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Triplochiton seleroxylon K.schum.

(Aged about 40 years and girth at breast
height about 1.5 metres).
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GLOSSARY

Apical dominance - The process whereby the shoot apex inhibits

development of axillary buds on shoots formed
in the current season.

Apical control - The process by which shoot apices maintain a

control over the previous year's branches.

Abscission Index - Index (%) of the level of natural branch
shedding.

Branch - Lateral shoot usually arising from an axillary
bud.

Bud activity - The percentage of the axillary buds which are

growing at any time following removal of the
' apex by decapitation.
Clone - A group of vegetatively propagated plants,
originating from a single’seedling: they .
are genetically identical.

Correlative Inhibition- The physiolcgical process impOsing apical

dominancé.

Cyclophysis - Effect of the age of source of cutting on
the rooting or growth behaviour of vegetative
propagules.

Decapitation - The removal of the apex of a plant.

Daminance reassertion - The phase following bud release; when bud

. activity is gradually being suppressed.

Hypostomatous ' - Dpistribution of stomata on only one side

of a leaf.
Ortet - The origina; seedling source of clonal'plants.
Progeny (half-sib) - Family of seedlings/clones originating from the

same mother tree. (Source of pollen not known).



Progeny (full-sib) - Family of seedlings/clones originating from

the same female and male plants.

ﬁroleptic branch - Branch developed following the removal of

correlative inhibition.

Ramet - The unit, (single representative) of a clone.
Sylleptic branch - Branches developed without a prior phase of

correlative inhibition.
Topophysis - Effect of the original position of cutting on tree or
' ortet on its subsequent rooting or growth behaviour.
Tree form - Growth habit of a tree.

Tree Rosge - Diagramatic representation of tree form.



ABSTRACT

Triplochiton scleroxylon K. schum., is a tropical tree,
whose timber 'Obeche' until recently maintained an-important
position in West African forestry and in world timber trade.
Heavy exploitation has resulted in its extensive reduction in
the natural forest and an erosion of its natural genepool.

Studies of its form, branching and the physiological basis
of its form dévelopment (apical dominance) were carried out on
clonal materials in the tropical glasshouse in. Edinburgh and in
the Aursery in Nigeria.

It was postulated that the form of the mature tree might
be predicted from a study of apical dominance at a very early
stage of growth. To meésure apical dominance the plant apex
was excised and the growth of lateral shoots was recorded.

After trials in a range of conditions it was possible to specify
standard conditions for the 'decapitation test' and hence, to
measure the intensity of apical dominance of many clones.

Methods for assessing trees in plantations were initially
developed using Betula pubescens a 7-year old planting of which
happened to be available near Edinburgh. These methods were
subsequently applied to 4-year old clonal plantings of T,
seleroxylon in Nigeria. Substantial clonal variation was
reveaied in growth characteristics and particularly in branching
habit. In addition, undesirable characteristics such as forking
and multiple-stemﬁing were found to be more frequent in some
clones. The importance of such intra-specific variation was

discussed in relation to selection for improvement.



Correlations between the results of the‘decapiﬁation test
and the field performance of the corresponding clones revealed
a close relationship (r % +0.76, P = 0.001) between maximum bud
activity in juvenile clones and branching habit at 4 years under
narrow spacings. Tbe importance of this relationship in the
prediction of branching and;yield in an improvement-programme
is stressed and fully discu;sed. ‘

Further studies in T. scleroxylon showed that growth and
apical dominance varied between two half-sib populations from
dry (savannah) and wet (high forest) origins._ In full-sib
progenies (produced by controlled crosses at Edinburgh)appreciable
variation was shown in the intensity of apical dominance and the
occurrence of activity in cotyledonary nodes. The importance
of the latter characteristic in selection within seedlings was
stressed.

Some T. scleroxylon clones and progenies were shown to
respond differently to site conditions, this being as a result
of soil and rainfall diétribution.

Substantial clonal variation was found in rates of photo-
synthesis, respiration, and the resistance components to CO

2

and HZO' However, no relationship was evident between these

parameters and clonal performances in the field.



CHAPTER 1

1. INTRODUCTION

1.1 State of the World's Tropical Moist Forests

The world's tropical moist forests lie mostly between the
tropics of cancer and capricorn (23.5 © North and South of the
equator). They are comprised of two general forest types-viz: the
tropical rain forest and the tropical moist deciduous forest, and they
extend into South America; the Central American Isthmus; South-East
Asia, its islands; and East, West and Central Africa, (Fig. 1l). They
are probably the most complex and diverse terrestrial ecosystem known,
and also contain the greatest concentration of species on earth.

In 1976, the area of the tropical moist forests was estimated
at‘about 935 million hectares, which is about 71 % of the world's
total area of closed tropical forest and 30 % of all thé forests in the
world (Grainger, 1980). . As is well recognised, the tropical forests
represent a considerable resource for timber and a wide range of other
products; yet.through exploitation and destruction, this is currently
being eroded at a rate of about 50 hectares per minute (15 million
hectares per annum). Although it is potentially a renewable resource,
not enough re-afforestation is being done to hait, let alone reverse
this situation (Persson, 1974; Spears, 1979; Myers, 1980). Inpaaditi;n to
the destruction of the tropical ecosystem and some of the constituent
species, this loss has important consequences, such as :

i) Global heat balance

The replaéement of one vegetation type with another, particularly

when on such an extensive scale may lead to changes in the energy and

water balance of the landscape, which could lead to climatic change



Fig. 1

Tropical Rain Forest -
&clujn}j Tropical Mentfane Kan Fom}‘o
Tropical Moist Deciduous Forest

Modified ‘afftr Poore X Allaby’ (1480)
" WWEN.

The ‘Distribution of the worlds Moist Tropical Forests,



and

(Potter~et al, 1975). This could happen as a result of differences
im the characteristics.of the vegetation in relation to albedo (forest
absorbing much more solar energy than short vegetation), and in
relation to inherent differences in the surface resistance to water
vapour transfer. Whereas these characteristics are to some extent
understood, their overall influence on regional and global climates
is a more complex matter on which there is at present no consensus.
ii) CO2 and oxygen balance

There has been much speculation as to the role of the world's
forests in maintaining atmospheric equilibrium (Stewart 1978). The

increase in CO, which has occured over the last two hundred years is

2
largely attributable to the combustion of fossil fuels, although the
picture is less clear when the role of the oceans as a Coz-sink is
considered. The role of the world's forests must be considered in

relation to the activity of any substituted vegetation, which may

differ substantially from that of forest. This subject is an area

‘of active research at present, in which there is no genéral

agreementf%@.
iii) Ppoor soils

Removal of forest cover exposes soils to erosion by water
(Spears 1979), and to other deleterious effects such as leaching and
laterizat;on. In many cases the nutrient reserves of tropiéal forests
are locked in the biomass whil&) the soils remain relatively
impoverished.. Destruction of the forests leads to rapid release of

nutrients, many of which are lost from the ecosystem.

Many of the points raised above, of course have important socio-
economic consequences (Poore 1976) in addition to their effects on

flora and fauna (Harrison, 1968).



In the West African moist tropical forests, which was one of
world's major sources of tropical hardwoods, over half a century of
trade, mainly with Europe, has seen its forests logged up to 4 times
as much as the establishment of new plantations. A surprising feature
of the planting history to date is that indigenous species have rarely
been used (Grainger 1980). ‘

Clearance for agriculture (shifting cultivation ~« My@?@, 1980),
mining, highway construction, the use of fire as a tool for hunting
game and intensive logging have contributed to the rapid decline of
forest lands. These, as well as selective tree felling have resulted in :

(i) Reduced floristic composition, as forests are degraded

by preventing natural recovery.

(ii) Depletion of the natural genepool of important forest -
species, and

(iii) The permanent destruction of forests for roads etc.

FAO in (1979) reported an increase from 4.2 to 53.3 million m—3,
from 1950 to 1973 in timber export from tropical West Africa. 'As
this trend continues, for‘examﬁle in Nigeria, (which still depends
on the natural forests for almost all of its total production of
timber ), Bamgbala and Oguntala (1973) reported in Akure Forest
Reserve, an:area which lies in the heart of the moist tropical forest
belt and which was earlier reported as highly productive (Richards 1939),
a great fall in the frequency of ecnomic trees (18 trees per hectare)
of the species: Nesogordonia papaverifera, Sterculia rhinopetala,

@ltis spp, Pterygota bequaer't:—ii, Mansonia altissima and—TripZochiton
scleroxylon. This agrees'with similar studies of the worlds t;qpical
forests (Sommer 1976), and emphaéises the need for strict consefvation
measures of natural forests, and the replacemenf of the exhausted ones

with economically viable plantations from improved indigenous species,



-

(Jones 1975; Howland et al, 1978) rather than with unimproved stocks
in compensatory plantations, which are knowﬁ to be less economically
viable. The need for this was further emphasised by Spears (1980)
who reported that by 2025 AD the worlds timber demand will be 300
million m? annum-l which can be satisfied only by a 3-fold increase in
current annual plantiné programmes. If this requirement is met, the
pressure on the remaining natural-forests will be considerably reduced.
The present study with Triplochiton scleroxylon is part of a
programme to encourage the use of indgg?nous hardwoods in plantation
forestry in the tropics, the work on T. seleroxylon being a model for<::7
the subsequent work on otler indeginous species.{Leakey et al, in press).
It is envisaged that Nigerian forestry of the future will be based largely
on such plantations which will be stogked with improved genotypes,
probably in the form of clonal mixtures. Such a policy of planting
should relieve pressure on the wild forest, which will remain as a

natural genepool.

1.2 Triplochiton scleroxylon K. sichum

1.2.1 Status

T. scleroxylon K.sehum (Sterculiaceae) is an important forest
species of West Africa. Its timber 'obeche' (African Whitewood) is a
lighﬁ hardwood with a specific gravity of 0.42 for mature trees

(Omolodun, 1975), and generally has good mechanical and physical

properties (Kinloch and Miller, 1949),

Uses of 'obeche' include: plywood (Okigbo 1964), interior
joinery and panelling, utility furniture, boat building, match
splints (Howland and Bowen 1977) and various othef minor uses. As

a result of its versatility of use, this species has been very



iﬁportant commercially. In Nigeria, 'obeche' accounted for 22 % of
the total timber exported in 1945, this rising to 60 % in 1970
(Bowland ana Bowen 1977), while in Ghana, it represented about 50 %

of logs and 20 % of sawn timber exported in 1966 (Jones 1970). A
similar situation exists in the qury'COast and Cameroon,- the other
main producers of this timber. Hall and Bada (1979) described this
species as-accounting for more of the timber volume extracted annually

from West Africa, -than any other single species.

1.2.2 Ecology and Distribution

T. scleroxylon is an eﬁergent tree of the moist tropical forests
of West Africa (Taylor 1960), prefering areas with an annual rainfall
of 1000 - 1400 mm, and being absent from wetter areas (3200 - 4000 mm)
and on wet soils (Foster 1914, Kennedy 1936, Voorhoeve 1965).

Although Hall and Bada (1979) associated this species with the pre-
cambrian rocks of‘the basement complex, over 35 % occur on younger
soils in Nigeria, where apart from its distribution over the West
African lowlands, it has also been reported at 800 metres altitude.
Jones (1975) observed this species to be more plentiful in the Owo
area in Nigeria, but eastwards in Nigeria after the River Niger, its
distribution is reported to become spérse. Cousens (1946) attributed
this to intensive human interference for agriculture and subsequent
soil instability.

Within its range, 3 sections are recognised; the moist forest
between -(a) Sierra Leone to Togo, (b} Republic de Benin tb_Nigeria,
and (c) from Cameroon to Zaire, separated by the Dahomey gap and the
Cameroon highlands respectively. (Fig. 2). .

At maturity, this relatively fast growing species attainé 50

metres in height and a diameter of up to 2 metres (see Frontispiece),
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with oecésiOnally much iarger specimens. The boles of large trees
are usually.buttressed, free of branches for a large percentage of
their height due to self pruning: .:. Now it is usually difficult
to find sizeable ané very well formed trees, as a result of, as
earlier indicated, selective felling of good trees over the years.
Undgsirable characteristics commonly found include non-cylindrical
boles which are often angular and heavily ridged or flutgdp(Joneé
1969, 1970), multiple-stemmed trees, forked or with heavy (large

diameter) branches, (Howland and Bowen 1977).

1.2.3 Branching habit of T. scleroxylon

The form of a tree, and hence its usefulness, is the result of
its branching pattern,which is one éf the most conspicuous features
of woody plants (Pickett and Kempf,, 1980). The branching habit of
T. scleroxylon'has been classified along with Ash (Fnginus spp) ,
Birch (Betula spp) and many other te?perate trees, as following Rauh's
model (Halle et al, 1978). Articulate and ﬁ&thmic growth of the
monopodial trunk leads to the developmeﬁt of a shoot system with branch
tiers'glternately arranged on it in indistinative whorls, (Fig.3).
Leaves (usually 5 to 7 lobed) are arranged radially on main stem and
in a disﬁichous pattern on its branches, and flowers borne by
specialised short shoots, dichotomously branched, develop laterally
from axillary buds, and lasting only the reproductive season or less,
after which they are abscinded, thus not interfering with the growth
of the shoot system. ' Jones (1969) reported a large variation in crown

shapes in this species, varying between cylindrical to spherical.

Lx

LI

However in young trees, blunt cones are typical,. although a wide variation -

exists.
124 The Plantation potential of T. scleroxylon

The rise in world demand for tropical hardwoods (Springle 1979)



A diagram of the habit of a good sample of T. scleroxylon of about

15 years old, in clcsed cover, showing branching characteristics.



and the internal néeds for building and fuel timbers cannot be met by
the sSupplies fram natural forests which are already seveéay depleted.
It is clear therefore that there is an u;gent need for the establish-
ment of more forest plantations which are more productive than natural
forest{ Fig. 4.and Dyson, l§65; Johnson 1976; Odeyinde -1980). As
indicated earlier, Spears (1980) estimates that planting rates need
to be increased by 300 % to meet this challenge. T. scleroxylon like
many other indigenous hardwoods fhroughout the Tropics has been rarely
planted commercially because of lack of sufficient planting stock. For
exapke.& present, only 1 % of Nigeria's forest land is under man-made
forest cover (Oseni 1980), and no commeréial plantation of
T. scleroxylon of appreciable size exist$, although the potential of
this species as a plantation crop has long been recognised.(Unwin 1920;
McGregor 1934; Lowe 1973; Ball 1975; Leakey et al, in press). Previous
attempts at plantation establishment of T. scleroxylon have been of
various types, such as
(1) Enrichment planting by seedling transpilant or seed
broadcasting, after opéﬁn§ the canopy to provide
light (Kenneéy-l936).
(ii) Taungya planting, where farmers clear forests and
have responsibility for planting trees while intercropgping
for 3 years as the trees become established, (Kennedy,
1935),
(iii) Open plantations, in which trees alone are planted on
. Cleared sites.v
All three methods have been relatively successful, but have not peen
practiced on a large scale because of lack of sufficient seed
samples.

The earliest _plantations were established at Olokemeji Forest
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Reserve in 1915 (Unwin 1920), 1927 and 1933 (McGregor 1934). At
Sapoba Forest Reserve in 1930 and 1933 (Rennedy 1933; McKay 1953), Ona
Forest Reserve in 1948, Gambari Forest Reserve, which was the largest
(13.5 ha) in 1951 and.1952,'the Iduanwa stands planted in 1951, 1952
and 1954, Mamu Forest site, 1959, Omo Forest Reserve in 1961, and Ona
Forest Reserve in 1963. Since 1969, experimental plantings-have been
made at Gambari, Sapoba, Ikom, Bende, Ore and Ibadan (Howland and
Bowen 1977), as part of the West African Hardwood Improvement Project

(WAHIP) of the Forestry Research Institute of Nigeria (FRIN).

The West African Hardwood Improvement Project

T. scleroxylon resources have been markedly reduced, as with other
native hardwoods (Howland and Bowen 1977).

The realisation in 1970 that the quality and quantity of these
species had been seriously eroded, prompted a proposal by the Nigerian
Govermment to the U.K. Overseas Development Adminstration for a
collaborative scheme for Research ana Development of the indjgénous
hardwood species of West Africa. As a result, the West African
Hardwood Improvement Project started at the Forestry Research
Institute of Nigeria in 1971, and later in 1974, a sister project was
establishéd in Scotland at the Institute of Terrestrial Ecology near
Edinburgh. The joint aims of these two projects were to conserve and
improve the remaining resources of these West African hardwoods with
particular emphasis at first on T. scleroxylon.

Early investigations included:

(1) The study of T. scleroxylon distribution and its
phenology over West Africa and Nigeria in particular
(Jones 1975).

(ii) Seed procurement (Odukwe and Ezunma 1975).



(iii) Viability, storage and germination studies of seeds
(Olatoye-1968; Jones 1975; Bowen and Jones 1975).
These were supplemented by studies of entomological énd pathological'
problems, including seed boring by Apion ghanaense (Ashiru 1975),
smut infestations of developing seeds by Mycosyrinx nonveilletl
(Odeyinde 1975) and
(iv) The development of a viable and economic method for
éegetative propagation (Howland 1975, a, b, c,
Leakey et al, 1975).
The use of vegetative propagation, which had earlier been thought to
be very difficult (Okoro 1974), subsequently became the key to the
pProject's successes, providing reqular supplies of clonal planting
stock.. More recéntly, more fundamental studies of the factors
influencing root initiation have been made (Leakey et al, in press)
including the effects of-manipulating stock plants to méximise the
production of easily rooted cuttings. (Leakey,iﬁgpiéss). With the
development of methods for initiating roots on stem cuttings, over
250,000 plants have been propagated and planted in gene banks and

field trials since 1975. These substantial plantings represent the
diversity of this species over a major part of its natural range

and more intensively within Nigeria. (Fig. 5).

In addition to providing ex-situ conservation stands of this
species, these plantings provide excellent experimental material for
preliminary determination of those characteristics of growth and
form which contribute significantly to yield. It is, in large part,
this determination which is the purpose of both the present thesis
and the clonal plantations established in 1975 and 1976 (Howland and
Bowén 1977). other early results. from these plantations indicate that

there are as expected substantial differences within and between seed-
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lots (Howland et.al, 1978; Ladipo et al, in press). However no
appreciable differences have been found bet&een thg growth of seedlings
and buttings (Howland.and Bowen 1977; Ladipo,in press), and the latter
also reported no long-term effect of topophysis, cyclophysis and harvest
time on the field growth of T. scleroxylon cuttings. -

Awareness over the last‘two decades has ipcreased the need to
develop lines of selected hardwoods for seed-orchards,research
purposes, and ggneral planting (Kormanic and Brown 1974),. Vegétative
propagation, in the form of budding and grafting (Ikekhuamen 1966;
Britwom 1970; Howland 1975), as an additional approach to thé tree
improvement of T. scleroxylon has allowed candidate plus trees to be
propagated successfully and established as seed orchards and materials
for flowering experiments. So far, these, coupled with work in Edinburgh,
~ have illustrated that the species is self-sterile, but that viable seeds
can be produced by cross pollination (Howland and Bowen 1977; Leakey
et al, 1981). Potentially important progress is also being made with
precocious genotypes of juvenile T. scleroxylon in the determination of
factors affecting floral initiation and general repréductive biology
(Leakey et al, 1981).

The stage has therefore been .reached where T. seleroxylon could
be grown commercially as soon as superior clones can be identified and

multiplied.



1.4 GENERAL AIMS

The aim of ihe work described in this thesis was to develop a
new method for selecting superior clones on the basis of their
branching habit, as early indications were that this might determine
not only form but probably also yield (Ladipo et al, in éress). The
fundamental-hypothesis under examination is whether the branching-
habit of trees in plantations can be‘predicted from a study of apical
dominance in 'small potted plants.

This hypothesis is based on the finding that the tallest and most
valuable trees in field experiments at Gambari - Nigeria have a
particular branéhing habit, namely that they produce the fewest
Primary 5ranches per unit of mainstem. Conversely, those clones '
with poor field performance have the greatest number of branches per
unit of mainstem.

Branching processes in trees and plants generally are a function
of apical dominance, and apical control, and it is probably significant
that clones of T. scleroxylon have very considerable variation in
apical dominance as expressed by their spfouting response following
decapitation (Longman et al, 1979; Leakey and Longman, in Litt). The
present study therefore further investigates the extent of genetic
variation in T. scleroxylon, the environmental factors influencing its
Vexpression and attempts to relate apical dominance to branching habit.
A detailed statement of the approach adopted is given at the end of the
next chapter, following the review of subject matter considered to be
relevant ~ namely : The nature of branching in trees, the role of apical
dominance in branching and the current ideas concerning the mechapism

of apical dominance and the effect of enviromment on branching and- apical

dominance.



CHAPTER 2

2.1 THE CONTROL OF BRANCHING IN TREES, AND THE THEORIES OF APICAL DOMINANCE

2.1 APICAL DOMINANCE: A review of Literature.

Plants grow in a co-ordinated manner, the growth of various
tissues and organs being mutually correlated with each otﬁef. One
such correlative association is the inhibition imposed by the terminal
bud on axillary buas - this has been called ‘'correlative inhibition',
and is the mechanism of apical dominance. The importance of this
phenomenon iﬁ plants is easily illustrated by decapitation, which
releases axillary buds from inhibition, allowing their growth.
Subseqﬁently it is usual for one lateral shoot to re-establish
dominance over the others and in erect plants this is usually that
from the uppermost node. Rather less attention has been paid to the
study of apical dominance in perennial woody plants than in herbaceous
species (Phillips 1969), becéuse it is more complicated. However,
Kozlowski (1964) has attempted to intérpret the form of woody plants in
terms of apical dominance; postulating that trees with decurrent
branching. either have weak or no apical dominance while trees with ex-
current branching have strong apical dominance. ﬁrown et al,(l§67)
subsequently refﬁted this and pointed out that in Oaks, hickories,
and maples, inhibition and form was much more complex. ﬁe realised
that the apical dominance as understood iﬁ herbaceous plants only
occurred in shoots of the current growing season, and that this
phencmenon appeared to be negatively éorrelated with what he termed
'apical control', the correlative effects of various shoots of the
previous yearg growth. Thus in ng, Ash etc., there is strong aéical
dominance but weak apical control and so the crown is 'decurrent'’

(see Fig. 6). Conversely, where apical dominance is weak, 'apical
control' is strong and the crown is 'excurrent'.

A second factor of considerable importance in the determination

12
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of cénopy‘structure and form in trees,is the type of the branch
produced in the current season (sylleptic) and those produced the
following season (Proleptic). 1In the majority of temperate trees,
branching is proleptic but in tropical species, sylleptic branching
is common. T. scleroxylon is basically a proleptic species, branches

forming at the start of the growing season following their release

from apical dominance by dormany of the terminal bud during the dry

season. However, sylleptic branching can also occur.

2.2 Mechanism of Apical Dominance : Theories

Extensive literature exists on apical dominance in herbaceous

. pPlants and it is on this that physiologists have based their theories

for this phenomena. (Guern and Usciati 1972; Phillips 1975). Since

the early part of the century, 5 basic theories have been postulated,

none of which have been completely accepted by all workers, However,

a form of the Hormone Balance Theory, with auxins having some indirect

éffect on axillary bud initiation and other growth substances
attracting nutrients (which do have important effects on correlative
inhibition to the apex), have beén most favoured.

A brief summary of the five theories is presented here as each
contriputes to the overall understanding of the phenomenon.

(i) - Nutritive Theory

{id) Direct auxin Inhibiting Theory

(iii) indirect Auxin Inhibiting Theory

(iv) Nutrient Diversion Theory

(v) Hormone Balance Theory

2.3 The Nutritive Theory

This is the oldest theory, it being first proposed by Goebel (1900)

who reported that the plant shoot apex inhibited axillary buds by

13
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campeting with them for a limited supply of nutrients. This was

supported by the work of Loeb (1915; 1917 and 1918) on Bryophyllum
calcyeinum. later, gDastal (1926) showed that the removal of leaf
pairs from nodal segments‘of‘Scroptharia nodosa resulted in vigorous
bud outgrowth. He therefore suggested that the leaf, by extracting
nutrients and water from the stem, rendered them unavailable for

bud outgrowth. In thé 1930's this tﬂeory was superceded by others
invol&ing auxin inhibition, (see later) but more recently it has

had a revival. 1In 1957, Gregory and Vealé demonstrated that iﬁ
Linum gysitatissimum the degree of apical dominance depends on the .
nitrogen and carbohyd?ate supply of the plant and subsequently
McIntyre (1964; 1965; 1968b; 1969; 1971b and 1972) similarly considered
that competition for nutrients and water by the rhizome apex énd
axillary buds in Agropyron repens and other speéies is responsible

for apical dominance.

2.4 The Direct Auxin Inhibition Theory

At apout the séme time the Nutritive Theory was receiving support,
other worﬁers were describing the diffusible nature of certain
inhibitory substances in the stem tissues of plants. The best
evidence arose from the work by Snow (1925) on Phaseolus vulgaris. He
demonstrated that the diffusible inhibitory influence could pass
across, a water gap between adjacent: stem tissues to suppress axillary
bud outgrowth on a decapitated pieceuéf stem. Snow (1937) further
demonstrated with grafted Phaseolus vulgarts, that this inhibition
was achieved with the presence of a diffusible substance from the
growing apex. Subsequently Thimann and Skoog (1933; 1934) in
decapitated Vicia faba demonstrated that agar blocks éontaining

auxin could substitute for the shoot apex. This was later repeated

in PZsum sati&ﬁm (Thimann' 1937).



Difficulties arose with this theory when Snow (1931) reported
the involvement of acropetal movement of auxin which is generally
considered to be basipetally translacated. Controversy also arose
over the concentration of auxin necessary to substitute for the
apex and its mode of action (Thimann and Skoog  1934; Thimann 1937;
Libbert 1964; Hillman 1970). In particular, ‘Sachs and Thimann (1964;
1§67) and Panigrahi aga Audils (1966) showed that auxin concentrations
in the inhibited buds were sub-optimal rather than supra-optimal.
They also demonstrated that‘cytokinin céuld initiate bud growth
although continued growth was only possible when Indole~Acetic Acid
(IAA) was added. These, with the results of Sébahek (1966a; 1967)
showed that when low concentrations of auxin were applied to the cut
stumps of decépitated plants, lateral’bud ocutgrowth was promoted
while only high concentrations inhibited it. Thus it became clear

that auxin per se could not be the inhibitor.

2.5 1Indirect Auxin Inhibition Theory

As a result of his data in opposition to the Direct Auxin
Inhibition Theory, Snow (1937) established the theory of indirect
auxin inhibition; where he suggested that auxin as it passes through
the stem stimulates in it, a secondary inhibiting influence which can

travel in a:non-polar way. Various workers have tried to establish

the identify of this inhibitor; Fletcher and Zalik (1964, 1965)
suggested that in Phaseolus vu}garis, red light converts IAA to Indol-
3yl-aldehyde, while Arney and Mitchell (1969) working with P. satiurm
suggested that abscisic acid (ABA) might be this substance. This
suggestion has also been:taken up by Ingersoll and Smith (1971) who
demonstrated that it is readily transported acropetally. Tucker énd
Mansfield (1972, 1973) working with Xanthiwn straunarium extracted

ABA from buds under strong apical dominance following irradiation

15



with far-red light treatments. Similar effects have also been

reported for tomato (Tucker 1976), but this is not yet generally
confirmed by other workers. Indeed, no evidence of this mechanism

was found in, for example, rhizomes of Aéropygoﬁﬁ repens (Leakey, 1975),
and the occurrence of ABA in these correlatively inhibited buds may be

a result of the irradiation treatments.

2.8 The Nutrient Diversion Theory

Having accepted that Direct Inhibition by auxin wag unlikely and
that inhibition by a secondary substance was also dubious, several workers
tried to amalggmate the auxin theories with the role of nutrients and
formulated the Nutrient Diversion Theory. 'Until recently, this has been
about the most popular explanation for apical dominance in plants, and
arosé from the suggestioh by Went (1956) that nutrients are attr&cted
;o locations of highest. auxin concentration. Nakamura (1964), Hussain
and Link (1967 and Wakhloo (1970) working with Pisum gsatiurm and
Solanum sisymbrifolium showed that the patterns of.P32 translocation
was closely related to growth of lateral buds following decapitation,
and their release from inhibition. This is also supported by the work
of Moreland (1934) with Phaseolus vulgaris in which he noted within
48 hours of removing the stem apex, that the vascular supply to the
buds had been strengthened. The notion that differentiation of
vascular system is important has also been supported to some extent by
Sorokin and Thimann (1964), Sachs and Tﬁimann (1967 and Sachs kl969,
1970), but differences in their results as regards the presence of
vascular connection between buds and stem, may be attributed to
genetic differences in plant species, although it can also be seen as
contrary evidence. For example, in-CoZeué and Soyabean, the vascular
bun@les are differentiated even before apical dominance is broken by

decapitation (Clowes 1960; Alli and Fletcher 1970). Evidence contrary
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to the Nutriegi.Diversion Theory came from Goodwin and Cansfield (1967)
‘who found that correlatively inhibited, non-dormant, laterél buds in
potato tubefs were not induced to grow by direct introduction of
nutrient solution containing Cytokinin, auxin and gibberellin to the
inhibited buds, although the same solution did support the growth of
similar but isolated buds. Similarly, Panigrahi and Audus (1966) found
that applying UraciL-2-14c to the Cotyledons of Viecia faba seedlings
did not affect the distribution of radio-activity in the decapitated or
IAA-treated stems. They thus concluded that diversion of nutrients
towards the bud apices pléyed no significant part in correlative
inhibition. Further evidence against the theory came from the findings
that in Pbpuluslrobusta (Davies and Wareing l965)vand in Pgi“ sativum
(Sébanek 1966a; 1967) high concentration of IAA inhibited the growth of
axillary buds not by attracting‘nutrients but rather by some 'toxic

effect’'.

2.7 The Hormone Balance Theory
The first indieagion that other plant regulators (e.g. Cytokinin)

might be involved in apical dominance resulted from the findings that,
when cultured on cytokinin-rich medium, tobacco tissue exhibited weak
apical dominance (Skoog and Miller 1957). This was then supported by

the aemonstration that the inhibiting action of auxin can bé

antagonised by ethyléne in Pea (Wickson and Thimann 1958). Othér growth
regulators known to influence apical dominance are abscisic acid (White
and Mansfield 1977; Sébanek 1973) Ethylene, (Hillman and Yeang 1979;
Yeang and Hillman 1981) and Gibberellin (Ruddard and Pharis 1966; Pharis ,
{:§T§£;;§!§j:>l970), with ;ome'interactions, as between auxin and ;ibberellin
(é;ot et al, 1967; Phillips 1969; 1971; Sebanek 1972) and Gibberellin with

Cytokinfn . (Sebanek' and Obhlidalova 1975).



The Hormone Balance Tehory arose from studies by Shein.and

Jackson (1971; 1972) and Jackson and Field (1972) following applications

of Gibberellic acid (GA3), Kinetin and IAA under different conditions
and the observation that altering any of the combinations had different
effects which indicated a wide range of interracting influences partly
endogenous and partly environmental. Field and Jackson (1974) further
substantiated their theory with evidence from 2, 3, 5 - Triodobenzoic
acid (TIBA), GA3 and Kinetin applications to decapitated and un-
decapitated Phaseolus vulgaris. The theory is further supported by
Tomaszewski (1970) who demonstrated a synergistic effect of GA3 on.
IAA in maintaining apical dominance in PZnus sylvestris.

From the above review, it is clear that the cﬁntroversy over the
mechanism of the phenomena of apical dominance is far from being over.

Its overall role in the habit, branching or form of plants is however

generally accepted.

2.8 Effects of Environmental Factors in Apical Dominance

In recent years, a wide range of environmental factors have been
found to-affect apical dominance in a considerable number of species.
The following factors have been considered :-

(1) Light intensity, quality and photoperiod.

(ii) Temperature

(iii) Relative humidity and water stress

(iv) Inorganic Nutrients
(v) Gravity, and
(vi) Carbon dioxide.

2.8.1 Light intensity, guality and photoperiod

It is frequently reported that low light intensity enhances apical

N

dominance . (Gregory and Veale 1957); Thimann, et_aZ'(l97l){ Sheiy
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and Jackson 1971; McIntyre 1973; Field and Jackson 1974) presumably
through its effects on carbohydrate status. By contrast, light
qualié& effects seem to be specific phytochromé responses for example
in Xanthium strumarium (Tucker and Mansfield 1972), Apropyron repens
(Leakey et al 1978) and in tomato (Tucker 1979) where far—réd light
increased apical dominance substantially. In several iﬁstances, light
effects such as these have interacted with hormone applicatiéns (Tucker
and Mansfield 1972), and this often interacting with warm temperatures.
Gregory and Veale (1957) also demonstrated in fla# that apical
dominance with restricted nitrogen supply was independent of light
intensity, showipg that photoassimilate availability is of less
importance than inorganic nutrient supply. Piringerx and‘Cathey (1960)
reported that apical dominance in Petunia plants is stronger under
long days while it is weaker under short days. This unexpected
conclusion may be due to experimental procedures, and the interaction

between photoperiod and temperature.

2.8.2 Temperature

High temperatures (28 oC) have been found to lessen apical
dominance in Eucalyptus obliqua seedlings (Blake 1976), this agreeing
with earlier work with Engelman spruce {(Hellmers et al 1970), and more

recent work in Agropyron repens (Leakey et al 1978).

2.8.3 Relative humidity and Water Stréss

McIntyre (1971) working with Agropyron repens suggested that the
supply of water could be a limiting factor to axillary bud growth, so
enﬁancing apical dominance. Further experiments with Phaseolus vulgaris
and Pisum sativum (McIntyfe 1971; 1973) confirmed this and indic;ted

that water stress could be a particularly significant factor. This
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assumption agrees with the earlier findings of Remy (1968) with the same
species. More conclusive evidence has been reported in Coffee arabica
in which water supply limited axillary bud development, this effect
however beiné mofe on florél initiation (Mes, 1957). By contrast, high
humidity has been repérted to weaken apical dominance in' Chrysanthemum
(Keppeler, 1968), Phaseolus vulgaris (McIntyre 1973) and Agropyron repens

(McIntyre 1981).

2.8.4 Inorganic Nutrients

This is about the best substantiated of all environmental factors
affecting apical dominance. As mentioned above, Nitrogen can stimulate
the growth of axillary buds and weaken apical dominance. This has been
demonstrated for flax (Gregory and Veale 1957) and Agropyron repens
(McIntyre 1964; 1969; 1972), while Leakey et al (1978) working with this
same species explained his findings in terms of competition for nutrients
between shoots, and the antagonistic effects of nitrogen on an auxin-
mediated inhibition by the dominant shoot.

In addition to Nitrogen effects. Gardner (1942) has reported tillering
in wheat under calcium and phosphorous deficiency, while Nakamura (1965)
showed suppressed branching (high apical dominance) in pea seedlings
under calcium and magnesium deficiency. 1In Bidens pilosus, Kramer et al
(1980) demonstrated that immediately after decapitation, Kt is
accumulated in stem tissue around nodes. They proposed that potassium
accumulation is a primary factor in bud activation and the subsequent
decrease in apical dominance. Boron deficiency has also recently
been demonstrated to be involved in apical dominance of Cola nitida
and Hevea brasiliensis where growth of the apical bud is arrested‘and
axillary buds of young seedlings develop, thus decreasing apical

dominance (Shorrocks 1975).
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2.8.5 Gravity

Together with fhe nutrient effects described above, the influence
of gravit& on apical dominance is probably one of the best known
environmental effects on correlative inhibition, particularly in trees.
Orientation of shoots away from the vertical, or arching thgm, weakens
apical dominance. These effects perhaps being best known in fruit
trees (Wareing and ﬁast.lQSa; 1961; Smith and Wareing 1964a, b; 1966):
They postulated that nutrients ére diverted to the highest upwardly
directed meristem and the proximity of laterals to the root, appearing
to give an advantage. This supports the views of Loeb (1917) who
emphasised the importance oan root factor. Despite the predominance of
studies in temperate tree species, a few tropical trees have been found
td respond similarly. Damptey (1964) and Longman (1978) investig;ted
this factor in Terminalia ivorensis, Manihot esculentus and other
tropical species, and reported substantial effects in the position of
dominant axillary buds in the horizontally placed plants. This supports

the findings of Wareing and Nasr (1958) and Longman (1968).

2.8.6 Carbon dioxide

Finally, conflicting reports have been made regarding the effects of
Co2 on apical dominance. In one study, high CO2 coﬁcentrations were
reported to weaken apical dominance in Piswm sativum, (Anderson 1976),
while. in another study, raising concentrations from 0.035 % to 0.10 %
by volume enhanced apical dominance. This however was only at the
earlier growth stages (Bellners and Straiﬁ, 1980). The differences in

results could however be attributed to varietal differences in the

test species.
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2..9 THE PRESENT STUDY

The general aim@ of the work described in this thesis has been
described at the end of the previous chapter. The stages in the
investigation are outlined on Fig. 7. The programme of work combines
glasshouse studies'with field observations of branching and form in
Nigeria. Critical to the success of the study is the assessment of
the strength of apical dominance, using the decapitation test and
the correlation between the results of this test and the performance
of trees in Plantations in Nigeria. These aspects and the relation-
ship between this work and the existing West African Hardwood Improve-
ment Project (WAHIP) and the Tropical Project at Bush Estate near
Edinburgh; form the bulk of the thesis.

The contents of this thesis are listed on pages i~ -viyi. It is
divided into 5 sections for convenience. The organisation of the
experimental and observational parts of the work, according to chapter,
is outlined below.

Chapter 4 describes prelimin#ry studies of Betula pubescens, which was
used to establish assessment standards for work with the main test-
speciés of this work, T. scleroxylon. The problem of assessor-bias
was also fully considered.

Chapter 5 describes glasshouse experiménts aimed at studying the
various- environmental factors which may affect the subsequent screening
of clones for their levels of apical dominance. Environmental factors
studied included : plant physiological states, aerial environmental and
edaphic environmental factors.

Chapter 6 describes the performance of clones-in plantation in Nigeria
after 4 years. Assessments in this study wére based on experience
accrued foliowing the Work on B. pubescens already mentioned.

Chapter 7 further describes field performances of clénes, with emphasis

on branch characteristics and the effects of these on crown shape.
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Chapter 8_describes the devglopment of a 'predictive test' for
branching habit. It includes the screening of clones by decapitation,
under standard environmental conditions based on the findings in
Chapter 5. I£ further reports tﬁe relationship between the asseséed
field parameters and their relationships to the results qf the
glasshouse screens earlier reported. The implications of this are
fully discussed.

‘Chapter 9 describes subsidiary studies in other aspects of genetic
variation in T. scleroxylon. It réports seedling variation in
response to decapitation of half sib and full sib progenies (populations),
their growth and juvenile characteristics.

Chapter 10 reports the effect of environment (site) on the growth of
some clones from 4 progenies.

Chapter 11 describes the effect of clone upon photosynthesis,

and H,_ . ~

respiration, transpiration and resistances to CO2 20 EEN
variation between the clones andé::j)relationship to their field
performances/ 8re re?ereJ~

In Chapter 12, the results of this thesis are summarised and discussed
generally with particular reference to the West African Hardwood

Improvement Project.
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CHAPTER 3

3. MATERIALS AND METHODS

3.1. Materials - Origin of clones and their culture

Extensive collections of T. scleroxylon seed had already been
made over the natural range in West Africa and especially within
Nigeria (See Chapter 1). Plants derived from some of these
collections were utilized in the experiments reported in this_
thesis. They included :

(i) Clonal material established in Edinburgh in June, 1978

and Janﬁary 1979 from ortgts (source of cutting) originating

from NiQeria. These clones were part of the 1975 experimental
field Plantings, and form the bulk of the materials used in
. this work (Table 1).

(ii) Clones with known characteristics established in 1971

in Edinburgh from seeds and seedling ortets originating from

Nigeria (Table 2). |

(iii) Clones established in Nigeria and used for nursery

experiments at the Forestry Reéearch Institute of Nigeria (FRIN)

in 1979 and 1980 (Table 3).

As will be seen in Chapter 9, seedlings were later used to study
population#of T. scleroxylon. The origins of these, and their culture

will be reported in the appropriate places.

3.2 Environments

3.2.1 Nursery Environment in Nigeria (FRIN)

Experimental work at the FRIN nursery was done between June and
August of 1979 and 1980. The environmental condi;ibnS“ of these months,

in the reépective years are presented graphically in Figure 8a. Day
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Table 1 : FRIN clones utilized in Scottish experiments :

. all originate from Nigeria.

Source . Nigerian Rainfall Expt.
No. Clone No. ..Iocation Latitude Longitude . Zone Site
mmy‘l
137 137/9 Olokemeji 7°.21 8 3°.32 E 1300-1500 ITE
139 igg;g Olokemeji 7°.26 N 3°.32 E  1300-1500 ITE
144 - 144/1 144/4 . .
144/7 144/5 Igbo-ora 7°.27 5°.37 1300-1500 ITE
144/9
161 161/3 161/5 owo 7°.02 5°.43 1300-1500 FRIN
166 igg;g 166/5 Azukala 7°.02 6°.27 1300-1500 ITE
175 175/1 175/8
i;g;: 175/9 Igbado 6°. 49 4°.52 1500-2000 ITE
175/7y
177 177/10 Ilugun 7°.21 3°.39 1300-1500 ITE
224 224/3 Ede . o
224/7 Tree I 7°.42 4°.26 1300-1500 - FRIN
225 225/8 " Ede o o
Tree II 7°.42 4°.26 1300-1500 FRIN
255 255/2. Ibarapa 7°.23 3°.20 1300-1500 FRIN
255/6 -
261 261/4 Iyamyong  5°.58 8°.21 2000-2500 FRIN
Tree 1II ITE
335 335/2 335/7 Nkalagu 6°.30 7°.45 1500-2000 FRIN
' Junction
501 501/2 Igbo-ora 7°.27 5°.37 1300-1500 FRIN
505 505/2 Ikere 7°.38 5°.12 1500-2000 FRIN
506 506/14 Near 7°.40n 7°.02 1300-1500 ITE
Ayangba
514 514/11 Ibadan 7°.17 3°.30 1500-2000 FRIN




Table 2 : ITE clones utilized in Scottish experi{nents : all
originate from Nigeria.

Clone No. I:;g:iigﬁ Latitude Longitude ﬁi;‘ff'}.l gﬁ;

8045 Mile 19 7°.38 N 4°.11 E 1500-2000 ITE
Iwo Rd. .

8046 Igbo-ora  7°.27 N 5°.37 E 1300-1500 ITE
8047 Igbo-ora  7°.27 N 5°.37 E 1300-1500 ITE
8048 Gbitigbiti 8°.30 N 3°.26 E 1300-1500 ITE
8049 Igbo-ora  7°.27 N 5°.37 E 1300-1500 ITE
8050 Iwo R4. 7°.38 N 4°.11 E 1500-2000 ITE
8051 Gbitigbiti 8°.30 N 3°.26 E 1300-1500 ITE
8052 Igbo-ora  7°.27 N 5°.37 E 1300-1500 ITE
8053 Iwo Rd. 7°.38 N 4°.37 E 1300-1500 ITE
8054 Igbo-ora  7°.27 N 5°.37 E 1300-1500 ITE
8055 Iwo Rd. 7°.38 N 4°.11 E 1500-2000 ITE
8038 Ilugun 7°.21'N 3°.39 E 1300-1500 ITE
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Table 3 : FRIN clones utilized in Nigerian experiments; originating

~

from West African countries - Nigeria, Cameroon, Ghana,

Liberia.
Clone No West-African Latitide =~  Longitud - Expt.
‘ : Location B l gitude Site
238/6 Ibadan-Ilugun 7°.43 N 3°.48 E FRIN
Rd. Tree No.2
Nigeria
342/7 Apurere M1.18 7°.12 N: 4%, s8E FRIN
Ondo-Akure RAd.
Nigeria
368/5 Tazzi o o
(Abakaliki R4.) 6 .10 N 7 .50 E FRIN
368/6 Tazzi ° o
(Abakaliki Rd.) 6 .10 N 7 .50 E FRIN
368/19 Tazzi: ° o
(Abakaliki Rd.) 6 .10 N 7°.50 E FRIN
392/9 Igbo-ora 7°.27 N 5°.37 E FRIN
Nigeria
404/10 Minkama 4°.04 N 11°.35 & FRIN
Cameroon
404/18 Minkama 4°.04 N 11°.35 E " FRIN
’ Cameroon
404/1 Minkama 4°.04 N 11°.35 E FRIN
Cameroon
410/12 Biatcholla 4°.27 N 11°.28 E FRIN
Cameroon
410/20 Biatcholla 4°.27 N 11°.28 E FRIN
Cameroon
410/3 Biatcholla 4°.27 N 11°.28 E FRIN
Cameroon
424/16 = Asuso,Ghana 6°.00 N 1°.00 W FRIN
431/9 Gregheu 6°.45 N 6°.50 W FRIN'
Liberia
431/10 Gregheu 6°.45 N 6°.50 W FRIN
Liberia .

Continued/..




Table 3 (Continued)

West-African . . Expt.
1 )
Clone No Location Latitude Longitude Site
431/20 Gregheu 6°.45 N 6°.50 W FRIN
Liberia
432/11 Boguoine 6°.05 N 4°.55 w FRIN
. Liberia
432/2 Boguoine 6°.05 N 4°.55 w FRIN
Liberia -
436/8 Laseguie 6°.12 N 4.20w FRIN
Liberia
436/11 Laseguie 6°.12 N a®.20w . FRIN
Liberia
436/18 Laseguie 62.12 N .20 w FRIN
Liberia
445/1 Tappita 6°.20 N 9°.00 W FRIN

Liberia
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length was 13 ﬁours and natural light intensity peaked aroung 2000 uE-
m-2 s-l at midday. Further, during this period, which was the rainy
season, the relative humidity was constantly high (>80 %), frequently

approaching the point of saturation after rains or at night and the ..

temperature was around 28° ‘to 30o C, typical of this area of Nigeria.

3.2.2 Gambari Experimental Site - Nigeria

This is a long-estéblished experimental site situated near Ibadan
in Oyo State. It is within the moist deciduous forgst zone, where
rainfall is usually above 1500 mm y_l, falling mainly between May and
September. It lies on latitude 70.07 N and longtitude 30.45 E. Figure 8b
shows the climate of this site from 1975, when experiments involving
T. scleroxylon were planted, to 1979 when assessments presented here
were made. The soils are typically variable as in most tropical forest
sites (Onweluzo et dl , 1976) shallow, and moderétely fertile ‘(HBowland
et al, 197é), and range from yellow-red to brownish loamy type,
overlying crystalline acid rocks of the basement complex. Topography is

gently undulating plain with»a maximum height above sea level of less

than 190 metres.

3.2.3 Tropical Glasshouses in Edinburgh

The tropical glasshouses at ITE have automatically controlled
environments which are more or less constant throughout the year,
although light intensities are lower in winter, when temperatures are
slightly lower.

To assist with the‘design of experimental layouts, and to ensure
that plants would be exposed to asruniform an environment as.possible,
detailed records were made of temperature variation within the house

used for experiments with potted plants.



Mean monthly values of rainfall(solid bars), raindays (@), relative humidity (o = 10 a.m.: @ = 4 p.m.)

and temperature (A) of Gambari Forest Reserve Experimental Site, near Ibadan. ‘= date of planting.
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To reduce heat losses, the glasshouses were lined with a layer
of polythene enclosing 8 cm air space between it and the outer glass
shell. Heating was provided by eiectrical.lew fan heaters with
polythene ducting to help even heat distribution. Air movement was
maintained by paddle fans drawing warm air from the roof and blowing
it down to the floor. Supplementary gas heaters at both ends of the
glasshouse provided standby heating in the event of an electrical

failure.

3.2.4 Temperature

Forty thermistor temperature probes (20 per recorder) p;aced at
25 cm distance from each other were connected to a Grant miniature
temperature recorder (Model D) and set on the automatic mode. Temperature
was thus monitored continuously all over the glasshouse. This revealed
(Fig. ﬁ‘), a central area of uniform temperature 28 © 2 oC which could
be used for experimental purposes. Night temperature was slightly lower
at 26 oC 2 oc, this drop being attributable to the unusual severity

of the winter of 1978/79.

3.2.5 Light

Of all controllable variables, light creates the biggest problem.
To provide adequate control, four rows of 9 mercury vapour lamps (White
MB F (R)/u) each of 400 Watts run along the glasshouse to provide a
uniform intensity of light over the experimental plants. Light was
measured at various points with a Lambda quantum sensor, and at plant
level, photosynthetically active radiation (PhAR) was 650 uE m—2 s-l,

. - -1
and at 30 cm from the light source, it was 1500 uyE m 2 s . Photoperiod

was controlled by means of a time clock at 19.5 hours.

3.2.6 Relative Humidity

The level of relative humidity (%) was related to the glasshouse

management, particularly the watering regime, but there was fairly
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consistent variation within the experimental areas of the glasshouse,
during the span of 2 year experimentation. A continuous sprinkler

hose runs on the floor of the house to provide moisture, thus preventing
drastic falls in relative humidity. A mean value of 70 % is typical
before watering which is at aboutllo a.m. after which it often rises

-to 90 % for about 4 hours. At the nominal temperature of 28 oC this
corresponds to é saturation vapour pressure deficit of 11 to 4 mb,

an absolute humidity of 26 to 34 mb, and a dew point of 22 to 26 oC.

3.2.7 BAir-exchange

Finally adequate ventilation and fresh air exchange is allowed
by the roof-fitted electroflora autovent and the Side-wall-fittéd breeza
fans which only operate in hot weather. Although carbon dioxide levels
‘was not under control, it was assumed that the intermittent ventilation,
and the ceiling fan ensured adequate air mixing and C02, comparable to
its atmospheric level.

The standardization of the above climatic Parameters in this
automaticallyfcontrolled glasshouse provided relatively uniform
conditions for all experimental plants and were optimal for the growth

of T. secleroxylon.

3.2.8 A comparison between environments at.ITE glasshouses

and FRIN Nurse;y
Evans (1963) discussed the biological and technical limitations
involved in artifical simulation of natural conditions. Between the
two sites déscribed earlier, it was apparent that :-
(1) Light intensity is lower in ITE glasshouses thax at Mid+day

- -1
at FRIN nursery where other experiments were performed. (650 uE m 2 s

- 2000 uE rn—2 s-l). However the light at FRIN was far from steady as
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overcast cloud reduced light intensity several times in a day, and on
some rainy days did not exceed 1500 upE m-2 s-l,

(ii) The diurnal fluctuations of temperature were 2 oC in the
glasshouse and 5 oC or more in the nursery at FRIN.

(iii) Relative humidity at ITE was usu@lly lower by 10 - 20 %
than would;be expected in Ibadan during the rainy season. However, in
general; éhese environmental differences are smali enough to be
negligible, while the uniformity‘of the glasshouses provided aﬁ
environment which increases the comparability of experiments, as
compared with those done in the open in Nigeria, which are open to

seasonal and diurnal fluctuation.

3.3 Cultural Methods

3.3.1 Vegetative Propagation (ITE)

Apart from seedling ortets, raised from seed in Edinburgh (ITE),
clonal ortets were transported by air from Nigeria in wet sawdust and
adequately protected from frost. They were potted into 5" pots on
arrival and éllowed to recover from the physiological stress of thé
jogrney on the 'weaning' bench. Aftgr one month, when plants were in
full vegetative growth, single-node leafy cuttings were taken using the
methods described by Leakey et al (1975; in press and illustrated in
Plate 1) and treated with O.1 % NAA + 0.1 % IBA in industrial methylated
spirit. The leaf on each cutting was trimmed to an area of about 50 cng
before cuttings were set on heated propagation beds at a bed temperature
of 30 oC and an air temperature of 20 oC. Mist was controlled by an
electronic leaf. Rooting success e#ceeding 75 % was obtained, and
further cuttings were taken from origipal ortets as necessary. Rooted

cuttings were potted into John Innes potting compost and set to wean for
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two weeks. Unbranched plants ¢ 600 mm tall were subsequently used
as experimental material. Plants were given 1 % 'Solufeed'’ fertiliser,
containing NPK in the ratio of 1:1:2 during watering, using a

continuous dilution controller (Keylutor Mk III).

3.3.2 Potting Compost ITE

The standard potting compost is made up with 7:3:1, peat:sand:

loam with 4.2 ga kg-l"Enmag', 2.6 g kg-l John Innes Base and 0.3 g

kg 1 trace elements. pH was maintained at 5.0.

3.3.3 Vegetative Propagation (FRIN)

.

Single-node leafy cuttings were prepared as above but they were

then set in sterilized washed river sand in propagation tents at high

- humidity (see Fig.lO) as developed by Howland (1975a). Auxins were
not used to aid rooting, and here, rather than being fixed, temperature
of the medium followed the ambient pattern, viz. 25 - 30 oC and pH was
7.5. Plant treatment after rooting were similar at ITE and FRIN except
that at FRIN all plants were subsequently give 1 % 'Welgro' fertilizer

fortnightly, during watering.

3.3.4 Potting Compost (FRIN)

The standard potting compost at FRIN is 5:3:2 forest top soil,
horse manure, gravel, with 13.5 g kg-2 ICI fertiiizer (N.P.K.15.15.15)

Fatokun (1977).



PLATE 1

i. A freshly cut unrooted (A) and rooted (B) single node

leafy cutting of T. scleroxylon.

ii. single node, auxin-treated leafy cuttings of T. scleroxylon

set in a heated mist propagation bench at ITE.



Plate 1
LEAFY CUTTINGS
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SECTION 1

PRELIMINARY STUDIES

Before beginning field work on Triplochiton in Nigeria, techniques
of assessment were tried out on Betula pubescens growing near

Edinburgh.

34
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CHAPTER 4

4. EVALUATION OF TREE FORM

4.1. Preliminary Studies of Betula pubescens

4.1.2 Introduction

A prerequisite of any tree improvement programme is the study of
genotypic variation within the chosen spécies. Genotypic variatiog is
revealed when materials from diverse provenances are grown together in
a standard plantation, so that comparisons can be made between individ-
uals of equal age, growing in the same environment. In a large scale
programme, such as that for Triplochiton 8scleroxylon in Nigeria, the
measurements to be made in this way may be numerous and expensive. 1In
designing a programme of.measurements, it is desirable to make only a
few recordings from each tree, for reasons of.economy. Many people
would argue that for certain characters, a subjective assessment is
preferable. The complexity of the form of wild trees may defy rigorous
description, and so some subjectivity may be a necessary expedient,
objective assessment being too time consuming for certain characters.
On the other hand, a subjective assessment, eséecially where se§eral
observers are involved may be entirely spurious, because assessors
have different stahdards or understanding of important attributes.
Furthermore, there have been few published éttempts to evaluate the
type of measurements that might be made in this context.

The work described in this chapter was an attempt to investigate
the practical problems involved in the measurement and descriptiqn of
tree forms and to develop expertise at field assessment. It was
carried out prior to visiting Nigeria to assess T. scleroxylon. The

épecies chosen for this preIiminary investigation was Betula pubescens



Erhrh., a temperate broadleaved tree. There were two reasons for
studying this speciés:
(i) Its branching patterns and form are fairly similar
to that of T. scleroxylon, and
(ii) A collection of material of this ;pecies was available
in a small plantation at the Institute of Terregtrial
Ecology (Farfield plots).
A feature of the work described is the use of several observers,

enabling observer error to be evaluated.

’

4.1.3 Brief review of Provenance variation in forest trees

Intraspgcific variation in tree species has been studied by many
authors, especially in temperate gymmosperms, such as Pinus contorta,
(Burley 1966a, b,; Burley et al, 1967; Lamb, 1970; Pollard 1973) and
Picea sitchenstis (Cannell 1974). In broad leaf species, more attention
has been paid to multipurpose trees capable of rapid growth such as
Populus spp. Ying and Bagley (1976), in an investigation of genetic
diversity’ipvmqrphological, phenological and growth characters of
Pbpulys dettides provenances from Eastern United States found that
height and diameter growth were influenced by provenance at‘seven
years of growth, with height increasing from Nortﬁern to Southern
provenances. Southern provenances had the greatest diameter at breast
height (dbh) while dense crowns with numerous small, short branches
were characteristic of Northern and Western provenances; and Eastern
sources tended to have a spreading crown with long large branghes.
Agreeing.with the work of Farmer (1970) they further reported that data
of leaf flush and anthesis differed significantly between provenénces
(Ying and Bagley 1976).

In yellow birch (Betula alleghaniensis) an important hardwood of

36
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the Lake States, (Northern United States and Eastern Canada), Clausen
(1967) repbrted natural variation in catkin and fruit characteristics
in 9 provenances. He concluded that the Illinois and Michigan
provenances have the largest rachis length and mean fruit size. This
work is supported by the report of Dancik and Barnes (1972) who also

- found variation in Catkin and fruit size, even between individual
trees ih the same provenances. Further, Clausen (1967) studied height
growth in 25 provenances and reported that the West Virginia and

lower Michigan provences were growing almost twice as fast as the Nova
Scotia provenance which was the poorest. He identified also that the
northern provenances stopped growing earlier than the southern ones,
this agreeing with the earlier work of Wang and Perry (1958] with
Betula papyrifera (Paper birch).

Furthermore, Clausen and Garrett (1969) working at Rhinelander
(U.S.A.) tested 21 provenances of yellow birch. and reported highly
significant height differences between the best and poorest provenances
after 1 year; the Nova Scotia provenance being taller than the New
Brunswick provenance.

In a within-provenance study of the same species, Clausen (1972,
1980) reported that certain provenances were much more variable in
height growth than the others, diameter growth however was less
variable between provenances although it was also variable within the
provenances studied.

On the age at flowering, seed prbduction and seed yield, in
this same species, Clausen (1976) reported significant differences-
between provenances. He found that trees of the northern origin?ﬁegan
to flower and bear seed at an earlier age (6 years) than those of the

southern origin (7-8 years). He later reported also, that the presence
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of flowers or fruits depended more on crown size than on tree height
or diameter (Clausen 1979) while total seed yield depended much on

geographic ori@in or provenance (Clausen 1980).

4.1.4 The Status of Betula pubescens

The work reported is firstly on provenance differencesAand secondly

on the study of variation withhprovenances, in growbh, form and

behaviour of young trees and coppice growth in the field, of Betula

pubescens Erhrh. (White birch).

It is a native tree, abundant in Northern Britain, most of Europe
and Nérthern Asia (Figure 1ll) where it is a fast-growing early colonizer
of poor soils. Few studies exist on this species unliké BetuLa‘
alleghaniensis (Yellow birch) of America and Canada on which most of
the earlier literature review was based. However, extensive variation
in leaf shape has been reported by Gardiner and Pearce (1978), variation
ip form by Brown and Tulley (1971), in photosynthesis by Thomas and
Kenworth (1980). 1In an earlier study on the provenances, Last (1976, 1977)
reported substantial differences in growth characteristics and
emphasised the effect of latitude, daylength, and altitude of origin.

B. pubescens has not been artificially selected or improved to any great
extent in Britain (Mason and Pelham 1976); only in Finland, where Birch
is an important forest tree, ha?e appreciable selection and breeding been
done. Its uses there include plywood manufacture and as a possible

alternative energy source. Selection of B. pubescens for derelict or

unfavourable sites has now been started in Scotland (Last 1975).

4.1.5 Problems of Asséssor bias in subjective morphological assessments

There is general agreement that well formed trees are highly
desirable; for example, straightness in sawlogs is favoured (Bannister

1979). For aégéésing large numbers of trees, subjective methods are
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used.in many parts of the world, which depend on rapid visual
evaluations. This, as already mentioned earlier, is bound to vary
from assessor to assessor. With this in mind, Andrew and Wright (1976)
in a manual of Methods on Sepcies and Provenance Research, extensively
discussed the timing, methods, and recommended traits for assessment at
each stage of tree development; such as (1) nursery stage, when

vigour and survival a;é important traits, and (2) Field stages, when
height, diameter (dbh), crown characteristics and stem form are

important parameters. For example they recommended for stem form

assessment, an artificial class interval scale such as O - 6. This

method was applied in the subjective assessment of crookedness in
Pinusradiata stems (Bannister 1979) and gave inconsistencies in the

5 @ r'/l\
scoring of,individual observers ¢ _/ resulting in erratic changes in

~ ~
the mean values.
This work with Betula pubescens was designed to investigate

assessor bias between 4 experienced assessors and to ascertain the

importance of developing a unified set of rules for field work.

4.2 Materials and Methods

In 1971, seed of Betula pubescens was collected from approximately
the same latitude, but differenﬁ altitudes: Haukelifjell, in Nerway at
an altitude of 960 m and Inverpolly, Scotland at 45 m above sea level
(580.48 N - ib.l7 W aﬁd 59°.4 N -'70,17 E respectively), nearly %o
apart. The seedlings from these were planted out at the Institute
of Terrestiral Ecology -~ Farfield experimental site near Bush Estate
(Fig. 11 and Plate 25 at 1 metre espacement. Assessments were made in
1979, seven years after planting, when of 110 trees originally planted
105 survived, 2 trees of Scottish and 3 of Norwegian origins having

died.



Plate 3

Norwegian Scottish low Norwegian High
High altitude altitude altitude

Showing variation in growth between plants of two provenances of
B. pubescens at Farfield Field Station.
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Height, branching, its components, and other associated
parameters wefe measured in the winter months and flowering, bud-
break, and coppice growth were assessed later throughéut the summer and
autumn of 1979.

To demonstrate the problems involved in subjective assessments in
the field, 4 observers (A, B, C, and D) assessed morphological
characters such as forking, multistemghg and stem form. Observers began
at different parts of the experiment and worked independently. Each set
of data were analysed and compared, and if neceséary new definitions

were developed and tested. A 'committee' assessment was finally done

to assesgss the amount of "error" for each assessor.

4.2.1 Rationale for choice of characters

One approach tolthe étudy of intraspecific variation would be to
measure as many characteristics as possible. This approach is favoured
by the moderﬂ school of numerical taxonomy. The rationale of this
approach is that choice of a number of characters implies sampling of a
large proportion of the total genetic make-upvof the individual (Sneath
and Sokal 1973). This approach is largely rejected by classical
taxonomists, who choose 'conservative' characteristics; that is, ones
which are not sensitive to environmental changes and therefore can be
said to be a 'reliable' guide to taxonomic affinity. Another approach,
used extensively by breeders of food crops, is to measure only those
- characters, like economic yield, flévour and disease resistance, that
are of immediate practical concern. None of thesé apgroaches seem
wholelyAuseful in tree breeding.

The taxonomic approaches, at best reveal taxonomic affinities,
which may be of interest to the tree breeder, but only of marginal

practical value in improving the species. The conventional approach



41

of plant breeding is a more relevant one, though.the longevity of

tree crops precludes the use of final yield as a convenient character.

Much more useful would be some combination of characters which are

predictors of yield, or contributors to yield or good stem form, which

may be recorded at a relatively éarly stage in the development of the
crop. This approach Qas used in the present study; beariné in mind
that the T. scleroxylon crop would have to be evaluated at an age of

4 years. It is hoped that by this age useful trees will be beginning

to show desired characteristics and generally exhibiting their genetic

potentials.
The foliowing assessment procedures were developed after some
modifications for the work :

(a) Height of planf was measured with an extendable measuring rod
from ground level to tip of the leading shoot. The use of a
measuring tape, whgre a ladder was needed to reach the tree
éop was both inaccurate, difficult and dangerous.

(b) Total branches present inﬁluded dead ones but not the ébscinded
ones. This was to show current crown structures and the number
of branches per metre to show intensity of branching.

(c) Stem form or étraightness,'an important attribute ofAbole quality,
was assessed as recommended by Andrew and Wright (1976) using a
subjective score of straightness, in which the average score was
S, O for very straight and 10 for very crooked or leaning stems.

(d) Multiple stems were defined as erect shoots.half the height of
the ériginal stem, originatiﬁg within the first 10 cm above ground
level. At an earlier _stage in the work, the angles and proportion
of sizes between the multiple stem and main stem were not |
considered impoftant.uA" These were later refinements considered.

(e) Height to the lowest living branch was taken as an indicator of
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the tendency to self-prune, and so produce a good clean stem,
which can readily be utilized.

Diameter of the stem was taken at 10 cm from the ground, and

at 1.3 metres (breast height) on tall trees, using a pair of
precision calipers or a girth tape. Points‘of measurements

were marked with paint as standards.

Branching characteristics are_numerous and variable,

and may be genotypic or phenotypic. Common traits in Betula were :
(a) Forking : two co-dominant shoots which are almost equal in . ..
diameter, the diameter of one shoot had to be more than half the
other to be considered a fork, and'caused deflection from the
mainstem axis to make a V-shape; the positioning (upper, mid, lower)
was also specified, and the fork was also scored for symmetry i.e.
on a score of O - 5. A low score implied that the limbs were
unequal - a feature sometimes considered as 'attempted forking'.
(An attempted fork may probably be overcome or dominated in the next
growing season).

In the early stages of the work, the deflection from the mainstem
axis when forking occurs was not recognised. This attribute, and
multist%%ing, were the main parameters used for assessing observer
bias in later assessments.

(b) Heavy branching: normally, proleptic branches make
considerable diameter growth to qualify as a heavy branch, the
branch diameter should equal or exceed 25 % of the main stem
diameter. The annual occurrence of heavy branching, and forking
were also recorded.

Other attributes, such as stem rot, presence or absence of
adventitious shoots, decapitation or loss of apex frcm the

léading shoot, presence of sylleptic shoots on current year



growfh, stem basal sweep and éngles of branches were also
noted.

(h) Finally scorihg of each tree relative'to its neighbours was done
on scale 1-10 for vigour and 1-5 for form. This enabled the
removal of the effects of small-scale heterogeneity at the
site. Flowering between the provenances was also assessed on
a scale of .0-10 for the‘propoftionrof buds in. flower. This
was also done for flushing in the spring.

A diagramatic sqmmation of 6 parameters (form, fork, height,
branch per metef, stem nuﬁber and heavy branch number) were
used to construct a polygonal 'Treg rose' of representative

trees within each of the provenances.

4.2.2 Determination of Dry Matter -

'100 trees, 50 from each pr&venance, were latef cut down after
the above measurements‘had been made, and 12 contrasting individuals
were chosen for detailed assessment in the laboratory. Detailed
measugements included the number, length.ana diameter of primary,
secondary, and tertiary branches, forks, and the height‘of attachment
on the main stem of these. After ﬁhis, brancﬁes were cﬁt off and:
placed in separate marked paper bags and put iq the oven set to
98 oC for 4 days. On the first day, oven vents were opened to allow
moisture to escape. ‘Weights were recorded When no further loss in

weight occurred.
4.3 Results

4.3.1 Assessor bias

There was substantial variation between observers in both the

l1st and 2nd assessments of forking, with Observer A making 44 % more,
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over the 3 other oﬁservers and 27 % more than the committee assessment
(*CA') in the lst assessment (Fig.l12). Substantial differences were
also appaéent‘in the variance values between assessments and between
observé%%hmade by each 6f the observers (Table 4) at the two

assessments, this being improved on the second assessments.

0

Table 4 : Variations. between assessors in fork assessment at

2 different assessments in B. pubescens at Farfield.

ﬂean (forks per tree) Variance
Observer Prov. No.Trees [ 1st Assmt. ..2nd Assmt. [lst Assmt. 2nd Assmt.
PS 50 1.60 0.36 2.44 0.27
A P7 SO0 . 1.63 0. 30 1.80 0.29
Meany (T 1.61 0.33 4.24 0.56
.P5 50 0.64 0.46 0.27 0.33
B P7- 50 0.73 . 0.40 0.36 0.24
Mean ) < -7 | 0.69 0.43 0.63 : 0.57
~
P5 50 0.67 0.26 0.50 0.19
c P7 50 0.66 "~ 0.28 0.42 . 0.20
Meand {“j 0.67 0.27 0.92 0.39
S ~ .
P5 50 0.82 0.28 0.60 0.24
b P7 50 0.74 0.20 0.55 0.20
Mearil) ¢ 0.78 0.24 1.15 0.44
PS5 50 - ' 0.44 - 0.33
voa P7 50 - 0.42 - 0.36
Meaﬁ§> Ogﬁ/XE - 0.43 - 0.69

Where asseséments were made once, viz: Multistem and perfect tree
number scores (Fig. 13), no substantial differences existed between

observers in multistem number and even when compared to the committee
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assessment. However, in the assessment of form, Assessor A differed
significantly, giving a mean value 20 % lower for Provenance 7 and

1 1 .
about 40 % .lower in Provenance 5, compared to the other assessors.

4.3.2 Comparison of Provenance

Trees of the Scottish provenance (P5) were twice>as tall as the
Norwegian provenance (P7), the latter having 25 % more multistems,
while the'formér had 46 % greater stem diameter at 1.30 m on main étem
(Table 5a).

There were also substantial differences in branch characteristics
between the provenances, with P5 producing 41 % more branches than P7,_
both in the heavy branch category and in the light bfanch category
(Table 5b).

The variation in flowering between these provenances was also
substantial (Table 6) wiﬁh P5 scoring 5.7 while P7 had anAaverage score
of 0.25. This is a highly significant difference between these seed
lots, and it is worth noticing that P7 produced only male flowers
while P5 proauced both male and female.

In flushing, (Fig. 14), P5 started proaucing new leaves in the
spring, 3 weeks earlier than P7 and cqntinued at a significantly faster
rate. By October, observations in the field revealed that while P5

still bore leaves, P7 had shed its leaves.

.4.3.3 Comparison of individual trees within each provenance

Large variations exist between individual trees in the diagramatic
representations presented on Fig. l5. Here a summary diagram of the
parameters: stem form, forking, plant height, stem nuﬁber{fg}anch
diameter >10 mm and branches per meter of mainstem height aliows a

comparison between provenances and also comparison with hypothetical
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Table 5(a) : Provenance differences in height, diameter, multiple

stem production and form in B. pubescens 7 years

after growing in field at ITE, Farfield.

Provenance P5

Provenance P7

Mean '+ SE Mean + SE
Height (cm) 323.0 7.0 186.0 4.1
Stem diameter
at 10 cm 4.8 0.1 3.2 0.1 .
Stem diameter o
at 1.30 m 2.6 0.09 1.2 0.07
Stem number 1.1 0.03 1.5 0.06
Score of stem
form 2.7 0.20 2.5 0.20
straightness (0-5)
Score of mean
tree form- 6.2 0.27 5.08 0.27

subjective




Table 5(b) :
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Provenance differences in branching characteristics

of B. pubescens after 7 years growth in field at

ITE,

Farfield.

Provenance P5

Provenance P7

Mean + SE Mean + SE
X Total Br. No. 42.1 1.18 25.0 1.2
i-Total Br. No.
| abové 1.3 m 17.34 1.07 0.4§ 0.37
X Total Br.
Below 1.3 m to 24.02 .50 23.74 0.63
.30
B. No. with ﬁia.
10mm -~ 5 mm 13.26 .91 8.61 0.67
(Lower tree)
B. No. with Dia.
10 mm - 5 mm 11.96 1.26 1.63 0.33
(Upper tree) ’
Primary Bi. No.
with Dia. >10 mm .82 0.19 0.06 0.03
top
Primary Br. No.
with Dia. >10mm 1.14, 0.24 0.31 0.07
lower
Primary Br. No.
with Dia. >5mm 11.14 1.07 1.57 0.3
Top
Primary Br. No.
with Dia. > Smm.. 12.12 0.67 8.3 0.6
Lower
Piihary Br. No.
with Dia. > Smm l6.7 1.47 1.2

(upper & lower)

14.6
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Eig; 14 The relationship between various environmental parameters N
and flushing of trees of 2 provenances of Birch (Betula
pubescens Erhrh)at Farfield. '
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Table 6 : Variation in flowering of two provenances (P5, P7)
of Betula pubescéns Erhrh. 7 years after planting
at 1 metre spacing at ITE, Farfield.

(Scored on scale O ~ 10 for the proportion of l;uds

in flower), HLFB = height to lowest flower bud).

(Means of 50 plants per provenance)

Flowering
Provenance X SE %

P5 3.0 .47 6 (78)
Inverpolly 2.7 0.37 @ (I
Alt. 46 m 78.4 ~.065 H.E.F.B.

P7 .025 .021 6’
Haukelifjell o o 9
Alt. 960 m .05 .035 H.L.F.B.

cm




Fig. 15a

Polygonal graphs (Rose diagrams) of tree form in two. provenances of Betula
pubescens. Axes are always as defined in Fig. 15B(i). -

Tree 22

Tree 38 re

Tree 67




Fig. 15b

Mean tree form for provenances oP7 and oP5. Means of 50 trees per provenance.

(1)

Branches
per m

(ii}) (iii)

Hypotheticalv'best possible"tree

Hypothetical 'Worst possible' Tree
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forms for ‘very good’. and 'very-bad'-trees (Fig. 15a).

In the dry matter produced by 12 contrasting branching trees
within these provenances there are substantial differences in all
parameters investigated,(Fig. 16). From provenance 5 (Scottish)
trees 8 and 56 produced most stem dry matter; much.:exceeding.the
average of 936.8 g while tree 55 produced most in the other provenance
(P7 Norwegian), this greatly exceeding the average of 148.4 g from
trees in Provenance 7. The same order exists in Primary branch dry
matter, but in P5, tree number 22 joins with high dry matter producers,
a situation reflected throughout other parameters (secondary branches,

and tertiary branches).

4.3.4 cCoppice growth

There was substantial variation in coppice growth from the same
12 individual trées studied. As in the trees before they were cqﬁ
down, there was more height growth in Prévenance PS (Scottish) than
P7 (Norwegian), with Coppices 8, 56, ana 22 being taller‘(lZOO -
1400 mm) thaﬁ others in PS.gnd-Coppices 554Aand 51 substantially
taller (600 - 900 mm) than 31, 67 and 25 in P7 (Fig. 17a).

In branch production,.there is substantially more primary and
secondary branches in P5 than in P7 (Ffé. 17bi,ii). Coppices from
treeé 56, 50, 22 and 8 produced more primary and secondary branches
in PS5 than those from trees 52, and 38, which produced least. Furthermore,
in P7 coppice from tree number 51 produced greatest primary branches

althouéh not substantially different from those of other trees.

4.4 Discussion

4.4.1 Observer bias

The differences shown between observers (observer bias effect)

in the éubjectiﬁe assessments of the parameters reported above clearly
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demonstrated that when adéquate rules are not available, observers
may provide misleading data. This agrees with the findings of
Bannister (1979) who with P. radiata demonstrated substantial assessor
bias in the assessment of stem crookedness. It was also clear from
this study that if the definitions of particular characteristics were
not cleariy and very strictiy defined, different assessors séored
trees very differently. Discussion-between assessors often showedb
major differencés in- the observationsAof detail, in the understanding
of criteria affecting tree form, and in their assessment of the
importance of different characteristiés. The formation of an agreed
'commi ttee decision' was sometimes quite difficult; for example, in
the assessment of a fork as opposed to a heavy branch. The
identification of the mainbranch from the co-dominating fork branch
- was difficult when in some cases deflection on main stem was' not
easily visible.
However, subjective assessment is. likely to be used in forestry
for a long time hence, and indee& is practicable, when adequate
guidances are given.such as :
(a) Parameters to be assessed need to be perfectly
identified and listed.

(b) Assessors selected need to be experienced in tree
biology work and physically fit so as not to suffer
from observer fatigue.

(c) Suitable assessment sheets need to be drawn up.

(d) Parameters should be assessed one at a time for all

trees, guided by a universally-accepted and
documented set Qf rules. This will ensure that local
and international studies are comparable in quality -

—and standard.
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+4.4.2 Within and betweenh provenance growth differences
The differences between the provehances under study which are

separated by only about %o latitude, cén presumably be attributed
mostly to selection forces differing according to the altitude -
difference between the two origins (Inverpolly-Scotland, 46 m and
Haukelifjell - Norwag, 960 m). This was suggested also by Last (1976,
1977), whqjemphasised the associated changes in climate (temperature
changing -0.5 oc per 100 m altitude) and soil. As might be expgcted
from other provenance studies of widely distributed genera like
Betula, e.g.Betula alleghaniensis from different latitudes (Clausen
1980), the growth characteristics most affected by altitude of

origin were, height, branching and stem diameter growth, this
agrees ~ with the findings of Ying and Bagley (1976) in. Populus
deltotdes provenances, where substantial differences between provenances
from 7 sources wﬁ?irecorded in height, branching and stem diameter
over 7 years; with the Mississippi provenance béing least, and the
Missouri provenance best in tﬁese parameters. In explaining this
difference, it is also likely that soils at the different altitudes
differ, this being supported by the works of Mason and Pelham (1976)
in Betula pubescens and B. verrucosa, where genotypic variation in nutrient
uptake of different populations was reported. Last (1977) on the
other hand, earlier attributed differences in growth between these
provenances i.e. (P7 - Norwegian) to less growing time; an adaptation
.to minimise risks of frost damage in its native habitat. This is
substantiated by the observations in this study (Fig. 14) in the
differences in flushing aﬁd the early leaf drop in Provenance 7
(Norwegian). This agrees with Sharik (1970) who reported in yellgw
birch provenances that growth initiation and cessation took place

earliest in high-elevation populations in Vermont and New Hampshire
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and latest in low-elevation populations in South-western North
Carolina and South-Western Virginia in U.S.A., infﬁ;ing that
temperature changes with altitude at their origins. was involved.

This type of variation is similar to that found in latitudinal
variation in a wide range of species such as in Prosopis spp. (Leakey,
and Last 1980). The inter-provenance variation in flowering reported
earlier, is like that in Yellow birch: Clausen (1976, 1979 and 1980)
reported early flowering in provenances of the northern origin. He
also reported the occurrence of bisexuality in some provenances in .
their early stages of flowering, being effects of origin, which in the
case of the provenances under study, probably reflects differences in
temperature as a result of the altitude of origin.

The individual trees making up the provenances in this study
wete themselves highly variable as one might expect in én outbreeding
species. It wasAthe assessment of this variability which probably
accounted for most of the assessor bias earlier discussed. However,
having arrived at firm definitions of the characteristics which best
illustrate the differences between individual trees within populations,
the object of this study was primarily to try and select those
individuals which have the greatest potential for commercial forestry
and secondarily to observe ways in which individual trees differ.

With' this in mind, it was intergsting to observe substantial variation
between.individuai trees in their dry matter production, (Fig.16),
where trees 8, 56 (§5) and tree 55 (P7 produced most stem dry matter.
Trees 38 and 50 which produced less prihary branch dry matter are
likewise good candidates in selection for improvement of this species.
This finding agrees with that of Clausen (1973) who reported in :
Betula alleghaniensis substantial provenance variation in dry matter

B

production between 5 sources in mean stem and branch mean dry weight
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at 2 years. It was also clear from the: present .study that while
it is relatively easy to see visual differences between individual
trees, it was relatively difficult to quantify these and present
them graphically in such a way that trees with particﬁlar attributes,
and more iméortantly, those with many desirable characters were
clearly visible.

In Fig. 1l5a and b, where 'tree rose' diagrams are presented it
is clearly pfacticable to identify the general quality between these:
provenances. Fﬁrthermore decisions also have to be made as to whethe;
certain undesirable characteristics are of genetic origin or whether
they are responses to chance damage, like the predation of leading
shoots by birds, insect pests or frost damage. To try and develop
a greater understanding of the processes leading to, for example
forking, and branching, selected trées were felled and the coppice
regrowth studied to observe the genotype re-expression in singled
coppice shoots. The variation between the coppices from the
individual trees studied showed similar variability and ranking
to that of..the original trees (see Fig. l7a aﬁa b), this agreeing
with the findings of Clausen (1972) Qith Yellow birch progenies.

Finally the knowledge'gained from this study w8g “of considerable
value in deciding Aow subsequently to assess the clonal experiments of
T. .seleroxylon in Nigeria, which form an important part of this

thesis.



4.5

~'THE DECAPITATION- TEST

The concept of the dJecapitation test as a measure of
apicai,dcminance in T. scleroxylon was first tested by Leakey
and Longman (ODA Annual Report 1976} and paper in press). The
present study develops this concept and investiéates the poss-
ibility of establishing a predictive tést for branching.

Léakey and Longman found that following'decapitation many

axillary buds start active growth (the exact proportion varying

" between clones) and that subsequently one shoot, normally the top

54

one re-establishes dominance. Thus it is possible to identify T

2 Phases :-
(i) The sprouting phase, which usualiy
reaches ité(peak 3 - 4 weeks after
decapitation, and
(ii) the phase of dominance re-establishment
| (Fig. 18).
It is postulated that the mechanism for dominance imposed
by the new lateral shoots is probably the same as that of the
original éhoot apex and the envirommental and endogenous influencés
are the same.

Thus plants with weak apical dominance could be expected to

release many lateral shoots following decapitation.

=



Percentage bud activity

80

60

40

20

Fig. 18

Phase of Phase of re-establishment of dominance,
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bud - progressively inhibited.
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Diagram showing a typical response to decapitation in which
inactive axillary buds first sprout and then subsequently
become re-inhibited.



SECTION 2

THE DECAPITATION TEST : A MEASURE OF APICAL

DOMINANCE

To measure the strength of apical dominance in different clones,
the plant apex was removed, subsequent bud activity followed
different patterns in different clones, and from these patterns
were made inferences about apical dominance;

However, before clonal differences could beAinvestigated it was
necessary to examine effects of the environment, so that subsequent
tests could be suitgbly standardized, hence revealing clonal

variation.
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CHAPTER 5

.. . FACTORS AFFECTING APICAL DOMINANCE IN DECAPITATED PLANTS

5.1 General Introduction

To remove correlative inhibition, different workers have used
various methods, including physical restriction of apicai gggwth
(Mulder, 1941; Leong et al, 1976) by covering of the apical'bud,
chemical, nutritional; or environmental treatments (Phillips, 1975),
and the surgical removal of the apical bud or shobt(decapitatiéh),
which Snow (1925) first practiced and whose effect, Thimann and skoog
(1933, 1934) ‘demonstrated could be reimposed’by'the application of
auxin to the decapitated stump.

Hillman and Yeang (1979) considered decapitation to be the most
effective and simplest method of removal of correlative inhibition.
This view is opposed by Tucker and Mansfield (1972)and Tucker (1974)
who prefer light treatments, as opposéd to decapitation; in which the
manipulation of the spectral balance in the red/far-red region (through
its effects on phytochrome) was said to alter the endogenous hormonal
balance within the plant, hence.infiuencing axillary bud inhibition.
As this light effect, and Tucker and Manéfield's measurements of ABA
levels designed to support the above claim (Tucker and Mansfield 1972),
have not been confirmed, their findings may have been an artefact of
their technique.

Thus, in this thesis, the surgical removal of the top 2 nodes
(decapitation) was used in the study of 'apical dominance' in the
monopodial, unbranched and juvenile cuttings of T. scleroxylon.

As discussed in Chapter 2, numerous factors are known to inéluence
apical dominance. Although many aspects are poorly understood, the
factors involved may be broadly classified as either plant factors

(Phillips 1971; Hartung and Funfer 198l) or environmental (a) aerial,



(b) edaphic, (McIntyre 197la,b; 1973; fucker and Mansfield, 1973).

- .In this type.of.inyestigation,"inadequate.atteﬂtion has often
been given to the conditions under which experimental plants are grown
(Shein and Jackson 1971), the micro—enVironmeﬁts around the plant
‘buds (Cutter and Chiu, 1975) or season (White 1976), all of which may
have led to difficulties in experimental interpretation.

The experiments presented here investigate the effects of various
factors on apical dominance, in order to identify the conditions
reguired to reveal the greatest genetic variation and so establish

standardized conditions for the screening of large numbers of different

clones.

5.2 PHYSIOLOGICAL STATE OF PLANTS

The physiologiéal state of plants is.likely t0'substan€ially affect
growth and most plant processeé. In this part of the work, the effeéts
of defoliatibn and plant size are examiped in decapitated plants of a
range of T. scleréxylon'clonés, to assess the effects of these
physiological or plant. factors on axillary bud activity; a meésure of

apical dominance.

5.2.1 Effect of Defoliation on Axillary bud activity in Decapitated

Plants

5.2.2 - Introduction

Young expanding leaves are known to contribute to the inhibitory

i; ;fiﬁp/‘;;14 This has been attributed to the
T \\' '\,)
effects of their endogenous auxins (Snow 1929; Thimann and Skoog, 1934)

effects of apical buds

L e,
e T e — T aant .

- B . /f\“‘//_ - > :
$ > = - while Dostal (1926)C S 47 = . oy related this
PR e . e T~ TR ~-«2?’/$’5 "

. . . . :
to the ilatory effects of the lamina. Champagnat (1955) on the

L
assi
other hand, in his experiments with Lilac (Syringa vulgaris) concluded

that the complex system of older leaves along the stem in woody species,

rather than the young expanding ones contribute more to the inhibitory

effects of the apical buds. Opposing this view, Glivern and Varder (1977)
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concluded that the character of the inhibitory effect varies according
to developmental stage, and the point at which the leaves are
inserted on the stem and that younger leaves affect apical dominance

more than older ones.

5.2.3_ Materials and Methods

‘ The effects of various amounts of defqiiation on 'apical
ddminance'Aof juvenile clonal cuttings of T. seleroxylon was investigated
in FRIN (Nigeria) from July to September 1979. 32 plants of each of
5 clones (392/9, 404/1, 410/20, 431/9 and 431/20) were chosen, whose
culture and origins had earlier been described in Chapter 3.

Their heights varied between 45 to 55 cm, and had an average of
14 nodes, with 8 - 10 fully expanded leaves.

To test the effect of different types of deféliation, 8 ramets of
each clone were allocated to 4 treatment levels, Qiz: complete

defoliation, and partial defoliation in which, 2, 4 or 6 leaves were

retained. They were then allocated randomly into 4 blocks of 32 plants. .

5.2.4 Assessment of bud activity

All axillary buds and lateral shoots were examined weekly following
decapitation and shoots were considered to be actively growing if their

length increased >2 mnm week—l (Leakey and Longman, in press).

5.2.5 Data analysis

Bud activity was calculated, as the proportion of all axillary
buds sprouting, and the standard error (+SE) of the means were
calculated according to the formula of Bailey (1959), p 24.

X
(H)

X,
(l—“;9

n

SE =



!P.n
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Where x is the number of buds active at a time, and n is the total

number of buds.

5.2.6 Resultéb

Different degrées of partial defoliation produced essentially
identical responses, but total defoliation resulted in aimuch lower
percentage bud activity (Fig. 19). Plants with 4 and 6 leaves
displayed the highest bud activity at most assessments, with no
mortality, unlike in the total defoliation where 20 % of plants
died. Clones differed considerably in their response to different
degrees éf defoliation (Fig. 20). The effect of complete defoliation
treatment in clone 404/i was.only overcome after the 5th week, it
took clone 410/20,7 weeks, while clones 431/9 and 431/20 never
recove?ed.. Clone 392/9, on the other hand, was completely insensitive
ta..the number of»leaves retained, thus differing in this respect from

other clones.

5.2.3 DiscussionA
The presence of ;bsence of leavés had important effects on the
ability of buds to sprout following decapitation, a result confirming
the observations of lLeakey and Longman (1976; in press) who also found
that bud activity was lower in fully defoliated plants than in those
partially defoliated. Correlative effects of leaves have also been
reported by Guve(-and Varder (1977) in Phaseolus vulgaris, who
emphasised the importance of the position of leaves, and concluded
that leaves contributed endogenous auxins for éorrelative bud
inhibition, thus agreeing with the report of Thimann and Skoog (}934).
The plant mortality in the total defoliation treatment and the lower

overall bud activity may be purely an effect of the reduction in

avaeitable assimilate. A consideration of the variation between clones
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suggests that some of the variation in response to defoliation may

be due to the levels of stored assimilates (clone 392/9 is almost
unaffected by total as opposed to partial defoliation, and so,
presumably, possesses a large carbohydrate reserve). Although the
effects are not statistically significant, there is a progressive
trend of enhanced bud activity with increasing leaf number:. Although -
not tested_here there has also been a suggestion that more than 6 leaves
may have deletérious effects on bud activity (Leakey and Longman in
press), forAin three of these clones, bud activity peaked when only;é?
or 4 leaves were retained. This is consistent with the suggestions of
Champagnat (1955) in Lilac that older leaves may have some influence
on the correlative inhibition of buds. As clones differ in their
response to defoliation, some appearing to be much more tolerant, as
indicated by the time taken for some clones to recoverg -this may
perhaps reflect the fact that subsequent production or activity of
leaf area differs between clones.

The data suggests that if decapitation is to be used as a
- method of assessing the genetic variation in the 'strenqyfj of apical
dominance in T. scleroxylon clones, about 4 leaves should be retained,
so maximising the response. Leafless plants should not be used, as

this seems to impose severe constraints on subsequent bud activity.

5.3 Effects of plant height and point of decapitation on axillary

bud activity.

5.3.1 Introduction

Although Phillips (1975) suggested that all vegetative buds on
a plant possess essentially equal developmental potential, Cutler and
Chiu (1975) demonstrated that lateral buds along the stem of intact

plants respbnd differently to different factors which break apical
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dominance; thus'indicating some endogenous hormonal gradients in the
shoot and possible differences in relation to tissue age and state of
. the buds. This is probably also the case in decapitated plants, but
the experiments of Kulasegaram and Janakiram (1970) with tea (Camellia
sinensis) suggested that although the effect of node position was
significant in the early stages, it did not conform to any. definite
pattern, and the differences disappeared as the plants grew older. -

The present study investigates the effect of plant height and
the age or position of T. scleroxylon buds on the activity of

axillary buds fbllowing decapitation at ITE in Scotland.

5.3.2 Materials and Methods

~

24 plants of clone 144/9 were chosen; 16 of them were 110 cm
tall whilst the remaining 8 were only 65 cm tall; they had 23 and 15
nodes respectively and 4 leaves were retained on each of them. All
plants had beén grown under similar conditions, the differences in
height reflecting only their time of propagation.

Of the tall plants, 8 were left at their full height while the
remaining 8 wereki}{?:jcut down to 13 nodes to bring them to about
the same height as the small plants, thus having at their tip.unlike
the other 2 batches, nodes élightly older.

Thus experimental treatments included:

(1) .Tall plants (T)

(ii) Short plants (S)

(iii) Tall plants cut short (T/S)

On 12-11-79, the same day that plants were selected, decapitation
was done by the removal of 2 uppermost nodes for treatments T and S
while treatment T/S was decapitated by the removal of 10 nodes. .The
treated plants were now randomly allocated int; 3 blocks and short

. plants were stood on large inverted pots to bring all plants to the



same height amd to prevent shading between them. Assessment was

' ' - -1 !
made of bud activity (>2 mm week ) at weekly intervals, as wedl as
the mean shoot and leaf production at the end of the experiment

(15-1-80).

5.3.3 Resuits

Bud activity following decapitation was greater in the plants
from which only the top 2 nodes had been removed (T,S) than those
which were cut down shgrter (T/S), the greatexst response (after 3
weeks) being in thosg which were tallest(Fig.2l1). There was, however,
a general similarity in the rate and pattern of increase in the early
bud outgrowth and in the reassertion of dominance. There were also
étatisticélly significant differences between all treatments, téll
plants producing the longest shoots when top decapitated but
shortest when severely cut back (Fig. 22). There was however no
significant difference in the mean number of leaves produced by plants

under all treatments (28 * 2.3, 30 *+ 4.1 and 34 * 7.3 respectively).

5.3.4 Discussion

?he overall pattern of bud outgrwoth is similar in all treatments
and also to that recorded in other species, with a release phase, and
a re-establishment of dominance phase. In T. scleroxylon and as
confirmed by the plants in the present study, after the first phase,
basal buds are first inhibited and gradually, the upper ones are affected
until only a few remain active. Leakey et al, (1978) suggested that
apical buds in Agropyron repens multinode fragments normally have a
competitive advantage over basal buds for rhizome carbohydrate reserves,
and hence the dominant shoot is usually one of the-apical nodes.: The
same applies in T. secleroxylon.

Recently, Leakey and Longman (1979, in press) demonstratéd that

after single 1,10,20 or 25 node decapitation of 30 node T. scleroxylon
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plants, the greatest meah number of branches was in the 29 node plants
rather than in the 10 node ones, although percentage axillary buds
sprouting was similar in all plants regardless of their height after
decapitation or number of nodes removed. They also showed that mean
ghoot length was greatest in plants of medium height raﬁher than in
the tall ones. The results presented here agree with those of
Leakey and Longman (1979, in press), in that 2 node decapitated plants
(T and S) also produced the greatest bud outérowth in this e#periment;
but disagrees with them as regards shoot production, aS: in the present
work, the 2 node decapitated plants produced greatest mean shoot
(although only the first top two axillary buds were considered). The
reasons for this disparity may be as already suggested in their work
:- that limits to shoot growth was probably being imposed by pot size,
and shading, which was prevented in this test by raising short plants
 to an equal level with the tall ones. The possibility of the
involvement of stdied reserves in the behaviour of the tall but cut

(tfs)

shor; plantgAmay also be important, as the younger shoot in the top
6T itated

of the short and tallﬁ, 2 node decap’/{ plants may also have younger

and more phdogrnthetically active leaves. Furthermore, these results

indicate that age of the buds may exert an important influence on

the hormonal relations of the system, thus agreeing with the conclusions

of Cuttg? énd Chiu (1975).

The practical conclusions from this experiment:are that plants
respond to decapitation in a matter not affected by how tall they are,
thus when screening clones for genetic traits, attempts to standardize
the plants by clipping them to the same height should be avoided, instead
prefering plants of the same size as cutting them down reduces tgeir

potential for bud activity and this will mask the genetic variation

in apical dominance.



5.4 EFFECTS OF AERIAL ENVIRONMENTS ON APICAL DOMINANCE

| The effect of aerial environment on the regulation of apical
dominance has received much attention recently. Variables chosen
¥or study have included irradiance (McIntyre, 1973), Carbon dioxide
concentration (Anderson 1976; Hellmers and Strain 1980), temperature
(Leakey et al, 1978a), relative humidity (McIntyre 1981), gravity
(Nasr and Wareing 1958; Longman. 1968) and light quality (Tucker 1976;
Leakey et al, 1978b).
| The influences of these factors on the phenomenon of apical
" dominance are likely to be mediated through the influences on both
the hormonal balance (Field and Jackson 1974), and the nutritional
status of the plant (Phillips 1969).

In this part of the work, the effects of some factors of the
aerial environment on‘lateral bud activity following the decapitation
of T. scleroxylon plants are considered. They include :

‘(i) The effects of shading,

(11)  Humidity, |

(iii) Temperature, aﬁd

(iv) Day length,

5.4.1 Effects.of shade.-.on bud activity of decapitated plants

5.4.2  Intwoduction

Although extensive work exist on the effect of shading on the gréwth
of plants (Njng/IQGO; Loach 1969; Okali 1972), its effects on apical
dominance have not received much attention, However, correlative
inhibition of buds is generally thought to be enhanced in shade,
perhaps by lowering the levels of photoassimilates and increasiné auxin
levels (Phillips 1969; 1975). This has been demonstrated in Linum

ussitatissimum (Gregory and Veale 1957), and in Phaseolus vulgaris,
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Shein and Jackson 1972; Field and Jackson 19750, This effect is
thought to result from light effects on the different hormone balances
occurring at different positions in the plants. However tﬁe physio-
logical basis of this, is still not clearly understood. The work
reported here investigates the effect of fﬁll natural light versus
shade on the axillary bud activity of decapitated plants“at FRIN

(Nigeria).

5.4.3 Materials and Methods

18 plants each of 5 clones (368/16, 368/19, 436/8, 436/11, 436/18)
were selected, choosing individuals of nearly equal height. Dayling
was reduced by screens of 1 layer fibre giass roof sheet and 1 layer
of palm frornds from Elaeis guineensis, placed on a frame of a 5 m high
and 3 m wide plant shed (such a shade is preéumed to act as a neutral
filter). The shed was further covered on the East-West sides with
local papyrus mats to rgduce lateral light inside this area, and
providing a light intensity of 200 uE m_2 s-lﬁhich usually:0ccu;£§§-accord—
ing ﬁo time of day,and weather. Actual intensities were often rather
low owing to a seasonal effect, this period being the rainy season and
often overcast.

Air temperatures varied between 25 - 30 ©C in the open and were
only about 3 °C léss in the shade.

9 plants per clone were randomly allocated to each treatment
and decapitated at about 60 cm high, (18 nodes) and with an average
of 5 leaves on each plant.

Assessments of lateral bud length were made at weekly intervals
for 8 weeks. 2all éxperimental plants were spaced out to minimise
between-plant shading, and surrounded with two guard rows of similarly

sized decapitated plants.



5.4.3 Results

Bud activity was considerably greater when piants Qere in the
open than under shade (Fig. 23), there was no statistically significant
difference in the initial responses of different clones to
decapitation..

Cloﬁes 436/11 and 436/18 were however faster than fhe”other clones
in reasserting dominance, irrespgctive of light climate (Fig. 24).

Plants in full light produced longer lateral shoots than those in
the shade, mean shoot length from the top 3 nodes and the number of
leaves both being three times greater. Under both light environments,
clone 436/11 produced the shortest shoots and clone 368/19 the least
numbexr gf leaves (see tables 7a,b). The relationship between shoot
length and number of leaves was not significant at bo;h treatments

(r = +0.25 - shade and r = $O.20 for full light).

Table 7(a) :

Mean shot length of top 3 lateral shoots

(mm)

Clone Shade Full light
368/16 _ 101.8 (15.4) 265.2 (7.8)
368/19 95.0 ( 7.3) 275.4 (14.3)
436/8 128.7 (13.4)° 260.8 (22,3)
436/11 : 48.4 ( 4.1) 174.2 (21.0)
436/18 . 71.8 (12.0). 212.0 (16.2)
Mean 89.1 (13.6) - 237.5 (19.2)

Effect of light intensity on mean shoot length in decapitated.T.

Error
scleroxylon plants (means of 9 plants per clone with standardxt in

parentheses.
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Fig. 24

Effects of light intensity (shade -~ 20 % and full light 100 %) on
bud activity of decapitated T. scleroxylon in FRIN Nursery - Nigeria.
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Table 7(b) :
Mean number of leaves produced by final
assessment
Clone Shade . . ' ~ Full Light
368/16 9.0 (0.7) 30.8 (1.6)
368/19 6.0 (0.5) 24.0 (1.8)
~436/8 12.5 (0.7) 42,1 (1.8)
436/11 10.4 (0.6) 28.2 (2.6)
436/18 8.4 (0.9) 28.2 (2.0)
Mean ’ 9.3 (1.1) 30.7 (3.1)

Means of 9 plants per clone with standard error * in parentheses.

é.4;5~ Discussion

The decrease in bud activity when shaded, interpreted as an
increase in apical dominance, agrees with the findings of Jackson and
Field (1972) and Field and Jackson,(l9;§Q with Phaseolus vulgaris
and Gregory and Veale (1957) with LZnum ussitatisimum, and can
probably be explained in terms of increased competition for carbo-
hydrates, and possible changes in the prodﬁction of various plant
.hormones as demonstrated by Shein and Jackson (1972}, McIntyre (1973)
and Phillips (1975). The similarity between individual clonés in
bud activity however suggests a genetic similarity between them in
responses to decapitation and thus presumably in apical dominance.

The lack of a re-establishment phase in this experiment however,
as in others done in Ibadan, suggests that the occurrence of this
phencmena in Ibadah and not in Edinburgh has nothing to do with :
differences in light environment, but probably in the potting media.

9
Furthermore, the reaction of T. scleroxylon to sheding in terms of
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shoot 1ength.is nqt unexpected as it is known to be an early colonizer
of forest sites and a high light demander; a requirement typical of
other pioneer trees of the natural West African forest (Okali 1972).
On the othef hand, reaction to natural shade may not be the same as
reaction to neutral shade. The shade of forest canopies is rich in
those parts of the spectrum which leaves transmit : in particular the
far-red component is enriched relative fo the red. Such spectral
shifts are known to be detected by phytochrcme and other pigment
systems and mayAelicit hormone - controlled growth reactions (Smith
1981). These differences may be responsible for the lack of better
shoot growth (longer internodes) in the shade treatment relative to
the full light, and the lack of relationship between shoot and leaves
produced at the two treatments.

Practically useful inferences that can be drawn from this test
include the possibility that the method of shading or the shade
itself has been too dense for a light demander like Triplochiton and
the fact that tests of this nature probably should be done in
average rather than in full light,perhaps something similar to that

in ITE glasshouses. This aspect however needs further investigation.

5.5 Effects of humidity on bud activity of decapitated plants

5.5.1 Introduction

As well as having a direct effect on water loss, ambient humidity
is known in many cases to be a significant controlling variable of
stomatal conductance, thence photosynthesis and the vafioﬁs para-
meters of plant growth. Its role in the tropical forest has not fet
been fully elucidated, though appreciablé literature now exist oﬁ
tropical grasses and herbs. Most authors have stressed its

importance in relation to changes in botanical composition that

68



69
occur along gradients of moisture, e.g. with vegetation in the
tropics (Longman and Jénik 1974).

Very few workers have studied the effect of this factor on
the apical dominance of planfs and only in Piswn sativwn (Remy
1068; McIntyre- 1971), and Agropyron repens (mcIntyre 1979) has it
been demonstrated that humidity is important in correlative
inhibition.

The present work investigates.theleffects of huﬁidity on the
sprouting of decapitated T. scléroxylon plants, as part of the
other experiments, to assist in selecting standard test conditions

in future.

5.5.2 Materials and Methods

16 plants, ranging between 50 and 60 cm tall each of 7 clones
(238/6, 342/7, 368/5, 404/10, 404/18, 424/16 and 431/10) with four
leaves were chosen, repotted into 9" diameter pots and allowed to
recover for 3 days prior to decapitation. Experimental areas at
FRIN were also prepared at the same time and also left to
equilibrate. The higﬁ humidity (100 %) treatment was provided with
a Defensor mk II humidifier in an enclosed polythene tent enclosed.
in an asbestos-roofed wire enclosure which provided sﬁade and
allowed good control of temperature, and adequate ventilation,

Supplementary light was provided by 6 fluorescent tubes
.hanging low enough to provide comparable light intensity with the
low humidity treatment area which was otherwise the ambient
environment, in the rooéed wire enclosure gbout 50 m away from the
high humidity tent.

Humidity levels and temperature were investigated at these ﬁwo

sites with a Cassella thermohy@rograph at an air temperature of



70
o . . . .
30 ¢, the maximum humidity occurring at watering.

Environmental conditions of both experimental areas are as

given in Table 8.

Table 8 : Probable vapour pressure and Vpd, calculated from

temperature and relative humidity data using the

equation.
Treatment Temp. °c Rel. Hum % Vapour Pressure Leaf-air deficit
(mb) - (mb)
High 28 95 - 100 36.1 - 37.8 o -1.,7
Low 30 40 - 70 17.1 - 29.9 25.3 - 12,5

Plants were randomised in two blocks in both areas with each clone
replicated four times per block.

Assessment of lateral shoot length were made weekly and on the
final day, the total number of leaves produced by each plant and the
mean lengths of the three uppermost lateral.shoots were also

assessed.

5.5.3 Results

High humidity significantly increased bud activity following
decapitation (Fig. 25) and also increased the mean length of the
top 3 lateral shoots and the number of leaves produced (Tables 9a
and 9b).

There was considerable variation between clones in bud activity

under both humidities this being greatest at high humidity, where
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Table 9a : Effect of humidity on mean leaf production, n = 8,
* = n = 6 (with standard error (* SE) in parentheses).
Mean Leaf Production

Clone High Humidity Low Humidity
238/6 26.0 (4.1) 16.0 (3.6)
368/5 17.0 (4.6) 10.3 (2.1)
342/7 21.0 (6.8) 9.3 (1.3)
404/10 20.6 (5.1) 6.0 (1.8)
404/18 36.0 (5.0) 9.8 (1.4)*
424/16 20.0 (5.8) 6.5 (1.5)
431/10 15.0 (2.6} 9.3 (1.9)
Mean 22,1 (2.6) 9.6 (1.,2)

Table Sb : Effect of humidity levels on mean shoot production

= 8 (Top 3 axillary shoots, with standard error

(#) in parentheses).

* =

n==>6.

Mean. :Shoot. .Productian

Clone High Humidity Low Humidity
238/6 118.4 (10.4) 89.4 (5.6)
368/5 140.1 (18.4) 78.1 (9.6)
342/7 81.2 ( 9.3) 72.0 (7.0)
404/10 80.6 (.2.3) 41.2 (6.6)
404/18 166.8 ( 8.4) 94.6 (9.4)*
424/16 93.4 (12.4) 51.7 (3.5)
431/10 120.1 (14.6) 80.3 (6.8)
Mean 114.5 (12.1) 72.5 (7.4)
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clone 404/18 produced highest'bud activity and clone 368/5 the
lowest. At the low humidity, highest bud activity was produced by
clones 404/18 and.:238/6. while .clone 424/16 had the lowest (Fig. 26
a,b). Clone 404/lé had a mortality rate of 25 % at the low humidity
while other clones no losses were recorded,

There was no relationship between mean leaf number préduced and
mean shoot produced by the 3 uppermost lateral shoots (r =-+O.53)
while a significant relations (r = +0.76) at P = 0.05 existed between

them at low humidity.

5.5.4 Discussion

The results of this investigation agree well with those
reported earlier from similar experiments in Pisum sativum (Remy
1968; McIntyre 1971}, in Phaseblus vulgaris (McIntyre 1972) and in
A. repens (McIntyre 1979) in which he demonstrated that a reduction
in humidity from 100 % to 98 % at 20 °c caused complete inhibition
of bud activity. McIntyre (1979) suggested that this extreme
sensitivity to humidity occurred as a result of the development of
water stress, though no measurement of water potentials were
presented. However often workers have found that many plant
processes, at a fundamental biochemical level are very sensitive
to small water deficits in the tissue (Hsiao 1973). 1In more
comparable work, McIntyre (1973) demonstrated in Phaseolus vulgaris
_grown at humidities of 30, 60 and 90 %, that each reduction in
water stress, as measvred by leaf turgidity, caused a highly significant
increase in growth of the cotyledonary buds (which served as a measure
of apical dominancef; In this, (McIntyre 1973) and his report on:
A. repens (McIntyre 1979) indicate that the effective level of

humidity that may affect apigal dominance may vary from one species



73
to the other, and ;lso‘that other factors such as light and

nutrition may interract with_the reduction in water potential caused
by low humidiﬁy. Bowever the possibility that competition for
moisture between the apical and axillary buds may be responsible for
correlative inhibition is becoming more acceptable, but the involve-
ment of reduced stomatal conductance, thense photosynthesis and

thus reduced carbohydraf{e may also be important.

Oon the clonal variation in this‘study, the higher bud activity
in clone 404/18 at high humidity (Fié. 26 a,b) suggests this clone
is probably less adapted to drier environments than the others,
which is also responsible for its high mortaligy (25 %) at the low
humidity treatment; while the similarity between other clones at
this treatment.suggests that they probably all have relatively strong
apical dominance although genetically different in their reaction to
high humidity, and perhaps also moisture conditions. Furthermore,
the ranking of individual clones (426/18 and 368/5 in particular),
varied under the different regimes suggesting the involvement of
other factors probably light which according to McIntyre (1981) may
interact in a complex manner with humidity. It was explained thaf
light-induced inhibition is due primarily to a reduction in the
water patential éf the tissues resuléing from an increase ip
transpiration. The significant relationship between mean shoot length
and me;n leaves produced at low humidity, -although not significant at
the high humidity suggests a close relationship between them and the
phencmena of apical dominance.

From a practical standpoint, the results of this study emphasises
the importance of adequate and reproducable humidity conditions hhen
tests are done to elucidate the true genetic variations between clones
in their levels of apical déminance. Adequate levels are considered

to be 70 % RH at a temperature of 30 c.
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5.6 Effects of high temperature on bud activity in decapitated plants

5.6.1 1Introduction

Temperature is known to exert a strong influence on all living
processes. Optimum temperature for plant growth may var& between
different organs.on the same plant and even between two sides of
the same organ (Rorison, 198l1).

In woody plants, a diurnal alteration of high dry temperatufes
and low night tempe?atures is often ﬁore favourable than a constant
temperature for the maintenance of continued Qrowth of the terminal
apices (Precht ef al, 1973). This‘has been recogniged in a number
of temperate trees (Kramer 1957; Hellmers 1966; H;llmers et al,1970;

. Longman and Coutts 1974), while amongst tropical trees, {_ ' -

W

- =

Gmelina arborea, Terminalia superba, Chloraphora excelsa, Ceiba
pentardra, and Triplochiton scleroxylon were notably sensitive to
differences in temperature even when temperature was varied only at
night in a 13 hour photo-period. For example, lower night temperature
brought about the temporary cessation of terminal shoot growth in
Gmelina arborea, whilst in Triplochitonﬁlbnger leaves were formed

at a42O°—day 130 ° night regime than at 200/200 or 300/30O C regimes,
(Longman 1978). It has further been shown that for most tropical
trees, optimal temperatures for growth are above 30 oc and that
temperatures higher than 40 °c or lower than 10 oC can be lethal
(Kwakwa 1964, Longman 1978). Scurfield (1961) and Blake (1976)
investigated the response of Eucalyptus spp to temperature, and its
effects on branching, and they similarly reported that high day

and night temperatures (28 oC) inhibited elongation of the main-
stem but not branches in ﬁ;bbliqua seedlings. Moreover, Blake (1976)
demonstrated that a wide thermoperiod with night chilling (28°/5° ¢

and 240/5o C day/night temperature) increased branch.number and
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levels of cytokinin - like growth substance, Blake (1976)

explained this effect in terms of apical dominance mediated through
temperature effects on the amounts of growth promoting and inhibiting
substances ih the\stem. Temperature effects on correlative
inhibition has also been reported in the South African Sugar
Association Report (1967 - 1968) where heat treatment of 4=8 node
stalks éf Saécharum spp- (against Ratoon stunt disease) increased
the activity of the buds (lower apical dominance). Leakey et al, (1978)
in one study in Agropyron repens investigated the effects of temperature
on bud activity and the development of dominance in rhizone fragments -
a system very similar to that studied here. They reported th;t high
temperature (33 oC) delayed the re-establishment of dominance.
Hardwick et al, (1979), BHardwick and Andrews (1980), also
demonsﬁrated with Phaseolus vulgaris that low temperature of 15°/15° ¢
night/day in controlled environments sué%essed the growth of.lateral
branches thus increasing apical dominance. This however could be
inter%pted by raising the temperature by about 6 oC with bud heaters.
They concluded that the temperature effect is mediated by the buds
themselves rather than by any effect of temperature on the supply of
some factor.
The present work with T. scleroxylon investigates the effect of
high temperature on bud activity of decaéitated clonal plants, as
part of continuing investigations of factors affecting apical

dominance in this species.

5.6.2 Material and Method

The experiment was carried out at FRIN - Nigeria in July 1979.
10 plants of each of 6 clones (410/3, 410/12, 432/2, 432/11 ahd 446/1)

ranging from 65 - 75 cm in height, 14 to 18 nodes and with 5 leaves



were selected. They were divided into two groups (5 plants per clonef

and individual plants were:cdﬁpletely rahdomised within a single block
aﬁ the two treatments : high day'ﬁime temperaturé (40 °4+5 °c) and
low (ambient) temperature (30 © %2 oC). Plants were decapitated
-by the removal of th; 2 top nodes and assessment of lateral shoot
growth were made weekly after. To provide the high temperafufe
treatment, a clear polythené tent, thereafter called the 'héat"tent
was built in the open and stood on two layers of building blocks
with their openings partially blocked with clean cloth to allow
adequate gas exchange (Fig. 27a). Temperature within this structure
was monitored, and found to be fairly stable with a day temperature
of 00° % 5 °c and a night temperature of 30 °c +3 oC. As a result
of its éhermal mass, the structure.tended to even out the naturai
fluctuations in temperature. The cooler temperature treatment was
provided by the ambient temperature of the nursery about 2 metres
from the 'heat' tent. Temperatures recorded by a thermchydrograph
showed that during the day, temperatures were 30 © 2 0C while at
nigﬁt they dropped to 25 ° +1 °C.' Humidities at both sites were
very similar at night, with about 5 % differehce at'noon (95 % night
and 75/80 % at noon). Characteristic traces of temperature and
humidity are illustrated in Figs 27 bi,ii.

A year after, branching patterns (primary, secondary and

tertiary) were re-assessed in clone 446/1.

5.6.3 Results
The rate of bud activity was greater in the first 3 weeks at

high temperature than at low temperature, although the overall level
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attained by week 4 did not differ much between treatments (Fig. 28 I & II).

Although the ranking of different clones changed slightly with

treatment, there were few significant differences in performance.



Fig. 27a
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Fig. 28

Effect of mormaltemperature and _high temperature on bud activity
of decapitated clones of T. scleroxylon.
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At 40 OC, the two clones of seedlot 410 did-have significantly
different levels of bud activity, clone 410/3 being the least active
at both temperatures.

Mean lateral shoot length per plant was not significantly
éffected by temperature for example in clone 410/2 values were
55.4 + 12.0 mm for ambient and 48.6 * 11.2 mm for high temperature.
However, there was a dramétic reversal of shoot polarity at high
temperature (Fig. 29). At 30 °c the pattern of lateral shoot
production was similar to that occurring in vertical plants of all
other experiments in which lateral shoots are longest at the apical
region and shortest at the basal region (Fig. 29a). A second major
effect of heat treatment was the reducing of leaf size from about

2 0 22 e 2 (Fig. 298).

165 cm
Furthermore, although primary branch number remained constant

at the two treatments over the subsequent year§, secondary and

tertiary branches were considerably more numerous in heat treated

plants (Fig. 29¢).

5.6.4 Discussion

Although high temperatures have been found to affect the re-
establisﬁment'of dominance in rhizomes of Agropyron repens (Leakey
et al, 1978) and sugar cane stqné, it was not possible to see an
effect in T. scleroxylon in the present study for dominance seems not
to become reasserted in T. scleroxylon under the conditions of the
FRIN nursery. High temperatures did not however affect dominance in
this experiment, but some effect of high temperature does however
influence the early pattern of budbreak and there are many more ,

secondary and tertiary branches on the primary branches. This loss

of apical dominance agrees well with the reports of Scurfield (1961)



in Eucalyptus bolyanthamos where an increase of temperature fram
20/17 °c to 27/24 oC substantially increased number of axillary
brancﬁes; Blake (1976) in Eucalyptus obliqua where high temperature
(28 oC)_increased branch number or a wide temperature day-night

range which also iAcreased branch number; It further agrees with

the reports of Hardwick et al, (1979), Hardwick and Andrews (1980) who
(- ~also demonstrated that high temperature enhances axillary branch
growth in Phaseolus vulgaris, thus aecreasing its apical dominance.

High temperatures have affected polarity of lateral shoot
production‘throughlsome major effect which gives basal buds the
competitive advantéae over apical buds and changes the whole gradient
of shoot production. Similar effects on shoot polarity (where there
were more basal branches at 28 oC), have also been reported by
Scurfield (1961) and Blake (1976) with Eucalyptus species,

In attempting to explain the mechanism of high temperature effect
on apical dominance, Leakey et al, (1978), suggested that the lack of
correlative inhibition at 33 °c in 4. repens, was possibly a result
of deéradation of the inhibitor. Hardwick and Andrews (1980) on the
other hand suggested that the effect of temperature on lateral
meristems was the result of some effect on the rest of the plant.
Contrary to this, and to the conclusions of McIntyre (1973) who
suggested that the supply of some factors, such as water and nutrients
from the rest of the plant ié responsible for correlative inhibition,‘
is the work oﬁ Andrew and Hardwick (198l1). They showed, using heaters,
in which they could overcome lateral bud suppression as a result of
low temperature (15 °C) by raising the temperature to 21 oC, that
temperature effect is mediated by the buds themselves rather than by
an effect of temperéture on the supply of other factors. Etﬁylene is
known to be produced by stressed plants Liberman (1979) and Field

(1981) up to certain temperatures (36 ®c for Pisum sativum), thus an
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Fig.‘2§b
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alternative hypothesis, is that at around 35 °c the bottom of the

plané.is producing ethylene while at the warmer top (40 oC) production
has ceased. The suggestion of the involvement of ethylene here is
supported by the marked reduction in leaf area (Fig. 26b)in the high
temperature treatment; a typical response in ethylene treated plants
(Hillman and Yeang 1979). Also, further a temperaturevgradient within
the 'heat’' tent enhanced by leaf shading could result in lower
~ temperature at the pot level, thus allowing the basal pait of plants
to have a lower temperature, so possibly increasing 'its production
of ethylene. Hillman and Yeang (1979), Yeang and Hillman (198l1) have
demonstrated that ethylene is effective in releasing lateral buds
_from suppression or correlative inhibition, thus perhaps allowing
the greater development of basal branches rather than the upper ones
in the T; scleroxylon plants under test.

This hypothesis is presented diagramatically in Fig. 3Q. The
need for assessing apical dominance under well controlled - ambient

temperature conditions is well demonstrated in this study.

5.6.5 A note on the implications of heat treatment to practical forestry

The environmental factors which influence the relative development
of branches and the tree bole are likely to affect the commercial
value of the species. An understanding of the.effects of environment
on the tree form is thus important, particularly when plantations
outsidé the natural range of species are‘anticipated.

The natural distribution of T. scleroxylon extends into the
friﬁges of the semideciduoﬁs forest belt of West Africa and into
outliers in the Guinea savannah areas.

In 1976, clonal experiments and gene banks of T, scleraxyloh
were established at Afaka Experimental Station near Kaduna in the
Guinea Savannah Grassland zone of Nigeria where temperatures frequently

reach 40 °C in the open, In the light of the findings, in this
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Plate 3

Heavy basal branching of T. scleroxylon at Afaka in the savannah

belt of Nigeria.



experiment on high temperature effect, it ‘is interesting to note
that many plants growing aé Afaka have a forﬁ like thosé of this
experiment (plate 3), which although unsuitable for commercial
forestry may be useful as clonal seed orchards. Thesé plots also
represent ex-situ cbnservation away from natural pests and. diseases.
It is also possible that plants heat-treated in this way could be
ideal for studies of floral initiation, producing a compagf crown
on a small plant, with many more sites for reproductive spars and

thus potentially a greater fruit yield per tree.

5.7 Effect of daylength on bud actiﬁity in decapitated plants

of T. scleroxylon

5.7.1 Introduction

Despite the small daylength variation in the tropics (e.q.
in Ibadan-Nigeria, 1l hours 40 mins in December to 12 hours 33 mins
in June), photoperiod is a physiologically-active factor in the
control of shoot extension in some native plants, both herbs (Njoku
1958), and trees (Kwakwa 1964; Longman 1966) ., For example in
Terminalia spp.,Chlorophora excelsa, and Chlorophora repia it was
demonstrated that increasing the photoperiod beyond those normally
experienced increased shoot growth (Longman 1978). The effect of
daflength on the apical dominance in tropical species has however
not been reported, but in contrast, there are mény reports of its
effect in temperate species. In Pea seedlings, Kitamura and Kudo
(1952) demohstrated that daylength had marked effects on the magnitude
of apical dominance. They concluded that short days (SD) promote.
axillary bud_and,bfanch growth and long day (LD) enhanced apicaf

dominance. These phoﬁoperiodic effects, apart from their influence



on photosynthesis may be mediated through changes in hormonal balance
(Phillips 1975). This is supported by observations in Perilla fructescens
where Beaver and Woo}house (1973) observed that short day treatment
markedly increased the flux of cytokinin from root to shoot. However
daylength has also been found to interract with (a) temperature in
Pisum satiﬁum (Nakamurg 1965), (b) nutrients in Pisum sativum
(Nakamura 1965) and Linun ussitatissimun (Gregory and Veale 1957),
in their effects on apical dominance.

The present investigation concerns the effects of daylength
on bud activity of decapitated plants of T. secleroxylon, thus being

seen as. an expression of apical dominance.

5.7.2 Materials and Methods

After 1 week's acclimatization, 15 to 18 plants of each of
5 clones (8038, 8047, 8053, 8035 and 8049), about 60 cm tall, with
between 18 - 22 nodes were decapitated by removal of top two nodes,
thus reduced to between 16-20 nodes with 4 leaves left on each
plant.

Half the plants of each clone were then randomised to form two
blocks in 2 different glasshouses in which daylength was maintained
at either 10 hours for short day (SD) or 19% hours for long day (LD),

artifical lights providing the extension to a natural daylength of

8 hours and supplementing it on dull days (Fig.31 ).

Fig. 31 Showing duration of light providing photopériod treatments.
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Black polythene sheets prevented the receipt of unwanted light fram

the surrounding glasshouses during the dark periods. Photon flux
density at both treatments, during the light periods was about -
650 uE m2 s_l, and as close to total darkness as possible during
dark periods.

Assessment of laterai shoot length were made weekly over 9
weeks. .At the end of the experiment, leaf area was assessed with
the LambdaALeaf Area Meter (Modei 3100) ahd shoots were ovendried
to constant weight at 90 oC for 24 hours for the determination of

their dry weight.

5.7.3 Results

There was no significant effect of daylength on the peak level
of bud activity, reached 4 weeks affer decapitation, but significant
effect existed at week l.and at the second phase of bud activity after
maximum bud aétivity, when reassertion of dominance was earlier in
the short day treatment-than at the long day (Fig. 29;.

Clones maintained their ranking at both treatments, with clone
8038 and 8047 haVing the greatest and. least bud activity respectively
(Fig. 32b). |

Under long days shoot length was significantly greater that at
short days (375 mm and 180 mm respectively]). éimilarly, both leaf
area and leaf number were greaéer under 1oﬁg aays. At a clonal
level, clone 8049 produced most leaves (66) while clone 8053
produced greatest area of leaf Lamina (161.2 cm-z) at long days.
On the other hand with short days clone 8038 produced most leaves
(37) while clone 8047 most leaf area (93.0 cm-z) (Table 10)., On
a dry matter basis, the long day treatment also produced more
shoot dry matter (5.4 g. )} than short day treatment (2.3 g) and

similarly in leaf dry weight (0.65 g -LD, 0.45 - SD). At a clonal
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level, clone 8038 produced both the greatest amount of shoot and leaf
under.long days‘(8.9 g and 1.10 g), while under short days clone
8049 produced the most sh§ot (2.7 g) and clone 8053 the most leaf
(0.55 g) (Table 10.).

There was no significant relationship between leaf number and
leaf area at both LD and SD (r = +0.31, and - 0.48) and neither was
there a significant relationship between shoot and leaf dry weights

at both LD and SD (r = +0.57 and -0.04).

Table 10 : Effects of daylength on final leaf number and leaf
area (Cﬁpz) produced by decapitated plants of
T. scleroxylon (figures in parentheses are (%)

standard errors, n = 7 or 8 plants per clone).

P

Mean leaf number produced Mean leaf area (cm )

LD SD LD SD
Clones Long days Short days Long days Short days
8049 : 66 (6.0) 32.0 (4.0) 132.2 (6.3) 88 (5.1)
8038 58 (3.3) 37.0 (4.5) 113.4 (6.8) 78.6 (2.1)
8035 48 (4.8) 32.0 (4.6) 110.5 (8.9) 68.8 (5.0)
8053 43 (2.6) 23.0 (3.0) 161.2 (9.3) 73.8 (4.6)
8047 33 (1.8) 14.0 (5.9) 143.9 (9.0) 93.0 (3.4)
Mean 49.6(5.7) 27.6 (4.1) 132.2 (9.5) 804. (0.19)

Table 30 : Effects of daylength on mean shoot and leaf dry weight (qg)

at final day of assessment in decapitated plants of T.
scleroxylon. (figures in parentheses are (%) standard

errors, n = 7- or 8 plants per clone).

Mean Shoot dry weight (g) Mean Leaf dry weight (g)
Clones LD SD LD SD

Long days Short days Long days Short days
8038 8.9 (1.6) 2.8 (0.09) 1.10 (0.15) 0.49 (0.08)
8049 5.8 (0.4) 2.7 (0.5) 0.44 (0.065) 0.47 (0.05)
8047 4.7 (0.6) 2.3 (0.24) 0.31 (0.08) 0.42 (0,03)
8035 4.0 (0.8) 2.0 (0,04) 0.44 (0.13) 0.36 (0.02)
8053 3.7 (0.6) 1.70(0.7) 0.84 (0.02) 0.55 (0.03)
Mean " 5.4 (0.9) 2.3 (0.19) 0.65 (0.14) 0.46 (0.03)

83
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5.7.4 Discussion
The greater bud activity under long days both at early and late

stages of this experiment does not agree with .the findings of
Kitamura and Kudo (1952) in Pisum sdtivum . They reporfed substantial
effects of daylength on apical dominance, with long days enhancing
apical dominance in undecafpitated plants while short days weakened
apical dcminanée; The opposite of this can only be said for weeks 1
and after the 4th week where long day delayed the establishment of
apical dominance and short day enhanced it. However, the suggestions
of Phillips (1975), that photoperiodic effects may be mediated through
their effects of photosynthesis and probably a change in-hormonal
balance; is favoured. 1In this case less shoot and leaf production

or dry-ﬁeight éccumulatiogs in shoit day treated plants (Table. Xa and
Ian indicate a limitation to this primary process of photosynthesis.
which was then a major indirect facter in the day length response.
'Theée results also do not agree with those of Gregory and Veale (1957)
in undecapitated Flax, in which long days 17% hours enhanced apical
dominance while short day 10 hours decreased apical dominancé, at
both high and low nitrogen levels. it should however be acknowledged
that pérhaps épiéal dominance per se and dominance development in
decaéggaplants are something different. However in a recent work
(Leakey and Longman, in press), with T, scléroxylon (plants similar
" to the ones in this experiment), at 25 oC, the effect of daylength
(11, 13 and 15 hours) on the maximum level of bud activity was
not significant and this agrees with the present work. Further
agreement. was that daminance was not re—estéblished under long day
treatment even after the 9th weeks. Furthermore at 25 oC, meanishoot
length and total leaf area of the top shoots, under long days were

considerably greater than under shortdays. There is similarity



85
between these findings and those of Longman (1978) in Terminalia spp.
and Chlorophora excelsa, where increasing the photoperiocd substantialiy
increased shoot grqwth rates and leaf area; and also in some other
West African trees (Longman and Jenik 1974).

Furthermore, the lack of strong relationships between (i) the
number of leaves produced and their leaf area or (ii) shoot dry
weigh£ and leaf dry weight, sqggest some other underlying factors which
might be involved in the effect of photoperiod, such as the. effect of
short dé& treétment in the flux of cytokinin from the foot to shoot as
demoﬁstrated in Perilla fructescens by Beaver and Woolhouse (1973).

At the practical level, as far as maximum bud activity in
decapitated planté is concerned, if other factors such as temperature
are rigidly controlled,photoperiod is not a critical factor. On the
other hand, attempts to make coméarisons between clones in relation
to other growth rgsponses like total shoot iéngth, and the size and

number of leaves, would require the standardization of photoperiod.

5.8 EFFECTS OF EDAPHIC ENVIRONMENTS ON BUD ACTIVITY IN DECAPITATED -

PLANTS OF T. chem@Zm

It is well established that in addition to the aerial ehvironf
ments to which growing plants are exposed, their edaphic enviromments
are also of great importange to their development.

Nutrient status and soil water conditions seem the most
important provided temperature and aeration are adequate. The effects
of various factors on apical dominance have also been extensively
investigated recently (see Review by Phillips 1975), with particular
attention paid to the importance of inorganic and organic nutrients,
as well as water (see McIntyre 1964; 1968; 1971; 1977; Fletcher and
Dale 1974). It is not clear exactly how these affect lateral bud‘

development, but it is now generally accepted that root factors
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influence correlative inhibition, and this has been demonstrated in
Solanum aﬁdigena where cytokinins from the roots induced lateral
shoot. growth in decapitated plants (Woolley and Wéreing 1972), and
in oﬁher similar investigations.

_The present study considers the effects of nutrient status and
soil moisture on tpe sprouting of decapitated plants of T.”
scleroxylon, as these factors are viewed as a ;urther set of plant
and environmental variables affecting apical dominance, to be
added to these aerial factors already reported in the earlier parts

of this chapter.

5.8.1 EFFECTS OF NUTRIENTS ON AXILLARY BUD ACTIVITY IN DECAPITATED

1

PLANTS OF T. scleroxylon.

As Qell as nutfgﬁnts exerting an overall influence on plant
growth, there is some evidence that certain nutrients particularly
nitrogen affect the intensity of apical dominance.

The &utritive theory of apical dominance, which states that
the competition for nutrients is the main factor in correlative
inhibition has stimulated much work since it was developed in 1900
by Goebel. 1In récent years, effects of nutrient concentrations on
apical dominance have been studied in Flax kLinum ussitatissimum)
by Gregory and Veale (1957); McIntyre (1968a); McIntyre and Larmour
(1974), Solanum sisymbrifblium (Wakhloo 1970), Agropyron repens
(McIntyxre, 1965; 1969; 1971; 1972; Leakey et al, 1978) and in .
Phaseolus vuléaris (Phillips 1968; Shein and Jackson 1972; McIntyre
1973). All these workers agree that nutrition greatly affects
apical dominance, the majority suggesting that high levels of
nutrients release axillary buds from correlative inhibition, while

Leakey and Longman (in press) considers that high nutrient levels

EA
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may preveﬂt the buds from becaming inhibited.

Thg work reported here investigates the effects of nutrients
on the cofrelative inhibition in T. seleroxylon. Also, following
claims that vascular bundles may be absent in inhibited buds
(Sorokin and Thimann 1974), anatomical investigation of stem-bud
relationship from decapitated and non-decapitated plants was
made to observe thé connection between buds and the vascular

system in the stem.

5.8.1.1 Materials and Methods

20 plants of each of clones 8038, 8049, 8053, 8046 and 8055
were selected (of varying heights) and repotted into 7" diameter
pots and grown in the standard environment of the ITE tropical
glasshouse (see Chapter 3).

Nutrient treatments, following reﬁoval from the standard 1 %
Solufeed Solution, wefe either 0.004 % or 4.0 % 'Solufeed’ (23:
19.5:16; N:P;K.S, gi?en twice Qeekly to 10 plants of each clone,
starting 32 days prior to decapitation. Plants wére then fandamly
allocéted into 3 blocks, and to compensate for differences in
stature, some plants were raised up on inverted pots to the same
level as the others and appropriately spaced out to prevent shading
‘and competition between plants.

Six leaves were retained on each plant following decapitation
and thereafter assessed for lateral shoot length at weekly
intervals for 10 weeks. Shoots were considered active if extension

exceeded 2 mm’week-l, as described in Chapter 3.

5.8.1.2 Results
Mean lengths of the top four shoots were significantly'greater

from plants at 4 % Solufeed than from those at 0.004 %, one week
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after decapitation (Fig. 33a. 1In addition, bud activity at the

higher concentration was greéter (Fig. 33b and although some buds
Qeré subsequently re-inhibited most (66 %) made continued growth.
At the lower concentration of nutrients bud activity started late
and dominance.was quickly re-established, being complete by Week 8.
Aithough clones responded differently to treatment, there were
no significant differences at the low.concentration of nutrients
and only clones 8038 and 8053 differed significagtly from clone

8049 at the high concentration at Week 4 (Fig. 33c);

5.8.1.3 Discussion

Nutrient status had an immediate effect on the growth of
lateral shoots, which was significant within a week. However
unlike other studies, nutrient treatment was started before
decapitation, and plants may have accumulated nitrogen. This
result supports the idea that nutrients are important in the
phenomena of correlative inhibition, and agrees with the reports
of Gregory and Veale (1957) in Linum ussitatiésimum where high
nitrogen level increased axillary branch growth more than at the
low nutrient treatment. It agrees also with the work of McIntyre
(1967) in the same species (flax) where he showed that tﬁe
inhibiting influence-of a dominant shoot was inverseiy related to

: /

the nutrient level and that an inhibited shoot could be release&
from inhibition by increasing the nitrogen level. It also agrees
with the findings of McIntyre (1977) in Pisum sativwn who reported
that when plants were grown under favourable nutrient levels (nitroggn
and carbohydrate) axillary‘buds were released from inhibition. .In
decapitated plants of Agropyron repens Leakey et al (1978b) alsa

demonstrated that the application of exogenous supply of nitrogen

———
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(KNO3) delayed the onset of dominance, as was also shown in the
present study. Perhaps as suggested by Leakey et al (1978b) the
greater growth rates of basal buds prevented their inhibition. 1In
the present study in contrast to Leakey and Longman (in liﬁt) who
used similar plants of T. scleroxylon gr;wn at less extreme nutrient
status's, which were not started prior to decapitation, an"immediate
effect of nutrients on sprouting was also shown, implying that the
nutrient status prior to decapitation probably affected their
response to decapitation. It thus appears that stored nutrients
enhanced bud activity and growth so delaying or preventing their
inhibition. This agrees with the suggestions of Leakey and Longman
(in press)'that high nutrient levels particularly nitrogen, may
prevent buds from becoming inhibited‘rathep than releasing them
from inhibition, as propo;ed by Gregory and Veale (1957).

As the fertilizer used in the present study was a mixture of
N.P. & K, the effects of the other elements should be considered.
In Linum ussitatissimum McIntyre (1967) demonstrated that phosphorus
also had effects on dominance between shoots. He varied the amount
of phosphorous given to decapitated plants (0.25 ppm - 1.0 ppm in
the culture medium) and reéorted that bud activity was positively
related to phosphorus concentrations. In a similar way, Wakhloo
(1970) demonstrated that Potassium had similar effects in Solanum
sisymbrifolium. The involvemen£ of Potassium in apical dominance
has very recently been supported by work in Bidens pilosus (Kramer
et al 1980) wﬁere microanalysis and election microscopy revealed
that Kf Qere apparently accumulated in the stem tissue around nodes
after decapitation. The presence of Kf was interpreted in terms'of
its possible role in bud growth initiation and regulation. It is

therefore possible that these other eléments may have affected
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dominance relatiénships of T. scleroxylon and could have had
additive effects on bud activity.

Although the.clonal differences in the presemt study wére not
great,. it is reasonable to suppose that T. scleroxylon clones might
differ in the ability to take up mineral nutrients in a way similar
to that found in Betula clones (Mason and Pelham 1976), and that,
following a Hormone Balance theory for apical dominance, this could
effect bud activity in decapitated planté.

To. conclude, in the light oflthese fgsults and thos®of Leakey
and Longman (in press), the need to standardize nutriént status for
a predictive test of branching habit is very important and needs

careful control.

5.9 EFFECTS OF WATER STRESS ON BUD ACTIVITY IN DECAPITATED PLANTS

Kozlowski (1958, 1971) Zahner (1968) and many others have
emphasised that moisture stress, more than any other single factor,
(soil-plant-atmosphere continuum), restricts plant growth. It is
accepted as a major ecological factor in the distribution of
vegetation types over the world land‘surface.

An indication of its influences on growth correlation was
discussed by Wilson (1948) who sugges;ed that shoot apices and other
meristematic tissues have the competitive ability to obtain water
at the expense of the older parts. Earlier, Loeb (1918) concluded
in his work with Bryophyllum calcycinum that moisture could be a
major factor in correlative inhibition, but only recently has its
role‘in the phenomena of apical dominance been re-investigated,

Hussain and Link (1966) observed in P. sativum, that inhibited

buds showed shrinkage, indicating that water was perhaps being

diverted from them to more active ones. Remy (1967) using the same



species subsequently demonstrated that the degree of water stress
within decapitated shoots determined the position of dominant shoots.
This was done by alteriﬂg the direction of water movement within plants
using'a miniatureAaséirating pump which allowed hiﬁ;;iréct water

to either of the two cotyledonary shoots. Later McIntyre (1971),

in work on isolated rhizomes of Agropyron repens, suggestea that
inhibition of the lateral buds subjected to various levels of water
stress, largely depended on the availability of water and nutrients,
both of which could act as a limiting ﬁa;for.' He latér tested this
hypothesis in Pisum sativum (McIntyre (1971) in which the relation
between transpiration, leaf turgidity, and lateral bud growth was
investigated and he found that water stress measured as leaf
turgidity was closely related to bud activity. He thus concluded
that water stress could contribute to cérrelative inhibition. He
subsequently went on to propose that .the véry rapid increase in bud
length following decapitation of the apek was due primarily to cell
extension resulting from an increase in water potential in the

buds (McIntyre, 1973; 1977). This view was to some extent substantiated
by the findings of Yeang and Hillman (1981) in Phaseolus vulgaris,
but they further reported that subsequent growth could not be
attributed to increase in cell length since other factors, such as
cell division became involved in the process.

Apart from the above information'on herbaceous plants, little
seems to be known on the specific effects of water stress on
correlative inhibition iﬁ forest trees. The presenﬁ work concerns
the effects of 3 levels of water stress on the bud activity of
decapitated T. scleroxylon plants and their effects on leaf sizé

and shoot length.



5.9.1 Materials and Methods

30 plants, 50-60 cm tall, of each of 5 clones (5038, 8045,
8047, 8049 and 8053) were repotted into 7" pots and kept under
standard conditions for one week before being allocated to treat-
ments and randomized into 3 blocks. All plants were reduced to
6 leaves, and to reduce water loss from the soil surface, éach pot,
standing in its own saucer, was covered by a polythene bég, tied
around the plant stem but slit at the base to allow water uptake
(Plate #). Some aeration wés allowed by two 15 mm diameter holes
on the upper surface of the bags. To avoid splashing and thus
"eross~contamination” of treatments, the plants of each block were
all treated similarly. When all planfs had recovered from
repotting the following treatments were applied:-

(i) 250 mls Daily

(ii)- 250 mls ét 3-day intexvals

(iii) 250 mls at 12-day intervals
starting 12 days before plants were decapitated: Thereafter
assessments of lateral shoot length was then made at. weekly intervals,
additionally at the end of the first 12 day cycle, 2 leaves were
taken from two plants of each clone {(Leaf No. 3 & 4) to determine
their water potential using a pressure bomb (see Hellkvist et al,1974).
The angle of leaf 1 was also measured from the pulvinus, as this
angle provides a rough, visuél, measure of turgor. At the end of
the experiment (Week 12) 4 leaves from the uppermost dominant
lateral shoot of 4 plants per clone were measured with a Lambda

Leaf Area Meter to assess leaf area.

5.9.2 Results
Preliminary investigations showed that water potentials (y)
(Table 11) as measured with the pressure bomb and leaf angles at

pulvinus, at 10 a.m. were closely correlated under the 1, 3 and
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Plate 4

Experimental plants of T. scleroxylon in ITE glasshouse on

the lst day of water stress experiment.



12 day watering regimes used, (i.e.)

i, Number of days before watering against water potential:

- r 2 0.98 (P<0.02).
ii, Water potential against leaf droop at 10 a.m.:
r = -0.96 (P<0.05).

Water stress (12 day watering régime) affecfed bud activity marginally
in the sprouting phase, but under both 3 and 12 day regimes dominance
development among shoots was delayed and possibly prevented (Fig. 3ﬁb).
Under the severe treatment bud activity fluctuated in sequence with

the watering cycle (Fig. 34a).

Table 1

Leaf angle at Mean water

Treatments (250 mls) Pulvinus Potential Observations
1 paily g0 © - 7 (bar) Not wilted
2 3 d.interval a5 © -19 (bar) Wilted at 3rd
: day
3 12 d.interval >18 © -38 (bar) Wilted at 3rd
day

Treatment effects (1d, 3d and 124 watering intervals) and corresponding

values of leaf angle, water potential (bar) and general observations.

Clones differed in their response to the watering regimes (Fig.34¢],
in three major ways - those relating largely to treatments :-

(i) WwWith daily watering, there appeared to be genetic differences
in the proportions of buds released from correlative inhibition. All
clones re-established dominance at about the same time. |

(ii) With watering every3rd day, bud activity during the sprouting

phase was less variable, but clones subsequently differed during the

B
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dominance-re-establishment phase, there being two major groups,
those in which co-dominance was established by the 2-3 uppermost
laterals, and those in which almost all shoots made continued
growth. These groups were, clones 8047, 8049, 8053 and 8038,
8045 respectively.

(iii) With watering every 12th day, clones differed in both
their sprouting and dominance-development phasés; one clone (8047)
in particular responding quite differently from the rest. With the
exception of this clone, the response was similar to that of the
group under the 3§H.watering regime, in which dominance was not
re-established. In all these clones bud activity fluctuated in
seéuence with the watering éycle (Fig. 34qi;II[!

In complete contrast, however, clone 8047 was very slow to
sprout unde; this watering regime and its bud activity was generally
lower than the other clones but maintained an equilibrium which was
sustainable throughout the period of test.

Watering regime also affected leaf size, the leaves being
smaller the greater the water stress. There was clonal variation
in leaf size, with clone 8047 having significantly smaller leaves
than the other clones under the 3rd and 12th day watering treatments.
Similar clonal differences are apparent in mean shoot length (Fig.35),
this correlating with bud activity at 4 weeks, r = +0.5 (P = 0.05),

and with mean leaf area, r = +0.72 (P

0.0l1), both being highly

significant.

5.9.3 Discussion
Peak bud activity was reached by weeks 3 - 4 in all treatments
by which time, even the plants watered every 12 days had received

2 cycles of watering, and this peak was very similar in all treatments,
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Fig. 35
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the lower mean (Fig. 34b) for the 12 day cycle being probably
attributable to the atypical response of one clone (80471, as will
be discussed later. Bowever, although initial bud outgrowth was
lower in the 12 day watering cycle (Fig. 34c), it appears that
watering regime does not greatly affect the level of bud activity
at the end of the sprouting phase. This is rather surprising in
the light of the findings of McIntyre (1973) in Phaseolus vulgarts,
where he domonstrated that outgrowth of cotyledonary buds was
correlated with the degree of water stress as measured by the
relative turgidity of the leaves, and as demonstrated by other
workers. However it is not known in what way response to decapitation
in T. scleroxylon would differ if done at a different point in the
watering cycle. Furthermore, it is quite poésible that cyclic ﬁater
stress, as experienced in this ekperiment, may have father different
physiological effects on such processes as apical dominarice than
ﬁor example a constantly maintained level of water stress, as used
by McIntyre (1973).

The sensitivity shown by clone 8047, one of the clones from the
drier rainfall zoné'to the watering regimes of the present study
probably reflects a genetic ability to tolerate water stress, as it
produced the least leaf lamina area of all clones. This evidence
supports the views of McIntyre (1976)>who suggested that plants can
adapt to the degree of water stress normally experiencgd in the field,
and that this is likely to influence their meéhanism of bud inhibition,
In the instance of clone 8047, it appears that to a consiaerable extent
its tolerancé to water stress was due to its ability and perhapg its
rate of growth to equilibrate with water availabiliiy. This coﬁld be

a useful trait in drier areas. 1In this case, it suggests that it
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may display a lower transpiration rate on a per  plant basis, and
perhaps also, thicker leaves with a greater water storage capacity.
Its ability to control effectively its stomatal pores may have
contributed to this also, while the other clones were not able to
adjust fheir vegetative growth to match the availability of water,
and thus produced too many leaves, which were large. Conséquently
they transpired more and suffeied from water stress, while clone
8047 did not.

The ranking of clones in the daily watering treatment was
maintained at each assessment, at least within the limits of
statistical error. In the other two treatments the ranking was
altered, clone 8047 always sprouting the least and 8049 being
always one of the highest sprouters. This is not unexpected
considering that they are genetically different. These two clones
8047 and 8049 ére however useful markér clones for future work.

Generally, watering regime affected.mean leaf size in all
clones and this was probably the cause of the differences in mean
shoot length (r = +0.72), this being largely a result of the
reduction in pﬁotosynthetic surfgce area and the consequent reduction
in carbohydrates available for shoot growth. This is camparable to
the effect of shading reported earlier in the chapter.

in the case of the delay in the re-establishment of dominance,
it was indicated in the nutrient experiment earlier in this chapter
‘that more rapid growth of lower laterals may delay their inhibition,
as in A. repens (Leakey et al, 1978b) and the same may be true in
this water stress experiment because-under the l12-day watering rggime
growth of apical shoots was also poor. This observation agrees Qith

McIntyfe (1979) in A. repens, earlier grown under low N level, but



which when subjected to water stress exhibited a basipetal pattern
of>shoot growth as observed in the preseng work. He expﬁﬁined
this situation as a consequence of the basipetal distribution of N.
concentration which on énalysis'showed a close relationship to
shoot development (McIntyre 1972}, and revealed the interraction

. between the effects of N and water stress.
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It is cleaq3>that shoot extension and bud activity in decapitated

plants of T. scleroxylon, :are sensitive to water status and thus in
tests to compare clones response to-.decapitation,. .great care must be
taken to water all plants regularly and uniformly. It is probably

also desirable to standardise the size of the pot, as this is

likely to affect water stress in plants that are rapidly transpiring.

5.9.4 GENERAL CONCLUSIONS ON THE EFFECTS OF PLANT, AND ENVIRONMENTAL

FACTORS ON BUD ACTIVITY IN' DECAPITATED T. scleroxylon PLANTS

The results presented so far suggest that a considerable amount

of within-clone variation can be prevented by rigorously standardising

the conditions under which decapitation tests are done, Particular
attention to the following points should be made:-
i) Decapitation should remove only the top 2-nodes and
preferably plants should be éart of a regular batch.
ii) oOnly 4-6 leaves should be retained
iii) Dpay lengths should be aboﬁt 12 hours, but extension to
19.5 is acceptable providing temperatures exceed qZSOC.

\/
iv) Light intensities should be between 650 and 1500'].1}E:'mQ2 s’l

v) Temperature should be around 30 oc, within range 25 « 35 OC.
vi) Careful and regular daily watering should prevent water stress.
vii) Only extreme nutrient levels seem to seriously affect peak

bud activities, although tﬁe dominance phase appears to be

more sensitive. John Innes compost with 1 % liquid fertiliser
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(Solufeed) seems to be very suitable
ix) Ranking in clonal variatioﬁ is sometimes affected by'environ—

mental factors, so to monitor” this "marker clones" should be

included in all screening tests.
x) At least 15 plants should be used to enable reasonable
discrimination between clones.

Most of these conditions can be met in both the tropical
glasshouses at ITE and the nursery at FRIN, althoﬁgh in the latter
the temperature and bumidity réquirqnents cannot easily be arranged
in either the dry season or fhe hammat@%n periods when temperatureé

o . X .
may reach 35 C and air svpd can rise to 40 mbar on occasions.



SECTION 3

PERFORMANCE OF -CLONES IN PLANTATION

Based on the experiences gained in the work with Betula pubescens,
field assessments on 4-year old trees of T. scleroxylon were done
in Nigeria to elucidate clonal variations in growth, branching

characteristics and later the effects of these on crown variation.
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CHAPTER 6

6.GROWTH OF T. scleroxylon CLONES IN NIGERIAN PLANTATIONS

In T. scleroxylon as in other forest trees, lack of flowering
during the juvenile period, and the infrequency of fruitiqg of

mature trées, (Longman and Coutts 1974), have posed great problems to

plantation establishment and tree improvement (Longman 1976).
Recently however, the development of vegetative propagation
techniques using juvenile cuttings has provided foresters with a
new source of planting stock, with the added advantage that by
selecting clones foresters can pétentially inérease yields frqm
forest plantations.

With the realisation of this potential methods of propagation
have been developed for many forest species, including:some like
T. cheroxylon which were formerly considered difficult-to-root,
and now this important advance is becoming a reality-(Libby:1974,
Longman 1976).

However there are still maﬁy problems to be solved, as for
e#ample how to select clones, the width of the genetic base, the.
selection intensity etc. Mahy of these have been discussed by
Kleinschmit (1979) who emphasized the need to conserve the genetic
var;ation of ind@g@neous.populations, and to beware éf the hézards
of disease and pests if the genetic base becomes too narrow. He
advocates generous selection intensities and the use of mi%&ures
containing large numbers of selected clones.

Extensive literature now exists on the study of clonal
variation in many forest species, such as: Pinus radiata (Wilcox et

al 1975), Picea abies (Kleinschmit 1973), Populus deltoides (Farmer
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and Wilcox 1968) and P. euamericana (Gordon and Promintz 1976).
From these, estimates of genetic parameters (heritability values)
have béen calculated for various traits, (Hinds and Krugman 1974)
-and the genotypic value of‘individual ;loﬁes (mean performances)
have been estimated (Burdon and Shelbourne 1974; Korster 1977).

The vegetativé propagation of T. scleroxylon in Nigeria (FRIN)
and Scotland (ITE) Leakey et al in press) has allowed the |
establishment of various clonal field trials, including those used
in the present study.

Earlier reports of clonal variation in this species, include
those of Bowen (1975), Howland and Bowen (1977), Howland et al (1978)
Longman- (1978) and Ladipo et al (1980) who all repoited appreciable
clonal variation in rate of height growth and branch production from
18 months after planting. The present study extends these early

investigations to a. later stage of grbwth.

6.1 Materials and Methods

Between June and September of 1979, extensive.field asséss—
ments were made at Gambari Forest Resefve near Ibadan.

Three experiments (3/75, 5/75 and 7/75) were used, all
previously set up with well replicated single tfee plots by the
West African Hardwood-Improvqnent Project in June 1975 (Howland
and Bowen 1977). In the studies presented not all the clones of
these experiments were assessed. Rather, clones were selected té
encompass the range of diversity. They had been raised from 12 half-
sib seed sources, now represented by between 1 to 7 clones. The
origin, culture and treatments have earlier been described (Chaﬁter 3.
Hoﬁever, parent trees were from neighboﬁiing and geographically

separate sources and in some instances from different rainfall



zoneél(Table lﬁD.

Table 1 .:

Seedlot/Clone Number

Origin of Seedlot

(Nigeria)
137/9 Olokemeji
139/6, 7, 9 Olokemeji
142/10, 12 . Omerelu
144/1, 4, 5, 7, 9 Igbo-ora
161/3, S Owo
166/Y, 3, 8- Azukala
175/1, 2, 5, 6, 7, 8, 10 ' Igbado
177/10 Ilugun’
224/1, 7, 11. Ede
225/8 Ede
261/4 Iyamyong
505/2 Ikere

All experiments were hand weeded to prevent competition and shading
from weeds, to allow all plants to grow at their best, exhibiting

their full genetic potential.

6.1.1 Experiment 3/75

This experiment was planted between 23rd and 24th July, 1975
at an espacement of 4.9 m.

It consists of clones from seedlots 142, 166 and 175 which
were represented by a variable number of ramets (20 -~ 30), and
fully randomised into 2 blocks (A and B) about 50 yards apart,

surrounded by 3 rows of 'fillers'.

6.1.2 Experiment5/75

This was planted between the 18th and 2l1st July, 1975, also
at 4.9 m spacing. It consists of clones from seedlots 139, 144 énd
224. Each clone from each seedlot was represented by 12 ramets in
. randomised blocks with each clone represented once per block; 2

filler rows surrounded the experiment.
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6.1.3 Experiment 7/75

This is the largest experiment of the 1975 planfings consisting
of all the other seedlots (14), and those ip the above experiments.
Clones were planted at 2 sites (A and B), about 500 yards apart
consisting of 9‘and 6 blocks respectively. Each clone was fully
randomised within the 15 blocks witﬁ each tree.represented once per
block. 3 filler rows formed surrounds at each part of the experiment.
After 12 months, survival was 98 % (Howland et al 1978) and later,
plants in 3 blocks of Experiment 7/75B were pruned below 1.25 m,

so removing strong basal branches.

In June 1978, certain clones were seleéted for their
variability on the basis of early performance and marked with tree
painf to facilitate easy identification. In June 1979, assessments
of branching characteristics wexemade on these selected clones, (see
Appendix 15 éﬁitﬁe‘ﬁésis,of experience,obﬁained-frcm
sfudy of Betula pubescenslieported in Chapter 4 (see plate 7).

.Data analysis was éompﬁter-processed, using the programe OYE
(see Appendix 2) to give mean values and standard errors for each
clone and parameteé;l Following- Burdon and Shelbourne (1974) it was
assumed that these mean values are estimates of total genotypic
potential. This assessment is known to be valuable if commercial
multiplication is to be vegetative; as it is in the case of

T. seleroxylon.

Abscission indeg'(percentage of branches self pruned) was

determined for each clone from the formula :

Sm % 100)
Sm + Bm 1

Abscission Index (AI) = (
where Sm = Branch scars per metre and Bm = Branches per

meter and values presented as %.

103



Plate 5
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(Expt. 7/75A of T. scleroxylon at Gambari Forest

Field assessment

Reserve in Nigeria in June 1979 when trees were 4 years old.
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Diameters at breast heighﬁ (dbh) , which are generally accepted
a

asAcémperative measure of wood production, are presented for each
clone. Stem taper based on diameter measurements at 0.1 m (db) and
1.3 m (dbh), are presented to give an indication of clonal variation

in stem quality (form quotient). This was computed from the well

known formula :

_ gbh
db

-

where. q is taper (form quotient)

\
6.2 Results )

6.2.1 Narrow spacing (2.5 m)

Mean tree height ranged from 8.1 *+ 0.43 m for clone 175/5 to
5.9 £ 0.62 m for clone 166/1, theee being the tallest and shortest
clones respectively (Table 13a).

Multistems were frequent, but their incidence varied from
clone to clone, with clone 166/1 having 2.1 stems while many other
clones had only one stem.

Furthermore, diameter (dbh), height to the lowest livingAbranch,
mean‘branch number, forking, number of heavy branches including form
and vigour scores were significantly different between clones. (Table 13a).

Clones differed significantly in their natural branch shedding, as
shown by the abscission index (AI), with clone 175/9 having the lowest
score (42.6) and clone 144/5 (76.0), the highest (Table 13 b(i)). ‘Stem
quotient (bole taper) also differed between clones (Table 13 b(ii), with
clone 166/1 having the least (0.58) and clone 175/6 having the highest»
value (0.80). Coefficient of variation for these two parametere were
'12.2 and 7.4 respectively.

As done for Betula spp in Chaﬁer 4, polygonal graphs are used

to represent 7 clones. Highly'variable 'fingerprints’ exist between



TABLE 13a . ’

Table 13a; Analysis of growth 4 years afteg planting of ol of . solercxylon planted-at 2,5 m ing in Gambari Reserve,
Wigeris - Bxpt, 7/75A (B = branches, L.Liv = lowest 1iving and Standard Wrrors (18%) in- pacenthesis, C.V = co-efficient
of Varfation).

RV

VY Y6 199 1N 14/4 /s W 1 161/3 161/5 166/1 166/3
1. Belght () _6.910.36) 6.8(0.33) 7.8(0.34) 6.3(0.32) 6.4(0.36)  6.1(0.26) 6.6(0.28) 7.7(0.26) 6.9(0.33) 7.3(0.36). 3.3{0:61) -6.910.41)
2. Gtem Wo. 1,0{0.002) 1,0{0.03) 1.1(0.2) 1.0(0.004) 1.2{0.02)  1,0(0.002) 1.00.002) 1.1(0.1)  1,0(0.08) 1,001} 2.1(0.2) L3
. . e . —

s, Stem Dism. (ibh-uml~ 99.8(6.01 93.3(2.3) 93.403.4) 85.7(7.7) 63.6(4.6) 75.0{5.1) 67.6{4.0) 95.0(3.1) 115.0(4.3) 101.46.1) 13.0(5:6) 97.0(5.6)
4. Beight L.Liv.Br.{m} '17-"_(5.“ 21.“3.0) 15.200.1) 37.742.3) 35.3(4.5) 28.5(5.1) 22.85{4.7) 25.8(6.6) 30.003.1) iD.’(‘.J) 1.143.3) 35.4(5.0)
8. Syllepticity (1-3) (\ziity 1.600.0) 2.00.2) 2.4(0.4) 3.210.)  2.1(0.3) 2.6(0.3) 2.5(0.4) 1,0{0.06] 2.3(0.3) 2.1(0.3)  1.5(0.1)

" 6. Total Branch Mo. 30.6(3.4) 24.0(2.1) 29.0(1.6) 27.9(2.6) 16.901.8) 13.90.2) 16.612.1) 29.7(2.6) 29.0(1.6) 21.0{2.6) 13.0{1.0} 26.003.1) .
: = ~ (Continued below)
1. Branch/meter 6.400.6) 3.510.6] 1:7{0.5) 4.4(0.9) 2.6(0.2)  2,2(0.09) 2.5(0.5) 3.8(0.4) 4.200.2) 2.9(0.4} 2.3(0:1) I.7(0.3}
CE—— Ssna— . .
8. Total Bear 39.6(1.8) 44.003.1) 30.0(1.6) 55.1(4.6) 40.003.4) 44.1{2.1) 37.001.0) 41.6(4.6) 46.00.1) 27.0{1.3) 35.1{(2.1) 40.0(1.8)
9. SBcar/mater $.7(0.5) 6.4(1.6) 3.810.8) 8.7(10.3) 6.2(0.3) " 6.610.54) 85.510.8) 5.4(0.8) 6.6(0.5) 3.7(0.2) 6.0(0.6)  5.8(1.4)
f— = M
10.¥0, Fork 0.65(0.05) 0.63(0.1) 2.1(0.8) ©0.5{0.07) 0.8(0.04) 0.9(0.03) 0.5{0.04) 0.6(0.04) @ {0.0] 0.8(0.1) 2.4{0.4)  0.5(0.03)
! ‘ ® sm—
11.M0 Attespted fork 1.7(0.05) 1.1(0.03) 3.1(0.5) 1.3{0.04) 0.8(0.03) 0.9(0.05) 1.8(0.03) 1,3(3.1) 2.0(0.03} 1.3{0.04) 2.0(0.03) 1.8(0.04)
e Su— - { .
12.M0 Beavy Br. gg_i_o_.u 1.6(0.5) 1.3(0.3) 1.6{0.7) 1.8(0.5)  0.9(0.)) 2.3(0.6) _2.3(0.4) 0 (0.0) 2.0l0.6} 1.2(0.3)  1.8(0.4)
. sy —— T e T e TR - — e
13.rors {1 - 10V 0.800.3) 4.3(0.4) 4.1(0.5) 5.3(0.6) 5.5(0.4) 5.1(0.8)  4.8(0.3) 5.6(0.8) 7.0(0.9) 3.3(0.2} 2.6{0:4)  2.8{0:3)
: ——
14.vigour (1-10) 070040 4.5(0.3) 6.2(0.7) 4.5(0.6) 4.8(0.8)  4.4(0.3) 4.8(0.4) 4.8(0.6) 6.0(0.5) 5.1(0.6) '4.0{0:3) 4.3(0.0)
1751 175/2 178/8 11576 - - 175/1 178/8 " 11%/9 11.'{10 177/10 /1 215/8 Avorage C.V.%
« . A ’ .
r—— - v - T
Y 7.6(0.50) 1.4(0.60) . 8.1(0.83) 7.8(0.58) 7.8(0.51) 7.4(0.26) 7T.l0.41) 7.0(0.40) 7.0(0.30} 7.0(0.26) 6.1(0.320) 7004 8.6
S . .
Sew N -\Y 1.000.00) 3.000.0000 1.3(0.2)0  1.3(0.2)  1.0{0.008) 1.00.1) 1001 LA.l)  Jzofe.0n) 1001 1.0{0.04) 1.1 2.4
| 315.4(5.6) 123.0(6.3) 109.0(6.4) 115.0(6.1) "105.0(9.6) 118.0(6.2) 84.3(3.4) 67.0(9.2) 93.1(5.4) ~ 110.0(6.8) 85.00.1) 97.6 u.s
RE— .
20.6(4.3)  31.1{3.2) 18.2(7.2) 21.3(4.5) 30.1(4.9) 39.0(7.2) 20.3(3.2) 20.04.6) 21,7(5.3) 31.0(2.1) 20.0(2.8) 5.5 30.8
- SE——
~ Y/ 3403 2003 2503 32703 2303 15002 2109 1.7(0.3)  2.6(0.4) 1.6{0.2) 3.0(0.2) 2.2 6.0
T~ \l_ . - . -
~_ 130.002.1)  26.23.4)  32.203.0)  27.2(2.4) 27.4(2.3) 30.4(1.6) 32.001.6) 19.201.3) 21.401.5) 30.0{2.8) 20.0(2.6) 5.0 4.0 ’
S WSvRE—— S
.

L B/n 3.910.3) 350011 3.90.21  3.4(0.21  3.5(0.3) 4.1{0.0 4409 2701 3lea) $30.D 3200~ 38 0.2
(Continued)— wion.ay $5.30.8) f6.0(.4 37.00.1) 4007 “38.00.6 2olh,l) M.A0S 008 5.002.3) 2.001.00 - 9.6 D2

S/M 8341 2.410.9) 7 680120 47000 s.6. 5400 3209 63 4810 4103 w6 - Ss 28

F -3\ 0,610,060 0.6(0.3) ©0.8010.07 0.8(0.03) 0.8(0.03) 0.4(0.7) g 0.0 0803 114 L.led 2.010.3) 08 106
1.6(0.04) 0.8(0.3) 1.0(0.03) 1.2{0.03) 1.3t0.4) 0.7(0.1) I.S(o.il 1.4{0.04) 1.8(0.03) 0.68(0.03) 3.0(0.2) 1.8 4“
1] 8 ¢ 3.1(0.4} 3.1(0.4) 1.6{0.4) 1.6(0.4) 1.7{0.4) 3.6(0.4) 1.6(0.6) ' 2.3(0.3) 3,[(0.5) 1.3(0.31 2.0{0.3) . X} 43
Sho Eho . . — D :
5.3(0.5) s.alo.‘) 6.0(0.6) 5.3(0.5) $.110.6) 6.5(0.2) 5.8(0.6) 4.500.3) 4.9(1.0) 4.8(1.0) 4.0(0.8) s.0 22.2
6.50.5)  6.20.4) 6.800.6 5.90.5 6300.6 740 580000 408 5.60.3) 480.4 S0 53 173
—— :
(nacxow spacing = 2.5 =} Largest value
| weesssesmssesese Ssallest valus

(n = 8 ~ 10 per clone)



Table

13b: Variation in intensity of natural branch abscission (AI)
and stem taper (stem form quotient) between clones of
T. secleroxylon, 4 years after planting at Gambari Forest

Reserve near Ibadan.

((a) = narrow spacing,

(i) Expt. 7/75A
" (Narrow spacing) 2.5 m

Clone Al % » Stem Clone AL 3% . Stem
" Taper Taper
137/9 56.8 |, 0.77 139/9 39.0 0.67
139/6 65.0 0.66 142/10 26.9 0.65
139/9 51.0 0.71 144/1 . 44,0 0.65
144/1 66.0 0.65 166/8 33.7 0.63
144/4 71.0 0.75 175/1 33.0 0.68
144/5 76.0 0.62 175/5 27.0 0.70
©144/7 " 69.0 0.72 175/10 24.0 0.58
144/9 58.6 0.69 177/10 29.4 0.70
161/3 61.0 0.72 224/1 25.1 0.70
161/5 56.0 0.64
166/1 73.0 0.58 Average 21.5 0.66
166/3 ° 6l1l.0 0.71
175/1 57.0 0.65 CV % 31.3 6.03
175/2 67.8 0.76
175/5 63.5 0.69
175/6 58.0 0.80
175/7 61.5 0.68
175/8 55.0 0.70
175/9 . 42.6 0.73
175/10 65.0 0.74
177/10 60.0 0.69
224/7 61.5 0.69
225/8 55.0 0.65
Average 61.4 0.70
CV % 12.2 7.4

= wide spacing).

(ii) Expts. 3/75, 5/75
(Wide spacing) 4.9 m
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Table 14: Analysis of growth 4 years after planting of clones of T, aclerarylon pnnted at 4,9 m spacing in Gambari Forest Reserve, Nigeria
Experiments 3/75 and 5775,

(Br. = Branches, L.Liv = lLowest 1living, Standard Error (i) of mean values in p;arenthesau and CV = co-effic. of Variation).

: .

Parameter . 139/9 4 142/10 14421 166/8 118/ 175/5 v/ 175/10\¥\\‘ 177/10 V' 244/1 Average CV §
1. Height (m) . 6.1(0.28) 6.3(0.40) 5.410.33) 6.5(0.38) 6.7(0.28) - 5.8(0.28) 5.8(0.16) ",6.2(0.38) 1.810,3)) 6.2 11.1
2. Stem No. ' 1.0£0.005).1.000.11—_ 1.0£{0.004} 1.210.1) 1.100.08)  1.000.06) 2.0(0.02) 1.2(0.2) 1.0§0.004) 1.16  27.8
3. Stem Dian. (dbh-mn) 117.0(6.9) 109.7(9.6) 102.0(6.2) 106.0(5.9) 130.9(8.7) 106.6(6.2) 9§.0.§3,1)  120.5(6.8) 172.6(2,9) 118.0 19.6
4. Height L.Liv.Br.(cm} 17.4(1.2) 7.2(2.0} 19.1(1.5) 10.2(0.9) 10.0(1.4) 6.7(1.0) 6.000.8)_.  7.9(1.1) 11.3(1.7) 10.6 4.9
5. Syllepticity (1-5] 3.1(0.2) 3.8(0.2) 2.710.2) 2.510.3)  3.0(0.4) 2.6(0.4) 3.0(0.2) 2.6(0.3) 4.6(0.4) - 3.12 21.5
6. Total Branch No. 35.0(1.8}) 41.4(4.0) 30.042.4) 36.3(2.6) 49.0(3.6) 37.2(2.8) 33.0(1.3) 37.0(4:1) 57,6(8.1) 39.5 21.9
7. Branch/meter 5,7(0.8) 6.5(0.9) §.5(0,2)_____5.5(0:40 7.2(0.5)  6.1(0.7)  5.6(0.5) s.00.7  1.4(1.3) 6.16 11.7
8. Total Scar No. ~  22,2(2.4] 15.2(1.7) 24.0(3.6) 18.2(2.5) 24.2(4.0) 14.0(1.8) 11,0(},6) 15,5(4.6) 18,7(3.3) 18.0 25.8
9. Scar/meter 3.6(0.1) 2.4(0.5) 4.4(0.2) 2.8(0.3) 3.6(Q.6) 2.3(0.3) 1,80.1)_ 2.5(0.2) 2.3(0.31 2.9 29.2
10. No. Fork 0.5(0.01) 0.5(0.08)  0.5(0.01) 1.0(0.2) 0.5(0.1) 0.5(0.1) 2.0(0:04) 1.2(0.3) g_(g_,g),' 0.75 78.0
11. No. Attempted Fork  0.4(0.2) 0.6(0.3) 0.71(0.02) 0.3(0.06) 0.7(0,3) 0.2(0:01) 0(0,0) 0.3(0.02) 0{0.0) 0.36 76.0
12. No. Beavy Branches  4,8(0.8) 2.6(0.4) 3.7(0.6) 1.5(0.3) 2.0(0.4) 1.3(0.4) 1,0£0,2) 2,4(0.4) 13.301.8) 3.6 106.1
13. Form score (1-10) 6.1(0.7) 5.1(0.7) 5.7(0.3) 6.2(0.4) ' 7.0(0.4) 6.1(0.5) 5.0(0,31 5.9(0.5)  6.9(0.3) 6.0 11.5
14. Vigour Score (1-10) 7,2(0.3) 6.6(0.5) 6.4(0.5) 6.6(0.4)  17.6(0.3) 6.3(0.4)  5,0(0,2) 6.1(0.6) 7.3(0.8) 6.6 12.5

Laxgest value (Wide spacing = 4.9 m)

ceemen--=  Smallest value (n - '1"-21‘[)01' clone)



Fig. 36

'Standards'

177/10

Polygonal graphs showing variation between 7 selected clones of T, scleroxylon based on 4th year data from
Expt. 7/75A planted at narrow spacing (2.5 m) in Nigeria
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clones (Fig. 36), against hypothetical models of 'good' and 'bad’

clones.

6.2.2 wide Spacing (4.9 m)

Mean heights of clones differed significantly as‘in éhe case
for narrow spaced plants. This‘ganged between 5.4 * 0.33 for clone
144/1 which was the shortest and 7.8 £ 0.31 m for cloneA224/l, the
tallest (Table l&); comparable differences were also found for étam
number, branch number and the other parameters examined. Abscission

index at this planting density was lower than at higher densities

[ . PIRY
EAR

but also differed significantly between clones,fthis ranging from
24.0 (clone 175/10) to 44.0 (clone 144/1)J. Stem form quotient on the
other hand was unaffected by plant'spacing, ranging between O.Sé\
(clone 175/10) to 0.70 (clones 177/10 and 224/1), (Table 13b(ii)).
Examples of the variations in frequency distribution of branches
and branch scars are shown for 2'representative clones (144/1 and
177/10). Also shown is the effect of spacing (2.5‘and 4.9 m) on
these characters, which';hows that more branches and less natural
abscission takes place at wide spacing thaﬁ at narrow spacing (Fig.
3%). Furthermore, as shown by tﬁe mean values for all clones,
height after 4 Years at 2.5 met{%}sﬁacing was 9.8 % greater than
.at 4.9 m spacing. Total number of branches and total number éf scars
. gmnbr o : .
werei;:ﬁgf /Oﬁfa.nd 54.5 % (\ @ at wide spacing respectively, and there
was also a greater tendency to heavy branching (47 %) and the
retention of lower branches (Fig. 38). étem diameter, by contrast,
was less influenced by spacing( being only 17.2 % greater at wide
spacing.

The effect of pruning lower branches at l-year after planting

was to increase both branching (9.3 %) and multistem producﬁion (15%),



7.3-8.3
6.3-7.3

5.3<6.3

4.3-5.3

3.3-4.3
2.3-3.3

1.3-2.3

0-1.3

7.3-8.3

6.3-7.3

5.3-6.3
4.3-5.3
3.3-4.3

2.3-3.3
1.3-2.3

o-1.3

Fig. 37

Narrow Spacing  (2-5]) ~'Wide Spacing (4~.9 m)
144/1 144/1
AI = 66.0|  *3<8-3 AI = 44.0
27.9) P 6.3-7.3 (30.0)
]
* 5.3<6.3 f
H
a 4.3-5.3 E!
\“ "
- ® 3.3<4.3 Rl
N, \
S LY
L A ) 2.3-3.3 R
5(55.1) \‘ (24.0)
- & 1.3-2.3 - ]
\\ \
o ”," 0—1.3 o PLa
"-’-_.‘ 4 " " 2 -"“’
6 12 18 ° 6 12 o 6 12 18
(Branches) (Scars) (Branches) (Scars)
(27.9) 177/10. -..=r 177./10
- - 7.3-8. r
Al = 60.0 AI = 29.4
(21.4) 6.3-7.3 L
5.3-6.3
, -
[}
\
& 4.3-5.3
\‘ ]
\‘ []
N \, 3.3-4.3
', :
L ¢ 2.3-3.3 Ly
\ (33.0) \
- & O 1.3-2. -4
AN N, (15.5)
-_'____-) 0-13 . ”
- L"’
0 6 12 0 6 12 18 o) 6 12 o] 6 12 18
(Branches) (Scars) (Branches) (Scars)
Expt. 7/75A EXpt. 3/75

Variation in the frequency of branches and scars per meter rank of height in
two clones of T. scleroxylon planted at narrow (2.5) and wide(4.9) meter spacing

after 4 years at Gambari-Nigeria.
aﬂggssion index, and total scar and total branches in parentheses).

(AT =

U



Effect on spacing (2.5 m,

{(means from Expt. 3/75 A &
Horizontal 1line means avera

B (4.9 m
ge for ail

4.9 m) on clonal va
living branches in 7. scleroxylon, 4 years af

Fig. 38
3.0 | Ic 4 3.0
:-E_: 2.5 bA - 205
Gl
=
d
]
Q 1.5
o) 2.0 1
5 D
N
-
~
2
o 1.5 f 11
= B
S
o}
s}
o - 5
; 1t D .
B
e
& A
B
g
C
(0]
2.5 Spacing 4.9 spacing
(inserted line = average for all Clones)

A Clone 175/5

B " 175/10

C " 144/1

D L 177/10



particularly in clones 137/9 and 144/5 (Table 15). Significant
differences were not detectable in other parameters as shown in
Table 14 at 4 years despite pruning aé age 1 year.

Correla;ions between the means of 15 parameters values, from
the experiment 7/75A (2.5 m spacing) are presented in a matrix forﬁ
in Fig.39f; There is a high degree of\positive corré;iation between
some parameters. Mention will be made of some of the most important
relationships: there wefe good correlations between diameter and
height (r = +0.76, P = 0.001), Stem number and number of forks
(ri§§+0.59, P = 0.01), Total Sranches and number of branches per
meter, (r = +0.94, P = 0.001), . Height and total branches (r = +0.71,
P = 0.001), and total branches and diameter (dbh) (r = 0.66, P = 0.01)
and total branches and Abscission Index which was negatively related
and highly significant (r = -0.71, P = 0.001).

At wide séacing (Fig. 4Q), ( diameter and height was also
significantly related (r = +O.91,'P = 0.00l1), stem number and number
of forks (r = 0.95, Pv= 0.001), total branches and branch per meter
(r = +0.96, P = 0.001), total branch and diameter (dbh) was significant
at P = 0.01, Total branch and Abscission Index were not related at
this spacing (r = -0.44). In contrast to the case of narrow spacing,
height and total branches were significantly related (r = +0.93, P =
0.001), and so was heiéht and syllepticity (r = +0.75, P = 0.02), but

height was not related to scar number (r = +0.12).
6.3 Discussion

The mean growth data presented above for T. scleroxylon clones
show substantial variation in the attributes investigated. Thié
confirms the growth data collected at 18 months from the same experi-

mental plantings (Howland and Bowen 1977, Howland et al 1978, and

Ladipo et al 1980). Variation of this magnitude has been reported



Effect of removing branches and multistems to a height of 1.25 m in July 1976 (one year after

Table '].5:
planting), on growth of T. scleroxiylon in Gambari, Nigeria, 3 years later (Expt. ?/758 -2.5m
spacing, n = 4 plants per clone at each treatment, |
Unpruned Pruned
Cione Clone Clone “"Clone Clone Clone Clone Clone
Parameter 137/9 144/5 175/2 v 175/7 137/9 144/5 175/2 175/7
Height (m) 5.9(0.43) 4.7(0.60) 5.7(0,45) 5.9(0.40) 6.4(0.32) 4.4(0.46) 5.7(0.50) 5.9(0.65)
Stem No. 1,0(0.003) 1.0(0.02) 1.0(0.01) 1,0(0.01) 1,3(0.03) 1,3(0.02) 1.0(0.002) 1;0(0.001)
Height L.Liv.Branch | 16.,0(3.2) 22,0(2.0) 22,8(3.5) 28.7(4.8) 15,6(4.6) 14,9(1.6 36,0(6,5) 22.3(8.3)
Total Branches 29.0(2.6) 19.5(3.5) 25,0(1,8) 28.5(3.1) 29.3(2,9) 19.6(3.1) 33,5(1.5) 30.0(4.5)
No. of F&rks 1.0(0.08) 1.0(0.02) 0(0.0) 0.7(0.03) © 0(0,0) 0.6(0.08) 0(0.0) 1.0(0.08)

Q0T



Fig. 39-.
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Correlation matrix for various i)'arameée‘rs of érowth after 4 years in piantation
at Gambari Forest Reserve, Nigeria, ‘at normal spacing 2.5 M; ( = non significant,

* = gignificant at P = 0,05, ** = Sig. P = 0.02, *** = Sig. P = 0.0l and **** =
Sig. at P = 0.001, 4f = 17) ) :
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Fig. 40 .
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(Key to abbreviations on Figs.39 and 40)

aA.l
Att. fork

B/M

Dia (dbh)

quk No.
Height.L.Liv.br.
No. Hvy. br.

Scar/m

Stem No.
Syllep.

Tot. branch

Tot. Scar

abscission index
mean number of attempted forks

mean total number of branches per
metre of stem

Diameter at breast height (1.30 m).
1Y

mean number of forks on stem

Height to lowest living branch

mean number of heavy branches

mean total number of scars per metre
of stem

mean number of stem (multiple stems)
Syllepticity score (1-5)

mean total number of branches on
mainstem

mean total number of scars on mainstem
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between clones of other species such as Pinus radiata (Shelborne
and Thulin 1974) whére the importance of such variation was fully
discussed.

One of the early observations made which has influenced the
present work, was th;t branching pattern '.Is a major determinant of
neight (Ladipo et al 1960) . As height is closely related to yield,
it seems that the hypothesis for further invesfigation ought to be
that branching is related to yield. AIndeed, the basic approach,
involvinéua study of apicalldominance at an ea#ly stage of growth, and
subsequenfly correlating this with tree form in the plantation, seeks
to test this hypothesis. . ' .

However, before we pass to this part of the work, whicﬁ is the
subject of thg next chapter, we should first examine the extent to
which tﬂis early observation is substantiated.

At wide spacing, where the earlier indications were obtained, the

relationship beﬁween height and branching was indeed substahtiated.

. Ry
Using the correlation coefficient as a measure of the strength of the %i Ny

. . ’ Lol %
relationship, it can be seen that the relationship is very strong :. %6 %%9%
. ‘ : S T
x =40.79 for the correlation between branches per metre of stem and s

height. This relationship is further improved when scars as well as
branches are included : r = 0.85.
However, at narrow spacing these relationships are not evident.

This indicating that diffe?ent facﬁors probably operate at the two
spacings. This view is supported by the differing roles of syllepticity
in the two cases: at wide spacing height is stroﬁgly correlated
with syllepticity but not so at narrow spacing.

| As the production of sylleptic shoots is to be regarded as én
indication of low apical dominance, we may postulaté the following

causal relationships at wide spacing:
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More proleptic
branches

. . high TS ——
Wide spacing|—>» ——»Weak apical——— —_ Heavy branches,

light . .
\\domlnance \\‘ Sylleptlgk\ , Dultiple stemming

~ branches and forks = poor
T form. S

\e c

T -

The net effect of this is that the number of heavy branches at A;Eh
wide spacing is much greater than that at narrow spacing (2.0 per treéﬁgh
as against'0.36, see fig. 38).

As reported by Howland and Bowen (1977) and Ladipo et al (1980),
spacing also seems to influence stem characteristics in T,scleroxylon.
Thus the difference in height 44.1 '%:  between wide and narrow spacings
reported at 18 months (Ladipo et al 1980) has now (4 years) been
reduced to 9.8 %. This decrease in neight difference is probably as a
result of competition.at narrow spacing and indicates a need for
thinning in these stands. The increased branching and the reduced
incidence of abscission at wide spacing is prbbably as indicated earlier
the lack of mutual shading and the longer and bigger branches being
retained for a longer period.

The different performance of clenes at the two spacings tested
he?e clearly indicates that clonal evaluation must be done under the
silvicultural conditions that are to be followed in commercial
plantings, both with regard to spacings and to thinning regimes. 1In
this respect, it is interesting to note that in-tlie- Ivory:Chast,

T. scleroxylon in the World Bank Plantation Project is being grown
initially at 3.75 m spacing. This is to be thinned later on. It
may however be useful to also impose high density selection to test
attributes wnich under normal conditions would not be prevalent gnti;
later in the rotations.

From a practical point of view it is worth noting that many of



112

the attributes that display clonal variation are indeed important ones
as far as selection for superior trees is concerned. The large
variatién‘reported here in the abscission index (Table 13B) indicates
that the ability of T. scleroxylon clones to shed lower branches is
highly variable and can probably be selected for. This applies also
to the stem form quotient (taper), which is another important index
of woéd'volume in mensurational work. It therefore appears that
selection for natural abscission, large stem diameters (dbh) and
low stem taper would probably result in considerable gains in yield
and stem quality in the species. Furthermore, taking diameter at
breast height as a rough index of timber yield, the data presented
_in Table 12a suggest that a quite modest selection progiamme, taking
the top 10 % of clones, should produce a gain of about 20°% in
relation to the present-day average. More rigordus selection from
a larger number of clones, would probably produce even greater returns
(c.f. Kleinschmidt 1974). Previously, it was shown that 18 months after
planting, a 10 % selection operated at 18 months might produée a
potential increase in height of at least 16 % (Ladipo et al 1980).

Clearly, a prid:ity in a selection programme wquld-be to eliminate
clones with grossly undesirable characteristics, such as forking and
formation of multiple Stems. ‘Furthérmore, the close relationship
between stem number and the number of forks (at. both spacings)
indicates that the undesirable charactexristics are probably under
common genetic control and thus, selection against one of them will
indirectly improve thé other.

The usé of the tree form diagrams (Fig. 37), which represents 6
parameters graphically illustrates the potential variation and will
help to identify ideotypes for T. scleroxylonm.

As regards the silvicultural practice of pruning clones, it
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seems that, rather than overcome the production of unwanted. branches,
it stimulated gprouting from basal nodes. This may be because it |
lwas done in July at the peak of the growing season before the canopy
had closed and when they wére clean weeded. A similar occurrence ’
has been reported in the fast growing topical tree Simdruba amara
(Schulz and Vink 1966), in which only regular pruning duriﬁg early
periods of field growth was necessary to produce the desired form.
This sort of operation will probably be mére useful and economical
if done in the dry season or later when the canopy was closed (i.e;
3xd yearj so accelerating self-pruning. »
Finally, the large variations between clones in the characters
investigated in this study with 7. scleroxylon - a basically out-
breeding species; provides a useful tool which can be effectively
utilized for improvement by selection. The folléwing chapter
further investigates the variations in branch characteristics in a
few clones. It also attémpts to assess crown attributes and the

variation in crown shape among these clones.
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CHAPTER 7

CLONAL VARIATION IN BRANCH CHARACTERISTICS AND EFFECTS ON CROWN

’

FORM IN T. scleroxylon.

7.1 Introduction

The crown form of a tree is basically aetermined by a
combination of the péfsisténce of main stem and a number of branching
characteristics; including the number of branches andvtheir
individual characteristics. The latter includes the angles of
inclination, length, intef-branch distance, number and orientation
of secondary and tertiary branches, and the ratio of branch lengths.
Such characteristics have sometimes been considered as adaptive
strategies for light interception (Horn, 1974; Brinig 1976) and are
expected to be under strong genetic control, although they can be
influenced a great deal by environmental factors (Pickett and
Kempf 1980). |

Evidence for thg involvement of apical dominance (Phillips
1969), and apical control in the relation of branching (Brown et al
1967) has been discussed extensively, and it is generally recognised
that these can probably account for ﬁost of the vériation in-
branching habits and crown development between different species of
tree.

Branch angle is known to be influenced by the main stem apex and
the presence of other shoots on the tree (Jankiewicz 1973): an
example of a correlative influence sensu Minch (1938). The following
main factors have been identified as influencing branch angle :-

(a) Negative geotropism - causing faster elongation on the‘

lower side of a shoot and thus causing upward growth,

(b) Geoepinasty - induced by prolonged geotropic effects,
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giving rise to faster growth on the lower side of a branch

probably as a result of auxin accumulation (Lyon 1971).

(c) Mechanical pressure - generated by growth of tissues

situated in the crotch, at leést in apple tiee branches

(Jankiewicz 1964) and

(d) Weight - this being caused Sy the increase in branch

weight with development (Baranetsky 1901).

Through these influences and. some related morphological variations,
branches are classified as orthotropic (erect or partly erect) or plagio-
tropic (more or less horizontal), the latter varying between persistently
plagiot;opic and non-persistéht plagiotropic. 1In T. scleroxylon, branches
are basically of the orthétropic or non-persistent plagiotropic types.

The branching pattern of T. scleroxylon conforms to Rauh's model, Halle

et al 1978), which is one of the 23 basié architectural models of tropical
trees.» Apart from this basic classification, little is known of its branch-
ing characteristics, except from descriptions by Jones (1969) and some
recent preliminary observations of clones growing in Nigeria (Howland

et al 1978).

Branch length has been suggested to be influenced more by internode
elongation, which depends on vigour and cofrelative influences (Champagnat,
1965, Plich et al 1974). Attempts have been made to determine the relation-
ship between branch characteristics (branch angle, branch length and
branch.diameter) and general crown shape of trees (Shinozaki et al 1964,
Honda and Fisher 1979), including ﬁhe use of computer models, as for example
in Terminalia catappa, and Ornus alternifolia (Bonda et al 1981).

To characterise the shape of the crown, it is necessary to measuré a .
number of crown parameters, aQ.Cﬁrtin (1970) has shown. 1In T. seleroxylon,
the mode of growth is such that the lower branches are longest and the
overall crown shape is quite distinctive and may be described as a blunp

cone. Such a situation occurs in many trees, for example



Eucalyptus obliqua (Curtin 1970).

The present study iﬁvestigates clonal variation in the critical
characteristiqs which define the dim;hsions and proportions of the
T. scleroxylon crown in a 4 year-old plantation at Gambari in Nigeria
at narrow spacing; These characteristics are required in Chapter 8,

where their relationship with apical strength (measured by the

decapitation test) is investigated.

7.2 Materials and Methods

Assessments were made on the 5 lowest branches from 8 trees of
each cf clones 137/9, 144/1, 144/4, 144/5, 144/7, 166/1, 175/1,
175/2, 175/5, 175/6, 175/7, 175/8 and 177/10 in June 1979 from |
Experiment 7/75B at Gambari near Ibadan. Critical measurements
required to define the dimensions and proportions of the T.
scleroxylon crown included :

(i) Height at which each primary branch arises on main stem

(ii) Length of primary branch

(iii) Number of nodes on primary braﬂch

(iv) Mean internode length (derived from ii and iii).

(v) Diameter of‘primary branch (1 cm from main stem)

(vi) Angle between stem and primary branch, and

(vii) The number of secondary brancﬁes on primary branches,

(see Fig. 41).

A set of precision callipers was used to measure branch diameters,

whilst a protractor was used to determine angles, as done by Franklin
and Callahan (19%3’) .

Data analysis from the above measﬁrements, was done using the
computer program ‘'IBAZ’' (seé Appendix 3) which gave means and

corresponding Standard Errors for each clone.

llo
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Many workers have assessed the horizontal and verticall
components of tree créﬁns as was done for Eucalyptus obZiqua (Curtin
1970), but in the present work, a slightly different approach is
taken. The projection of the characteristics of the lower 5 branches,
enabled the crown to be estimated (see Fig. 4%). This is possible
because of the distinctive‘form of the crown (see Plate 9).

The crown forms estimated from the measurements described above
were later drawn and measured with a Lambda area meter to give an
index of the cross-sectional areas for each clone, while a crown
index (CI) was calculated from the formulé

Ca x ba x'bl, Where Ca = estimated crown area (m2)

ba = branch angle and bl = branch mean length.

7.3 Results
| Mean height to the 5 basal branches differed substantially
between clones, ranging ffom 3.41 m- for élone 144/1 to 1.48 m for
clone 144/9 (Table 16).

Mean branch length also differed between clones with 177/10,
and 175/8 having the longest branches (1.18 m) while clone 144/4
had the shortest (1.25 m). Despite their identical mean branch
lengths, clones 175/8 and 177/10 differed in mean branch diameter,
being 3.15 cm and 2.86 cm respectively. The incidence of secondary
branches differed significantly between clones; clone 175/8 again
having the greatest number while clone 144/9 had the least number
(16.1 and 8.2 respectively). In contragt to meah branch lengths,
the mean numbers of nodes per branch were greatest in clone 175/6
(41.3) and least in clone 144/1 (25.1). Mean internode length also
differed (Fig. 42), with clone 144/7 having the greatest, and clone
144/9 the least (6.15 and 4.21 cm fespéctively).

The overall result of all these different characteristics was



Fig. 41
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Diagram illustrating measurements carried out to define shape of the
crown of T. scleroxylon clones, after 4 years growth at Gambari-Nigeria.

(see text for symbols)-



Table 16:

Variation in branching characteristics of T. scleroxylon

clones, 4 years after planting at Gambari, Nigeria at

narrow spacing 2.5 m.
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Mean height

Mean Branch Mean Branch

Mean Branch

Mean Number

cione s pranchan "R TN, miemere pecodeny
: 1-5.

137/9 2.21+0.13 53.8+1.4 2.0 +0.035 2.93+0.03 10.3 *0.68
144/1 3.41+0.12 44.4%+1.8 1.32£0.18 2.16+0.22 11.75%0.91
144/4 2.58+0.11 58.8+1.86 1.25:0.07 2.04%+0.13  9.25%0.1
144/5 2.25%0.22 63.0£2.6  1.59%+0.22  2.57£0.25 13.27+1.01
1447 2.30£0.08 61.6+2.0 1.65+0.03  2.28%0.07 11.05% 0.8l
144/9 1.48+0.15 40.1+1.8 1.36:0.05 2.50%£0.22 8.6 t 1,01
166/1 2.41+0.35 44.9+3.5  1.76+0.23  2.56%0.23 10.8 *1.33
175/1 2.33+0.16 49.8+5.5  1.46+0.11  2.24+0.11 12.86% 0.97
175/2 2.87t0.10 59.3+1.5  1.77%0.014 2.76+0.11 13.8 +0.58
175/5 3.21+0.14 59.8+1.06 1.99+0.14  2.88%0.66 15.3 *0.93
175/6 3.15+0.17 50.0£2.7  2.084+0.10  2.80+0.11 15.05% 1.28
175/7 2.84+0.17 60.2+1.7  1.54%0.05  2.52£0.03 11.79%1.5
175/8 2.73+0.11 62.8+1.63 2.1840.05  3.15%0.13 16.1 %1.3
177/10 2.38+0.34 53.3+2.9  2.18+0.27  2.86%0.35 12.4 *0.65
Mean 2.59 ' 54.6 1.72 2.60 12.5

SE 0.13 2.0 0.09 0.09 0.58
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Branching characteristics of T. scleroxylon clones, 4 years after planting:-
(a) Variation in mean numbers of nodes on primary 5 lower branches and

(b) Variation in mean internode length on same branches. (June 1979)
Clones
1 -177/10 8 - 175/6
2 - 175/7 9 - 175/8
3 - 175/1 10 - 137/4
4 - 144/9 11 - 144/4.
S - 144/5 12 - 144/7
6 - 175/2 13 - 166/1
7 - 175/5 14 - 144/1
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f ]
Table 17: Estimated Crown area and Crown Index of 14 clones of

T. scleroxylon after 4 years growth at Gambari, Nigeria.
Crown Index (I) calculated from Crown area (mz) X mean

branch angle x mean branch length (cm).

~

Clone . Estimated Mean Crown Index

Crown Area (1)
175/7 7.7 6.0
177/10 13.2 13.4
175/1 ' 11.5 7.0
144/9 6.4 3.1
144/5 6.8 5.7
175/2 7.6 ' 6.7
175/5 11.5 ' 11.6
175/6 11.3 9.9
175/8 12.8 14.8
137/9 o 10.6 9.6
144/4 . 5.1 3.2
144/7 7.5 6.5
166/1 7.3 4.8
144/1 3.8 1.9

All clone mean 8.8t 0.8 7.4 £ 1.05

CV % 33.7 % 53 .%
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that there were substantial differences in estimated crown area between
the clones, in which clone 177/10 was largest (13.2 m2) and clone
144/1 the smallest (3.8 mz). This also strongly influenced the
.crownmindexu(Tabie 12), which shéwed similar variation. Mean crown
form is best summarised by scale drawings of the basic field
measurements (Figs. 43a and b). From these it is evident that some
treespve relatively tall and thin erdwps whilst others are more spreading
(Figs 43a and 43b).

Finally, of all the parameters assessed, significant correlations
existed only between branch length and node number (r = + 0.85 -

P = 0.00l1), and between branch position and branch angle (r = + 0.67 -

o
t

0.01).

7.4 Discussion

Crown development takes place freely,‘without competition, in
open spaces. In closely spaced plan%ations, on the other hand,
competition between neighbouré may affect lateral spread of individual
trees (Ovington 1956), orvthe persistence of lower braﬁches.

Despite these modifications of phenotype (see'Chaptgr 6) the
branching characteristics, and crown shape of clones in plantations
are still strohgly influencea by genetic differences (Downs 1949),
Certainly, this seems to be so in 7. scleroxylon when planted at 2.5 m
spacing for clones had identifiable crown characteristics. Similar
variation is evident in the work of Pickett and Kempf (1980) in
Viburnum spp,‘in which natural vegetative propagation occﬁrs. In this
spacing intraspecific variation in branch attributes were found
between the various natural clonal populations and also in Populﬁs
spp ﬁhere Dickmann (1975) found clonal variation in branch attributes.

In relation to possible selection for improvement, Dickmann (1975)



Fig. 43a
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Scale drawings of clones of T. scleroxylon showing : Variation in the
characteristics of 5 lowest branches. (scale = 1 mm = 1.19 m. secondary
branches not to scale). 7



Fig. 43b
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Scale drawings of T. scleroafylah clones showing: an extrapolation of
crown shape from height and lengths of 5 lowest branches to indicate
differences in crown shape of 4 year old plants at Gambari-Nigeria (Expt.

7/758) planted at 2.5 m spacing. (Scale 1 mm = 1.19 m).
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favoured steep branch angles, which gave compqét crowns. This
suggestionC)does not agree with present views for T. scleroxylon,
where erect branches are frequently of large diameter, as in clones
144/9 and 175/8, and may compete with the main axis to form forks,
while wide angle branches tend not to be of this kind. (Plate 8).
Small branched clones are also favoured according to Karki (1979)
for Pinus sylvestris , thus increasing the allocation of resources
to mainstem production. He thus selects narrow crowned clones.

The considerable variation in node nﬁmber and internode length
reported here for T. scleroxylon clones is similar to that found by
Koster (1971) for Populus deltoides. It is difficult to relate such
structural characteristics tq photosynthetic functions within canopy,
but short internodes increase the backing of leaves and so increases
their mutual shading. However, in T. scleroxylon this could to scome
extent be circumvented by the presence of long leaf petioles with a
pulvidgs at each end so that the leaves are relatively mobile and
heliotropic. The presence of more secondary branches in some clones
also may imply a‘déqser canopy (plate 9).

Although mean branch height (all 5 branches) was not élosely
correlated with mean branch angle, the individual positions of each
of the 5 lower branches were related to their respective angles
(r\é;+0.67 - P = 0.01) in all clones. This agrees with the work éf
Jankiewicz (1972) in young apple trees where he reéorded a close
relationship between the height at which branches arise and their
angles of incliﬁation, this increasing from top to basal branches.
Héwever, the lack of relatiénship between the other attributes i§
an interesting occurrence in T. scleroxylon, which implies that |
other crown attributes are independent of each other and so may

be_selected for individually.
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Crown form in T. quero;yZon varied from narrow to broad and
from deep to short (Fig. 43b). Karki (1979) following hié studies of
the advantages and disadvaﬁtaqes of similar crown forms in PZnus
sylvestris, concluded tha# narrow, short and thin branched trees are
more deéirable in plantati?n forestry because this ténds to :

(1) increase the sawlog percentage, from total wood harvest,

(ii) increase stemwood percentage from total assimilation product,
{(iii) decrease the neeq for uneconomic early thinnings, and

(iv) increase the number of plants that can be planted per hectare.
Larson and Gordon (196%9a) emphasized the importance of a compact or
dense crown in Populus. In the case of T. scleroxylon, a tall tree
with narrow, lax crdwn, having few small diameter branches and held
horizontally seem to bg a more favourable ideotype. So, on the basis
of the conclusions and demonstrations of Karki (1979), and the
findings in this chapter, it seems that clones 175/6, 144/1, 175/7
and 144/4 have better shaped crowns than clones 175/é, 175/1, 137/9
(which have many branchesi and 177/10 which have broader crowns.
Furthermore, according to Brown et al (1967) although they were
talking of between species variations, trees with decurrent crowns
have weak apical dominance, but strong apical control, and the converse
applies to excurrent crowns. In this work, as illustrated by crown
shapes (Fig. 43b), it seems that there is considerable variation in
apical control. ‘It remains to be seen if the inverse relationship
between apical dominance and apical control hold true for the

variation in crown development within this species,

7.4.1 Limitations of the'crown-form 'projection method
(1) Since crown outlines are ofteg '‘distorted' (Curtin 1970), and

rarely campletely smooth, the direct extrapolation method used here



Plate 8

Variation in branch angle and branch size in 3-year old clonal plants

of T. scleroxylon (Expt. 1/76) planted at 2.4 m spacing at Gambari,

Nigeria.

(Top = narrow angled, large diameter branches. Bottom ='wide angled,
narrow branches).



Plate ©

Variation of crown form in 3-year old T. scleroxylon clones at
Gambari, Nigeria (Expt. 1/76).
(left = short compact crown. Right = open extended crown) planted

at 2.5 m spacing.
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(based on the characteristics of the 5 basal most mature branches)
may not fully represent thé crown outline, even when it is known
that branch. :lengths decrease gradually with height on the tree
bole.

(2) The crown-tip may vary in degree of bluntness, a feature which
cannot be recorded without climbing scaffold. |

(3) There may be a regular decrease in mean angle of branches with
passage up the tree. This could not have been estimated in this

case without felling the trees.

However, the present work, despite the above limitafions, aided
by visual observations, can give an indication of clonal variation
in form, ..  and may be useful for selection purposes in a tree
improvement programme aimed at commercial plantation establishment,

as is the case in T. scleroxylon in Nigeria.



SECTION 4

PREDICTION OF BRANCHING HABIT

The decapitation test was’applied to a raﬁge of clones
of T. scleroxylon, to measure the strength of apical
dominance. Numerical values thus obtained were corre-
lated with field perforpance of the respectivé clones
at 4-years.

This approach is shown to be a promising one for
selecting clones at an early age. It is hoped that

it will make a practical contribution to plantation

forestry in Nigeria.
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CHAPTER 8
THE DEVEﬁOPMENT OF A 'PREDICTIVE TEST' FOR BRANCHING HABIT

8.1 introduction

It fs clear from the work already presented thét clones of
T. scleroxylon have individual growth and branching characteristics
Qhen grown in-plantation at wide and close spacing. It is‘known
that branching and form in woody plants :is usually associated with the
pﬁenomena of apical dominance (Phillips 1975) and apical control
(Brown et al 1967); When small plotted plénts are decapitated, the
genetic characteristics of the different clones are expressed in
relation to bud activity. ..This seems to be a measure of apical
dominance. The aim of the present chapter is to see if there is
a relationship between apical dominance as determined by the
Decaﬁitation Test and field performance and branching habits.

As the performance of trees at maturity and the form in
particular are of prime importance to foresters, the value of selection
on the basis of 'juvenile' traits or performance depends very much on
thé correlatiqn between such traits and suitable measures of form in
the mature tree. An early selection based on good juvenile/mature
correlation, fefered to as 'indirect selection' has beén known to be
very‘useful iz;ssenberg 1976). In the case of branching, the genetic
bésis in general is not yet clearly understood, but if the form of
the tree results from.the intensity of apical dominance, then perhaps
it is possible to predict the final shape of the tree or its form
and branching from a study of apical dominance in young plants in the
nursery.

Lambert (1980)enumerated the advantages of early selection ;hich
included':

(a) Smaller genetic tests of 'juvenile' materials at closer spacing

than in usual large field trials.



(b) Genetic gains‘can be achieved more quickly at higher efficiency
(Nanson 1968)

(c) Measurements and assessments can be done more easily and
cheaply, a;d

(d) The breeder can be more responsive to changes in demands for
improved products or new cultural methods.

The disadvantage howeveriis : Flower induction is more difficult

in young plants, and also costly (this disadvantage may not be

tenable any longer in T. scleroxylon as more effective methods of

flower induction and pollen handling in 'juvenile' plants_are

developed; Leakey et al 1981).

The appiication of co;relative response in early selection is more
common in agricultural crbpé. ﬁere, yield has received most attention
as in Theobroma cacao (Toxopens 1964) where pod production and growth
at;ributesAin the first year of fruiting was related to later yield
performance, and in Hevea brasiliensis (Alika 1978; 1980) who reported
a good teiationship between latex yield over 8 years. Among forest
species emphasis has been placed more on growth performances. In this-
instance, reports are known on Loblolly pine and Douglas-fir (Cannell
et al 1978; Lambeth 1979; Waxler 1980), Pinus taeda (Waxler and
Buijtenen 1981) and in Broad leaf species, Populus delfbides (Cooper
.and Ferguson 1974). 1In early selec;ion against disease or pests
however, a different approach has usually been taken (Strobel 1975).
Here, the biochemical analysis of plant extracts have been used;
such as in Pinus strobus (Wilkinson 1980) where a close relationship
was found between chemical properties of white pine oleoresin (con-
taining monoterpenes) with resistance of weevil attack (Pissodes-strobi).

The first part of this chapter is concernéd with the measurement

of apical dominance in juvenile clonal material. The second part
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examines the correlation between these measurements and the form
of the tree in plantations and leads to the development of a
predictive test for branching habit which may enable superior

clones to be selected at an early age.

8.2 Materials and Methods

The origin of ciones, their culture and treatments are as
described in Chapter 3. |
Three sets of clones were screened in 1980. The first two were
done at ITE and these included :
i) Clones 144/9, 175/1, 175/5, 175/6, 175/9, 8047 and 8049, and
ii) Clones 137/9, 139/9, 144/1, 144/7, le6/1, 175/6, 175/7, 175/8
177/10, 261/4, 505/2 and 506/14.
The following clones were represented in the third screening at FRIN
Nursery :-
Clones 139/6, 144/6, 161/5, 166/3, 166/5, 224/3 and-224/7.
As far as possible, plants were of equal size, ranging from between
60 to 80 cm tall, but in some cases plants about. 50 cm tall, with
5 retained leaves had to be used.
‘The top 2 nodes'from each plant were removed. Spacing was

sufficient to prevent appreciable shading (plate 10). There were 8

replicate plants at ITE and 15 at FRIN, these being randomised in two .’

blocks. The numbers were dictated by availability of plants. All
plants received weekly applications of 1 % 'Solufeed' at ITE and
1 % 'Wellgro'® in Nigeria.

Assessments of lateral shoot length were done weekly over 9 weeks.

8.2.1 SCREENING OF ﬁIGERIAN CLONES BY DECAPITATION

In Chapter 5, the effects of various factors on apical dominance,

including the effects of the condition of the plant, the edaphic and
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Plate 10

Screening of clones in Edinburgh (ITE glasshouse) in March, 1980.
Note that smaller plants were raised to prevent shading by larger

plants.



the aerial environments were investigated. The results from these
tests, which were summarised at the end of that chapter, were used
here to provide the standard environments for the Decapitation Test

in Edinburgh and Ibadan respectively.

8.2.2 Data analysis

Bud 'activity' and fhe standard error values were calculated as
described earlier, and presented as perceﬁtage values. The maximum
bud activity usuallyiéccured at 4 weeks. It is this value, which by
established tradition at ITE, has been used as a measure of apical
dominance. However,vfurtﬁer parameters can be obtained when the raw
data is subjected to certain graphical analysis (Fig. 44). When the
experimental values are converted to natural logarithms, it was
nearly always possible to clearly distinguish two phases.

The first phase is that of rapidly inéreasing bud activity
while the second phase was that of a rapid decline in bud activity,
this being associated with the reassertion of dominance by the upper-
most shoots (Fig. 45). Between these two phases is a transition
region, usﬁally occuring between weeks 3 and 4 - the period of
maximum bud activity.

Using linear regression, it was possible to fit a straight line

to the second phase, henceforth known as the Reassertion phase. This

slope expresses the rate at which the uppermost shoots gain dominance,

and so appears to be a possible candidate for an index of apical

control. No attempt was made to estimate the standard error of the

slope, as the values are not independent of each other, and significance

testing is thus not possible.

Several other attributes of the graph seemed possible as candidates

for an index of apical dominance. It was postulated that the intercept
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Fig. 44
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(labelled 1 on Fig. 44\ could be regarded és a 'potengial bud
activity'. It might also be postulated that the initial slope be
regarded as a useful measure of apical.dominance: . However, oﬁly
the maximum bud ‘activity, potential bud activity and the
Xeassertion siope were ﬁséd in the preseﬁt exercise.

Clones were ranked according to their level of maximum-bud
activity, in an attempt to show their relative intensity of apical
domin;nce from low activity, being considered to be indicative of
strong. apical dominance to high activ;ty or weak apical dominance.

Data from the above were correlated with thoée.from field data

reported in Chapters 6 and 7, using the program MCORR 2 (Appendix:6).

8.3 Results
| The .'intensity' of apical dominance in T. seleroxylon clones
within each of the 3 screening experiments differed significantly.

In screen I, clonés 175/5 and 175/1, produced the highest bud
activity at 4 weeks (62.7 % and'59.2 respectively) while clone 8047
produced the least (13 %),.a difference of about 75 % (Fig; 45?.

In screen II, clones 505/2 and 144/1 produced the highest bud
activity at 4 weeks (83.1-5 and 70 % respectivelyf while clone 144/7
produced the least (17.2 %), a difference bf about 79 % (Fig. 46).
The control undecapitated clone 175/6 ‘did not show bud activity in
either of these two screenings.

In screen III, clones 224/7 and 139/6 produced highest bud activity
at week-4 (70 £ and 65 % reépectively) while clone 161/5 produced the
least (18 %), and a differenee of about 74 $ (Fig. 47) based on
maximum Sud 'activity' at week 4, clones were ranked from low bud
activity'to high bud ‘activityf; in other words from strong apical

dominance to weak apical dominance respectively (Table 18a).
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Fig. 46
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~Fig. 47
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Table 18a: Ranking of T. scleroxylon clones based on maximum

‘number of buds released from apical dominance by '

decapitation at 4 weeks in potted clonal plants

tested in Edinburgh and Ibadan.

Clone .

% Bud Activity at 4th Week

Rank Screen I Screen II Screen III. Remarks
1 144/7 17.2
» 161/5 18.0
3 175/7 28.3
15-30 17579 28.8 -
¥ 506/14 : 30.0 g8
$ 166/3 30.0 S § ,
< B
» 139/9 30.1 e
§ 166/1 32.0 < B
5 177/10 33.0
‘o 144/5 35.0 #¢ &
31-60 " 144/9 38.5 g
(2137/9 42.8 g
—_— <L
‘v
2 175/8 52.3 g
rq 175/1 59.3 g
g
/s 175/5 62.7 29
6 224/7 ‘ 65.0 S
' 60-90 > 139/6 70.0 S
t¢ 144/1 70.0 e
19, 505/2 84.0 n
N
>‘V
4
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Analysis of the reassertion phase (Phase 2) revealéd: differences
in slopes between clones in the lst and 2nd screens (Table l&band
Figs. 48(a) and (b)), this varying from -0.302 for clone 137/9 to

clones 177/9 and 166/1 (-0.098), being steg@pest and least steep

respectively.
Table 18b :
Clone Screen 1 Screen II
™~137/9 ¢ -0.302
~175/8 -0.267
\261/4 -0.254
S505/2 -0.205
~N175/7 : -0.201
S144/1 -0.200
"~139/9 -0.192
~N175/5 -0.186
~175/6 -0.174
™~S175/1 -0.165
8049 -0.142
N177/10 -0.141
144/7 -0.134
175/9 -0.117
\\8047 -0.106
144/9) -0.098

166/1) -0.098

Variation in the regression coefficients of the reassertion phase
in decapitated clones of T. scleroxylon ranked according to

steepness of slope (from high to low slope)."

'Potential bud activity', the projected point of interception
between the two phases of bud activity also differed greatly
between clones in these two screens. Furthermore, Table 19 shows

the variation in potential bud 'activity' (loge) at week 4. 1In
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Fig. 48a
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Fig. 48b
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this case clone 505/2 had highest bud activity (4.8) while clone

8047 had lowest (2.8).

Table 19:

Clone ’ Screen 1 Screen I1
505/2 4.8
~137/9 4,7
~~144/1) 4.6
144/9) 4.6
™ 261/4 4.3
~~175/5 4.2
~175/1 4.1
~N175/7 4.0
~N177/10 3.8
8049 ) 3.7
™S175/6) 3.7
~139/9 3.6
~166/1) 3.5
™~175/9) 3.5
™ 144/7 3.1
8047 2.8

Variation in Potential bud ‘activity' (loge) between decapitated
plants of T. scleroxylon (Based on % bud 'activity' over the two

phases of bud activity in two screens).

8.4. CORRELATIONS BETWEEN BUD ACTIVITY IN SMALL DECAPITATED PLANTS

AND GROWTH CHARACTERISTICS OF SOME CLONES GROWN IN PLANTATION

AFTER 4 YEARS
Mean bud activities at 2, 4 ana‘e weeks, regression coefficients of
the reassertion phase, and the estimated bud activity from juvenile
plants of T, seleroxylon, after decapitation were correlated against
appropriate field data for different growth and branéhing paraméters.
Better relationships existed between the parameters and the 4th

week decapitation values than in the 2nd and 8th week.
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Fig. 49
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Branches and scars at 4 years

Fig. 50

90 p i 175/5
614441
so L '
12577 144/9
17
70
166/3 13779 139/6
75/6
60 139/9 44/5 (y = 1.20 x -36.9)
144/7 * ;124?&'1_7‘7/10

0t 166/1

i 161/5
40

o] 20 40 60 ‘80

4 Bud factivity' at 4 weeks (%)

l\llﬁ

Bars represent standard errors ' < )
Correlation co-efficient +0.76 2222 ' AR
significance level ~ 0.00l % P (d.f -.17) ?,\G
: ) , 3

Relationship between bud ‘activity' at 4 weeks with mean total.

number of axillary shoots produced in 4 years growth in plantation

at 2.5 m spacing.



Fig. 51
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Signifiéant.reiationships (x = >+0.70[.wexe.xecordeajbetweeﬂ_bud
activity 4 weeks from small decapitated.pottéh\plants in giasshouse
or nursery and the branching frequency in 4—year old plantations at
2.5 m spacing (Figs. 49 and 50).

At wide spacing (4.9 m), no such relationships were found between
bud activity and branching (Fig..Sl),‘nor were crown attfibutes
(Chapter.7) at 2.5 m spacing (Expt. 7/75B) related to 'bud activity'
(Fig. 52).

Potential bud acti?ity was also related to branching at narrow
spacing, (r = >+0.60). Reassertion slopes (regression coefficients
of the second phase) alsp'showed good relationship with parameters
such as Diameter (r = +0.53 - P = 0.05), and branching (r = >+0.45),
at narrow spacing (Table 20).

At‘wide spacing, no relationship existed between potential bud

activity or reassertion slope and most parameters, with the

exception of stem number which was closely and negatively related to

it (r = -0.98, P = 0.001), (Fig. 50).

Table 20:
Parameters - df r P(sig.)
Reassertion slope with Diam (dbh) .. 12  +0.53 0.05
" "  with height .. 012 +40.19 'ns
" " "™ with Absc.Index .. .10 -0.54 0.10
" "  with No.branches ..12  +0.48 0.1l0
" "  with No.branch scars 12 +0.28 ns
" " with br. + scars 12 +0.46 0.10
Potential bud activity with Diam. 12 +0.43 ‘ns-
" " with height 12 +0.18 ns
" with branch No.. 12° +0.60 0.05
" with Scar No. 12 +0,54 0.05

" with branch + scars 12 +0.71 0.01

Relationships between reassertion slopes and Potential bud activity
with some growth parameters at 2.5 m spacing. (Expt. 7/75) after 4

years in plantation.
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Fig. 52
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8.5_ Discussion

The large variation réported between clones in their axillary
bud activity after decapitation is similar to the findings of
Longman (1978) and Leakey and Longman (in press). They reported
variations between decapitated seedlings of T. scleroxylon even
when the latter were from the same seedlot. The present fesult
agrees also with preliminary observations of Bowen et al (1977) who
reported substantial variations between clones of T. seleroxylon.

Fielding (1953; 1960) had earlier reported variation between
P. radiata clones in apiﬁal dominance and branching. More recently,
Cannell (1974) found variation in branching between provenances of
Sitka spruce and Lodgepole pine. He explained the differences in
branching ana leader shoot extension in terms of apical control,
this being large or small in different genotypes.

The variation recorded in the present stﬁdy in reassertion slopes
(Table 18) is comparable with the conclusions of Longman (1978) who
did not analyse the reassertion slopes of the I. scleroxylon seedlings
he tested, but did identify that the rate of dominance reassertion
differed greatly between seedlings, even within the sameAseedlot.
This parameter (the reassertion s;ope) is probably related to apical
control, as the correlative influences between the shoots or
branches leading to the dominétiog or reassertion of dominance by
one of the anterior shoots can be likened to the situation in
growing trees where the apical bud influences the amount of growth
of the léwer 5ranches, leading to a definite crown form.

The ranking of clones on the basis of axillary bud activity (Table
17), allows for easy classification of clones on the basis of their
potential to sprout or prqduce branches - a measure of their

intensity of apical dominance. A close relationship between 'juvenile'
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.traits, either morphological or physiological, and 'adult'
‘characters is clearly useful for early selection of superior clones
in an improvément programme. @t narrow spacing, best correlations
of this type were between bud activity at 4 weeks and the total
number of branches and scars (Fig. 50) produced over 4 Qears field
growth (r = +0.76, P = 0.001). This correlation was sligﬁtly Better_
than against scars alone (r = +0.72, P = 0.001); the relationship
between bud activity and total branches being not significant

(r = +0.44) .

This suggests that bud activity following decapitation is a good
predictor of the production of branches, but that branch shedding
.results in a living crown which has no relationship with the
production of branches, i.e. the control mechanisms are different.

On the basis of the relafionship between bud activity amd branches
and scars (Mean ﬁranches prbéduced in 4 years), the early selection of
clones for branching habit in T. scleroxylon as ranked on Table 17

is practicable, this being possible within the first 6 monfhs of

the life of the tree. The advantages of this scheme of early selection
rather than the usual long term silvicultural field ﬁests, have been
enumerated earlier. It is however important to mention here that a
early predictive method is more econimical, as it is less expensive
and not open to the various natural or human hazards i.e. wind,

pests and firé to which field tests are usually exposed. Difficulties
involved in this method will however be discussed later.

The laék of relationship at the wide spacing between bud
activity and branching may be a result of more branches, especially
included sylleptic ones being produced in response to light, aﬁd
perhaps other environmental effects, consequent on spacing. More

information is needed here, especially in relation to the role of
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spectral shifts in the incident radiation. However, on ﬁhe basis
of the rela;iogship at narrow spacing, between bud activity and
branching (Fig. 50).clones 161/5, 144/7, 1le6/1, 175/9, 177/10,
144/5, 139/9, 166/3 and 175/6 produce fewer branches, having
stronger apical dominance than the oth