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STELLINGEN

1. De optimale plantdichtheid voor de trosopbrengst van oliepalm
per hectare neemt Xort nadat het gemiddelde bladopperviak niet
verder toeneemt weer toe en stabiliseert zich op een waarde
die hoger ligt dan ten tijde van het bereiken van het maximale
bladoppervliak.

Dit proefschrift

2. oOverdadig gebruik van westerse technici vopor buitepnlandse
agrootlandbouwbedri jven in ontwikkelingslanden werkt nadelig
op de efficientie van de lokale staf.

3. Veredeling van ideotvpes, als toegepast bij graan veredeling,
zal bij oliepalm tot een snellere opbrengstverhoging leiden
dah de conventionele veredeling op olieproduktie per palm.

4, Meer onderzoek over de faktoren welke de snelheid van
bloeiwi jze ontwikkeling bij de oliepalm beinvloceden is wvan
belang voor oogstvoorspellingen.

5. De carrelatie tussen eigenschappen van oliepalm =zaailingen
in het kweekbed en de latere opbrengst is van belang voor de
selectie in de kweekbed phase. Selektie op het maganesium gehalte
in het blad en op de verhouding bladoppervlak/bladgewicht 1lijken
zinvol.

Dit proefschrift

6. Uitdunnen of snoei wvan ongeselecteerde palmen in zaadtuinen
resulteert in een sterke verhoging van de zaadproduktie per
paim. Dit betekent dat, biJj een gegeven zaadproduktie, de
selectie intensiteit verhoogd kan worden.

Dit proefschrift

7. Toename van de diepte in het bladerdek wvan overblijvende
gewassen zal waarschijnli jk de opbrengst per hectare verhogen.
Dit proefschrift

8, Het is waarschijniijk dat insekteschade aan het bladerdek
op de opbrengst wvan oliepalm overschat wordt omdat het groene
bladoppervlak onderbenut is.

9. De introduktie wvan KkKlonaal oliepalm plantmateriaai maakt
het mogeli jk seizoenschommelingen in opbrengst te verminderen.
Dit wvoordeel Kkan belangrijker zijn dan de verhoging van de
totale opbrengst.

10. Door het toenemend gebruik van de koKospalm als schaduwboom
voor cacao is het nodig de selectie criteria te wijzigen.
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INTRODUCTION

The search for vield increase in o0il palm (Elaeis
guineensis Jacg.> through breeding and cultural practices has
been ﬁased on field experimentation, but there 1is scanty
information on the underlying factors causing the results
obtained. Broekmans (1957) analyvsed in much detail the factors
associated with growth and vield of the o0il palm in an attempt
to explain the seasonal fluctuations in bunch vield in Nigeria.
- In the same country, Sparnaaij (1960) analysed the factors
associated with the components of bunch vield and attempted
to "show how additional useful information can be gained by
a more thorough treatment of the vield figures, and by a study
of -the available growth and flowering data"™. He argued that
this tyvpe of analysis would be a better basis for subsequent
field experiments than the conventional method, i.e. that based
on past results of expleoratory trials. More recently, Corley
(1976 a,b) reviewed results of basic research carried out on
inflorescence development and sex differentiation, and on
photosynthesis and productivity. These reports were preceded
by the development of methods to estimate, from simple non-
destructive measurements, the area of a single leaf <(Hardon
et al, 1969) and vegetative drv matter production (Corley et
al, 1971). By applving their methoeds a more fundamental
approach to o0il palm breeding could be formulated (Hardon,
19767 .

Dry matter production is formed from assimilates. It is
therefore considered to be in particular relevant to explain
experimental results, and to formulate a research program,
from an analysis of factors associated with the supply of
assimilates by the leaf surface (source strength) and those
with the. allocation of assimilates to oil vield (sink strength
of the economic product). Equally important is to apply basic
research on o0il palm phvsiology for computer modelling of yield
and growth. These models have proved to be a valuable research
tool in other crops and might be used, for example, for vield
forecasting and for testing the response of vield to a wide
range of characters; the latter might assist in the formulation

of selection criteria for oil palm breeding. For simulation




models a proper understanding of factors affecting the
components of the carbon budget is essential, i.e. gross
assimilation and the partitioning of assimilates inte those
required for maintenance of existing biomass (maintenance
respiration> and for the production of the components of drv
matter. In addition, when the model is used for vield
forecasting, it is neccesary to establish the stage in
inflorescence development at which the components of vield,
i.e.those determining the number and mean weight of the bunches,
are affected by the level of assimilates allocated. These
developmental stages have not been adequately identified (Corley
& Gray, 1976).

An analysis of factors affecting the components of the
carbon budget, and the developmental stage at which the
determination of yield components occurs are the main objectives
of this thesis.

0il palm is an indeterminate species, which means that
the main growing point remains wvegetative and the economic
vield originates from axillary buds. In most of these species
the allocation of assimilates to generative growth has a low
priority; this also applies for o0il palm (Corley et al, 1971).
An increase in bunch dry matter can thus be achieved, in
addition to increasing gross photeosynthetic production, by
reducing assimilate requirements for maintenance respiration
and vegetative growth. The latter can be diminished through
breeding and selection for high bunch index, i.e. the proportion
of total dry matter used for fruit bunches (Hardon et al, 1972).
Maintenance respiration may also be reduced by breeding, as
shown for ryve grass by Wilson (1982) and a number of other
crops (C.J.T. Spitters, pers. com.). The latter approach could
not be studied because, at the time of the present study, no
reliable method was ‘available to determine the amount of
maintenance respiration. Factors related to reducing assimilate
allocation to vegetative growth and, in particular, to those
of increasing the supply of assimilates from the leaf surface
will be explored in this thesis.

Greoss assimilation depends, first, on the amount of solar
radiation absorbed by the canopy. Absorption during the early

vears from field planting depends on the rate of canopy closure.
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Since - the production of fruit bunches starts several vears
before the canopy is closed, a rapid cleosure is expected to
increase early vyield. This can be achieved by palms having
a rapid crown expansion or by increasing the planting density.
Both methods will be studied in the present thesis.

Crop photosynthesis depends further on the health of the
leaf surface. In the West New Britain environment where most
of the research work for this thesis was done, o0il palm leaves
show pronounced symptoms of what is believed to be magnesium
deficiency; this element is closely related to photosynthesis
since magnesium is an essential component of the chlorophvl
molecule. Indeed, Peaslee and Moss (1966> established a close
relation between magnesium deficiency and photosynthesis in
maize. Exploring the relationship between magnesium status
of palms and oil vield is one of the objectives of this thesis.
In other environments, particularly North Sumatra, interception
of radiation may be reduced by incidence of crown disease
because the disease appears as hending of unopend spear leaves.
The bend is permanent and Breure & Soebagyo (in prep.) showed
that crown disease decreases early vield, indicating a
relationship between rate of light interception and
photosynthetic production.

The second factor which determines the supply of
assimilates is the conversion rate of absorbed radiation which
in turn depends on the assimilation-light response curve of
the leaf surface. This curve is characterized by a region of
low light intensity where assimilation rate is proportional
to absorbed 1light Ileading to a plateau at light saturation
which is reached al about 30% of full sunlight {(Corley, 1976a).
It is thus clear that light is more efficiently utilised when
the proportion of leaf surface in the linear portion of curve
is maximised, that is when 1light is evenly distributed over
the leaf surface.

On the other hand, it is well documented that there is
little genetic variation in the slope of. the curve at low light
intensities (Bjdrkman, 1981; Ehleringer & Pearcy, 1983).
Although the genetic wvariation in the assimilation rate at
light saturation mayv be considerable (for a review see Spittters

& Kramer, 1986), these differences are only partly reflected
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in changes 1in photosyvnthetic production of the entire 1leaf
surface, mainly because only a minor part of the 1leaf surface
rhotosynthesises at 1light saturation; further the response
of genetic variation depends strongly on the degree of
cloudiness, being strongest under a clear skv (Spitters, 1986).
The most important scope for increasing rhotosynthetic
production seems therefore to maximize the 1light distribution
over the leaf surface.

The way in which the absorption and distribution of
sunlight might be manipulated to increase photosynthetic
production will be analvsed in the present thesis.

Regarding internal competition for available assimilates,
the sink strength of vegetative growth is of paramount
importance. There 1is considerable evidence that this sink
strength becomes weaker when a certain minimum level of
vegetative growth 1is achieved. Above this level additional
allocation of assimilates to vegetative growth depends on the
demand for bunch production (Corley, 1976a). In this respect,
the sink strength of bunches for assimilates differs bhetween
the stages of bunch formation., and is strongest from the onset
of fruit development, i.e. after pollination <(anthesis). The
load of developing bunches, termed "fruiting activity”
(Broekmans, 1957), 1is therefore particularly relevant when
internal competition for assimilates is at issue. The level
of fruiting activity may, similar to other factors associated
with the supply of carbohydrate to bunch production, affect
the number of inflorescences which reach anthesis (through
an effect on the proportion of female inflorescences
differentiated, and on that of abortion rate of female
inflorescences). The effect of fruiting activity on the
components of bunch vield and vegetative growth will be studied
through artificial limiting the number of bunches on the palms
(different levels of castration), i.e. by means of a
manipulative method.

The work reported is based on research carried out when
the author was Agronomist-in-charge of Dami ©0il Palm Research
Station, West New Britain, Papua New Guinea, from March 1971
to March 1977. Subsequently, the author worked as consultant

to this research station, during which the wvarious research

projects of this thesis were continued under his guidance.
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EXPERIMENTAL

Experiment 1. This was a dura X pisifera progeny experiment

testing nine ex-Avros pisifera onto four Deli dura. The fifteen

progenies are arranged in randomised blocks with five
replications and sixteen palms per plot. The trial was planted

at Dami at 143 palms per ha in December 1968.

Experiment 2. This was a density x fertilizer experiment planted

at Dami in October 1970 with mixed dura X pisifera progenies

of the same parentage as that in EXperiment 1. Four densities
were compared, 56, 110. 148 and 186 palms per ha. The three
higher densities were divided into four sub-plots, each
corresponding to a different level of fertilizers; these were
applied until 1979, whereafer application was stopped.

In October 1981 part of the 186 palms per ha density was thinned
to identify the stage in inflorescence development at which

the components of bunch vield are determined.

Experiment 3. This was a dura X pisifera progeny trial testing

16 pisifera onto a set of four dura palms. The trial was planted

at Dami in April 1976, with three replications at 115 and three

at 143 palms per ha.

Experiment 4 (without the author's involvement in the

implementation of the experiment).

These were two castration trials 1laid down in commercial
plantings in Johore, Malavsia.

Experiment 4a was planted in 1969; inflorescences were removed
as soon as palms started to flower, about 1.5 vyears after
planting.

Experiment 4b commenced in a ten-year old planting when palms

had been fruiting already for seven vears.
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ENVIRONMENTAL CONDITIONS AT DAMI

Spils. The s0ils are andosols (Muller, 1969), derived from
recent volcanic deposits with little or no profile development,
exXcept for an accumulation of organic matter in the surface
horizon which extends to a maximum of abcout 15 cm. The organic
matter is, due to the near absence of clay, of relatively high
importance since it represents hnearly the only source of
exchange sites. Below the sub-surface soils, buried horizons
may occur. Drainage of the so0ils is excellent. The area had
been used extensively as gardens prior to clearing of the land
from heavy rain forest.

The profile at Dami clearly shows alluvial deposits of
mineral and pumicious sands washed by the Ko river which runs

through the area.

Climate. Mean daily sunshine varies from 3.9 hours in January
to 6.5 in September, with a total of about 2000 hours per vear.

Rainfall is about 4000 mm per annum and is well
distributed, so that there is usually no water deficit (waringa,
19857 .



General description.

Leaf production increases rapidly during the early years
in the field until a peak, after which it declines slowly and
appears to stabilise at a rather constant rate when palms are
about eleven vears old (Table 1).

Table 1. Annual leaf production and number of green crown
leaves, for different ages, of dura X pisifera palms planted
at Dami.

Age Leaf Number of
(years after production leaves per
planting) palm

1 29.9 -

2 A2.3 a5

3 36.8 55

4 32.8 55

5 31.8 55

6 27.8 55

7 25.0 50

8 26.9 45

o] 24.3 40

10 25.8 40

11 23.3 35

12 22,9 35

13 22.2 35

14 21.5 35

1) Based on Experiment 3 (mean of 115 and 143 palms per ha;
vears 1 to 4), and Experiment 2 (mean of 110 and 148 palms
per ha; vears 5 to 14).

23 Based on values reported by Breure, 1985; Corley. 1976;
Gray, 1969.

Stem growth, during the early vears in the field, involves
the formation of a wide stem-base without internodal elongation.
From the third vear onwards, a bv and large fixed increment

per vear is reached (Fig 1).
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Figure 1. Height 1o the base of leaf 25 for palms of different ages. Expt. 3.

Mean area of the crown leaves against age fit a logistic
growth curve in that there 1is a rapid initial increase
whereafter the leaf area/age gradient levels off and becomes
by and large constant when palms are about 9 years old (Breure,
1985). Curves for two dura X pisifera crosses of Experiment
3, bases on leaf area values of the first 10 vears from field

planting, are given in Figure 2.
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The number of leaves in the crown is controlled by regular
pruning rounds to harvest the bunches. Typically, mean number
of crown leaves for the first 14 years are as given in Table
1. In palms older than about 15 vears, leaves and old leaf
bases fall away gradually until the palm reaches it, so-called
smooth-stemmed phase, i.e. when all 1leaf bases eXcept a few

near the crown have been lost.

A detailed description of the botanv of the o0il palm and
its development, from nursery seedlings to fully developed
palms, has been given in several hand books. The most recent
are "0il Palm Research” edited by Corley, Hardon and Wood
(1976>, and "The 0il Palm"™ by Hartley (1977).

The present study deals with o0il palm growth, i.e. the
green leaf surface, dry matter incorporated in vegetative growth
(trunk, leaves and roots) and 1in generative growth (male
inflorescences and fruit bunches>.

Non-destructive measurements to estimate the area of a
single leaf and the components of above-ground dry matter
production have been developed by Hardon et al (1969) and Corleyv
et al (1971), respectively. A detailed description of collecting
the necessary records in the field and, from these, to estimate
growth parameters has been given by Corley & Breure (1981).
More recently, Breure & Powell (1987) have developed an instant

method to estimate relative values of these growth parameters.

Leaf measurements. Sampled leaves are cut close to the stem;

leaves are sampled by either taking a standard crown leaf
{(usually leaf 17> or by marking the latest fullv eXpanded leaf;
advantages of the latter method include (1) the date of leaf
opening is known, and (2) leaves can be measured when convenient
(the increase in leaf size after opening is negligible).

The following measurements are assemhled:

1. The length of the rachis.

2. The petiole cross-sectional area (to estimate the 1leaf dry
weight).

3. Length X width of three leaflets sampled from each side



of the rachis; these sampled leaflets are the longest undamaged
leaflets out of a set of ten leaflets cut immediately under
the region 2/5 from the tip of the leaf.

4, The number of leafliets on one side of the rachis, including
rudimentary leaflets at the base and fused leaflets at the
tip of the leaf.

From measurements mentioned under 3 and 4 the leaf area is

estimated.

Rate of leaf production. Leaves are marked at opening, usually
at annual intervals. Since every eighth leaf is on the same
spiral, the position of the previously marked leaf in relation
to the newly marked leaf can be easily obtained from a specially
degiuned diaaram (Fia )

For example, if marked leaf is now the third leaf down the
spiral next to spiral 1, Fig 3 shows that 19 leaves have been

produced.

Trunk measurements. Height 1is measured at annual intervals

to a standard point on the base of leaf 25.

once in the life of a palm only, the trunk diameter is measured
at about 1.5 m above ground level (two points on opposite sides
of the trunk); old leaf bases are removed to expose a small
area of the trunk. From records of height increment and trunk
diameter the annual increment in volume is estimated. Density
(kg/1tr.) of the trunk depends on the age of the palm and is
estimated by applving a formula developed by Corley et al
(1971>.

Bunches. All fruit bunches are harvested at intervals of 7
to 10 davs. A factor of 0.5275 was adopted from Corley (1971}
to convert fresh weight to dry weight. 1In some instances
components which determine the o0il and kernel extraction were
determined following the method of Blaak et al (1963).

No root measurements were done.
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Figure 3. Diagram for determining number of leaves produced in a given

period, from the present position of leaf I marked at the beginning of

the period.




THE INSTANT METHOD OF GROWTH MEASUREMENTS

The conventional method of estimating growth parameters,
as described above, takes at least one year because essential
variables for estimating vegetative dry matter production,
i.e. height increment and rate of leaf production, are measured
between annually marked reference points. However, it frequently
happens that only long-term records of vield and its components
are available and that, in view of the growing interest in
including vegetative characteristics in the breeding and
selection of o0il palm, growth records are urgently required.
To meet such instant demand, and also to reduce recording costs,
Breure & Powell (1987> developed a method to obtain relative
values of growth parameters in one single recording round,
as follows:

Remember that a mature rate of increment is reached in the
fourth vear from planting (Fig 1>. From that time, the following
linear regression 1line, based on annual height records of
Experiment 3, gave an excellent fit to height at different
ages:

Heightt= -150 + 67 L

The intercept with the Xx-axis is reached at t= 150/167. Breure
& Powell <(1987) applied an age correction of two years, so

that annual height increment is

Height at vear t
t-2

Regarding rate of 1leaf production, it is relevant that
leaves remain adhered to the stem until approximately 15 vears
from planting. Counting the total number of leaf bases on the
trunk appears therefore to be an obvious method of determining
the leaf production, but the older leaf bases are no longer
visible, due to expansion of the trunk during the early vears
in the field. The corresponding period of production was
estimated based on actual number of leaves produced, of
progenies of Experiment 3, until September 1986 and those

counted on the trunk in the same month (Table 2).



Table 2. Actual number of fronds produced for the first ten
yvears after field planting (FP 86A)> and those estimated from
a single frond base count at the end of the recording period
(FP B86E), .together with the corresponding period <{(months) of
concealed leaf bases (PCL). Dura X pisifera progenies derived
from 4 crosses of 14 different pisifera, planted at 115 palms
palms per ha <D1) and 143 palms per ha (Dz). Experiment 3.

Progeny FP 86A FFP 86E PCL. (months)
Dl D2 D1 D2 D1 D2
1 303 296 255 247 15.5 16.2
2 321 307 274 262 15.0 14.7
3 304 301 259 253 14.9 16.0
4 308 301 259 254 16.1 15.9
5 314 308 269 259 14.7 16.2
6 317 306 265 258 16.3 15.6
7 306 307 260 258 15.9 16. 4
8 319 ENS3 271 266 15.8 i5.0
9 332 318 275 267 17.6 16.2
10. 313 305 265 258 15.6 15.6
11 323 314 26067 259 17.9 17.7
12 304 301 254 250 16.3 17.2
13 316 307 266 259 16.5 15.8
14 300 296 252 250 15.9 15.7
Mean 313 306 264 257 16.0 16.0

The period during which leaf bases are concealed under the
trunk did not differ significantly among progenies derived
from each of the 14 pisifera, or between densities. Therefore,
the mean period of all progenies can be used to correct the
frond base count for the number of concealed leaf bases. As
this amounts to about one vear <(actually 16 months), Breure
& Powell (1987) estimated the annual teaf production by the

formula:

number of visible leaf bases at yvear t

t-1
where t is the number of years after field planting at the

momeht of the frond base count.

Leaf area and leaf weight are estimated from conventional

measurements on leaf 17 and 25. Measurements at a certain age,

16



however, do not lead to the actual mean values for the entire
recording pericd because lealf weight and 1leaf area of
subsequent spear leaves increase with palm age for at least
the first ten vears after field planting; data of Bunch Index
{(BI) and Leaf Area Ratio (LAR) thus obtained should be
considered of relative value. Estimates of BI and LAR do give,

however, high correlations with actual values (Table 3).

Table 3a. Correlation coefficients R hetween Actual <A) and
Estimated (E» wvalues of Bunch Index (BI)> made at six vears
(82 and ten vears (86) after planting. Dura X pisifera
progenies derived from c¢rosses of fourteen different pisifera,
planted at 115 palms per ha (D1> and 143 palms per ha (Dz).

Estimated Actual values
values BI BEA*D1 BI 82AmD2 BI 86A—D1 BI 86A-D2

X %
Bl 82E—D1 0.98 X x
Bi 82E—D2 0.90

x X

BI BGE—Dl 0.96 ‘< x
BI BGE*D2 0.97
Table 3b. Correlation coefficients 1 between Actual <(a> and

Estimated (E) wvalues of Leaf Area Ratio (LAR>, based on
vegetative drv matter (VDM} and frond dry matter (FDM), made
at six vears (82) and ten vears (86) after planting. Dura x
pisifera progenies derived from crosses of fourteen different
pisifera, planted at 115 palms per ha (Dl) and 143 palms per
ha (Dz).

Actual Values
Estimated LAR 82A-D1 LAR 82A*D2 LAR 82A7Dl LAR 86A‘D2
values of
LAR

VDM BZE—Dl 0.96

VDM 82E-D2 0.92

VDM 86E--D1 0.89  x
VDM 86E—D2 G.91

FDM S82E-D 0.91

1 X x
FDM 82E7D2 0.81

FDM BSE*D1 0.88 «x
FDM B6E—D2 G.80

FDM 82/86-D 0.93

1 x X

FDM 82/86*D2 0.87

1) Based on mean values of 48 palms per pisifera.

17




Indeed, screening of progenies on the basis of estimated values
of BI is verv efficient, as shown in Figure 4.
510 ~—

500
115 palmg ha™' . LI

Actual B!
g
]
-
.

Eglimated Bl

143 palms ha' .

E 3
—

Actual Bl
L]
.
[ ]
a

420 o s

A0 |- -

320 A30 340 350 .360 370 380 390 400 410
Estimated Bl

PR dacivad &

Figure 4, Progessy values ol Buach index (BY), estimated lrom geowth
acwel valuas of years 3 to 10 after planting. 56 dura x pisiiera progenies of Expt 3, al iwo planting densities.
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Here ten dura x pisifera families, screened on the basis of
high estimated BlI-values, were by and large the same as those
selected on actual values (BI 86A).

In respect of parameters describing the logistic growth curve
(ER, t0‘95 and Lm), four leaves should be measured to achieve
sufficiently high correlations with actual wvalues, i.e. those
based on leaf area measurements for the first ten vears from

planting (Table 4).

J.able 4. Correlation coefficients 1 between Actual (A) and

Estimated (E) values of parameters describing crown expansion,
based on four sets of leaf measurements. Dura x pisifera
progenies derived from crosses of fourteen different pisifera,
planted at 115 palms per ha (Dl) and 143 palms per ha {Dz)'

Estimated Actual values (1,2,3.4,5,6,7.8,9,1052

values

Lle LmD2 t.QSDl t_95D2 ERD1 ERD2

5.6,9,10-D, 0.99"

E
E 4.5,8,9-D, 0.99"
E
E

5,6,9,10-D, 0.96"

4,5,8,9-D 0.89"

L
L
L
L 2

= 5 8 =2

.95 E 5.6,9,10-D, 0.91"
X

E 4,5,8,9-D, 0.93
e

E 5,6,9,10-D, 0.92
x

E 4,5,8,9°D, 0.93

t.95
t.95
.95

x>

ER

E 5,6,9,10-D, o.92™"

x
ER E 4,5,8,9-D 0.94
E

E

x

1 x
ER 5,6,9,10—D2 0.89
ER

4.5.8,9-D, 0.88"

x

1) based on mean of 48 palms per pisifera

2) in brackets age of leaf opening (vears after planting).

Lm= Maximum leaf area derived from the logistic growth curve
(Breure, 1985).

t = Time to reach .95 I .
.95 m

ER= The ratio of leaf area at maximum expansion rate and Ly
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A double set of leaf measurements also rermits an alternative
estimate of LAR based on the ratio leaf area/leaf weight (Table
3.

The method of measuring the trunk diameter and the petiole
sectional area is shown on the following photographs (Fig.
5).




CARBOHYDRATES AVAILABLE FOR BUNCH DRY MATTER PRODUCTION.

Breure (in press a) adopted the following model to study
the carbon budget of o0il palm.
From gross assimilation of the canopy ({(crop photosynthesis)
assimilates are used, firstly, for maintenance of existing
biomass (maintenance respiration). An additional loss of weight
(through C02

are converted into structural DM (growth respiration). The

and HZO) occurs when the remaining carbohydrates

growth rate (the total of vegetative and bunch dry matter
production) c¢an thus be described by the following general

formula:

dw/dt = Cf (A-RW),
where W = structural biomass (kg DM/ha); Cf = the conversion
factor aof carbohvdrate inte structural DM (kg DM/Kg CH20);
A = gross assimilation of the canopy (kg CHZO/ha/d); R = the
amount of maintenance respiration per unit existing DM (kg
CHZO/kg DM/d?}.

Maintenance respiration is the most difficult wvariable
to establish (for a review of different methods explored see
amthor, 1984). Moreover, calculating maintenance respiration
as a constant rate (R} per unit biomass gives unrealistic
results, particularly with pefennials where no further increase
in gross assimilation occurs from the stage of canopy closure,
although in the field biomass continues to increase. The model
would then predict a proportional decrease 1in carbohydrate
available for structural growth, and, since carbohydrate needed
for wvegetative dry matter (VDM) are KkKnown to have priority
over those for bunch DM (Corley et al, 1971), a negligible
vield in older plantings would result. This is at odds with
vield trends with age observed in commercial plantings (cf
Corley & Grav, 1976). -

In contrast, the amount of carbohydrate needed for DM
production can be fairly accurately estimated from actual DM
production when the conversion factors (Cf)—values of
carbohydrate required for the production of the main components

of structural DM formed <(bunches, leaves, trunk, and roots)
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are known. These Cf—values are established (Breure, in press
a) from the conversion efficiency of their biochemical products

(F.W. Penning de Vries, pers. com.; Table 5).

Table 5. Percentage composition and conversion factors (C

£’
g DM gfl CHZO) of the main components of o¢0il palm.
Percentage composition

Conversion Leaves Trunk Bunches RooOtSs

factor
Carbo-
hydrates 0.761 75 &8 %1 71
Protein 0.503 6 4 3 3
Lipids 0.304 5 2 A8 2
Lignin 0.435 5 20 4 2
Organic
acid 1.017 5 2 2 2
Minerals 10.0 4 4 2 2
Cf 0.6961) 0.657 0.436 0.649

1

1) (.75/.761+.06/.503+.05/.304+.05/.436+.05/1.017+.04/10.0
The fraction 1 - C,_. gives the fraction carbohvdrate (remaining

f
after subtraction of maintenance respiration) lost in growth

respiration (Table &).

To estimate crop photosynthesis, first, potential A for
a closed canopy at the latitude of Dami was estimated by
applving descriptive equations developed by Goudriaan & wvan
Laar (1978). The required constants were obtained from the
literature. These are the parameters of the assimilation-light
response curve which is characterized by a region, at low light
intensity, where assimilation rate 1is proportional to light
intensity (slope at the origin is ; Ehleringer & Pearcy, 1983},
and a region where assimilation rate is no longer dependent
on light intensity (assimilation rate at 1light saturation,

Amax; Corley, 1973). To estimate photosynthetically active

[
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radiation (PAR)> absorbed by the leaf surface, the following
procedure was followed. Since only records of daily hours of
bright sunshine were available at Dami, these were first
converted to solar radiation {(waringa, 1985). From intercepted
radiation 50% is estimated to be photosynthetically active
(Szeicz, 1974), of which 8% is approximately reflected by the
leaf surface (Monteith, 1972). The method of Goudriaan & van
Laar (1978) calculates A for clear and overcast skies; the
proportion of canopy photosynthesis under an overcast sky was
calculated as 0.47 from tabulated data for incoming PAR at
a standard clear sky and an overcast sky (Goudriaan & van Laar,
1978 and actual PAR observed at Dami. This fraction is to
be squared (Lantinga, 1985) for the best interpolation of A
between clear and overcast sKy., Potential A thus amounted to
516 kg CO, ha ' per day or 128 ton CH,0 ha ' a '.

Gross assimilation for non-closed canopies was corrected for
fractional interception of PAR (f):

Anonwclosed: f'Aclosed

In turn, f was estimated from recorded values of Leaf area

index (L).

This method of estimating gross assimilation assumes first
that light is the sole limiting factor for gross assimilation,
ignoring other limiting factors such as occasional water deficit
and magnesium deficiency (Breure, 1982), and, secondly that
there is a linear relationship between light interception and
A: this does not take into consideration the effect of
distribution of intercepted light on A (Breure, in press aj.
The relevance of these factors will be reported later.

Finally, in the model adopted by Breure (in press a),
maintenance respiration (in terms of assimilate requirements)
is estimated from the difference between calculated gross
assimilation and carbohydrate needed for DM production. Since,
as mentioned, the latter component can be quite accurately
estimated by our method, the uncertainty in estimating
maintenance respiration depends mainly on that in estimating
AL

Based on the above model, the partitioning of gross
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assimilation between maintenance and growth respiration and
carbohvdrate incorporated in structural DM formed was
calculated, for two eXxXtreme commercial planting densities,

6 to 9 vears from planting {(Table 6).

20 ha 'd !y and assimilates

needed for maintenance and growth respiration, and carbohydrate

Table 6. Gross assimilation (kg CH

incorporated in structural dry matter (DM) formed. Two planting
densities of experiments 2 and 3 during the period 6 to 9 vears
from planting. (In brackets requirements as a percentage of

gross assimilation).

Density Gross Carbohvdrate needed for Maintenance
(palms assimilation structural DM production requirements
per ha)

growth incorporated

respiration in structural

DM
1)

1101) 308 67 80 161
148 331 73 92 166
1152; 315 63 78 174
143 333 72 90 172
Mean 322 68 (21) 86 (27) 168 (52)

1} Experiment 2
2) Experiment 3

Mean weight 1losses in respiration amounted to 73% (21% for
growth respiration and 52% for maintenance respiration). Thus
only 27% of gross assimilation was used for structural DM
production.

Decreasing the amount of carbohydrate allocated to dry
matter (DM) production per palm, through increasing the planting
density, reduced carbohydrate for bunch DM, but had little
effect on those for vegetative DM (Table 7).
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. -1_-1
Table 7. Gross assimilation (kg CHZO palm "d “» at four

densities and its partitioning into carbohvdrate needed for

growth and for maintenance respiration, compared with mean
- . ) -1

total biomass (kg palm 1) and its maintenance (g CH20 kg

DM d_l). Experiment 2 during the period 6 to 9 vears from

planting.
Density Carbohvdrate
(palns needed for
per ha)
< = = o= (ol el
8 Q — g — | 0 i ) o |
in o o = o W |~ o | -y |
- | £ In £[m = ERS —
= i sli=¢ o [t — |t = =l (S
- g =4 - |m 0 |t 3|
- t w s Y= 1 (3
w - o+ g n::g
) 5 = — oo |=
o = o = |
= o |
E] =
[i%] il
0] =
] 2]
Iv)
56 3.96 1.01 0.62 2.33 356 6.5
110 2.92 0.74 0.60 1.58 358 AlLh
148 2.22 0.55 0.55 1.12 345 3.2
186 1.83 0.37 0.54 0.92 341 2.7

The effect of increasing planting density, on a per ha
hasis ( increase in leaf area index, L), on the main components
of DM production is for, the same age group, depicted in Fig
6. This diagram shows the relationship between [ and plotted

1 -1

values of carbohydrate (kg CH,0 ha * 4 7> incorporated in total

DM production, and those in vegetative DM production. The latter
fitted a linear regression line {R2 = 0.97), whereas the former
relationship was best fitted by a quadratic curve (R2 =0.91}.
The distance between these regression curves 1is the amount
of carbohydrate allocated to bunch DM. This amount, which is
derived from actually recorded bunch DM production and Cf—values

(Table 5), showed an optimum at L=5,6, This was estimated by




fitting a wqguadratic regression through sub-plot wvalues of L

and carbohvdrate allocated to bunch DM.

ssc |
340 | peme T Gross Assimilation
320

30 -

280 | P

260 | P e
S~ <0

240

Assimiates (kg CHyO ha™ 47')

T T T T T T 1

10 20 30 40 ' 50 ' 60 ' 70 8o
Leaf Area Index (L}

T T

Figure 6. Relatiqgn between leaf area index (L) and carbohydrate

(kg CH_O ha d ") allocated to vegetative DM (V V>, bunch
DM, ang total DM (the total of measured vegetative DM and hunch
pM, T-----—--- T). Points being sub-plot values of the four

planting densities of ExXperiment 1 from 6 to 9 years from
planting.

The relationship between L and Gross assimilation (---- ---
- -3 is derived from the formula of Squire (19847 .
Maintenance respiration is in the adopted model inferred as
the difference between Gross assimilation and carbohydrate
allocated to total DM production.

These results confirm those reported by Corley (1976a)
in that only when a certain threshold wvalue of carbohvdrate
for wvegetative growth 1is reached, carbohydrate are allocated
to bunch dry matter. In other words, when carbohvdrate supply
is reduced (stress) vegetative growth has priority over that

of generative growth.




EFFECT OF CARBCHYDRATE SUPPLY TO BUNCH DRY MATTER ON THE
COMPONENTS OF OIL YIELD.

The amount of carbohydrate for bunch DM 1is contingent
on the supply of assimilates from the leaves (the source
activity) and/or on internal competition from other sinks,
such as the amount of carbohydrate required for maintenance
respiration, vegetative growth, and the 1load of developing
bunches on the palm {(fruiting activity).

The source can be manipulated, for example, by higher density
planting. The resulting increase in the green leaf surface
per ha (L), as shown previously, does not lead to a proportional
rise in canopy photosvnthesis, so that gross assimilation per
palm is reduced. This reduction mainly diminishes the amount
of carbohvdrate allocated to bunch DM, as shown in Table 7,
Fruiting activity can be manipulated by different levels of
fruit bunch removal <{(castration?.

Breure et al (in prep.a’) studied the effect of planting
density on o0il wvield and its components. The change in these
components in response to fruiting activity <(castration) was

reported by Corley & Breure (in prep.).

The effect of planting density on 90il vield and its components

Components of bunch number. It is relevant that in each leaf

axil either one male or one female inflorescence is
differentiated. In exceptional cases only, all leaf axils bear
female inflorescences. Some Iinflorescences may abort before
reaching anthesis, but losses during subsequent bunch
development are negligible. In practice, therefore, bunch number
is mainly determined by the proportion of leaves with male
and aborted inflorescences. During the first five vyears of
flowering, higher density planting decreased the proportion
of leaves with female inflorescences as a result of a rise
in the proportion of male and aborted inflorescences (Table
8.




Table 8. Female, male and aborted inflorescences, as a
percentage of leaves produced, for the first five years of
flowering (four planting densities) and for the sixXth to tenth
vear of flowering (110 and 148 palms per ha densities onlv),
together with values of mean leaf area index (L),

Component Density (palms per ha)
56 110 148 186

Years 1 to 5

Female inflorescences (%) 58.3 56.9 53.5 A4.5
Male inflorescences (%¢( 37.7 36.9 38.4 A4 2
Aborted inflorescences (%) 4.0 6.2 8.2 11.6
L 1.8 3.7 5.0 6.2

Years 6 to 10

Female inflorescences (%) - 51.4 40.7 -
Male inflorescences (%) - AL 1 51.7 -
Aborted inflorescences (%) - A.9 7.6 -
L - 4.5 5.8 -

Note: Results were not statistically analvsed.

The proportion of aborted inflorescences increased linearly
as a function of planting density; the proportion of males,
however, only increased by changing the density from 148 to
186 palms per ha, corresponding to a leaf area index (L) of
5.0 and 6.2, respectively. During the 6th to 10th vear of
flowering, on the other hand, Breure et al (in prepr.a’ found
a response of male inflorescences to chanding the density from
110. t6 148 palms per ha. This corresponded to a rise in L firom
4.5 (110 palms) to 5.8 (148 palms), against 3.7 to 4.9 for
these. densities in the first period. Thus, during the two
periods, the proportion of male inflorescences responded at
approximately the same level of interpalm competition (in terms
of L). This level appears to be higher than that at which
abortion responded. It 1is therefore concluded that abortion
is more sensitive to interpalm competition (amount of available

carbohvdrate per palm) than sex differentiation.
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Bunch weight components. Breure et al (in prep.a’)> studied these
components at different ages of the palms, corresponding to

different mathods of pollen application, being assisted

poliination (vear 5 after planting? and 1insect pollination

(yvears 12 and 13). Results are presented in Table 9.

Table 9. Effect of interpalm competition (expressed hy the
planting density and the leaf area index) on the components
of bunch weight (expressed as a percentage of 56 palms per
ha), together with the Probability (P-tail) values for
significance of pairs of density treatments. Years 12 and 13
after planting <(insect pollination), and Year 5 (assisted
pollination>.

Components Density (palms per ha).
Low (L) High (H) L/n >
56 110 P 148 186 P P

Years 12 & 13 real 3 S %
insect pollination)
Bunch weight (kg) 23.4 91 % 80 T4 N.S. %K ¥
Stalk weight (g» 1869 85 X X 71 64 N.S. X X X
Spikelet weight (g) 16.3 91 % % 84 80 N.S. % X x
Frame weight (g> 5310 87 %X % 75 68 X % X X X
Spikelet numbern 212 a8 N.S. 92 87 X % %X X
Flowers/spikelet 15.1 99 N.S. 91 87 N.S. X %X
Fruit set (3) 49.0 104 N.B. 109 117 N.S. x
Fruit to bunch (%) 62.5 107 x 107 111 N.S. x
Fruit weight (g} 8.8 99 N.S 99 a8 N.S. [ N.S
Number of bunches
analysed 321 408 | | 328 172
Leaf area index 1.90 3.71 | | .80 5.81
Year 5
(assisted pollination)
Bunch weight (kg) 16.7 94 84 83
Stalk weight (g) 1324 89 77 75
Spikelet number 132.2 100 99 99
Flowers/spikelet 12.1 100 95 95
Fruit set (%) 60.0 96 96 100
Fruit weight (g» 15.0 97 97 94
Number of bunches
analysed 210 351 | | 409 470
Leaf area index 1.65 3.38 \ \4.72 5.94
1) x if 0.01 4P £0.05

X X if 0.001 <P <D.D1

xxx if P <0.001
2) Not statistically analvsed.

3) Mean of 56 and 110 against 148 and 186 palms ha_l.



Both sets of records show that stalk weight responded
by and large linearly to planting density, but spikelet number
and, to a greater extent, flowers per spikelet mainly decreased
at the higher density level. Fruit weight tended to be slightly
decreased by higher density planting. However, fruit set
remained unchanged bv Iincreasing the planting density in the
first period, but clearly improved in the second period.

Breure et al (in ©prep.a> studied the sensitivity of
response of components to higher density planting as follows.
They tested, first, the contrasts in the two lower (56 and
110) and the two higher (148 and 186 ) planting density levels,
and, secondly, the contrasts of the mean of the lower against
the mean of the two higher densities. Levels of significance
(P-tail) for these tests are given in the upper part of Table
9.

Frame weight (empty spikelets and stalk) mainly decreased in
response to a transition from 56 to 110 palms ha !

Spikelet number and flowers per spikelet, in contrast, showed
the highest response in the top range of the density treatments,
but the response was only significant for spikelet number.
when the mean wvalues of the lower and of the higher densities
were compared, however, the decrease in these components was
very highly significant.

Fruit set clearly increased with planting density, but again
the response was only significant when the means of the lower
and higher densities are compared.

Of paramount importance for o0il and Kernel exXtraction is the
significant increase 1in fruit to bunch; the latter mainly
responded in the lower density level.

Thus similar to bunch number components, those which
contribute to bunch weight also showed differences in
sensitivity to planting density. Again, components determined
at an advanced stage in inflorescence development (the weight
of the frame) are more sensitive to planting density than those
which are determined at an earlier developmental stage (number

of flowers per inflorescence).

Bunch composition. Under assisted pollination (vear 5», we

clearly see no effect of planting density on bunch composition,



but for bunches analysed when pollinator insects were fully
established (vears 14 to 16>, nearly all components determining
0il and kernel eXtraction can be significantly described as

a linear function of the planting densities (Table 10).

Table 10. Effect of planting densities on bunch composition
for Years 14 to 16 after planting {(insect pollination) and
Year 5 (assisted pollination).

Component Densitv (palms per ha>

56 110 148 186 linear

component .

Years 14 to 16
(insect pollination)
Mesocarp/Fruit (%) 75.4 T4.3 741 73.6 *
0il/Mesocarp (%) 52.0 52.3 52.8 52.7 % x
Fruit/Bunch () 67.4 69.6 70.5 70.9 X ®.%
Kernel /Fruit (%) 7.8 8.5 8.8 8.9 X %
Shell/Fruit (%) 16.9 17.2 17.2 17.5
Single Fruit wt.(g) 12.3 12.4 12.6 12.5
0il/Bunch () 26.4 27.1 27.7 27.5 X %
Fruit set (%) 66.3 68.3 70.0 €9.2 ®

Number of bunches
analysed 426 608 629 345

Year 5
(assisted paollination)

Mesocarp/Fruit (%) - 80.7 20.8 80.4
Dil/mesocarp (%) - 48.6 48.8 48.1
Fruit/Bunch () - 68.2 68.0 69.5
Kernel /Fruit (%) - 8.2 8.1 8.4

Shell/Fruit (%) - 11.3 11.0 11.4
Single Fruit wt (g} - 12.0 12.1 12.0
0il/Bunch (%) - 26.7 26.8 26.9
Number of bunches

analvsed . 197 253 315

Table 10 shows, as in the previous set of bunches analyvsed
under insect pollination (Table 9), a rise of fruit set in
response to planting density with an absence of response of
fruit weight. Again, fruit to bunch increased as a function

of planting density.
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To study which component contributed to the rise in fruit
to bunch, Breure et al (in prep.> emploved a multiplicative
model. This revealed that fruit set was the main contributor.
The interest, from an economical point of view, is mainly in
the oill extraction rate of the bunch, which increased with
planting density <(Table 10). Again, a multiplicative model
was emploved to study the relative importance of the components
of gil to bunch (mesocarp to fruit, o0il content of the mesocarp,
and fruit to bunch). This showed that fruit to bunch was mainly
responsible for the rise in oil extraction, the origin of which,
as demonstrated before, is mainly the fruit set. Breure et
al (in prep.a) suggested that the positive response of fruit
set might be duye to improved efficiency of pollinator insect
with closer planting.

Breure et al (in prep.a> evaluated the gain in optimal
density by comparing the optimal density for vield of kernel
and oil <(based on estimated extraction rates of Table 9) with
the optimum density for fresh fruit bunches only. Optima were
compared for the cumulative vield during the period 12 to 16
vears from planting (Table 11).

Table 11. Comparison of estimated optimum density (palms per
ha) for vield of kernel and o0il, and for vield of fresh fruit
bunches, based on linear regression equations fitted through
values of four planting densities, during the period 12 to
16 years after planting (5 vears).

optimal density (palms per ha) 1).
Kernel Bunches
and oil
131 (.99>2) 126 (.99)
1) Estimated as a/2b, in which a= intercept and b = slope of

the fitted regression lines.
2) In Dbrackets coefficient of determination of the two
regression lines.

This table shows that optimal density for the economic product

1

was 5 palms ha higher than that based on vield of fresh fruit

bunches (131 against 126 palms ha_1 for fresh fruit bunches).



The effect of different levels of fruiting activity

on oil vield and its components

Corley & Breure (in prep.) quantified the effect of
fruiting activity on the components of bunch vield by removal
of =zero, 50%, 75%, and 100% of the female inflorescences
produced {(different levels of castration). Inflorescence removal
commenced as soon as the palms started to flower, about 1%
vears from planting; treatments continued for 5 vears.

Logically, the removal of potential bunches decreased
vield significantliy. However, there was considerable
compensation in that the proportional vield decrease was less

than the reduction of removed inflorescences (Table 12).

Table 12. Effect of disbudding on vield of fruit, bunch number
per vear and mean bunch weight during vears 2 to 5 after
fruiting started, and o0il content of bunches in vear 5,
Experiment 4.

Treatment Yield Bunch Mean 0il/
of fruit numbher bunch bunch
kg/palm/ /palm weight %
/vear /year kg

1 No disbudding 154.6 20.5 7.6 25.2

2 50% disbudding 122.5 11.9 10.3 25.5

3 75% disbudding 84._2 6.6 12.7 25.6

Standard error 2.8 0.3 D.2 0.7

Treatment 4, complete disbudding, gave no vield during this
period.

Concerning the effect of castration on the main components,
it is evident that bunch number was less reduced than the level
of inflorescence removal, indicating that the number of female
inflorescencec must have increased on the disbudded palms (Table
12). All components associated with bunch number were affected,
i.e. the rate of leaf production, abortion, male inflorescences
and bunch failure (Table 13),
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Table 13. Effect of disbudding on components of bunch number
for 4 vears after fruiting started. Experiment 4.

Treatment New Inflorescences/palm/vear Sex
leaves Ratio
/palm Aborted Male Female %
/vear

1 No disbudding 31.8 2.7 8.1 21.1 72

2 50% disbudding 32.6 1.6 7.1 23.8 77

3 75% disbudding 33.2 1.4 5.1 26.6 B84

4 100% disbudding 34.9 1.3 3.0 30.6 91

Standard error c.3 .2 G.4 0.4 -

Note: The mean number of bunches per vear which failed to
develop after anthesis, ranged from 0.74 <{(no disbudding)> to
0.14 (75% disbudding).

The caompensation effect on bunch vield was strongest on
the components determining the weight of the bunches, though
(Table 14).

Table 14, Effect of disbudding on components of mean bunch
weight for vears 4 and 5 after fruiting started. Experiment
4,

Treatment Spikelet Flowers Fruit Mean Empty
number per set fruit bunch
/bunch spikelet =% weight weight
(a) (kg)
1 No disbudding 105 11.0 44,0 15.1 3.6
2 50% disbudding 114 13.0 45.9 15.8 5.2
3 75% disbudding 120 13.9 47.8 16.3 6.2
Standard error 2 0.3 1.6 0.4 0.2

Treatment 4, complete disbudding, vielded no bunches during
this period.

This Tahle shows that the response of number of flowers per

spikelets to castration was strongest; while spikelet number
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and mean individual fruit weight showed a weaker response.
The weight of the empty bunch (stalk plus spikelets) increased
by and large in proportion to the increase of bunch weight.
There was a slight trend towards increased fruit set in the
disbudded palms, but the difference was, in contrast with the
response of the other bunch weight components, not significant.
Components determining the number of bunches produced
did not respond linearly to the level of fruit removal. Abortion
rate decreased from 8.5.% in treatment 1 to 4.9% in treatment
2, but showed an insignificant further decrease in treatments
3 and 4. Thus a 20% decrease in fruiting activity was sufficient
te cause the maximum observed change in abortion rate. Male
flower production, on the other hand, was little different
in treatments 1 and 2, but showed marked reductions in
treatments 3 and 4. It appears, therefore, that inflorescence
abortion and sex differentiation have different threshold values

of response to fruiting activity.
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DESCRIPTION OF INFLORESCENCE DEVELOPMENT

Inflorescence primordia from a sample of felled palms

in the 186 palms per ha density of ExXpt. 2 were examined by
light micrescopy at the Department of Tropical Crops Husbandry,
wageningen University (Staritsky & Breure, 1985). Results,
as reported by Breure & Menendez (in prep a), will be given
in the following section.
Subsequently, van Heel, Breure & Menendez (1987) described
in much detail the development of inflorescences from inittation
until anthesis, using scanning electron microscopy. A brief
summary will follow, in which the photos are referred to by
the numbers of their paper.

At a very voung stage the inflorescence is an elliptic
primordium which is surrounded by two spathes. First, two
lateral bracts develop, followed by the anterior and posterior
bracts {(photo 1). Subsequently more bracts are spaced out on
the primary apex; this marks the starting point of the formation
of the parastichies of bracts (photos 2 to 4)». At this stage
male and female inflorescences do not differ, neither in the
form of the bracts nor in the phyllotaxis.

When development progresses, secondary, flowering axes
originate in the axils of the bracts of the primary, central,
axis aof the inflorescence primordium (photo 8); these develop
either into male or female spikelets (rachillae). There is
a pronounced basipetal sequence in the origin and further
development of the spikelet primordia, i.e. their development
starts somewhat below the apex of the primarv axis and continues
downwards {(photos 9 to 10). Since the development of the
spikelet primordia begins when that of the acropetal of the
primary axis is incomplete, spiKelets also originate and further
develop in an acropetal sequence which 1s, however, less
pronounced.

Similar to the sequence of initiation of the primary axis,
the two lateral bracts on the spikelets develop first (photo
11), and, again, the anterior and posterior bracts lag behind.
When the spikelet primordia are larger and less subject to
pressure, the remaining bract parastichies are laid down and

further develop acropetally. The distal part of a female
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spikelet remains sterile, and develops into a spine. The number
of bracts and of their parastichies is much greater in male
than in female spikelets (photo 12, 13, and 25). The difference
in the number of early bracts arising on the base of the
spikelet primordia is the first available morphological sign
of sex definition.

Flowers arise in the axils of each bract. Develapmentally
they are all bisexual, but in male spikelets numerous solitary
male flowers occur, whereas on female spikelets a triad of
flowers arises in the axil of each bract. Each such triad
normally consists of a functional female in the centre of two
non-functional male flowers. The composition of the triads
on a developmental basis is shown on the diagram of the paper.
It is idealised only in that the vyoung male companion flowers
in reality are located on a slightly higher level of cross-
section. The ramification scheme, depicted in the paper, shows
the condensed axes in their theoretical position. It can be
seen that the develogpment begins with the separation of a
bracteole 1 from the triad primordium (photo 15). The greater
part of the primordium develops into the male flower 1.
Development continues in the axil of bracteole 1 giving the
reduced secondary axis of the triad ({(photo 17). From this axis
bracteole 11, and male flower 2 oariginate opposite bracteole
I (photo 18). Similarly, in the axil of bracteole II the third
reduced axis develops, from which bracteole I11 arises opposite
bracteole 11, and ending in the female flower (photo 19). Thus
there is a succession of three reduced alternating axes, each
producing a bracteole and a terminal flower (photos 20 and
21). The result is a cincinnus. In contrast, on a male spikelet
a solitary male flower and its bracteole are formed which
correspond in position and time with female flower 1 and its
bractecle 1 of the triad in a female spikelet (photo 27). Thus,
the development of the flowers cn the male spikelet corresponds
to the initial development on the female spikelet, but its
further development is arrested.

The carpels originate free from each other as semi-globular
primordia along the slope of the apex of the flower. They become
slightliy horseshoe-shaped. Later, when growing upwards, they
are contiguous with their lateral faces (photo 22}. Their




lateral parts overach the apex, on which one ovule primordium
develops axillary to each carpel (photo 22). Lateron, the voung
carpels are elevated hy a common zonal growth at the base,
especially on the outside. Through this "fusion" the proximal

part of the gynoecium which encloses the ovules is formed.



STAGES IN INFLORESCENCE DEVELOPMENT AT WHICH
CARBOHYDRATE SUPPLY AFFECTS COMPONENTS OF BUNCH YIELD.

Bunch vield depends on the number of bunches and their
mean weight. Each of these have a number of sub-components
which, at a specific stage in inflorescence development, all
respond to the amount of carbohvdrate available for the
development of inflorescence primordia.

Bunch number is mainly determined by the number of female
inflorescences reaching anthesis as losses during bunch
development <(bunch failure) are negligible <(Corley, 1976 bJ.
As mentioned before, bunch number mainly depends on the number
of female inflorescences differentiated <(sex ratio) and on
the abortion rate.

Bunch weight components can be divided into those of the
total weight of fruit and those of the weight of the frame
(stalk and empty spikelets). Total fruit weight is the product
of spikelet number, flower number per spikelet, fruit set (the
proportion of flowers which develop into fruit) and the mean
weight of individual fruits.

In order to identify the critical developmental stages
at which these vield components are determined, Breure &
Menendez (in prep. a & b emploved a sudden thinning
intervention on part of the 186 palms per ha density of
Experiment 2. Thinning took place at the moment cof an unusually
high fruiting activity, which further enhanced the differences
in components of bunch vield between the thinned and unthinned
dgroup. The resulting gain in bunch vield of the thinned group
subsequently resulted in a relative increase of fruiting
activity. This initial gain in fruiting activity must have
been sudden and shortlived due to a two-fold reaction to
thinning: (1) a reduction in abortions and (2) an accelerated
inflorescence development. This sudden demand for carbohydrate,
as a result of enhanced fruiting activity, temporarily
counteracted the advantage in carbohydrate supply due to
thinning.

The first response of a certain component teo thinning,
in terms of ordinal 1leaf (L-> number, 1is inferred as being

the critical developmental stage at which the component is






