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Abstract

Understanding how and when crops cope with and respond to stress during reproductive development may be
able to forecast total crop production under abrupt climate change. We studied the effect of complete defoliation
under time-specific climate-related conditions on inflorescence sex differentiation in oil palm. A total of 162
pisifera oil palm trees were completely defoliated at the rate of three trees per month between July 2007 and
December 2011. Complete defoliation significantly increased male inflorescence induction by 104% when
compared with control without defoliation. Acute soil water deficit (SWD) of 16.8 mm between the 30th and
60th day after complete defoliation (DAD) had an additional positive effect on male inflorescence production. A
regression analysis on 18 time-specific, climate-related research and two inflorescence-related variables resulted
in high regression coefficients for the time period 30th to 60th DAD. This is an indication that oil palm responds
to complete defoliation stress after a 30-day delaying period. Total soluble sugars measured at 45 DAD showed
a depletion of 55% in the leaves and 21% in inflorescence of defoliated trees compared to control trees without
defoliation. Preferential sex differentiation in oil palm towards maleness is an acclimation response to the
depletion of total soluble sugar inflected by mechanical and soil water deficit stresses.  These results shall
permit the simulation of male inflorescence induction and yield forecasting in other geographical locations.

Key words: Fruit bunches, Male inflorescence induction, Mechanical stress, Sugar depletion,
Sex differentiation, Stress responses

Introduction
Abiotic stresses such as drought, flood, extreme

temperatures, chemical toxicity and oxidative stress
are serious threats to plants. All forms of stress
usually have a negative impact on plant assimilates,
which are primarily made up of carbohydrates and
are used for plant growth and development.
Therefore, their abundance or depletion may
regulate plant gene expression (Ohto et al., 2001;
Lee et al., 2010). It is known that carbohydrate
regulated genes play important roles in responding
to changing environments (Koch, 1996; Sheen et
al., 1999; Smeekens, 2000; Liu et al., 2013).

Carbohydrate depletion enhances expression of
genes associated with photosynthesis, reserve
mobilization and export (Koch and Zeng, 2002;
Rolland et al., 2002). Carbohydrates have also been
associated with plant cell and organ differentiations
(Gibson, 2000; Eastmond and Graham, 2001;
Lopez-Molina et al., 2001; Pien et al., 2001). Sugar
pulses to apical meristem can lead to meristem
differentiation through cell division. High sugar
levels reduce photoperiod effects on floral
evocation (Corbesier et al., 1998; Roldan et al.,
1999) or even completely replace it. The later has
been observed in Lolium temulentum L. The
changes response was associatted with up-
regulation of invertase genes at the apical meristem
(King, 1991). Evidence has also been provided that
a decrease in assimilates supply due to defoliation
or shading, increases early fruit abscission in
evergreen trees (Gomez-Cadenas et al., 2000).
Hartwig et al. (2011) reported that the phyto-
hormones brassinosteroids (BR) regulate abiotic
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stress responses and control sex differentiation in
maize.

Fresh Fruit Bunches (FFBs) in oil palm are
fertilized female inflorescences that have developed
into mature fruits. The FFB development requires
much more energy than the male inflorescences.
Production of FFB mobilizes much primary
photosynthate and or carbohydrate reserves. Under
certain conditions, such reserve mobilization may
alter the inflorescence sex ratio and FFB production
in the next season (Nouy et al., 1999). Hardon and
Corley (1976) reported that oil palm would produce
predominantly male inflorescences after suffering
serious loss of carbohydrate through previous
year’s harvests. Campbell et al. (2012) showed that
alternating precipitation cycle could affect
flowering phenology; inducing male biased floral
sex ratio in Cucurbita pepo.

Development of male inflorescences does not
require much energy compared to the female ones
because they only produce pollen, which falls off
two weeks after anthesis. The whole inflorescence
quickly senesce. Hence the male inflorecence
development does not require carbohydrate reserve
mobilization and more photosynthate is conserved
when oil palm produces principally male
inflorescences. Subsequently, increase in
carbohydrate reserve results in the production of
predominantly female inflorescences from the oil
palm trees in the following season.

Oil palm producing the pisifera fruit type is
used as male parent in breeding and seed
production programs. However, the pisifera is very
feminine under normal plantation conditions. The
female inflorescences of pisifera do not develop
into mature fruits since they are aborted. Thus FFB
is not produced in pisifera, resulting in
accumulation of reserve carbohydrate.
Subsequently, such conditions lead to continual
evocation of female inflorescences and the absence
of male ones. This is undesirable condition for
pisifera in oil palm breeding and seed production
since there will be less pollen provider (Durand-
Gasselin et al., 1999).

Inflorescence evocation and sex differentiation
in oil palm is regulated by soil water availability
(Caliman and Southworth, 1998), carbohydrate
depletion (Hardon and Corley, 1976) and severe
leaf pruning (Corley and Tinker, 2003). Durand-
Gasselin et al. (1999) employed removal by
pruning of all the fronds and leaving only the
middle un-opened one (complete defoliation stress)
of oil palm to evoke male inflorescences. The
complete defoliation stress treatment may alter the
balance of sugar in the treated oil palm, leading to

the evocation of male inflorescences (Campbell et
al., 2012).

Durand-Gasselin et al. (1999) suggested that
the effects of severe defoliation stress treatment on
male inflorescence evocations are probably
immediate. However, the exact moment for which
the oil palm initiates male inflorescence formation
in response to stresses is not yet known. On the
other hand, a number of researchers (Gray, 1969;
Corley, 1976; Killmann and Lim, 1987; Henson et
al. 1999; Legros et al. 2009; Cros et al. 2013)
reported that the oil palm trunk contains large
reserves of carbohydrates. These carbohydrate
reserves may serve as a buffer during transitory
periods of source-sink imbalances caused by a halt
in photosynthetic activities. Thus, the large reserves
in oil palm trunk will be used to absorb any shock
arising from stress within a certain time limit.
When the reserves are considerably depleted, the
plant would initiate the response mechanisms
through gene expression. Under abiotic stress, such
as drought stress, plants tend to mobilize
carbohydrate reserves. Therefore, it is expected that
oil palm will mobilize some of the carbohydrate
reserves stored in the trunk to response to the stress.
Such response is acclimation in the form of male
inflorescence induction. Moreover, abiotic stress
responses have also affect sex differentiation.
Association among abiotic stress responses and sex
differentiation has been demonstrated in maize by
Hartwig et al. (2011). Therefore, combining
complete defoliation and water stresses may
positivally affect male flower induction in oil palm.

In oil palm, the inflorescences were initiated
approximately at 18-26 months before ones’
visually observed them. Therefore, understanding
the factors affecting and the periods of male
inflorescence induction in oil palm would be
interesting. Knowledge on the period of oil palm
initiates response to complete defoliation stress
through the expression of genes would be very
interesting to molecular scientists. This knowledge
is important because the expressed genes during
complete defoliation stress might be the same genes
involve in male inflorescence induction. Moreover,
such knowledge may help us to effectively plan and
produce pollen from the limited number of pisifera
type of oil palm growing under current unstable
climatic conditions. However, there is only limited
information available about the required
parameters, which will guide breeders and seed
producers to efficiently induce male inflorescences
from pisifera or simulate FFB production under
such condition, especially in this era of climate
instability.



Emir. J. Food Agric. 2015. 27 (1): 126-137
http://www.ejfa.info/

128

The objectives of this research were to evaluate
the effects of different time-specific climatic
parameters on male inflorescence evocation in
completely defoliated oil palm and to estimate the
moment of response initiation to the stress.
Understanding the factors affecting male
inflorescence evocation and the moment of
response by oil palm may provide molecular
scientist the ability for studying gene expression,
accurately isolating and identifying genes
responsible for sex determination and oil palm crop
production.

Materials and Methods
Experimental site

Complete defoliation and data collection were
conducted from July 2007 until May 2013 at the
Specialized Centre for Oil Palm Research La
Dibamba Douala in Cameroon (3.948848°N
9.762726°E). The rainy season for La Dibamba
lasts from March to October with limited
precipitation during the 4 to 5 months dry season.
Mean annual temperature between 2007 until 2013
was 28.1°C and the average annual precipitation
was 2,769 mm of rainfall for the period of this
research. The soils are classified as ferralsols with
clay accumulations and low base saturation. The
pisifera were planted in 1993 to serve as male
parents and pollen provider in breeding and seed
production programs respectively.

Complete defoliation treatments
The complete defoliation treatment consisted of

the removal by pruning of all the leaves and
preserving only the middle un-opened one so as to
avoid tree death. This activity consisted of
removing all the leaves of three trees each month
during the year. Pruning of the trees began in July
2007 until end of December 2011 and observations
of male inflorescence formation were done until
May 2013. The total number of trees pruned during
the rainy seasons was equal to the total number of
trees pruned during the dry seasons.

Total soluble sugar
A sub sample of six trees was used for total

soluble sugar analysis. The treatment consisted of
complete removal of leaves from the palm as
described by Durand-Gasselin et al. (1999) while
the control consisted of non-defoliated trees. Both
treatment and control were each replicated three
times thus, three trees were completely defoliated
and the remaining three serving as control were not
defoliated. All six trees were cut down and
dissected 45 days after complete defoliation (DAD)
for tissue extraction. The 45 DAD was chosen for

tissue extraction because it is mid-way between the
30th and 60th day after complete defoliation
treatment; and was retained based on the results
from regression analysis on estimating the time for
response initiation to complete defoliation stress.
The soluble sugar analysis was to evaluate how far
the energy sink had been depleted. The samples for
sugar quantification were made up of young
inflorescence tissues extracted at the axil of leaf
number +5 and leaf tissues extracted on young
tender un-emitted leaf. The leaf numbers were
obtained by counting from leaf number 0 which is
represented by the middle un-opened leaf. Leaf
number +1 was obtained by counting outwards in
the left direction from leaf number 0. Leaf number -
1 was obtained by counting inwards towards the
right direction from leaf number 0. This was done
for all the replicates and a total of 12 tissues were
collected. Total soluble sugar in µg g-1 of dry
matter (DM) was measured at the Laboratory of
Plant Physiology Bogor Agricultural University
using 5 mL of 80% hot ethanol (Chow and
Landhausser, 2014).

Observations
Total number of inflorescences emitted was

recorded in the field prior to inflorescence isolation.
Inflorescences were harvested at the stage of
anthesis approximately 2 weeks after isolation and
taken to the laboratory for pollen viability test and
pollen conditioning. The corresponding number of
inflorescences produced when rainfall, soil water
deficit (SWD) and number of rainy days were
measured at 10, 20, 30 and 60 DAD, were recorded.
Measurements continued throughout the year but
analysis was done until 60 DAD for each tree as
guided by literature (Killmann and Lim, 1987;
Durand-Gasselin et al., 1999; Henson et al., 1999;
Cros et al., 2013). The corresponding number of
inflorescences produced by trees was recorded
between the 10th and 36th month after treatment.
This is the time period for which the treatment has
an effect on the plants because the tree would
complete its inflorescence production cycle every
36 months (Hartley, 1988; Durand-Gasselin et al.,
1999). We used this data to estimate how rainfall,
SWD and number of rainy days at 10, 20, 30 and 60
DAD would influence total number of male
inflorescences emitted. This estimation was done to
find out the period at which male inflorescence
induction or sex differentiation occurred. These
climatic data were measured for each series of
treatments that were carried out at the rate of 03
trees each month.
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Climatic data were recorded thrice daily for the
whole period of the trial. The SWD was estimated
using the equation; SWD = (PE - (IR + P)). Where,
IR = initial water reserve, P = monthly
precipitation, PE = potential evapotranspiration.
Potential evapotranspiration was calculated
according to FAO guidelines for computing crop
water requirements (Allen et al., 1998).

A total of eighteen climate-related research
variables and two inflorescence-related response
variables were studied. The climate related
variables were analyzed for a period of three
months following each treatment and included
among others; precipitation 10 days after complete
defoliation (0-10 mm) DAD, 20 (0-20 mm) DAD,
30 (0-30 mm) DAD and 60 (0-60 mm) DAD.
Precipitation between day 10 and day 20 (10-20
mm) DAD; between day 20 and day 30 (20-30 mm)
DAD and between day 30 and day 60 (30-60 mm)
DAD were also recorded. The same measurements
were also taken for number of rainy days (RD) and
SWD after complete defoliation. The total number
of male inflorescences produced before complete
defoliation (FBD) and the total number of male
inflorescences produced after complete defoliation
(FAD) was recorded.

Statistical analysis
Analysis of data was carried out using the

software SAS version 9.3 (SAS Institute Inc, Cary
NC). The sum, averages and standard deviations
were calculated for all the observations and they
were used for subsequent analysis. A Pearson’s
regression analysis was carried out to study how
increasing or decreasing levels of experimental
variables (heights of rainfall, soil water and number
of rainy days) would affect responses (total number
of male inflorescences produced). A paired T- test
was used to compare the effects on the same
individuals before and after treatment. A two –
sample T – test was used to compare response from
averages of two different sets of data. All tests were
measured at a confidence interval of 95%.

Results and Discussions
Precipitation and soil water deficit at research
site

Climatic data was analyzed for the period
between 2007 and 2013 at La Dibamba Research
Centre. The average monthly SWD curve and
monthly precipitation bars developed from recorded
data are given in Figure 1. We observe that the peak
of the rainy season is between the months of

August and September. There is a highly significant
difference in soil water deficit between the different
months of the year. Soil water deficit is at 0 mm
between July and November while it ranges from
0.1 to 120 mm in the rest of the year.

Effect of complete defoliation on male
inflorescence induction

Figure 2 shows a male inflorescence and the
different activities leading to its induction. It
illustrates a mature pisifera palm in its non-
defoliated form, a defoliated and a recovering
pisifera 45 DAD. Figure 3 shows male
inflorescence production and average annual
precipitation records six years before complete
defoliation treatment and six years after treatment.
Precipitation was recorded between 2001 and 2012.
It was observed that mean annual precipitation
pattern in the period between 2001 and 2006 was
similar to that observed between 2007 and 2012.
Although the mean annual precipitation curve was
similar between the two periods, male inflorescence
production experienced a sharp increase between
2007 and 2012 as compared to that of the period
between 2001 and 2006. The interval from 2007 to
2012 is the period when complete defoliation was
carried out on the same individuals as those
represented in the period between 2001 and 2006.
An increase of 104.25% in total number of male
inflorescences was observed in the period between
2007 and 2013. This was as an effect of complete
defoliation treatment on the trees. A paired T – test
was carried out and it was observed that there was a
significant effect on total male inflorescence
production after complete defoliation (M = 7.12,
SD = 4.09) than that before complete defoliation
(M = 3.48, SD = 3.47), t(41) = 5.99, p < 0.000. This
is an indication that preferential sex differentiation
in oil palm is a method of response and acclimation
to mechanical and abiotic stress.
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Figure 1 Monthly soil water deficit (curve) and monthly precipitation (bars) as recorded at the La

Dibamba Meteorological Station during the period of research.Figure 1. Monthly soil water deficit (curve) and monthly
precipitation (bars) as recorded at the La Dibamba

Meteorological Station during the period of research.
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Figure 2. A male flower induced from complete defoliation (a) mature non defoliated pisifera palm (b) completely
defoliated pisifera palm (c) a recovering pisifera palm 45 DAD (d) a mature male inflorescence at anthesis. The white bars

on (a) and (b) are drawn to 1 m scale while that of d is 10 cm scale. Arrow points to newly developed oil palm leaves.

Figure 3. Male inflorescence production and mean annual precipitation between 2001 and 2012 at La Dibamba before
and after treatment. The broken line between year 2006 and 2007 represents the start of defoliation treatment. The
number of male inflorescences produced is represented by bars corresponding to the primary vertical axis while

precipitation curve is represented by the secondary vertical axis.
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In oil palm, the female inflorescences develop
into the fruits and the developing bunches are very
demanding in terms of energy especially between
the stages of inflorescence emission and fruit
maturity. Energy is needed in embryo, endosperm
and fruit development. A single fresh bunch weighs
an average of 20 Kg and a single oil palm tree bears
and carries between 15 and 25 bunches each year.
Each female inflorescence requires between 5 to 6
months on the tree to get to fruit maturity (Corley,
1976; Durand-Gasselin et al., 1999; Corley and
Tinker, 2003). In contrast, the male inflorescence
has an average weight of just 2 kg and does not
remain for a long period on the palm tree,
progressing to senescence in about one month after
anthesis, and liberating the oil palm tree from
further energy demand. Therefore the production of
more male inflorescences in response to stress
created by complete defoliation is a strategy
developed by the oil palm to conserve limited
resources for maintenance. This acclimation was
thus in form of male inflorescence induction in
expense of female one (Hardon and Corley, 1976;
Campbell et al., 2012).

Relationship of climatic parameters
and male inflorescence production

Amount of daily precipitation and number of
rainy days were analyzed for a period of two
months after defoliation. It should be noted the
impact of complete defoliation on the oil palm trees
reduce significantly after two months because the
trees would have produced about five open leaves
that can produce carbohydrate through
photosynthesis. The graphs presented in Figure 4
show that the number of male inflorescences
reduced with higher quantities of precipitation;
while Figure 5 show a downward trend for number
of male inflorescences induced as against
increasing number of rainy days. The trend is
similar to that of total precipitation because of the
ferralsols soil type, which retains water because of
clay accumulations. Several researchers have
evoked the relationship between soil water
availability and inflorescence sex determination
(Spalik 1991; Bikel and Freeman, 1993; Campbell
et al., 2012).

Period for switching on sex differentiation in
response to defoliation

A test was carried out to determine the period
in which the oil palm tree will initiate response
mechanisms to the shock received from complete
defoliation stress. The test was done on the
specified time intervals resulting in 18 associated

climate parameters considered as explanatory
variables and two male inflorescence emissions
considered as dependent variable. A regression
analysis carried out on these 18 variables revealed
that those climatic variables associated with the
second month after complete defoliation had the
highest influences on male inflorescence production
with R2 = 15.6% for precipitation recorded
between the 30th and 60th day after treatment,
22.1% for the total number of rainy days recorded
between the 30th and 60th day after treatment and
12.7% for precipitation recorded 60 days after
treatment. These variables and their correlations are
shown on Table 1. The other 15 variables each had
an R2 close to zero and these are variables
associated with the first 10, 20 and 30 days after
complete defoliation respectively. It should be
noted that other variables such as genetic,
physiological and farm management do influence
inflorescence induction and represent the other part
of correlations that are not measured in this study.

Figure 4. The relationship between amount of
precipitation in the first two months after complete

defoliation and number of male inflorescence induction
in pisifera oil palm.

There was a significant relationship observed
between the number of male inflorescences
produced and three related soil water availability
variables. These variables are the amount of
precipitation that was registered in the second
month, the number of rainy days registered in the
second month and the total amount of precipitation
registered during the first two months after
complete defoliation. These variables, which are
environmental data collected during the second 30
days after complete defoliation gives us a clue on
when the oil palm senses the impact of complete
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defoliation and then responses to it. The correlation
coefficients presented in Table 1 do not some up to
1 because flowering in oil palm is not only
influenced by environmental factors; but also by
genetic factors and physiological status of the trees
(Adam et al., 2005).

Figure 5. The relationship between number of rainy days in
the first two months after complete defoliation and number

of male inflorescence induction on pisifera oil palm.

The oil palm is a perennial with a rich rooting
system and a very large trunk accumulating more
than 65% of carbohydrate reserves (Legros et al.,
2006, 2009). It would take several days for the oil
palm to sense the stress impact and this occurs only
when the carbohydrate reserves in its trunk are
highly depleted. The trunk is considered as the most
likely site for carbon reserve (Henson et al., 1999)
and also contains a high proportion of
parenchymatous ground tissue (Killmann and Lim,
1987). The oil palm trunk has been shown to
contain high proportions of water soluble and acid
hydrolysable carbohydrates (Gray, 1969) which
were sufficient to sustain bunch production for a
significant period after photosynthetic activity was
drastically reduced by severe leaf pruning (Corley,
1976). Henson et al. (1999) measured total soluble
sugar in oil palm trunk and found it contained
between 54.3% and 81.9% of soluble sugars. In

closely related trees to the oil palm such as Cocos
nucifera (Mialet-Serra et al. 2008; Silpi et al. 2007)
and in the sago palm (Flach and Schuiling, 1989),
the large and variable reserve compartment for
carbohydrate is located in the trunk and it
occasionally serves as a buffer for transitory
source-sink imbalances (Mialet-Serra et al., 2008).
The trunk of an 8 year old sago palm contains 93 kg
of stored carbohydrates while that of a similar oil
palm trunk contains 37 kg (Henson et al., 1999) up
to 47.9 kg of carbohydrate (Corley, 1976). Hence, it
is logical for the oil palm to start responding to
complete defoliation only after depletion of a
considerable amount of the reserve carbohydrates.
This means that in this experiment, the oil palm
switches on its response mechanism between day
30 and day 60 after it was completely defoliated, as
suggested by the data.

Total soluble sugar in leaf and inflorescence
tissues

Figure 6 shows the different stages leading to
the extraction for tissues used in total soluble sugar
analysis. Both the leaf and inflorescence tissues
were obtained following the dissection the tree
crown. Total soluble sugar was reduced by 55% in
leaves and 21% in inflorescences on completely
defoliated plants as compared to un-defoliated
plants 45 DAD. Figure 7 shows the amount of total
soluble sugar measured on leaves and
inflorescences 45 DAD between completely
defoliated plants and the control un-defoliated ones.
The period of 45 DAD was chosen based on the
previous findings of this present study.

The depletion of total soluble sugar on severely
defoliated plants by 55% on leaf tissues and 21%
on flower tissues at 45 DAP, may have been an
indication that the plants are already in a critical
state and thus may have to acclimate in order to
maintain survival. This acclimation was thus in the
form of male inflorescence induction in expense
of female inflorescence (Hardon and Corley,
1976; Campbell et al., 2012).

Table 1. Correlation coefficients for selected variables that had a significant relationship with male inflorescence number.

Variable (30-60 mm) DAD (30-60 rd) DAD (0-60 mm) DAD
Mean 218.29 13.60 410.40
Correlation R = - 0.395

R2 = 0.156
R = -0.470
R2 = 0.221

R = -0.316
R2 = 0.127

Probability p < 0.01 p < 0.001 p < 0.05
(30-60 mm) DAD = Amount of precipitation registered between the 30th and the 60th day. (30-60 rd) DAD = Number of
rainy days registered between the 30th and the 60th day; (0-60 mm) DAD = cumulative precipitation registered during
the first two months after pruning.
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Figure 6. Stages leading to tissue extraction for total soluble sugar analysis. (a) a mature pisifera being felled 45 DAD,
(b) transportation of the reduced crown to the laboratory for tissue extraction, (c) leaf and inflorescence extraction (d)

inflorescence located at leaf axil + 5 (on red background) placed on the leaf petiole.

Figure 7. Total soluble sugar content in inflorescences
and leaves from non defoliated (control) plants and

previously defoliated plants 45 days after defoliation.

We have seen from earlier works that the oil
palm has enough energy to absorb immediate shock
from carbohydrate depletion caused by a sudden
halt in its photosynthetic process. It is also known
that the oil palm produces between two and three
leaves every month (Hardon and Corley, 1976;
Adam et al., 2011). Therefore enough leaves would
have been produced after two months of complete
defoliation stress treatment to be able to reverse the
effects of complete defoliation stress on oil palm.
Estimating the time period on when response
mechanisms are initiated against a particular stress,
gives us an indication on when genes responsible
for the stress regulation are expressed in the plant.
We know that the transcription of these regulatory
genes is time and site specific. For further genetic

and molecular studies where tissue extraction and
RNA isolation are needed, it would be very
important to know when and where to extract tissue
for the studies because regulatory genes may be
temporally and spatially expressed and the mRNA
may be degraded rapidly.

Effect of increasing soil water deficit on male
inflorescence production

We showed in Figure 3 that complete
defoliation as a single factor, increased male
inflorescence induction at field capacity. Increasing
values of SWD measured during the second month
after defoliation was tested against male
inflorescence production (Figure 8). There was a
sharp increase in the number of male inflorescences
produced when SWD increased from field capacity
to 16.8 mm. Then there was a decreasing trend of
inflorescence production as SWD increased to
146.2 mm. Also, a two sample T-test at 95%
confidence interval assuming equal variance
confirmed that a significant higher number of male
inflorescences were produced when complete
defoliation was done during the dry periods (M =
7.03, SD = 4.387) than that when at field capacity
(M = 4.88, SD = 2.790), t(57) = 2.16, p = 0.035.

Leaf defoliation singularly increased male
inflorescence production to an average of 6.1
inflorescences at field capacity. This gives
supporting evidence that the effects of complete
defoliation contributed to the induction of male
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inflorescences. When complete defoliation was
accompanied by a SWD of 16.8 mm during the
second month after complete defoliation, there was
an additional and significant increase in the average
number of male inflorescences produced to 9.1,
corresponding to an increase of 33%. The additional
effects of water deficit must have contributed to this
increase as observed on Figure 8. This could be
understood because the effects of complete
defoliation carried out during the dry season was
more important than when carried out during the
rainy season in Ivory Coast (Durand-Gasselin et al.,
1999). In this study, the specific amount of SWD
needed to significantly increase male inflorescence
induction in oil palm and the time range for which it
is effective has been determined. In a related study, it
was proven that water deficit or availability was the
most determining factor in oil palm production
(Nouy et al., 1996).

When soil water deficit was increased beyond
16.8 mm to a value of 146.2 mm, there was a
gradual fall in average male inflorescence
production. This might have been due to the effects
of slow cell development leading to retardation in
inflorescence evocation. A similar scenario was
observed in Chrysanthemum in which slow
development in the capitulum of the shoot apical
meristem resulted in retardation of inflorescence
(Nakano et al., 2013). There was also a massive
decrease in transcript abundance of cell division
genes in the drought-stressed ovary of maize
(Kakumanu et al., 2012).

There was a significant relationship observed
between the number of male inflorescences
produced and three related soil water availability
variables. These variables are the amount of
precipitation that was registered in the second
month, the number of rainy days registered in the
second month and the total amount of precipitation
registered during the first two months after
complete defoliation. These variables, which are
environmental data collected during the second 30
days after complete defoliation gives us a clue on
when the oil palm senses the impact of complete
defoliation and then responses to it. The correlation
coefficients presented in Table 1 do not some up to
1 because flowering in oil palm is not only
influenced by environmental factors; but also by
genetic factors and physiological status of the trees
(Adam et al., 2005).

Figure 8. The effect of increasing soil water deficit on
male inflorescence production.  Soil water deficit (SWD)
was obtained from measurements between the 30th and

60th day after treatment of each set of trees. The
corresponding numbers of male inflorescences are
represented by the vertical axis and were recorded

between the 15th and 30th month after treatment. This
period indicates the range of time for which the treatment

is effective on the plant.

Conclusion
Complete defoliation of pisifera type of oil

palm induced male flower inflorescence formation.
Responses of pisifera type of oil palm to complete
defoliation stress was initiated between the 30th to
60th day after defoliation. Thus response to
complete defoliation stress was not immediate, but
delayed until the second month after treatment.
Complete defoliation was more effective in
increasing male inflorescence formation when
accompanied by a soil water deficit of 16.8 mm
during the second month after treatment. The
preferential induction of male flower inflorescences
in pisifera type of oil palm coincide with the
soluble sugar depletion in both leaves and
inflorescence tissues 45 days after complete
defoliation.

Complete defoliation of pisifera type of oil
palm induced male flower inflorescence formation.
Oil palm response to mechanical stress caused by
complete defoliation was initiated between the 30th
and 60th day after treatment. Thus response to
stress was not immediate, but delayed until the
second month after stress treatment. Complete
defoliation was more effective in increasing male
inflorescences when accompanied by a soil water
deficit not more than 16.8 mm during the second
month after treatment. The preferential induction of
male flower inflorescences in pisifera type of oil
palm coincides with the soluble sugar depletion in
both leaves and inflorescence tissues 45 days after
complete defoliation.

Most of the phenological processes in plants
are controlled by genes, which are predominantly
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regulatory in nature. This simply means that the
expression of these genes is associated to changes
in environmental stimulus. Researchers wishing to
undertake further studies in finding the molecular
biosynthetic pathways or gene expression occurring
as a result of complete defoliation stress could
make use of these research findings. The finding in
this paper are very important to oil palm research
and crop yield forecasting because they give us
sufficient information on when oil palm responses
to carbon depletion and soil water deficiency.
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