare. At close spacings the individuals produced fewer suckers,
fewer branches, fewer 
fruits per branch, but similarly sized
bananas, and only marginally greater yields per hectare 
(pers.
comm. K. Shepherd, Banana Company of Jamaica). However, at very
close spacings ratoon yields could decline.
 

Fig. 2 (Opposite) 
Effects of planting density 
on the bio.aass* and yield of tree crops. AppZe: from Verheij (1968,quoted by Harper, 1977, his Fig. 7/17); valueq for 
11th to
13th year after planting in Hungary. Stem base cross-sectional 
areas are linearly related to above-ground biomass
(Westwood and Roberts, 1970). The trees were
and spindle shapes. pruned to bush
Coffee: from Browning and Fisher (1976),
Kuguru et al. (1977) and Cannell (1972); 
values for 4-yearold Coffea arabica L. in Kenya. Bean (=seed) yields differedgreatly between sites, but the trends with planting density
were similar. Oil palms 
from Corley (1973); values for 7-yearold Elaeia guineenais Jacq. in 
southern Malaya.
"Biomass values refer to the dry weight above ground,

omitting roots and fallen leaves.
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Storage root crops (Fig. 3)
 
The per hectare yields of storage 
root crops usually increase to
a plateau with increase In plant, or 
rather stem, population
(cassava, Enyi, 1973b; potato, Ifenkwe and Allan, 1

following a similar trend 978a, b),
to the increase 
in total dry matter
per hectare. Although there are 
instances, such 
cassavas, where 

as in some tall
total dry matter and harvest indices decline 
at
high plant populations, this is not the rule. Increasing cassava
plant populations only slightly decreased the harvest
from 58 to 56 per cent index,

in Tanzania 
(Enyi, 1973b),
in Malaya (harvest index 55 per cent; 

had no effect
 
creased it Williams, 1972), and infrom 44 to 
58 per cent in Sierra
Aggrey, 1978). 

Leone (Godfrey Sam-
In tap root crops (beets, turnips, etc.) 
there is
only a small decrease in 
storage root/top ratio, or no change at
all (Bleasdale, 1966; Currah and Barnes, 1979).
tant The most imporfactors affecting harvest indices 
in root crops are: (a)
genotype: those varieties which divert a large proportion of
their dry matter to 
storage roots tend, unfortunately, to 
increase their foliage canopies, and hence total dry weights,
rather slowly (for example, cassava, Cock, 1976; Cock et al.,
1977); and (b) size-grading, because in all root crops 
increasing population density decleases the size of individual roots
(or tubers, etc.) .
 Thus 6elatively high plant populations will
be desired for single-stemmed root crops, 
for an early harvest,
or small roots; 
whereas lower populations would be better for
multistemmed branching or 
trailing types, a delayed harvest, or
 
large roots.
 

Grain legumes (Fig. 4)
 
The examples given 
in Figure 4 are not necessarily typical of
the three species represented; they show only a part of the
variation in response to 
plant population within this diverse
grou. of crops. Note that the greatest yields per hectare typically occur at populations much below those giving greatest
total 
dry matter, but not always (see bush type cowpea.*. 
Also
the economic optimum populations are typically less than those
giving greatest yield (because the seed is expensive),
invariably. Plant habit is all 

but not

important. The optimum population
 

Fig. 3 (Opposite) Effect of planting density on the growth andyield* of storage root crops. Potato (Solanum tubeIfenkwe and Allen :um) from
(1978 a, b) taking means for cvs Ddsirde and
Marns Piper main crops grown in 
west Wales at varying withinrow spacings, averaged for 
rows 66 cm and
va 132 cm apart. Cassa(bnihot esculenta Crantz) from Cock et al. (1977) for cvs
Col 1080 (tall) and M Col 22 
M
 

root crops: 
(short) growing in Colombia. Tap
(a) carrot (Bleasdale, 
967; Currah and Barnes.
Salter et aZ., 1979); parsnip (Bleasdale and Thompson,
1966); radish (Bleasdale, 1967); 


1979; 


turnip (11ozumi and Ueno,1954); and onion (Frappel, 1973). 
(b) Size-graded yield of
most root crops (including potatoes and cassava).
(Bleasdale, 1966); globe beet 
(c) Red beet
 

(see Willey and Heath, 1969).
*Similar scales are used in the graphs of total biomass (total
above ground plus storage root) 
and storage root weights 
so
that trends in 
the harvest indices can be judred.
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PLANT POPULATION 
AND YIELD
 
for soya bean, by far the most studied species, varies from 497
 
70,000 per hectare for profusely branched types
(Enyl, 19
 

73a) to 
 in Tanzania
almost a million per hectare
poorly branched types in the USA 
from determinate,


(Wiggans, 1939).
optimum population for groundnuts in 
Similarly, the'


East Africa varies from
 
about 90,000 for prostrate, alternately branched types, to Over
 
150,000 for erect, sequentially -branched types (Laurence, 1974;
 
Enyi, 


1977).
 
The main reason 
for this variation In response lies In 


fact that legumes which 
are indeterminate the
 
and spreading, yield


by the continued production of branches and flowers over a long
 
time period, whereas determinate 
types do not. The indeterminate
types suffer a profligate loss of flowers if 
there is substantial

mutual shading. Density stress does not necessarily hasten or
 
synchronize flowering (cOwpea, Ernkine Ad Khan, 1976;

nuts, Gopalaswamy Ct al. , 
 1979); ground
planted at 

so if indeterminate 
types
high densities they develop few fruiting nodes 
are
 

occurs o,.rly in 


(because they develop few branches) and, because self-shading
their development,

node. Relative. they develop few flowers per
Lew of these may survive,
pods, because mutual self-shading or develop filled
Determinate, increases as 
the crop grows.
erect types suffer less of these adverse effects.
 
In both cases mean graiV 
 (eightsremain relatively unaffected.
 

CereaZs and Maize (Fig. 5)
Cereals such as wheat, barley, and especially rice
1972) give similar yields over 2- to 

(Yoshida,


20-fold ranges in planting

density, mainly because they can produce variable numbers of
 
tillers to 
fill the space 
available. The plant population
which total dry matter production begins at
 

to plateau is usually

also the Population giving within 5 per cent of the greatest

grain yield (Donald, 1963: Fischer at al., 
1976). 
For wheat,
 
this plant population is lower for profusely tillering,
Norin 
20 derivatives, 
 or dwarf
tropics, grown with large fertilizer inputs
than for poorly tillering in the
small aPPlication of fertilizer in 

or tall varieties 
grown with
5). The greatest yield 
temperate regions (see Figure
seems 
to occur when the crop growth rate
 

peaks just before spike dry matter 
accumulation 
(Fischer et al.,

1975). At higher plant Populations yields decrease, at

Slightly, because mUtual shading leads 
 least
 
self-thinning; to 
(i) wasteful tiller
(ii) fewer ears
leaf Senescence; and 

being produced 
per tiller;
(iv) a smaller number of grains being 
(iii)
produced per ear and per hectare 
(Puckridge and Donald, 1967;


Willey and IHolliday, 
192). The 
harvest index decreases gradu
ally as plant population increases (Donald and Hamblin, 1976)
 

Fig. 4 (Opposite) Effect of Planting density on 

yield of grain legumes. Soya bean 
 the growth and
(1 73a) (Glycine Max L.) 
from Enyi
for a cultivar which produced most of its pods on side
 
branches, 
grown In Tanzania. Cowpea (Vigna ung iculata L.)
 
from Erskine and Khan (1976);

cultivars the means of two bush type

tYpogaea 

grown in Papua New Guinea. Groundnut
L.) from Gopalaswamy at al. 
(Arachia

type cultivar (1979); a bunch Spanish
grown on rainfed lands at Tamil Nadu, India.

Arrows mark the economic optimum planting density in each case
 

9 
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and at high plant pop'llations net total dry mtter productionmay decrease (Willey and ljol'i(]ay, 1971).Sorghum behaves similarly, except that in long-season types
the greatest grain yield 
is obtained at
than much lower popu~ation
those giving maximum dry matter per hectare.
Maize is somewhat different, because It produces few
tillers, and because its 
inflorescences 
are
plant where they held low down on the
are easily shaded. Consequently, maize generally
exhibits a more distinct optimum populationcereals. Mutual shading for yield than Otherdecreasesears, and the both the number andoptimum Population size ofis lower insolar radiation countriesreceipts than with highin northwesternUSA and England, Figure 5) . 
Europe (compare


The search
maize varieties tpr high yieldinghas largely been hybridfor typesharvest index at which maintain a highhigh plant populations (Bonaparte1975; Donald and Brown,and Hambl!n, 
1976).
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SYSTEMATIC DESIGNS FOR FIELD EXPERIMENTATION
 
WITH MPTs
 

The use and misuse of syetematic designs
 

Systematic designs have been suggested in 
the I4PT
 
manual for consideration in the 
"management trial"
 
stages of MPT's where plant spacing is a prime

variable to be investigated (Table 2, Section 3c).

Also as a particularly 
valuable and space-saving
 
design 
for the preliminary investigation of
 
suitable MPT/crop mixtures. There are both
 
advantages and disadvantages in 
using systematic

field layouts, a major concern to 
many being the
 
difficulties of applying as vigorous 
a statistical
 
evaluation as 
they would wish to the data obtained
 
due to the non-randomness of the design.
 

Advantages as 
compared with conventional designs
 

" 	 Systematic designs occupy a 
much smaller space
 
than randomised block 
or other conventional
 
layouts.
 

* 	 Relatively fewer plants will be needed 
(but this
 
saving may not be 
as great as expected due to
 
the higher population densities usually being
 
tested).
 

" 	 The effective experimental area is proportionally
 
much greater than in conventional layouts that
 
include spacing as a variable,and so incorporate
 
multiple internal guard 
rows.
 

* 
 The range of levels of the experimental variable
 
under test 
(for example, spacing) can be greater

than in a conventional layout, and it 
can easily
 
incorporate extremes 
so as to obtain a better
 
appreciation of plant responses to "density
 
stress", 
or 	any other imposed management factor.
 

" 	 They can 
provide an easily observable response
 
to a treatment so that they are 
useful as
 
demonstrations.
 

Disadvantages as 
compared with conventional designs
 

* 	 Systematic designs require a 
greater level of
 
skill to lay-out in the field.
 

* 
 Each plot must be sited on an area that is
 
environmentally very uniform 
(not so difficult
 
as 
they e-ch can take up only a limited space).
 

" 	 They are susceptible to damage and need
 
consistent care 
and attention so as to maintain
 
a high level of management (e.g. weed control)
 
throughout the plot.
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" 	Although they can and should be adequately
 
replicated (preferably using different
 
compass orientations) the data is basically

evaluated only by regression analysis (for

example yield on plant population).
 

* 	Unwanted variability will occur if either:
 

- the genetic material used is itself
 
variable, or
 

- extreme care is not taken at planting,
 
together with early and proficient gapping-up.
 

In addition, particular rows or parts of rows
 
in a systematic spacing layout may sometimes
 
show a degree of unexpectedly dominant or
 
suppressed growth. Any such effects can be
 
obviated by displaying the data in the form of
 
running means.
 

* 	All the outer rows of plants in a systematic
 
design are usually discarded as "guards" but,
 
especially in spacing trials, the area of nigh

plant density will require several additional
 
guard rows in order to eliminate any "edge

effects". Or the design should incorporate
 
a number (5 or 6) of additional 'dense' steps
 
which are not required.
 

Systematic field layouts have been used now by

agriculturists, horticulturalists, foresters,
 
forage specialists,and so on, for a good many
 
years. Even so they are not often enouqh included in
 
the field experimenter's choice of field layouts.
 
Especially at the early stages of e perimenting
 
when it may not be quite clear what is likely to
 
be "on-target" or not with regard to a treatment
 
variable which is susceptible to a very wide range

of levels (such as plant ;acing, fertilizer or
 
herbicide applications). And Particularly when these
 
are being tried in a "new" situation.
 

Overall, systematic designs can be most useful
 
in the early stages of experimentation where a
 
survey of plant responses to a variable is required
 
(i.e. effects on growth, flowering etc). They
 
will usually be fG'lowed by further field
 
experimentation using more robust designs,
 
especially where reliable yield data are to be
 
compared. They should readily lend themselves to
 
investigations with MPT trees/bushes which involve
 
studying the effects of a wide range of nlant
 
spacings - either as the primary variablL or as a
 
background treatment against which some other
 
management variable is to be tested (lopping or
 
pruning treatments, for example).
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Some General Comments on and ExampZcs of
 
Systematic Deoigns
 

The "systematic" approach as such can be
 
applied to very straightforward field situations.
 
For example, where plant material is scarce simple

"line-out" trials may be all that is possible

but even here each line of plants can start with
 
wide spacings (free-standing) and then decrease
 
the distance between plants down the row in order
 
to get at least a first approximation of plant-to
plant interactions in what, in these circumstances,
 
will amount to a hedgerow.
 

In fact such a layout is not systematically
 
complete because it consists only of a single row
 
of plants and the between-row changes in inter
ferance effects are missing. Systematic designs
 
dealing with plant spacing have to accommodate
 
not only a selected percentage-wise change in
 
pant population, but to do so at a standard
 
re..tangularity and plant arrangement. Although
 
some more complicated designs can accommodate both
 
cianges in population and rectangularity at the
 
Lame time (for example, log/log designs).
 

Two kinds of systematic design have commonly been
 
used to investigate sole crop spacing v-oblems
 
with a wide variety of plant material fron vege
tables to tree species. These are the "fan" designs
 
(Nelder) and "parallel row" layouts (Bleasdale).
 
Suitable numerical examples are given in Appendix 1.
 
Methods for calculating spacings for either lay
out are fully described by Bleasdale 1967, and
 
ICRAF can provide a computer programme for making
 
these calculations*
 

A fan design is shown in Appendix 1 Figure 1.
 
Depending on the number of radii set down, fans
 
suffer from having a limited number of plants to
 
sample at harvest, i.e. just those harvested from 
any one arc (or group of arcs) . The extension of 
the fan to fit a rectangle (as in Appendix 1 
Figure lb) can usefully increase the sample size 
for the middle range of plant densities under
 
investigation.
 

Parallel-row designs (Appendix 1 Figure 2 .) are 
easier to lay out in the field. They can be made 
as long as necessary t. achieve a suitable sample
size at the wide spacing, but then there is an 
unnecessarily large sample for close-spaced rows. 

* Written for the Osborne microcomputer or other CP/M based 
micros and provide on a double-density, single-sided 5J
 
inch floppy disc. See Appendix 2.
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This can be remedied by using the same number
 
of plants in every row which shortens the more
 
densely planted rows. 
 The design then resembles
 
a "fan", but without true arcs, (Appendix 1
 
Figure 2 ).
 

All systematic designs which incoporate

spacing as a variable need some additional guard
 
areas 
surrounding the close-spaced treatment
 
rows. Otherwise edge-effects (especially

extraneous light) will completely distort the
 
growth and/or yield in this part of the layout.

The number of such additional guard-rows (which

can merely repeat the closest level of spacing)

is difficult to predict 
as it will depend on
 
(a) what the closest spacing actually is; (b) the

habit of the 
ilant; and (c) the duration of the
 
experiment. 
Some 5 or 6 extra rows (extending

partially up the side radii in 
a fan design) are
 
likely to be adequate.
 

Systematic designs and intercropping trials 

For agroforestry mixed cropping experiments,

including "tree/crop" interface studies, spacing

of both components is an important variable and
 
systematic designs can be used to explore the
 
effects of this.
 

For intial "compatibility" experiments to decide
 
on the selection of suitable tree/bush species and

agricultural crop associates, a simple parallel 
row

design for the trees with replicated strips of the
 
various agricultural crops sown across 
this at
 
right angles could be suitable (Appendix 1 Figure 3).

Such a layout could also involve different manage
ment treatments on some or all of the agricultural
 
crops (time-of-planting, fertilizing etc). 
 This

would be considered as a preliminary resource
saving investigation and more detailed field
 
experiments would be carried out on the resulting

selection of species and/or management treatments
 
The dimensions for a parallel row design with MPT's,
 
as given in Appendix 1, might be suitable for
 
many medium-sized trees.
 

When there a:". two known species of trees and

agricultural crop, about whose association a
 
considerable amount more information i3 required,

then a more complicated double superimposed

parallel 
row design could be used (see Appendix 1

Figure 4). This is 
really only suitable for setting

down on a research station where it can be 
carefully

supervised and additional instrumentation and
 
data sampling undertaken in order to get the most
useful information from it. 
 The additional
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dimensions for the agricultural crop parallel
 
row layout are given in Appendix 1.
 

A rather simpler type of "on-farm" systematic

layout - in this example to test the value of
 
a chosen MPT species as a provider of woody

mulch - is shown in Appendix 1 Figure 5. The main

variables being examined are 
the size of the
 
area of tree species needed in relation to
 
agricultural crop area and the response of
 
the trees to a stindard lopping regime. A
 
subsidiary yj._:tion is how does the mulch
 
effect the production of the agricultural crop

if the soil is tilled or left un-tilled.
 

Clearly, any other simple combinations of manage
ment variables can be dealt with by a systematic

layout of such a kind as this. They lack any

possibility of statistical analysis unless the
 
same design is replicated many-fold for example, on
 
numerous sites. 
 Even then there may be a degree

of bias in between-treatment comparisons as 
a
 
consequence of not randomizing treatment positions.

Nevertheless, such simplistic designs can provide,

at low cost, some valuable "first approximation"

results and provide a visually easily comprehended

outcome for the farmer. 
They are the least
 
demanding in terms of establishment and maintenance
 
and therefor2 may have some merit in helping
 
to offset the cost of management

experiments with trees on farmer's lands using

conventional, randomized field layouts.
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ANNEXURE
 

APPENDIX 1. 	 Some systematic field layouts 
for
 
agroforestry research
 

by P.A. Huxley
 

APPENDIX 2. 	 Documentation for the systematic
 
spacings design programme
 

by L. Fidaali
 

(Enclosure - 51, 	inch floppy disc
 
single-sided, double-density,
 
formatted for the Osborne I).
 

ffA 
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SOME SYSTEMATIC FIELD LAYOUTS FOR
 
AGROFORESTRY RESEARCH
 

1. 	 A fan design suitable for testing the
 
effects of spacing on a multipurpose

tree species - Figure 1.
 

(for on-station trials)
 

This can be laid down as 
a fan per se or as a
 
fan enlarged so as to fit a rectangular plot.

The advantage of the latter is that it extends
 
the area for testing the middle range of plant

densities, and so improves the accuracy of
 
results in this range, which is usually of most
 
interest. Each fan should be replicated and
 
the replicates sited with a different orientation
 
(N.S.E.W). If only two replicates are possible

then they should be at right angles i.e. in line
 
with and at right angles to the prevailing wind,
 
say.
 

As 	with all systematic designs the plots chosen
 
should be extremely uniform and flat, and site
 
preparation, weeding and pest control, should be
 
meticulous. Seedlipgs for planting out should
 
be selected twice in the nursery and it is 
as
 
well to prepare two or more times the number that
 
will finally be required. Sufficient spaced

seedlings should be kept aside unshaded and waL-ded
 
in the nursery for gapping up. This must be done
 
at the earliest opportunity, and more than once if
 
necessary.
 

In this design the rate of change of spacing (a)

has been set at 1.1112 (i.e. an 11 percent rate
 
of change) which is the maximum allowable. The
 
angle between the radii is 6003 (0.1055 radians).

The change in area per plant is from 1.0 to
2
36.0m in 18 steps. Taking a suitable point of
 
origin the distance to the baseline is 7.37m.
 
The number of radii establishes the size of the
 
sample to be removed or harvested (less 2 for
 
outside guard rows). If the layout is to fit
 
a rectangle then this will be 55.80m wide and
 
63.55m long and there will be 25 radii in all.
 

Plant spacings are as follows:-


Distance (from the point of origin) to ro the
 
first single guard row is 8.53m - (but see below
 
for the necessity to add additional guard rows at
 



r 19 

rIB 

r12
 

rl6
 

rl5
 

r64 

r2 

r3 

Baseline 

Point of origin 

Figure 1. 	A fan design using 11 radii which can also
 
be extended to fit 
a rectangle thus increasing

the number of plants per arc for the middle
 
range of spacings.
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the "dense" end, these can be at the 	same
 
= 
initial between-arc interval (i.e. rl-r 0 0.95m).
 

A "point of origin" is selected and Table 1
 
then shows the distances of successive arcs
 
from this.
 

Table 1* 	Distance of rows (arcs) from point of
 

origin (m)
 

r0 8.53m(guard)
 
2
ri 9.48 = im per plant ri 27..2
 

r2 10.5 30Z
r12 

r3 11.7 336
r1 3 

r4 13.0 r14 37.3
 

r5 14.4 41.4
r15 

r6 16.0 46.0
r16 

r 17.8 51.2
r17 

rg 19.8 	 r18 56.9 = 36m 2/plant 
r9 22.0 ri9 63.2 (guard, or additional 	rows) 

rio 24.5 	 70.2.r20 


The central radius should intercept the baseline
 
at right angles and the position of the other
 
radii can then be found by marking out the base
 
line (to the right and then to the left) at the
 
intervals given in Table 2.
 

Table 2 	Radii intercept distances to left and
 
right of central radius along baseline
 

1. 0.78m 	 7. 6.71m
 

2. 1.58 	 8. 8.29
 

3. 2.41 	 9. 10.3
 

4. 3.31 	 10. 13.0
 

5. 	 4.29 11. 16.9
 
=
6. 	 5.40 12. 23.4 (i.e. 12+1+12)


25 radii in all
 

Plants in alternate arcs can be staggered without
 

* Teseand subsequent calculations have been made 
according to the formulae given in Bleasdale J.K.A.
 
(1967).
 



changing the allocation of space per unit piant
 
or the rectangularity of the design.
 

The fan design can also be used to test mixed

cropping situations by allocating appropriate

radii to different species. As Huxley and

Maingu showed it can 
thus help determine the

yield responses to a wide range of plant density

changes in terms of 'expected' and 'actual'
 
values, and can be used also with different
 
crop ratios by allocating appropriate numbers of
adjacent radii to the species under test 
(1:1,

2:1, 1:2 etc). Because of the need to maintain
 
a complete plant stand this type of design is
 
really only suitable for on-station work.
 

A parallel row design suitable for testing

the effect of spacing with multipurpose trees,
 
or for the effects of tree or crop management

practices against abackqround of change of
 
spacing of the MPT's - Figure 2 

(for on-station or on-farm trials)
 

As well as 
being useful for spacing experiments

with MPT's grown alone this design is also
 
suitable for preliminary intercropping trials
 
with trees and agricultural crops (or grasses)

in which tree spacing is considered an essential
 
variable.
 

The area per plant and rate of spacing change

are as for the fan 
(above) and the rectangularity

is 1.0 (i.e. a 'squa':e' plant). The whole layout
 
can be replicated and also replicate treatments
 
can be arranged at random across the design if
 
management or intercropping are incorporated.

This design can be laid out on the 
contour if a
 
slope is unavoidable.
 

Distance from the point of origin to the first
 
row is also 8.53m and the same distances for
 
between 
rows can be used as was for 'between
 
arcs' shown in the first table, above, and

repeated below. The length of the rows (plot)

will be decided by the number of replicate

plants required for each harvested sample, and it
 
can be increased, at will, 
to fit the available
 
space (as long as 
the plot is uniform). Other
 
measurements are given in Table 3 below.
 



-r20 

-•-r19 

* r17 

.'''-. . . -

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

.. .. .. ...

......... 

. . . . 

. ..... .. . 

-

........ 

r16 

-r15 

-r14 

r13 

r12 

-ri 

r9o 

r7
r9 

r42 
rO 

-Point of origin 

Figure 2. A parallel row design a) with equal numbers of plants per row 
b) extended on either side as necessary. 

(centre) and 
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Table 3 The distance between rows from the point of
 
origin and the between-plant spacing in each row
 

Distance of 

row from point 

of origin 


8.53 
r, 9.48 

r 0 

10.5
r2 


11.7 


r 13.0 


r 3 

14.5
r5 


16.0
r6 


17.8
r 7 
19.8
r 8 

r 9 22.0 

r, 0 23.5 

27.2
r11 


30.2
r,2 


33.6
r,3 


37.3 


r1 s 41.4 


r11 


46.0
r1 


51.2
r,7 


56.9
r,8 


63.2
r1 9 


70.2 


r2, 78.0 


r20 


Between-

plant spacing

in the row 


0.9 


1.0 


1.11 


1.23 


1.37 


1.52 


i.69 


1.88 


2.09 


2.32 


2.58 


2.87 


3.19 


3.54 


3.93 


4.38 


4.86 


5.40 


6.00 


6.67 


7.41 


8.23 


Effective
 
area per tree
2
 m
 

-

1.00
 

1.24
 

1.53
 

1.88
 

2.33
 

2.87
 

3.54 

4.38
 

5.40
 

6.67
 

8.24
 

10.2
 

12.6
 

15.5
 

19.2
 

23.6
 

29.2
 

36.1
 

44.5
 

55.0
 

67.9
 

As before, additional guard rows at the dense end
 
* desirable (at the r0 spacing), and there can be a
 
staggered arrangement of plants in alternate rows, if
 

so wished.
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If, this design is required for a preliminary

study of tree management practices (for example,

in a lopping trial), or for intercropping

studies, then the width of each of these
 
treatments will necessarily, be some multiple of
 
6 metres (the widest tr'. 7pacing). In addition,

untreated 'guard' areas are needed between the
 
treatments, especially if these differentially

effect plant height (as is the case with
 
lopping. (See Fig. 3).
 

A more complicated parallel-row design for
 
testing intercropping of a multipurpose tree
 
species and an agricultural crop (On-station)Fig.4
 

This layout involves usinc, overlappiAL parallel
 
row designs, one for the tree spe-ies and one
 
(or more for the agricultural crop. It will
 
probably make little sense 
to try to intercrop

the two species at the densest tree planting

distances, even 
in the first year. Furthermore,
 
as the trees grow older and their canopies spread

the degree of overlap of the two designs should
 
be reduced in successive years by intercropping

only betwean tree rows in which this 
can feasibly
 
be done.
 

Because of the rather different overall dimensions
 
of the two parallel row layouts space may be more
 
effectively used if several rows of the agricul
tural crop are planted at each of the succeeding

populations in the design instead of just one.
 
Alternatively (or as well) two or more sets of
 
parallel row layouts of the agricultural crop
 
can be used simultaneously within the tree species

layout.
 

The distance apart of rows, and the in-row spacing

for the species, can be as given in the parallel
 
row design outlined above. Those suitable for an
 
agricultural crop (such as maize) are shown in
 
Table 4.
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TREE 

0IIs
 

METRES 

CROP 

Figure 4. 	Two superimposed parallel row designs
 
for testing the effects of simultaneously

changing plant density in both a tree and
 
a crop species. If the tree parallel row
 
is extended a second crop layout could be 
fitted in.
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layout suitable for an agricultural crop such
 
as maize
 

Row 

Number 


ro 


ri 

r2 


r3 

r4 


rs 

r6 

r7 


r8 


r9 


ri0 


ri, 


r-1
2 

r13 


r14 


r15 


r16 


r17 


r18 


r19 

r20 


r21  

r22 


r23 


r24 


r25 

r26 


Distance from 

point of origin 


(m) 

2.32 

2.57 


2.84 


3.14 


3.48 


3.85 


4.26 


4.71 


5.21 


5.77 


6.38 


7.06 


7.81 


8.65 


9.57 


10.6 


11.7 


12.9 


14.3 


15.9 


17.6 


19.4 


21.5 


23.8 


26.3 


29.1 


32.2 


No. of plants 

per metre of 

row 


12.8 


11.5 


10.4 


9.4 


8.5 


7.7 


7.0 


6.3 


5.69 


5.14 


4.64 


4.20 


3.79 


3.43 


3.10 


2.80 


2.53 


2.29 


2.07 


1.87 


1.69 


1.53 


1.38 


1.25 


1.13 


1.02 


0.92 


Distance apart 

of viable seed 


(cm)* 


7.8 

8.7 


9.6 


10.6 


11.7 


13.0 


14.4 


15.9 


17.6 


19.5 


21.5 


23.8 


26.4 


29.2 


32.3 


35.7 


39.5 


43.7 


48.4 


53.6 


59.3 


65.6 


72.6 


80.3 


88.8 


98.3 


109.0 


• In order to acheive a precise spacing several seeds can be

hand-sown in each hole and then singled to one vigorous

seedling.
 

Effective 
area per 
plant (M 2 ) 

-

0.023
 

0.028
 

0.034
 

0.041
 

0.051
 

0.062
 

0.076
 

0.093
 

0.114
 

0.139
 

0.170
 

0.208
 

0.255
 

0.313
 

0.383
 

0.469
 

0.554
 

0.703
 

0.860
 

1.05
 

1.29
 

1.58
 

1.93
 

2.37
 

2.90
 

4.34
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A systematic arrangement of treatments can
sometimes lend itself to trials on farms where
 
space is often very limited and an element
of demonstration is also involved. 
The farmers
choice of "best treatment" can also be visually

facilitated.
 

Figure 5 (taken 
 from Huxley 1980) illustrates
 a simple systematic layout to test the feasibility

of using woody mulch on tilled (hoed) or zero
tilled land for whatever crop species is chosen
(this could change year-by-year if desired, or
be a crop mixture). 
 Different proportions

of bush to cropped land are provided for, 
 aswell as an area solely of bush or crop forcomparison of productivity. For simplification

no 'guard row' discard areas are shown,

clearly, but an appropriate area where the crop
grows adjacent to the bushes would be excluded

from yield assessments 
(or, better, recorded
in order to examine the effects of the tree/crop
interface). Replication in such an 
investigation
would be through chosing an appropriate number 
of farm sites.
 



TILLED UNTILLED GOAT-PROOF 

FENCE 

4bu111nl 1 	 2 3 

... .I 'AC "; 	 LOPPED BUSHE S/
 

(crolpo Aeide mulchno d mavalbeu rprsdessol elf 

CK1 1u- .,kl I fll 

Ratio 
i gure I 5 . 1A"yt m ti e i n o n o -farm, r ial tuo in es ig te th e fe t 

crop: 4 32 1 0 
busn 0 12 3 4 

(rmadjacent roopped pos(rmHxe,18) 

(*in plot A no mulch available, but crop residues should be left 

Figure 5. 	A systematic design for an on-farm trial to investigate the effects
 
of woody model on tilled (hoed) and untilled land. The different
 
areas of bush provide varying amounts of mulch material to their
 
adjacent cropped plots (from Huxley, 1980).
 



See also Sect:ion on 

"Considerations when e:x:pcrimenting with 
changes in plant s3:acei.g" 
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DOW-JMNATION )FOR MhE SYSMIATIC SPACINGS DESIGN PROGRAM 
(By L.'-a-li C lV~alrobiY 

;YT) i3L p1CIUIQ1TI~t; 

iThe Projr iL na.; X!Li written in j'.,,2IC lor tne(. CULX.rne 

L:0a 1,ulter Lef.1-r *hc. Ci'// i uLperatinj systeti. 

1. SLatin, the s'/stu,. 

Laj L,,itcii ui thc uswrzie (the siwitch i-. IL)CutcU At tho *xack 
ti tiu rijiit. 

uj) Insert th Iisk ini the LI-T ( dr iva-. 
c) Press thu U!iQtUrii key 
u) A .ae oil the screen displayii'j the microsoftiiessa-L iix:ars 


iIClcju followedu y the woru 'ok'
 
e) ryie. ill thu Lollowirigj coj~uand exactly:
 

r iL! left urive is 1.0ldLitrily enijay,)u
~)When tile word 'ok ZAPPears onl the screen a.Jain, type in 

2 .Usii' Tile Projruiu 

YOU Will HOW 50- the sci en display an intrcxluctory imssaje 
abou t the(, SY&LmATIDvC 3AItSD21WP) RI 
i~t thm Lkotto>..l it ,3ay.;: 

Pld1-Sti 'MUPT003jTTUE 
The , L." ru1W key is lucatcu il thle r Pjht hlAne Side o f thle 
Kuyixriard. 
tnl prus:.i n, Mf1\;17 tnt eiec c14 aus uu~jo are jivont a 
e iiCkz tOt: Matc6 type: I-f ,J"CINjrS 0iIJYUL wanlt &Al1 

Lu..r tA,.\iwL ithe;r p or L-,,in capjitals only!! 
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I .IiiitiUl il-uts 

You will be jVruiiptkx1 for: 
a) ,iilnill,i area -x-r pla it in metres squared. 

(,iake this smaller tLnul you would want in 
practice) 

b) maxistimi area xer plant in -etres squarWxl. 
(depends o0, size of plant,length of expoerildent and 
if you want free-standing plants to be included)

c) the ilumuer of steps by which you require the 
zpacinjs to be chalged. 

(this has to be a reasonable number ie toc few 
will alter the sp-acing too rapidly - it shoDuld not 
excueel ll' - zamd too Lally will mean laying domn a 
large buribxer of r,.ws) 

1.1 V~liuatioti on initial inputs: 
if :iinijL area exceceds ,aximit area then you will De 
)rom)ted to re-input these values 
h'iheimdjer ot steps lust oc a nui'xr greater chan 1 and less 

than 5 

1 .2 Initial output: 
Usimj the ahove inputs the rate of cia.nge of spacing will ce 
calculatee anu uisplayed on the screen both as a nrmber awix 
Ls a i>erceantae.If the rate is unsatisfactory (ie less than 
1 .11 (=ll%& then you will be asked to change the initial 
parameters.You will have a choice either to chane ALL three
paraketers or only the tumber of steps of spacing clarnje. 
If the rate is greater than 1.11 but you are not satisfied 
you tvay still change the orijinal conditions at this point 
to yet a aure satisfacory rate of chanje. 

2. Secunu InPut 

You will next ue IPriiPted to key in the I PrAN .ULA/tI1Y .This 
IOust Le a nu.u)er in the rauige .05 to 50 ( ie .051 to 
49.99) .After a siall interval a table of results will a)pear 
on the screen bhiowiny for each r''

1.Distance fm-n point of ot
 
2 .hitliiii rue s[xicing
 
2.Effective area per plant
 

Thirteen ruevs will be presenteJ at a tinte.Press .4LP[UR,7 to 
discplay tiic ,ext set. 

3 .Tnird lnput 

text yuu will Ue asd wlether you require to knuzq the 
nutmber of plants for your desiyn,''ypa- in either Y or J1 
If you reply Y then you have a cloice of: 

-sai, nul,ujer of plants in each rc.
 
or
 

http:i>erceantae.If
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-VaLriJL iU InIIUjer of )laint.1; 
i tnlu si.bl.icii" is re4juirL\J,at theL roii.pt, tpe in the 
nI1Ltei: r.luirNJ LL eriWc CCOG. 
if not tnutn,ajain at the prcnpt,tyix- in the total len]tlh of 
tine uesign in uatL-us. 
The screen wil[ displVY the nujmeXr of plants requirui to set 
out thie design in the tie d 
,,,3i.:Thi: m dr not thi rows mayiIL aCes inclUie 5 extra you 
viva ziml to seu ,arl icr. 

4 i jntinj results 
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SECTION FOUR
 

PART 4G
 

Statistical tools for agroforestry
 
research: Multivariate analysis.
 



1006 

PART 4G
 

CONTENTS
 

Multivariate statistical analysis
 
in agroforestry research.
 

- by H.M. Oranga
 



1007 

MULTIVARIATE STATISTICAL ANALYSIS
 
IN AGROFORESTRY RESEARCH
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INTRODUCTION
 

Multivariate statistical analysis is the analysis of a set of several
correlated characteristics simultaneously, observed on each individual
in the population under study. 
Suppose that X = (X, X2 ,.. X )
is a colunmn vector of p characteristics 
to be-studied in a population.

Then multivariate analysis should enable us 
to study these correlated
variables in totality. 
 In this way, the information on intercorrelations
between different characteristics is 
not suppressed as 
is the case when
univariate methods like t-tests 
are applied. The univariate techniques
are less efficient since they normally 
assume that the 
variables are
 
independent.
 

In agroforestry research, the scientist is involved in studying multiple
land 
use practices where the ultimate goal is increased and sustainable
production of herbaceous crops together with woody species, perhaps
as well as 
livestock farming, either rimultaneously or sequentially in
time and space. The objective is high yields per unit of farming land
without undermining the maximum carrying capacity of 
the soil. A good
agroforestry system therefora must be able to 
increase production of

food and at the same time 1;aable to 
improve the conservation and
rehabilitation of the soil 
resources needed for future food production.
As such, and in order 
to understand the 
mechanism underlying an
agroforestry system, many variables such as, 
water, light and soil must
be studied in totality, both 
in time and space, and the possible

interactions among the monocultural subsystems in the whole system
must be taken into account. Figure 1 below is 
a typical representation

of an agroforestry system in 
its simplest form.
 

For example, 
it might be decided to introduce a new woody fruit species

in 
a particular existing agroforestry system. 
The authority concerned
with implementation of agroforestry policies will have carefully to conduct soundly designed experimental screening trials to determine whether
the given species is able to 
adapt and also to 
evaluate its performance
in comparison to 
any species already existing in the system. 11is would
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involve conducting investigations 
on the treest adaptability, and an
appraisal of environmental factors such as water consumption, humidity,
ambient temperatur:, transpiration (water loss) rates, and soil
salinity, for examnle, which can affect the rates of growth and the
ultimate yield. 
 Therefore, In order to understand and evaluate the
performance of the fruit tree 
an agroforester may wish, for various
reasons, 
to study numerous correlated variables on 
each plant based
 on biological factors, such 
as the following:
 

x1 - fruit yield per tree 
 X18  amount of ammonium fertilizer
 

x2 - biomass weight (kg) used (kg)
 

- leaf ara (m2
X3 ) 19 - amount of green foliage feed
 
a (available 


for livestock (kg)

length (cm) 
 Xleaf
- protein content of beef of
 

- leaf width (cm) 
 livestock fed on 
the tree
foliage 

(%)
X6 - height (in)

st6hemit 
() 

X21 
- mineral content 
of 
the beef (%)

X22 
-
mean count of number o±
 

X8 - root depth (m) 
 insects pests per tree
 

X9 - number of branches 
 X23 - mean angle of inclination

of leaves to the incoming
 

X10- days to first flowering sunlight rays
 
x- frequency of flowering 
 X24 - distance to 
the nearest tree
per year 


of a different species
 

X12- fruits/flowers ratio () 
 X25 - distance to
of a differentthespeciesnearest tree
 

X1 3 - dry matter weight of
 
fruits (kg)
 

x14- water consumption (ml/day)
 

x15 - transpiration rate
 
(ml/sec)
 

xI6 - calcium of soil around
 
roots (7)
 

X17 - weight of shrubs under
 
its shade (kg)
 

The list could be made longer. The point is that 
the research scientist
will have to accommodate a huge set 
of interacting soil, climatic,
topographic and socio-economic characteristics making it almost
impossible 
to handle the 
raw data directly. 
 He needs methods by
which he 
can condense the amount 
of data to be handled without
foresaking too much information. Multivariate methods of analysis

can achieve this.
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FIGURE 1: 
 AN AGROFORESTRY PRACTICE
 

By relying upon univariate methods only the possible number of computations
and comparisons needed completely 
to summarise the structure, interrelationships and dependencies of multiple characteristics in agroforestry
system simultaneously 
or 
sequentially will be beyond comprehension.
In many cases, scientists have attempted to analyse 
too many characteristics through univariate methods and have ended up studying each
characteristic 
or subsystem individually. 
With univariate analysis, the
implicit assumption is 
that the characteristics being studied are
independent and hence no 
interactions exist. 
 In agroforestry, however, interactions between various production subsystems and management practices,
and thus dependence between the variables, is 
a fundamental feature to
expected. be
By ignoring such interrelationships, vital information on interdependence mechanisms is suppressed. 
 The loss of such information could prove
disastrous 
to strategies of management and decision-making aimed at optimum

operation of the system as 
a whole.
 

In this respect, multivariate statistical methods 
can play a very important
role in the science of agroforestry. Such methods enable the 
research
scientist to concentrate his effort and 
time. 
 He can study a lesser
number of variables while still retaining a maximum amount of information
about the system under study. Information relating 
to the inter-correlations
between various original variables is carried 

This is 


in these few derived variables.
achieved by transformitg 
the original variables X1, X2 .... Xp (p. no.
of characteristics under stucy) 
to 

variables, say yY 

a new set of mutually orthogonal
 
2 , ...y 
 such that each new variable can be represented
 

as 
 P
 

Y. = XI + ai2 + + a' X (i) 

2i 1, ,3 ... p 
" 
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where.=(a.. 2 
 I's a vector on unknown weights. Since these Yis
are mutually Ahonal, 
e can now apply simple univariate analyses and
tests. Normally a maximum of the first four 
to five of these new variables
will be able to explain about 70 
to 90 percent of the information contained in
the system. 
Hence the research scientist can often accommodate the consequence of ignoring the 10 percent information lost in the process to 
analyse
only these few new variables q, say, instead of working on 
the original p
variables (where q<<p). 
 This would appear to be a worthwhile saving both
in time and effort.
 

The sigit and magnitude of the coefficient weights, a.(i,j=i,2,...p)
provides an indication of 
the direction and relativeontribution of 
a
 
corresponding variable in extracting the required informatica from the

original sample space (Lindgren, 1976).
 

In this paper three powerful multivariate methods which an agroforester

should find useful are briefly described. 
These are, namely, principal
components analysis, discriminant analysis, and canonical correlations

analysis. For a rigorous discussion of these topics, the reader is

referred 
to the referenced texts on mathematical statistics listed
 
at 
the Ead of this paper.
 

PRINCIPAL COMPONENTS ANALYSIS
 

In many instances an experimenter may not know, even after building

his data matrix (P x N) which characteristics are most significant
in explaining variability in his investigations. The tendency is

likely to be for him to 
include all variables which are likely to
have some connection with the problem under investigation. His next
task would be to reduce this massive multi-dimension matrix to a few

manageable new variables such that most of the variance in the data
is retained. Fewer variables can 
then be studied without losing vital
information on the interdependence structure of the variables. 
 He would
concentrate on these for advanced study. 
 It is in this respect that the
method of principal components could be tiindispensable tool in agro
forestry research.
 

The objective of principal components analysis is to construct 
a new set
of orthogonA. variables YI, Y2 
--, Y as linear functions of the original
 
variables X 
 X --, X such that
Il\ = a xP 
 (called the first principal component
 
whose variance is -say) 
explains the greatest proportion of the total
 
variance in the data. 
Similarly
 

Y. =aiX + 2X 
 + + X ,2, .p (2)1 ii i i2 2 C1PX ii(2
is called the ith principal component whose variance isX. the ith most
important new variable in terms of accountability to varition in the
system. 
The variables YI, Y2'_-1yp are mutually orthogonal such that
 

> \ "'..>.. • > > Xp (3) 
Normally the first few components, say Y 
and Y2 would be most important
in explaining a significant proportion oi the total variance. 
 If the
 



scientist can accommodate inferences based 
on this smaller data matrix,

deficient of about 10 percent of the original information on variability,

then he should proceed to concentrate his future studies on only these
 
two components, Y1 and Y2.
 Then, by comparing the elements of the co
efficient vecto" a.=(aI a- 2 1 - * ) he 
 could identify those 
original variablies x, X2 .-- which significantly contribute to the 
variance of Yi, that is X. " 1 

For.example, suppose we are interested in studying five variables
 
X, X2 X1, X3, and X5 .
 Further, let the first principal component
 

= 
be, say YI, 0.621XI +0.006X2 - 0.004X3 +O.967X "O . 035X 5 . (q) 

Then from Eq (4), we can safely infer that X1 and 
 are the most variable
 
characteristics in the system since their coefficient weights of 0.621
 
and 0.967 respectively are bigger than the other characteristics in YI.
 
Therefore the research scientist could 
as well eliminate X^, X3 , and X5
 
from his future investigations. 
 He should, if money and time are limited,
 
concentrate only on X1 and X4 
in future surveys when evaluating and
comparing different agroforestry stystems. This is logically valid
 
since it is the characteristics with the greater variability that are
 
most useful in appraising the relative performance of different systems
 
or subsystems.
 

Principal components have been successfully used in clustering analysis.

In this, the objective is to determine groupings of data points which are
 
due to some heterogeneity in the system. 
Suppose in an investigation, only
 
Y, and Y result in being statistically and practically significant
(Oranga, 1979), 
then Y, can be plotted agaifst Y2 , on the horizontal,

and vertical axes, respectively, of a scatter diagram. 
Such a scatter
 
plot can reveal any systematic 
or natural grouping of the observations.
 
It can reveal, also, clustering attributable to underlying structural
 
factors such as 
low soil fertility and management practices which affect
 
the performance and output of individual farm units. 
 Normally, the
 
biometrician would identify the groups. 
 It would then remain the
 
responsibility of the research scientist to characterise the 
clusters.
 
For example, in Figure 2, four clusters can 
be clearly identified along

with two possible outlier data points in the second and 
fourth quadrants.
 

/1 
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FIGURE 2: A scatter plot of first two principal
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Principal components analysis has been extensively applied in psychological
 
and educational research. However, biological scientists are also finding
 
this method a useful analytical tool (Seal, 1964; Oranga, 1979) and its
 
potential for agroforestry research has been noted Huxley,(1979).
 

DLSCRIMINANT ANALYSIS
 

Discriminant analysis is a classification technique. Basically, the method
 
involves classifying an individual or a group of individuals from an unknown
 
origin into one of several distinct and mutually exclusive populations or
 
known groups, while minimizing the probability of misclassifying the
 
individual or group into incorrect populations. This method assumes
 
initial data that can be classified correctly. This technique has been
 
very useful in cases where the aim is 
to classify an individual unit in
 
its appropriate population, but due to limitations, it is not possible
 
to base the procedure directly on the fundamental characteristic(s) of
 
interest. This might be bccause the process is expensive in terms of
 
effort and time per unit 'lassification. Or it might involve complete
 
dismantling of the supporting skeleton of the unit and hence be detrimental.
 
In the latter case, it would be necessary to resort to indirectiy related
 
characteristics.
 

In agroforestry research, these types of problems occur. Suppose it is
 
decided to introduce a new known woody plant to Kenya. The problem would
 
be to identify an agro-ecological zone where this species would thrive and
 
still enhance the level of output of the existing systems. The input and
 
environmental requirements of this species are known, say
 

- soil pilvalue
 
- humidity
 

- soil moisture content ()
 
- calcium content (%)
 
- mean iron requirement (gm)
 
- mean soil depth (m)
 

Given that the parameter values or estimates of these characteristics in all
 
the agro-ecological zones across 
the country are known, the discriminant
 
analysis method permits identification of that zone where the introduced
 
species might best be suited. Further, it would be possible to estimate
 
the probability of wrongly classifying the plant in an unfavourable
 
agro-ecological zone.
 

Another example of the appli cability of discriminant analysis is in
 
silvo-pastoral production systems. 
 Suppose in long term research into
 
the selection of various forms of adaptable si 'vo-pastoral systems there
 
is interest in comparing performances of selected systems to those already
 
considered as "successful". Assume that all the relevant characteristics 
have been considered and that the parameter values or estimates of these 
characteristics are kno;n abo, the "successful" systems. Then given 
the corresponding data collected from the silvo-pastoral systems under 
investigation the method of discriminant analysis could enable, class
ification of these investigated systems according to whether they are 
successful or unsuccessful." 
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The above are a few examples of potential applications of this
 
powerful multivariate technique in agroforestry research.
 

The method assumes that we are able to initially divide the whole
 
sample space of data points into k mutually exclusive sets, say
 
R R -- Rk, corresponding to the different populations. In the
 
slivo-pastoral example above, k = 2, i.e.
 

1 - population of successful silvo-pastoral systems 
2i- population of unsuccessful silvo-pastoral systems


xp 

2 
 XP
 

XX
 

JRp
 

The decision procedure is then
 
Fig. 3. Partition of sample space. 


TJif X falls in RJ j,2, --k).
population
to: classify data point X to 


Under normal situations this is very intricate-and virtually impossible
 

-- X (when p is large). The 
when it involves many characteristics 

X, X2 

deriving a new 
set of
 

method of discriminant analysis consists 
of 


are linear functions of
Y2 -- Y *whichorthogonal variables say YI 

That i
the original characteristics. 


1,2,. ..,p* (6)
 
Y' 

= j~ + %j2X2 +* ' + g .p Np, j = 
.
 R R44
 

the Jth greatest
 
the 
jth iincar discrminant function possesses 


say. Hence
discriminating power 6J, 
 . . ...6 62 ... > be significant in the
 
the p*liea discrimna-t fnctions w~ul 


Not all 

discriminant


For tests of discrimination power of 

discrimination process. 


the first two
(1971). Suppose only

functions, see Cooley and Lohnes 


then the decision procedure become:
 significant,
functions are
dscriminant 


Classify data point X to population 
t. 

if and only if 
(7)


Y1 k ,Y2 > k 

Such a simple procedure
 are some suitable constants.
where kland k2 

and any number of classifications can
 

be easily programmed
could then 


be done automatically.
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For optimal estimation of the coefficient weights 3i' j 2' "jp the
reader is referred to Anderson (1958), listed at the end of the paper.
 

In scientific literature, discriminant analysis has many synonyms such
as classification, pattern recognition, character recognition, 
identification, prediction and selection to mention a few, depending on the
 
scientific disciplini!in which it 
is used.
 

CANONICAL CORRELATIONS ANALYSIS
 

In any alroforestry system, the farmer's decision as to what monoculturalproduction subsystems are to 
be adopted would obviously be influenced
by both the 
agro-climatic and socio-economic factors around him. 
His
decisions would determine the types of agricultural crops or woody plants
to include, whether notor to incorporate pig or dairy cattle farming,types of technology to 
introduce, and what farm management practices

to adoptp 
+tp ). Therefore agroforestry research aimed at studyingthe nature'andegree of such interdependent factors should emphasize
among-factors inter-relationships.
 

Suppose we have pl agro-climatic factors on one hand, and1)2 
socio-economic
factors on 
the otther hand, all influencing the decision-making process of
the individualfarmer's household. Suppose we collect the p1 + P 2factors from each of N farming units in a region, where both P ,)P arelarge (say > 20). 1One research priority would 
be to investigate tWe
correlation structure between the two subsets of both agro-climatic
and socio-economic factors in totality. 
 If p 
-p=l, then the usually
univariate analysis of the simple correlation coefficient would suffice.
For the case whereP .% 2, P2 >2, 
 the appropriate analysis is the canonicalcorrelations analysis. 
 The method of canonical correlations would enable
the research scientist to study the intercorrelations between factors
in the two subsets simultaneously. Moreover, the method would enable 
 usto 
concentrate investigations on a new set of mutually orthogonal variables,
say W , W -2 W2 and Z1 , Z2 --- Zq where q=inmnpl, P2) respectively.
 
Let Xi= (XII, X1 2 , --, Xlp) 
 X2=(X21' X2p2) be the variables in the 
two
 
subsets respectively. 
 Then the new transformed variables are
h, UlX11 Ui2XI12 '" +• ip Xipl 

Z = X + vi 2 X29 + + V\ 
ip2xli
 

i= +1,2, 
 .. 

where Uij's and Vij's are unknown coefficient weights.
 

Moreover, not all the q new variate pairs Wi, Zi (i=1,2, -- ,q) normallycalled canonical variables, and the correlation between them p , say, which
is called the canonical correlation (p >.. p > p, ), will bJ Importantin the investigation. Only a few of thie-se migt--be important in capturing
significantly the maximal correlation between X and X2 * 

Canonical analysis will yfi,+ld the canonical variables in order ofimportance as W and Z, W2 and Z, --- 1 and 7.) coonecutively, 
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such 
that correlation (Zi, Zj)=Correlation (Zk W.) Correlation (1Wk' Wy
 
= 0, i J , k t, k' t 

Further, the sign and magnitude of the coefficients in Wi and Zi will give
 
an indication of direction and relative importance of the corresponding

factors in the correlation coefficient between 1i and Zi and hence the
 
interdependent relations inherent in the 
total agroforestry system.
 

Scatter plots of the first pair of 
canonical variables, 1I, Z1 (if
they contribute a significant proportion of the correlation in the
 
svstem) of the sample data points has also been successfully used in
detecting any clustering which might exist in the system (Fig. 4).
 

Fig. 4 Clustering by Canonical Variables 
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CONCLUSIONS
 

'rhis paper provides Ju 
" a brief sketch of some of the multivariate "tools"
 
which are available toi ether with some examples of how they could be useful
 
in agroforestry researc i. There is no doubt that they provIde a powerful
approach to signify thE analysis of 
thle complex sy!;tems involved and a 
useful :;tatistical proc .dure tor facilitating the %inds of comparisons 
which are need for evalkation. 
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ABSTRACT. 
Types of elaborate to relatively simple controlled environment facilities 
are described and some
general considerations in using controlled environments
 
are discussed, including some special difficulties with
woody perennial plants. Controlled environment studies

should be linked 
to field work and a range of specific
areas of research on multipurpose tree species is outlined. Controlled environments can be used 
to good advantage to grow uniform plants and to explore genetic variation at the seedling stage; 
to investigate responses of
seedlings and young plants to environmental stresses;

to 
investigate adaptability where seedling- mature stage
correlations can be established; 
to explore allelopathic

relationships; 
to help optimize seed germination and
plant propagation techniques; 
for root growth studies,
especially those relating to nursery management and
planting out; and in 
the study of plant pests and
 
diseases.
 
Controlled environment facilities of 
one kind or
another can provide a cost-effective way of obtaining


needed information about multipurpose tree species,

especially if 
used in conjunction with field experi
ments, and by linking these with a network of appropriate facilities according to 
the specific problems

under ulvestigation.
 

INTRODUCTION
 

Agroforestry 
is the term given to sustainable land 
use systems
that involve moru or 
less intimate and interactinq associations
of agricultural/horticultural 
crops and woody perennials (trees,
shrubs, palms, vines, bamboos), all on the same unit of land.The present scope of interest in such land use systems has 
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exposed our serious lack of knowledge about notthem. We haveyet adequately described existing systems,about or learned enoughtheir potential transferability to other similar ecozones.Agroforestry must develop as mcre 
than just a descriptive exercise and many of the problems now emerging will be solved only
by a combination of appropriate experimental approaches adapted
to studying the range of plant component species, as well 
as the
temporal and spatial complexities found in agroforestry systems.
One such approach which has more 
than proved itself in supporting agricultural research, is the use of controlled environments to examine plant growth and development. This can be done
under conditions of environmental stability, of specifically;
defined environmental differences or, 
sometimes, sequential types
of controlled 'environments' can 
be applied to a wide range of
experimental climatic manipulations which possess varying degrees

LJ control precision. 

Phytotron Or biotron 
Usualiy this is 
a complex of similar, controlled units, 
or
batches of units, 
in which statistically replicated experiments
can 
be corducted under controlled conditions. Environmental
trol covers radiation con

(light intensity, light quality and daylength); temperature 
(day and night, but often without separate
control 
for soil temperature as opposed 
to air temperature);
humidity 
(often less precisely regulated than the other climatic
variables) ; carbon dioxide concentration of tile 
aerial envirdnment; 
mineral nutrition (through choice of planting media and/or
 
solid or nutrient solution application) ;conditions wind; physical rooting
(through choice of planting media, watering regime
and, sometimes, temperature and control of CO2 and oxygen concentrations in the 
root zone) ; and the facility for applying

growth regulating compounds, if required.
 

Growth chambers or growth rooms 
Thes are 
the equivalent of single units of controlled environment, with similar control facilities to those mentioned above.
In 
some cases growth chambers are available that use available
incoming short-wave solar radiation, thus providing natural light
quality, and also natural light flux densities which most artific.ially lighted growth chamber facilities cannot do. For work on
seed germination, or conventional or micropropagation, rather
small, controlled environment structures 
are quite suitable.
 

Rhizotrons 

These 
are units specifically constructed to enable plant roots
and root systems to be examined, usually under some 
limited form
of environmental control or manipulation (that is control of 
the
soil or rooting media 
used, waterino, mineral nutrition and s'ome
control of soil temperature). They have been used to
root study both
form and function and usually consist of one or 
more sets
of subterranean multicomponent facilities 
(see Huck, this volume).
A simpler arrangement may be 
useful such as a glass-lined pit, or
box with glass walls.
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Growing rooms
 
These are enclosed spaces provided with supplementary lighting and
watering facilities in which container-grown plants can usually
be grown faster in 
the seedling stage than would otherwise be
the case. In temperate regions several 
sectors of 
the horticultural industry use 
growing rooms to produce vigorous seedlings
out of season, under low light conditions, in readiness for
planting out at the start of more 
favourable periods. Supplementary CO 2 is 
sometimes used to further stimulate growth.
Controlled environment glasshouses or plastic houses are
cheap and simple structures, with much less precisely regulated
control of temperature and humidity. Light, particularly daylength, can be manipulated if plants 
are on trolleys which arle
wheeled into adjacent light-tight, temperature controlled dark
rooms. This can be done automatically. Even relatively simple!,
automated glasshouses in which. cooling/heating facilitiesprovided can be useful are: 

some 
to provide 'standard' environments for,
kinds of experiments. In the tropics, shade houses often'
fulfil 
a similar function, but temperature control is 
more di'fficult because of the relatively much greater heat load that
 

must be dissipated.
 

F&','d operated cuvettes 
Plant or crop physiologists 
use these to study particular plant
processes, for example, carbon fixation and respiration, under
otherwise field climates. They consist of relatively small,
transparent, gas-tight structures, with ancillary temperature,
controland monitoring equipment, which can 
enclose-leaves,
Leafy branches, whole plants or, sometimes, small communities of
 
plants.
 

Ak'dification of the field environment 
This is 
the crudest form of control, but it can 
be a useful and
ccst-effective method. This approach is especially valuable for
initial 
studies of relatively unexplored species. It 
can take.
many forms, depending on the objectives of the experiments:
shading; 
control of available water 
(both by irrigating and by
diverting rain with movable covers); shelter; and soil covers!to
modify topsoil temperatures, are 
some of the more common tech;
nJ.ques.
 

INVESTIGATING RESPONSES TO ENVIRONMENT
 

Controlled environment facilities have been developed because,
there are 
many problems in evaluating, in the 
field, the effebts
on plant growth and development of individual environment factors,
or 
the interactions among them. Light, temperature, humidity,, and
other factors are 
so interdependent that 
a change in one 
alters
the others. It is also virtually impossible in the field to reproduce very closely the environment of any one day 
on subsequent
days (Rook, 1968; Kramer et al., 
1972; Kramer, 1978). 
For suck
reasons 
use of sophisticated environment controlled research
Erciljties, such as phytotrons, has accelerated greatly in recent
years. The many environmental combinations that 
are available in
such facilities make it possible 
to study accurately and rapidly
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the action and interaction of environmental factors. Phytotrons
 
can be used to dissect or construct a given environment. Growth
 
responses of plants over a wide range of environments can be
 
studied concurrently. Interactions of two or more 
factors can be
 
evaluated while other factors are kept relatively constant. A
 
major advantage of environment controlled research facilities is
 
that they decrease variability and increase reproducibility of
 
data. Furthermore, such facilities 
can simulate both diurnal and
 
seasonal changes in climates for widely separated locations.
 

Phytotrons have sometimes been criticized because of the
 
costs of building and maintaining them. However, they should be
 
judged on 
the basis of the much better information they provide

than can possibly be obtained in the 
field, glasshouse, or even
 
from small groups of controlled environment chambers (Hellmers,

1969). Controlled environment research often costs less than
 
field research because the 
smaller number of plants necessary

for samples reducer the cost of laboratory analysis. Comparisons
of osts of phytotrcns and field research often have been woe
fully misleading because they did not mention the high costs of

maintaining and managing experimental areas, costs of field
 
travel, cost of damage to 
field experiments by weather, insects,

and disease 
(thereby requiring repeating experiments), and the
 
cost of delays in waiting for specific weather conditions (Rook,

1968; Kramer inral., 1972). 
In any event there is no need to
 
build expensive controlled environment facilities in tropical
 
areas. Such 
facilities are already established in many countries
 
,Table 1) and arrangements can readily be made to 
conduct re
search on 
tropical plants in such facilities.
 

GENERAL CONSIDERATIONS IN USE OF CONTROLLED ENVIRONMENTS
 

Where 
a high level of control is possible a choice exists 
as to
 
whether experimental plants 
are subjected to 'standard' or
 
'simulated' climatic conditions. 'Standard' climates can be any

combination of levels of climatic variables that 
the experiment

requires and the equipment can provide. 'Simulated' light inten
sity and quality 
are not easily reproduced artificially. In
 
addition humidity is 
a somewhat difficult and expensive variable
 
to 
control precisely. Furthermore diurnal changes in climate,

and occurrence of climatic 'noise' (intermittent cloudiness,
 
wind, and temperature and CO 2 fluctuations) are difficult to
 
reproduce exactly under artificial conditions. If the experiment

is designed to help relate plant growth or development to field
 
situations then a 'near-simulated' environment is 
likely to pro
vide the most useful information.
 

Most plants grown in any form of controlled environment are

relatively much more stress-free 
than those grown outdoors. How
ever, by applying particular environmental stress factors 
(heat,

drought, waterlogging, chilling), either alone or 
in combination,
 
the effects of these 
can be critically studied in controlled.
 
environment facilities in 
a way that is not possible outdoors!.
 

In controlled environment facilities using artificial light

the daily photosynthetically active radiation 
(PAR-400-700 nim)
 
can, with modern equipment, equate to that received in many

tropical locations, although not to 
the maximum received in semi
arid regions (for example, usually up to 8 to 12 MJ m- 2 day - 1 
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Table 1. Locations of some major controlled environment
 
facilities available for research on 
plant growth. There
 
are numerous other smaller controlled environment facil
ities throughout the world, well capable of carrying out

the kind of research work, relevant to agroforestry, that
 
is discussed in this paper.
 

Name of facility Location 

Phytotron Division of Plant Industry, CSIRO, 
PO Box 1600, Canberra, AUSTRALIA 

Phytotron Research Station, Agriculture Canada, 
Lethbridge, Alverta TiJ 4B1, CANADA 

Phytotron 91190 Gif-sur-Yvette, FRANCE 

Phytotron Agricultural Research Institute, 
Martonvasar, 2462 HUNGARY 

Phytotron Government Forest Experiment Station, 
Tsukuba, Ibaraki, 305 JAPAN 

Biotron Institute Kyushu University, Fukuoka, JAPAN 

Controlled Environment DSIR, Palmerston North, NEW ZEALAND 
Laboratory 

Phytotron Duke University, Durham, 

North Carolina, USA 

Phytotron North Caroline State University, 
Raleigh, North Carolina, USA 

Biotron 2115 Observatory Drive, University of 
Wisconsin, Madison, Wisconsin, USA 

compared with around 2 10 to 18 MJ m- day I in semiarid recions.

However, 8 to 2 -
12 MJ m- day is usually achieved in growth cabi-.
 
nets or rooms, only by using a 'square' climate - that is byproviding the full, available energy flux during the entire day.

Pest control is sometimes a problem, inasmuch as 
the level
of phytotoxicity of some 
normal pesticide formulations is 
unacceptable when applied to stress-free (unhardened) plants. Bio
logical control offers a useful alternative, particularly for!
 
pests such as red spiders, mealy bugs, and aphids which can be

extremely troublesome under controlled environment conditions:
 
using high humidity levels.
 

Generally speaking the costs of working at temperatures

below ambient'are greater 
than where applied temperature stand
ards or differentials 
are above it. This can be 
especially a

problem in hot climates where experiments requiring lower 
tem
peratures may have 
to be postponed 
to the cool season, if there
is one. Otherwise the 
resources of another labc<ratory in a tem
perate region must be sought. 
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bOME DISADVANTAGES WITH WOODY PERENNIAL PLANTS
 
Agroforestry systems can include a wide range of plant compo
nents, 
one of which, by definition, is 
a woody perennial plant.
No special problems will arise where the plant component to be

studied is 
a herbaceous species. However, controlled environment

facilities 
have several disadvantageous features where experi
ments with large woody perennials are concerned.
 

Space is usually limited, even in walk-in growth rooms, 
and
this limits both the number of experimental plants 
 and the
length of time they 
can be maintained in the facility. Plants
 can 
be respaced after sequential harvests, but 
the cost of build-'
ing very large facilities 
to carry out experiments with adult
 
trees may well be prohibitive. Hence with woody plants, only
relatively young seedlings or 
small saplings can be investigated.


All controlled environment facilities have climatic gradiunss of one kind u: asother. With small.r easily handled plant
pecies r he Qasiest way cc ,)vu1Xomv Lhv .in r. pozitadiocal.)


T'o.e all he experimantai plants 
within ,aurowth toem or chamber.With larger ,uedlings or small 1is:.e : 

.ithout damaging the plants.


The cost of an experiment 


trees this .-P'sil.y done 

using a cotrolled environmenit

Lacility i.sincreased in proportion to thy length of time it
:onr.inues. Experiments with woody 
 perennials are, therefore,
relatively more costly than those with annual plants. Breakdownsin equipment are also more likely the longer an experiment con
tinues.
 

Some of the information required about multipurpose treespecies concerns the effect of environmental factors on phenology
and, more particularly, on the reproductive stages. These

difficult to 

are
 
study in controlled environment facilities because
 

of the size and cost restrictions mentioned above.
 
The behaviour of a woody perennial in any one season is


often highly dependent on what occurred in a previous one. Moist
controlled environment facilities cannot maintain woody plants

under controlled conditions for 
such a long period of time.
 

Despite these disadvantages a number of types of experiments

can be of immediate value to 
support studies of multipurpose tree
 
species.
 

LINKING CONTROLLED ENVIRONMENT STUDIES WITH FIELD WORK 
The kind and degree of control of particular climatic factors
that is necessary, as well as the 
degree of control over nutri
tion and the rooting environment, very much depond on 
the kind

of experiment being undertaken. For example, 
a study of day
length responses is of little value unless both day temperatures

and night temperatures are also controlled, because the interac
tions between these 
are often of considerable importance. Then

again, with nitrogen fixation tests, it may well serve just to
standardize the environment using relatively crude environmental
 
control. At the same 
time, facilities for sterilized conditions 
ire essential to prevent crossinfection of Rl??i:obi me, strains. 

The need fox separate *nv'ronmental controls over plant
roots and tops may well be important (for example, see Cooper',
1973), as for instance in studying early growth patterns Ofmultipurpose tree species 
in support of nursery techniques and
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planting-out practices. Many other examples could be given.
There are relatively few sophisticated phytotron facilitiesavailable 
(see Table 1), 
 but growth room/growth cabinets
more widespread, and the simpler are
 
forms of controlled environment
equipmant to modify and monitor changes in 
are field environments
now commonplace. With the co-operation of the
facilities there exists 

more advanced

the possibility of establishing networks
of research activity which are 
mutually supportive, and range
From field tests to 
highly specific problem solvinq studies of
more detailed plant- environment responses.


At this stage in 
the study of woody species which have
promise for agroforestry systems, controlled environment facilities will be used primarily in conjunction with field experiments to 
solve problems, or provide 
information about essentially
practical issues. These will be related to questions about biesystematics and seed source 
identification, juvenile-
 mature
stage correlations, environmental adaptability of species and
provenances, appropriate propagation methods, responses of
juvenile plants to 
environmental stress 

relation 
 factors (particularly in
to planting-out techniques), allelopathic relationships
in agroforestry plant mixtures, root studies, and Rhizobium and
mycorrhizal investigations (in relation 
to field programmes on
nitrogen fixation and plant nutrition, and inasmuch 
as these
concern establishment and growth on particular sites).
investigations All such
can be made more 
fruitful by using controlled'
environment studies of an appropriate kind to 
support the necessary field experiments, as 
a considerable amount of work with
agricultural crop species has already shc 
n.
 

EXAMPLES OF USE OF CONTROLLED ENVIRONMENTS
 
The following are 
some 
specific examples of the
ments types of experithat have already established controlled environments als
valuable research tools.
 

Growth of uniform plants 
Controlled environments are now considered indispensable for
producing uniform plants for biochemical studies such as
of Alofe et a7., those
(1973), Jeffs and Scharver (1976) and Sun et,
at., .1978), 
something that cannot be satisfactorily accomplished
in the field or even 
the glasshouse. With controlled environments
experiments can be 
repeated under identical conditions, regardless of season or weather, and the work of various investigatOrs

can be reliably compared.


With the exception of a few genera 
(for example, Leuaaenb,
Prosopis, Casuarina, and the Australian Acacia spp.) the genetic
variation available for many multipurpose 
tree species has, as
yet, been only sparsely explored. Much remains
identifying both clinal 
to be done in
and non-clinal within-species genetic
variation. 3ecause of the magnitude of the task, most of this
work is being done by simple field tests, but 
4nevitably there
will 
be a case 
for using controlled environment, facilities
explore to
the biosystematic relationships of the 
less tiactable
groups 
(for example, within-species variation in the Prosopisalba / chilensis / flexuosa complex).

In cases that warrant it 
the current confusion arising 
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through international exchange of multipurpose tree germplasm of
 
dubious origin may also need attention; specifically to estab
lish accurate seed source identification under completely uni
form growing conditions.
 

Apart from selecting species and genotypes able to withstand
 
particular site-imposed environmental stresses (see below) there
 
is an urgent need to 
investigate the general adaptability range

of multipurpose 
tree species to particular ecozones. There is
 
also need to gain some knowledoe of the genotype x environment
 
(G x E) interactions involved, in order to be able to predict

thu performance of any species or provenance 
 more precisely when 
it is moved into 
a similar, but altered, environmental situation.
 
Again, a good deal of this work will be done through normal field
 
elimination trials sited throughout the 
 environmental range con
sidered suitable. However, 
to the exte,.t to which early seedling
 
or juvenile stage growth is related 
to later performance, it will
 
be possible 
to ascertain generzi climatic adaptability in terms
 
of temperature ranges and daylength responses much more rapidly

if controlled environment facilities are available. This may be
 
particularly important for multipurpose tree species whose normal
 
range covers a wide variation in latitude and/or altitude 
(for

example, Acacia tortilis, Azadach ta indica, Par'kinsonia
 
aculeata, Pithecollobium duo e, and so on).
 

Exposure of plants to str,,as at different stages of development 
An important advantage of using controlled environments is that'
 
plants can be subjected to 
stress at any stage of growth. This
 
usually is not possible in the 
field where the desirpd stress
 
only rarely coincides with the plant growth stage under studyl
.
Controlled environments have been found indispensable in study
ing the physiological role of cotyledons of woody plants in
 
seedling development. For example, exposure of Pinus rcsinosa
 
seedlings in the cotyledon stage to 
low temperature, low light

intensity, or air pollution inhibited initiation and growth of
 
primary needles as well 
as dry weight increment of seedlings

(Kozlowski and Borger, 1971; Constantinidou et al., 1976). Marked
 
variations among species in the 
physiological role of cotyledons

of woody angiosperms to 
seedling development were demonstrated
 
under controlled environmental conditions (Marshall and
 
Kozlowski, 1974a, b, 1976, 1977).
 

Many of the multipurpose 
tree species now being considered
 
for use in agroforestry systems, or in 
some form of social or
 
community forestry, will be needed for sites that are 
less th n
 
completely favourable; that is 
they may be subjected to soilsl 
which are saline/alkaline, 'or acid, which have impeded drainage, 
or are extremely sandy or unstable. There may be permanent or: 
intermittent exposure to high winds, salt spray, high advective 
energy loads, prolonged drought periods, chilling or frosts. All 
environmental variables that can be very precisely simulated in 
appropriate, controlled environment facilities which are well;

suited for cost-effective germplasm screening procrammes. Even
 
crude environmental modification can 
be a useful technique to
 
investigate the effects of plant 
stresses (Summerfield et al.,
 
1976).
 

Juvenile- mature stage correlations may have to be estdb
lished using seedlings, or juvenile stages, to develop tests for
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the appropriate plant characters which are 
found to be correlated with the capacity to overcome 
such particular environmental disadvantages. Large numbers of seedlings can be screened
in controlled environments, using an appropriate test method to
select suitable stress-resistant 
germplasm. For such work 
a
relatively low level of environmental control 
is suitable for
the actual screening processes, although the initial experimental work to establish the technique may require more elaborate
 
controls.
 

The agricultural crop plant components in agroforestry systems, which have usually been selected for sole cropping, may
need further attention from plant b.eeders. Similarly they too
will need screening for such factuis as shade tolerance, drought

tolerance, and 
so on. Much of this work can be 
hastened by the
 use of controlled environment facilities.
 

Effects of environmenltal facto2,s on physiological processes and 
growth
 

Controlled environments can pro.vide insight into the influence

of radiation, temperature, humidity, wind, and the composition
of the atmosphere, as well as 
such edaphic factors as soil temperature, water supply, aeration, mineral supply and pH, on
physiological processes and the growth of plants (Tibbitts and
Kozlowski, 1979). 
Research in controlled environments can also
produce excellent data on 
effects of interactions of environmental factors. 
Examples are the interactions of light inteis;ity and temperature, light intensity and C02 , and air humidity
,and mineral supply on 
stomatal aperture (Meidner and Mansfield,
1968; Davies and Kozlowski, 1974; 
Pereira and Kozlowski, 1976;
Pallardy and Kozlowski, 1979), 
and photoperiod and temperature
on physiological mechanisms of development which lead to 
flowering (Blondon et CZ., 1977). 
Whole programmes of experiments have
been carried out to explore the responses of a crop, in this
 
case cowpea (Vigna uguicuZata) , 
 to climatic variables and
changes in nitrogen nutrition in relation 
to field practices
(see Huxley and Surmmerfield, 
1976a and many subsequent papers by

various authors).
 

Controlled environment facilities can be used to 
select
climatic regions in which to 
field test new 
species and varieties
 or to assist in the selection of plants for use 
in specific climatic regimes. Went 
(1957) wanted to 
find plants capable of
growing rapidly on 
the mountains of Southern California, so thit
they could provide quick cover 
for watershed protection following large forest 
fires. A series of temperature conditions in a
phytotron included field averages and extremes. Two species,
from over 30 species suggested and tested, were selected. The
entire study was 
completed and the results successfully appli'ed

in the field within a year.
 

AilZeiopa thy 
Seed germination and plant growth 
are inhibited by a variety of
naturally occurring compounds that are 
released to the soil from
roots and aerial tissues of neighbouring plants (Kramer and
Kczlowsi, 1979; Norby and Kozlowski, 1980). Allelopathic compounds may be released by volatilization, leaching 
from living
 

•. . . . : . . . .
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or dead tissues, exudation from roots, and decay of plant tis
sues. Allelopathic compounds are important bucause they influ
ence plant succession, dominance, vegetation dynamics, structure 
of plant communities, and crop yield (Rice 1974, 1979; and see 
Brunig and Sander, this volume).
 

A large body of evidence shows that allelopathic compounds 
are produced by many tropical plants. For example, Abdul-Wahab
 
and El-Naib (1972) found that water extracts of the leaves and
 
culms of Imperata cylindrica contained scopolin, scopoletin, 
chlorogenic acid, and isochlorogenic acid, all known phytotoxins. 
Eussen and Soerjani (1970) also demonstrated an allelopathic
 
effect of I.perata because loaves placed on the surface of the
 
soil were incorporateJ into so~l that inhibited growth of a test 
species. Chou and Young (1975) s',owed that aqueous extracts of 
12 species of subtropical grasses :nhibited seed germination and
 
radicle growth of test plants.
 

Parpiev (1971) investigated the rLlationships between shrubs
 
and small trees in the middle Asia deserts and the herbaceous
 
vegetation under the shrubs and trees. Exracts of genetically
 
and _cologically simi'.ar species of shrubs and small trees were
 
favourable to germination of the seeds, but extracts of genetic
ally and ecologically distinct species inhibited germination.
 
Thus patterning was strongly influenced by allelopathy. Parpiev's
 
results emphasized a very important: point, namely that toxic
 
interactions are generally much more likely to occur, and to be 
more striking, if species have only relatively recently been
 
brought in contact with each other. This is probably the chief
 
reason why introduced weeds and trees exhibit such striking
 
allelopathic effects at times (for example, Eucalyptv Bs-spp. in
 
California are pioneer weeds in old-field successions). Species
 
that have evolved together for thousands of years in natural
 
climax ecosystems are unlikely to retain strong allelopathic
 
interactions.
 

Agroforestry research must be particularly concerned with
 
allelopathy because allelochems have been shown to block nitro
gen fixation by inhibiting nodule production and reducing haemo
globin content of nodules (Rice, 1979).
 

Plants of Faboideae and Mimosoideae generally nodulate
 
under proper conditions, as do the majority of the legumes which
 
do not belong to the Caesalpinioideae. Rao et al., (1973) tested
 
extracts of non-nodulating Cassia fistula and C. occidentalis
 
(Caesalpinioideae) and non-nodulating Leucacna leucocephala
 
(Mimosoideae) against Rhizobiuw strains from six genera and spe
cies of legumes. All strains of Rhiobiwn were inhibited by ex
tracts of the non-nodulating species. Pieces of roots of the
 
non-nodulating species also inhibited Rhizobiun.
 

The evidence from many geographical areas and vegetation
 
types indicat -hat inhibition of nitritication by vegetation
 
is -A widespre nenomenon. In South Africa soils taken from the
 
Trachypogon plumbsus grassland climax community showed a cons' s
tent lag in production of nitrate (Stiven, 1952). Meiklejohn
 
(1962) reported that the lack of available nitrogen in Ghana
 
grassland soils was due mainly to absence of bacteria able to'
 
oxidize nitrite to nitrate. MeJklejohn (1968) also found that'
 
soils under native grass in Rhodesia contained very few nitri;
fiers, but that the same soils, when cleared and planted with
 

http:simi'.ar
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crops, contained many more nitrifiers. Soils under improved

grass pasture and under two legumes contained about 100 times as
 many nitrifiers as soils under native grass.


The mechanisms of action of allelochems are diverse and
 
include:
 

inhibition of cell division and elongation;

inhibition of gibberellin - or indoleacetic acid induced
 
growth;
 
reduction of mineral uptake;
 

* 
retardation of photosynthesis;
 
inhibition or 
stimulation of respiration;
 
inhibition or stimulation of stomatal opening;

inhibition of protein synthesis and changes in lipid and
 
organic acid metabolism; and
 
inhibition of haemoqlobin synthesis (Rice, 1974). 

It is quite clear that controlled environment facilities will be very useful in quantifying allelopathic effects on growth,

mechanisms of action of 
allelochems, and isolation and identifi
cation of allelopathic chemicals.
 

Envi'onn1 t0at cffect,; o: plant propagation 

A very wide range of multipurpose tree species is currently
being introduced, but relatively few of these species have been
critically investigated with regard to their optimum requirements

for seed germination. Furthermore, because many of them are out
breeding species, germplasm is highly heterozygous and the possi
bility for immediate distribution of superior genotypes exists

only if vegetative or micropropagation techniques are 
used. So
far little work has been done on 
this for the species concerned.

Although some genera such as Albizia, trythrina, Glyricidia are
propagated vegetatively with ease, 
 others (Acacia, Leucaena, and 
some Prosopis spp.) are not. 

Seed germination and vegetative and micropropagation techniques all require, to a greater or lesser 
extent, some form ofenvironmental control. Experiments to determine the optimum conditions under which practical field or laboratory production

should be carried out are best done using an appropriate, controlled environment research facility. 
In some cases there is

opportunity to manipulate the plant in order to obtain suitable

material for propagation, and this 
can be done for tropical spe
cies even in temperate regions.


During the last decade there has been a surge of interest
in producing 'containerized' forest nursery stock in semicon
trolled greenhouses rather 
 than in conventional forest nurseries
(Owston and Kozlowski, 1981). In 
some regions containerized

seedlings, using control of temperature, photoperiod, water andmineral supply, can be produced in ten weeks to a year. In arid or semiarid regions, planting of containerized seedlings -
usually more reliable than direct sowing (Weber at al., 1977';.However, little is known about the specific environmental regimes
needed to produce the best planting stock for many sites. Much more work is needed to establish optimum economic conditions for
raising containerized seedlings of multipurpose tree species.Although much of this work can be done in the field, the use offairly simple controlled environment faci ities can provide more 



T.T. KOZLOWSKI and P.A. HUXLEY 
 1033
 
precise, extrapolated results.
 

Studies of Rhizobiwn and tmjoorphijab 
Many of the trees 
showing promise for agrcforestry are 
not only
multipurpose but fast growing and nitroge,-fixing (refer 
to
Nitrogen Fixing Tree Association, PO Box 680, Waimanalo, Hawaii,
96795, USA). 
They include 
not only those
and in the PapilionaceaoMimosoideae, but also such genera as Casuari'na andFurthermore, Ainus.we now appreciate that endotrophicassociations mycorrhizalare both commonplace and importantnutrient in improving theextracting capacity of many plant species. The positive
interactions which occur 
when plants 
are simultaneouslyboth rhizobial hostingand mycorrhizal associations are relativelyand excitina new.areas to explore (Daft and El-Giahmi,' 1976).A great deal of preliminary work purpose trec is still needed with multispecies to record the ocurrencefield, of nodules into the 

examine 
test them for their nitrogen fixing capacity, and to
roots for 
the 
occurrence of mycorrhizas (Keya, 1979;
Redhead, 1979). 
Such work must be closely followed by planned
programmes of research to evaluate nitrogen fixation quantitatively, using young plants in containers, and to examinehost relationships. Rather precise environmental control 

strain 
required and progranunes ishave already been initiatedlaboratories in variousin support of field trials and investigations.There is scope for considerable expansion of such research if
benefits from field inoculation are 
to be achieved similar to
those which have been made with leguminousspecies and, agricultural cropfor mycorrhizas, with certain species of forest andfruit trees. and
 

Root studies
 
One of the most neglected areas of research still reuiiis tne
study of plant roots and root systems. Largely because of the
difficulties 
involved in studying living materials in soil,
pecially in situ. es-
However, there has been considerable progress
in methodology in recent years. Once again a combination of
approaches using both field investigations and more detailed
studies under controlled conditions (rhizotrons) has been very
effective in obtaining results 
(Head, 1973;
1981; and see Huck and Taylor,
Huck, this volume). 

more practical areas 

One of the most urgent and
for research concerns 
the examination of,
rooting in nursery and planting-out situations 
for so far une amined species of multipurpose trees. This could quickly resuit
in guidelines for their more efficient 
field management.
 

Studies of plant pests and diseases
 
in the field or 

to 

glass- or plastic house it is often impossible
separate the effects of fungal pathogens and environmental
factors on plants. Each pathogen, 
and often each stage of pathogen with a complex life cycle, has specific environmental
requirements. Plant pathogens 
are particularly sensitive to soil
;later supply (Griffin, 1978), 
air humidity (Yarwood, 1978),
perature (Helgeson et al., tem
1972), and 
light intensity and quality (Yarwood, 1959). 


which plays 
Wind commonly prevents formation of dew,
a vitil role 
in the infection process, and it 
causes
 

A 
(\,) 
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raindrops or dew to dry off faster than in quiet air. For suchreasons concrolled environment faciliuies are now consideredessential in conducting research on plint diseases. Controlledenvironments provide optimum conditiot:s for studies of effectsof disease on physiological processes and the growth of higherplants, as well as for virus assays, insect vector multiplication, coot infection studies, and successive completion of disease cycles. Controlled environments also are essential fordetailed studies of effects of climatic factors on host - parasite
relations (Dimock, 1967).


Comparatively little is known about the diseases and pestsof many multipurpose tree species, except where they have beenspecifically studied because of a pest;-a-sociated character (forexample, Azsadipehta !sdica, because of tae insecticidal properties of its sap (Schmutterer -t 0.. , 1981) ) . Although studiesmust begin in the field to inventory the occurrence of pests anddiseases, and to establish theii ietiolrjy and epidemiology,there is considerable scope for establishing, early on, screening programmes for resistance using all the advantages thattontrolled environmental research can offer. 

CONCLUSIONS
 

Information about growth and development of widea range ofmultipurpose tree species is urgently needed. 
It would be foolish
to utilize controlled environmsent facilities, of one kind oranother, to help provide this information as rapidly as possible.In many cascs, and as long as thu experimental work is closelyrelated to problem-oriented field prograimies, to do so'can becost-saving. Contro'led e'.vironment facilities can then be usedto investigate relevant plant responses to enviroment or to ' eliminate, or at least greatly reduce, the normal range of environmental variation which can obscure responses to other factors which are the 
specific objective of the investigation.

There is 
a whole range of agroforestry investig .tions, with
multipurpose tree species 
in particular, for which one 
form or
another of controlled environment facility will be helpful. 
At
the 
lower end, crude forms of control or modification are easily
and relatively cheaply established, and this 
should be encouraged
at a national level. The 
more elaborate facilities, s.ch as
phytotrons and rhizotrons, are limited in number but, for 
more
detailed work, some 
form of international support for research
networks which include these powerful facilities, could be of
 

considerable value.
 
In all cases, controlling the environment whether at a
simple or sophisticated level, provides just such a facility. If
the experimental objectives are 
clear and the experiments welldesigned and planned 
to take advantage of the environmentaltrol available, con

the costs involved wi.ll be low relative to theinformation 
that can he obtained. Otherwise investment in such 
research may well be misplaced. 

Controlled environments should be used judiciously
answer critical questions that 

to
 
cannot be readily answerr- in the
field alone. However, experienced investigators use co,.crolled
environments with due regard 
to some of their limitations. For
example, responses of 
field grown and chamber grown plants to
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environmental stresses are not always identical. Van Volkenburg
 
and Davies (1977) found that cotton and soya bean leaves 
of 
field grown plants were thicker than leaves of plants grown in
 
growth chambers at 301C and 26'C, day and night temperatures,
 
respectively. Davies 
(1977) also found that stomata of chamber
 
grown cotton and soya bean plants were more sensitive to low
 
light intensity than were field grown plants. The morphological
 
differences brought about by changing light quality through the
 
use of different kinds of lamps, may not even be the same for
 
different cultivars of 
the same species (Huxley and Summerfield,
 
1976b) and, overall, plant morphology may well differ from that
 
of field grown plants.
 

Another problem is that the responses of a species to stress
 
i.n the competitive situation of a plant conmunity may differ from 
t'esults predicted on the basis of responses determined without 
plant ccmetition. For example, growth of some species in a plant
 
community in the field may be increased, desp ite allelopathy
 
stress, because they may gain a competitive advantage as a result
 
of greater impacts on other species with which they interact in
 
the successional process. Growth of certain other species may be
 
reduced by allelopathy stress more than expected because of
 
reduced competitive potential.
 

For- a discussion of guidelines for use of controlled en
vironments the reader is referred to the 
book by Tibbitts and
 
Kozlowski (1979). Despite some limitations of controlled en
vironments they can 5e a valuable 
research tool in agroforestry, 
especially when field experime 
nts are used-in conjunction-with
 
research conducted in controlled environments. 
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Methods for Assessing Rhizobia and
 
VA Mycorrhizae for Multipurpose trees
 

by Jake Halliday
 

Introduction
 

Nitrogen-fixing trees potentially benefit

from at least two symbiotic relationships with
microorganisms. Association with rhizobia

confers nitrogen fixing ability. Infection

with vescicular arbuscular (VA) mycorrhizae

enhances phosphorus uptake. A vigorous tree
at a particular location is frequently a

manifestation of an especially effective match
between the tree genotype, its symbiotic

partner(s), 
and its environment. 
In fact
 
such a tree could be heavily dependent on its
microsymbioses for its nutrition. 
Germplasm

explores needs to be 
aware that later

performance of 
a collected accession introduced
 
to a new location may be below expectation unless
 
a specific effort is made to reconstitute
 
equally effective associations.
 

Introduced tree species can fail to encounter
 
fully effective microsymbionts spontaneously in
the native microflora, and/or nodulate
 
effectively with available inoculants. 
Even

when the 
trees are inoculated, the strains

provided may not match the tree's specific

requirements. Thus an integrated approach to
germplasm exploration, selection and introduction

in which seeds, rhizobia and mycorrhizae are
viewed as inseparable components of the germplasm

unit is warranted.
 

An earlier section of this manual 
dealt with
 
collection methods. 
This section describes
established methods for selecting superior strains

of Rhizobium and for usirng them as inoculants

for trees. 
 Methods for selection and evaluation

of mycorrhizae for leguminous trees are much less
developed at this time. 
 This chapter outlines
 
methods for determining the degree to which a
leguminous 
tree is infected with VA mycorrhizae.
For those interested specifically in selection
 
and inoculation methods, several references
 
to research papers in this area are provided.
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Principles of Rhizobium strain selection
 

"Strain selection is performed to ensure
 
that a legume seed inoculant contains
 
a strain, or strains, of Rhizobium
 
capable of forming fully effective,
 
nitrogen-fixing nodules on the
 
legume species for which it is
 
recommended and in the soil and
 
climate in which the legume is grown".
 

Previous publications by the author (1,2)
 
have defined step-wise screening approaches
 
to strain selection. Most selection proce
dures for crop legumes stress the matching of
 
specific rhizobial strains with the host
 
genotype, sometimes even at the varietal
 
level. This approach is valid for a MPT
 
like leucaena, but is inappropriate for most
 
other MPTs because the seed lines are not
 
genetically pure. Geneciu diversity of plant
ing material is just one of the features of
 
multipurpose trees that makes it necessary to
 
rethink some of the conventional approaches to
 
selection of Rhizobium strains for use in
 
inoculants.
 

A second complication for inoculation of MPTs
 
is that vegetative propagation may be necessary
 
for some species. Conventional inoculant
 
methods involve application of rhizobia directly
 
to the propagule or indirectly to the soil.
 
Modifications have not been validated for use
 
with vegetative propagation. Such validation
 
is necessary because delay time between planting

and root emergence can be much longer with
 
vegetative propagules than in the case of seed
 
germination. The period during which rhizobia
 
are vulnerable to adverse factors is prolonged.

There may not be survival of adequate numbers
 
of effectively nodulate the root when it finally
 
emerges.
 

Procedures which follow were used successfully
 
to select rhizobia for forage legume introductions
 
in acid, infertile soils of tropical Latin
 
America (1). The principles underlying the
 
approach apply equally well to strain selection
 
for MPTs and some alternative methodologies
 
are mentioned in the text. Individual investi
gators can modify the techniques and improvise

with equipment to suit their purposes and the.
 
facilities available to them, provided they

adhere to the principles of Rhizobium strain
 
selection stressed here.
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Selection criteria
 

Some characteristics of strain or Rhizobium to

be used as legume inoculants can be regarded as
"essential" whereas others are "desirable"
 
depending on the specific selection objective.

Essential traits are:
 

" 	Ability to nodulate the MPT in the
 
field conditions under which it is grown.

such strains are referred to as "infective".
 
Strains of Rhizobium which are infective
 
in 	the field will usually have exhibited
"competitive ability" if they displaced

nodulation by native strains present at
 
the site. They will also have been

"stress tolerant" if they successfully

nodulated legumes in soils with excesses
 
or 	deficiencies in their physical/chemical
 
composition.
 

" 
Capacity to fix sufficient nitrogen to

sustain production close to, or surpassing,

the level possible if the legume were
 
supplied with nitrogenous fertilizers.
 
Such strains are referred to as "effective".
 
Strains which are 
fully effective are
 
usually carbon efficient and hydrogen

efficient as well. 
 The 'efficiency" of
 
Rhizobium strain is seldom measured during

strain selection and use of the 
term in

this context should be avoided. Effective
ness is usually what is meant.
 

* 
Ability to perform satisfactorily when
 
subjected to the component processes of
 
comnercial-scale inoculant production

systems. Inoculant strains must multiply

well in bulk culture and be able to mature
 
to high populations in the carrier material.
 

* 
Able to survive well during distribution
 
to, and use by, farmers. Strains should

be tolerant to the anticipated maximum
 
temperature that they will encounter.
 
They must also survive well during the
 
seed/soil inoculation procedures. Additionally

they must survive on seed in soil from the

time of their application until the emerging

legume radicle is susceptible to infection
 
(usually at least seven days). 
 Strains for

MPTs will need to survive for even longer

periods if they are used with vegetative

propagules, and/or to cope with delayed

germination.
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Traits that are held to desirable are:
 

* 	Long-term persistence is expected of strains
 
of Rhizobium used to inoculate perennial
 
species. Implicit in the concept of
 
persistence is saprophytic competence,
 
a summary term for all those traits that
 
permit a Rhizobium strain to live as a
 
stable member of the soil microflora, even
 
in the absence of its legume host. This
 
trait is particularly desirable in strains
 
of Rhizobium used to inoculate MPTs.
 
Persistence of strains for annual crop
 
legumes from season-to-season may be
 
considered a desirable trait in some
 
circumstances, as it obviates the need
 
for inoculation in subsequent years.

Lut there may be cropping systems in
 
which carry-over strains from a previous
 
crop may nodulate a following crop
 
relatively ineffectively and even out
compete effective introduced strains.
 
This can occur in rotations of soybean

with peanut and cowpea that nodulate
 
with the cowpea miscellany.
 

e 	Fungicide or insecticide resistance may
 
be desirable traits when normal
 
practice is to sow legume seeds pre
treated with these substances, some of
 
which are toxic to certain strains
 
of 	Rhizobium.
 

Basis for strain selection
 

Rhizobium strains do vary widely in the
 
characteristics listed above. 
 Some strains
 
nodulate some genera, or species, or varieties
 
of legumes and not others. Among strains
 
capable of infecting and nodulating a
 
particular legume, there is great variation
 
in the amount of nitrogen they fix, i.e.
 
variation in effectiveness. There is con
siderable strain variation in the other listed
 
traits as well and thus an opportunity exists
 
to select superior strains. Unlike higher

plants which can be improved through breeding

and hybridization, Rhizobium improvement is
 
currentl. practical only by selection from
 
natural populations.
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Need for strain selection
 

As 	will be appreciated from the following

procedures, the selection of superior

Rhizobium strains is a lengthy undertaking

Several years of study may be necessary

to complete characterization and testing.

Given that strains of Rhizob-Lum for many

legumes, including some MPTs, have already

been developed at research labs around the

world, it makes sense to obtain and use the~e
 
rather than initiate an extensive selection
 
program.
 

Selection of rhizobia is only really justified

when the specific selection objective cannot be
satisfied by strains held in existing collections.
 
Examples of circumstances which justify a strain
 
selection program are:
 

" 
When the legume of interest is an
 
uncommon species for which there is no
 
recommended inoculant strain. 
This is the

"state-of-the-art" for the majority of MPTs.
 

" 	when inoculation of the particular leaume with
 
recommended strains of Rhizobium under

field conditions fails to give adequate

nodulation and nitrogen fixation. 
This
 
can occur if the legume variety is
 
different from that with which the

inoculant strain was 
 developed, or if the

soil and climatic condition vary from those under
 
which the inoculant was developed.
 

Matching rhizobia to soil type
 

The step-wise selection procedure given here

derives a Rhizobium strain recommendation for
 
legumes planted under a particular soil
 
condition. 
This approach is innovative in the
 sense 
that strains of Rhizobium in current use
 
as legume seed inoculants are developed for

the species of legume with which they will

be used, rather than the soil type in which
 
the legume will be grown.
 

The need to inoculate
 

In the technologically advanced countries, it

is normal farm practice to modify soil conditions
 
to 	be suitable for a particular crop. It is not
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unreasonable therefore to expect a rhizobial
 
inoculant for a legume species to perform well
 
wherever that legume is grown. In the
 
developing nations, however, soil amendment
 
is minimal or not piactical at all, and crop
 
plants are often grown under stresses of adverse
 
soil factors that cannot be economically
 
alleviated. For most utilizations, e.g. refores
tation, MPTs will be introduced to unamended
 
soils. It may be unreasonable to expect that a
 
single strain of Rhizobium will perform equally
 
well as an inoculant in the wide array of soil
 
types under which its MPT host will be grown
 
in the tropics. One reason that legume
 
inoculation is not widely successful in
 
developing countries is that available inoculants
 
obtained from the U.S., Australia, or elsewhere
 
do not have strains selected for, and adapted to,
 
the extremes of soil stress encountered in the
 
tropicss (2).
 

There is a widely held view that strain selection
 
and legume inoculation have little potential
 
for improving yields of tropical legumes
 
(Lncluding MPTs), since tropical legumes are not
 
specific in their Rhizobium strain requirements,
 
and because suitable rhizobia occur universally
 
in tropical soils. Spontaneous nodulation,
 
which is often observed in leguminous IPTs in
 
their natural environment, creates an impression
 
that specific inoculation is not required.
 

There are notable exceptions, such as soybeans
 
and leucaena, and thus two categories of tropical
 
legumes were recognized. The Promiscuous (P)
 
group can be nodulated by a wide array of strains
 
of tropical rhizobia. The specific (S) group
 
requires specific rhizobial strains for nodulation.
 
The majority of tropical legume species were
 
judged to belong to the P group and it has been
 
generalized that it is unnecessary to inoculate
 
these legumes with rhizobia, as no benefit would
 
be expected.
 

The grouping of tropical legumes simply as S or
 
P types is no longer tenable nor useful (3). Many
 
tropical legumes previously placed in the P group
 
are now known to form fully effective (i.e. high
 
nitrogen-fixing) symbioses with only a few strains
 
out of the diverse array of rhizobia that can
 
nodulate them. Thus a distinction is drawn between
 
'his promiscuous-ineffective (PI) group of legumes
 
and the promiscuous-e:Lfective (PE) group (2).
 
Studies of the Rhizobium affinities of the tropical
 
forage legumes, for example, reveal that a
 
majority of them are in the PI group, suggesting
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a potential for increasing their production

by providing appropriate strains of rhizobia.
 

The important role played by stress factors of
tropical soils aq modifiers of symbiotic

performance is 
now well recognized (4). Thus

tropical legumes can and do benefit from
inoculation when straiins 
are selected specifically

for the particular variety of legume being
planted and for tolerance of the soil conditions

in which that legume is to be grown.
 

Strain selection objective
 

No strain selection program should be undertaken
without clear definition of the specific selection

objective(s). 
 The methods of selection employed

may need to be modified to suit the objective.-
As an example the specific selection objective for
which the procedures that follow were developed

was 
"to select strains of Rhizobium able to

nodulate and fix nitrogen in association with

acid tolerant legume acc--ssions being introduced
 
to the acid, infertile soils of Latin America".
 

Step-wise screening strategy
 

'Successful selection of superior rhizobia is
favored if the number of strains from which the
selection is made is large and diverse. 
 The most
meaningful test of Rhizobium performance is field
evaluation, since this is an 
integrated appraisal

of the various traits that make up a successful
inoculanit strain. 
However, the management of

field trials to select rhizobia is difficult and
costly, even when the number of strains under
test is small. Multi-stage screening procedures

progressively eliminate 
undesirable strains from
 an 
initially high number of contenders to yield

a relatively small number of promising strains for
testing at the field level. 
 This is one way to

reconcile the requirements that selection be
from a diverse genetic base, and that strains

also be assessed under field conditions.
 

It is advisable to include in the screening

procedure strains of Rhizobium that originated

from a diverse array of host plant germplasm
and that are representative of diverse geographic

regions. But some reduction of the number of
strains can be made based on 
what is known

from other selection programs. In general,

rhizobia isolated originally from the 
same
 genus, and sometimes species, 
as the legume for
which a superior strain is being sought, emerge
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from selection programs as the best strains for
 
use in legume inoculants. Also, when the
 
specific selection objective includes tolerance
 
to a particular soil stress or climatic
 
condition, rhizobia isolated from legumes growing
 
under those conditions are the most likely to be
 
rated highly in the selection process (5).
 
Hopefully, there is a Rhizobium collection or
 
collections or authenticated strains of known
 
origin available to the investigator. Otherwise,
 
a suite of strains has to be assembled. Only
 
after checking whether likely strains are
 
available from existing Rhizobium collections,
 
such as the Rhizobium Germplasm Resource at NifTAL,
 
should collection and isolation of new strains
 
be contemplated. Pre-selecion of strains with
 
suitable background should .4m to generate a
 
cluster of 50-100 rhizobia thLt will feed into
 
the first stage of the strain procedure.
 

Stage . Screening for genetic compatibility
 

In this stage, strains of Rhizobium are screened
 
for ability to nodulate the legume of interest
 
The test used involves a high degree of
 
bacteriological control and is suited to
 
handling large numbers of strains. The systems
 
most commonly used is based on growth tubes in
 
which seedlings are raised in a solid, nutrient
 
medium under artificial illumination. Seeds
 
must be surface sterlized, usually with
 
concentrated sulphuric acid, hypochlorite, or
 
acidified meicuric chloride. Germination of MPT
 
seeds may be problematic and some guidelines
 
are give in Appendix I.
 

Seeds are pre-germinated in inverted, sterile
 
petri dishes of water agar. When the radicles
 
are 3-5cm long, uniform seedlings are transferred
 
aseptically to tubes containing agar deeps
 
(or slants). Tubes are routinely 2.5 x 25cm,
 
capped with a plug of muslin-wrapped cotton wool.
 
Aliquots of 1.0 ml of suspension of the test
 
strains are added to each tube either at
 
tiansplanting or 3-5 days later. At least three
 
replications of each strain treatment are
 
essential and five are preferred. Roo3s of
 
seedlings should be shielded from light.
 
Alternatively, tubes may br wLapped in aluminum
 
foil. Two control treatinnts are required. In
 
one case the planT-- are "inoculated" with sterile
 
water only (uninoculated control) and in the
 
other case they are provided with 70 ppm nitrogen
 
as ammonium nitrate (or potassium nitrate)
 
solution (referred to as the plus nitrogen control).
 
Tubes are scored at intervals for the presence
 
or absence of nodules. With many tropical legumes
 
tumor - or callus-like outgrowths can occur in
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roots of seedlings raised in growth tubes.
 
Those outgrowths occur in the presence 
or absence
 
of rhizobia and are not nodules. They cannot
 
be distinguished from nodules by eye. 
Plants
 
should be harvested from tubes and checked under
 
a binocular microscope for real nodules.
 
"Apparent" nodules lack structural organisation

and leghemoglobin. 
Timing of the harvest varies
 
depending on legume species but will usually

be about 21-35 days after sowing.
 

Some investigators place significance on other
 
data taken on plants grown in growth tubes.

"Earliness to nodulation' may be of some value.
 
It is inappropriate, however, to attribute
 
relative nitrogen fixation effectiveness to

strains based on nitrogen accumulation in plants

raised under such artificial conditions. The
 
root medium and atmospheric composition within
 
plugged test-tubes differ from those which the
 
plants require for optimum performance and may

constrain expression of nitrogen-fixing potential.
 

Alternate methodologies are required for MPTs
 
that are large-seeded and which become cramped

in growth tubes. These include the use of
 
growth pouches or "Gibson" tubes. Growth
 
pouches are made of autoclavable plastic and
 
have an absorbent towel insert. Seedlings

germinate in a fold (or are pre-germinated and
 
transplanted into the fold) at the upper rim of

the pouch. Roots develop within the pouch

nourished by a nutrient medium, and plant tops
 
grow in the open air. The method offers the
 
advantage that effective nodulation can be
 
reliably determined, but caution in attributing

relative effectiveness of strains on a pouch test
 
basis is necessary. Modifications of the method
 
include subdividing the pouches with heat bonding

to permit a single pouch to be used for several
 
strain treatments, or replications of the same
 
treatment.
 

In the case of "Gibson" tubes, the tube contains
 
a long agar slant that reaches -o the upper rim
 
of the tube, and are filled to the rim with
 
liquid medium or sterile water. They are capped

with aluminum foil. Radicles of pre-germinated

seedlings are entered through a small orifice in
 
the aluminum. The roots develop inside the tube
 
and the plant tops grow outside the tube. The
 
method offers similar advantage to those of

pouches, npmely that effective nodulation shows
 
up readily. Modifications of "Gibson" tubes
 
include omission of the liquid phase or half
 
filling the tubes.
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Obviously, 	if nodulation occurs in the
 
uninoculated control treatments in Stage I, the
 
bacteriological control has been inadequate
 
and the experiment is invalidated.
 

Some texts advocate dedication of entire light
 
rooms for the culture of plants in growth tubes.
 
Most workers will find a low cost system of racks
 
and portable fluorescent tubes more than
 
adequate for their needs. Such a system is
 
highly flexible and can be readily modified
 
to provide lateral illumination for growth tubes
 
or overhead illumination for pouches. The issue
 
of light quality has been overplayed. Regular

domestic flourescent lamps have served
 
satisfactorily in the screening procedure
 
described here.
 

Stage II. 	 Screening for nitrogen fixation
 
effectiveness
 

In this stage the objective is to rank infective
 
strains from Stage I in order of potential

nitrogen fixation effectiness with the
 
legume species/cultivar of interest.
 
Theoretically, in this test there should not
 
be any factors limiting growth of the legume
 
except nitrogen, so that full expression of
 
each strain's nitrogen fixation effectiveness
 
is possible. In practice it is assumed that the
 
nutrient regime and other aspects of growth
 
conditions 	are not limiting, even though there
 
are known examples of legumes for which standard
 
conditions 	are not non-limiting. Sand jar
 
assemblies 	are used in this test because they
 
permit more realistic growth conditions than
 
tubes, pouches, etc., but retain the high degree
 
of the bacteriological control which is still
 
essential if valid results are to be expected.
 

The Leonard jar is one example of such a sand
jar assembly. Watering is the most common source
 

of contamination in Rhizobium strain testing in
 
pots and in the field. Leonard-type sand jars

greatly reduce the frequency of watering and are,
 
therefore, less prone to contamination. Sand
 
jars are easily constructed ftom locally available
 
materials, but have the disadvantage that
 
sterilizing them required a very large autoclave.
 

As with growth tubes, surface sterilized
 
pre-germinated seeds are sown in the sand jars.
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Four seedling are allowed to establish
 
and thinned later to two by snippiir-T off the
 
tops. Drops (standardized rate) of suspensions
 
of strains of Rhizobium are added to seedlings

in the jars five days after sowing (one strain
 
per jar). Plants are harvested destructively
 
at a time after sowing that depends on the
 
legume under test. Usually 60 days after
 
sowing is appropriate.
 

Data taken on sand jar experiments vary from
 
investigation to investigation and include
 
the following:
 

- nodule number
 

- nodule dry weight and/or fresh weight
 
- nodule color
 

nodule distribution
 

- total plant fresh/dry weight 
- top weight (fresh/dry) 

- root weight (fresh/dry) 

- acetylene reduction rate 

- percentage N in tissues 

- total N produced 

Of these, total N produced is the most
 
meaningful integration of nitrogen fixation
 
effectiveness over time and, as 
this is highly

correlated with total plant dry weight, a
 
reliable measure of relative effectiveness of
 
strain of Rhizobium is possible with nothing
 
more sophisticated nor costly than a common
 
balance.
 

The main problem encountered with this test
 
relates to overheating in greenhouses or growth
 
rooms where the experiments are performed. Most
 
of the sand jar trials observed by this author
 
in the tropics are, in fact, selecting high

temperature tolerant rhizobia at the same time!
 
Other problems relate to the occasional failure
 
of the irrigation from beneath which depends
 
on capillary rise, and breakage of glass
 
components in autoclaving and handling.
 

Strains are ranked on the basis of their
 
performance in Stage II. The demarcation of
 
effectiveness categories is somewhat subjective,

but nevertheless useful. Strains are assessed
 
relative to the uninoculated control and the plus
 

(K
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nitrogen control and described as (in
 
ascending order of merit) parasitic,
 
ineffective, partially effective, moderately

effective, 	or fully effective.
 

Ordinarily 	about 30-50 strains would be
 
evaluated at Stage II in Leonard jars. Three
 
replications are essential and five are pre
ferred. The top ten strains are chosen for
 
further screening at Stage III.
 

The principal merit of Leonard jar trials
 
is that data on the potential effectiveness of
 
strains of 	Rhizobium with a particular legume
 
tend to be 	upheld in independent screening

trials by other investigators. Thus,
 
researchers can exchange information that
 
is stable and demonstrable on the nitrogen
fixing potential of strains. Pot and field
 
trials, on 	the other hand, given information
 
of the plant/Rhizobium soil interaction that
 
may or may 	not be repeatable at other
 
locations (5).
 

Stage III. 	Screening for symbiotic
 
effectiveness under physical,
 
chemical and biological stresses
 
of site soils
 

The fully effective nitrogen fixation effective
ness expressed under Stage II conditions will
 
not necessarily be upheld under real field
 
conditions. Thus, before selecting a final
 
cluster of 	three strains of Rhizobium for field
 
evaluation, it is advisable to subject a larger
 
group (ten) of potentially effective strains
 
to some of 	the physical, chemical and biological
 
stresses of soils for the inoculant is being
 
developed. This stage is particularly useful
 
if the specific selection objective includes
 
adaptation 	to a particular stress, such as
 
soil acidity. Stage III also has a value
 
in selection programs for "non-stress" soils.
 
In Stage II sand jar evaluation, test strains
 
did not have to compete against native rhizobia.
 

This third 	stage involves a pot experiment.

in which strains are tested with the host plant
 
and production related to that of uninoculated
 
control plants and nitrogen fertilized plants.
 
Soil is collected from the plough layer and
 
mixed to uniformity to produce a homogeneous
 
experimental material. Unsterilized soil is
 
used. Soil may be amended at fertilizer rates
 
equivalent to field practice (for methods, see
 
ref. 6) but only the nitrogen control plants
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receive nitrogen (equivalent to 100 kg N/ha).

Not all soils behave satisfactorily in pot

experiments and other amendments may be
 
necessary, partirularly with heavier soils.
 
The following zhould be considered:
 

* 
 sieving to remove large soil aggregates
 
and stones;
 

* 	 addition of high carbon ratio residues,
 
such as bagasse, at 1-2% (dry weight
 
basis) to counterbalance excessive
 
mineralization of nitrogen resulting from
 
soil handling;
 

* 
 addition of volcanic cinder, vermiculite, or
 
other materials to improve soil aeration
 
and drainage.
 

The sowing procedure and inoculation is the
 
same as for sand jars in Stage II. About 6-8
 
seedlings are planted and thinned to 2-4 plants
 
pot, depending on the species. Thinning is by

snipping off the plant tops, rather than pulling

entire plants from the soil. 
 Pot size is optional,

but 20-25 cm in diameter is usual. Six replica
tions of each treatment are required.
 

Precautions against cross-contamination in this
 
stage are essential. Watering, which in green
houses in the tropics is needed daily, is the
 
primary source of contamination. It can be
 
minimized by:
 

" 	 filling pots so that the soil level is
 

3 cm 	below the pot rim;
 

" 	 watering gently to avoid splashing;
 

" 	 using grid or mesh benches instead of
 
solid benches, so that pots can drip

through onto the floor;
 

" 	 raising pots on supports (such as petri

dish lids) so that there can be no
 
water flow on the bench surface from the
 
emergent roots from one pot to those of
 
another;
 

* 	 assigning watering to a single, well
 
trained individual.
 

Other precauations include avoidance of over
heating of the roots and nodules in pots and
 
minimizing non-treatment effects. Pots should
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be set up in a randomized, complete block design
 
but not re-randomized thereafter because of the
 
overriding problem of contamination through
 
handling.
 

As with sand jars, plant dry matter production
 
is the most meaningful parameter to be determined
 
and is the basis for ranking strains. The top
 
three strains are promoted to Stage IV.
 

Stage IV. Single location evaluation of
 
strains of Rhizobium and inoculation
 
methodology under field conditions
 

Strains emerging from Stage III are evaluated for
 
nodulation and nitrogen fixation under field
 
conditions. Although the preferred measure of the
 
response by a leguminous MPT to inoculation with
 
the test strains of Rhizobium is total biomass
 
production, there are many factors which, under
 
field conditions, can prevent differences in
 
nitrogen fixed by the strains being translated
 
into lon 9-term differences in yield. Therefore,
 
field trials should include an interim harvest
 
after only three or four months growth, i.e.
 
before treatment differences become masked by
 
other influences.
 

The trial has three basic treatments: plants
 
inoculated with Rhizobium; plants not inoculated;
 
and plants not inoculated but fertilized with
 
nitrogen.
 

The comparison between Rhizobium strain treatments
 
is most valid, in a scientific sense, when there
 
are no other factors limiting plant growth. But
 
the comparison is most realistic when the level
 
of agronomic inputs is economically feasible and
 
similar to that to be used in the region where the
 
MPT is to be grown. It is therefore best to field
 
test rhizobia at two fertility levels, in one case
 
aiming to eliminate all limiting factors, and in
 
the other case adhering to the level of imputs
 
that are "normal practice" for the region.
 

Experience has indicated that four replications
 
are desirable. With three treatments at two
 
fertility levels replicated four times, a 24 plot,
 
randomized, complete block design results. The
 
treatments in the first replication can be
 
deliberately arranged to serve as a demonstration
 
in which the treatments that are most frequently
 
compared are located side-by-side to facilitate
 
visual observation of treatment difterences. A
 
suitable layout is that used for the International
 
Network of Legume Inoculation Trials (6). Row
 
spacing, planting distance, and seed rate depend
 
on the legume in question.
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Plot size will necessarily be bigger for NFT
 
inoculation trials, but be smaller than would
 
be 	required for long-term production trials.
 
Thestandard plot size and layout used in the
 
International Network of Legume Inoculation
 
Trials is recommended.
 

It is best to sow the "uninoculated" and "nitrogen

fertilized" plot first. Only after the seeds in
 
these plots have been covered are the inoculated
 
seeds prepared for sowing in the remaining plots.

This minimizes the risk of contamination of
 
the plots that are not to receive rhizobia.
 

When the specific selection objective includes
 
overcoming soil stress, the field trial'at
 
Stage IV can amalgamate the strain selection
 
approach and other strategies for overcoming

the stress. For example, several inoculation
 
methods could be appraised for their ability to
 
overcome the effect of acid soil stress on
 
nodulation.
 

Precautions against cross contamination are of
 
paramount importance. Common pathways of
 
contamination are:
 

" 	Careless handling of inoculated seed at
 
planting time.
 

* 	Use of field implements without sterilizing
 
them between plots.
 

" 	Tramping from plot to plot (by laborers,
 
animals, visitors, etc.)
 

" 	Run-off and other drainage problems caused
 
by poor site selection.
 

The best Rhizobium/inoculation method combination
 
is 	then selected and subjected to further testing

in Stage V. It could be justified to produce

and use legume inoculant based on Stage IV
 
evidence, but there remains the risk that the
 
selected strain will be a successful inoculant
 
only in the specific soil and climatic conditions
 
under which it was selzcted. A further stage

is essential to determine the range of suitability
 
of inoculant developed for a single location
 
in Stage IV.
 

Stage V. Multi-location testing of the response
 
to 	inoculation with selected Rhizobium
 
strains
 

A standard design developee for the International
 
Network of Legume Inoculation Trials (INLIT) is
 
available for those comtemplating multi-location
 
trials on the response of legumes to inoculation
 
with selected strains of Rhizobium (6).
 



One of the major constraints to fuller utiliza
tion of legume inoculation in the tropics is that
 
there has not been convincing demonstration on
 
a wide scale that production will result with
 
local legume varieties under local soil and
 
climatic conditions (2). Stage V trials can
 
assist in deriving the data necessary for
 
predicting more reliably whether a legume
 
will respond to inoculation or not.
 

Stage V trials can be used to characterize
 
selected strains for competition and persistence

if the inoculant strain is "marked" serologically
 
or with antibiotic resistance. Such strains of
 
Rhzizobium can be detected in 
the nodule population

and their ability to compete against strains
 
natice to the site determined. These strains can
 
also be detected, if present, in the soil in
 
following seasons, or in the nodule populations of
 
subsequent legume crops sown uninoculated. The
 
International Network of Legume Inoculation
 
Trials (INLIT) coordinated by the University of
 
Hawaii NifTAL Project are available for 17
 
agriculturally important tropical legumes
 
including the MPT Leucaena leucoccphala.
 
Inoculants developed for INLIT each contain
 
three serologically distint, effective strains
 
of Rhizobium from diverse geographic and host
 
germplasm backgrounds (6). Each INLIT is
 
potentially an ecological study of the relative
 
performance of the three exotic strains between
 
themselves and in competition with indigenous soil
 
strains. 
 The INLIT is also a long-term persistence
 
trial. A mixed inoculant of 6 marked strains
 
suitable for use with most leguminous MPTs (7)

is also offered to researchers in the tropics
 
through NifTAL's INLIT program.
 

Pre-screening tests for special 
cases
 

For some specific selection objectives, the
 
development of rapid screening procedures may
 
reduce the time taken to develop a reliable
 
inoculant strain, or may greatly increase the
 
likelihood of successful inoculant strains
 
emerging from the step-wise screening previously
 
described. 
For example, in the case of selection
 
of rhizobia for acid, infertile soils, a
 
laboratory pre-screening that preceded the Stage I
 
test greatly increased the range and numbers of
 
strains that could be addressed (8). It eliminated
 
effective strains pre-destined to fail in the field
 
but which would have passed through Stages I, II and
 
possibly III consuming time and resources. The
 
pre-screening 
 test was based on the reasonable
 
assumption that for a strain of Rhizobium to be a
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successful inoculant for legumes grown in acid
 
soils, ability to multiply well at low pH is
 
essential trait. Synthetic media were developed

that tested ability to multiply at low pH, and
 
only those strains passing the test were fed into
 
the step-wise screening program. Investigators
 
may find it useful to adopt rapid pre-screening
 
steps for their own objective(s).
 

A cautionary note about screening
 

As with any screening program, there is always

the risk that discarded materials that could not
 
be accommodated in the later stages would have
 
performed well in the field. In the procedure
 
described, the stage-to-stage transition that
 
is most problematic is that from Stage II to
 
Stage III. Ranking of strains in sand jars do
 
not necessarily hold up when subjected to the
 
stresses of site soils. Although 10 fully

effective strains are passed across from II to
 
III, examples have occurred in which as few as
 
three of the strains could nodulate at Stage III
 
and only one of these was effective (1).
 

When dealing with uncommon legume species

(most MPTs fall in this category) an investigator

should be concerned about whether the routine
 
media used in Stage I and Stage II are, in fact,
 
non-limiting on growth of the legume plant so that
 
Rhizobium characters can be expressed. As an
 
example of this, it was found that Styiosanthes
 
capitata a legume with high tolerance to soil
 
acidity factors and native only to acid soil
 
regions of South America, could not be nodulated
 
by any one of more than 100 Stylosanthes isolates
 
(including many specifically from S. capitata)

tested at Stage I. Nor would S. capitata grow in
 
Stage I. Only when the growth medium was acidified
 
to a pH lower than 5.0 and the Ca and P levels
 
ten-fold would the plant nodulate and grow.
 

Even through the screening procedure is lengthy,
 
attempts to short-cut the sequence are ill
advised. Recommendation of strain of Rhizobiuin
 
for MPT inoculation without first performing

field trials similar to those described in Stage

IV and Stage V is risky in the face of accumulation
 
data that show that site variation in performance

of selection strains is common (5).
 

Inoculation technology
 

The underlying objective of inoculation technology

is to place sufficiently high numbers of preselected

strains or rhizobia in the vicinity of the emerging
 
root that they have a competitive advantage
 
over any indigenous soil strains with lesser nitrogen
 
fixing ability in the formation of root-nodules.
 



1058
 

This involves:
 

" 	selection of strains of rhizobia that
 
are compatible and effective nitrogen

fixers with particular legumes;
 

" 	multiplying selected strains to high
 
population densities in bulk cultures;
 

* 	incorporating the liquid rhizobial cultures
 
into a carrier material (usually finely
 
milled peat) for packaging and
 
distribution; and
 

" 	coating the seeds of legumes with the
 
carrier or implanting the soil with the
 
inoculant directly into the seed drill.
 

Production methods for legume inoculants will
 
not be described here, as this is generally left
 
to 	specialists. Recently however, several
 
simplified, low cost techniques for producing
 
inoculants have become available, making local
 
small scale production feasible (2,9). Assistance
 
in 	this area is available through NifTAL.
 

Differing opinions on strain composition of
 
inoculants
 

There are at least three opinions about the best
 
approach on inoculant strain composition:
 

" 	an inoculant should have a single, highly
 
effective strain appropriate for individual
 
species (this results in numerous inoculants);
 

" 	inoculants should have a single "wide-spectrum"
 
strain that varies from good to excellent in
 
nitrogen fixation with a range of legumes;
 

* 	or that inoculants have several strains,
 
each being the best strain for each host
 
species for which the inoculant is recommended.
 

There may be a conflict between the option that
 
would be chosen for commercial expendiency and that
 
which is scientifically excellent. In Australia
 
"wide-spectrum" strains are used when these 
are
 
available, but there is increasing use of
 
specialized inoculants with specific strains for
 
individual hosts. Despite research findings of
 
possible antagonistic and competitive effects in
 
culture and the likelihood of competition in
 
nodule formation from the less effective strains,
 
this is the approach used successfully by the U.S.
 
inoculant industry.
 

6 'o 
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Given the number of leguminous MPT species
 
being addressed (an expert group was unable to
 
reduce a priority list to less than 44 species),

and given also that incculant for these is needed
 
even before development of specialized inoculants
 
can be completed, NifTAL advocates routine use of
 
a multi-strain inoculant incorporating wide
spectrum, fast- and slow-growing rhizobia.
 
Results to date with this inoculant vindicate
 
this approach (9).
 

Inoculation methods
 

The first attempts at inoculation involved
 
the transfer of soil from one field to the next
 
but with the isolation of the organisms
 
responsible for nodule formation, artificial
 
cultures soon replaced the laborious soil trans
fer technique.
 

The most commonly used inoculation technique is
 
to treat seed just before sowing either with a
 
dust or with a slurry in water or adhesive solution.
 
Adhesives such as gum arabic and substituted
 
celluloses not only ensure that all the inoculum
 
adheres to the seed surface but also provides a
 
more favorable environment for survival of the
 
inoculant. Pelleting of inoculated seed with
 
finely ground coating materials such as lime,
 
bentonite, rock phosphate and even bauxite have
 
been used to protect rhizobia during their time
 
on the seed coat.
 

An alternative to pelleting and pre-inoculation

in recent years has been the use of concentrated
 
liquid or solid granular peat culture. These are
 
sprayed or drilled directly into the soil with
 
the seed during planting. Suspensions of rhizobia
 
either as reconstituted frozen concentrates or
 
suspensions of peat inoculant can be applied with
 
conventional equipment. Similarly, granulated
 
peat inoculants can be drilled in from separate
 
hoppers on the drilling equipment. These methods
 
have been especially successful for introducing

inoculant strains into situations where there are
 
large populations of competing, naturally occurring

soil rhizobia or in cases of adverse conditions
 
such as hot-dry soils and where insecticide or
 
fungicide seed treatment precludes direct seed
 
inoculation. Solid inoculant, also known
 
as granular or "soil implant" inoculant, is
 
appropriate for use at the time of transplanting

MPT seedlings to their final sites. Liquid

inoculants are the best form for seedlings being
 



raised under nursery conditions.
 

Measuring the nitrogen fixed by MPTs
 

"How much nitrogen/ha/year does the species

fix?" is a question asked frequently by

researchers involved with legumes. 
This author
 
believes firmly that it is so difficult to
 
measure nitrogen fixation by a perennial species

under field conditions, and that the answer
 
obtained is of so little real value to those
 
concerned with tree production, that there is

little need to be preoccupied with quantifying

nitrogen fixation by MPTs.
 

It is very important for a MPT researcher to
 
know that he has optimized the opportunity for
 
nitrogen fixation by providing seedlings,

if 	necessary, with the correct Rhizobium. 
It
 
is much less important to know how much nitrogen

is ultimately fixed. 
 Thus, total nitrogen fixed
 
is 	primarily a datum of academic interest.
 

It is sometimes misunderstood that a nitrogen

fixation value is needed for choosing whether to
 
plant nitrogen-fixing or non-fixing trees. 
This
 
choice is better supported by determining the
 
nitrogen application rate required for the 
non
nitrogen fixer to attain productivity equivalent
 
to the nitrogen fixing species. This does not
 
involve measuring nitrogen fixation at all.
 

Methods such as acetylene reduction and the use
 
of isotopic nitrogen are not readily applicable

t! :Field studies with perennial species and are
 
unacceptably imprecise for studies with deep

rooting trees (10). Approaches such as are used

by ecologists to determine nitrogen balances
 
in overall soil, plant, atmosphere systems are
 
perhaps the only valid way to measure nitrogen

fixation in MPTs. Few production-oriented tree
 
researchers are in a position to accomplish the
 
major undertaking which this involves.
 

Vescicular arbuscular mycorrhizal technology
 

Although there are parallels between rhizobia] and

mycorrhizal technologies, neither strain selection
 
methods nor inoculation practices for VA
 
mycorrhizae are well established at this time.
 
It is known that;
 

* 	there is variation in the symbiotic value
 
of different VA mycorrhizae;
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" 	there is a degree of host: mycorrhiza
 
specificity;
 

" 	VA mycorrhizae are absent from some soils;
 

But these observations tend to be exception,

rather than the rule, and are not a strong basis

for a VA mycorrhizal inoculation technology.
 

MPT researchers should be 
on 	the look out for
 
instances when their trees do not have VA mycorrhiza

and only then contemplate remedial inoculation.
 
This section provides a method used at NifTAL

for determining the extent of spontaneous mycorrhizal

infection of MPTs.
 

Sampling and staining roots for mycorrhizal
 
observations
 

Fine, non-lignified roots are rinsed of soil debris
 
and cut into 1.0 cm segments. These are immersed
 
in potassium hydroxide (10%) 
at 900C in a water
 
bath for 2-2.5 hours. Further bleaching is

accomplished with a 20 minute immersion in alkaline
 
hydrogen peroxide solution (30ml of 30% peroxide .
 
5ml household ammonia + 165mi wate). 
The root
 
segments are 
then rinsed three times in tapwater.

After acidifying for 3 minutes in 1% hydrochloric

acid, the roots are stained for 10 minutes in
 
lactophenol with trypan blue at 90'C. 
 Excess

stain is drained off and the roots are 
rinsed
 
twice in tapwater. If additional destaining
 
appears necessary, the roots 
are rinsed in
 
lactophenol. The roots are 
ready for mounting at
 
this stage.
 

It is customary to squash the root portion under
 
a cover slip and to observe at about x 20 maginifi
cation. Hyphae appear blue and vescicules may

be seen in cells. Arbuscules may also be observed
 
in some cells but are not always present.
 

Determining the percentage infection is only a
 
semi-quantitative estimate, but does serve to
 
distinguish between those species that are heavily

mycorrhizal and those which are only sparsely

infected. By convention, the "percentage infection"
 
is the proportion of examined root samples that
 
are found to be mycorrhizal. Obviously, much
 
depends on the adequacy of the sample on which the
 
observations are made.
 

(
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Some observations on VA mycorrhizal infection
 
of MPTs in Hawaii
 

Mycorrhizal infection of many MPTs occurs
 
spontaneously in field soils in Hawaii. Thirty
 
species of NFT were sown in 11amakuapoko soil
 
(Typic Haplustoll, ph 6.9) on the Island of Maui.
 

Naturalized vegetation at the site includes spiny
 
amaranth (Amaranthus spinsosa), some wild
 
Cruciferae, and the legumes Indigofera fructicosa
 
and Leucaena leucocephala. All but one of the
 
introduced species were observed to be heavily
 
infested with VA mycorrhizae by 12-16 weeks
 
after planting (Table 1). This suggests that
 
specific inoculation of NFT seeds with VA
 
mycorrhizae may be unnecessary.
 

Further research is necessary to determine whether
 
other species are readily infected with native
 
VA mycorrhizae and whether VA mycorrhizae are
 
ubiquitous in tropical soils.
 

Research to compare VA mycorrhizal infection of
 
four MPTs (Parkia roxburghii, Acacia farnesiana,
 
A. nilotica, and A. senegal) grown in soil of
 
widely differing p}i revealed that infection was
 
greatest in high p1l (8.5) soils and was absent
 
from all species in soil from a low p11(4.5) site.
 

None of the above considerations precludes the
 
possibility that at some point in the future,
 
mycorrhizal inoculant technology might emerge
 
based on displacement of relatively infective
 
native strains by selected strains that are more
 
highly effective phosphorus absorbers. But for
 
the present, inoculation of NFTs with mycorrhizae
 
seems unnecessary. This is perhaps just as well
 
because inability to raise VA mycorrhizae in
 
the absence of a host plant remains a serious
 
obstacle to large-scale production of VA mycorrhizal
 
inoculants.
 

It has been shown that leucaena seedlings raised
 
under nursery conditions did not become infected
 
spontaneously in a peat moss/vermiculite rooting
 
medium. The medium had not been sterilized, but
 
it is presumed that the source materials were
 
largely free of mycorrhizal spores. Following
 
transplanting to Hamakuapoko field soil, seedlings
 
become progressively infected with VA mycorrhizae
 
and after 8 weeks attained a level of infection
 
(90%) typical of field grown leucaena (Table 2).
 



------------------------------------------------------------------

1063 

Table 1. 	 Observations on presence or absence of nodules and the degree of
 
VA mycorrhizal infection on roots of leguminous trees introduced
 
to Hamakuapoko soil.
 

NFT 	 Species 
 Nodulation VA Mycorrhizal
 
No. 
 infection
 

101 	 Acacia albida 
 yes 90 %
 
106 	 Acacia holoserica yes 42 %
 
171 	 Acacia mangium yes 80 %
 
152 	 Acacia mellifera yes 76 %
 
103 	 Acacia nilotica yes 91 %
 
154 	 Acacia nubica 
 yes 88 %
 
157 Acacia seyal var. seyal yes 99 %
 
338 Albizia chinensis yes 96 %
 
181 Albizia falcataria yes 94 %
 
185 Albizia julibrissin yes 91 %
 
182 Albizii moluccanna yes 97 %
 
161 Callia'dra calothyrsus yes 96 %
 
321 	 Cassia .iamea 
 no 100 %
 
320 Enterolobium cyclocarpum yes 98 %
 
127 Julbernardia globiflora no 28 %
 
569 Leucaena leucocephala yes 95 %
 
114 	 Prosopis al-icana 
 yes 90 %
 
116 Prosopis juliflora yes 94 %
 
323 Samanea saman yes 100 %
 
303 Sesbania grandiflora yes 86 %
 
120 	 Tamarindus indica no 98 %
 

(from Halliday and Nakao, 1982)
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Table 2. 	 VA Mycorrhizal infection of Leucaena leucocephala established 
by direct seeding or by transplanting. 
(Data of P. Nakao, unpublished) 

..............----------------------------------------------------------------

Plant age VA Mycorrhizal infection
 

(days) (as percentage)
 

direct seeded tr,:,splanted
 

21 51 in 0 
49 74 fiel 0 nursery 
56 82 0 

63 95 2
 
70 >95 in 43 in
 
84 >95 field 61 field
 

112 	 >95 95
 

-- nursery plants raised in dibbling tubes in a non-sterile peat 
moss-vermiculite mixture (3:5 ratio by volume) and transplanted
 
to the field on day 60.
 

-- Typic Haplustoll, pH 6.9, Hamakuapoko, Maui, Hawaii. 
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TECHNICAL NOTE ON THE GERMINATION OF LEGUMINOUS
 
TREE SEEDS
 

Summary
 

Seeds of 33 leguminous tree species were tested
 
for germination following mechanical or chemical
 
scarification. The treatments gave germination

of over 50% for 28 of the species. Mechanical
 
or chemical s. irification of about three times

the number of seeds needed for an experiment

with leguminous tree species is recommended as
 
a rule of thumb when the germination rate of the
 
seeds is in doubt.
 

Introduction
 

An ability to germinate seeds of leguminous trees
 
reliably is an essential prerequisite for
 
systematic research with this class of plants.

For researchers more accustomed to dealing with
 
crop legumes, poor germination of the seeds of
 
leguminous trees 
can be especially frustrating

While there may be particular techniques known
 
to some researchers for certain species, 
it is
 
difficult to obtain sound guidelines for
 
germinating seeds of leguminous tree species

dependably.
 

The legume family has arboreal species that are

numbered in the thousands. Many of the species

have physically and/or physiolog. al dormancy.

Commonly the degree of dormancy is dependent on

the age of the seeds. 
 Dormancy is often confounded
 
by loss of viability, a factor heavily dependent
 
on the conditions of seed storage. Perhaps most

seriously, the genetic heterogeneity in the majority

of leguminous 
tree species makes it difficult to

conceive of a germination procedure that will work
 
consistently at the species level.
 

Tables 1 and 2 are offered as a record of the
 
experiences in one laboratory with certain seed

batches of an array of leguminous tree species.

There is little guarantee that these procedures

will give the same results in the hands of other
 
researchers using different batches of seeds of

the same species. It is even unlikely that the
 
same procedures applied to the 
same seed batches
 
will give the same results at a later date.
 
These considerations not withstanding, there is
 
value in sharing and accumulating such data from

which more reliable guidelines might be derived at
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some point in the future.
 

Materials and methods
 

Seeds were obtained from the Nitrogen Fixing

Tree Germplasm Resource housed at the University
 
of Hawaii NifTAL Project. Background information
 
on the source of the seeds is presented in Table 1.
 

Treatments used to improve germination were: 
(a)snipping; (b) immersion in acid for varying 
periods of time; (c) immersion in hot (80 degrees C) 
water; or (d) no treatment. Snipping involved 
cutting off a small portion of the seed coat at the 
end of the seed opposite the embryo with nail 
clippers. Concentrated sulphuric acid was used 
in the acid immersion treatment. At the end of the
 
immersion period, seeds plus acid were tipped into
 
a large excess volume of sterile, distilled
 
water at nmbient temperature. Seeds were then
 
imbibed in sterile water and germinated on water
agar in a 280C incubator.
 

Results and discussion
 

The percentage germination of the various species
 
is given in Table 2. Mechanical scarification by

snipping or chemical scarification with concentrated
 
sulphuric acid gave germination of more than 50%
 
with 28 out of the 33 species listed. Only two
 
of the accessions had germination of less than 30%
 
and these were not scarified. Determination of
 
the duration of immersion was largely subjective and
 
based on seed size, shape and apparent hardness.
 
These results suggest that if scarification, whether
 
mechanical or chemical, is employed then satisfac
tory germination can be expected with many leguminous
 
tree species. The results also suggest that at
 
least three times the number of seeds actually
 
needed for an experiment should be treated.
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Table 1. 
 Source of seed batches used in germination studies.
 

Species 
 Accession Source 
 Seed Age
 
No. 
 (months)
 

. - -------------------------------------
Acacia albida (NET 101) 
 Ethiopia via Kew Gdns >10

Acacia auriculiformis 
 (NFT 136) By NifTAL from Malaysia 7
 
Acacia cyanophylla 
 (NFT 111) Kiryat Hayim, Israel > 9
Acacia holoserica (NFT 106) 	 3
Brisbane, Australia 

Acacia mangium 
 (NFT 171) Brumas, Sabah, Malaysia

Acacia mellifera (NFT 152) 	

8
 
Khartoum, Sudan 
 >12
 

Acacia nilotica (NFT 103) Ludhiana, Punjab, India > 8
Acacia nubica 
 (NFT 154) Khartoum, Sudan 
 >12
Acacia pennatula 
 (JR 1) Xalapa, Mexico 
 17

Acacia senegal (NOT 151) Shambat, Sudan 
 >12

Acacia seyal v. seyal 
 (NFT 157) Khartoum, Sudan 
 >12
Albizia chinensis 
 (NFT 338) Manoa, Oahu, Hawaii > 3
Albizia falcataria (NFT 181) 
 Bislig, Philippines > 7

Albizia lebbek 
 (NFT 328) Paia, Maui, Hawaii 3
 
Albizia lebbek 
 (JR 2) Cardel, Mexico 
 5
Albizia julibrissin 
 (NFT 185) Longwood Gdns, USA

Albizia moluccana (NFT 182) 

> .7
 
Manoa, Oahu, Hawaii > 7


Albizia polyphylla (NFT 339) Los Angeles, USA > 3
Brachystegia spiciformis 
 (NFT 135) Zimbabwe 

Calliandra calothyrsus (NFT 161) 

12
 
Java, Indonesia 21


Cassia siamea (NFT 321) Puunene, Maui, Hawaii 4
Enterolobium cyclocarpum 
 (NFT 320) Puunene, Maui, Hawaii 
 1
 
Enterolobium ryclocarpum 
 (JR 3) Cempoala, Mexico 

Gliricidia sepium 	

5
 
(JR 4) Cempoala, Mexico 


Julbernardia globiflora 	
4
 

(NFT 127) Salisbury, Zimbabwe 12

Leucaena leucocephala 
 (JR 5) Buena Vista, Mexico 4

Leucaena leucocephala 	 1
(NT 569) Pukalani, Maui, Hawaii

Pithecellobium dulce 
 (NFT 327) I'poko, Maui, Hawaii 
 4
 
Pithecellobium lanceolatum 
 (JR 6) Cempoala, Mexico 
 1
Prosopis africana 
 (NFT 114) Senegal 
 >10

Prosopis juliflora 	 >10
(NFT 116) California, USA

Prosopis tamarugo (NFT 169) Chile > 9
Pscidia communis (JR 7) Cempoala, Mexico 
 4Samanea saman 
 (NFF 323) W'poko, Maui, Hawaii 4Sesbania grandiflora (NFT 303) Kohala, Hawaii 5T'amarindus indica (NOT 120) Townsville, Australia > 8 

.. .. . .. .. . .. .. . ...---------------------------------------

> 	The collection date was not known. Seeds are at least as old as

stated based on 
the known date of receipt at NifTAL
 



Table 2. Percentage germi"at ion of seeds of leguminous trees 
following treatment ais spec ified. 

Species Access i on Trea tmnent s 
No. ;I c (I 

Acacia albida 
Acacia auriculiformis 
Acacia auriculiformis 
Acacia cyanophylla 
Acacia holoserica 

(NFT 101) 
(NFT 136) 
(NFT 136) 
(NFT 111) 
(NFT 106) 

79 
-
-
-
-

77 (10 mdn) 
58 (30 min) 
70 (40 min) 
1 (10 min) 

45 (15 min) 

-
21 
-
-
-

-
-
-

-
-

Acacia mangium 
Acacia mellifera 
Acacia nilotica 

(NFT 171) 
(NFT 152) 
(NFT 103) 

-
100 
31 

74 (15 min) 
-

13 (15 min) 

-
-
-

-

-

-
Acacia nubica 
Acacia pennatula 

(NFT 154) 
(JR 1) 

-

-

100 (25 min) 
13 (20 min) 

-
-

-
-

Acacia pennatula 
Acacia pennatula 

(JR 1) 
(JR 1) 

-
-

7? 130 min) 
7 (60 min) 

-
-

-
-

Acacia senegal (NFI' 151) - - - 7 
Acacia seyal v. seyal 
Albizia chinensis 

(NFT 157) 
(NFT 338) 

67 
100 

30 (10 min) 
-

-
-

-
-

Albizia falcataria (NFT 181) - 57 (30 min) - -
Albizia lebbek (NFT 328) 90 - - -
Albizia lebbek (JR 2) 100 - - -
Albizia julibrissin (NFT 185) 90 - - -
Albizia moluccana (NFT 182) 68 - - -
Albizia polyphylla (NFF 339) 100 - - -
Brachystegia spiciformis (NFT 135) 93 - - -
Calliandra calothyrsus 
Cassia siamea 

(NFT 161) 
(NFT 321) 

64 
68 

52 (15 min) 
51 

-
-

-
-

Enterolobium cyclocarpum 
Enterolobium cyclocarpum 

(NFT 320) 
(JR 3) 

-
-

78 (30 min) 
58 (30 min) 

-
-

-
-

Enterolobium cyclocarptm 
Gliricidia sepium 

(JR 3) 
(JR 4) 

-
30 

95 
-

(40 min) -
-

-

-
Julbernardia globiflora (NFT 127) - - - 71 
Leucaena leucocephala (JR 5) - 100 (25 min) - -
Leucaena leucocephala (NFT 569) 100 - 100 -
Pithecellobium dulce (NFT 327) 94 - - -
Pithecellobium lanceolatuM (JR 6) 45 - -
Prosopis africana (NET 114) 100 - - -
Prosopis juliflora (NFT 116) 33 - - -
Prosopis tamarugo (NFT 169) - 100 (20 rin) - -
Psidia commnnis 
Samanea saman 

(JR 7) 
(NFT 323) 

-
58 

-
-

-
-

16 
-

Sesbania grandiflora 
Tamarindus indica 

(NFT 303) 
(NFT 120) 

94 
93 

io (10 min) 
97 (15 min) 

-
-

-
-

.......................................----------------------.. 

Treatments: (a) snipping opposite end of seed from embryo;
(b) immersion in acid for stated lperiods of time; 
(c) immersion in hol water (80 degrees C); 
(d) no treatment.
 

-Axv
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METHODS FOR ASSESSING RHIZOBIA AND VA MYCORRHIZAE FOR MULTIPURPOSE TREES. 

Jake Halliday
 
University of Hawaii NifTAL Project, 
 P.O. Box 0, Paia, Hawaii 96779, 
 U.S.A.
 

Introduction
 

Nitrogen-fixing trees 
potentially benefit from at 
least two symbiotic
 
relationships with microorganisms. Association with rhizobia confers nitrogen
 
fixing ability. 
 Infection with vescicular arbuscular (VA) mycorrhizae enhances
 
phosphorus uptake. 
A vigorous tree at 
a particular location is frcquently a
 
manifestation of an especially effective match between the tree genotype, its
 
symbiotic partner(s), and its environment. 
 In fact such a tree could be
 
heavily dependent ol its microsymbioses for its nutrition. 
Geraplasm explorers
 
need to be aware that later performance of a co]lected accession introduced 
to
 
a new location may be below expectation unless a specific effort is made 
to
 
reconstitute equally effective associations.
 

Introduced tree species can 
fail to encounte r fully effective
 

microsymbionts spontaneously in the native microflora, and/or nodulate
 
effectively with available inoculants. Even when the trees are inoculated, the 
strains provided may not match the 
tiee's specific requirements. Thus an
 
integrated approach to germplasm exploration, selection and introduction, in
 
which seeds, rhizobia and mycorrhizae are 
viewed as inseparable components of
 

the germplasm unit is warranted.
 

An earlier section of this manual dealt with collection methods. 
 This 
section describes established methods for selecting superior strains of 
Rhizobium and for using them as inoculants for trees. Methods for selection 
and evaluation of mycorrhizae for legominous trees are much less developed at 
this time. This chapter outlines methods for determining the degree to which a 
leguminous tree infectedis with VA mycorrhizae. For those interested 



Specifically in selection and inoculitLion methods, 
1 72 

several references to
 
research papers in this area are provided. 

Principles of Rhizobium strain selection
 

"Strain selection is performed to ensure that a legume seed
 
inoculant contains at scrain, or strains, of Rhizobium 

capable of forming fully effective, nitrogen-fixing nodules 
on the legume species for which it is recommended and in 
the soil and climate in which the legume is grown." 

Previous publications by the author (1,2) 
have defined step-wise screening
 
approaches 
to strain selection. 
Most -election procedures for crop legumes
 
stress the matching of specific rhizobial strains with the host genotype,
 
sometimes even at 
the varietal level. 
 This approach is valid 
for a MPT like
 
leucaena, but is inappropriate for most other MPrs because the seed lines are 
not genetically pure. 
 Genetic diversity of planting material 
is just one of
 
the fe.tures of multipurpose trees that makes it necessary 
to rethink some of
 
the conventional approaches to 
selection of Rhizobiu:m strains for use in
 

inoculants.
 

A second complication for inoculation of MPTs is that vegetative 
propagation may be necessary for some species. 
Conventional inoculant methods
 
involve application of rhizobia directly to 
the propagule or indirectly to the
 
soil. Modifications have not 
been validated for use with vegetative
 
propagation. Such validation is necessary because delay 
time between planting
 
and root emergence can be much longer with vegetative propagules than in the
 
case of seed germination. 
The period during which rhizobia are vulnerable to
 
adverse factors is prolonged. There may not 
be survival of adequate numbers to
 
effectively nodulate the root when it finally emerges.
 

QAN
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forage legume introductions in acid, infertile soils of tropical Latin
 
America (1). 
 The principles underlying the approach apply equally well 
to
 
strain selection for MPTs, and 
some alternative methodologies are mentioned
 
in the text. Individual investigators can modify the techniques and
 
improvise with equipment 
to suit their purposes and 
the facilities available
 
to them, provided they adhere to 
the principles of Rhizobium strain
 

selection stressed here.
 

Selection criteria
 

Some characteristics of strains of Rhizobium to be used 
as legume
 
inoculants can be regarded as "essential" whereas others are 
"desirable"
 
depending on 
the specific selection objective. Essential traits are:
 

ability to nodulate the MPT in the field conditions under which it is
 
grown. 
 Such strains are 
referred to as 
"infective." 
 Strains of Rhizobium
 
which are infective in the field will usually have exhibited "competitive
 
ability" if they displaced nodulation by 
native strains present at the
 
site. 
 They will also have been "stress tolerant" if they successfully
 

nodulated legumes in soils with excesses or 
deficiencies in their
 

physical/chemical composition.
 

capacity to 
fix sufficient nitrogen 
to sustain production close to, 
or
 
surpassing, the level possible if the legume were supplied with
 
nitrogenous fertilizers. 
 Such strains are 
referred to as "effective."
 
Strains which are 
fully effective are usually carbon efficient and
 
hydrogen efficient as well. 
 The "efficiency" of a Rhizobium strain is
 
seldom measured during strain selection and use of 
the term in this
 
context should be avoided. Effectiveness is usually what is meant.
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ability to perform satisfactorily when subjected to the component 

processes of commercial-scale inoculant production systems. inoculant 

strains must multiply well in bulk culture and be able to mature to high 

populations in the carrier material. 

-- able to survive well during distribution to, and use by, farmers. Strains 

should be tolerant to the anticipated maximum teperatu-e that they will 

encounter. They must also survive well during the seed/soil inoculation 

procedures. Additionally, they must survive on seed in soil from the time 

of their application until the emerging legume radicle is susceptible to 
infection (usually at least seven days). Strains for MPTs will need to 

survive for 
even longer periods if they are used with vegetative'
 

propagules, and/or to withcope delayed germination. 

Traits that are held 
to be desirable are:
 

long-term persistence is expected of strains of Rhizobium used to
 

inoculate perennial species. 
 Imp]icit in the concept of persistence is
 

saprophytic competence, summarya term for all those traits that permit a 

Rhizobium strain live ato as stable member of the soil microflora, even 

in the absence of its legume host. This trait is particularly desirable 

in strains of Rhizobium used to inoculate MPTs. 
Persistence of strains 

for annual crop legumes from season to season may be considered a
 

desirable trait in some circumstances, as it obviates 
 the need for
 

inoculation in subsequent 
 years. But there may be cropping systems in 

which carry-over strains from a previous crop may nodulate a following 

crop relatively ineffectively and 
even out-compete effective introduced
 

strains. 
This can occur in rotations of soybean with peanut and cowpea
 

that nodulate with the cowpea miscellany.
 

CI 
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practice is to sow legume seeds pre-treated with these substances, some of 
which are toxic to certain strains of Rhizobium.
 

Basis for strain selection
 

Rhizobium strains 
do vary widely in the characteristics lis ed above. 
Some strains nodulate some genera, or sper:es, or 
varieties of legumes and noL
 
others. Among strains capable of infecting and nodulating a particular legume, 
there is great variation in the amount of nitrogen they infix, i.e. variation 
effectiveness. There is considerable strain variation in the other listed 
traits as well and thus an opportunity exist; to select superior strains.
 
Unlike 
 higher plants which can be improved| through breeding and hybridization, 
Rhizobium improvement is currently practical only by selection from natural
 

populations.
 

Need 
for strain selection
 

As will be appieciated from the following procedures, the selection of
 
superior Rhizobium strains 
is a lengthy undertaking. Several years of study
 
may be necessary 
 to complete characterization and tes':ing. Given that 
strains of Rhizobium for many legumes, including some MPTs, have already
 
been developed at research labs around the world, 
it makes sense to obtain
 
and use 
these, rather than initiate an extensive selection program. 

Selection of rhizobia is only really justified when the specific selection
 
objective cannot b, satisfied by strains held in existing collections. 
Examples of circumstances which justify a strain selection program are: 

-- when the legume of interest is an uncommon species for which there is no 
recommended inoculant strain. This is the "state-of-the-art" for the 
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majority of Mll',. 

-- when inoculation of the particular Legume with recommended strains of 
Rhizobium under field conditions fails to give adequate nodulation and 
nitrogen fixation. This can occur if the legume variety is different from 
that with which the inoculant strain was developed, or if the soil and 
climatic conditions vary from those under which the inoculant was 

developed. 

Matching rhizobia to soilt p
 

The step-wise selection procedure given here 
 derives a Rhizobium strain 
recommendation for legumes planted under a particular soil condition. This
 
approach is innovative in 
 the sense that strains of Rhizobium in current use as 
legume seed inoculants are developed for the species of legume with which they
 
will be used, rather than the 
soil type in which the legume will be grown. 

The need to inoculate
 

In the technologically 
advanced countries, it is normal farm practice to
 
modify soil conditions to 
be suitable for a particular crop. It is not 

unreasonable therefore to expect a rhizobial inoculant for a legume species to 
perform well wherever that islegume grown. In the developing nations, 
however, soil amendment is minimal or not practiced at all, and crop plaits are 
often grown under stresses of adverse soil factors that cannot be economically 
alleviated. For most utilizations, e.g. reforestation, MP'l's will be introduced 
to unamended soils. It may be unreasonable to expect that a single strain of 
Rhizobium will perform equally well anas inoculant in the wide array of soil 
types under which its MPT host will be grown in the tropics. One reason that 
legume inoculation is not widely successful in developing countries is that 
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have strains selected for, and adpated to, the extremes of soil stress
 

encountered in the tropics (2).
 

There is a widely held view that strain selection and legume
 
inoculation have little potential for improving yields of tropical legumes
 
(including MPTs),'since tropical lepumes are not specific in their Rhizobium
 
strain requirements, and because suitable rhizobia occur-universally in
 
tropical soils. 
Spontaneous nodulation, which is often observed in leguminous
 
MPTs in their natural environment, creates an impression thaL specific
 

inoculation is not required.
 

There are notable exceptions, such as soybeans and leucaena, and thus two
 
categories of tropical legumes were recognized. The promiscuous (P) group Can
 
be nodulated by a wide array of strains of tropical rhizobia. 
 The specific (S)
 
group requires specific rhizobial strains for nodulation. The majority of
 
tropical legume species were judged to belong to the P group and it has been
 
generalized that it is unnecessary to inoculate these legumes wit. rhizobia, as
 

no benefit would be expected.
 

The grouping of tropical. legumes simply as S or 
P types is no longer
 
tenable nor useful (3). 
 Many tropical legumes previously placed in the P group
 
are now known to form fully effective (i.e. high nitrogen-fixing) symbioses
 
with only a few strains out of the diverse array of rhizobia that can nodulate
 
them. 
 Thus a distinction is drawn between this promiscuous-ineffective (PI)
 
group of legumes and the promiscuous-effective (PE) group (2). 
 Studies of the
 
Rhizobium affinities of the tropical forage legumes, for example, reveal that a
 
majority of them are in the PI group, suggesting a potential for increasing
 
their productirn by providing appropriate strains of rhizobia.
 

The important role played by stress 
factors of tropical soils as modifiers
 
of symbiotic perforiance is 
now well recognized (4). 
 Thus tropical legumes can
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and do benefit 
from inoculation when strains are selected specifically 
for the
 

particular variety of legume being planted and for 
tolerance of 
the soil
 

conditions in which 
that legume is to be grown.
 

Strain selection objective
 

No strain selection program should be undertaken without clear definition
 
of the specific selection objective(s). 
 The methods of selection employed may
 
need 
to be modified to suit the objective. As an example the specific
 

selection objective for which the procedures that follow were developed was "to
 
select strains of Rhizobium able to nodulate and fix nitrogen in association
 

with acid tolerant legume accessions being introduced 
to the acid, infertile.
 

soils of 
Latin America."
 

Step-wise screening strateg
 

Successful selection of superior rhizobia is favored if the number of
 
strains from which the selection is made is large and diverse. 
The most
 

meaningful test of Rhizobium performance is field evaluation since this is an
 
integrated appraisal of the various traits that make up a successful inoculant
 

strain. 
 However, the management of field trials to 
select rhizobia is
 

difficult and costly, 
even when the number of strains under test is small.
 

Multi-stage screening procedures progressively eliminate undesirable strains
 
from an 
initially high number of contenders to yield 
a relatively small number
 
of promising strains for testing 
at the field level. This one way 
to reconcile
 

the requirements that selection be from a diverse genetic base, and that
 

strains al!.o be assessed under field conditions.
 

It is advisable to include in the screening procedure strains of
 
Rhizobium that 
originated from a diverse array of host plant germplasm and
 
that are representative of diverse geographic regions. 
 But 
some reduction
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of the number of strains can be made based on what is known from other
 
selection programs. 
 In general, rhizobia isolated originally from the same
 
genus, and sometimes species, as the legume for which a superior strain is
 
being sought emerge from selection programs as the best strains for use in
 
legume inoculants. 
Also, when the specific selection objective includes
 
tolerance to a particular soil stress or 
climatic condition, rhizobia
 
isolated from legumes growing under those conditions are the most likely to
 
be rated highly in the selection process (5). Hopefully, there is 
a Rhizobium
 
collection or collections of authenticated strains of known origin available to
 
the investigator. Otherwise, a suite of strains has to 
be assembled. Only
 
after checking whether likely strains are available from existing Rhizobium
 
collections, such as the Rhizobium Germplasm Resource at NifTAL, should
 
collection and isolation of 
new strains be contemplated. Pre-selection of
 
strains with suitable background should aim to generate a cluster of 50-100
 
rhizobia that will feed into the first stage of the strain selection procedure.
 

Stage. 
 Screening.for genetic compatibility
 

In this stage, strains of Rhizobium are screened for ability to nodulate
 
the legume of interest. 
The test used involves a high degree of
 
bacteriological control and is suited to handling large numbers of strains.
 
The system most commonly used is based on growth tubes in which seedlings are
 
raised in a solid, nutrient medium under artificial illumination. 
Seeds must
 
be surface sterilized, usually with concentrated sulphuric acid, hypochlorite,
 

or acidified mercuric chloride. Germination of MPT seeds may be problematic
 

and some guidelines are given in Appendix I.
 

Seeds are prc-germinated in inverted, sterile petri dishes of water agar.
 
When the radicles are 3-5 mm long, uniform seedlings are transferred
 

aseptically to tubes containing agar deeps (or slants). 
 Tubes are routinely
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2.5 x 25 cm, capped with a plug of muslin-wrapped cotton wool. 
 Aliquots of
 
1.0 ml of suspension of 
the test strains are added 
to each tube either at
 
transplanting 
or 3-5 days later. 
 At least three replications of each strain
 
treatment 
are essential and 
five are preferred. 
Roots of seedlings should be
 
shielded from light. 
 Alternatively, tnbes may be wrapped in aluminum foil.
 
Two control treatments are required. 
 In one case the plants are "inoculated"
 
with sterile water only (uninoculated control) and in the other case they are
 
provided with 70 ppm nitrogen as 
ammonium nitrate (or potassium nitrate)
 
solution (referred to as 
the plus nitrogen control). 
 Tubes are scored at
 
intervals for the presence 
or absence of nodules. 
With many tropical legumes,
 
tumor- or callus-like outgrowths can 
occur on roots of seedlings raised in
 
growt;, tubes. 
 These outgrowths occur in the presence or absence of rhizobia
 
and 
are not nodules. 
They cannot be distinguished from nodules by eye. 
Planrts
 
should t.-eharvested from tubes and 
checked under a binocular microscope for
 
real nodules. 
 "Apparent" nodules lack structural organization and
 
leghemoglobin. 
Timing of the harvest varies depending on legume species but
 
will usually be about 21-35 days after sowing.
 

Some investigators place significance 
on other data 
taken on plants grown
 
in growth tubes. 
 "Earliness to nodulation" may be of 
some value. 
It is
 
inappropriate, however, to attribute relative nitrogen fixation effectiveness
 
to strains based on nitrogen accumulation in 
plants raised under such
 
artificial conditions. 
The root medium and atmospheric composition within
 
plugged test-tubes differ from those which the plants require for optimum

performance and may constrain expression of nitrogen-fixing potential.
 

Alternate methodologies 
are required for MPTs that are large-seeded and

which become cramped in growth tubes. 
These include the use of growth pouches
 
or "Gibson" tubes. 
Growth pouches are made of autoclavable plastic and have an

absorbent towel insert. 
 Seedlings ?erminate in a fold 
(or are pre-germinated
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and transplanted into the fold) at the upper rim of the pouch. 
 Roots develop
 
within the pouch nourished by a nutrient medium, and plant tops grow in the
 
open air. 
The method offers the advantage that effective nodulacion can be
 
reliably determined, but caution in attributing relative effectiveness of
 
strains on a pouch test basis is necessary. Mcdifications of the method
 
include subdividing the pouches with heat bonding to 
permit a single pouch to
 
be used for several strain treatments, or replications of the same treatment.
 

In the 
case of "Gibson" tubes, the tube contains a long agar slant that
 
reaches to the upper rim of the tube, and are 
filled tu 
the rim with liquid
 
medium or sterile water. 
They are capped with aluminum foil. Radicles of
 
pre-germinated seedlings are entered through a small orifice in the
 
aluminum. 
The roots develop inside the tube and the plant tops grow outside
 
the tube. 
 The method offers similar advantages to those of pouches, namely
 
that effective nodulption shows up readily. 
 Modifications of "Gibson" tubes
 
include omission of the liquid phase or half filling the tubes.
 

Obviou3ly, if nodulation occurs 
in the uninoculated control treatments in
 
Stage I, the bacteriological control has been inadequate and the experiment is
 

invalidated.
 

Some texts advocate dedication of entire light rooms for the culture of
 
plants in growth tubes. 
Most workers will find 
a low cost system of racks and
 
portable fluorescent tubes more 
than adequate for their needs. 
Such a system
 
is highly flexible and can be readily modified 
to provide lateral illumination
 
for growth tubes or 
overhead illumination for pouches. 
 The issue of light
 
quality has been overplayed. 
 Regular domestic fluorescent lamps have served
 
satisfactorily in the screening procedure described here.
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Stage II. 
 Screeninfor nitrogen fixation effectiveness
 

In this stage the objective is to 
rank infective strains from Stage I in
 
order of potential nitrogen fixation effectiveness with the legume
 
species/cultivar of interest. 
 Theoretically, in this test there should not be
 
any factors limiting growth of the legume except nitrogen, so 
that full
 
expression of each strain's nif rngen fixation effectiveness is possible. 
In
 
practice it is assumed that the :utrient regime and other aspects of growth
 
conditions are not limiting, even 
though there are known examples of legumes
 
for which standard conditions are not non-limiting. 
Sand jar assemblies are
 
used in this test because they permit 
more realistic growth conditions than
 
tubes, pouches, etc., 
but retain the high degree of the bacteriological control
 
which is still essential if valid results are to be expected.
 

The Leonard jar is one example of such a sand jar assembly. Watering is
 
the most common source of contamination in Rhizobium strain testing in pots and
 
in the field. Leonard-type sand jars greatly reduce the frequency of watering
 

and are, therefore, less prone to contamination. 
 Sand jars are easily
 
constructed from loca.ly available materials, but have the disadvantage that
 
sterilizing them requires a very large autoclave.
 

As with growth tubes, surface sterilized pre-germinated seeds are sown 
in
 
the sand jars. Four seedlings are allowed to 
establish and thinned later to
 
two by snipping off the tops. 
 Drops (standardized rate) of suspensions of
 
strains of Rhizobium are added 
to seedlings in the jars five days after sowing
 
(one strain per jar). 
 Plants are harvested destructively at a time after
 
sowing that depends on 
the legume species under test. 
 Usually 60 days after
 

sowing is appropriate.
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Data taken on sand jar experiments vary from investigation to
 

investigation and include the following:
 

- nodule number
 

-
nodule dry weight and/or fresh weight
 

- nodule color
 

- nodule distribution
 

-
total plant fresh/dry weight
 

- top weight (fresh/dry)
 

-
root weight (fresh/dry)
 

- acetylene reduction rate
 

- percentage N in tissues
 

-
total 1'produced
 

Of these, total N produced is the most meaningful integration of nitrogen

fixation effectiveness over time and, as 
this is highly correlated with total
 
plant dry weight, a reliable memsure of relative effectiveness of strains of
 
Rhizobium is possible with nothing more sophisticated nor costly than a common
 

balance.
 

The main problem encountered with this test 
relates to overheating in
 
greenhouses or growth rooms where the experiments are performed. 
Most of the
 
sand jar trials observed by this author in the tropics are, in fact, selecting
 
high temperature tolerant rhizobia at the same time! 
Other problems relate to
 
the occasional failure of the irrigation from beneath which depends on
 
capillary rise, and breakage of glass components in autoclaving and handling.
 

Strains are ranked on 
the basis of their performance in Stage II. The
 
demarcation of effectiveness categories is somewhat subjective, but
 
nevertheless useful. 
 Strains are assessed relative to 
the uninoculated control
 
and the plus nitrogen control and described as (in ascending order of merit)
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parasitic, ineffective, partially effective, moderately effective, or 
fully
 

effective.
 

Ordirarily about 30-50 strains would be evaluated at Stage 1I 
 in Leonard
 
jars. Three replications are essential and five are preferred. 
The top ten
 

strains are chosen for further screening at Stage III.
 

The principal merit of Leonard jar trials is that data on 
the potential
 

effectiveness of strains of Rhizobium with a particular legume tend 
to be
 
upheld in independent screening trials by other investigators. 
 Thus,
 
researchers can exchange information that is stable and demonstrable on 
the
 
nitrogen-fixing potential of strains. 
Pot and field trials, on the other hand,
 
give information of the plant/Rhizobium soil interaction that may 
or may not be
 

repeatable at other locations (5).
 

Stage III. 
 Screening for symbiotic effectiveness under physical, chemical
 

and biological stresses of site soils
 

The fully effective nitrogen fixation effectiveness expressed under Stage
 
II conditions will not necessarily be upheld under real field conditions.
 

Thus, before selecting a final cluster of 
three strains of Rhizobium for field
 
evaluation, it is advisable to subject 
a larger group (ten) of potentially
 

effective strains to some of the physical chemical and biological stresses of
 
soils for the inoculant is being developed. 
This stage is particularly useful
 
if the specific selection objective includes adaptation to a particular stress,
 
such as soil acidity. 
 Stage III also has a value in selection programs for
 
"non-stress" soils. 
 In Stage II sand jar evaluation, test strains did not have
 

to compete against native rhizobia.
 

This third stage involves a pot experiment in which strains are 
tested
 
with the host plant and production related to 
that of uninoculated control
 
plants and nitrogen fertilized plants. 
Soil is collected from the plough layer
 

r 
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and mixed to uniformity to produce a homogeneous experimental material.
 
Unsterilized soil is used. 
 Soil may be amended at fertilizer rates equivalent

to field practice (fcr methods, see ref. 6), 
but only the nitrogen control
 
plants receive nitrogen (equivalent to 100 kg N/ha). 
 Not all soils behave
 
satisfactorily in pot experiments and other amendments may be necessary,

particularly with heavier soils. 
The following should be considered:
 

sieving to remove large soil aggregates and stones;
 

addition of high carbon ratio residues, such as bagasse, at 1-2% 
(dry

weight basis) to counterbalance excessive mineralization of nitrogen
 
resulting from soil handling;
 

addition of volcanic cinder, vermiculite, or other ma 
 ials to improve
 

soil aeration and drainage.
 

The sowing procedure and inoculation is the same as for sand jars in Stage
II. About 6-8 seedlings are planted and thinned to 
2-4 plants/pot, depending
 
on the species. Thinning is by snipping off the plant tops, rather thar
 
pulling entire plants from the soil. 
 Pot size is optional, but 
20-25 cm in

diameter is usual. 
 Six replications of each treatment are required.
 

Precautions against cross-contamination 
in this stage are essential.
 
Watering, which in greenhouses in the tropics is needed daily, is the primary
 
source of contamination. 
 It can be minimized b,:
 

-- filling pots so that the soil 
level is 3 cm below the pot rim.
 
watering gently to avoid splashing.
 
using grid or mesh benches instead of solid benches, so that 
pots can drip
 
through onto the floor.
 
raising pots on supports (such as petri dish lids) so that there can be no
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the bench surface from the emergent roots from one pot 
to 

those of another. 

-- assigning watering to a single, well trained individual.
 

Other precautions include avoidance of overheating of the 
roots and
 
nodules in pots and minimizing non-treatment effects. 
Pots should be set up in
 
a randomized, complete block design but 
not re-randomized thereafter because of
 
the overriding problem of contamination through handling.
 

As with sand jars, plant dry matter production is the most meaningful
 
parameter to be determined and is the basis for ranking strains. 
The top three
 
strains are promoted to Stage IV.
 

Stage IV. Sig.le location evaluation of strains of Rhizobium and
 

inoculation methodology under field conditions
 

Strains emerging from Stage III are evaluated for nodulation and nitrogen
 
fixation under field conditions. 
Although the preferr-i mcasure cf the
 
response by a leguminous MPT to inoculation with the test 
strains of Rhizobium
 
is total biomass production, there are many factors which, under 
field
 
conditions, can prevent differences in nitrogen fixed by the strains being
 
translated into long-term differences in yield. Therefore, field trials should
 
include an interim harvest after only three or 
four months growth, i.e. before
 
treatment differences become masked by other influences.
 

The trial has three basic treatments: 
 plants inoculated with Rhizobium;
 
plants not inoculated; 
and plants not inoculated but fertilized with nitrogen.
 

The comparison between Rhizobium strain treatments is most valid, in a
 
scientific sense, when there are no 
other factors limiting plant growth. 
 But
 
the comparison is most realistic when the level of agronomic inputs is
 
economically feasible and similar to that 
to be used in the region where the
 

(IAR
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MPT is to be grown. It is therefore best to 
field test rhizobia at two
 
fertility levels, in one case aiming to eliminate all limiting factors, and in
 
the other case adhering 
to the level of inputs that are "normal practice" for
 

the region.
 

Experience has i'idicated that four replications ace desirable. 
With three
 
treatments at two fertility levels replicated four times, a 24 plot,
 
randomized, complete block design results. 
The treatments in the first
 
replication can be deliberately arranged 
to serve as a demonstration in which
 
the treatments that are most frequently compared are located side-by-side to
 
facilitate visual observation of treatment differences. A suitable layout that
 
used 
for the International Network of Legum, Inoculation Trials (6). 
 Row
 
spacing, planting distance, and seed rate depend on 
the legume in question.
 

Plot size will necessarily be bigger for NFT inoculation trials, but can
 
be smaller than would be required for long-term production trials. 
 The
 
standard plot size and layout used in the International Network of Legume
 

Inoculation Trials is recommended.
 

It is best to sow the "uninoculated" and "nitrogen fertilized" plot
 
first. 
 Only after the seeds in these plots have been covered are 
the
 
inoculated seeds prepared for sowing in the remaining plots. 
This minimizes
 
the risk of contamination of the plots that are not 
to receive rhizobia.
 

When the specific selection objective includes overcoming soil stress, the
 
field trial at Stage IV can amalgamate the strain selection approach and other
 
strategies for overcoming the stress. 
For example, several inoculation
 
methods could be appraised for their ability to overcome the effect of acid
 

soil stress on nodulation.
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Precautions against cross contamination are of paramount importance. 

Common pathways of contamination are:
 

-- careless handling of inoculated seed at 
planting time.
 

use of field implements without sterilizing them between plots.
 

tramping from plot to plot (by laborers, animals, visitors, etc.)
 

run-off and other drainage problems caused 
by poor site selection.
 

The best Rhizobium/inoculation method combination is 
then selected and
 
subjected 
to further testing in Stage V. 
 It could be justified to produce and
 
use legume inoculant based on Stage IV evidence, but there iemains the risk
 
that the selected strain will be a successful inoculant only in the specific
 
soil and climatic conditions under which it is was selected. 
 A further stage
 
is essential to determine the range of suitability of inoculant developed for 
a
 

single location in Stage IV.
 

Stage V. Multi-location testin& of the response to inoculation with
 

selected Rhizobium strains
 

A standard design developed fur the International Network of Legume
 
Inoculation Trials (INLIT) is available for those contemplating multi-,
 
location trials on 
the response of legumes 
to inoculation with selected
 
strains of Rhizobium (6). One of 
the major constrains to fuller utilization
 
of legume inoculation in the tropics is that there has not been convincing
 
demonstration on a wide scale that 
production increases will result with local
 
legume varieties under local soil and climatic conditions (2). 
 Stage V
 
trials can assist in deriving the data necessary for predicting more reliably
 

whether a legume will respond 
to inoculation or 
not.
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Stage V trials can be used to characterize selected strains for
 

competition and persistence if the inoculant strain is "marked" serologically
 
or with antibiotic resistance. 
 Such strains of Rhizobium can be detected in
 
the nodule population and their ability to compete against strains native to
 
the site determined. 
These strains can also be detected, if present, in the
 
soil in following seasons, or in the nodule populations of subsequent legume
 
crops sown uninoculated. The International Network of Legume Inoculation
 
Trials (INLIT) coordinaLed by the University of Hawaii NifTAL Project are
 
available for 17 agriculturally important tropical legumes including the MPT
 
Leucaena leucocephala. Inoculants developed for INLIT each contain three
 
serologically distinct, effective strains of Rhizobium from diverse geographic
 
and host germplasm backgrounds (6). 
 Each INLIT is potentially an ecological
 
study of the relative performance of the three exotic strains between
 
themselves and in competition with indigenous soil strains. 
The INLIT is also
 
a long-term persistence trial. 
 A mixed inoculant of 6 marked strains suitable
 
for use with most leguminous MPfs (7) is also offered 
to researchers in the
 

tropics through NifTAL's INLIT program.
 

Pre-screening 
tests for secial cases
 

For some specific selection objectives, the development of rapid screening
 
procedures may reduce the time taken to develop a reliable inoculant strain, or
 
may greatly increase the likelihood of successful inoculant strains emerging
 
from the step-wise screening previously described. 
For example, in the case of
 
selection of rhizobia for acid, infertile soils, a laboratory prescreening that
 
preceded 
the Stage I test greatly increased the range and numbers of strains
 
that could be addressed (8). 
 It eliminated effective strains predestined to
 
fail in the field 
but which would have passed through Stages I, II, and
 
possibly 
III consuming time and resources. The prescreening test was based on
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the reasonable assumption that for a strain of Rhizobium to 
be a successful
 

inoculant for 
legumes grown in acid soils, ability 
to multiply well at low pHl
 
is an essential trait. 
 Synthetic media were developed that tested ability to
 
multiply at 
low pH, and only those strains passing the test 
were fed into the
 
step-wise screening program. I'"estigators may find it useful to adopt rapid
 
pre-screening steps for their 
o objective(s).
 

A cautionary note about 
 creeniny,
 

As with any screening program, there is always the risk that discarded
 
materials that could not be accommodated in the later stages would have
 
performed well in the field. 
 In the procedure described, the stage-to-stage
 
transition that is most problematic is that from Stage II to Stage III.
 
Rankings of strains in sand jars do not 
necessarily hold up when subjected to
 
the stresses of site soils. 
Although 10 fully effective strains are passed
 
across from II to III, examples have occurred in which as 
few as three of the
 
strains could nodulate at Stage III and only one of these was effective (1).
 

When dealing with uncommon legume species (most MPTs fall in this
 
category) an investigator should be concerned about whether the routine media
 
used in Stage I and Stage II are, in fact, non-limiting on growth of the legume
 
plant so that Rhizobium characters can be expressed. 
As an example of this, it
 
was found that Stylosanthes caoitata, 
a legume with high toleraace to soil
 
acidity factors and native only 
to acid soil regions of South America, could
 
not be nodulated by any one of more than 100 Stylosanthes isolates (including
 
many specifically from S. capitata) 
tested at stage I. 
Nor would S. capitata
 
grow in Stage I. Only when the growth medium was cidified to a pHllower than
 
5.0 and the Ca and P levels lowered ten-fold would the plant nodulate and grow.
 

Even though the screening procedure is lengthy, attempts to short-cut
 

the sequence are 
ill-advised. Recommendatiun of strains of Rhizobium for
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MPT inoculation without first performing field trials similar to those
 
described in Stage IV and Stage V is risky in the face of accumulating data
 
that show that site variation in performance of selected strains is common 
(5).
 

Inoculation technology
 

The underlying objective of inocui:tion technology is to place
 
sufficiently high numbers of preselected strains of rhizobia in the vicinity of
 
the emerging root that they have a competitive advantage over any indigenous
 
soil strains with lesser nitrogen fixing ability in the formation of root

nodules. 
This involves:
 

-- selection of strains of rhizobia that are compatible and effective
 

nitrogen fixers with particular legumes;
 

multiplying selected strains to high population densities in bulk
 

cultures;
 

incorporating the liquid rhizobial cultures into a carrier material
 
(usually finely milled peat) for packaging and distribution; an4
 

coating the seeds of legumes with the carrier or implanting the soil with
 

the inoculant directly into the seed drill.
 

Production methods for legume inoculants will not be described here, 
 as
 
this is generally left to specialists. 
 Recently however, several simplified,
 
low cost techniques for producing inoculants have become available, making
 
local small scale production feasible (2,9). 
 Assistance in this area is
 

available through NifTAL.
 

Differing opinions on strain composition of inoculants
 

There are at least three opinions about the best approach on inoculant
 

(
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strain composition:
 

an inoculant should have a single, highly effective strain appropriate for
 
individual species (this 
results in numerous inoculants);
 

inoculants should have a single "wide-spectru:" strain that varies from
 
good to excellent in nitrogen fixation with a range of legumes;
 

-- or that inoculants have several strains, each being the best strain 
for
 
each host species for which the inoculant is recommended.
 

There may be a conflict between the option that would be chosen for
 
commercial expediency and that which is scientifically excellent. 
In Australia
 
"wide-spectrum" strains are used when these are available, but there is
 
increasing use of specialized inoculants with specific strains for individual
 
hosts. 
 Despite research findings which sug,,est 
that multi-strain inoculant
 
should be avoided, because of possible antagonistic and competitive effects in
 
culture and the likelihood of competition in nodule formation from the less
 
effective strains, this is the approach used successfully by the U.S. inoculpn

industry.
 

Given the number of leguminous MPT species being addressed (an expert
 
group was unable to reduce a priority list to less than 44 species), and given
 
also that inoculant for these is needed even before development of specialized
 
inoculants can been completed, NifTAL advocates routine use of a multi-strain
 
inoculant incorporating wide-stpectrum, fast- and slow-growing rhizobia.
 
Results to date with this inoculant vindicate this approach (9).
 

Inoculation methods 

The first attempts at inoculation involved the transfer of soil from one
 

.Iq
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field to 
the next, but with the isolation of the organisms responsible for
 
nodule formation, artificial cultures soon 
replaced the laborious soil transfer
 

technique.
 

The most commonly used inoculation technique is to treat seed just
 
before sowing either with a dust or with a slurry in water or achesive
 
solution. Adhesives such 
as gum arabic and substituted celluloses not only
 
ensure that all the inoculum adheres to 
the seed surface but also provides a
 
more favorable environment for survival of the inoculant. 
Pelleting of
 
inoculated seed with finely ground coating materials such as lime,
 
bentonite, rock phosphate and even 
bauxite have been used to protect
 

rhizobia during their time on 
the seed coat.
 

An alternative to pelleting and preinoculation in recent years has been
 
the use of con'-pntrated liquid or 
solid granular peat culture. These are
 
sprayed 
or drilled directly into the soil with the seed during planting.
 

Suspensions of rhizobia either as reconstituted frozen concentrates or
 
suspensions of peat inoculant can 
be applied with conventional equipment.
 

Similarly, granulate; peat inoculants can 
be drilled in from separate
 
hoppers on 
the drilling equipment. 
These methods have been especially
 
successful for introducing inoculant strains into situations where there are
 
large populations of competing, naturally occurring soil rhizobia or 
in
 
cases of adverse conditions such as hot-dry soils ane where insecticide or
 
fungicide seed treatment precludes direct seed inoculation. 
Solid
 
inoculant, also known as granular or 
"soil implant" inoculant, is
 
appropriate for use at the time of transplanting MPT seedlings to their
 
final sites. 
 Liquid inoculants are the best form for seedlings being raised
 

under nursery conditions.
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Measuring the nitrogen fixed by wyrs
 

"How much nitrogen/ha/year does 
 the species fix?" is a question asked 
frequently by researchers invol,ed with legumes. This author believes firmly 

that it is so difficult to measure ii]tropen fixation by 
a perennial species
 

tinder field conditions, and 
that the answer obtained is of little real value
so 


to those concerned with tree production, that there is little need to 
be
 

preoccupied with quantifying nitrogen fixation by MPTs.
 

It is very important for a MPT researcher to know that he has optimized
 

the opportunity for nitrogen fixation by providing seedlings, if necessary,
 

with the correct Rhizobium. 
 It is much less important to know how much
 
nitrogen is ultimately fixed. 
 Thus, total nitrogen fixed is primarily a datum
 

of academic interest.
 

It is sometimes misunderstood that 
a nitrogen fixation value is needed.for
 

choosing whether to 
plant nitrogen-fixing or non-fixing trees. 
This choice is
 
better supported by determining the nitrogen application rate required 
for the
 
non-nitrogen fixer to attain proouctLvity equivalent to the nitrogen fixing
 

species. This does not 
involve measuring nitrogen fixation at 
all.
 

Methods such as acetylene reduction and the use of isotopic nitrogen are
 

not readily applicable to field studies with perennial species and are
 

unacceptably imprecise for studies with deep rooting trees (10).
 

Approaches such as are used 
by ecologists to determine nitrogen balances in
 
overall soil, plant, atmosphere systems are perhaps the only valid way to
 

measure nitrogen fixation in MPTs. 
 Few production oriented 
tree researchers
 

are in a position 
to accomplish the major undertaking which this involves.
 

Ve;cicular arbuscular mycorrhizal technology
 

Although there are 
parallels between rhizobial and mycorrhizal
 

technologies, 
neither strain selection methods nor inoculation practices for
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VA mycorrhizae are well established at this time. 
 It is known that:
 

-- there is variation in the symbiotic value of different VA mycorrhi7ae; 

-- there is a degree of host:mycorrhiza specificity; 

-- VA mycorrhizae are absent from some soils; 

But these observations tend 
to be the exception, rather than the rule, and are
 
not a strong basis for a VA mycorrhizal inoculation technology.
 

MPT researchers should be on 
the look out for instances when their 
trees
 
do not have VA mycorrhiza and only then contemplate remedial inoculation. 
This
 
section provides a method used at NifTAL for determining the extent of
 
spontaneous mycorrhizal infection of MPTs.
 

Sampling and staining 
roots for mycorrhizal observations
 

Fine, non-lignified roots are rinsed of soil debri and cut into 1.0 cm
 
segments. 
 These are 
immersed in potassium hydroxide (10%) 
at 90 C in a water
 
bath for 2-2.5 hours. Further 
bleaching is accomplished with a 20 minute
 
immersion in alkaline hydrogen peroxide solution (30 ml of 30% peroxide + 5 ml
 
household ammonia + 165 ml water). 
The root segments are then rinsed three
 
times in tapwater. 
 After acidifying for 3 minutes in 1% hydrochloric acid, the
 
roots are stained for 10 minutes in lactophenol with trypan blue at 
90 C.
 
Excess stain is drained off and the roots are rinsed twice in tapwater. 
 If
 
additional destaining appears necessary, the roots are 
rinsed in ]actophenol.
 

The roots are ready for mounting at this stage.
 

It is customary 
to squash the root portion under a cover slip and to
 
observe at about x20 magnification. 
Hyphae appear blue and vescicules may be
 
seen in cells. Arbuscules may also be observed in some cells but are not
 

always present.
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Determining the percentage infection is only a semi-quantitative estimate, 

but does serve to distinguish between those species that are heavily 

mycorrhizal and those which are only sparsely infected. By convention, the
 

"percentage infection" is the proportion of examined 
 root samples that are
 

found to be mycorrhizal. Obviously, 
 much depends on the adequacy of the sample 

on which the observations are made.
 

Some observations on VA mycorrhizal infection of 
 rP~s
in Hawaii
 

Mycorrhizal infection of many MPTs occurs spontaneously in field soils in
 

Hawaii. Thirty species of NFT were sown 
in Hamakuapoko soil 
(Typic Haplustoll,
 

ph 6.9) on the Island of Maui. Naturalized vegetation at 
the site includes
 

spiny amaranth (Amaranthus spinosa), 
some wild Cruciferae, and the legumes
 

Indigofera fructicosa and Leucaena leucocephala. All but 
one of the introduced
 

species were observed to be heavily infested with VA mycorrhizae by 12-16 weeks
 

after planting (Table 1). 
 This suggests that specific inoculation of NFT seeds
 

with VA mycorrhizae may be unnecessary.
 

Further research is necessary to determine whether other species are
 

readily infected with native VA mycorrhizae and whether VA mycorrhizae are
 

ubiquitous in tropical soils.
 

Research 
to compare VA mycorrhizal infection of four MPTs (Parkia
 

roxburghii, Acacia farnesiana, A. nilotica, and A. senegal) 
grown in soil of
 

widely differing pH revealed that infection was greatest in high pH (8.5) soils
 

and was absent from all species in soil from a low pH (4.5) site.
 

None of the above considerations precludes the possibility that at 
some
 

point in the future, mycorrhizal inoculant technology might emerge based on
 

displacement of relatively ineffective native strains by selected strains that
 

are more highly effective phosphorus absorbers. 
But for the present,
 

inoculation of NFTs with mycorrhizae seems unnecessary. This is perhaps just
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as well because inability to raise VA mycorrhizae in the absence of a host
 

plant remains a serious obstacle to large-scale production of VA mycorrhizal
 

inoculants.
 

Table 1. Observations on presence or absence of nodules and 
the degree of
VA mycorrhizal infection on 
roots of leguminous trees introduced
 
to Hamakuapoko soil.
 

NFT Species 
 Nodulation VA Mycorrhizal
No. 

infection
 

101 Acacia albida 
 yes 
 90 %
106 
 Acacia holoserica 
 yes 
 42 %
 
171 Acacia mangium yes 80 %

152 Acacia mellifera yes 76 %
 
103 
 Acacia nilotica 
 yes 
 91 %
154 Acacia nubira 
 yes 
 88 %
157 Acacia seyal var. seyal yes 
 99 %
338 
 Albizia chinensis 
 yes 
 96 %
181 
 Albizia falcataria 
 94 %
185 Albizia julibrissin 

yes 

yes 
 91 %
182 
 Albizia moluccanna 
 yes 
 97 %
161 Calliandra calothyrsus yes 
 96 %
321 Cassia siamea 
 no 100 %
320 Enterolobium cyclocarpum yes


127 Julbernardia globiflora 
98 %
 

no 28 %
569 Leucaena leucocephala yes 
 95 %
114 Prosopis africana 
 yes 
 90 %
116 Prosopis juliflora 
 yes 
 94 %
323 Samanea saman 
 yes 
 I00 %
303 
 Sesbania grandiflora yes 
 86 %
120 Tamarindus indica 
 no 98 %
 

(from Halliday and Nakao, 1982)
 

It has been shown that leucaena seedlings raised under nursery conditions
 

did 
not become infected spontaneously in a peat moss/vermiculite rooting
 

medium. 
The medium had not been sterilized, but it is presumed that the 
source
 
materials were 
largely free of mycorrhizal spores. 
 Following transplanting to
 

Hamakuapoko field soil , seedlings became progressively infected with VA
 
mycorrhizae and after 8 weeks attained a level of infection 
(95%) typical of
 

field grown leucaena (Table 2).
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Table 2. VA 
 ycorrhizal infection of Leucaena leucocephala established
 
by direct seeding or by transplanting.
 
(Data of P. Nakao, unpublished)
 

Plant age 
 VA Mycorrhizal infection
 
(days) 
 (as percentage)
 

direct seeded transplanted
 

21 
 51 in 0

49 
 74 field 0 nursery
 
56 
 82 0
 

63 
 95 2
 
70 >95 in 43 in
 
84 
 >95 field 61 field
 
112 
 >95 95
 

nursery plants raised in dibbling tubes in a non-sterile peat

moss-vermiculite mixture (3:5 ratio by volume) and 
transplanted
 
to the field on day 60.
 

Typic Haplustoll, pH 6.9, Hamakuapoko, Maui, Hawaii.
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TECHNICAL NOTE ON THE GERMINATION OF LEGUMINOUS TREE SEEDS
 

Summary
 

Seeds of 33 leguminous tree species were tested for germination following
 
mechanical or chemical scarification. 
The treatments gave germination of over
 
50% for 28 of the species. Mechanical or 
chemical scarification of about three
 
times the number of seeds needed for an experiment with leguminous tree species
 
is recommended as a rule of thumb when the germination rate of the seeds is in
 

doubt.
 

Introduction
 

An ability to germinate seeds of leguminous trees 
reliably is an essential
 
prerequisite for systematic research with this class of plants. 
For
 
researchers more accustomed to dealing with crop legumes, poor germination of
 
the seeds of leguminous trees can be especially frustrating. While there may
 
be particular techniques known to some researchers for certain species, it is
 
difficult 
to obtain sound guidelines for germinating seeds of leguminous tree
 

species dependably.
 

The legume family has arboreal species that are numbered in the thousands.
 
Many of the species have physical and/or physiological dormancy. Commonly the
 
degree of dormancy is dependent on the age of the seeds. 
Dormancy is often
 
confounded by loss of viability, a factor heavily dependent on the conditions
 

of seed storage. 
 Perhaps most seriously, the genetic heterogeneity in the
 
majority of leguminous tree species itmakes difficult to conceive of a 
germination procedure that will work consistently at the species level.
 

Tables I and 2 are offered 
as a record of the experiences in one. 
laboratory with certain seed batches of an array of leguminous tree species. 
There is little guarantee that these procedures will give the same results in 
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the hands of other researchers using different batches of seeds of the same 

species. It is even unlikely that the same procedures applied to the same seed 

batches will give the 
same results at 
a later date. These considerations not
 

withstanding, there is value in sharing and accumulating such data from which 

more reliable guidelines might be derived at some 
point in the future.
 

Materials and methods
 

Seeds were obtained from the Nitrogen Fixing Tree Germplasm Resource
 

housed at the University of Hawaii NifTAL Project. 
 Background information on
 

the source of the seeds is presented in Table 1.
 

Treatments used to improve germination were: (a) snipping; (b) immersion
 

in acid for varying periods of time; (c) immersion in hot (80 degrees C) water;
 

or (d) no treatment. Snipping involved cutting off a small portion of the seed
 

coat at 
the end of the seed opposite the embryo with nail clippers.
 

Concentrated sulphuric acid 
was used 
in the acid immersion treatment. At the
 

end of the immersion period, seeds plus acid were 
tipped into a large excess
 

volume of sterile, distilled water at ambient temperature. Seeds were then
 

imbibed in sterile water and germinated on water agar in a 28 
0
 
C incubator.
 

Results and discussion
 

The percentage germination of the various species is given in Table 2.
 

Mechanical scarification by snipping or chemical scarification with
 

concentrated sulphuric acid gave germination of 
more than 50% with 28 out of
 

the 33 species listed. Only two of 
the accessions had germination of less than
 

30% and these were not scarified. Determination of the duration of immersion
 

was largely subjective and based on 
seed size, shape and apparent hardness.
 

These results suggest that if scarification, whether mechanical or 
chemical, is
 

employed then satisfactory germination can be expected with many leguminous
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tree species. Te results also suggest that at least three times the number of
 

seeds actually needed for a" experiment should be treated.
 

Table 1. 
 Source of seed batches used in germination studies.
 

Species 
 Accession 
 Source Seed Age
 
No. 
 (months)


---------.----------------------------

Acacia albida 
 (NFT 101) Ethiopia via Kew Gdns 
 >10
Acacia auriculiformis 
 (NFT 136) 
 By NifTAL from Malaysia

Acacia cyanophylla 7
 

(NFT 111) 
 Kiryat Hayim, Israel > 9
Acacia holoserica 
 (NFT 106) Brisbane, Australia 

Acacia mangium 

3
 
(NFT 171) 
 Brumas, Sabah, Malaysia 8
Acacia mellifera 
 (NFT 152) Khartoum, Sudan 
 >12
Acacia nilotica 
 (NFT 103) *hiana, Punjab, India 
 > 8
Acacia nubica 
 (NFT 154) Khartoum, Sudan 
 >12
Acacia pennatula 
 (JR 1) Xalapa, Mexico


Acacia senegal 17
 
(NFT 151) Shambat, Sudan 


Acacia seyal v. seyal 
>12
 

(NFT 157) Khartoum, Sudan 
 >12
Albizia chinensis (NFT 338) Manoa, Oahu, Hawaii 

Albizia falcataria (NFT 181) Bislig, Philippines 

> 
> 
3 
7
Albizia lebbek 
 (NFT 328) Paia, Maui, Hawaii 3
Albizia lebbek 
 (JR 2) Cardel, Mexico


Albizia julibrissin 5
 
(NFT 185) Longwood Gdns, USA 
 > 7
Albizia moluccana 
 (NFT 182) Manoa, Oahu, Hawaii


Albizia polyphylla (NFT 339) Los Angeles, USA 
> 7
 

Brachystegia spiciformis 
> 3
 

(NFT 135) Zimbabwe 
 12
Calliandra calothyrsus (NFT 161) 21
Java, Indonesia 

Cassia siamea 
 (NFT 321) Puunene, Maui, Hawaii
Enterolobium cyclocarpum 4


(NFT 320) Puunene, Maui, Hawaii

Enterolobium cyclocarpum 

1
 
(JR 3) Cempoala, Mexico
Gliricidia sepium 5
 
(JR 4) Cempoala, Mexico 


Julbernardia globiflora 
4
 

(NFT 127) Salisbury, Zimbabwe 
 12
Leucaena leucocephala (JR 5) 
Buena Vista, Mexico 4
Leucaena leucocephala 
 (NET 569) Pukalani, Maui, Hawaii 
 1
Pithecellobium dulce 
 (NFT 327) H['poko, Maui, Hawaii 
 4
Pithecellobium lanceolatum 
 (JR 6) Cempoala, Mexico 
 1
Prosopis africana 
 (NET 114) Senegal

Prosopis juliflora 

>10
 
(NFT 116) California, USA


Prosopis tamarugo 
>10
 

(NET 169) Chile 
 > 9
Pscidia communis 
 (JR 7) Cempoala, Mexico 
 4
Samanea saman 
 (NFT 323) H'poko, Maui, Hawaii
Sesbania grandiflora (NFT 303) 

4 
Kohala, Hawaii 
 5
Tamarindus indica 
 (NFT 120) Townsville, Australia > 8
 

.............----------------------------------------------------

> ,The collection date was not known. Seeds are at least as ol asstated based on the known date of receipt at NifTAL 

'N 
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Table 2. Percentage g;urninrmat ion of seeds of legum inlous Lrees 
fo] owl rig trIeatmlenti as specified. 

Spec ies Accession Treatments 
No. a b) c (I 

Acacia albida (NFT 101) 79 77 (10 rin) - -
Acacia auriculiformis (NF'T 136) - 58 (30 min) 21 -
Acacia auriculiformis (NFl' 136) - 70 (40 min) - -
Acacia cyanophylla (NFl' 111) - 1 (10 miII) - -
Acacia hoIoserica (NFF 106) - 45 (15 rin) 
Acacia mangium (NET 171) - 74 (15 ain)  -
Acacia mellifera (NFF 152) 100 -  -
Acacia nilotica 
 (NFT 103) 31 13 (15 min) - -
Acacia nubica (NT 154) - 100 (25 rin) - -
Acacia pennatula (JR 1) - 13 (20 min) - -

Acacia pennatula (JR 1) 
 - 79 (30 min) - -

Acacia pennatula (JR 1)  7 (60 min) - -
Acacia senegal (&PT 151) - - - 7
 
Acacia seyal v. seyal (NFT 157) 
 67 30 (10 min) - -
Aibizia chinensis (NFT 338) 100 -  -
Albizia falcataria 
 (NFT 181) - 57 (30 min) - -

Albizia lebbek 
 (NFT 328) 90 - - -
Albizia lebbek (JR 2) 100  - -
Albizia julibrissin 
 (NFT 185) 90 - - -
Albizia molccana (NFT 182) 68 -  -
Albizia polyphylla (NFT 339) 100 
 - - -
Brachystegia spiciformis 
 (NET 135) 93 -  -
Calliandra calothyrsus (NFT 161) 64 52 (15 min) - -
Cassia siamea (NF'T 321) 68 51  -

Enterolobium cyclocarpum (NFT 320) 
 - 78 (30 min) - -
Enterolobium cyclocarpum 
 (JR 3) - 58 (30 min) - -
Enterolobium cyclocarpum (JR 3) - 95 (40 min) - -
Gliricidia sepium 
 (JR 4) 30 -

Julbernardia globiflora (NFT 127) 
 - - - 71
 
Leucaena leucocephala (JR 5)  100 (25 min) - -
Leucaena leucocephala (NFT 569) 100 - 100 -

Pithecellobium dulce 
 (NFT 327) 94 -  -
Pithecellobium lanceolatum 
 (JR 6) 45 
 - .
 
Prosopis africana (NFT 114) 100 -

Prosopis juliflora 
 (NFT 116) 33 - _ 
 _

Prosopis tamarugo 
 (NFT 169) - 100 (20 min) -
Psidia communis (JR 7) -  - 16
 
Samanea saman (NFT 323) 58 
 -
 -
 _
 
Sesbania grandiflora 
 (NFT 303) 94 36 (10 sin) - -
Tamarindus indica (NFT 120) 93 97 (15 min) - 

......................................-------------------------..
 

Treatments: (a) snipping opposite end of seed from embryo;
 
(b) immersion in acid for stated periods of time; 
(c) immersion in hot water (80 degrees C);
 
(d) no treatment.
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PREFACE
 

Many agroforestry landuse systems in the tropics
 
involve the use of a low level of inputs and
 
herbicides are unlikely to feature prominently
 
for the time being. On research stations,
 
however, chemical weed control may well offer
 
an efficient and cost-effeci-ive alternative
 
to manual and mechanized . .hods. 

At present there is relatively little information
 
about the use of herbicides with many of the
 
wide range of multipurpose tree species that
 
show promise - including the leguminous "fast
growing nitrogen-fixing " trees. Using
 
placed contact herbicides (e.g. paraquat) or
 
contact/translocated ones (e.g. glyphosate) may
 
pose few problems - as long as the herbicide
 
is not sprayed on to young stems that still
 
retain a photosynthesising cortex - but the
 
degree of selectivity of soil acting herbicides
 
needs to be carefully explored.
 

This Part contains one paper that provides
 
information and we hope that readers will send
 
in the results of their experiences with weed
 
control methods in general for inclusion in
 
future revisions.
 

Some references and information on where to
 
obtain more advice is included at the end.
 

P.A. Huxley
 
Jan. 1984
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Abstract
 

The herbicides oxyfluoren (Goal), oryzalin (Surflan)
 

alachlor (Lasso), metolachlor (Dual) and naproamide
 

(Devrinol) were examined at 2 rates for use in transplanting'
 

operations with Prosopis and Leucaena. 
 The herbicides were
 

evaluated in a seascn in which only 150 
mm of rainfall
 

occurred 120 days after transplanting. The greatest biomass
 
production of Leucaena and Prosopis was obtained with
 

oryzalin at 2.8 kc a.i./ha. 
Oryzalin increased the biomass
 

production over non-treated controls by 4 to 5 fold for
 
Prosopis and Leucaena. 
Oryzalin was second to naproamide in
 

grass control and second to oxyfluoren in forb control.
 

Oxyfluoren at 1.12 kg a.i./ha provided the best forb control
 

(but the 4th best grass control) and the second greatest
 

biomass production. Oryzalin increased the survival of
 

Leucaena and Prosopis in the control from 70 
to 89 and 80 to
 

94% respectively.
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INTRODUCTION
 

Fast growing nitrogen-fixing trees of the genera
 

Prosopis and Leucaena show potential for fuelwood and forage
 
production in semi-arid lands 
(Brewbaker and Hutton, 1979;
 

Felker et al., 1983). 
 Previous reports have identified
 

promising genetic material from Prosopis that produced 29
 
dry T/ha in 2 yrs with 600 mm annual water input when
experiencing 42*C daily maximum temperatures 
(Felker et al.,
 
1983). 
 Lowever these studies were conducted on experimental
 

farms where irrigation was available for use in transplant
 

and where the weed competition was reduced through years of
 
weEd control efforts. 
The 30 million hectares on which
 

Prosopis currently occurs in the United States does not have
 
water available for irrigation at transplant. Nearly all
 

the area currently occupied by mesquite is in a mixed
 

grass/brush vegetation type with a large and diverse weed
 

seed reservoir. This paper presents results of an effort to
 
develop practical management techniques for promising
 

genetic strains of Prosopis and Leucaena on previously
 

uncultivated semi-arid lands.
 

Due to limited moisture availability, control of weeds
 
during the initial growth stages of newly transplanted
 

seedlings will be important. Both mechanical and chemical
 
weed control will probably be required in plantations
 



designed to produce biomass at a price competitive wJih coal
 
on an energy basis. However, this paper only reports on
 

chemical methods for weed control.
 

Nitrofen (TOK) and alachlor have been recommended fo
use in Leucaena (Brewbaker and Hutton, 1979). 
However, EPA
 
has withdrawn nitrofen from the market because of health
 
hazards. 
Oxyfluoren (Goal) has been recommended by Rohm and
 
Haas as a substitute for nitrofen. 
Brewbaker (pers. comm.)
 
has found that oryzalin (Surflan) was also a useful pre
emergence herbicide for.Leucaena.
 

Simazine has been safely used on Proois 3 months
 
after transplant (Felker et al., 
1981). However when used
 
with an irrigation at transplant on a sandy Arizona soil it
 
caused approximately 50% mortality to Prosopis seedlings
 
(Felker unpublish. obs.). 
 Trifluralin (Treflan) was used in
 
Kingsville Texas at 1.38 kg/ha a.i., 
and gave inadequate
 
weed control in an unusually high rainfall year. 
The major
 
weeds in that planting were johnsongrass (Sorghum
 

halepense), prickly mallow (Sida spinosa), 
sunflowers
 

(Helianthus annuus), nutsedge (Cvperus esculentus and C.
 
rotundus), 
silverleaf nightshade (Solanum elaeagnifolium)
 

and bermuda grass (Cynodon dactylon).
 

In this study five pre-emergence herbicides were
 
compared to a non-treated unweeded control plot. 
 Percent
 
weed cover was estimated 45, 75, 
and 105 days after
 
transplant. 
 The dry biomass of the trees in the various
 

herbicide treatments were compared ii0 days after
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transplant. Previously described regression equations were
 
used to predict dry biomass from stem diameter measurements.
 

Herbicides were chosen primarily for use during the
 

first 90 days following transplant. Simazine and similar
 

inexpensive long residual herbicides such as diuron (Karmex)
 

and bromacil (Hyvar) can be safely used 90 days after
 

transplant. However as 
noted earlier simazine caused a high
 

mortality when used at transplant with an irrigation. Due
 

to the lung term nature of tree plantings, carry over to the
 

next crop is not a problem as 
in annual crop rotatih's.
 

Therefore chemicals with the longest residual possible are
 

desirable. Thus herbicides were selected primarily for low
 

phytoxicity to newly transplanted seedlings and secondarily
 

for wide spectrum weed control.
 

Alachlor 
(Lasso) and oryzalin (Surflan) were included
 

at the recommendlation of J. L. Brewbaker for weed control in
 

Leucaena. Metolachlor (Dual) was included because the
 

previous unusually high rainfall 
season had much nutsedge
 

(Cyperus spp.). Naproamide (Devrinol) was included 
,.cause
 

of its long residual and broad spectrum activity.
 

Oxyfluoren (Goal) was included because of its broad leaf
 

control and usefulness in other tree planting operations
 

(Heilman pers. comm.). 
 Oxadiazon (Ronstar) was excluded
 

because of cost considerations.
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Materials and Methods
 

Mesquite (Prosopis alba 0166) and leucaena
 

(Leucaena leucoceohrjla K8) 
were 	examined with 5 herbicides
 

at two rates, and an unweeded check plot in a randomized
 

complete block design. Three replicates were used.
 

Mesquite and leucaena were planted in alternate rows 1.5 m"
 

apart. Trees were planted 1 m apart in the row. Three rows
 

containing 4 trees of leucaena and mesquite were used per
 

replicate. 
A low and a high rate for each herbicide was
 

used babed upon the manufacturers recommendation. THd low
 

and high rates of the herbicides were as follows;
 

naproamide  1.12 	and 2.24 kg a.i./ha, alachlor - 2.24 and
 

4.48 kg a.i./ha, metolachlor - 1.40 and 2.8 kg a.i./ha,
 

oxyfluoren - 0.56 and 1.12 kg a.i./ha and oryzalin 1.40 and
 

2.8 	kg a.i./ha.
 

The plot was disked the winter prior to planting as
 

necessary to control weeds and provide good penetration of
 

winter rains. Herbicides were applied with a tractor
 

mounted PTO driven boomsprayer. All the herbicides were
 

incorporated with a disk, except for Goal for which
 

incorporation is not desirable. Three-month-old seedlings
 

vere transplanted in 3.8 x 3.8 x 38 cm cardboard plant
 

bands. The cardboard containers were not removed pr.Lor to
 

transplant. The seedlings were inoculated with a rhizobial
 

strain specific for mesquite or leucaena. A tree planter,
 

modified from conventional forest or horticultural planters
 

to plant seedlings 40 cm deep, was used to plant the
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seedlings on 14 April 1982. The planter was pulled by an 85
 

hp John Deere 4 wheel drive tractor. The seedlings were
 

side dressed with liquid 10-34-C fertilizer at the rate of
 

60 kg P205 per hectare during transplant. At the time of
 

planting no weeds were present except for disked bermuda
 

grass in replicate one.
 

Two major soil types occurred in this plot, one was a
 

fine-loamy, mixed, hyperthermic udic argiustalf, and the
 

other a fine-loamy, mixed, hypothermic, typic ochraqualf.
 

A chickenwire fence 60 
cm tall with 5 cm diamet'er holes
 

was placed around the plots. This fence eliminated rabbit
 

browse to Prosopis which was severe in non-fenced areas.
 

An analyses of the weed cover was conducted at monthly
 

intervals after planting. Because the tree planter went
 

through the soil 
(at a depth of 50 cm) after herbicide.
 

incorporation, the weed cover was examined in the row and
 

between the rows. In each replicate three 0.5 x 0.5 
m
 

quadrats were systematically located; (3) between the rows,
 

(3) in the mesquite rows and (3) in the leucaena rows (a
 

total of 9 quadrats per replicate).
 

Basal diameters of all the transplanted tzies were
 

measured 110 days after transplant on 5 Aug 19 2.
 

Previously described regression equations (Felker et al.,
 

1982) were used to convert basal diameters t' dry weight.
 

An analyses of variance was conducted on the calculated
 

biomass of the surviving trees and on percentage survival.
 

. ' ' 
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Results
 

One of the most important considerations in screening
 

herbicides is that they produce minimal toxic side effects.
 

Phytotoxicity can 
result in both stunted growth and
 

increased seedling mortality. Percentage survival was
 

measured in these trials to check for herbicide induced
 

seedling mortality.
 

As can be seen in Table 1 all the herbicides examined
 

gave increased survival over the non-treated control.
 

Leucaena and Prosopis had seedling survivals in thea.
 

non-herbicide treated control plot of 70 and 80%
 

respectively despite the fact that the 110 days following
 

transplant had frequent 35*C temperatures and only 150 
mm
 

rainfall. Significant differences in survival did not occur
 

among the treatments. However as 
a whole the treated plots
 

ha' significantly higher survival than the control. 
 The
 

survival for Leucaena and Prosopis was 87% and 94%
 

respectively in the highest biomass yielding treatment
 

(Oryzalin 2X) indicating very little problem with phytotoxic
 

side effects. 
The higher survival in the herbicide treated
 

plots probably can be attributed to decreased moisture
 

stress.
 

Forty-five days after transplanting the grass cover was
 

less than 2% (Table 2) and the forb cover was less than 1%
 

(Table 3). During this period the lowest grass cover
 

occurred in the alachlor treatment and the lowest forb 
cover
 

occurred in the oxyfluoren and oryzalin treatments. During
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this period the significant differences did not occur
 

between individual herbicide treatments for forb or grass
 

cover. However collectively the treatments were
 

significantly different from the control. 
At the 75 day
 

evaluation the alachlor grass control activity was greatly
 

diminished. 
Oryzalin, naproamide, and metolachlor had the
 

greatest grass control ctivity at both 75 and 105 days.
 

The greatest forb control was provided by oxyfluoren,
 

oryzalin, and metolachlor in that order. 
Naproamide had the
 

greatest grass control but lacked the combination of) grass
 

and forb control provided by oryzalin or metolachlor. In
 

almost all cases the 2X rates provided more control than the
 

1X rate but in only a few cases were these differences
 

significantly different at the 5% level.
 

An analyses of the herbicide treatments on the percent
 

cover of individual weed species is presented in Table 4.
 

Weed species that had greater than 1% cover are listed. 
 The
 

statistical significance of herbicide effects on the percent
 

cover of individual weed species was examined with Tukey's
 

HSD test. 
The grass species with the greatest percent
 

cover, Digitaria bicornis 
(crabgrass) was significantly
 

different from the control in all herbicide treatments.
 

However no herbicides gave significantly better crabgrass
 

control than any other. 
Most herbicides behaved similarly.
 

Cvperus rotundus (nutsedge) was the only species in which
 

two chemicals were significantly different trom each other.
 

Metolachlor 2X gave significantly better control of nutsedge
 



I.i17
 

than either oryzalin or oxyfluoren 2X. We suspect the
 

increased nutsedge cover in the oryzalin and oxyfluoren
 

treatments is the result of less competition from other weed
 

species. 
Metolachlor and oryzalin were complimentary in
 

their control of weed species and a metolachlor plus
 

oryzalin mixture should provide excellent grass control and
 

good forb control.
 

In our 12 ha adjacent field plots
 

Solanum elaeagnifolium (silverleaf nightshade) is the forb
 

controlled with most difficulty. In the trial repot'ed here
 

none of the 
treatments were significantly different from the
 

control although oryzalin 2X had 5 fold lower percent cover
 

than the control. 
Fortunately directed post-emergence
 

control of silverleaf nightshade is possibl2 with 2, 4 DB.
 

This pattern of percant weed cover is reflected in the
 

biomass production in Table 5. Oryzalin at the 2X rate
 

provided the best combination of grass and forb cover and
 

the greatest biomass production for both Leucaena and
 

Prosopis. Surprisingly oxyfluoren at the 2X rate provided
 

the second best biomass production even though it provided
 

less grass control than metolachlor, oryzalin, or
 

naproamide. Evidently, the biomass production achieved by
 

oxyfluoren is attributable to its control of forbs.
 

In 1981 the costs of the 2X herbicide rates in US
 

dollars per hectare were; naproamide $179, oryzalin $77,
 

oxyfluoren $73, 
alachlor $44 and metolachlor $36. Thus the
 

A.\
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combination of the oryzalin IX rate and either the
 

metolachlor 2X rate or 
the oxyfluoren IX rate would have the
 
same approximate cost as the oryzalin 2X rate. 
 These
 

combinations should provide better grass control than
 

oryzalin or oxyfluoren alone while providing reasonably good
 

forb control.
 

With only 150 mm rainfall during the 120 day period
 

following transplanting, this trial represents an unusually
 

dry season. 
We would expect similar results in similar dry
 
seasons, but possibly considerably different results'in a
 

normal or wet season.
 

Discussion
 

This manuscript reports some of the first work for weed
 

control for leguminous tree transplanting operations in
 

semi-arid regions. Chemical weed control methods can be
 

useful as 
they increase percentage survival by approximately
 

20% (from 70-89% for Leucaena and from 80-94% 
for Lrosopis)
 

and as 
they increase biomass production by four to five
 

fold. The high survivals obtained during this drought
 

period demonstrates that seedlings can be successfully
 

transplanted in semi-arid regions without supplemental
 

irrigation.
 

This work has implications for those who wish to
 

maintain Prosoois free fro 
n rangelands. Practices such as
 

nitrogen fertilization which stimulate grass and forb cover
 

should greatly hinder the survival and growth of Prosopis
 

and Leucaena. In 
contrast intensive grazing practices which
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remove mnost grasses and forbs would essentially consist of
 

weeding the Prosopis and should increase Prosopis survival
 

and growth.
 

Of the herbicides examined here alachlor is too short
 

lived, and naproamide is too expensive for the control it
 

provides. 
Oryzalin, oxyfluoren, and metolachlor in that
 

order offer the greatest promise. Combinations of these
 

herbicides, in addition to mechanical weed control methods,
 

should provide reasonable weed control on semi-arid sites
 

until multi-year evaluations can be carried out.. 
 ' 
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Table 1. 
Effect of herbicide treatment on Leucaena and
 
Prosopis survival.
 

Survival %
 
Herbicide 
 Rate Leucaena. Mesquite
 

Naproamide 
 2X 
 97 
 89
Naproamide 
 Ix 
 96 
 94
Oryzalin 
 IX 
 90 
 94
Oryzalin 
 2X 87 .- 94
Alachlor 
 2X 
 87 
 -97
Metolachlor 
 Ix 
 86 
 97
Alachlor 
 Ix 
 85 
 94
Oxyfluoren 
 Ix 
 82 
 92
Metolachlor 
 2X 
 80 
 92
Oxyfluoren 
 2X 
 80 
 92
Control 
 71 
 81
 

None of the means are significantly different at 5% level as
judged by Tukey's HSD range test. 
 However, a planned
contrast indicated that the average of all treatments was
significantly different from control at 2% level.
 



Table 2. The effect of herbicides on percent grass cover 45, 
75, and 105
 
days after transplanting Prosopis and Leucaena.
 

Grass Cover (%)

Time after transplanting


45 days 75 days 105 days
 

Herbicide 
 Rate Cover Herbicide 
 Rate Cover Herbicide Rate Cover
 

Oxvfluoren 
 2X 2.19a Control. 
 84a Control 
 -- 108aControl --
 2.05a Alachlor Ix 
 35b Alachlor Ix 47b
Metolachlor 2X 1.83a 
Alachlor 2X 
 24bc Alachlor 2X
Oryzalin Ix 0.94a Oxyfluoren 35bc
 
2X 20bc Oxyfluoren 2X 31bc
Naproamide 2X 
 0.49a Oxyfluoren IX 
 15bc Oxyfluoren -'lX 26bc
Oxyfluoren ix 0.45a 
Metolachlor Ix 
 15bc Metolachlor IX 25bc
Oryzalin 2X 0.41a Oryzalin 
 Ix 15bc Oryzalin Ix 22bc
Naproamide Ix 
 0.38a Naproamide IX 
 12c Naproamide Ix 20bc
Metolachlor 1X 0.19a Metolachlor 
 2X loc Metolachlor 2X 17c
Alachlor IX 0.16a Oryzalin 
 2X lOc Oryzalin 2X 16c
Alachlor 2X 0.13a Naproamide 
 2X 8c Naproamide 2X 15c
 

In row Leucaena 1.10a 
 21b 
 31b
In row mesquite 0.51a 
 20b 
 31b
Between rows 0.90a 
 26a 
 37a
 

Within a column percent grass cover followed by same letter is not
significantly different at 5% level as judged by Tukey's HSD test. 
Absolute
herbicide rates are given in methods section.
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Table 3. The effect of herbicides on percent forb cover 45, 75, and 105
 

days after transplanting Prosopis and Leucaena.
 

Forb Cover
 
time after transplanting


45 days 75 days 105 days
 

Herbicide Rate Cover Herbicide Rate Cover Herbicide Rate Cover
 

Control -- 1.02a Control --
 33a Control -- 51a
 
Oryzalin 1X 0.67ab AJachlor Ix 22ab 
 Alachlor IX 29ab

Naproamide 2X 0.34ab Alachlor 2X 16abc Alachlor 
 2X 27ab
 
Oxyfluoren 1X 0.33ab Naproamide IX llbc Oryzalin Ix 20b

Alachlor 2X 0.28ab 
 Oryzalin Ix lObc Naproamidd' IX 20b

Naproamide iX 0.22b Metolachlor IX 10bc Metolachlor 'lX 19b

Metolachlor 1X 0.08b Naproamide 
 2X 9bc Naproamide 2X 17b
 
Metolachlor 2X 0.05b Oxyfluoren Ix 
 7bc Oxyfluoren Ix 16b
 
Alachlcr 1X 0.04b Metolachlor 2X 5bc Metolachlor 2X llb
 
Oryzalin 2X 0.02b Oryzalin 2X 3c 
 Oryzalin 2X 6b
 
Oxyfluoren 2X 0.Olb Oxyfluoren 2X 2c 
 Oxyfluoren 2X 6b
 

In row leucaena 0.19b 9b 
 18b
 
In row mesquite 0.15b 10b 
 18b
 
Between rows 0.49a 15a 
 24a
 

Within a column percent forb cover followed by the same letter is not
 
signiticantly different at 5% level as 
judged by Tuk2y's HSD test.
 
Absolute herbicide rates are given in methods section.
 



Table 4. 
 Influence of herbicides on 
species composition.
 

Grasses 
(% cover) 

Species control 

Meto- Meto- Ala-
lachlor lachlor chlor 
IX 2X Ix 

Ala-
chlor 
2X 

Napro-
amide 

iX 

Napro-
amide 
2X 

Ory-
zalin 
Ix 

Ory-
zalin 
2X 

Oxyfl-
uoren 
IX 

Oxyfl
uoren 
2X 

Digitariabicornis 41a 6b 2b 13b 9b 6b bb -b lb 5b 5b 

Cenchrusincertus 23a 4b 4b llab 15ab 4b 2b lb -b 4b 2b 

Dichanthelium 
s__- 17a 2a -a lla -a -a -a 6a -a -a -a 

Cyperusrotundus lla 6ab -b 10ab 8ab 10ab 8ab 14a 14a 10ab 15a 

Panicumcoloratum 7a -a -a la -a -a -a -a -a -a 2a 

Panicum 
texanum 6a 6a 2a -a 2a -a -a -a -a 2a -a 

Cynodondactylon -a -a 9a -a -a -a -1 -a -a 4a 7a 

In 



Table 4. (Cont.) 

Species control 

Meto- Meto- Ala-
lachlor lachlor chlor 
Ix 2X ix 

Ala-
chlor 
2X 

Forbs 
(% cover) 

Napro-
amide 

Ix 

Napro-
amide 
2X 

Ory-
zalin 
Ix 

Ory-
zalin 
2X 

Oxyfl-
uoren 
Ix 

Oxyfl
uoren 
2X 

SidaSpinosa 

Solanum
elaeagnifolium 

Palafoxia 
texana 

CrLontexensis 

Partheniumhysterophorusa 

Ifelianthus 
annuus- -

17a 

10a 

7a 

4a 

3 

2 

5b 

7a 

lab 

3a 

-

4b 

3a 

lab 

3a 

-

9ab 

8a 

-b 

6a 

---

6b 

14a 

lab 

4a 

7b 

6a 

-ab 

4a 

6b 

5a 

-b 

4a 

3b 

12a 

-b 

4a 

2b 

2a 

-b 

2a 

3b 

7a 

lab 

2a 

-b 

3a 

-b 

la 

Euphorbiap r o s t r a t a a 2-----. 

.m 
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Table 4. (Cont.)
 

Forns 
(% cover) 

Species control 

Meto- Meto- Ala-
lachlor lachlor chlor 
lx 2X Ix 

Ala-
chlor 
2X 

Napro-
amide 

ix 

Napro-
amide 
2X 

Ory-
zalin 
Ix 

Ory-
zalin 
2X 

Oxyfl-
uoren 
ix 

Oxyfl
uoren 
2X 

Portulaca
 
oleracea-


Cucumis -
elo-


Amaranthus
 

Ipcmea
sa qittataa---1 

3--

The percent cover is the average of 3 samples tor each of 3 locations (in-row Leucaena, in-row
mesquite, between rows) for each of 3 reps for a total of 27 observations per herbicide rate
combination.
 
All species with 1% or greater percent cover are 
listed. Dashes represent values less than 1
 
not zero's. Means with same 
letter are not significantly ditferent at 5% level.
 
aNot examined in ANOVA.
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Table 5. 
Effect of herbicide treatment on Leucaena and
 
Prosopis dry biomass per tree.
 

Dry biomass per tree (g)
 

Herbicide 
 Rate 
 Leucaena Prosopis
 

Oryzalin 2X 
 138 a 58 a
OxytJuoren 2X 
 132 ab 39 ab
Oryzalin Ix 
 99 ab 31 ab
Oxyfluoren Ix 
 74 abc 24 ab
Alachlor 
 2X 
 65 abc 28 ab
Metolachlor 
 Ix 
 63 abc 18 b
Naproamide 2X 
 63 abc 35 ab
Metolachlor 
 2X 
 59 bc . 35 ab
Naproamide iX 
 54 c 20 b
Alachlor 
 lx 
 44 c 14 b
Control 
 27 c 
 16 b
 

Within the 
same column mean biomass per tree values followed
by the 
same letter are not significantly different at 5%

level as judged by Tukey's HSD test.
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ADDENDUM
 

Note on methods being used for weed control in 
a semiarid region for lejuminous tree transplanting operations

at Caesar Kleberg Wildlife Research Institute, Texas

A & I University, Kingsville, Texas, U.S.A.
 

Land preparation prior to planting is 
essential
for both tree establishment and future weed control.
It is always much easier and less expensive to control
 a weed seed crop 
 han it is to control existing weeds
 
in a crop situtation.
 

Several months prior to planting a chosen site
should have existing vegetation mowed off and cleared
of any shrubs or undesired trees. Following the initial
land clearing, an applicatin of Round-up herbicide; 
a
non-selective post-emergence herbicide, should be applied to
kill off all existing vegetation and to prevent root
sprouting. Next, the 
area is disked to bury the dead
material and clean up the field for future tillage

practices. After an 
initial disking, the field should be
subsoiled at a depth of about one 
half meter to allow for
water infiltration, soil aeration and root penetration. 
A
second disking is then needed to seal the soil up to prevent

moisture loss and 
to prepare it for chemical applications.
 

Once the field has been properly prepared, a
pre-plant herbicide is applied to reduce weeds with newly
transplanted seedlings. 
 In two separate field trials with
pre-plant herbicides, we have found early grass competition

among newly transplanted seedlings of Prosopis and Leucaena,
greatly reduces survival and rate of growth. 
 (Table 1 & 5)
Currrently, we have found Oryzalin at 2.5 
lb.a.i./ac. the
safest and most effect herbicide at the time of seedling
transplant for prosopis and leucaena than any other. (Table
2) However, we are looking at combinations with Oryzalin,
such as oryzalin 1.25 lb. 
a.i./ac. + metolachlor 2.5 lb
a.i./ac. and Oryzalin 1.25 lbs.a.i./ac. + Oxyflouren 0.5
a.i./ac. 
to help control weeds which oryzalin does not 

lb.
 

control on its own.
 

Though herbicides greatly reduce weed competition,
 
none are 100% effective. Therefore, mechanical

cultivation becomes an 
added tool in controlling weeds
and aerating the soil, giving the seedlings an added

advantage of survival and growth. 
 Here in Kingsville we
hal ad good success using a single 
row row-crop cultivator
 
on wtedlings up to 
a meter in height. 
 So with the pre-plant

herbicide and 
a row-crop cultivator we 
are able to maintain
 a weed free environment for seedlings for 4 to 
5 months or a
 
meter in height.
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Commercially available pre-plant herbicides are

adequate weed suppressents, however they have a short

residual and are too expensive for long 
term applications.
Therefore, we are experimenting with less expensive, long

residual herbicides for use once 
the trees are well
established and can no 
longer be mechanicaly cultivated.
 
Chemicals such as 
bromacil at lb. a.i./ac., diuron at 2
lbs. a.i./ac. and simazine at 
2 lbs. a.i./ac. have shown
 some promise and are currently being compared in 
field
 
trials 
With 6-8 months control from these types of

herbicide, weeds should be suppressed long enough to 
achieve
 
canopy closure and no longer be 
a deterant to tree growth.
 

So with proper field preparation, the application of
herbicides 
in conjunction with cultivation, superior

seedling growth and survival can 
be achieved.
 

Dom Smith
 
Field Manager
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Specialized Journals
 

Weed Abstracts (Comm. Agric. Bur.)
 

Weed Science (Journal Weed Science Soc. of America)
 

Pesticide Science (Pub. by Soc. for Chem. Ind.)
 

Weed Research (Journal European Weed Res. Soc.,Pub.
 
Blackwells).
 

Also Research Stations specializing in tropical
 
tree crops (coffee, cocoa, tea, coconuts, oil palm et(

have a considerable amount of information available
 
about weed control in those crops. Individual
 
CGIAR International Agricultural Research Stations
 
all undertake work on ..
;eed control.
 

and for additional information about weed
 
control with fast-growing nitrogen-fixing
 
trees, contact:
 

Professor J.L Brewbaker
 
Nitrogen Fixing Tree Association
 
P.O. Box 680
 
Waimanalo
 
Hawaii 96795
 
USA.
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Information on tropical weed control can
 
also be obtained from:
 

" 
The Weed Research Organisation

Agricultural Research Council
 
Kidlington
 
Oxford, UK.
 

" 	The International Plant Protection Centre
 
Oregon State University
 
Corvallis
 
Oregon 97331
 
U.S.A.
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Basically, a camera 
isa box with a lens on one side and a
container on film
the other. The camera contains a shutter and the lens
an iris. 
 Light enters the camera through the lens and exposes thefilm when the shutter is opened. Photography isa simple process
and modern cameras make iteven more simple.
 

The Camera
 

There are numerous types and makes of camera available today. 
 From
the most humble Instamatic to the 'Rolls-Royce' of cameras 
"the
Hasselblad"; one is limited only by the amount of money one is
prepared to spend.
 

0 35 mm cameras are by far'the most commonly used. 
 They are compact
and lightweight and the image is of high enough quality for most
applications. 
 Inrecent years the "reflex viewing system" has been
incorporated into 35 mm cameras. 
 This system enables the photographer to see the exact image which will be exposed. The term
"single lens reflex" (SLR) is synonymous with modern day cameras.
Such cameras also offer the benefits of "through the lens" (TTL)
metering and control of both shutter and aperture without removing
the eye from the view finder.
 

* The 35 
mm SLR user has at his disposal the most comprehensive
range of interchangeable lenses and accessories, which allow
incredible versatility. 
The small size and weight of modern
systems mean that they are fast and easy to 
use.
 

* 
There are manual and/or automatic types of SLR camera
 

-
A manual SLR (e.g. Olympus OM I-N, Nikon F2 Photomic), allows
the photographer complete control over aperture and shutter
speed selection. 
 This gives a photographer the flexibility
to explore various exposure possibilities inany given photo
graphic situation
 

- The new generation of SLR cameras, e.g. Canon T50 is
totally automatic, with meter, shutter, aperture and film
advance all electronically controlled. 
Some of the newer
automatics (Olympus OM20) even 
focus for you..
 

It is a fallacy that 35 
mm cameras 
are only for amateurs, while
larger format cameras (e.g. Hasselblad) are used exclusively
by professionals. 
 Leading magazines and advertising agencies
have made nonsense of this belief  obtaining excellent results
 
from the 35 mm format.
 

The major manufacturers of 35 mm SLR cameras 
include
 

W

N
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0 

- Olympus - Canon
 

- Nikon 
 - Leica
 

-
Ashai Pentax - Minolta
 

All the above makes offer excellent equipment with a 
cemprehensive
range of cameras and accessories. The author uses 
the Olympus
OM-lN (manual) and the Olympus OM-2N (automatic) systems. 
 These
cameras,6 years old now, have performed faultlessly from the
Cairngorms (Scotland) to the Chalbi Desert (Northern Kenya).
 

Films 

There are numerous types of transparency (reversal) and negative films
qvai'able on the market. 
A basic understanding of the quality of films
available isa valuable tool 
for selecting the right type of film for
particular photographic subjects or situation.
 

Slow film (25-64 ASA 18-15 DIN)
 

These films have the ability to capture a 
wide range of tones. In
addition they have extremely fine grain and this enables very high
definition to be obtained. 
These films 
are good for use in the tropics
where the light is invariably good.
 

Medium film (125 ASA, 22 DIN)
 

The films within this 
range offer the photographer a wide latitude
in terms of exposure selection. Again these films are best used

where the light conditions are good.
 

Fast fim (400 ASA, 27 DIN)
 

These films are able to 
cope with a wide range of light conditions
but unlike the slow films have a coarse grain. 
They are favoured by the
 
news photographer.
 

CoZour film
 

There are two types available in 
a whole range of speeds (fast,

medium or slow):
 

- colour reversal (slide)
 

- colour negative
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0 Below is a list of some of the colour films commonly available. 
The author has included some comments on each film mentioned 
based on personal experience and/or published tests carried out
 
by "Amateur Photographer" a weekly magazine published in the U.K.
 

Colour reversal (si 

- Kodachrome 25 


- Kodachrome 64 


- Ektachrome 64 

(64 ASA) 


- Ektachrome 400 

(400 ASA) 


- Agfacolor CT 18 


- Agfacolor CT 21 

(100 ASA) 


- Fujichrome 100 

(100 ASA) 


- Ektachrome Infra Red 


- Kodak photomicro-
graphy 2483 (ASA 16) 

) film 

a slow film but one of the sharpest and least
 
grainy of available slide films. Colours
 
less saturated than Ektachromes
 

one of my favorites as an all round film with
 
almost identical sharpness and grain as K-25
 

lovely saturated colours. Good grain and
 
sharpness but needs to be developed soon after
 
use
 

very good in difficult lighting and excellent
 
quality for such a fast film
 

known as Agfachrome in USA. Good all round
 
film with warm colours. Grainier and less
 
sharp than Ektachromes
 

Agfachrome in USA; faster and more grain than
 
CT 18
 

Similar to E 64 and a reasonable general
 
purpose film
 

special film sensitive to infrared and visible
 
spectrum; very much a specialist film requiring
 
critical exposure and focus
 

Another specialist film for microscope slides.
 
Sharper and more contrast than Kodachrome
 

* To improve colour saturation (i.e. density and strength of colour)

in slide films, "overrate the film" i.e. for Kodachrome 25 (25 ASA)

set it at 32 ASA or for 64 ASA set it at 80 ASA. This procedure

only works for slide film.
 

Colour negative film
 

- Kodacolor II very good general purpose film with fairly

(100 ASA) saturated colours. Fine grain and sharp
 



- Agfa CNS2 Not as sharp and fine grained as
 
(80 ASA) as Kodacolor II.
 

- Fujicolor FII 

(100 ASA)
 

Agfacolor CNS 400 

(400 ASA) 


Kodacolor 400 

(400 ASA) 


Black and white fiZm 

- Ilford FP 4 
(125 ASA) 

- Ilford PAN F 
(50 ASA) 

- Kodak TRI X 

(400 ASA) 


- Kodak plus X 

(125 ASA)
 

- Kodak Panatomic X 

(32 ASA) 


Similar to Kodacolor II
 

Good film for high contrast light.
 
Sharper and finer grain than other
 
400 ASA film
 

Good for dull days and indoors with
 
flourescent light. Not so good in
 
sunshine. Good grain and sharpness
 
for a fast film
 

Probably the best medium speed b/w
 
general purpose film
 

A good slow film, with very fine grain,
 
sharpness and high contrast
 

Excellent fast film in terms of sharp
ness and grain
 

o.k.
 

Good for scientific photography. Sharp
 
and fine grained
 

0 	With black and white film ifyou can see a subject, you can photograph
 
it!
 

Some Guidelines for Good Photography
 

Composition
 

* Try to fill the frame with the subject matter. This ensures that your
 
picture provides sufficient detail of the subject.
 

0 Always keep in mind the possibility of using a picture for more than
 
one purpose e.g. a shot of an animal alone can only be used to depict
 
the animal. A shot of the same animal browsing a particular species
 
of tree can be used to depict
 

- the animal
 ( 
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- the vegetation 

-the interaction between animal and 
vegetation. 

* When taking pictures for scientific purposes it isoften necessary to
 
have additional information about the subject e.g. species, size,

growth characteristics, etc. 
 This additional information is most
 
easily incorporated into a picture by using a flat non-glossy light
 
grey board immediately behind the subject. Any information about
 
the subject can now be attached to the board as shown below:
 

Species:
 
Provenance:
 
Date sown:
 

" I 

The above technique is also useful for photographing seedlings and other
 
small subjects. It is then necessary to get the camera down to ground

level or nearly so. Shoot at f8-fl6 (use a tripod ifnecessary) to
 
ensure adequate 'depth of field' - see page 6.
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- An additional advantage of using the above arrangement is that a

distracting background of other vegetation etc. 
is eliminated.
 
This helps to enhance the detail of the subject. A white board
should not be used as 
this can result in underexposure of the

subject due to increased reflection from the board. 
 If a black

background is used, it will be necessary to 
use flash to get

correct exposure.
 

Time-lapse photography
 

It is a commonly used technique for scientific purposes. Itenables
 
a visual record of rate/form of growth especially with vegetation.

The prerequisite for such photography is that a fixed spot m,;+ be
located so as to enable the camera 
to be re-located at the ',ery same
spot for subsequent pictures. 
 This is most effectively done with the
aid of a tripod. Once the 
tripod legs have been located for the first
picture, their positions may be pegged out enabling the legs to be

placed in exactly the same spots for future pictures.
 

Macro-photography
 

In scientific photography it is often necessary 
to obtain close-up

photographs of some parts of the subject e.g. flower, fruits, spines.

These can then be used in conjunction with a photograph of the whole
 
tree, for example, to give 
a complete and accurate pictorial description

(von Maydell).
 

* The use of macro lenses is the simplest way to shoot good close
ups. Apart from the camera manufactures who produce macro lenses,

Vivitar and Tamron are two companies that produce very high quality

and relatively inexpensive macro/accessory lenses. (See inter
changeable Accessory camera lenses - manufacturers and distributors). 

Aperture - depth of field 

When the camera shutter is opened, light enters the camera through the

lens and the film is exposed. The iris comprises a system of metal

leaves which open and close. 
 The gap in the centre is the aperture

whose size is measured in f-steps. 
 The larger the f number the smaller

the aperture. 
 The aperture governs the volume of light incident on.

the film and the shutter controls the length of time that light is
 
permitted to fall on the film.
 

e Aperture determines the "depth of field". Depth of field is the area
 
of acceptable sharpness in front of and behind the subject in focus.

This depth is determined by the aperture you have selected and the
distance from the subject in focus 
to the film plane. As you get

closer to your subject, or as you 'open' your lens 
(e.g. from f 22
 to 
f 2.8) the depth of field becomes shallower. By "stopping" your
lens down (e.g. from f 3.5 to f 22) 
or moving away from your subject

the depth of field or zone of acceptable sharpness can be increased.

However, a shallow depth of field is sometimes useful in eliminating
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distracting foregrounds or backgrounds.
 

Exposure/exposure meters
 

Correct exposure is obtained when the aperture and shutter speed are 
coupled in the right relationship, which in turn is governed by the
 
ASA film speed.
 

* Modern cameras incorporate fairly sophisticated.light meters. Most
 
SLR cameras have through the lens (TTL) metering - whereby the light
entering the lens is measured. Inmost pictures the emphasis is on 
the centre of the frame, so the light meters in many SLR cameras are 
biased towards this area. Hence, precautions must be taken with
 
centre - weighted TTL meters when the emphasis is on other parts of
 
the picture.
 

* Some meters, however, give an average overall reading. These are
 
okay for evenly lit subjects but can give wrong readings where there
 
is a great difference in light levels. Consequently most professionals
 
use a hand held light meter in conjunction with the TTL meter. Most
 
camera manuals state what type of TTL meter the camera has.
 

* A trade secret of most professional photographers is "bracketing".

This involves exploring various exposure levels when photographing
 
a particular subject. This is a form of insurance whereby the
 
photographer make sure he gets the picture he wants. In some
 
cases, a picture is obtained which even the most experienced
 
photographer could not have expected. There are several ways to
 
bracket:
 

- Vary the f-stop from the one indicated by the meter. Thus, a
 
frame is taken at the metered aperture, then one each at a J stop
 
over and under the original aperture. When light levels are low,
 
the aperture may be varied by as much as ± 2 f stops.
 

- If depth if field is critical, the shutter speed can be varied 
instead. Thus at a fixed f-stop one frame is taken at the indicated 
shutter speed e.g. 1/250 sec, then one at 1/125 sec and another at 
1/500 sec. 

- With fully automatic cameras, the only way to alter the exposure
 
is to alter the ASA setting. Thus, when using 64 ASA film, one
 
frame should be shot at the correct setting, then the dial set
 
at 80 ASA (J stop over) and another shot at 50 ASA (Jstop under).
 

vi 
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Check List Before Using Camera 

Read your camera/lens manual thoroughly until you are famliliar with 

your equipment.
 

(N.B. Do not open camera Load film'(always away from direct

You shouITiFave a record. sunlight) and check-that film has
 
Professionals cut off the been "taken-up" properly before
 
end of the film box and shuttin the back
 
slot it into a little
 
frame on the camera back)
 

Check that the back is properly
 
closed. This will prevent an
 
accidental knock or jolt from
 
-opening it
 

Check that the correct ASA scale
 
has been set as per instructions
 
on film box
 

Check that the lens is clean. Use 
a blower brush and if neccesary wipe 
gently with lens tissue not your
 
shirt sleeve!
 

Check that batteries are good and always
 
carry spares (N.B. batteries always fail 
when the shops are shut!)


I 
Check that the correct shutter speed is
 
being used especially if using flash (i.e
 
1/60 or 1/30 sec)
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Camera Care and Storage
 

* Dust and moisture are the main agents that can damage a camera. Store
 
the camera in a cool, dry place and make sure that the shutter and
 
timer are free from tension. Do not store the camera near moth balls
 
as these can damage metal surfaces. Protect against excess moisture
 
by using silica gel.
 

- One way to prutect against both dust and moisture when using a 
camera is to enclose the camera within a polythene bag with only
the front element of the lens sticking out. This is easily done 
by making a hole in the bag for the lens barrel and securing the 
bag to the barrel using rubber bands or tape. The bag can then
 
be pulled over the rest of the camera body.
 

- The above is a temporary meas.7re and ifyou are constantly working
in very dusty or wet conditions then get yourself a Nikonos III camera 
made by Nikon. It is dustproof, waterproof and virtually indestruc
tible. Its unique conscruction features, an inner body which is 
sealed into the outer casing and this enables it to be taken under 
waf- to a depth of 50 metres. It is the only 35 mm camera that 
can be sterilised!
 

* Remove the batteries if storing the camera for a long period of time.
 
(Before re-inserting batteries again, wipe the battery surfaces with
 
a dry cotton cloth).
 

* Avoid dropping or hitting the camera.
 

* After use near the sea, wipe the camera surfaces clean with a soft
 
cloth; never leave salt on the camera. (Aerosol effect near the
 
sea can cause salt to be deposited on the camera even though it
 
has not been in direct contact with the water).
 

* Avoid excessive force when mounting on a tripod.
 

" Avoid touching the surfaces of the lens. (Clean only with a soft
 
brush or wipe lightly with a lens tissue).
 

* Always have a filter (UV or polariser) screwed in onto the front
 
of the camera lens. These filters not only improve the picture

but also protect the lens. Better to scratch a filter that costs
 
a few $s than to scratch a camera lens that costs $1OO's.
 

" Never leave a camera (loaded P, unloaded) in the boot of a car or
 
inside a locked car. Tempetdtures inside cars can get very high

and this can da,;,dyk Lne film and camera.
 

* Use a good case or bag to store and carry your equipment in. Soft
 
foam padded shoulder bags are the most useful for working out of when
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on the move. They hold a lot while offering easy access.
 

Metal cases provide the best protection for transporting equipment

in all weathers, although they are slower to work out of, than

shoulder bags. A silver finish is essential if working in hot
 
sunny climates as it reflects the sun. Metal 
cases are also use
ful to sit or stand on. When in 
a car always put your equipment

where it will not suffer heavy jolts (i.e. not on the floor).
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Camera Manufacturers and Distributors
 

e 	Hasselblad Great Britain Ltd.
 
York House
 
Empire Way
 
Wembley, U.K.
 

Tel: (01) 903 3435
 

0 	Olympus Optical Co. (U.K.) Ltd.
 
2-8 Honduras Street
 
London ECIY OTX
 
England (U.K.)
 

Tel: (01) 253 2772
 

or
 

Olympus Camera Corporation

Crossways Park, Woodbury
 
New York 11797
 
U.S.A.
 

Tel: 516-364-3000
 

* 	Nikon U.K. Ltd.
 
20 Fulham Broadway
 
London SW6
 
U.K.
 

Tel: (01) 381 1551
 

9 	Pentax, U.K. Ltd.
 
Pentax House
 
South He. Avenue
 
South Harrow
 
U.K.
 

Tel: (01) 864 4422
 

Interchangeable Accessory Camera Lense. trjaiuictuwrers ana uistributors) 

e 	 Vivitar Corporation
2700 Pennsylvania Avenue
 
Santa Monica, C.A. 90406
 
U.S.A.
 

Tel: (213) 870 0181 
 and (213) 829 3672 or
 

Vivitar (U.K.) Ltd., Vivitar House
 
Ashville Trading Estate, Nuffield Way
Abingdon, Oxon LX14 lRP, England 
 Tel: (0235) 26600
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Recommended Books
 
The following list is only intended as 
a guide. They are books that
 

the author has found most stimulating and helpful.
 

* 
The Life Library of Photography published by Time-Life Books
 

e Feininger, Andreas 
"The Complete Colour Photographer"

Publishers 	(UK) Thames and Hudson
 

(US) Prentice Hall
 

* 
Fusco, P and McBride, W. "The Photo Essay: How to communicate
 
with Pictures"
 

Publishers 	(UK) Thames and Hudson
 
(US) Alskog
 

• Ricciardi, Mirelli "Vanishing Africa"
 

Publishers (UK) Colliis
 
(US) Holt, Rinehart and Winston
 

* 	Sontag, Susan "On Photography"
 

(UK) Penguin Books
 
(US) Farrar, Straus and Giroux
 

0 Izzi, 
G. and Mezzatesta, F. "The Complete Manual of Colour Photography"
 

(UK)*Victor Gollancz
 

* von Mayaell, H.-J. 
"Trees and 	Shrubs of the Sahel with Special

Consideration of their possible Use"
 
Publisher - GTZ (Germany)
 

* Any of John Hedgecoe's Books!
 

Readers Comments
 

Is there a need for further sections on: 

.Film emulsions - densi'ometry 

* Processing
 

* etc.?
 



SECTION SIX
 

USEFUL TOPICS AND INFORMATION
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SOME ECONOMIC CONSIDERATIONS WHEN
 
DEALING WITH MPT RESEARCH- by Dirk Hoekstra
 

Economics deals with helping people to make

decisions about the allocation of scarce
 
resources in a rational way in order to
 
achieve designated targets.
 

To formulate and implement multipurpose

tree research programmes three consecutive
 
steps have been identified in which economics
 
may play a role.
 

" 	The identification of appropriate

technologies for research
 

" 	The appraisal of such potential
 
technologies
 

* 	The use of 
scarce research resources
 
in order to generate such technologies

where necessary.
 

In the following pages a brief attempt has

been made to outline some of the economic

issues involved in each of these steps. 
 They

are in no way complete and should only be used
 
as a basis for discussion to arrive at a
 
more comprehensive l!st.
 

Identification of appropriate technologies

for research
 

The identification of appropriate

agroforestry technologies for research can
often best be derived through a diagnosis and
design process. 
 This is fully outlined in
ICRAF's "Guidelines for Agroforestry Diagnosis

and Design"(1983).
 

Diagnosis
 

In 	the diagnostic phase of the planning process

economics should be used to define the system's

"boundaries" in which any new system or

technical package has to operate, 
as 	well as to
analyse existing systems so as 
to 	identify the economic
"bottlenecks". 
The boundaries and bottlenecks
 
can then, in turn, become the focal point(s)

for designing appropriat.! agroforestry as well
 
as non-agroforestry solutions for the develop
ment of improved forms of landuse.
 



Boundaries may be subdivided into the
 
following.
 

* 
 Farm family resources
 

* 
 Physical resources and environmental
 
potentials
 

* 	Government/social environme-nt 
(policies,
 
infrastructure etc).
 

For a further sub-division of those broad
 
categories see Hoekstra 
(1983).
 

Bottlenecks are commonly exposed with the
 
help of weekly, monthly or seasonal profiles,
 
for example:
 

" 	Labour profiles: depict the supply and
 
demand of labour over time.
 

* 
Cash flows: show cash inflows and out
flows, including loans and debt servicing
 
over time.
 

" 	Food profiles: 
 show food production
 
(storage and consumption) over time 
(for

the main products only); 
a more sophisticated

form is the nutrition profile.
 

* 	Energy profiles: 
 show the consumption of
 
energy, as well 
as the supply of energy

products over time.
 

Traditionally such profiles will have been

formulated on 
the basis of studies that provide

detailed quantative information. Although the
acquisition of such detail is 
the ideal, in
 
rapid rural appraisal, where little time and/or

data are available, only a rough qualitative

picture identifying critical periods may be all
 
that is possible, or necessary.
 

Design
 

While the diagnostic phase roughly indicates
 
the types of products and services required

the design phase looks at 
how this may be
 
accomplished and derives 
"specifications"
 
for the technologies required.
 

In trying to define the role of multipurpose

trees in fulfilling the demands of 
a system,

some basic knowledge is required as 
to how
 
such trees "behave" if managed for a single
 
as 	well as for multiple purposes. Such
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information may not be dvailable and there
for may have to be the subject of research.
 

Basically three different relationships
 
can exist when comparing differences
 
between the levels of outputs from a multi
purpose tree (see Figure 1).
 

* Complementary, that is where 
an increase in
 
one output results in a corresponding

in'rease in another. Such a relationship
 
may exist, for example, where trees have both
 
a service and a productive role but it

will, in general, be less frequent in
 
multipurpose trees when comparing any two
 
production roles.
 

" Supplementary, where 
an increase in one
 
output does not affect the level of
 
another. Again such a relationship will

exist most frequently between a productive

and service role,but less frequently

between any two productive roles.
 

" Competitive, where an 
increase in one
 
output decreases the level of another
 
output. This relationship will be
 
most common between two productive

roles of a multipurpose tree.
 

Figure 1: Complementary, supplementary and competitive
 

output/output relationships. Y1 and Y2 
are outputs.
 

complementary sup lementary competitive 
/ I 

1l / Y1 
 \\
 

/ / I \ \ 
N 

Y2 Y 2 Y2 



The outcome of these relationships
 
can be examined for individual trees, for
 
two or more trees and for tree/crop
 
mixtures. Research may be required to
 
find out more about the technical aspects
 
and quantitative results of complementary,
 
supplementary or competitive relation
ships on these different levels of scale
 
before any economic evaluation can be
 
carried out.
 

Appraisal 	for technical choices
 

The appraisal of multipurpose trees merits
 
special economic treatment because of the
 
multiple outputs and periods involved.
 

MuitipZe outpzit theory 

Theory on the appraisal of multiple output
 
systems was originally developed around 1920
 
by Edgeworth - Bowley using a box diagram.
 

Recently this theory has been elaborate(
upon in articles and publication:, dealing

with intercropping and/or multiple cropping.
 

Amongst the best known ones are Willey, (1979)
 
Hildebrand, (1976) and Flinn, (1979).
 
Reference to this theory has also been made
 
in articles by Filius (1981) and Raintree
 
(1981) dealing with economic aspects of
 
agroforestry.
 

A graphical approach can be used to portray
 
the optimization of multiple output systems
 
using iso-revenue curves and iso-production
 
possibility frontiers. This is quite useful
 
whenever the problem is limited to two
 
outputs (Figure 2) in a one-period production
 
process (usually less than one year).
 

Figure 2: 	Graphic illustration of optimizing output

combinations.
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:Optimum output combination
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Linear programming was developed to deal
with optimizing more complex systems, for
example, multiple-component, multiple-input
production systems. 
 Using linear programming,
the underlying optimization principle of
marginal-cost equals marginal-benefits" is
similar to that in the simple two-output
production system mentioned above.
 

AuItiplo periods
 

Decision-making increases in complexity with
the introduction of multiple periods.
 

The economic theory on 
the valuation of time
has been developed by economists like
Hirschleifer, Fisher, Hicks and Ferguson.
The principles are explained in a more
popular form in many economics textbooks

for example, Price Gittenger (1982).
 

The valve of time 
(usually referred to as
discounting) has been combined with linear
programming in what is called multi-stage
linear programming (also called poly-periodic
and dynamic programming). 
 This method has
been described by Agrawal et ai 
(1973) and
Hadley (1964) and an 
agroforestry application

has been made by Burgess (1981).
 

Due to the complexity of the matrix and the
considerable size of computer memory required,
this method is not yet popular, and the
appraisal of multiperiod production systems
is therefore often based 
on the non-optimization method of discounted budget comparison.
A computer programme has been developed

by Etherington and Matthews in collaboration
with ICRAF to prepare and analyse multiperiod agroforestry models 
(MULBUD)Appendix 1.
 

Objectives 
of appraisaZ
 

The economic appraisal of multipurpose trees
 may either be done ex-ante or ex-poste.
 

The main aim of the ex-ante 
(or prior) economic
analysis of a potential multipurpose tree
system at this planning stage of 
the research
 programme is 
to assist the researcher on how
to 
focus his/her attention on 
a more limited
range of research activities than would otherwise be the 
case. 
 First of all it may examine
whether or not it 
is worthwhile to pursue the
use of multipurpose trees, for example, as
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compared with combinations of trees each used
 
to 	provide single outputs. Secondly, if it
 
is 	worthwhile, then to appraise what product
 
combinations and what arrangements of
 
multipurpose trees and possibly crops may
 
appear to be the most economi.c.
 

The main aim of the ex-poste (or subsequent)
 
appraisal of potential multipurpose tree systems
 
is to confirm or readjust the lines of research
 
initially adopted. (See Appendix 2).
 

The economic use of research resources
 

In 	planning actual experiments, decisions
 
needs to be taken, among others about:

* 	The size and structure of any one
 
experiment.
 

" 	 The allocation of research resources
 
between different experiments.
 

Each of these decisions will have its costs
 
in terms of benefits foregone in comparison
 
with other experimental designs; or other
 
combinations of experiments that might have
 
been implemented. As well as benefits , in
 
terms of savings, in the use of scarce
 
resources that could have been applied to
 
other experimental programmes and/or
 
conserved or used in some other way for the
 
national benefit.
 

Such a seemingly endless combination of
 
interrelated possibilities appears to lend
 
itself ideally for problem solving with
 
the help of analytical tools such as linear
 
programming. However, the great difficulty
 
in 	constructing a linear programme matrix
 
for such a situation would, in many cases,
 
be the lack of concrete data about costs
 
and benefits of experimentation.
 

Guidelines for experimental decision-making
 

Some simple guidelines are provided to be
 
used to prepared a linear programming
 
exercise, or to structure a "common sense"
 
approach.
 

* 	 First of all an inventory should be
 
made of the available research
 
resources over the next (say) five
 
years remembering that most multi
purpose tree experiments will take at
 
least that amount of time to provide
 
results.
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- Land, both "on-station" as well
 
as 
"on-farm" should be inventorised,
 
considering the specific demands
 
certain experiments will make upon

it (slope, soil type, etc).
 

- The available labour resources
 
should be specified according to
 
availability and skill (for

example, managerial, operational,
 
etc).
 

- An inventory of the available
 
supporting captial equipment should
 
be made (laboratory facilities, field
 
operation equipment, etc.).
 

-
Finally, the general operational

budget over the. next five years

should be estimated, so as to be
 
able to ascertain to what extent
 
the inventorized resources can 
be
 
maintained, or even increased.
 

" 
The next step would be to specify for
 
each experiment its possible size and
 
structure ("desirable" and "minimal") in

order to reach any set of designated

research objectives; also to indicate
 
the requirements in resource use for
 
each.
 

" 
Once a range of possible experiments,

each with a few design options, has been
 
identified, the relative scarcity of the
 
available research 
resources should be

estimated. The easiest method is 
to
 
look for the scarcest factor. 
Sometimes,

this is quire obvious, in other cases
 
it can be determined by computing the
 
resource requirements of some research
 
combinations.
 

* 	Once the scarcest amongst the research
 
resources is known either 
a) 	a

tentative selection can be made from
 
amongst the different design options

that is those designs which require

the least of that resource are chosen
 
assuming that they equally fulfil
 
the primary and secondary objectives

of the research programme and/or do not
 
delay the achievement of specified goals

within any specified time limits or
 
b) an attempt is made to acquire the
 
additional resources needed (or the
 



provision of them) before the programme
 
is initiated. This rather straight
forward and commonsense approach is
 
emphasized here because of the
 
particular nature of experiments with
 
multipurpose trees, which invariably
 
involve a long-term investment in land,
 
labour and skills.
 

* 	 In deciding on the combination of 
experiments a priority has to be given 
to each one of them. 

- Since actual "benefits" may be 
difficult to formulate exactly,
 
it may be best to rank the
 
experiments in terms of their
 
potential contribution to fulfill
ing the needs of the system (in
 
most cases this will be the farm
 
system). Such priority ranking
 
is best decided upon by the system
 
operator (the farmer) in combina
tion with the researcher.
 

* 	Once this ranking of experiments
 
has been established a first attempt
 
at combining the experiments may be
 
made by simply adding experiments to a
 
combination in their sequence of
 
priority ranking until a research
 
resource becomes scarce.
 

A further refinement may then be made
 
if, for example, a top ranking
 
experiment takes up so much of a
 
resource that hardly any of the other
 
experiments can be carried out. In
 
such cases it may be worth while to
 
examine what the elimination of that
 
one experiment would mean in terms
 
of 	gains in other experiments.
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APPENDIX 
1
 

MULBUD
 

MULBUD, a microcomputer 
programme for
modeling and analysing agroforestry system
technologies has 
been developed by the
Australian National University and ICRAF.
 

MULBUD Version 3 is designed to 
run on
3-bit microcomputers using the CP/M
operating system with at 
least 53k
usable RAM and having dual desk drives with
at 
least 140k bytes per disk. 
 Thus it will
run on 
most 280 eid 8080 
microcomputers

running the CP/M operating system with a
total of 64k bytes of RAM memory. Ideally,
MULBUD should be 
run on a system with an
80 column screen. The compiled package is
about 335k in 
size so MULBUD is resident
on 
two disks which are operated consecutively
on 
"A" drive with data files on 
"B" drive.
The package is always started by using
Disk 1. 
If your computer has less than 172K
bytes per disk, you will be provided with a
third disk with the HELP message file on
 
it.
 

Further information on MULBUD will be
made available upon request.
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APPENDIX 2
 

EX-ANTE ECONOMIC ANALYSIS OF CANDIDATE
 
AF SYSTEMS/TECHNOLOGIES
 

To give a detailed account of the why and how
of economic analysis of candidate AF systems/
technologies may be rather too ambitious for
an appendix. Fortunately it is not necessary
because most of what applies to the economic
analysis of other land use systems applies
equally tn AF and has been well documented.
AppropriaLe references in this context are
Gittinger's "Economic Analysis of
Agricultural Projects" and FAO's "Economic
Analysis of Forestry Prcjects"(See references).
 

The purpose of this appendix is therefore to
give broad guidelines on 
this subject matter,
which would make the aforementioned textbooks
better accessible 
to analysts who want to
carry out ex-ante economic analysis of
candidate AF system/technologies.
 

Why and How
 

An ex-ante economic analysis of candidate AF
system/technologies is carried out to influence
the technology design so 
as to get some sort
of assurance that the proposed AF system/
technology is 
feasible and beneficial.
 
The methods and procedures are contained in what
is 
usually referred to as pro'ect anaiysis, which
has financiaZ and economic aspects.
 

Financial aspects of project preparation and
analysis deal with projecting and evaluating the
effects of an intervention on the various project
participants i.e. 
farmers, project agencies,

national treasury.
 

The economic aspects, 
on 
the other hand, deal with
evaluating the 
use of scarce resources required
for the intervention, from a society's point of

view.
 

Although usually hampered by lack of data, it
is still useful to attempt some of these analysis
in this early stage of technology development.
 

However it would be unrealistic to conduct
analysis in the 
same amount of detail as 
for
development project preparation and analysis.
 



As a rough rule of thumb it is suggested to

subject technologies whose main beneficiaries
 
are individuals to the financial type of
 
analysis, while subjecting technologies

whose main objective is conservation/

sustainability of whole areas, of which
 
society as 
a whole will benefit in the
 
future, to the economic type of analysis.
 

Because ICRAF's D&D exercises have so far
 
mainly resulted in research proposals of
 
AF technologies directly benefiting indi
viduals, emphasis in this appendix has been
 
put on the financial aspects of project

analysis in which the farmer's view point

is central.
 

Evaluation of candidate AF Systems/

Technologies from a farmer's point of
 
view
 

To 	evaluate whether or not 
a candidate techno
logy will become feasible and beneficiary

to the farmers, it is important to look
 
into the following questions:

* 	Is the technology making the best use
 
of the farm's resources?
 

* 	Is the technology feasible, given the
 
farm's labour availability (amount,

seasonal distribution, management
 
skills)?
 

* 	Is the technology feasible, given the
 
farm's available capital resources (own
 
as well as borrowing potential?)
 

* 	What are the risks involved with the
 
introduction of the technology?
 

The following step-wise approach is 
suggested

to find answers to these questions.
 

Step 1. 	 Determine the type of inputs and outputs

required for the introdution of the technology 
and 	plot them on a time scale.
 

Step 2. 	 Quantify these inputs and outputs in physical
 
terms on a per unit area basis.
 

Labour inputs should be broken down by activity
establishment, maintenance, harvesting), 
type

(adult male or female, children) and likely
 
source 
(family, hired, community).
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Material inputs may be broken down iin type

(planting material, fertilizers, agricultural

chemicals, water, tools veterinary services,

fodder, equipment, breeding stock etc) and
source 
(farm produced, purchased or hired, other
 
sources).
 

Step 3. Determine the likely scale at which the
technology wilZ be introduced into a farming 
sys tern. 

To find an answer to this question a farm planning
exercise has to be conducted, which requires

step 4 (labour analysis) and step 5 (cash
flow analysis) to 
be carried out simultaneously.
 

To get a first approximation of the level at
which rAn AF technology may be introduced it 
is

useful to clearly understand the purpose of the
technology. 
Many service oriented ones are
site specific and therefore self explanatory

in terms of scale 
(area) e.g. shelterbelts,

fencing, grazing area 
improvement, conservation
 
measures in the cropland etc.
 

Scaling of technologies which are more product
oriented, requires information on whether the
product will be used 
to satisfy household
 
requirements and/or will be produced for cash
 
sale.
 

If the farmer's only objective, is to satisfy

the household needs, the analyst has to obtain
 
an estimate of the physical quantity required

for example, annual fuelwood reqirements for
cooking. 
The scale of the technology can then
be computed by dividing such annual quantities

by the 
per unit area production.
 

If the farmer intends 
to sell all or part of
the products for cash, a first approximation of
scale depends on 
the analyst's judgement of the

marketing potentials and relative profitability

of the technology in comparison with other cash

generating farm activities.
 

In piactice such a scaling exercise may become
 
more complicated because of the often multipurpose nature of agroforestry technology i.e.
trees combine productive and sustainability

(service) functions. Another factor to 
consider

in such a scaling exercise is whether or 
not

other 
(non) agroforestry technologies are being

considered to satisfy the 
same need.
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The end result of this first attempt at
 
scaling the AF technology into the farming
 
system will be referred to as the plan in
 
step 4 and 5.
 

Step 4. Subject the plan to a labour analysis.
 

AF 	technologies may be grouped into 2 categories
 
for this analysis:

o 	 Those which intend to replace an existing
 
land use system/farm activity
 

* 	 Those which are complimentary in terms of
 
land utilized.
 

The labour analysis of the first group may be
 
started on a partial basis, by comparing amount,
 
type and timing of labour between the new AF
 
technology and the existing technologies/
 
activities. In case 
little difference is
 
found in labour utilization, no further analysis
 
is required. When there are substantial
 
labour savings, or alternatively, increased
 
labour demands, present/potential use of such
 
labour should be examined. If there is no use
 
for the saved labour (on or off-farm), or if
 
additional labour can be hired relatively
 
easily, the analysis may be completed by
 
indicating either the amount of labour saved or
 
the amount of labour which has 
to 	be hired.
 

If the labour saved by the introduction of
 
the new technology can be utilized (on or off
farm) the analyst should indicate how and when
 
(see also cost benefit analysis). If the extra
 
labour for the introduction of the techonology
 
cannot be hired the analyst has a number of
 
options (not mutualLy exclusive).
 

" 	 Check if a gradual phasing of the techno
logy into the system would alleviate the
 
labour constraints (important when
 
establishment labour requirements are
 
high).
 

" 
 Reduce the scale at which the technology
 
was originally conceived (Step 3). This
 
may be realistic when the technology's
 
produce is mainly for sale. In case most
 
of the produce is t-r home consumption or
 
the technology performs an essential
 
service function it may be less feasible.
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* 
Indicate the change(s) in composition/
management of existing activities 
(on or
off-farm) in order to provide the
 necessary labour. 
 Such an exercise
would require a whole farm labour budget.
 

0 	Ask technicians to redesign the
 
technology.
 

With the second group of technologies,

complimentary in terms of 
land use, the
analyst needs 
a whole farm labour budget of
the present farming system, to judge whether
or 	not labour for this activity is available.
If 	not, the four options as spelled out in
the previous paragraphs apply.
 

Step 5. Subject 
the plan to a ash flow
 
analysis
 

To 	determine whether or not the plan is
feasible 
from a financial point of view, it
is 	important to check whether or not the
hired labour requirements (Step 4) and the
material inputs (Step 2) can 
in 	fact be
financed by the 
resources available to the

farmer.
 

Such an analysis requires first of all
information on 
the market prices of all cash
inputs and the outputs sold.
 

Once these have been obtaiiied, a cash cost
profile of the technology can be computed by
multiplying quantities of purchased/hired

inputs by their market prices.
 

This cash cost profile has 
to be complimented
with the cash benefit profile, by multiplying

sold outputs by their price.
 

A similar procedure as 
in 	the previously
explained labour analysis can 
then be followed
to determine whether sufficient cash is raised
within the whole farm system or credit facilities
are available at 
the right time as to
so 
 be
able to purchase the necessary inputs. 
 If 	this
is 	not the case, the analyst has again 
 the
same 
four options i.e. phasing, scaling,
altering existing farm plan 
or 	ask for a
redesign of the technology.
 

Step 6. 
 Cost benefit or farm investment 
onalysio. 

The analysis is carried out 
to 	determine
whether or not a new or improved technologyleads to 	 a better use of farm resources. 



The with and without project comparison is
 
commonly used for such an analysis.
 

The analysis may be partial or whole farm
 
in nature. The great advantage of the whole
 
farm approach, is that it does not require

the analyst to compute opportunity prices

for his own farm resources, because the
 
combined opportunity -eturns of such
 
resources are the production value minus the
 
cost of all non farm resources in the
 
without project situation. If the use of
 
own farm resources in the with project situa
tion is in fact larger than in the without
 
situation i.e. using previous±y idle resources,
 
the opportunity cost of such resources is
 
implicitly priced at zero, since no income
 
is 	forgone. The analyst should insure
 
however that a farmer is prepared to put

these previously idle resources to productive
 
use.
 

The disadvantage of the whole farm approach

is that the analyst is required to work out
 
a whole farm plan for the with project

situation, which is a rather time sonsuming

activity, even though computerised like
 
linear programming may be used.
 

For the benefit of those analysts who prefer
 
to use partial budgeting but realize that
 
the introduction of the technology requizes

re-allocation of farm resources in the with
 
project situation (see step 4 and 5) some
 
guidelines are provided with regard to
 
valuation of those resources and outputs

according to the opportunity cost principle.
 

Valuation of inputs
 

& 	Because the with and without comparison

aims at determining the incremental net
 
bencfits, the analyst needs not to value
 
those inputs which remain the same in the
 
with and without situation. Because many

AF technologies are in fact alternative
 
uses of land, there is no need to
 
incorporate land cost into the comparison

since it would be cancelled out. if the
 
wi'th technology situation does in fact
 
require more land than the without
 
situation the cost of such land is
 
determined by its contribution to
 
production in the without situation.
 
In case such additional land was not
 
utilized previously, it would be equal
 
to zero. If it was utilized, its cost
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would be the per unit total
area 

production value minus all cost
 
except land cost. 
 In case the additional
 
land has to be rented, the rent paid is
 
used to value the land.
 

Valuation of increme-tal or saved iabour
 
also depends on its potential other uses.
 
If there is/was no use, including off
farm employment, opportunity cost would
 
be equal to zero. If the saved/incremental

labour will be used for/is used at the
 
expense of off-farm employment the
 
opportunity cost of labour will be the
 
net wage received. If the saved/

incremental labour will be used/is

withdrawn from alternative agricultural

activities, the opportunity cost of
 
labour would be the production value
 
of 	the alternative use minus all 
costs
 
except labour divided over the total
 
amount of labour units used. 
 To 	avoid
 
elaborate calculations analysts often
 
use 50-75% of the going market price

of labour as opportunity cost of family

labour in the off season and 125% of the
 
market price in the peak season. Additional
 
hired labour is valued at the market
 
price.
 

Valuation of outputs
 

* 	Market prices may be used for all ouputs

sold, but the opportunity price principle

should be used for those outputs which are
 
consumed on the farm.
 

o 
For those outputs consumed by the family,

for which a local market does exist, the
 
market price may be used as 
the appropriate

opportunity price on condition that the
 
farmers do have cash to buy them. 
 If 	not,

which may frequently be the case, or if the
 
local market in fact does not ensure a
 
proper supply throughout the year, the
 
opportunity price will have to be put

substantially above the market price.
 

e 
Certain outputs of AF technologies are
 
achieved by saving inputs necessary to
 
obtain a certain quantity of a community
 
e.g. fuelwood planting for home consump
tion to replace fuelwood collection.
 
Other outputs of AF technologies come indirect
 
through the non tree component in the
 
system for example, sustained yields annual
 
crops through conservation oriented
 
technologies; improved cattle performance
 
by providing shade in grazing Land 
 etc. 



1172 

the rate is higher than 50% or when
 
comparing matually exclusive alternatives.
 

Step 7. Sensitivity analysis
 

This analysis deals with risk and uncertainty

i.e. what will happen to the attractiveness
 
of the technology (expressed in one of the

aforementioned measures) if some 
of the

assumptions with regard to quantities, prices

or discount rates change. 
This analysis is
 
very important at the technology development

stage since it 
test the robustness of the
 
candidate technology.
 

The techniques for the sensitivity analysis
 
are simply re-calculating the measure of

technology .'orth under the revised assumption(s).
 

A very useful variant of this analysis is
 
the switching value or breaking 
even point.

Such an analysis answers the questions as to
 
how much an element would have to change

before the technology would no longer meet
 
the minimum level of acceptability as indicated
 
by one of the measure of technology worth.
 

Evaluation of candidate AF technologies/
 
systems from a societies point of view
 

Looking at AF technologies/systems from the
 
point of view of the 
use of scarce resources
 
and objectivies of sc 
iety as a whole requires
 
a second look at the following.
 
* The type of benefits and costs to be
 

considered.
 

* The valuation of benefits and costs.
 

In the financial type of analysis only those
 
benefits and costs are considered which are

received/borne by the one 
from whose point of
 
view the analysis is conducted. Only by doing

a financial analysis for different project

participants will it be possible to obtain a

picture of all direct costs and benefits. For

example a financial analysis of a taungya system

may be conducted both from the 
forestry

service's point of view as 
well as from the
 
farmer's 
point of view. In the forestry

analysis, labour provided free of charge by

the farmers to establish, maintain and harvest

the forest trees, as well as the agricultural produce
 



belonging to the farmers need not 
to be
 
considered in the with project situation.
 
In the farmer's analysis, on the other hand
 
the labour provided free of charge to the
 
forestry service is part of the cost of
 
producing the agricultural crops, while
 
forest products are not considered. In an
 
economic analysis all direct costs and

benefits are considered irrespective as
 
to who will be the beneficiaries or who will
 
be responsible for the costs.
 

Besides considering all direct costs and
 
benefits, economic analysis also tries to
 
incorporate all secondary costs and benefits
 
as well as the intangible costs and benefits. 

Secondary costs and benefits may be viewed
 
as costs and benefits which arise outside
 
the project, but 
are a result of the project.

Of particular importance with regard 
 to
 
agroforestry are so called technologica

spi lover or technological externalities in
 
the form of positive or negative environmental
 
impacts. An example of a positive environ
mental impact are soil and water conservation
 
in the upper parts of a watershed benefiting

the lower regions. An example of a potential

negative environmental impact is increase
an 

in birds harmful Lo crops. Most of these
 
secondary costs and benefits can 
be
 
incorporated in the analysis in 
a similar
 
way as 
the direct cost and benefits. Analysts
 
may however find it difficult to make
 
appropriate quantitative estimates.
 

Intangible costs and benefits 
are often related
 
to specific government poliuJes other than
 
increasing the gross national income, 
for
 
example creation of employment, income
 
redistribution. Such objectives become usually

part of a so called social cost benefit
 
analysis.
 

Quantification and valuation of such costs and

benefits is rather difficult and most analysis

therefore apply a least 
cost analysis.

Multi-criteria methods may also be used to
 
analyse candidate technologies.
 

Valuation of all 
costs and benefits for an
 
economic evaluation is based on 
the value of

inputs and outputs in alternative uses in the
 
society i.e. shadow pricing. Financial prices
 
are the stating point for revaluation of inputs

and outputs for the economic analysis.

Adjustments should be made for transfer payments

(subsidies, taxes), price of foreign exchange,

price distortations caused by government!
 
policies. A?
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Understanding Agroforestry Systems
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COMMENTS ON AGROFORESTRY CLASSIFICATIONS:
 
WITH SPLCIAL REFERENCE TO PLANT ASPECTS*
 

P.A. HUXLEY
International Council for Research in Agroforestry,

Nairobi, Kenya.
 

ABSTRACT. 
A structural process for designing classifications for particular purposes is suggested. Clearer conceptions of the spatial end temporal patterns involved in
various forms of agroforestry land use are needed if they
are to be adequately classified. The chronology of plants
occupying land is related to the sequence of crop species
and succession, or the occupancy of the land itself. Space
utilization must take into account sole, mixed or zonal
cropping systems. A standard terminology that will encompass all forms of land use is proposed.
 

INTRODUCTION
 

Commentaries on world agricultural systems (for example, Duckhamand Masefield. 1970; Grigg, 1974; Ruthenberg, 1980) include
detailed accounts of perennial cash crop systems and/or shifting
cultivation with planted tree fallows. The role.of-woody perennials in many other kinds of agroforestry systems is either
omitted or scarcely mentioned, however. Existing classifications
of agricultural land use systems are, in any case, inadequatefor agroforestry because they fail to encompass the greater
dimensions of space and time needed. While forestry classifica
tions do not offer sufficient complexity.


If we are to consider agroforestry land use systems analytically there is 
a need to have a clear conception of the
broader spatial and temporal references involved. This becomes
particularly important when considering systems analysis procedures. Furthermore, in order to compare aZZ types of land use
systems a common set of references is required. It must 
serve
for tropical peasant farming where different cropping schemes
may be arranged no more 
than tens f metres apart, as well as
for plantation forestry, where the scale may in kilometres.
 

* 	 Based on an ICRAF 'in.-house' paper of August 1979 which was 
circulated prior to the meeting.
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Similarly, any common scheme has to deal with within season
 
cropping lasting only months, as well as with -rotationsof woody
 
perennials, the individual steps of which may each take over
 
half a century.
 

The ideas presented in this paper are put forward as exam
ples of what has to be more fully explored, with some suggestions
 
for consideration.
 

TOWARDS CLASSIFYING AGROFORESTRY SYSTEMS LOGICALLY AND
 
COMPATIBLY
 

Classification schemes for agroforestry land use systems must be
 
able to include the necessary wide range of temporal and spatial
 
scales. And they have to accommodate a logical way of grouping
 
key factors on which the primary and secondary production of
 
such systems will depend, as well as indicating how the system
 
is managed.
 

24ypes of claosification 

Sets or subsets of information, in this case descriptions and
 
data concerning agroforestry land use systems, can be assembled
 
in several ways to facilitate data storage, extraction, descrip
tion and comparison. If data are logically hierarchical it may
 
conveniently be assembled and stored in this form. However., such
 
a scheme is enormously cumbersome to reorganize if a new need,
 
requiring a new access approach to the stored data, is required.
 
Assembling descriptive information and/or numerical data in a
 
network form allows a greater flexibility in deciding, or chang
ing, the ways that data items can be related to one another. A
 
relational arrangement, in the mathematical sense, may be an
 
excellent way of storing and retrieving data about agroforestry
 
land use systems, but it is less likely to be helpful in classi
fying them for practical purposes. Simple hierarchical schemes
 
have been proposed by Torres (1983) and a more complex combina
tion of categories, based on sets of agroforestry techniques, by
 
Combe and Budowski (1979), later modified by Wiersum (1980).
 

Generating compatible classifications 

Any classification is of value only in as much as it facilitates
 
inductive statements, or conclusions, about particular cases in
 
relation to general laws or taxonomic concepts. To be of practi
cal use a classification must be easily understood and readily
 
handled. In an agroforestry or general land use systems context,
 
the concepts dealt with must cover both biological/environmental/
 
physical and social/economic/management elements. These com
plexities may not be comfortably assembled in just a single 
classification scheme, any one of which could be constructed in 
order to serve a different purpose. If a parallel series of 
classifications is to be made it could be helpful to have them 
originate from the same structural process (see Figure 1). 

Any scheme of classification should start from the concept
 
of the 'proto-agroforestry' land use system: a simple unit con
sisting of a woody perennial, an agricultural crop species
 
(woody, herbaceous or a grass), and man. Figure I indicates a
 
process whereby practical classification schemes can be assembled
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LANDUSE SSTEM LAND ROTATION 
STATIC PRACTISED 

PROTO-

Fig. 17. Steps towards classifying agroforestry systems. From

'proto-agroforestry' (woody perennial, crop plant, man) 
a

first major step is to 
specify whether land rotation is practised or not. Then, within each of these intial categories,
 
to indicate whether the lands is managed under 
a mixed or
zonal crow ing scheme. Subsequently a hierarchy 
 f other
 
characteristics can be assembled (the priority ranking, from
the bottom upwards, will depend on the purpose of the classi
fication), indicating for each the level of complexity

involved at the particular site, and in appropriate steps
(a, b,,a, and so on) for each characteristic. In such a way
the components for a classification 
sc.eme can be grouped and
 
compared, and their relative importance evaluated. (Amended

from original 'in-house' paper, 1979.)
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to suit particular purposes. For example, with an emphasis on
 

biological components, or on management, and so on. Animals
 

may he included as secondary producers. Two basic categories 

designating land use / land management have been chosen to form 

initial (hierarchical) steps. Three-dimensional sch31iles can be 

useful, at least to help display the alternatives (Huxley, 1972; 

Spedding, 1975) - this is done in Figure I - taking 'increas

ing complexity' as the third-dimensional category for each of a 

prioritized "ist of characters that need to be considered. Any 
4


specific outz ome may be directed towards either an hierarch .cal
 

or a network type of classification system.
 

In Figure I the two initial steps in classification are:
 

first, whether land rotation is practised or-not., For example,
 

cropping may be followed by bush fallow, or individual cropping
 

patterns may be rotated. Second, is a management decision one
 

which affects the whole organization of a land unit; that is
 

whether the spatial arrangement of crop components is zonal or
 

mixed. Zonal arrangements can be, for example, alley cropping,
 

strip cropping or some other geometrical arrangement whereby the
 

crop components are separated within the unit of land being
 
cropped,although to some extent they still interact biologically
 

or management-wise. For example, litter or residues can be
 

transferred from one to the other.
 
I


Mhereafter biological/physical/environmenta ahd social/
 

econoic/management characteristics can be categorized in any.
 

logical way and, within each, in order of increasing complexity.
 

The arrangement of these steps will be the same in any one clas

sification, but they could be rearranged, omitted, or added to
 

in other classifications made for different purposes. For exam

ple, systems can be categorized according to a series of factors
 

which relate mainly to their primary production potential. That
 

is according to the following.
 

" The level (or range) of soil fertility.
 
" The rainfall/evaporation ratio (periodicity and probability).
 

" The number of woody components.
 
* The number of agricultural crop components.
 

" Land occupancy.
 
* The cropping sequence.
 

" The horizontal geometry.
 

" The vertical geometry.
 

Or, again, according to management characteristics.
 

" Inheritance and land tenure.
 
" Level of inputs in terms of labour, skill, machinery.
 
* Land unit size (and social/economic factors related to this).
 
* Access to capital.
 
" Need to obviate risk/uncertainties.
 

And so on.
 
Another agroforestry classification might be based on a
 

mixtures of these. Whatever is chosen as the set of basic vari

ables they need to be ranked, and the structure of actual sys

tems categorized in terms of the increasing complexity involved 
in each.
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Terminology
 

No set of common terms exists at presenL that will completely 
serve for all forms of land use, whether small- or large-scale, 
or short- or long-term. And there is probably little to be
 
achieved by trying to establish a new set of definitions. The
 
terms 
in common usage by agriculturalists and by foresters
 
relating to area, for example, 'field', 'plot', 
'block', 'zone',

and so on, may suffice, although each of these can be used to
 
mean something different under different circumstances. A-glos
sary of terms used in agroforestry is certainly needed, with
 
cross-referencing of all comparable terms at present in 
use.
 
Many terms used for different types of crop mixtures, such as

multiple, inter-, relay, and mixed cropping are, certainly, now
 
well understood (for example, see Beets, 1978).
 

MAJOR CONSIDERATIONS OF TIME
 

In agroforestry systems the time dimensions can be particularly

complex. They mbst relate to 
the life cycle or economic spans of

the plant species involved, and hence the phenological events
 
within them; to the management practices carried out from plant
ing to final harvesting in multiple crop systems; also to the
 
sequence of cropping on any unit of land which will involve
 
short-tqrm herbaceous species and long-term woody ones.
 

Multiple cropping schemes on the 
same unit of land may

involve many crops a year. At the other extreme, shifting culti
vators in moist, lowland tropical forest can clear previously

cultivated 'forest fallow', 
so as to replant agricultural crops

only after 30 or 40 years or so. And the cropping phase may

last about four or five years before the land is allowed to
 
revert to natural secondary forest again. Or it may be planted

to a selected woody species or mixtures of species. Where agri
cultural rotations on whole fields are still 
 practised, this may
involve phases of up to several years with the 
same crop, espe
cially with grass leys.
 

Cropping period
 

Agroforestry involves multiple cropping in which at least one

woody perennial species is involved. In considering a chrono
logical order of events, planting or sowing, and final harvest
ing and clearing, form natural limits. Within this will be a

juvenile and a mature phase. The whole can be designated as the
 
'cropping period'. For perennial species this is not necessarily

the same as the life span, because they are seldom left, either
 
in agriculture or in plantation forestry, to reach an uneconomic
 
stage. Particularly with perennials, either sequential or partial

harvesting is possible. Or a significant harvest can be taken at

regular or infrequent intervals, as can happen with soi.e 
fruit
 
harvesting or the lopping of fuelwood and/or building poles.

Terms such as 'ratooning' or 'coppicing' are used to describe

the more 
regular forms of harvesting for agricultural crops or
 
trees.
 

Sequence and succession 

In considering the chronology of plants occupying land there are 
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two conceptual comparisons to be made 
- sequence and succes80n. The first refers to the crop species, the second to 
the
 occupancy of land itself.
 
Sequence is the time course of events among crop* components utilizing the 
same unit of land. That is a designation of
the patterns of planting, growing and harvesting with respect to
each other. This can be described as 'co-incident', 
'concomitant', 'overlapping' (of which the 
extreme case 
is 'relay' cropping), and 'interpolated'; 
as shown diagrammatically in Figure
2. Where more than two species are combined, each will stand
time-wise in relation to another in one of these ways.
The other comparison is in relation to the occupancy of any
unit of land, and the succe-sive way in which it is planted or
sown. A single crop species, or a sequence of different species,
whatever the real time of the cropping periods involved, may
occupy the 
same unit of land either 'intermittently' or 
'continuously', depending on whether or not the land is left vacant
for any reason between planting or sowing successive crops.
Continuous systems assume only that there is a virtually
unbroken succession of either the 
same or different crops. This
occurs, for agricultural or horticultural species with a short
life cycle, only where there is 
a continuously favourable environment. For example, in the lowland humid tropics, or in partially controlled environments such as with irrigated crops and
in greenhouses. Species with longer life cycles, spanning years,
can more readily be planted at an appropriate season, even where
there is an unfavourable climate for part of the year. That is
they are planted successively, and can 
occupy the land continu

ously.

These expressions of succession refer to a characteristic
of the way land is used but, because the removal of a crop
canopy and exposure of bare soil can, 
in the tropics and subtropics, lead to 
extremely rapid soil degradation, it is probably better to define 
'continuous' and 'intermittent' in real
time, and not relative to the length of, say, the maximum cropping period involved. Figure 3 gives some examples of crop successions with different crop sequences involved.
 

MAJOR CONSIDERATIONS OF SPACE UTILIZATION
 

Crop geometry
 
Land can be planted or sown 
to a single crop (sole cropping). Or
to more than one species, which can then be arranged in some
form of mixture; 
or the species or species mixes can be clustered into zones. These zones might take the form of strips of
similar or 
differing widths; or of some other geometric arrangement, such as a chequerboard or diamond pattern.
There are a number of integrating areas 
in all classifications relating to plan', associations or land use, however, For
example, a microzonal agricultural system, such as 
'alternate
row' cropping, is merely more 
spatially regularized than a mixed
cropping one in which the individuals of different plant species
are 
sited in an irregular fashion 
(but seldom spaced randomly).
 

* The term 'crop' is used here in its widest sense 
to incorpo
rate 
forbs, grasses and woody perennial species.
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Another problem is to differentiate between macrozonal and
sole cropping systems, as 
this depends on defining the units of
land and differentiating between a 'zone', as 
the term is used
here, and a 'field'. This raises a basic question: 'How best do
we define 'area' in order to encompass -he huge range of actual
dimensions involved?' when considering, for example, tropical
peasant farming, temperate or tropical plantation agriculture,

and tropical or temperate forestry. In all 
these cases it is
possible to define 
'area' in the following way.
 
* In relation to the boundaries of the systems or 
subsystems


as defined by the species or species mixture being grown and 
their management. 

" In relation to 
the extent of the plant interactions of the

species, or species mixtures involved.
 

Spatial units
 

Only three basic spatial units of area are needed. A 'primary
land unit' (plot) ; a 'management boundary' (field) and the'total area' (farm). The equivalent forestry designations might
be 'stand' (or 'plantation'), 'compartment', and 
'forest' (or
'block'). The objective is only to have meaningful divisions

which will enable us to relate the parts of the systems under
 
any one form of management to the whole, 
whatever the actual
sizes may be. 'Regional areas' and 'ecological zones' obviously
form larger divisions, but these are related to whole land use
classifications, and not to units of land under individual
 
management or control.
 

A fourth division is needed when looking at economic aspects because it is usual to consider commcn activities as anentity, or as an 'economic enterprise', whenever they arelocated within the farm boundary. For example, if a farmer growsa particular cereal crop the areas used may be either spatially
continuous or separated within the overall confines of the total
 area. For economic purposes, therefore, such space used for a
common purpose might be termed an 
'enterprise area' usually con
sisting of one or 
more 
'management boundaries' (fields).
 

The primary unit. 
 In tropical subsistence agriculture, or in
small-scale horticulture anywhere, this will be what is
commonly called the plot. That is, 
a homogeneous area 
in which a common 
species or species mix, and a common form of management is
being practised. For zonal systems in agroforestry, however,

plots or zones might better be defined as 'those regular shaped
 

Fig. 3 (Opposite) Crop succession, or land occupancy cycles.

Showing basic (a) intermittent and (b) continuous forms 
(upper
part of diagram). Continuous succession will have not more
than a few weeks' gap between harvesting/clearing and sowing/plantinq. Examples (lower part of diagram) have different num
bers of plant components in the systems. Examples (c), fromagroforestry, could be a tree species A interplanted with asuccession of herbaceous agricultural crops B,C,D, B,C,D, and 
so on. Examples (d) and (e), from agriculture, could be
respectively, maize (E), interplanted with cowpea (F), and
 
cassava 
(G) relay planted with sweet potatoes (H).
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areas between which, at any 
one time, the population of plants

of different species, including at least one 
herbaceous and one
 
woody one, interact in some 
way' and/or 'between the boundaries
 
of which man or animals can 
readily move primarily produced

materials'. The second part of 
the definition is needed 
to cover
 
macrozonal systems in which the 
tree/shrub components are 
used
 
for browse or woody mulch. For example, rows or plots of 
trees
 
between which plots of agricultural crops, or grasses, 
are grown
 
as 
in alley or strip cropping systems.
 

The mnanagement boundary. 
 Individual 'management boundaries',
 
which need to be ecologically homogeneous, will be the 
'field'
 
in agriculture 
or extensive horticulture. In intensive horti
culture a greenhouse or a conn:on set 
of greenhouses, or a single

piece of land within a common boundary but devoted to growing
 
one crop (or crop mix). In forestry, it can be a 'compartment'

with any divisions into 
'stands' or 'subcompartments', 
for exam
ple by firebreaks or paths, being the 
'primary units' mentioned
 
above. Any single 'management boundary' 
(or field) is not con
tinuously or intimately management-related in any way with an
 
adjacent area; 
although this does not preclude the 
transference
 
of material on occasion. For example, dung or 
straw, as in older
 
temperate mixed farming systems. 
'Fields', as larger units, can
 
thus be considered largely self-contained, whereas agroforestry

Izones', as 
smaller ones, will regularly interact with their
 
neighbours in some way.
 

In much of forestry, as in large-scale temperate sole crop,

or tropical plantation crop, agriculture the 'primary unit' or
 
plot, is not fundamentally required; 
but it may be in existence
 
as a convenient division for management purposes. For example,

for organizing pruning or lopping, spraying, or 
for fertilizing
 
more efficiently.
 

Total area. This is 
the largest unit referring to the whole
 
farm or forest system being considered. It will be the total of

all the smaller divisions ('fields' or 
'blocks'), which may or
 
may not be divided into primary units: 'plots' or 'zones' and it

is the sum of the various enterprises. Clearly, there are 
cases
 
where, for example, with some form of agricultural or horti
cultural co-operatives, or with certain types of state farming,

whole farm groups interact or are directly managed in a unified
 
way. Such larger conglomerates are readily designated without
 
misunderstanding in an appropriate way 
related to their manage
ment or oganization, 
as are the 'regions' and 'ecological zones'
 
mentioned above.
 

In describing individual systems, more substance and pre
cision can be given 
to any definition by providing actual spa
tial dimensions. From what 
has been said above, however, it can
 
be seen that no 
unif-ied classification of 
the plant aspects of
 
land use 
systems covering temperate and tropical agriculture,
 
horticulture, forestry and agroforestry can 
be satisfied by

simple, absolute, or even 
relative, dimensional statements.
 
Boundaries of common management, cropping periods and 
their
 
relations to one another and, 
in 
some cases, the dimensions of
 
the interactions between different 
plant species must be taken
 
into account.
 

K 
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In agroforestry the ext,nt of the' differencu:; between theseinteractions in various ,;yst(m; is considerable because we canbe concerned with verya widU range indeed of both herbaceousand woody perennial species being qrown together.
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ABSTRACT. 
In the context of plant research 'systems analy
sis' has come to 
mean the analysis of cause- effect path
ways, as well as the construction and 
use of simulation
 
models in complex systems. Simple conceptual or process
models to develop hypotheses are also valuable. Examples

of simple models are given and 
more complex agricultural

examples of the holistic cause 
- effect approach to problem
solving are outlined. The first of these uses an analysis

of the growth and development cf alfalfa (Madicago sativa)

based on research data. The second is 
a conjectural cause
effect model of a maize-bean intercropping system. The
 
same type of approach will be valid for agroforestry when
 
the 
information to establish quantitative budguts is

available. Meanwhile even 
fragments of knowledge about
 
control functions can help to 
formulate hypotheses for
 
interpreting agroforestry systems and to design improve
ments. 
In considering such models agroforestry should be
viewed 
in a continuum with other agricultural and forestry
 
situations,
 

INTRODUCTION
 

Production ecology is concerned with the 
integration of physio
logical processes such as photosynthesis which lead to the
accumulation of biomass and crop yield. Knowledge of the plant
environment interactions which are 
involved helps us in two ways.

On the one hand, 
a better job of farming can be done, since we
have a rational basis 
for diagnoses and decisions on 
factors

such as choice of cultivar, spacing, timing and the inputs of
nutrients. On 
the other, the information 
can be used for design
ing improvements in the 
farming system.

Our under standing of some production processes is veryadvanced. Photosynthesis, plant nutrition and microclimatology
can be placed in that category. In other ireas, such as plant
development and temperature responses, the information is still very primitive. Weaknesses also exist in pur d)ilities for
detailed integration of the cause - effect relations which 
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determine yield.

New methods are 
gradually emerging for prediction of yield
from holistic analyses of component physiological processes.
These methods have been termed 'integrative physiology' (Loomiset aZ. , 1979) and are one example of the increasing importance
of 'systems analysis' in agriculture. Other examples are foundin nutrient cycling (Frissel, 1977), grazing studies (Innis,

19781, 
and pest maagement (Ruesink, 1976).

Systems analysis has come to have two connotations:of analysisthe cause - effect pathways in a complex system (Watt, 1966);and the construction and use of simulation models of complex systems (de Wit and Goudriaan, 1974).
The importance of simulation models 
 .s stimulated by the
general availability of computers and by iorrester's (1961)
introduction of state-variable methods. In the state-variable
approach, the real quantities of various components of the system
(such as the amounts of nitrogen in 
soils and crops) are
variables which describe the 

the
 
'state' of 
the system. As in
real world, the state-variables are 

the
 
advanced in time according
to the rates of various ecological processes 
(e.g. nitrogen uptake by plants, residue decomposition, and mineralization of
organic matter). 
D.J. Connor (this volume) outlines the application of this method to 
the analysis of crop productivity.


Other kinds of models are also useful in ecological assessments. Since systems analysis involves development of hypotheses
(models) about how a system works, very simple conceptual models,
simple process models, 
as well as large state-variable models
can be employed according to one's objectives. We can examine
such models here briefly. What will emerge is that systems analysis 
is really a way of thinking about complex systems. This is an
important point since it defines systems analysis 
as an important

methodology for agroforestry research.
 

SIMPLE QUALITATIVE MODELS
 
A classic example of a simple qualitative model is 
the hypothesis
that heritable traits 
are transmitted to the next generation in
units termed genes. This very simple concept proved to have profound influences in 
biology. It seemed 
to explain many observed
phenomena such as segregation, and it 
served as the basis 
for dn
enormous increase in experimentation. The concept led to 
a new
way of looking at plants and animals. Particularly important,
the hypothesis was 
vulnerable to tests, and once validated, it
could be applied to nearly all 
aspects of heredity.


Most scientific disciplines are 
structured around similar
conceptual models. In crop ecology, for example, vegetation is
examined as 
a 'community', 'trophic chains' exist from crop to
animal to man, and 
the relative growth rates of plant shoots and
roots are controlled by 'functional balances'.
 

SIMPLE QUANTITATIVE MODELS
 
We can 
sometimes extend qualitative hypotheses 
into simple
mathematical statements. 
The 'limiting factor' approaches common
in crop ecology provide good examples. The idea that nutrients,
temperature, light and 
water can simultaneously, or 
separately,
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limit crop growth leads naturally to response functions describing increases in plant growth in relation to increasing levelsof the limiting factors. Mathematically, we find that rectangularhyperbolas, Mitscherlich functions, polynomials, and a host of
other expressions may fit 
nutrient response functions.

Fick's first law of diffusion provides another example
because it applies so well 
to 
flux analyses (gas exchange byleaves, ion movement to roots, and so on). That law takes the
 

form:
 

J - -k (dc/dx) 
or, flux = a conductivity gradient.
 
The gradient is determined by the difference in substance concentrations between 
source and sink, the minus sign denotes movement from regions of high concentrations to regions of lower concentration, and the conductivity term, k, describes the capacity
or ease of transport. The reciprocal, 1/k, takes 
the form of a
resistance 
(r) to transport so that:
 

J = -(l/r) (dc/dx).

The resistance analogy is useful in thinking about water loss
rom plants (stomatal resistance) and relates readily to 
the
Ohm's Law version of the flux equation:
 

I= E/R
 
or, electrical current 
= potential drop/resistance.
 

Water use efficiency (WUE) is an example, at a higher levelof organization, of a simple quantitative model applicable to
vegetation. Its basic form:
 

Y = k-T
 
or, yield = WUE transpiration
 
seems 
to hold well in environments with moderate evaporative

demand while a modified form:
 

Y = m• T/TO
 
where T
o is potential transpiration, 
fits better with high evaporative demand (de Wit, 1958). 
These simple generalizations can be
derived from more basic considerations of Fick's law fluxes of
water and CO 2 exchange by leaves. 
in this form, they serve as
very practical tools 
in studies of crop production.
 

COMPLEX MODELS
 

The simple models generally deal with one or 
tvo important processes at a timie. 
Yield 
formation by a community of crop plants
is much more complex. We must 
now deal simultaneously with many
processes and limiting factors. At: this point, it becomes veryditficult to assemble all of the relevant processes and statevariables without some memory a ids. In addition, thc dynamicnature of plant - environment interact ton; requires frequenteration of the assembled iiodel until 
it

a finil result- is simulated.The use of computer models solves hoth problems: the r,!eLntionvery large of.imounts of In formation, ,nd pro,,r:; of mIkLug Vetr-7large nu )er,; of c, slcu lat ro . 
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Connor's example with wheat, 
in thaw, volume, shows thisclearly. It also illustrates that 
large models require a considerable knowledge of thc system. In fact, .'ne of theuses importantof large models is the identification of niissing informationand this helps to establish research priorities. 

SYSTEMS ANALYSIS AS A WAY OF PROBLEM SOLVING 
Systems analysis is not limited to the more fornie,] aspects ofmodel conception and development. Returning to the ideatems analysis as a holistic, cause-

of sys
effect assessment of a complex system, we find a broad range of uses for systems analysisin the everyday efforts of agriculturalists. This
where is the area
systems analysis will have 
the m,'t utility for agroforestry since systems thinking is particula-ly useful 
in problemsolving and 
in the exploration of 
new systems.
 

An examplp
 
This approach has been used by us 
in recent work aimed at characterizing the growth and development of alfalfa
Afedicago satiVa L.) (lucerne;


under Californian conditions. This perennial
leguminous forage crop has been grown widely since Roman times.
In California, it occupies 400,000 ha 
Dr irrigated land 
(4 per
cent of total cropland) . Yields range up to - I
30 mt of hay ha-lyr

although the average is only 
12 mt.
The main issues in our research were to determine the factors affecting productivity and stand persistence over year 
.
Our group had had relatively little experience with the crop so
we adopted a two-tiered approach. At 
one 
level, we focused on
specific issues such as leaf photosynthesis and root 
- crownanatomy which were 
known to be important. At the second level,
we attempted an ecological description of what 
the crop doesduring regrowth after cutting. This was done through harvests at5- to 7-day intervals in a commercial 

curves 
field to establish growthover several cutting cycles. Separation of plant parts ateach harvest provided a view of photosynthate partitioning. The
idea of this 'nonexperiment' was to establish a baseline picture
of regrowth from which we might draw ideas regarding the controls
 

of productivity.
 

Dry matter yields. 
The results of dry matter sampling for one of
the cutting cycles are illustrated in Figure 1. The yield of
oven-dry forage for this late summer cycle was 
 -1
2950 kg ha
 .
Earlier cycles gave heavier yields while later ones were lower,
following the pattern of solar radiation and the tendency for
alfalfa to become dormant in the fall. Total yield for five
cycles over the entire growing season was near 20 mt ha-1
 .
In addition to stem and leaf 
fractions, we distinguished
above- and below-ground 'crown' tissues (regrowth occurs byactivity of axillary and adventitious buds on these stem and
rhizomatous structures), and the central tap root. Only the upper
5 cm of the tap root was sampled; fibrous roots and nodules were
not sampled. The yield was near 1500 kg ha-1
 .
 This small portion
of tap root totalled 1500 kg ha-
 so we estimate that the actual
yield of the entire root system may range upwards from 3500 kg

ha-I
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Fig. I. The pattern of dry matter accumulation by an alfalfa
(Medicago satiVa L.) 
crop during a regrowth cycle. Sampling
was 
conducted in a 3-year-old, commercial stand of a nondormant cultivar. Each point is 
the mean of 
ten 0.1 m quadrats; standard errors were near 5 per cent of the magnitude
 
of the means.
 

These rather simple results revealed a number of interesting
 
points.
 

Lag period. 
There was no net production during the 
first seven
days after cutting. During this 
first quarter of the regrowth
cycle, buds were opening and cover 
was being re-established. The
crown and root system showed negative growth. Analyses showed
that this was dua mai,.ly to a decline in starch content andthe death of stem branches to 
from which no 
regrowth occurred. The
content of nonstructural carbohydrat,.s in woody parts of the taproot declined from over 
17 to about 12 
per cent of dry weight


two weeks after cutting, and then

during the first 


returned to
the original level during the last 
two weeks (an anatomical study
is aimed at clarifying the role of the 
root cambium in providing
new wood and bark tissues for carbohydrate storage). 

S j' t;,! p*.J;', / :Oi.lqi, .3.. C larly,of biomass a very large amountis part it Loned to oerennial structures. Much moredernition of the root system is required, and that has beengiven priority in cur-enlt wrk. Sinct, the total of perennial. 
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structures seems 
to amount to 6000 or 7000 kg ha" 1
 , they represent a considerable reservoir of carbohydrates and nitrogenous
mat&-ials to support regro;th. They also represent a potentially
large cost in maintenance. At a relatively low maintenance
requirement of I 
g glucose per

day, as much as 

100 q rout - crown material per70 kg photo.ynthate ha-lday-] may be expended in
maintenance respiration.
 

Peak growth ra ,4. 7After the -day lag, crop growth rates (C;or slope of the total biomass curve) 
were positive, and biomass
accumulated. The peak growth rate occurred during the second
week and, 
for this cycle, reached 185 kg ha-lday-1. (Other cycles

approached 300 kg ha-lday-1.)


Remarkably, this growth rate occurred with considerably less
than 
full leaf cover. Many experiments with various crops have
shown a linear relation between C and percent cover. Since cover
increased from 12 
per cent to only 50 per cent 
(0.3 to 1.9 leaf
area 
index) during the second week, 
we expected C to 
increase
above 185 kg ha-lday-l during the third and 
fourth weeks as
area leaf
index increased to 3.7 and cover approached 100 per cent.
But that did not occur. Rather, C declined to 77 kg ha-lday 1.
The cumulative difference between 
77 and 250 kg ha-day-1, which
might reasonably be expected during the last
ha-l. 15 days, is 2600 kg
That behaviour seemed general 
for this field, and is also
seen 
in data from other locations.- However, there are other cases
where yield accumulates continuously after the 
lag period.
Our attention quickly focused on possible explanations for
the 2600 kg of 'missing yield'. 
This exercise in systems analysis'
led us to the following possibilities.
 

Water shol-tage. A growth decline of this sort could occur during
drought. However, heavy irrigations were applied in the first and
third weeks. Measurements of plant water status were made, but no
visible signs of stress 
were noted and the plants used the soil
 
moisture freely.
 

Nutrient shortage. Nitrogen, phosphorus and potassium are possible candidates as 
limiting nutrients. It is 
common 
for alfalfa
forage to contain over 3 per cent N, 2 per cent K and 0.2 per
cent P so the nutrient removal by a 20 mt 
crop can be very large.
We do not expect deficiencies of.K and P on 
this site and that
was confirmed by the fact that plant analyses exceeded the
critical nutrient concentrations used in 
the diagnoses of
 
deficiencies.
 

The nitrogen analyses 
are presented in Figure 2. The standing crop of nitrogen and its distribution among plant parts
followed a pattern very similar 
to 
that shown for dry matter.
The main difference is the large proportion of nitrogen in 
leaves
(5 per cent D.W.) at 
final harvest compared to stems 
and roots
(2 per cent D.W.). The peak 
increase in nitrogen corresponds to
peak C (second week) . Here, we need data for the balance of the
root systems and the nodules 
to establish a complete story. But
it appears that the crop receives 
a single major contribution of
about 60 kg N ha-
 during the second week, 
and very little thereafter. Whether that nitrogen is from the soil, 
fine roots, or
nodules, is unclear. The nitrogen content of the 
crowns and
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Fig. 2. 
Nitrogen yields for alfalfa crop presented in
 

Figure 1.
 

sampled portion of the 
tap root declined from 2.0 to 
1.8 per
cent during this time. If the whole perennial structure (estimated at 7000 kg ha ) L'clined cs much, that would account for
I
14 kg N ha- (.0.002 x 7000). Perhaps cutting causes,nodule and
fibrous root decay, providing a single major release. The small
gain in nitrogen during the last two weeks might reflect a reestablishment period for those structures.
 
Whatever the mechanisms, pulsations 
in nitrogen supply could
account for the growth plateau seen 
in Figure I so nitrogen
economy is being given a major emphasis in continuing work.
The diversion of photosynthate to replacement of nodules and
to support nodule activity could contribute to the observed
plateau effect in Figure 1. The actual cost of fixation, however,
would not be great. The conversion of N3 
to NH 3 involves reduction of nitrogen by the addition of three electrons to each atom.
Since respiration of a mole of glucose yields the equivalent of
24 moles of electrons, the ratio of assimilate use 
will be 3/24
mole glucose per mole NH 3 
or (3 x 180) / (24 x 14) = 
1.6 g glucose
per g nitrogen. Thus, for the 60 kg N which appeared in 
this
cycle, only 96 kg of photosynthate would be required. Even 
if we
double that to account 
for nodule maintenance, the 
result is
only a small fraction of the missing 2600 kg of yield. So
have to consider that fibrous we
 

root and nodule replacement as
well as H2 production by the 
nodules would be the major factors.
Even if that accounts for the missing yield, one can 
still draw
the interpretation 
that shoot growth came to 
be limited by

nitrogen supply.
 

it is strange to 
think of a vigorous legume crop encountering a deficiency of nitrogen. This field appears to do very well
in nitrogen fixation. With 20 mt of hay containing over 3 percen! N harvested each year for three years,
1 - more than 1800 kg Nha has been removed. That amount is vastly greater than naturalinputs through rainfall and dust. It also greatly exceedsnitrogen which could be supplied from organic matter 
the 

by this 

\
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desert soil. The high apparent Cato of fixotjion, plus, thorepeated failure of agronomists to obtain 
oft 

a1 falfa yield reqponses through additions of fertilizer nitro)gen, leads one tobe sceptical regarding nitrogen limitotjons. But it: would appearthat small amounts of inorganic nitrogen seem simply to replacean equal amount of fixation. Nodulation and fixatiop are bothrepressed in the presence of inorganic nitrogen (Evans andBarber, 1977). 
So, tc be effective in increasing yield, consider-
600 kg N ha would have to be supplied as
 
ably more than 1 


fertilizer. Such rates 
have seldom been employed with alfalfa;
in other words, the possibility is that 
the nitrogen respon
siveness of alfalfa has not 
been tested.
 

Net decline in photosyntheria. Leaf photosynthesis rates 
sometimes decline dramatically with age. However, this seemed 
un
likely as an explanation for the missing yield, since alfalfa
stems elongate indeterminately until slowed by heavy flowering.
At final harvest, the canopy 
was dominated by recently expanded

young leaves in the upper 
strata. In addition, laboratory studieF. revealed that the difference in maximum net photosynthesis

rates of the youngest and oldest mature 
leaves was only 25 per
cent 2
(2.5 and 1.9 n moles CO 2 cm- s-, respectively).
 

These photosynthesis measurements were made on 
leaves grown
at moderate light 
levels in glasshouses and under a high level
of nutrition. If nitrogen was 
in short supply carbohydrates

might be 
expected to accumulate in stems and 
leaves. Certainly,
if that had occurred, some type of 
'feedback inhibition' (Neales
and Incoll, 
1968) might also be expected under high light conditions in the field. An additional possibility is that photorespiration might be increased in the presence of high levels of
carbohydrate 
(see, L. Tieszen, this volume). 
Both possibilities

are 
now being investigated with plants grown under conditions
 
with high light and restricted growth sinks.
 

Accumulated dry matter, as observed in Figure 1, integrates
leaf net photosynthesis with respiratory activities of the whole
plant. As noted earlier, maintenance respiration would be
expected to increase as biomass increased and this could be 
a
significant drain by the end of the cycle. There is also the
possibility that maintenance respiration is substrate dependent,
increasing as 
substrate supply increases. In addition, Lambers
(1979) suggests that a high carbohydrate status in plant roots
 may induce uncoupled respiration from those tissues. In that way
as 
with H2 production by nodules, assimilates might be wasted
 away instead of contributing 
to dry matter production. Again, we
see the need for a great deal 
more information about the under
ground structures.
 

APPLICATIONS OF SYSTEMS ANALYSIS TO AGROFORESTRY
 
The alfalfa case outlined above provides an example of a type of
systems analysis which should be very useful in agroforestry

research. The effort at cause- effect analysis, coupled with
quantitative'budgets, leads to 
a well-defined set of hypotheses
and research objectives. Many of these can be tested 
further in
simple field experiments so prospects for clarifying the production processes of this crop seem very good. We need similar
 

A, 
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quantitative description% 
for agroforostry situations: what are
 
the yields; by what pattern of events and processes do they

accumulate; how do the yields compare with biological 
and
 
climatic potentials?
 

Particular attention must be given to nutrient deficiencies

and their interactive effects with light 
environments. The
 
possibilities for overstorey shade to serve as 
a balancing

mechanism for nutrient limitations are important. Greatly im
proved yields have been obtained with several crops when shade
 
is reduced and nutrient supply increased. However, nutrients are
often a main limitation 
to yield in many tropical and subtropical

environments, including those where agroforestry is 
practised.

Water will also be limiting at many sites. 
It is as well to
 
examine such elementary relations before assuming that more
 
subtle synergisms occur 
in mixed cropping.
 

An example for mixed cropping 
Unfortunately we do not, as yet, have sufficient data from agro
forestry systems to outline an 
example of the use of systems

analysis in the cause-
 effect manner described above. We can

take an agricultural mixed cropping situation, however, which
 
will serve to elaborate the essential approach.
 

The maie- bean intercrop common near Nairobi, and in many

other tropical regions, provides an example of nutrient limita
tions. Without fertilizer, grain yields 
on small farms may range
-
from 1100 to 1350 kg ha l (Ackland, 1971). Since the grain has 
a

nitrogen content of about 
1.6 per cent, some 18 to 22 kg N ha - I
 

are removed with the grain; 
the total is increased by an addi-1 

if the stover is removed also. If


yields are to be maintained, this amount must be supplied to

soil from rain, dust, 

the
 

tional 8 to 10 kg N ha
 

fixation by free-living bacteria, animal
 
manures, and residues from the leguminous companion crop. Those

inputs are area-dependent and small in amounts so we must allo
cate a relatively large soil area per plant 
if the maize is to
 
grow reasonably well. Maize stands 
are often as low as 10,000

to 20,000 plants ha- l on smallholders' plots 
so that each plant
occupies an area of 0.5 to 2
1.0 m . With a rooting depth of 1.5m
 
it has a soil monolith of from 0.75 
to 1.5 m' to exploit.
 

At this spacing, the maize plants have only about half the
amount of nitrogen they could use 
but that is enough to produce
 
a modest yield of grain. But ground cover 
is by no means complete

and only a portion of the incoming sunlight is intercepted by the

maize. In addition, full utilization of available soil water is
 not achieved. Thus, a companion crop could beneficially be intro
duced to share these resources, but 
;t 3houZd be noncompetitive

with maize for that crop' 
limlting factor, nitrogen. Hence, an

understorey grain legume 
is a promising candidate to provide a

complementary yield and 
i possible additional input of nitrogen.


In this kind of very simple cause- effect modelling we may

wish to 
alter the assumptions by changing estimates of grain

yield, spacing, or nitrogen inputs, but the point to be made

here is that such an assessment enables us to) state a hypothesis.
This can then be tested by some simple field experimentation. Inthis case, by adding fertili;zer and by replac ing the space occupied by the grain leglme in the nixed crop with more maize. If
th- arguments are correct, then thein ibsence of any additional 
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fatrug-i fett iIi : r , the Ij.ld u:" Lhi tll1, Cra 1, wilI ji
declin,2 due tc I he smaller itput 
 ,! nit rogen; but with rt ,nitrogen maize yields should increase drastically. One s;honud
test whether a rotatLonal9o of maize ind Legume Iionotult.ures

would perform as well or Uettey than the intercrop. At Davis,"
California, with 450 mm rainfall, and with nitrogen rnot limiting,10 tnt of maize grain has been obtained without irrigation and over 15 mt with irrigation. Hut, popultions near 70,000 plants
ha - 1 are required to achieve this. 

, t., fz,7y ': ri; .i'q, .,,~', , ., I.: i ',:Ot. (. 
Plant population- nutrient 
- water - shade interactions are alsolikely to be very i nportant in agroforestry. Such interact ions 
are studied 
most easily with a succession of simple, single

factor or 
double factor experiments. Experiments with a greatar
number of t--cors become alrtmst impossible to interpret., exceptby using mathematical models. It is also evident that one may

need to distinguish 
between shade and nutrient cycling roles forthe overstorey 
trees. Nutrient analyses, 
fertilizer experiments,

and shade removal are useful tools for that purpose. Clearly,
problems of this sort are not studied easily in small plot
situations with single plants 
in complex mixtures. One needs
relatively large, uniform plots to establish nutrient cycling,

water, shade and plant population responses. The resulting
principles can be applied in the 
interpretation of small plots.
Other 
factors such as convenience and risk 
are also important

considerations in subsistence farming, of course.
 

The word pr-rmcipes is important. We are looking to iden
tify the rules governing plant growth. Those rules will tike
various forms. 'Nitirogen is limiting; the nitrogen response

function is a diminishing return.' 
'Deciduous leaves from the
 
companion leguminous tree will supply 10 kg N ha -1 
each year,.
leaching is 
not a problem.' 'Shade lowers 
the harvest index of
the crop.' And so on. 
These fragments of knowledge of control

functions become the basis of our model of the agroforestry

situation. We then have a foundation for monitoring and interpreting crop performance, and for designing improved systems.
 

CONCLUSIONS
 

Agroforestry is 
not an end in 
itself but a means to achieving

safe, stable supplies of food, 
fodder, fibre, and other outputs,
often 
from difficult environmental and economic situations. But
 we must be careful not 
to view agroforestry situations in 
isola
tion from the performance of the 
same plants grown in 
mono
culture. The monocultures provide the basis for 
interpreting

nutrient and plant population responses, and yield potentials.

Mixed cropping with trees can be Aviewed, 
in a continuum wich
other agricultural and forestry situations, as a system designed
to accommodate to some 
biological, environmental or social 
limi
tations. Soil problems related to nutrient cycling and supply,

or erosion, will be major factors. But the situations will be
 more complex and less 
transparent to analysis than the more 
conventional cropping systems. They will 'tax our abilities 
for systems analysis.whether in problem-solving or in formulation of 
simulation models.
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DISCUSSION
 

KOZLOWSKI - Perhaps the alfalfa plants 
were water stressed. Did
 
you measure stomatal aperture?
 

LOOMIS - No. But alfalfa has 
little stomatal control. Irrigation

occurred at different times in different cycles with the 
same

result. Water used seemed 
to match the potential Et of 6 mm of
-1
water 
day . In general, the plants were never 
short of water.
 
KOZLOWSKI- The plants may 
have suffered some midday 
water stress.
 
LOOMIS - I agree. We are 
also considering that water use could
 
relate to respiration rate (as explanation of the falling off
an 

in crop growth rate). 
Maintenance respiration can amount to a

loss equal to around I per cent 
of the biomass per day, due 
mostly to protein increases with temperature. But the lowered 
soil temperature and the high rate of water use fullat cover
kept temperatures low and should have minimized respiration. 

OLDE.MAN - Does alfalfa have much cambial activity? 



LOOMIS - Yes. We ar. in th_ middle of a Lm, anlys.is ol rootanatomy But 
this W.as most iIncluded in the dry matter measure
mrnts. The system did not appear to be carbohydrate limited. Itcould be thHt nitrogen defici incv, or some other li111t tO cambialactivity resulted 
in feedback 
inhibition to photosynthesis. That
 
is, that the system was sink limited. 
It is not likely to hle
 
l irmited by transport.
 

HUXLEY - Do you not need active root growth 
in order to pruduce
 
controlling hormones?
 

LOOMIS - I think of hormones as being like on/off switches. 
not see that they could explain the type of result we got. 

I do 

HUXLEY - The effect of cutting alfalfa may be so drastic as toperturb the whole system; including the balancelators. With of hormone reguregard to 
the comment on transport we traced nitro
gen in cowpea throughout its life cycle and found that a problem 
wan. adequate transfer of 
nitrogen 
at pod filling.
 

NAIR - An important part of nutrient recycling, of benefit in
agroforestry systems, could be the leaching of nutrients from

leaves of the upper-storey plants, 
 which are then intercepted in 
the lower storey. 

LOOMIS 
- That is true. But it is interesting that 
there is a
lower equilibrium of 
soil organic matter in 
forest systems (and
thus of organic nitrogen) than 
there is under grass. This may be

due to a different timing or pattern of residue decay with 
more
 
chance for losses.
 

NAIR - More nutrient cycling is involved in intensive systems of
production, therefore more 
nutrients could be 
lost. 

LEYTON - Did you measure the leaf 
area index in 
your lucerne
 
community?
 

LOOMIS - Yes, it rose 
from 0.3 at 
one week to around 2 at two
 
weeks, and then rose 
to a maximum of about 5.
 

JACKSON - Did you actually measure 
light interception?
 

LOOMIS - Yes, 
 but not very well. We first tried a system using
the lambda 1 m silicon cell bar, but this was not easy to placein the alfalfa canopy. 
We subsequently used an 
indirect method

using the vertically projected shadow areas 
taken from weekly
 
photographs.
 

LEYTON 
- Are there published figures for net CO 2 flux for
 
lucerne?
 

LOOMIS - There are a few studies. Most of 
the available informa
tion, however, involves growth measurements of 
recorded sward
 
yield at each harvest.
 

OLDEMAN - Does alfalfa show phasic or rhythmic growth? 

LOOMIS - That should not affect those results. Flowering had
just begun at final 
sampling and 
we were well away 
from the
 
dormancy traits which 
most cultivars show in 
full winter condi
tions.
 

http:anlys.is


1200 

17
 

CROP MODELS: COMPONENTS OF AND CONTRIBUTORS TO
 

MODELS OF AGROFORESTRY PLANT ASSOCIATIONS
 

D.J. CONNOR
 

School of Agriculture, La Trobe University, Bundoora 3083,
 

Australia.
 

ABSTRACT. Simulation models of crop systems are only a
 

summary of selected findings arranged to display relation

ships in a meaningful way so as to help the researcher
 

focus on well-spo -ified objectives. In doing this they
 

often expose the need for more experimental work. Models
 

must be made appropriate to each set of research objec

tives, however, and then the processes of definition of
 

purpose - model bui-din7 - experimentation offer a valu

able repetitive loop.
 

Simulation models almost invariably contain a mixture 

of fact and fantasy (hypothesis) because some physiologi

cal processes are better understood than others. Models
 

do not work well if they are too unbalanced in this re

spect, and simple models based on limiting processes are
 

often the most successful.
 

Research in agroforestry should be able to capitalize
 

immediately on existing crop models constructed to inves

tigate responses to management and environment. Particu

larly with regard to canopy design, and water and nutrient
 

budgeting. 

INTRODUCTION
 

Over the past twenty years there has been considerable progress 

and some consolidation amongst the variety of approaches that
 

have been tested in the developmer.t of simulation models of crop 

growth and yield (for example, Loomis et al., 1979). Agroforest

ry research is in a position to take advantage of these develop

ments, not only because crop models can be incorporated into 

models of the more complex agroforestry plant associations, but 

aLlsc because generally applicable principles and techniques have 

emerged. 

The general objective of agroforestry research is to un

cover the relationships between the performance of tree/non-tree 

mixtures, particularly their productivity and sustainability, in 
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response to climate, weather, management and the characteristics

of the component species. It shares this objective with research
 
in crop agronomy but, in addition to 
the further complexity that

is introduced by the anatomical and physiological diversity between the cohabiting species, there 
is the important additional
 
concern of the longer time scale over which the performance of
 
the individual associations must be considered.
 

SIMULATION MODELS IN RESEARCH
 

The question is not whether simulation modelling is an appropri
ate companion activity to experimental work directed towards un
ravelling causal relationships in biological systems, but rather
 
at what level 
should the modelling be undertaken? Biologists are,

in general, far less quantitative than their counterparts in 
the

physical sciences. Not only 
is their training often deficient in

numerical approaches, but it 
seems often to emphasize the un
doubted complexity of biological systems rather than the need
 
for, and value of, simplification as an aid to the development of
understanding. For 
this reason I feel that biologists have great

difficulty in accepting the simple abstractions of high 
level

simulation models, preferring often to seek explanation of system

behaviour by reductionist research, rather than by integration 
at
 
an appropriate level.
 

Models of crop systems 
are only a summary of selected empirical findings of plant physiologists. The purpose of a model is
 
to provide a framework within which the mathematical representa
tions of the hypotheses concerning the behaviour of component
 
processes can act and 
interact. This aspect of empiricism is important because it 
is not the purpose of a crop model 
to repro
duce reality by, for example, taking explanation of the growth

responses back to the fundamental laws of molecules. Models can
not be built to 
answer any question at any level of complexity.

Their purpose is to abstract a system for what must be in each
 
case a well-specified purpose.
 

Simulation models are an 
important adjunct to experimental

research. A simulation model cannot be constructed unless the
 
model builder has clear objectives and the model building fur
nishes the opportunity to 
focus what might otherwise remain as
 
an obscure mental model. In 
research it is much better to dis
cover an approximate answer 
to an exact problem than to discover
 
an exact answer to an approximate problem (see Paltridge, 1973).

Model building can play an important role 
in problem identifica
tion. For these reasons it is 
important that experimenters are
 
modellers and vice 
versa. There is of course room for some spe
cialization, but success 
is most readily achieved when there is
 
close co-ordination between these two aspects of research.
 

DIAGRAMMATIC REPRESENTATION OF CROP SYSTEMS
 

The physiological processes of photosynthesis, transpiration,

respiration, 
nutrition and phenological development are 
those to

be related to the community level 
transfers of radiation, bio
mass, nutrients and water. Forrester 
(1968) developed a tech
nique of representing the state 
and activity of systems and,

although his is not the only diagrammatic technique that has 
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Fig. 1. (Kg/ha)A diagrammatic representation of a compartment model of the wheat
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state variables in the three submodels: carbon,
water and one of a generalized nutrient. For simplicity only one example of
the specification of information flow, namely to photosynthesis, is included.
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been tried in agricultural and ecological 
modelling, it is the
 
one that is currently considered to be the mo;t valuable it,
building crop models.
 

To illustrate the technique a diagrammatic representation,
suitable for the investigation of crop performance if] relation 
to its environment, management and physiological properties, isdepicted in Figure 1. This diagram is based upon a wheat cropsimulator for which further explanation of structure and obj(ectives can be found in Goutzamanis and Connor (1977). The impor
tant characteristics of the diagram are as follows. 

" The system is comprised of subsystems each of which dealswith a conservative quantity of 
the system. In this 
case
 
water, carbon, and nutrients.
 

" Within each subsystem the modeller has chosen state variables
 
which describe the distribution of the conservative quanti
ties, and has defined the 
routes by which these materials can
 
move around their respective subsystems.
 

" 
The flow of material between compartments is controlled by

information which flows into the system from outside and

which is generated within. Within the 
system there is 
no
 
restriction on 
the flow of information. It may flow between
 
as well as within subsystems and arise 
from the present or

previous state of 
the system, that is, 
the values of the
 
state variables or 
their rates of change in any combination.
 

The choice of 
state variables is the modeller's view of the sys
tem relative 
to his current objective. The abatraction of the
 
system is enormous, in this 
case the biological intricacy of the
wheat crop is replaced by 24 numbers, the values of the state

variables (mm H20, kg ha
 

-

C, kg ha 1 N, and so on), which in


this context completely define the system. The physiological and

micro-environmental processes which determine the flows of material and information must themselves be 
treated at a level of
detail determined by the choice of the state variables. There is,

then, no one model of 
a wheat crop, or of an agroforestry association. There is 
a model appropriate to each set of objectives.


The diagrammatic presentation has been stressed because it
is the first step in the development of a dynamic computer model.

Also, it is often the only step that need be 
taken. If it is
 
clear that insufficient empirical data is available to proceed
with the construction of the model, then it has served the im
portant initial purpose as an 
aid in the identification of the
problem and of the level of abstraction of the system that is

appropriate 
to its solution. Experimental work on system behaviour and process control within it has been defined, and its

relationship to research objectives more clearly explained.
 

COMPUTER IMPLEMENTATION
 

There 
are four steps required to transfer a diagrammatic model
of the type presented in Figure 
I into a dynamic model that can

be used for experiment and prediction on a computer.
 

Identify equations for all 
flows of material and information.
 
Select values for all parameters that 
are included in defini
tion of process and response.
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* Set initial values to all 
state variables.
 
* 
Solve the equations at appropriate time intervals to calcu

late the current values of the 
state variables.
 
The value of the Forrester representation is that 
it is
expecially suited to 
translation into mathematical form. This is
further aided by the special purpose simulation languages (CSMP,
SIMCOMP, ASCL) that have been designed to allow the modeller 
to
concentrate his attention on the specificities of his.own modc'l,
by providing for him the general framework that is common 
to the
 

class of compartment model.
 

PROCESS SPECIFICATION
 

In this section I wish only to comment briefly on 
how well the
flows of material and information can be specified in 
current
 crop models. Another way 
to put this is to ask: 
What mix of fact
and fantasy (hypothesis) do they contain? Clearly the models
provide a valuable way 
to test hypotheses concerning the behaviour of some 
parts of the system against the proven behaviour

of the rest. However, if 
the content of hypothesis is too high,
then 
the chance of using the model effectively is limited (Pas
sioura, 1973).
 

The general answer to 
how well do we understand physioiogical processes at 
a level appropriate to building crop models is
that it is 
very uneven. 
I expect that the papers to be presented
during this meeting on physiological processes within agrofor
estry associations will confirm this.
 

Some processes such as canopy photosynthesis, crop water
use, 
soil water balance, respiration, nutrient uptake and phenological development are 
relatively well understood and can 
be
specified well in mathematical form. Modelling at various levels
is actually contributing significantly to the development of
understanding. This is 
seen particularly in 
the advances that
have been made in 
the study of respiration and carbon balance
 
generally (Penning de Vries, !975).


By contrast, other processes 
are poorly understood and significantly the question of 
issimilate allocation 
between various

functional parts of plants, for example 
to leaves, stems and
rcots, which goes to 
the very core of the problem of the dynamic
simulation of crop growth, belongs 
to this class. In a very
early model of pasture growth, Paltridge (1970) proposed that
each time step the 

at
 
plant might allocate the assimilate available
to roots cr leaves so as to maximize 
its growth capacity relative to 
the above- and below-ground restrictions that 
it is currently facing. There have been few other ideas and many cropmodels rely upon phenologically based allocation ratios oftennot responsive to environment. A sound experimental basis
available for sugar beet 

is 
(Fick ,'t it., 1973), but for few otherplants. Most plant physiological work on assimilate relationshipsis directed towards understanding the mechanisms and responses oftranslocation within the plant. Whilst this may ultimately explain allocation patiternL s in plants, it is not appropriate tothe current reqcuiremnt; -)fstand Level crop models.

One of the coi),;:ucuccs of '.his ineven appreciation of thevarious component physiclogica processes LS that models caneasily become unbalancd. For exaimple, great detail on canopy 
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photosynthesis may overwhelm the limited treatments of the other
components of 
a model. This has to be avoided and simplification
should ensure that the 
internal operation of 
the model is appropriate to the objectives. Very simple models which focus
limiting processes are often the 

on
 

most successful. Thus excellent
productivity models can 
be built from water use models by
porating the notion of water use 
incor

efficiency (WUE, dm ha-
water), especially if a separation can be 
Rn

made between the
piration transand soil evaporation components of evapotranspiration.
This is so because WUE is 
more closely related to 
the transpiration component (Fischer and Turner, 1978).
 

CONCLUSIONS
 

Agroforestry research can 
capitalize on 
the progress made in
simulation modelling to unravel the complexity of processes that
determine the response of crop systems to environment and management. Techniques are 
readily available and, quite likely,
components of available crop models could be 
some
 

incorporated
 
directly.


Even for crop species there 
is a shortage of appropriate
empirical response functions, surtcy 
a serious limitation for
the 
more varied, less studied species of agroforestry associations? However, if the 
systems approach is adopted at the outset
there is the opportunity 
to design the experiments to collect
the appropriate responses quickly and efficiently.

Definition of purpose, model building and experimentation
offer researchers a valuable repetitive loop. Components from
crop models could even now be used to answer specific questions
about the performance of agroforestry associations. For example,
issues relating 
to tree canopy design and the 
illumination of
understorey species. And for environments short of water 
or nutrients simple budgeting should give important clues as 
to the
long-term stability of various alternative tree/non-tree combi

nations.
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DISCUSSION
 

LEYTON 
- There seems 
to me 
to be a risk
fail that in modelling we
to see the wood for 
the trees. 
There are often
peripheral too many
factors brought in. 
Can we avoid 
some of these by
identifyvrj key physiological factors? For example, in considering plailt Pad crop water relations 
the measurement of leaf 
water
potential, leaf diffusion resistance, or, better still, crop
diffusion resistance would enable us 
to replace a lot of other
data. It is much more 
important 
to have a measurement of the
water status of the crop than of the 
rate of 
water loss.
 
CONNOR 
- As I said in 
my paper, the
depend type of modelling done must
on the objectives of the modellers. 

our objective was 

In the example given
to build a yield predictor based on site and
weather without the need to 
take detailed plant records. The
modelling approach is, however, very useful
ning which are the 
itself in determiimportant plant parameters. For example, some
recent very elegant work by Legg and others,
modelling, showed which involved
that stomatal activity 
was
than leaf area much less important
in the response of temperate cereals to water
 

shortage.
 

JACKSON 
- This is the 
sort of question that modelling can answer
very well. 
By using sensitivity analysis 
to see what happens if
one factor varies, we 
can quickly determine the 
important ones.
 
KOZLOWSKI 
- Stomatal aperture is 
imporin't 
but something like
the amount of water 
in the soil may have little effect
stress 
in the plant. There on water
 

can be water stress even with ample
soil water, in 
fact waterlogged plants 
can wilt. The critical
measurement is plant water status. For example, Thornthwaite did
a series of experiments over a number of years, with apparently
adequate irrigation, but 
found major differences in water stress
because evaporative conditions varied from year to year.

CONNOR - I agree, but would point out
water can act 

that in some cases soil
as an 
adequate predictor and hence,
cumstances, in some cirwe can 
predict plant behaviour without the need for
detailed plant 
records.
 

LOOMIS 
- I agree with Conner. Yield is 
formed when there is
transpiration and relative water content 
free
 

is high. Yield formation does not occur under stress.
 

KOZLOWSKI 
- Why use relative water content and not plant water

potential?
 
LOOMIS -
 Because water potential shows 

relative water content over 

hysteresis in relation to
 
the course of 
a day.


KOZLOWSKI 
- Even so water potential

of stress than 

is a much better measurement
is relative 
water content. The
water content in same relative
a young leaf and in an 
old leaf means very dif
ferent things.
 

OWINO - What 
is the practical application of 
this work? Can
models be used 
in crop-
 tree mixtures?
 



CWNOl - ,lhch rode 1ing I; still at the research Stage but there 
are examples of practical application, usually of simple models 
or of model components in, 
for example, determination of irriga
tion strategy, predicting wheat yield, designing orchard struc
tures and in pest management 
 models. There has-been little work
 
on 
 mixed crop communities, but the applications are certainly 
there.
 

HUCK - Many models deal 
with only one layer; a two-dimensional
 
model is much more cor.plicated. 

CONNOR - but there.are many others that deal with layers both 
above and below ground. 

TIESZEN - Some ecological models do dePA with complex situations. 

LOOMIS - There are also some good row-crop mode] available.
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THE ROLE OF TREES IN AGROFORESTRY:
 

SOME COMMENTS
 

P.A. HUXLEY
International Council for Research in Agroforestry,
 
Nairobi, Kenya.
 

ABSTRACT. In agroforestry land use 
systems the woody
perennial components ('trees') play 
a role in both productivity and sustainability. Some general characteristics
 
of woody perennials 
are outlined and thn need to consider
the possible advantages or disadvantages of these in 
relation 
to specific agroforestry systems is emphasized. In
deciding about 
introducing trees on 
farm land the chal
lenge 
is to answer 
the questions: What trees? How many?
How are 
they best arrarnged? Answers to 
the first of these

will arise from 
the many existing and planned trials with
multipurpose trees 
now being established worldwide. This
 
paper addresses mainly the 
second question: How many
 
trees?
 
Three-dimensional diagrams are 
used to illustrate the


effects of 
a replacement series 
(tree-crop, crop-tree) on

changes in 
total producti-ity and soil status with time.The types of response surfaces produced are discussed and

various 'scenarios' shown to 
illustrate the value of this
approach. Such diagrams are less a predictive tool than a means of comprehending the plant and environment changes
 
involved.
 

The final section briefly discusses tree/shrub arrangement, which will depend on management considerations, 
soil/water conservation needs, and biological aspects of
 
optimizing productivity.
 

INTRODUCTION
 

Agroforestry is the term given to sustainable land use systemswhich involve more or less intimate and interacting associationsof agricultural/horticultural crops and woody perennials (trees,shrubs, palms, vines, bamboos), all on the same unit of land.
This 
form of land use 
has two main objectives: productivity,

involving a multiplicity of outputs; 
and sustainability, which
implies the conservation, or even 
improvement, of the
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environmental aspects of the system. In some cases, agroforestry
systems may be used to 
bring about restitution or improvement of
soils, so as to broaden future land use options. Some common
tropical agricultural and horticultural crops are themselves
ligneous and may, 
if appropriately managed, fulfil this role.
Agroforestry, as a science, is a new discipline, or rather
a new synthesis of existing disciplines. But it cannot remain
purely descriptive for long, if it 
is to serve an active development function. Immediate programmes of investigation and
research 
are needed to improve existing agroforestry systems,
and to offer agroforestry substitutes for agricultural-or

forestry land 
use systems that are 
failing to fulfil either
 
production or conservation needs.
 

A fundamental issue in agroforestry is. the role of the tree
(using this term in its broadest sense to 
imply any woody perennial), 
and this paper addresses itself to some 
of the more

general questions related 
to this theme.
 

Characteristics of trees
 

Certain characteristics of perennial woody plants 
are common
considerations in any type of land use 
system. For example, and
rather obviously, woody perennials have lengthy actual and economic life cycles; thereby influencing investment patterns and
restricting cropping flexibility. They are often dominated plants
in plant associations in 
their juvenile phase, 
in an intercropping sense; whilst becoming dominant when mature. Compared with'
many common agricultural crops, seed dormancies 
are more prevalent and, because many woody perennial species are outbreeding,

germ plasm is often highly heterozygous.


Tree seedlings frequently require 
to be raised with care,
and land preparation is usually more demanding as compared with
many herbaceous agricultural crops. The long-term persistence of
trees in 
a land use 
system will influence pest management needs.
Their permanent woody structure, with dormant buds, affords a
wide choice of managenent techniques 
- training, lopping,
browsing, pruning 
-
 with which to modify their shape and growth
patterns, and flowering and fruiting behavibur. Relatively large
permanent organs (brdnches, trunks and large roots) facilitate
the storage of carbohydrate and nutrient 
reserves, thereby modifying nutrient requirements, and assisting survival during

adverse environmental periods.


Characteristics of 
trees which are 
generally considered to
be environmentally beneficial are: 
a continuity of plant cover,
implying amongst other things, with some speci6s 
at least, an
ability to utilize 
incoming solar radiation which might otherwise be 
lost by seasonally 
sown plants; the capacity to enrich
the microsite by depositing litter in the 
topsoil, which can
then be exploited by more shallowly rooted species; and a capacity to modify the microclimate, which can bring about favourable
effects on 
the soil and associated plant species. Offsetting

these are 
strong plant competitive attributes, such as 
the
capacity to shade understorey plants, and a tendency to dominate

the water economy at the microsite.
 

These, and other features, form 
a 'mixed bag' of attributes
 some perhaps helpful, and others not, 
for any particular land
use system. Certainly they need to be known, categorized and 
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thought about in relation to agroforestry.
 

Experimentai evidence about tree/crop mixtures
 
In practice the net effect of mixing trees with herbaceous crops
(or grasses) will depend not only on 
the 'richness' of the
environment, and the ways in 
which the various plant types can
share environmental resources, but also on characteristics,
partly modifiable by man, such as 
the geometry of the system and
various 
temporal relationships with regard to the phenology of
the separate plant components. Two examples give the extremes.
First, a temporal advantage in a tree/crop mixture is clearly
shown by Acacia albida, a soil-enriching, leguminous tree of
African savanna 
regions, which loses 
its leaves in the wet
season. Associated crops of sorghum, millets, groundnuts, and so
on, can thus gain the advantages of the enriched site whilst
avoidinq the worst effects of competition from the tree for
light and water (Felker, 1978). 
Second, the canopy architecture
of a plot of well-spaced, mature coconut palms readily permits
light penetration to lower storey crops. Hence this ligneous
species 
is useful with a large number of other plant associa

tions 
(Nair, this volume).

Except for a few clear-cut examples like those above,
have 
 we
as yet very little experimental evidence on tree/crop 
combinations that tells us whether the species mixtures will interact with mutual 
inhibition, co-operatively, or through one 
form
or another of compensation (Willey, 1979) . This information is
going to bi difficult to come by, because estimates of actual
land equivalent ratios for 
tree/crop mixtures will have to be
evaluated over many ,ears. 
in any case, some adjustment is
needed in calculat.-.. these to allow for the different land
occupancy periods for the 
various plant components being compared; trees representing a much more 
'permanent' type of occu

pancy.

Even if 
a particular tree/crop association were to be mutually inhibitory the 


planners because of 
mixture might, in practice, be encouraged by

the long-term beneficial environmental
effects of the 
tree components. However, such an association
would prove even more 
difficult to promulgate than many agroforestry systems because of 
a poor productivity cost/benefit


ratio during the early years.
 

Choice of agriculturnal erops 
The agricultural crop components in any existing agroforestry
system, or 
in any newly postulated one, 
will be largely
restricted to 
species which satisfy existing consumer and market
preferences in 
any particular region. Introducing completely new
food or cash crops is generally a lengthy business! An exception
to this might be in 
relatively infertile, semiarid ecozones
where agricultural cropping is 
not generally considered viable,
yet possibilities of nutrient transfer and improved water
economy exist 
if trees are planted and 
the litter and mulch
materials from them are carried 
to adjacent strips to support
bagricultural crops. In these circumstances cropping is a new 
enterprise, anyway.
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DECIDING ABOUT THE TREES
 
In most 
cases a considerable amount will 
already be knol,'n about
the agricultural crop species in 
an agroforestry system, and
about how to grow it. 
Much less is known about many of the 
tree
species now being proposed for agroforestry systems (multipurpose trees), 
and an exactly how to define 
or evaluate their
 
place in 
these systems.


Although agroforestry is concerned with the developmentland use ofsystems involving trees, 
it is 
not just 'scaLed-down'forestry. This 
is more likely 
to be the case 
when developing
community woodlots, or village fuelwood plantations, !systems
which might be termed 'microforestry'. The objectives, resources
and socio-economic restraints underlying 
the adoption of treebased farming systems will be 
more complex. Even the techniques
of tree production and distribution could be optimized through
quite different pathways in the 
two cases and, although the species used for fuelwood lots might well be 
the best adapted,
adequately tested species selected for forestry purposes, many
of these 
are decidedly not well suited to agroforestry systems
on 
farmland. For example, Eucalyptus spp., which may be too competitive, poor at raising soil fertility, and inadequate in 
preventing soil. erosion. Clearly, as a dominant partier, the 
role
of the tree, and in many 
cases the individually spaced tree, 
is
central 
to every agroforestry land use system. A challenge, then,
is to 
answer the questions: Wlat trees? How many? How are they
best arranged? In 
the discussionr 
that follow it is 
the position
of trees in agroforestry systems suited to farm- or rangelands

that is being considered.
 

What trees?
 

The current outburst of investigations on a whole 
new candidature of 'multipurpose' tree species is likely to provide a rich
choice of different types for 
inclusion in agroforestry systems.
Up to 
now many of these species have been noted as valuable only
by ecologists. As 
their name implies they 
can be planted for
range of end uses a
and they can all be environmentally beneficial.
Some genera currently being studied are: 
Acacia, Albizia, Ainus,
Azadirachta, Bajanites, Brosinnm, Cassia, Ceratonia, Cordeauxia,
GOiricidia, Inga, Leucaena, Parkia, Prosopis, Sesbania, and
Zizyphus to 
name a few. Information about most of these has
already been assembled (for example, National Academy of Sci
ences, 1980).


However, there 
is much still to 
learn about the characteristics of individual 
genera and species in relation 
to particular agrofcrestry situations. Important characteristics are:
adaptability to 
soils and climate; rate of growth, particularly
in 
the early stages; palatability as fodder; ability to withstand adverse conditions in 
the seedling/young plant stages;
growth habit and spatial/temporal resource sharing characteristics, including rooting characteristics; shelter conferring and
soil stabilization attr4
butes; capacity to withstand lopping/
pruning/browsing; vigour/productivity characteristics; nutrient
cycling and/or nitrogen fixing capacity; and freedom from pests
and diseases. A growing problem is to 
establish an adequate system, at 
both national and international levels, 
for collecting
 

4 
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and distributing properly authenticated germplasm of such
 
multipurpose species.


Chosing multipurpose trees for a particular site is
just a question of 
not


finding the most adapted and vigorous species. The requirements for outputs may vary 
even within the same
local area 
(for example, main].y fodder, or fuelwood, or woody
mulch, and so on). Furthermore, the ideotype and phenological
behaviour must be suited to the characteristics of the other
-species, woody or otherwise, 
in any particular plant associations. Some way of characterizing multipurpose tree species
within any agro-ecozone, and according to some form of 
selection
index procedure may, 
for output products or services, ultimately,

be th icst: c4 sactor' mad
 

How many trees of the chosen kind?
 
An inherent feature of many agroforestry land use 
systems is the
trade-off between requirements for productivity and the sustainability of the system. Trees can 
impart environmental benefits
to a system but often, and certainly in their early years 
 this
may be at the expense of productive outputs. If the 
intention is
to replace some proportion of an 
existing agricultural cropping
scheme with trees, then what sacrifice will have to be made in
existing outputs? What new mixture of outputs can be expected
later? What happens to the sustainability of the system during
the course of time? And what exact proportion of species 
is
needed to achieve any particular set of requirements?


A precise answer to these questions can only be evaluated
site-specifically. But can any 
first approximations be made,
however crude these may be? The 
sequence of the steps proposed
below divides the process into two, both in relation to time:
first, an estimate of the effects of tree 
cover 
on the overall
soil environment status 
(sustainability), 
and second, the effects
 
on productivity.
 

Unfortunately, studies of enrichment of the microsite by
-the individual tree are, 
as yet, relatively scarce compared with
the many investigations of changes in 
soil fertility / soil 
conservation status under natural forests or 
tree plantations, or
on agricultural lands 
(but see, for example, Charreau and Vidal,
1965; Kellman, 1980). 
Thus estimates will have to suffice, 
in
most cases, especially for newly introduced tree species.
Some assumptions can reasonably he made. For example, the
ultimate level of microsite improvement of any particular 
tree
species can be assumed to reach an equilibrium with time and it
may be possible to estimate what this might be. Again, 
the current 
status of soil fertility, and the average productivity under
any particular agricultural cropping pattern will be known, and
some estimate can probably be made of the trend 
in soil fertility / soil conservation status under existing management prac
tices.
 

A common unit 
to measure both soil 
productivity and joil
environmental 
status can 
be the net present value of a unit area
of test crop 
(say, maize) which is produced, 
or could be expected to be produced, at the 
site. 
If this unit is used for both
estimates of sustainability and productivity it makes the diagrams which follow both dimensional and comparable.
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Fig. 1. Showing trends in the status of the soil environment 
with time. AD and DA represent a replacement series (see

inset and Willey, 1979a, 1979b) which represents, at any one

point on the x-axis, the sum of the effects that both species

may have on the 
soil, depending on the percentage ground 
cover
occupied by each. A-E (and D-H) indicate the current 
fertil
ity/conservation status, and EIJH the response surface for all

combinations of agricultural crop and trees 
(derived at any

one time from a+b as in inset). 
See text for further details.
 

SoiZ environment ,;tatuu. Figure I indicates some postulated

changes in the conditions of the soil 
(its fertility and state

of conservation) for agricultural cropping, tree cropping, and

all ratios of the 
two. ABCD represents a fertility level at

which there is zero productivity, and the line E-H 
(also F-G)

productivity at the current level of soil fertility. Projected

soil fertility changes are then estimated for: 
continuous agri
cultural cropping (E-I), 
shcwn as declining; 
and the land under
 
100 per cent cover of trees of the chosen species (H-J), shown
 
as improving with time.
 

EIJH then represents the response surface characterizing

soil changes for all vatios of the agricultural and tree crops
 
over time.
 

E-A should be known. And C-J might also be measurable if
 
mature stands of the appropriate tree 
species are available on a
similar, nearby site. Otherwise C-J will have 
to be estimated
 

ii 
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Fig. 2. Trends in total productivity with time, similar to 

the x-axis (a replacement
Figure 1. At any one point on 


the response surface ELMD represents the combined
series) 

of all kinds, for both species, (and see
productive output, 


text).
 

same applies to th literature. The 

and so on, under continuous
 

from similar data in the 


rate of decline of soil fertility, 

reach th- MC Xt:IG i 1n

agricultural cupping. The timc. taken to 
the soil after planting trees mly.


provement in 	the condition of 

will be coached
because an equilibrium state
be unduly long, 


only slowly in the last faw years. Thus C-J in Figure 1 may be
 

taken, more pragmatically, to represent an estimated 90 per cent
 

The t~me scale
 
or any stated percentage, of the ultimate value. 


it is estimated that
 of the diagram will clearly depend on when 


reached. C-J minus A-E represents the amount

this level will be 


status under current land use falls

by which the level of soil 


could be under a mature stand of trees.
short of what it 


the same time

Producivity. Figure 2 indicates the changes over 

That is taking into account the respective

in total productivitl. 

values of the total agricultural and tree products. As before,
 

E-L shows the estimated
ABCO represents zero productivity. 


with time for continuous agricultural cropping,
changes of value 

cent tree cover (N, the value of the
 
and N-M that 	for 100 per 

the first year, has been taken as zero in this 
tree crop in 
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example). Response surface ELMN then 
represents the total production of all the different proportions of the agricultural
and tree crops. As the 
common unit used is market value, E-I
represents the soil status in Figure I and it is the same asE-L, representing productivity, in Figure 
2.
The value of 
the tree products will need to be averaged out
if annual harvests 
are not taken. 

of 

In Figure 2 the annual value
the tree products at maturity with 
100 per cent tree cover
CC-M) could be either greater or lesser than the value at
present the
time from 100 per cent agricultural cropping (A-E). This
will depend on current agricultural yields, reflecting Lhe present fertility status of the 
soil, as well as 
the expected outputs of the agricultural 
and tree products with time.
The diagrams obviously lend themselves to more 
detailed
economic analyses in 
terms of, say, estimates of variable and
fixed costs, or of calculating returns to 
labour inputs, and so
on. Furthermore, there might be changes of inputs with time
which should be taken into account. The productivity response
surface in Figure 2 can 
be adjusted accordingly.
 

Time trends. The curves plotted on the axes 
in Figures I and 2
have been drawn to represent changing conditions, as far as
these 
can be estimated at present. Only 
sets of actual experimental data will 
show if these estimates truly simulate real
conditions 
or not. For example, in Figure 
I the reduction 
in
soil fertility under continuous agricultural cropping (E-I) will
generally reflect a decline in soil organic matter which follows
a negative exponential curve 
(Ahn, 1979). But 
to this must be
added any effects of soil 
erosion which will be hard to estimate
 
and erratic 
in occurrence.
 

Then again, soil fertility changes after planting young
trees 
(H-J) have been represented by a sigmoid curve 
to indicate
a maximum rate of change in 
the middle years. Planting relatively
widely spaced trees on agricultural land will bring about a
mosaic of improved fertility in 
the topsoil beneath the tree
canopies. The effect may be enhanced if 
the trees fix nitrogen,
and if nutrient catchment 
from windblown dust is 
involved. It
has been assumed that, where there 
ace relatively few trees per
unit of land, both their growth and fertility conferring benefits might be diminished compared with a situation where tree
cover 
is more complete. To account 
for this I-J in Figure I is
also shown as a sigmoid curve.
 
In Figure 2, representing the productivity response surface,
the value of the output of products from a pure stand of trees
(N-M) will be very little in 
the first few years and it will
reach a plateau at maturity. In the early stages after planting
out young trees the agricultural crop can utilize more of the
shared environmental resources because the 
size of the trees is
so small 
 E-N will be convex therefore and, 
if some form of
taungya is practised in the 
first year or 
 so as to take
maximum advantage of this situation, 

two, 

there need be little loss
of productivity (see E-N'). 
As one 
is seeking plant associations
which, in a replacement series, show either mutual co-operation,
or, where one of the components shows 
a level of compensation
which gives an overall increase in productivity (that is a land
equivalent ratio greater than one), 
L-M will also be convex under
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such favourable circumstances.
 

Further considerations. Figures 1 and 
2 show the two basic
 
shapes of the expected response surfaces for soil and productiv
ity changes, respectively. These may be useful 
to help visualize
 
the complex trends which will occur with time 
in converting from

agriculture to 
a mixed cropping agroforestry system. They.also

indicate where more research data are needed. Figure I can help,

also, to suggest what proportion of mature 
tree cover is required

in order to achieve, ultimately, iny particular level of soil
 
fertility in the mixed cropping system. For the situation de
picted, the present-day level of soil 
fertility will be main
tained if approximately a 60 per cent 
tree cover is arranged

(arrowed where I-J cuts F-G). Obviously fewer trees will be
 
required should the soil fertility decline less rapidly under

continuous agriculture, and/or a tree 
species is used which
 
raises soil fertility to a greater 
extent. On this basis Figure

3 shows some land use 
situations 
in which options for agrofor
estry may or 
may not be promising.
 

The extent to which any improvement in topsoil fertility

under or 
around the trees can be exploited by associated crops

while the 
trees are still growing needs to be 
the subject of

experimentation for particular combinations of species. Some
 
transfer of litter and nutrients away from the tree's immediate
 
surroundings is 
likely, and its extent will be influenced by

management practices. Such effects will, perhaps, increase prod
uctivity (C-M), and serve to make the productivity response sur
face even more convex at its further end (L-M) (Figure 2).


By substituting relatively large trees for agricultural

crop plants the total population of plants per unit of land will
 
be diminished and the diagrams should be constructed to indicate
 
percentage ground cover 
ratios. In addition, substituting trees
 
for herbaceous crops will change the 
land occupancy ratio. Such

factors affect the way we 
should interpret the yield curves 
and
 
the validity with which we 
can make comparisons between them. In
view of the need to adopt a 'first approximation' approach, how
ever, these difficulties 
can just be borne in mind at this 
stage.


The actual number of trees per unit of 
land will obviously

depend on the 
species under consideration. Many multipurpose
 
trees are of small to medium staCure. If the appropriate canopy

area at maturity is known 'percentage cover' can be roughly

translated into 'numbers of trees per unit area'
 

To find the answer to our question 'Flow many trees?' may

still not be easy, but 
some of the considerations underlying the
 
processes involved in reaching a conclusion are, at least, out
lined above, and some 'scenarios' are 
shown in Figure 3.
 

How are the 
trees to be arranged? 

Once the 
kinds and the numbers of trees required have been
decided upon, in relation both to 
the land user's objectives and
 
resources, then the question of optimizing their spatial arrange
ment has to be considered.
 

There are three main 
factors: management considerations,

soil and water conservation aspects, and theoretical aspects of

optimizing biomass and/or particular plant products. 
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Figure 3. 
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Fig. 3 (Opposit2%) Some scenarios comparing different soil 
environment and productivity stater for various agricultural
 
crop/tree situations (linear trends drawn, for simplicity).
 
(a) Ve_:y low present fertility and productivity; for example,
 
low rainfall rargeland undergoing desertification. Any attempt 
at agriculture fails to raise the soil environmental status or
 
productivity except at great cost in of
terms irrigation, fer
tilizers, and so on, but 
trees improve the soil and therefore,
 
ultimately, enhance productivity. Agroforestry is definitely
 
to be considered. 
(b) Initially fertile land (for example, cleared forest) but
 
agricultural cropping brings about 
a very rapid decrease in
 
fertility and productivity. Note the shorter time scale. The 
tree species chosen, for example last growing legumes, are
 
supposedly very effective at enhancing even the initial high 
level of soil fertility. Agroforestry definitely to be con
sidered as an alternative to hign input agriculture.

(c) Rather low initial level of soil fertility with a slow
 
decline under the present agricultural cropping system. The
 
tree species has been chosen to raise soil fertility level,
 
but tree products are of low value for this species. Agro
forestry may be worth considering if environmental conserva
tion is important, and as an alternative to increasing the 
level of agricultural inputs; especially as a system using a
 
relatively small amount of tree cover might still be
 
ive.
 
(d) Higher initial soil fertility is postulated which agri
cultural cropping decreases at a faster rate than in (c). The
 
tree species chosen is deemed not to be especially effective
 
at raising soil fertility, but its products are more valuable 
than in (0). So that, ultimately, 100 per cent tree cover 
will provide an output more valuable than that from the 
agricultural system. Agroforestry is to be evaluated against
loss of income during the development years, and the level of 
environ.nental conservation enhancement)(or required. 
(e) A moderately good initial fertility which high input
 
agriculture maintains equally as well 
as the tree cover, for
 
example, a maize farming system using minimum tillage with the
 
litter left on the soil. Productivity under trees is less than
 
in the agricultural system, so there is no case 
for agrofor
estry unless the tree products are specifically required.

(f) A high initial fertility, which is maintained (or even 
improved) by high input agricultuze (for example, coffee farm
ing using fertilizers and mulch) to a (,reater degree than a 
multipurpose 
tree cover would achieve. Productivity under
 
trees is assumed to be rather low. There is no case for agro
forestry.
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MbJnagement icci1on2,. The first is whether to adopt a mixed ora zonal agroforestry system (see Huxley, p. 164, this volume).This basic choice is an important one which will depend on both
technical and social considerations. Zonal agroforestry is
likely to simplify management procedures because each tree or
 crop component can 
be deelt with largely as a sole cropping
enterprise within the 
system. 'Alley cropping' (Kang et al.,

1981), 
a foim of zonal agroforestry, is 
one convenient way to
 arrange the plants. In zonal 
agroforestry the extent of plant
to-plant interactions will depend on 
the species involved as
well as the overall land unit size and 
the size, shape and
 
arrangement of zones within it. 
Between-species interactions, as
found in the more intimately associated mixed cropping systems,

will 
occur only at the interfaces between 
zones.
 

The transfer of materials (litter or mulch) 
can easily
become part of the management procedures in zonal systems. Where

there is already some information about the potential for 
intro
ducing a suitable agroforestry tree species, but little or
nothing is known 
of the interactions with agricultural crops,
then a zonal system may offer 
a less committed, and more 
flex
ible approach, than 
that of more 
intimately mixed alternatives.
 

SoiZ and ivtli cionsarvatioi _'onsiderations. Information aboutthe 
use of trees for soil conservation is available from variousources, for example Tejwani (1979). Although more quantitative

data are required, especially for many of the 
'new' multipurpose

species which are now attracting attention. Trees can actually

encourage soil erosion in 
some circumstances. For example, if
the wrong species are 
used and/or they are planted in the wrong
places (Wenner, 1981). Thus an 
important aspect uf agroforestry
planning must be 
a consideration of 
the spatial arrangements of
 
trees in relation 
to soil and water conservation.
 

Optimizing the product. Finally, it is possible 
to draw on a
vast body of information from a range of different plant science
studies concerning the theoretical aspects of optimizing prod
uctivity through proper spatial arrangement and management of
the component plant species. In particular the work on plant
canopies and light interception 
(see Jackson, this volume), 
on
plant ideotypes and competitiveness (or commensalism), 
and the

growing body of information from agricultural intercropping

studies (see Cannell, this volume).


Because 
trees and shrubs lend themselves 
to easy modification of shape and size there will be many opportunities to 
manipulate the growth of trees 
in agroforestry systems by train
ing, pruning and lopping. The extensive knowledge we already

possess about these procedures for existing tree crop species,
both temperate and tropical, 
can form a useful basis from which
 
to start.
 

What is immediately required for all 
aspects of tree
arrangement and management is a new synthesis of existing infor
mation.
 

CONCLUSIONS
 

Agroforestry may be biologically more complex than many ways of
 



ROLE OF TREES
 

using land through agriculture or forestry, consequently such
systems often require greater management skills. Certainly the
development of agroforestry needs to embrace a combined technical and socio-economic approach from the very start; 
with the
rural land 
user being intimately concerned with the available

choices at every stage. These choices relate 
to requirements for
particular kinds and levels of productive outputs, and to the
potential for sustainability. The characteristic of ,all agro
forestry systems is that 
they can provide both.
 

Diagnosis and evaluation of any agroforestry system "nst
 encompass predictions about its performance in 
the future. This
implies a joint deductive/inductive approach to evaluation and
prognosis which utilizes methods of survey and sampling concern
ing what 
is already on the ground (Steppler and Raintree, this
volume), and also attempts 
to evaluate potential future trends
using such information as 
is presently available. In these processes decisions about how 
to chose and handle the trees stand
out as a priority. We 
can usefully approach this through the
 steps of: 
What trees? How many? flow do we best arrange them?


The diagrammatic method outlined in this paper which can

help to answer the second question is not intended as a predictive tool; far 
too much conjecture 
is implicit in the construction of such diagrams. Where 
they may be helpful is to illus
trate the processes which have to be considered, and what type
of experimental data we 
require before such 
an approach can be
undertaken with confidence. Only when we 
have such data will it
be possible to 
assess the productivity and sustainability roles
of trees in any particular agroforestry system with any preci
sion.
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DISCUSSION
 

CONNOR - The 
processes shown 
in the diagrams need a 
good deal of
experimentation in order to establish actual 
curves. Such dia
grams will be 
the output of actual models.
 

BRUNIG -
These diagrams are useful 
in assessing 
the direction in
which the systems are likely to move. 
However, they indicate
 
only the trends; 
accurate and precise predictions are not pos
sible.
 

$U
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A GLOSSARY OF TERMS USEFUL IN
 
AGROFORESTRY RESEARCH
 

This glossary has been compiled by
Peter A. Huxley, Patrick J. Robinson and
Peter J. Wood 
(with the help of numerous others),

and recourse 
to existing glossaries. It will
be revised and added 
to from time-to-time and
should be considered, at 
this stage, as
 
incomplete.
 

The intention has been to define terms that 
are
commonly used in agroforestry research and,
especially, to include these that are either

newly-coined (still relatively few), 
and those
that are sometimes used in rather different
 ways by poeple coming from different disciplines.
 

Except where a very generally-accepted

definition has been given the initials at the
end of each entry indicate the name of the
author. Some 30 
or so entries have been taken

(in 
a shortened form) from the introduction
 
to 
"A Preliminary Agroforestry Word List With

Definitions" by R. Labelle (1983, ICRAF
 
Working Paper No. 8).
 

-v 
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DEFINITION 


AUTHOF 
Absolute growth 
 Of a plantithe actual 

rate (AGR) 

change in plant material PAH
(dry weight) per unit of time
 

Accuracy 
 How near 
the 'true' value the estimate is: 
 PAH
 
accuracy involves both 'precision' and
'discrimination' (which see)
 

Adaptation 
 The process by which individuals 
(or parts of 
 RWA
indlvlduals),populationsor 

species change in
form or function in such


under 
 a way to better survive
given environmental 
conditions 
(also the
results of 
this process)
 

Additivity 
 The response to treatments 
(and blocks,if

relevant) being of 

PAH
 
the same kind and magnitude
in the presence of 
other treatments 
(or
blocks),that is no 
interactions occur
 

Agricultural 
 A system with agricultural output and 
containing CRWS
all the major components

system 


Agroecological 
 Zones of similar agricultural performance as
=ones PW
defined by soil and climate
 

Agroforestry 
 See 'Primary land unit'.'Management boundary'
spatial units 
 and 'Total area'
 

Agroforestry 
 A landuse system in which woody perennials
system DL
(treesshrubs palms, bamboos) are drliberately

used on thQ 
same land management unit 
as
agricultural 
crops (woody or not) 
and/or
animals,either in 
some form of spatial

arrangement or 
temporal sequence.
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Agropastoral A landuse system in which crops and 
 RL
system livestockibut not treeslare the only components
 

Agrosilvicultural An agroforestry system for the concurrent 
 PKN
systems production of 
agricultural crops(including tree 
crops) and forest crops. Thm forest crops serve 
either in a productive or a service role,tree

and agricultural 
crops are chosen first for
 
their productive capacity
 

Agrosilvopastoral All agroforestry systems which include trees or 
 FT
systems 
 shrubs and herbaceous food crops and pastures
 
and animals
 

Air layering 
 A technique of propagating using an undetached PAH
 
stem to which the rooting medium is applied by

securing it in an appropriate container
 
(polythene bag). 
See also 'Layering'
 

Allele 
 One of a pair (in a diploid individual),or
 
series (in a population or a polyploid

individual) of genes located at 
the same locus
 
on 
homozygous chromosomes and controlling the
 
same character
 

Allele 
 One of a pair or series of forms of a 
gene which RWA
 
are alternative in inheritance because they are
 
situated at the same 
locus in homolgous
 
chromosomes
 

Allelopathy The influence of plants, other than 
 SAF
 
micro-organisms,upon each other, arising from
 
the products of their metabolism
 

Alley cropping 
 An agroforestry intercropplng system in which 
 PAH
 
species of shrubs or 
trees are planted at

relatively close within-row and wide between-row
 
spacings in order 
to leave room for herbaceous
 
cropping between i.e. 
in the 'alleys'
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Allometric 

relationships 


Allopolyploid 


Amphidiploid 


Anemophilous 


Aneuploid 


Anisotropic 


Annuals 


Anthesis 
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 AUTHOR
 

Deal 
with the change in the ratio between two PAH
different dimensions of 
an organism ,such 
as

roots:shoots,leaves:stems 
etc., with time
 

A polyploid containing genetically different 
 RWA
 
sets of chromosomes,for example,sets from two or
 more different species
 

A polyploid whose chromosome complement is made 
RWA
 
up of 
the entire somatic complements of 
two
 
species
 

Wind pollinated
 

An organism whose somatic chromosome number is 
 RWA
 
not an even multiple of 
the haploid number
 

Describing a body that possesses different 
 JB

properties in 
 the different direction: e.g. 
in
wood,strength and shrinkage properties vary in
the radial, tangential and transverse directions
 

Plants that flower and complete their life cycle PAH

in the same year that 
their seeds germinate: 
see
 
also 'seasonal' plants
 

The opening of a flower bud: 
the exposure of 
 SAF
 
stamens and stigmas to pollinating agents:the
 
span of 
life of a flower
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Apomixis Reproduction in which sexual organs or related RWA 
structures take part but fertilisation does not 
occur,so that the resulting seed is vegetatively 
produced 

Apomixis 
 The production of seeds woithout 
fertilisation
 

Aquasilvicultural Agroforestry sys 
ams which combine trees with 
 RL
systems 
 the raising of aquatic animals
 

Assessment 
 The estimation of condition or performance, both PW
 
qualitative and quantitative, of a situation,
 
plant or animal, 
with ranking where appropriate
 

Autecology 
 Deals with the study of the individual EPO
 
organism,or 
an individual species:with an
 
emphasis on life histories and behaviour
 

Autogamy Self-fertilisation 

RWA
 

Autopolyploid 
 A polyploid arising through multiplication of RWA
 
the complete haploid set of 
a species
 

Available water A measure of the ability of the soil 
to supply PJK
capacity 
 water to plants
 
the difference betwee field capacity and
 
,ilting point
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Backcross 
 A cross of a hybrid 
to either of its parents. (In RWA 

genetics a cross of a heterozygote to a
 
homozygous recessive)
 

Benefits 
 In economics: 
goods and services(outputs) that 
 JPG
 
increase the 
income of families or firms or
increase the national 
income of the society
 

Bias 
 Any operation wi'ich 
allows a particular 
 DJF
 
treatment,or replication,to be favoured or
 
handicapped by some extraneous source of
 
variation:a property of 
the sampling procedure
 

Biennials 
 Plants that only flower 
in the year following

that in which they germinate from seed
 

Biomass 
 The total weight of living material,of all forms CRWS
 

Blosystematics 
 Ta:onomic studies 
involving
 
morphology,cytogenetics,ecology 
and
 
phytogeography
 

Biotype 
 A group of individuals with the 
same 
 RWA
 
genotype(biotypes may be homozygous or
 
haterozygous:
 

Block 
 A set of items or experimental units under
 
treatment or observation, which have been

grouped to minimize environmental effects or
 
Initial differences between items or units in
respect of 
the variables being studied, e.g. 
a
 
set of contiguous e:perimenta
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TERM 


Blocks 


Bole 


Boundary 


Breast height 


Breeding system 


Breeding system 


Browsing 


Browsing 


DEFINITION AUTHOR
 

A group of units:adjacent plots of land each
 
subjected to an individual treatment,a single
 
operator, a batch of plants from the same source
 
- each can be considered as a 'block'
 

A tree stem once it has grown to substantial SAF
 
thickness, capable of yielding timber or large
 
poles
 

The conceptual limits of a system,penetrated by CRWS
 
outputs and inputs but not by feedback loops
 

By international agreement (through SAF
 
International Union of Forest Research
 
Organisations) 1.3m from ground level at which
 
the girth or diameter of trees are commonly
 
measured. (1.37m is used in some parts of the
 
world)
 

See 'Inbreeding' and 'Outbreeding'
 

The natural processes by which sexual union JB
 
occurs~including cytogenetic, morphological and
 
physiological structures and processes:it
 
includes the pollination system
 
(wind,insects,self-pollination etc.)
 

A method of feeding by herbivores in which the CRWS
 
leaves and peripheral shoots are removed from
 
trees and shrubs
 

The feeding on buds, shoots and leaves of woody SAF
 
growth by livestock or wild animals. Browse is
 
any material browsed or fit for browsing
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Budding 
 See 'Grafting'
 

Buffer 
 In biological svstems:to regulate against sudden PAH
 
change
 

Buffer action 
 The action of 
ionisable molecules in equilibrum 
 SAF
with ions in solution in 
reducing PH variations
that 
result from additions of acidsN bases,
changes of concentration of 
a solution 
etc. The
effect is to stabilize pH
 

Bulk breeding 
 The growing of genetically diverse populations 
 RWA
of self-pollinated crops in a bulk plot with or
without mass selection,followed by single plant

selection
 

Bulk density 
 Of soil:weigtt per unit volume
 

Bunding 
 The arrangement of 
organic material, e.g.

agricultural waste, 

PW
 
or soil, in lines along the
contours of 
a slope, to control run-off or
 

erosion
 

Bunds 
 In 
India,any artificial embankment,a dam or 
dyke SOED
 
or causeway
 

Carrying capacity Amount of 
animal life,human life 
or industry 
 HTO

that can 
be supported Indefinitely with
available resources on a given area
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Caulescent 
 More or less stemmed or %tem-bearinghaving an GHML
 
evident stem above ground
 

Certified seed 
 Seed used for commercial c,-op production RWA
 
produced from foundation,registered,or certified
 
seed under the regulation of a legally
 
constituted agency
 

Character 
 An attribute of an organism resulting from the 'RWA
 
interaction of a gene or genes with environment
 

Chemotaxonomy 	 The classification of plants on the basis of the PW
 
presence and concentration of certain specific
 
chemical compounds in them
 

Chromosome 	 A small, elongated, deeply staining body found 
 JB
 
within the nucleus, consisting primarily of DNA
 
and a protein sheath, and containing the genes
 
or factors responsible for most hereditary
 
traits
 

Clines 
 Types of continuous character variations 
 PJR 
(genetically based) which are related to 
environmental gradients 
however the terms :cline is not tax:onomic
 
category
 

Clone 	 A group of organisms descended by mitosis from a RWA
 
common ancestor
 

Closed system 	 A system which does not exchange matter with the CRWS
 
surroundings,it may exchange energy with the
 
surroundings
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DEFINITION 


AUIHOR
 
Co-incident 
 A cropping sequence in which two or
cropping more species PAH
with similar crop durations are grown together 

on the same unit of land
 

Collar 
 The transition zone between stem and root,
sometimes recognizable 

SAF 
in trees and seedlings bythe presence of 
a slight swelling
 

Combining ability General. 
Averagv perform.Ance of 
a strain in a 
 RWA
 
series of crosses
 

Combining ability Specific. Deviation from performance predicted 
 RWA
 on 
the basis of general combining ability
 

Component 
 Of a system: an identifyable unit 
within a 
 CRWS
system,it may be capable of independent physical
existence or 
be an entirely conceptual entity
 

Composite 
 A mechanical 

(variety) mixture of strains bred and PAH
selected 
in order 
to provide a suitable range of
 

genotypes giving a 
similar product but
possessing a broaoer 
set of adaptability,disease

resistance,etc. characteristics than would
 
otherwise be the 
case
 

Concomitant 
 A cropping sequence where
cropping two or more species PAH
,one of which has 
a shorter 
crop duration than

the other(s), 
are grown together on 
the same
 
unit of land
 

Confounding 
 In the statistical 
sense:when the differences 
 PAH

arising from a 
treatment(or 
set of
treatments)cannot be distinguished,or tested
 
statistically,from 
some other source of
variation(e.g. blocl:s) 
or from another treatment

(e.g. pooling higher order interactions
 

/~
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Constraint 
 A requirement that 
a system has to 
satisfy if PAH
 

outputs are to be maximized(or,in human
 
terms,optimlsed)
 

Continuous 
 The growing of 
crops in succession without 
 DL
cropping 
 seasonal fallowing
 

Continuous 
 See 'Crop succession'
 
succession
 

Coppicing 
 Cutting (broadleaved) trees close to ground

level to produce sprouts or 
regrowth. Also
 
occurs if trees 
are damaged
 

Costs 
 In Economics: 
goods and services(Inputs) that 
 .PG

reduce the income of families or 
firms or reduce
the national 
income of the society
 

Covariance 
 The mean of 
the product of the deviation of RWA
two 

variates from their individual means. A
statistical 
measure of the interrelation between
 
variables
 

Covariance 
 Extension of 
the A of 
V where the dependent
analysis JB
variable being analysed is 
a function of one or
 
more independent variables not 
controlled in

experimental design but which have been 

the
 

observed(at each value of 
the dependent
 
variable)
 

Creeper A trailing shoot that tal:es root mostly through 
GHML
 
its length
 
sometimes applied to a tight-clinging 
vine
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Crop growth rate The increase of crop material per unit area of PAH 
(C) ground covered by the canopy of the crop per 

unit time 
eypressed,for example, as an absolute increnent 
in kg per hectare per week, or grams per me~tre 
squared per week. C - NAR x LAI (which see) 

Crop index The proportion of the total plant biomass PAH 
produced by a crop species that forms a 
particular,required (harvestable) plant 
part:usually expressed as a percentage 

Crop succession 	 Relates to the occupancy of the land and the PAH
 
successive ways in which it is planted or sown
 
crop succession can,basically, be 'intermittent'
 
or 'continuous'
 

Cropping patterns The yearly sequence and spatial arrangement of DJA/AH
 
crops,or crops and fallow,on any given area (see K
 
also alley cropping etc.)
 

Cropping sequence The time course of events among crop components PAH
 
utilising the same unit of land
 
cropping seqences can be
 
co-incident,concomitant,overlapping or
 
interpolated (which see)
 

Cropping systems 	The cropping patterns used on a 
farm and their DJH/AH
 
interaction with farm resources,other farm K
 
enterprises and available technology which
 
determines their makeup
 

Culm 	 The stem of grasses and bamboos,usually hollow GHML
 
exept at the swollen nodes
 

Cultivar 	 A cultivated variety
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Cultivar A variety ur race that has originated and GHML
 
persisted under cultivation, not necessarily
 
referable to a botanical species
 

Cultivar 	 An assemblage of cultivated plants raised or PJR
 
maintained by man which is clearly distinguished
 
by some characters (morphological,
 
physiological, cytological, etc) and which, when
 
reproduced either sexually or asexually retain
 
its distinguishing characters
 

Deciduous 	 Of a leaf: falling at the end of one season of GHML/P
 
growth or life:of a perennial plant, losing its AH
 
leaves (or a proportion of them) at the end of a
 
season's growth
 

Degrees of 	 The number of independent comparisons that can RWA
 
freedom 	 be made in a set of data
 

Densitometry 	 The measurement of density, especially basic
 
woody density, normally expressed as Kg/m3 or
 
g/cc, by indirect methods e.g. using B or X-ray
 
analysis
 

Design 	 A method of arranging sample or experimental
 
units to minimize the effects of uncontrolled
 
variation caused by natural factors e.g. soil
 
fertility, and to make it possible to estimate
 
the magnitude of such effects in relation to
 
those due to variations
 

Design 	 A method of arranging sample or experimental
 
units to minimize the effects of uncontrolled
 
variation caused by natural factors (e.g.soil)
 
so as to estimate the size of such effects in
 
relation to those due to treatments
 

Determinate 	 0f a stem:when continuing growth is stopped by PAH/GH
 
thu abortion (or permanent dormancy) of the ML
 
apical bud.Of an inflorescence,when the terminal
 
flower opens first and axis prolongation is
 
thereby arrested 	(?.g. a cyme)
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Deterministic 

DEFINITION 

A deterministic situation is one in whi. -. 
inputslead to predictable outputs 

c 

-AUTHOR 

RWS 

Development For plants, that sequence of events 
about full sexual maturity, leading 
and fruiting 

tha- r: 
t= -. o-r • 

OAH 

Dioecious Plants in which staminate and pistillaa 
occur on different individuals 

, WA 

Diploid An organism with two chromosomes of ea=:- RWA 

Discounting 

Discrimination 

The process of finding the present wort-
future amount:the present worth is dete-n.'n, 
Multiplying the future amount by the e =:eEs 
1+(l+i)to the power n when i= the dis:=:-: 
(internal rate) and n= the year 

The precise size of a unit which the re:-,z: 
differentiate 

zGR 

zAH 

Dominance Intra-allelic interaction such that one 
manifests itself more or less,when 
heterozygous,than its alternative allee 

:ZWA 

Dominant Generally an individu~l 
layers of the canopy 

or species in 
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TERM DEFINITION AUTHOR 

Dominant plants In intercropping,species or individual plants 

that,by virtue of their stature,form or 

functional processes, possess the ability to 

PAH 

take a larger share of the available 

environmental rr.sources than would otherwise be 

the case 

Dominated plants In intercropping: species or individual plants 

that by virtue of their stature,form or 

functional abilities find themselves with a 

PAH 

smaller share of available environmental 

resources than would otherwise be the case 

PAH
 

or development is taking place
 
a form of growth regulation
 

Dormancy 	 A period of quiescence when no apparent growth 


Driving function 	 See 'Variables (Exogenous)'
 

Dysgenic 	 Detrimental to the genetic quality of a 3B
 
from a
population (as in creaming the best trees 


stand, leaving the poorer phenotypes to be
 

parents of the ne):t generation)
 

Ecology 	 The study of the totality or patterns of EPO
 

relations between organisms and their
 

environment
 

analysis done using economic values:in JPG

Economic analysis An 


general economic analysis omits transfer
 

payments(including credit transfers etc.) and
 

their value in use or their
values all items at 

opportunity cost to the society
 

Ecospecies 	 A se:ually - reproducing population. the PJR 

constituents of which produce vital and fertile 

descendants with each other but give rise to 

less vital 
or more or less sterile descendants 

when crossed with individuals of any other 
pCpul Iat ion 



123S 

TERM 


Ecosystem 


Ecosystems 


Ecotype 


Edaphic 


Efficiency 


Electra 
focussing 


Electrophoresis 


Elite - tree 

DEFINITION 
 AUTHOR
 

Any unit that includes all the organisms(the EPO
 
'Commurity')in a given area interacting with the
 
physical environment so that a flow of energy
 
leads to a clearly defined trophic
 
structure,biotic diversity and material cycles
 
within the system
 

Systems which include both living and non-living CRWS
 
substances interacting to produce an exchange of
 
materials between living and non-living units
 

Those products of the reaction between the PJR
 
genotype and the environment which are found as
 
a result of the selective action of the
 
predominant factors of the environment a range
-
of an ecocline
 

Pertaining to the soil in its ecological
 
relationships
 

A ratio of output (or performance or success) to CRWS
 
the input(s)(or costs) involvedover a specified
 
time and in a specified conte:t
 

Separation of amphoteric substances (electric
 
charge varies with pH e.g. amino
 
acldspeptides)in a liquid or gel in which there
 
is both a voltage and a pH gradient:compounds
 
migrate to where pH corresponds to its
 
iso-electric point
 

Separation of charged molecules in 
a fluid or
 
gel by creating an electrical field which draws
 
qroups with positive charges to the cathode and
 
those with negative charges to the
 
.anode.tMolecular size and shape affect rate of
 
mi qrat ion
 

A true of proven good combining ability (genetic JS
 
breeding vJlue). proven by progeny test
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TERM 	 DEFINITION AUTHOR
 

Endemic 	 Native or confined naturally to a particular and GHML
 
usuaIlly restricted area or region
 
biologically a relic of once wide distribution
 

Entomophilous 	 Insect pollinated
 

Epiphyte 	 A plant growing on but not nourished by another SAF
 
plant
 

Error variance 	 Variance arising from unrecognised or RWA
 
uncontrolled factors in an en:periment with which
 
the variance of recocni:ed factors is compared
 
in tests of significance
 

Eugenic Beneficial to the genetic quality of a
 
population. (as in classical "plus tree" or
 
;uperior phenotype selection)
 

Evapotranspiratio 	Loss of water by evaporation and transpiration
 
n 

Evergreen 	 Remaining green in its dormant season,sometimes GHML
 
applied to plants that are green throughout the
 
year,properly applied to plants and not to
 
leaves.but due to the persistence of leaves 

E.:situ 	 When applied to tree plantations refers to a 
plantinq site distant from the seed collection 
;itv 
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TERM 	 DEFINITION AUTHOR
 

Exotic 	 Commonly used to refer a plant introduced from a
 
foreign country. However, strLctly,it should
 
refer to a plant grown anywhere outside its
 
natural range (synonymous with'Non-native')
 

En:periment 	 An action or operation undertaken in order to PAH
 
discover something unknown,to test a hypothesis
 
or establish or illustrate some known trends
 
(SOED):may be part of an 'Investigation' and of
 
more significance than a 'Trial'
 

Factorial 	 An experiment in which all levels of two or more PJP
 
treatments or factors are applied singly and in
 
combinations so that the main effects and
 
interactions can be observed
 

Fallow 	 Land rested from deliberate cropping,not CRWS
 
necessarily without cultivation or grazing but
 
without sowing
 

Feedback (loop) 	 The use of information produced at one stage in CRWS
 
a series of operations as input at
 
another,usually a previous, stage
 

Fibre 	 A general term of convenience for any long JB
 
narrow cell of wood other than vessel elements
 
and parenchyma. Includes the trachieds of
 
gymnosperms and the libriform wood-fibres and
 
fibre-tracheids of woody angrosperms
 

Field capacity The amount of water a soil will hold against
 
gravity when given reasonable time to drain
 
commonly taken as one third atmosphere
 
tension(for clays).and one tenth atmosphere (for
 
.ands)
 

Financial 	 An analvsis done using market prices JPG
 
inal si s 



1212 

TERM 


Flow chart 


Flow diagram 


Flower 


Flushing 


Forb 


Forbs 


Forcing function 


Forest qardens 


AUTHOR
DEFINITION 


A series of steps or procedures ,in logical PAH
 

sequence, indicating how to acheive a stated
 

objective(s)
 

The diagrammatic representation,usually with CRWS
 
a
conventional symbols,of the structure of 


system in terms of 
physical and information
 

flows between compartments
 

Strictly an angiospermous reproductive structure
 

bearing pistils stamens or 
both, and usually
 

sepals and petals. The so-called flower of
 

conifers is the male or 
female strobilus before
 

and during pollination
 

Of leaves and foliage etc.:their fresh growth, SAF/PA
 

especially when rather sudden H
 

Proadleaved herb (ex:cluding grasses)
 

Herbaceous plants excluding grasses
 

See 'Variables (Exogenous)'
 

A landuse form on private lands outside the KFW
 

village in which planted 
trees and sometimes
 

additional perennial crops occur
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TERM 

Foundation seed 

DEFINITION 

Seed stock produced from breeder seed by or 
under the direct control of an (agricultural) 
e:periment station. Foundation seed is the 
source of certified seed,either directly or 
through registered seed 

AUTHOR 

RWA 

Free growth The situation where a tree or other plant has 
grown with its crown more less free from 
competition 

Gimete A male or female reproductive cell, typically 
the product of meiosis, capable of uniting in 
the process of fertillsation with one of the 
opposite sex 

SAF 

Gene The unit of inheritance RWA 

Gene The basic unit of most types of inheritance 
occupying a fixed positin on a chromosome and 
consisting of a portion of a DNA molecule 

JB 

Gene frequency The proportion in which alternative alleles of 
gene occur in a population 

a RWA 

Gene pool The total genetic information possessed by the 
reproductive members of a population of sexually 
reproducing organisms 

J9 

Gunecology A combination of ecology and genetics to study 
the genetic variation among populations of a 
species that is correlated with habitat 

JB 

/
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TERM DEFINITION AUTHOR 

Genetics Deals with the causes of resemblances and 

differences among organisms related by 
descent:takes into account the effects of genes 

and environment 

Genotype The entire genetic constitution of an organism RWA 

Genotype An individual's hereditary constitution,with or 

without phenotypic expression of the one or more 
characters it underlies:the genotype is 
determined chiefly from the performance of 
progeny and other relatives.Genotype x 
Environmcnt = Phenotype 

Genotype Individual(s) characterized by a certain genetic 
constitution 

Genotype x 
environment 
interaction 

The failure of entries to maintain the same 
relative ranks and level of differences when 
tested in different environments. The tests are 
planted at more than one location or under more 
than one cultural condition 

Genus A rather arbitrary category in the ta:omomic 
hierarchy between that of family and species. 
Genera consist of one or more closely related 
species and are defined mostly on 
characteristics of the flower and /or fruit 

PJR 

Geometric design A simple type of field layout for examining 
tree/crop interface (or transect) for measuring 
plant-environmental changes brought about by 

associating two or more species 

PAH 

Germplasm The sum 
species 

total of the hereditary materials in a RWA 
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TERM 
 DEFINITION 
 AUTHOR
 
Germplasm 
 The material constituting the physical basis of 
 PvC


inheritanice 
(seeds, cuttingatissue cultures)
 

Germplasm 
 The sum total 
of the genes and cytoplasnic

factors governing inheritanme: the hereditary 

JB
 

material transmitted to offspring through the
 
germ ceils
 

Gradoni - benches Small 
bench terrace or 
narrow shelves cut along 
 PW
 
the contourusually with an 
inward slope).
 

Grafting 
 Placing a portion of 
one plant in close cambial PW
 
contact with another with the object of

obtaining veC.tative union 
 between the two
 

Gravimetric 
-
 Density determinations by weight and volume
methods (as JO
opposed to densitometric determations by
 
Beta-ray or 
X-ray analysis
 

Grazing 
 A method of feeding by herbivores characterized CRWS
by repeated removal of 
only a part (generally

the leaf) of 
the plant (most commanly herbage)
 

Green manure 
 Live plants grown for the purpose of being

turned 
into the topsoil in order to improve its
 
fertility
 

Guard rows 
 A line of plants along the edge of 
a research 
 PW
plot which is not measured, with the object of
minimizing the effects of 
one treatment plot on
 
another
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TERM 

Halophyte 

DEFINITION 

A plant tolerant of rlatively high 
concentrations of mineral salts in the soil 
solution (including sodium salts) 

AUTHOR 

Haploid A cell 
number 

or organism with the gametic chromosome RWA 

Herbaceous Not woody, dying down each season 

Herbage The vegetative parts of plants GHML 

Herbivores Animals that feed on plant material CRWS 

Heritability The proportion of observed variability which is 
due to heredity,the remainder being due to 
environmental causes. More strictly,the 
proportion of observed variability due to the 
additive effects of genes 

RWA 

Heritability 

Hnterosis 

The degree to which a character is influenced by 
heredity as compared to the environment:more 
narrowly,it is the fraction of total variation 
that is contributed by the additive effects of 
the genes (the ratio of additive genotype to 
phenotypic variances) 

Hybrid vigour such that an F1 hybrid falls 
outside the range of the parents with respect to 
some character or characters 

RWA 



1.247 

TERM 

Heterozgous 

DEFINITION 

Possessing different alleles at a particular 
focus. Derivedf from the union of gametes of 
dissimilar genotype. A heterozygous individual 
is called a heterozygote 

AUTHOR 

JB 

Heterozygous Having unlike alleles at corresponding loci RWA 

Hierarchy A structural relationship in which each unit 
consists of two or more sub-units,the latter 
being similarly sub-divided 

CRWS 

Home gardens A landuse form on private lands surrounding 
individual houses with a definite fence, in 
which several tree species are cultivated 
together with annual and perennial crops,often 
with the inclusion of small livestock 

KFW 

Homeostasis The maintenance of static or dynamic stability 
irrespective of external effects 

)B/GP 

Homozygous Having like alleles at corresponding loci 
homologous chromosomes 

on RWA 

Homozygous Possessing the same ailele at a particular 
locus 
derived from the union of genetically similar 
gametes 

Ilybrid The product of of 
unlike parents 

a cross between genetically RWA 
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TERM 	 DEFINITION AUTHOR
 

Hybrid 	 Offspring of organisms of dissimilar genotype JB
 
often the offspring of . crouz between different
 
species
 

Ideotype A conceptual model of a plant type that will be PAH
 
best suited to a particular set of
 
circumstances
 
ideotypes can be defined in terms of both form
 

and function. There can be
 
'Isolation','Competitlon' and 'Crop' ideotypes
 

Impementation See 'Flowchart'
 
flowchart
 

In situ 	 When applied to tree plantations refers to seed PW
 
planted in the same area as it was collected
 

Inbred line 	 A line produced by continued inbreeding RWA
 

Inbreeding 	 The mating of individuals more closely related RWA
 
than individuals mating at random
 

Inbreeding 	 A system of producing progeny sexually that 
 PAH
 
limits the exchange of genetic material to that
 
of the parent (isolated,self-pollinated plant)
 
or to a relatively small group of parent plants
 
at any one time
 
self-pollination/-elf-fertility must be
 
prevalent
 

Incompatibility 	 In breeding systems JB
 
strictly the inability of gametes to unite and
 
form a zygote. Frequently restricted to the
 
inability of pollen to effect fertilization
 
through pollen tube growth being arrested in the
 
style
 
inability of embryos to develop
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TERM 


Increment 


Independence 


Indeterminate 


Indigenous 


Induration 


Inoculation 


Integrated pest 

control 


Interaction 


DEFINITION AUTHOR 

The increase in girth,heighto volumetweight 
value of Individual trees or crops 

or SAF 

The relationship between variables when the 
variation of each Is uninfluenced by that of 
others 

RWA 

Of a stem,where it continues to grow from t1,e 
apex 
of an inflorescencewhen the terminal flowers 
open last,hence the growth or elongation of the 
main axis is not arrested by the opening of the 
first flowers e.g.a panicle 

Native tn a specified area 
not introduced 

PAH/GH 
Mt 

Of soil:compacted or hard layers in the soil 
profile which offer resistance to root growth 

PW 

Of Rhizobium or Mycorrhiza :the deliberate 
introduction of material containing 
micro-organisms into soils,nursery composts,or 
living plants 

SAF/PA 
H 

The use, in a closey co-ordinated way, of both 
biological,chemical and (if appropriate) 
mechanical methods of controlling pests (plant 
pathogens,insect pests or weeds) 

PAH 

A difference between two differences 
'non-additivity') 

(see also PAH 



TERtl DEFINITION ALI*;. 

lntercropping Growing two or more crops simultaneously on the DJI:MA 
same field.Crop intensification can be both in K 
space and time. 

Intermittent See 'Crop succession'
 
succession
 

Internal rate of The discount rate that just makes the net 
 apt
return 
 present value of the incremental net benefit
 

stream,or incremental cash flow,equal zero
 

Interpolated 
 A cropping sequence where two or more species PMi
 
cropping are grown on the 
same unit of land but at least
 

one species has a later sowing(planting) time
 
and an earlier harvest than the other(s)
 
refers to situations where species have very
 
different crop durations
 

Investigation A search or 
enquiry,a systematic examination PAH
 
(SOED): the whole set of activities undertaken
 
in order to discover.establish,verify or
 
substantiate a hypothesis
 
may include literature
 
searches,trials,experlments,data analysis,and so
 
on
 

Isagenic lines Two or more 
lines differing from each other RWV
 
genetically at one locus only. Distinguished

from clones,homoygous lines,identical 
twins
 
etc.,which are identical at all loci
 

,'2
*1
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TERM 


Land facet 


Land occupancy 


Land race 


Land system 


Land unit 


Lapse rate 


Latin square 


Lattice designs 


DEFINITION AUTHOR
 

An area within which,for most practical AY
 
purposes,biophysical conditions are uniform.All
 
land within a land facet can be expected to
 
respond similarly to management. They often
 
occur in regular sequences,within a land system
 
(hillcrest to valley floor)
 

See 'Crop succession'
 

Genetically variant population originating JB
 

through selection and propagation by individual
 
farmers or in small areas of geographic
 
isolation
 

An area with a recurring pattern of land AY
 
facets:initially identified and defined in terms
 
of their landforms,then in tems of the full
 
rangt. of environmental factors involved (e.g.
 
'Undulating Hills'. 'Coastal Plain' etc.)
 

An area or type of land which posseses AY
 
relatively homogeneous biophysical
 
characteristics
 
all land within a land unit has similar resource
 
potential and hazards
 
it is the basic unit for diagnosis of
 
biophysical resource constraints and potentials
 
A measure of the decrease in temperature per SAF
 
unit increase in vertical height in the
 
atmosphere
 

Experimental design that attempts to remove two PJR
 
sources of positional error (row and column
 

effects) from residual variation.A 5x5 square
 
consists of 25 plots in 5 rows with 5 plots per
 
row and each treatment occuring once in each row
 
and column
 

Incomplete block designs for variety or PJR
 
provenance trials in which the number of
 
varieties must be an exact square:
 
9, 16,25,49,64(square lattice).Rectangular
 
lattices allow 12,20,30,42,56 varieties
 
analysis is fairly straightforward
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TERM DEFINITION AUTHOR 

Layering The rooting of an undetached branch or stem 
lying on or partially buried in the soil or 
other medium which is capable of independent 
growth after seperation from the mother plant 
(and see Air layering) 

SAF/PW 

Leaf area Leaf area index integrated over time PAH
 
duration (LAD)
 

Leaf area index: The'area of crop leaf per unit area of ground PAH
 
(LAI) covered by the crop: can also be estimated for
 

single plants or hedgerows
 

Leaf area ratio The ratio of the area of the assimilatory PAH
 
(LAR) material of a plant, to th total weight of the
 

plant:usually estimated as a mean LAR over 
toe
 
same period of time being used to examine NAR.
 
LAR = SLA x LWR (whixh see)
 

Leaf weight ratio Of a plant:The weight of leaves compered with PAH
 
CLWR) the total plant weight
 

usually averaged over a period -see LAR
 

Leaf-to-total-gro 	The change in 
leaf area in terms of change in PAH
 
wth ratio (LTGR) total plant (dry) weight per unit of time
 

it indicates to what extent a plant is
 
'investing' its dry matter production in leaf 
as
 
distinct from non-assimilatory parts
 

Ley farming 	 Rotation of arable crops with two or more years DL
 
of sown pasture
 

Ley pasture 	 A temporary pasture grown as a specific phase in PCW
 
a defined crop rotation sequence
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TERM 
 DEFINITION 
 AUTHOR
 

Lianas Vine-like climbing plants (also spelt 'Lianes') PW 

Line breeding A system of breeding in which a number of 
 RWA
 
genotypes which have been progeny tested in 
respect to some character or group of characters
 
are composited to form a variety
 

Lopping Cutting of 
one or more branches of a standing PvC
 
tree for fuel and/or fodder
 

Management 
 A basic spatial unit suggested to embrace PAH
 
boundary agriculture, horticulture, forestry and
 

agroforestry: an ecologically homogeneous area
 
jet aside for a particular use (in agriculture=
 
the'field')
 

Mass selection A form of 
selection in which individual plants RWA
 
are 
selected and the next generation propagated
 
from the aggregate of their seeds (with
 
self-pollinated plants)
 

Mined cropping Growing more than one species on 
th6 same piece WCB
 
of land at the same timeor with a short
 
interval between
 

Mined farming 
 Farming involving crop and animal production DL
 

Mined gardens A landuse form on private lands outside the 
 KFW
 
village which is dominated by planted perennial
 
crops,mostly trees,under which annual (seasonal)
 
crops are cultivated
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TERM 


Model 


Model 


Model 


Models 

(Analytical) 


Models 

(Continuous) 


Models 

(Deterministic) 


Models (Dynamic) 


Models 

(Empirical) 


AUTHOR
DEFINITION 


A quantitative representation whichlf JNRJ
 

complex,may require algebraic 
and arithmetic
 

manipulation
 
such models are essential elements of systems
 

analysis,ststistical analysis and many forms of
 

computer simulation
 

A simplified representation of a system CRWS
 

(expressed in words,dlagrammatlcally or by
 

mathematical symbols)
 

the real world that reveals EPO/DR
A simplification of 

the key processes necessary for
 
prediction.Models may be
 
verbal,graphic,mechanlcal 
or mathematical
 

depending on the purpose and the need or
 

otherwise for quantification
 

Ones in which all functional relationships can DH
 

be expressed in closed form and 
the parameters
 

fixed, so that the equations can be solved by
 

classical methods of analytical mathematics
 

These portray continuous processes, in contrast DH
 

with 'Discrete' models which include
 

discontinuous or 
abrupt phenomena
 

DH
Non-stochastic in the sense that no random 


variables are recognised. Exact relationships
 

are postulated,and the output is predicted by
 

the input with complete certainty
 

These portray time-dependent processes (as DH
 

opposed to static,or time-invariant systems).
 

Time being an irreversible,independent variable
 

Based on observed quantitative relationships DH
 

among variables without any insight into the
 

functional or causal operation of the system
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TERM 	 DEFINITION AUTHOR
 

Models 	 Based on known mechanisms which operate within DH
 
(Mechanistic) 	 the modelsuch as the fundemental laws of
 

physics and chemistry (may be a sub-class of
 
'Deterministic' models
 

Models Those in which the governing equations are DH
 
(Numerical) solved by means of step-by-step numerical
 

calculations, generally neces'sitating the use of
 
a computer
 

Models Any'of the types of models described herein that DH
 
(Simulation) are described and investigated (usually with the
 

aid of a computer) so as to imitate the
 
essential features and behaviour of a real
 
system
 

Models Those in which one or more of the functional DH
 
(Stochastic) relations depend on chance parameters, and 
are
 

hence related to a probability distribution
 

Monoculture 	 Repeated growing of the same crop on the same DL
 
land
 

Monoecious 	 Staminate and pistillate flowers borne RWA
 
seperately on the 	same plant
 

Mulch 	 Plant and/or idert materials used for covering PAH
 
the soil surface
 

Multi-variate A mathematical method of analysing sets of data JB/GP
 
factor analysis to discover which veriables are statistically
 

linked, by causative or other factors
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AUTHOR
DEFINITION 


one crop on the same piece of WCB
 

TERM 


Multiple cropping 	Growing more than 

land during one calender year
 

two PJR

Multiple 	 The relationship between specified values of 


regression 	 or more variables('Independent'variables) and
 

the expected value of a random variable
 

('Dependent'variable)whose distribution depends
 

on particular values taken on by the
 
investigators
 

PKN

Multistorey Multispecies crop combinations involving both 


cropping annuals and perennials with an existing stand of
 

perennials:association of tall perennials with
 

shorter statured crop species
 

Multivariate 
analysis 

A loose term denoting the analysis of data that 

are multivariate in the sense that each number 

bears the values of 1:variables (e.g. Principle 

PJR 

Component Analysis,Canonical Correlation 

Analysis etc.) -see also 'Pattern' analysis 

A sudden heritable variation in a gene or in a RWA
Mutation 

chromosome structure
 

A probably symbiotic (or at least not parasitic) PW
Mycorrhiza 

a
association between the root or rhizome of 


green plant and a fungus (plural:Mycorrhizas)
 

Net assimilation 	At any instant in time,the increase in plant PAH
 

rate (NAR) 	 material(dry weight) per unit of assimilatory
 

material.Usually estimated as mean NAR per unit
 

of time(e.g.over a 
week).A linear relationship
 

between increase in )eaf area and plant dry
 

weight is often assumed
 

Net preoen. value The present worth of the benefits less the PGR
 

(worth) present worth of the cost.Discounted measure of
 

the project worth
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TERM 	 DEFINITION AUTHOR
 

Nodules 	 Nitrogen fixing:root swellings of characteristic PW/PAH
 
shape and size for particular leguminous
 
specieswhich contain Rhizobium. If this is of
 
an effective strain atmospheric nitrogen can be
 
fixed which is readily utilizable by the plant
 

Non-additivity 	 Leads to an expressed interaction (which see) - PAH
 

see also 'additivity'
 

Open loop 	 A control system in which corrective action is JB/GP
 
not automatic but depends on external
 
intervention,control actions are made without
 
reference to the present output of the system
 

Open system 	 A system that exchanges matter with the CRWS
 
surroundings, it may also exchange energy with
 
the surroundings
 

Opportunity cost 	 The benefit foregone to an individual or society JPG
 
by using a scarce resource for one purpose
 
instead of for its next best alternative use
 

Origin 	 For an indigenous stand of trees the origin is
 

the place in which the trees are growing: for a
 
non-indigenous stand the origin is the place
 
from which the seed or plants were originally
 
introduced
 

Orthogonal 	 Keeping other factors constant when comparing PAH
 
any particular set of factors
 

Outbreeding 	 A system of producing progeny s(:ually that PAH
 
involves the freqent exchange of genetic
 
material between individuals of a population
 
outbreeding plants may be self-infertile and/or
 
have mechanisms to ensure outcrossing
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TERM 


Outbreeding 


Outcross 


Outcrossing 


Overlapping 

cropping 


Panmiria 


Paradigm 


Parameter 


Parameter 


DEFINITION AUTHOR
 

Mating unrelated parents j
 

a cross,usually natural,to a plant of a RWA
 
different genotype
 

see 'Outbreeding'
 

A cropping sequence where two or more species PAH 
are grown together on the same unit of land, and
 
where the sowing (planting) times do not
 

coincide and the harvesting of one extends
 
beyond that of the other(s)(Relay cropping is an
 
e:ample)
 

Random mating without restriction RWA
 

A pattern or example JB/GP
 

The characteristics of a population in some
 
respect (strictly:'Deyond measure')
 

A numerical quantity which specifies a RWA
 
population in respect to some characteristic
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TERM DEFINITION AUTHOR 

Parthenogenesis Development of an organism from a sex cell but RWA 
without fertilisation 

Pedigree breeding 	A system of breeding in which individual plants RWA
 
are selected in the segregating generations from
 
a cross on the basis of their desirability
 
Judged individually and on the basis of a
 
pedigree record(with self-pollinated plants)
 

Perennials Plants that continue their growth from year to CRWS
 
year
 

Permanent wilting 	The amount of water held in the soil when plants
 
point remain wilted even though when (for a short
 

period) the aerial parts are kept in a humid
 
atmosphere:usually taken as 15 atmospheres
 
tension
 

Phenology 	 The study of the time of appearance of SAF
 
chacteristic periodic phenomena in the life
 
cycle of organisms in nature e.g. flowering or
 
leaf fall,especially as influenced by
 
environmental factors
 

Phenotype 	 Appearance of an individual as contrasted with RWA
 
its genetic makeup or genotype. Also used to
 
designate a group of individuals with similar
 
appearance but not necessarily identical
 
genotypes
 

Phenotype 	 An organism as observed, i.e as judged by its
 
visual perceptible characters resulting from the
 
interaction of its genotype with the
 
environment. Similar phenotypes do not
 
necessarily breed alike
 

Photosyntheticall From 0.4 - 0.7 nanometers in the PAH
 
y-active electromagnetic spectrum. Equals approximately
 
radiation (PAR) 45 per cent of the total short wave radiation
 

received at the earth's surface from the sun
 
(0.4 to 3.0 nanometers)
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TERM 	 DEFINITION AUTHOR
 

Plot 	 Any type of experimental material that forms a
 

unit
 

Plot 	 Usually the smallest experimental unit in a
 

replicated comparative experiment, e.g. one
 
replication of one provenancE in a trial of many
 
provenances with several replications
 

Plus tree 	 A phenotypically superior tree not yet proven JB
 
genetically, as an elite tree, by progeny
 
testing
 

Pollarding 	 Cutting back in more or less systematic fashion PJW/SA
 
the crown of a tree with the object of F
 

harvesting small wood and browse, of producing
 
regrowth beyond the reach of animals, or of
 
reducing the shade cast by the crown
 

Polyloid 	 An individual or a cell having (triploid), four
 
(tetraploid),five (pentaploid) or more complete
 

sets of chromosomes instead of two as in
 
diploids
 

Polyploid 	 An organism with other than two basic sets of RWA
 

chromosomes, that is
 
monoploid,triploid,tetrpiploid and various
 
aneuploids
 

Population 	 Genetically, a group of similar individuals
 
related by descent and so delimited in range by
 

environment or endogenous factors as to be
 

considered a unit. In cross-bred organisms the
 
population is often defined as the interbreeding
 
group
 

Populatior 	 The sum of all the variates of any one kind.The
 
population need not actually enist but the term 
nay refer to the aggregate of all individuals 
that might have existed under certain specified
 
:onditions 
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Population In genetics, a community of individuals which 
share a common gene pool.In statistics, a 
hypothetical and infinitely large series of 
potential observations among which observations 
actually made constitute a sample 

RWA 

Precision 	 Of an estimate:it is the closeness of agreement DJF
 
to be expected between a succession of
 
independent estimates formed by a repetition of
 
the sampling procedure
 

Primary land unit 	A basic spatial unit suggested to embrace PAH
 
agriculture,horticulture,forestry and
 
agroforestry: a homogeneous area in which a
 
common species (or species mix) and a common
 
form of management is being practiced (in
 
agriculture- the'plot')
 

Primary Production of biomass by plants through the PAH
 
production processes of photosynthesis and nutrient uptake
 

Procumbent 	 Trailing or lying flat,but not rooting GHML
 

Productivity 	 A measure of efficiency relating output of a CRWS
 
product to the use of a resource (including
 
time)
 

Progeny test 	 Evaluation of parents by comparing the
 
performance of their offspring. Accuracy is
 
usually gained because several to many offspring
 
per parent are evaluated under more controlled
 
conditions than exist for the parent
 

Proqeny test 	 A test of the value of a genotype based on the RWA
 
performance of its offspring produced in some
 
definite system of mating
 

\f 
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Pr aagule A part of a plant with the potential for PW 

producing a new individual 

Protandry 	 Maturation of anthers before pistils RWA
 

Protective plants Plants grown to protect crops,soils or land from DL
 

adverse environmental factors
 

PAH
Proto-agroforestr The basic concept o' a landuse system involving 


y a woody perennial species,a forb or grass
 
species and man
 

Protogyny 	 Maturation ofpistils before anthers RWA
 

trees is
 

growing. The stand may be indigenous or
 

non-indigenous
 

Provenance 	 The place in which any stand of 


plants PW
Pruning 	 The process of cutting back growth of 


(including roots) but mere particularly side
 
branches of trees
 

Pure line 	 In breeding: a strain homozygous at all loci, RWA
 

ordinarily obtained by successive
 
sel f-ferti IIsations
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TERM 

Pure line 

DEFINITION 

A strain homozygous at all loci 

AUTHOR 

RWA 

Ramet A propagule PW 

Randomness Unselectedtaken entirely by chance MHQ 

Range The geographical and altitudinal 
which a taxon occurs 

limits within SAF 

Range The limits of magnitude (of a set of data) PAH 

Recessive The member of an allelic pair which is not 
expressed when the other(dominant) member 
occupies the homologous chromosome 

RWA 

Reciprocal 
crosses 

Crosses in which the 
gametes are reversed 

sources of male and female RWA 

Recumbination rormation of new combinations of genes as a 
result of segregation in crosses between 
genetically different parents(also the 
rearrangement of linked genes due to crossing 
over) 

RWA 

N'
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TERM 	 DEFINITION AUTHOR
 

Recurrent A method of breeding designed to concentrate RWA
 

selection favourable genes scattered among a number of
 

individuals by selecting in each generation
 
among progeny produced by matings among all the
 

selected individuals (or their selfed progeny)of
 

the previous generation
 

Registered seed 	 The progeny of foundation seed normally grown to RWA
 

produce certified seed
 

Relational A diagram used to show the inter-relationships CRWS
 

diagram uf components and processes in a system
 

Relative growth 	 Of a plant: at an instant in time this is the PAH
 

rate (RGR) 	 increase in plant material per unit of plant
 

material initially present. Expressed as a mean
 
= 


RGR as g/g/day.RGR LAR x NAR (which see)
 

Relay cropping 	 Planting crops between plants or rows of an WCB
 
already established crop during the growing
 
period of the first planted crop(s):one form of
 

'Overlapping' crop sequence(which see)
 

Replication 	 The number of times a treatment is repeated (in PAH
 

space or time):to halve the standard error four
 

times the degree 	of replication is needed,so
 
extraneous variability must also be identified
 
and dealt with
 

Replication 	 Applying a treatment,or set of treatments, more
 

than once to increase the precision of
 

comparisons and to provide an assessment of the
 
variability among experimental units treated
 
alike
 

Replications 	 One complete set of all experimental units in a
 
comparitive e:periment
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Research An investigation directed to the discovery of SOED 
some fact by the careful study of a subjectsa 
course of critical or scientific enquiry: the 
act of researching 

Rhizobium 	 Type of bacterium which has the capacity of both PJR
 
invading the roots of certain species of the
 
leguminosae, and of fi:ing atmospheric nitrogen

which is subsequently used by the most plant
 

Rotational 
 The repetitive cultivation of an orderud DJA/AH
cropping succession of crops,or crops and fallow,on the 
 K
 
same land.One cycle often takes several 
years to
 
complete (and see 
'Crop succession')
 

Rotational 
 Grazing systems in which the pasture is

grazing sub-divided into a number of 

PCW
 
'enclosures' with
 

at least one more of 
these than there are groups
 
of animals
 

Row intercropping Growing two or more crops simultaneously where DJA/AH
 
one or more crops are planted in rows (and see 
 K
 
'Zonal agroforestry')
 

Sample 
 A part of a population., consisting of 
one or
 
more sampling units selected and examined 
as
 
representative of 	the whole
 

Sample 	 Because of the variability in biological

populatiors little infomation is to be gained by

just measuring one variate so a number 
are taken
 
to form a "sample'.The larger this is the more
 
closely its characteristics (mean etc.)
 
represent the population
 

Scanning electron 	E:amines the surface structure of a specimen 
at

microscopy 
 very high magnification and resolution
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Screening 	 Preliminary comparison of a large number of PR
 
treatments to evaluate and eliminate obvious
 
undesirable treatments (can be phenotype or
 
physical input as variable)
 

Seasonal plants 	 Plants that flower and complete their life cycle PAH
 
within the duration of a single wet/dry season
 
combination (in equatorial regions): see a
 
sdo 'annuals'
 

Secondary 	 The production of blomass (by PAH
 
production 	 anlmals,mico-organisms or parasitic
 

plants)through the use of primarily-produced
 
plant materials
 

Seed source 	 See Provenance and origin
 

Selection 	 As artificial selectlon:the choice by the
 
breeder of individuals for propagation from a
 
population. It may be for one or more desired
 
characteristics and be based on the plant itself
 
(phenotypic) or on progeny or relatiuves
 
(genotypic)
 

Selection 	 The plant actually selected
 

Self- Genetically controlled physiological hindrance RWA
 
incompatiblity to self fruitfulness
 

Sensitivity A method of discovering by how much the JB/GP 
analysis estimates used in a model can vary with,.t 

changing the result 

V 
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 DEFINITION 
 AUTHOR
 

Sequential 	 Growirl more 
than one crop on the same piece of WCB
 
cropping 
 land with each crop being grown during a
 

different time of the year(but see
 
'concommitent','overlapping' and 
'interpolated'
 
cropping)
 

Shrub 
 A woody plant that remains low and produces GHML
 
shoots or 
trunks from the basenot tree-like nor
 
with a single bole:a descriptive term not
 
subject to strict circumscription
 

Sibs 	 Progeny of the same parents derived from 
 RWA
 
different gametes
 

Silvopastoral 	 The integration of trees with pasture 
 PW
 

Silvopastoral 	 All agroforestry systems which include trees or 
 FT
 
systems shrubs and pastures and animals
 

Sink 	 A state variable outside the system boundary, CRWS
 
that is not quantified, to which outputs may go
 

Sole cropping 	 One crop cultivar grown alone in pure stands at 
 DJA/AH

normal density. Synonymous with 'solid' planting K
 
and the opposite of 'intercropping'
 

Solid platiting 	 See sole cropping
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AUTHOR
DEFINITION
TERM 


A state variable outside the system boundary, CRWS
 

that is not quantlfled,from which inputs are
 

derived
 

Source 


Species 	 One or more populations, the individuals of
 

which can interbreed, but which in nature cannot
 
ex:change genes with members belonging to other
 

species. A main category of taxonomic
 
classification
 

Specific leaf Area of a leaf per unit leaf weight PAH
 

area (SLA) expressed as decimeter squared per gram
 

Specific leaf Volume of a leaf per unit weight of that leaf PAH
 
volume (SLV)
 

Split plots 	 A form of factorial layout with the main effects PAH
 
confounded
 
usually there is more precision in testing the
 

treatments in the split plots than in the main
 

plot treatments
 

Stand 	 A community of trees possessing sufficient
 
uniformity of composition, consitution, age,
 
spatial arrangement or condition, to be
 
distinguishable from adjacent communities, so
 
forming a silvicultural or management entity
 

Stand 	 In agriculture: the percentage of plants that PAH
 
survi ve 

Statistic 	 The characteristics of a sample in some respect
 

\N
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Steady state 

Stochastic 

A non-equilihrtum state of an open system in 
which all the forces ctlng on the system are 
exactly counter-balanced by opposing forces in 
such a manner that all its componentr are 
stationary in concentration although matter is 
flowing through the system 

A stochastic situation is one in which a given 
input leads to a number of possible outputs each 
with a probability of occurrence 

CRWS 

CRWS 

Stochastic Having a probability attached to it.A stochastic JB/GP 

process is one where the ne:t evunt is 
probabilistically related to previous events 

Stolon A shoot that bends to the ground and takes root: 

more commonly, a horizontal stem at or below 
ground surface that gives rise to a new plant at 
its tip 

GHML 

Strain A group of similar individuals within a variety RWA 

Strip cropping Growing two or more crops simultaneously in 

different strips wide enough to permit 
independent cultivation, but narrow enough for 

the crops to interact agronomically ( a form of 
zonal cropping) 

DJA/AH 

K 

Stripling Tall planting stock from which the lower leaves 
have been removed to reduce transpirettion losses 

PW 

Stump Planting stock in which the shoot and root have 

been cut back (usually 2-3 cm shoot and 10-20 cm 
root) to produce an easily-transported propagule 

PW 



TERM 


SubpopulatIon 


Subsystem 


Sucker 


Sustainibility 


Synecology 


Synthetic 


(variety) 


System 


!iyutem 
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DEFINITION 
 AUTHOR
 

A subset of a natural or artificial breeding JB 
population,
 
articifical 
subsets may be developed for
 

different sites, characters or for security
 

Often used to describe any part of a system 
 CRWS
 
contributing to the 
same output as the system
 
itself
 

A shoot arising from below ground level 
 PW
 

The capacity of 
land to maintain a constant 
 PAH
 
output of chosen products
 

Deals with the study of groups of organisms EPO
 
which are associated together 
as a unit, the
 
emphasis may be 
on the fit of one organism into
 
the system, on the relationships between
 
organisms or on 
the whole system as a unit
 

A 
variety produced by crossing among all 
of a RWA
 
number of genotypes selected for 
good combining
 
abiity in all 
possible hybrid combinationswith
 
subsequent maintenance of the variety by open
 
pollination
 

A part of the universe which can be 
 DH
 
distinguished from its 
surrounding environment
 
by either physical 
or conceptual boundaries:it
 
is composed of interacting parts
 

A number of components linked together for some CRNS 
common purpose or function: see also 
dgrlCultiral system.agroforestry system etc. 
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System A number of components linked together for some CRWS 
common purpose or function 

System 	 An entity which consists of interdependent parts JB/GP
 

Systematic design An experimental design laid out with no PJR
 
randomization of treatment plots within a
 
replication eg a Nelder fan or a fertiliser
 
trial whereby adjacent plots have gradually
 
increasing spacing or rates of application
 

Systematic 	 A sample consisting of sampling units selected PJR
 
sampling 	 in conformity with some regular pattern(e.g. the
 

sample formed from every 10th tree in a'row, or
 
from the intersections of a regular grid
 

Systems analysis 	The orderly and logical organisation of data and JNRJ
 
information into models, followed by the
 
rigorous testing and exploration of the models
 
necessary for their validation and improvement
 

Taper 	 The decrease in thickness, generally in terms of SAF
 
diameter, of a tree stem or log, from the base
 
up
 

Taungya system 	 Method of raising forest trees in combination
 
with (seasonal) agricultural crops
 
used in the early stages of establishing a
 
forest plantation
 
it not only provides some food but can lessen
 
the establishment costs
 

Tax:on 	 A category in the taxonomic hierarchy JD/GP
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TERM 
 DEFINITION 
 AUTHOR
 

Taxonomy 	 Classification of organisms, including

identification and nomenclature, according to 
a
 
natural (chiefly morphological) system that
 
seeks to depict evolvement, hence "taxon", any

designated group within a clas',ification (e.g.
 
species, cultivar etc)
 

Tie ridging 	 In 
contour furrowing or trenching, a narrow PW
 
strip of ground left unexcavated (or ridged)
 

Total area 	 A spatial 
unit suggested to embrace agriculture, PAH
 
horticulture, forestry and agroforestry: 
the
 
complete land area being managed by a single

landuser (or cooperating group), (in agriculture=
 
the 'farm')
 

Transhumance 	 Situation in 
which farmers with a permanent CRWS
 
place of residence send their herds 
,tended by

herdsmen, for long periods of 
time to distant
 
gra:ing areas
 

Transmission 	 High magification and resolution microscopy

electron 
 achieved by passing electrons instead of light,

microscopy 
 through the specimen. The imagL is recorded on
 

a photographic plate or displayed on 
a
 
cathode-ray screen
 

Tree 	 A woody plant that produces one main trunk 
or GHML
 
bole and a more or 
less distinct and elevated
 
head
 

Tree form 	 The degree and mode or taper in a tree or log. PW
 
Also loosely applied to the general shape of 
the
 
bole and its desirability for utilization
 

Tree gardens 	 Multiple-storied agroforestry systems where a 
 WKF
 
mi::ture of several fruit 
and other useful trees
 
WCc cultivated, sometimes with the 
inclusion of


anniual crops ( see also Home 
Gardens.VillagLe-Forest-Gardens.Mi:ed Gardens
 

IV 
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TERM 


Tree/crop 

interface 


Trial 


Upland cropping 


Validation 


Variable 


Variable 


Variables 

(Endogenous) 


Variables 

(Enoqenous) 


DEFINITION AUTHOR 

The spacial extent over which some form of 
interference occurs betwee, the tree and crop 
components in an agroforestry system 

PAH 

An ac'fon,method or treatment adopted in order PAH
 
to asc'rtain a result (SOED): may be part of an
 
'Investigation', and usually of a shorter
 
and/or less significant involvement than an
 
'Experiment'
 

Crops grown on unirrigated land without storage DL
 
of water
 

The process of accessing the accuracy for a CRWS
 
given purpose of a simulation model by comparing
 
the mrdel's predictions with independent results
 

Any quantity or quality liable to show variation
 
from one individual to the next in the same
 
population
 

A quantity able to assume different numerical CRWS
 
values
 

Dependentoutput variables in simulation DH
 
modelling:they are generated by the effect of
 
the exogenous variables on the system's 'State'
 
variables
 

Input variabler in simulation modelling that are DH
 
independent of the internal state of the system
 
they represent external factors imposed upon the
 
system,and acting on it to induce changes within
 
it(='Forcing' or 'Driving' functions)
 



TERM DEFINITION AUTHOR 

Variables (Rate) These control the rate at which various DH 
responses are generated by various changes in 
the system's state.They represent the 
coefficients of the governing equations 
describing the dependence of endogenous 
variables on their controlling state variables 

Variables (State) In 
simulation modelling, those that characterize DH
 
the state of 
the system and directly determine
 
the processes which bring about changes in the
 
endogenous variables
 

Variate 
 An individual observation or value of any
 
variable
 

Variate 
 A single obsevation or measurement RWA
 

Variation 
 The ex:tent of the differences between variables
 

Variety Taxonomically the 
term implies variants of a PJR
 
typical species which art 
not known to occur as
 
distinct populations but appear sporadically in
 
wild stands as single or 
isolated individuals.
 
The term has also been used to describe the
 
facies of a species
 

Variety A subdivision of a species (see also 
 RWA
 
'cultivar'=cultivated variety)
 

Viability - seed The capacity of 
a seed to germinate PW
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TERM 
 DEFINITION 
 AUTHOR
 

Village-forest-
 Larger than the Home Garden,less densely planted GM
 
gardens 
 and not so well-tended
 

planted with higher trees and oftek containing
 
spontaneous species of herbs or 
liunes(derived
 
from ancient orchards,West Java)
 

Water potential 
 The free energy status of water:a concept of
 
general applicability to the measurement of
 
water in soils,plants and the atmosphere
 

Watershed A physiographic unit 
in th-e landsLape defined by DR
 
the drainage dividers around the area drained by

a perticular body of water: if a lake there is

often one watershed with subunits for
 
contributing streams,if 
a river it may be
 
defined for any point or 
all
 

Wilting point The amount of 
water held(in tine pores) at the
 
point when a plant starts to wilt
 

Yield 
 Quantity harvested,necessarily related to a 
 CRWS
 
specified crop(s) or animal(s),or to an area,and
 
to a period of time
 

Zonal 
agroforestry 
systems 

Spatial planting arrangements where the 
different species each remain contiguous to some 
extent i.e. as strips,plots or even alternate 

PAH 

rows 
alley cropping is an example. Zonal planting
reduce the tree/crop interface compared with 

can 

mixed planting 

N
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SPECIALIZED GLOSSARIES
 

For recourse to more detailed glossaries on
 
specialized subject areas see the following:
 

Ford-Robertson F.C. (Ed) 1971. Terminology of
 
Forest Sciences, Technology, Practice and
 
Products. Soc. Amer. Foresters, Washington
 
D.C.
 

Gillinger J.P. 1982. Economic analysis of
 
Agricultural Projects. E.D.I./John Hopkins
 
University Press, London.
 

Lawrence, G.H.M. 1951. Taxonomy of Vascular Plants.
 
(see Botanical Glossary at the end)

MacMillan, New York.
 

Spedding C.R.W. 1975. The Biology of Agricultural
 
Systems. Academ.c Press, London, New York
 
and San Francisco.
 

- to be completed
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ANNEX 

PART 6C
 

A Preliminary Agroforestry
 
Word list
 

- by R. Labelle
 

Extract from ICRAF Working Paper
 
No 8
 



1279 

AGROFORESTRY DESCRIPTORS
 

This is a listing of terms, (some of which are
 
defined) that are suggested as cindidates for
 
a controlled vocabulary of agroforestry, the
 
terms chosen are considered to best represent

agroforestry concepts. 
They are called
 
descriptors.
 

The main objectives of listing are to:
 

i) permit the use of standard terms for 
the indexing and retrieval of 
bibliographic information, i.e. documents 
in the broad sense of the term, that 
deal with agroforestry. 

ii) identify difficulties in agroforestry
Terminology for further elucidation. 

iii) show or suggest the hierarchical relation
ship of many of the terms selected. 

Constructing the list
 

The terms were assembled on the basis of the
 
analysis of about 3000 documents in the ICRAF
 
reprint collection. 
 Each document was described

in bibliographic terms and subject descriptors
 
were also assigned to them.
 

This was a 'free word' indexing effort and no single

thesaurus was used. 
 Further more, the selection of
 
terms for descriptors was based on the documents
 
assembled in 
the reprint collection. These

documents have been acquired to answer specific

requests for information about agroforestry and
 
cannot be considered a random sample of the
 
universe of knowledge about agroforestry. There
fore, some subject areas had been overlooked or
 
not considered in sufficient detail.
 

In order 
to overcome this the Information
 
Programme staff decided to evaluate the AGROVOC
 
Thesaurus for it's suitability as thesaurus of

agroforestry terms and also, to consult with the
 
multidisciplinary specialists on 
the staff of
 
the Council.
 

Using AGROVOC and ICRAF Staff Input
 

Info/Doc ICRAF decided to evaluate the application

of the AGROVOC Thesaurus to the selection and use
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of descriptors for 
indexing bibliographic informa
tion on agroforestry. 
The reasons for choosing the
 
AGROVOC are 
as follows.
 

The AGROVOC Thesaurus is a structured vocabulary

of agricultural terms devised to promote better

dissemination of the results of 
agricultural

research and, in particular to permit the more
effective retrieval of bibliographic data included

in the International Information System for the

Agricultural Sciences and Technology (AGRIS),

coordinated by FAO. Leatherdale, D (1982). 
 The
AGROVOC is also multilingual (English, French,
German, Italian and Spapish) and permits the user
 
to find the .equivalents of any descriptor it
 
contains in the above languages.
 

Furthermore, the AGROVOC is 
to be used for

indexing by the AGRIS network, and is thus 

international standard. 

an
 
The AGROVOC is not an
 

extensive thesaurus.
 

This is 
to permit information 
centres working with
 
more 
detailed areas of knowledge to fragment the
concepts represented by the descriptors in order
 
to afford more 
detailed description of these
 
concepts. Leatherdale, D. (1982).
 

This possibility has been tested by Info/Doc ICRAF
and was 
found to be valid for agroforestry. Beyond
relying on 
modi .ying the free word descriptors

derived from the 
subject analysis of 3000 reprints,

an effort was made 
to obtain a more systematic

coverage of the concepts that would generally be
useful and to assign the appropriate descriptors

to them. For this, 
the multidisciplinary staff
of specialists at 
ICRAF was consulted. Staff were
asked to review a preliminary computer-generated

printout of 
the terms produced from the document

search 
 that had been adapted to suit AGROVOC.
They contributed a list of 
terms thought to be
generally relevant to agroforestry and based on

the perspective of their own 
specialities.
 

The resulting comments and 
suggestions have been
reviewed and included in this 
listing. Not every
recommendation was 
accepted and changes to
suggested AGROVOC terms have been resisted, although
some changes have nevertheless been made. 
 Many
terms 
have also been added because they were 
not
 
in the AGROVOC.
 

Of the 1006 terms in 
the data base, 564 are in the
AGROVOC, and of 
these 36 
are not considered useful
simply because 
they are compound terms that can be

replaced by combining simpler concepts, (for

example 'nitrogen fertilizer' is replaced b,
ferti Ii zers and nitrogen) as two separate terms 

I6
 



1281 

that can be used for retrieval. Some of these
 
are simpler terms as well, i.e. tropical fruits
 
is replaced by fruits.
 

Presentation of the list
 

In order to present the list for review and to
 
quickly modify it DBASE II,a microcor.puter based
 
relational data base management system,was used with
 
the OSBORNE 1 microcomputer.
 

Over 1000 descriptors were selected and each was
 
described in a record containing three fields. The
 
first field contained the descriptor, and is
 
called 'DESCRIPT', the second field is 
a logical

field capable of holding the binary information 'T'
 
(true) or 'F' (false) depending on whether a given

term was an AGROVOC descriptor. This field is called
 
'AGROVOC'. The third and last field was 
termed
 
'USE' and was reserved for listing scope notes or
 
the relationships of descriptors to others used in
 
the world list.
 

Structure of the descriptor data base
 

The descriptors data base has the following structure:
 

STRUCTURE FOR FILE: B:DESCRIP3. DBF
 

NUMBER OF RECORDS: 01006
 

DATE OF LAST UPDATE: 11/27/83
 

PRIMARY USE DATABASE
 

FLD NAME TYPE WIDTH DEC
 

001 DESCRIPT 
 C 035
 

002 AGROVOC 
 L 001
 

003 USE 
 C 055
 

** TOTAL ** 
 00092
 

The 'Descriptors' field contains the actual 
term.
 
The 'AGROVOC' containes the binary information
 
'T' or 'F' depending on whether the term is in
 
AGROVOC thesaurus or not. Scope notes are used to
 
clarify the use of a term and/or 
its relationship
 
to other terms in the list. The following

abbreviations are used under the 
'scope notes'
 
field.
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d: delete the 
term in 
use and replace

it with other term. 
 In some cases,

the term is 
to be deleted and there
 
is no reference to 
ther terms.
 

uf: used for
 

bt: broad term
 

nt: narrow term
 

rt: related term
 

Difficulties of 
terminology
 

Crop intensification techniques with 
trees and
concepts related to 
the use of 
woody perennials
by animals and 
humans 
are of particular concern
 
here.
 

The agronomist's terminology has 
been borrowed and
applied to cropping systems and 
 cropping patterns
with 
trees. Andrews and Kassam 
(1976), Beets 
(1982).
However, 
the time scale for agroforestry is 
different
and this has been reflected for some of 
the terms.
See Nair (1979) 
and Huxley (1983) for more details.
Huxley (1983) presents a 
detailed discussion about
the termporal and spatial sequence of crops and/or
trees 
in an agroforestry system and the reader
should refer to 
that article for 
more detail than
is presented in 
the definitions listed below.
 

A second area of difficulty refers 
to the use of
the terms 'feeds', 'todders', 
'browse', 'graze', etc.
 

For the purpose of 
this list, the following
terminology and 
relationships 
are proposed:
 

Feeds: What is 
consumed during feeding of
 
animals (bt)
 

Fodder: animal food of 
plant origin that is
 
cut and usually dry but need not be (nt) 

Browse: 
 animal food that 
is green and growing.

It is the bud or 
young shoot of 
a woody

plant and 
it is foraged for 
by the
animal. (nt) 

Graze: 
 animal food that 
is made up of growing
 
grass, herbage or 
forbs. 
 It is foraged

by the animal (nt)
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Feed crops: 
 Plants producing feeds for animals.(bt)
 

Woody feed crops: trees or shrubs that 
are a
 
source of fodder or that are
 
foraged for browse. (nt)
 

Feed trees: trees that 
are a source of
 
fodder or that are foraged for
 
browse (nt)
 

Shrub trees: 
 shrubs that are a source of
 
fodder or that are foraged for
 
browse. (nt)
 

Feed grasses, (nt)
 

Feed legumes, (nt)
 

Feed cereals, (nt)
 

Forbs. (non graminoid herbs) (nt)
 


