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ABSTRACT

This study was aimed at determining whether vamiegtiin oil palm annual yields were significantly
influenced by years of production, and at estaligslif so simple and multiple linear regressioratieinships
between oil palm annual yields and yearly climatciables. Climatic and yield data were gatherethiee
locations (Bota-Limbe, Dizangué and Kienké) of deastal zone of Cameroon, within the oil palm estafe
three agro-industrial corporations. Yearly climatariables were recorded for a period of 23 conbexyears
(1990-2012); oil palm annual yields of five plots éach location were also recorded for the samedger
Variations in annual yields (in metric-tons of bbes per hectare) were significantly influencegQ5) by
years of production. Only a few yearly climatic iattes however were significantly correlated witinaal
yields (none of the climatic variables in Bota-Lieplevapotranspiration and rainfall height in Dizaégnd
insolation in Kienké). Low but significant, simplend multiple linear regressions were establishet th
contributed to explain 18.10 to 54.60% of annualds. Other mathematical relationships for moreueate
predictions must be built, as for example curvidineegressions; for linear regressions may nouffecient to
explain annual yields in their completeness.
© 2015 International Formulae Group. All rights exged.
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INTRODUCTION The oil palm surface areas globally
Oil palm Elaeis guineensislacq.) is exploited by Cameroonian agro-industrial
commercially grown within the space ranging corporations have remained quite unchanged;
between 15° of latitudes in either sides of the around 100,000 ha during last decades.
equator (Corley, 2001; Corley and Tinker, However, yields on the same surface areas
2003). Cameroon exploits oil palm on its have always fluctuated considerably year-on-
coastal zone, in particular where that year; between 120,000 and 200,000 metric-
exploitation is carried out intensively within  tons of crude palm oil (Anonyme, 2001).

vast plantations of several thousands of Such important and recurrent variations
hectares (Bell, 2006). in palm oil yields make the producing
© 2015 International Formulae Group. All rights exged. 2513- IIBCS
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enterprises accounts and the related state
funds less stable (the State depends somewhat
on currencies generated by palm oil
production). Moreover, the populations
experience a palm oil shortage in times of low
supply; consequently, prices rise on the
domestic  market. During years of
overproduction, in the other hand, the sale at
lost usually due to domestic and international
saturated markets provokes low revenues for
the producing enterprises and for the State;
with in addition supplementary costs for the
producing enterprises due to the storage of
unsold goods (Nkodo, 2014).

Studies on that phenomenon of yield
variations, which can be seen year-on-year on
the same plantations, have led many
researchers to blame the climate; notably on
fluctuating factors such as rainfall, air relative
humidity, insolation and temperature (Henson
and Mohd Tayeb, 2004; Henson, 2007). The
current study was aimed at determining the
effect of year, that is to say the effect of
annual climate on palm oil yield; and at
establishing simple or multiple linear
regression relationships between oil palm
yields (in metric-tons of annual bunches per
hectare) and yearly climatic variables.

MATERIALS AND METHODS
Study area

The study was carried out using data of
three industrial oil palm plantations located in
the coastal zone of Cameroon; at CDC
(Cameroon Development Corporation) in
Bota-Limbe, at SAFACAM $ociété Africaine
Forestiere et Agricole du Camergunin
Dizangué and at SOCAPALM Seciété
Camerounaise ddBalmeraies) in Kienké. The
coastal zone of Cameroon is globally located
between latitudes 4°00’-6°30’ North and
longitudes 8°30’-10°00’ East. It is a land strip
of about 50 km wide (between the Atlantic
Ocean and the interior of the national
territory) and about 400 km long (from the
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Nigerian border north of the Akwayafe River
to the Equatoguinean border south of the
Campo River). The map of the study area is
provided (Figure 1). That zone of about
55,000 kmi extends from north to south on
three administrative regions (South-west,
Littoral and South) in which live close to
2,700,000 inhabitants; thus 15% of the
population (Anonyme, 2010).

The coastal zone made of plains and
plateaus is at an altitude of 0-300 m. The
climate is typically Equatorial or Guinean; it
changes progressively north to south from a
one-mode rainfall pattern (with a single dry
season and a single rainy season) to a two-
mode rainfall pattern (with two dry seasons
and two rainy seasons). Soils are also diverse;
they were born on sea sediments or on
volcanic elements, or on ferralitic soils, etc.
(Akoua, 2005; Mvondo-Ze, 2008; Nkoume,
2011; Bassogog, 2013). Mostly acid, very
poor in nutrients, these soils are of a low
agricultural value and are used for oil palm or
rubber cropping (Anonyme, 2007; Julien-
Francois, 2008). The natural vegetation is
characterized by appearances ranging from
secondary forest to evergreen forest, with
from places to places, on marshy soils along
rivers, patches of lowland Atlantic forest
bearing multiple stilt trees (Yana, 2008).

Methodology

Most climatic data were obtained at
the Direction of Agricultural Services of each
agro-industrial corporation concerned.
Supplementary climatic data were found in
near-by National Weather Services; in
particular at the Weather Station of Kribi for
Kienké and at the Direction of Weather of
Littoral in Bonandjo-Douala for Dizangué.
Exploiting monthly weather forecasts from
ARID (Agricultural Research Institute for
Development) in Dibamba was also helpful in
completing some climatic data for Dizangué.
All climatic data for Bota-Limbe were
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Figure 1: Map of the study area (The 3 locations of datiection are circled).
Source: Google Map (2012)
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provided by CDC; either at the Agricultural
Services of various oil palm estates or at the
Headquarters in Bota.

Consulting several annual reports of
activities from the agro-industries concerned
has enabled to get data on oil palm yields.
When collecting oil palm yields, care was
taken to consider only field plots of more than
10 years of age, to avoid introducing bias
sources in the statistical analyses. Before the
age of ten, as a matter of fact, oil palms show
a continuous increase in yields that stabilizes
only after that period. The annual yields of
each location were calculated using the
average annual yields of five field plots
(which were not necessarily of the same size);
these field plots were dispersed within each of
the three locations under study.

Data collection and analysis

Yearly climatic variables concerning
solar radiation received (SR) or insolation,
minimum temperature  ¢f,), maximum
temperature (J), mean temperature (I,
minimum  relative  humidity  (RH),
maximum relative humidity (Rf,), mean
relative humidity (Rkea), height of rainfall
(Rmm)s days of rainfall (Ray9
evapotranspiration (ETP) and water deficit
(WD) were recorded for a period of 23
consecutive years (1990-2012); oil palm
annual yields (in metric-tons of bunches per
hectare) of five field plots in each site were
also recorded for the same period.

An analysis of variance (ANOVA)
was carried out to show the existence of
significant differences between annual oil
palm yields. A separation of means was done
using the Least Significant Difference
method. A search of significant correlations
between oil palm annual yields and yearly
climatic variables was done and simple or
multiple linear regressions were established.
The SPPS 20 software was used for data
analysis and the EXCEL version 2007
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software was used to build tables and draw
graphs.

RESULTS
Year effect on oil palm yields

Variations in annual oil palm yields
(expressed in metric-tons of bunches per
hectare) over a 23-year-period (1990-2012) in
the three locations of the coastal zone were
confronted against each other (Figure 2). It
comes out that oil palm annual yields have
fluctuated considerably during the period
observed. During that period, Dizangué had
the highest yields in general ; revealed by a
mean  of 13.092 metric-tons  of
bunches/halyear, with a standard-deviation
(SD) of 1.732 metric-tons of bunches/hal/year
and a coefficient of variation (CV) of
13.23% ; Kienké had yields next to the highest
with a mean of 11.691 metric-tons of
bunches/ha/year, a SD of 1.141 metric-
ton/halyear and a CV of 9.76%; and Bota-
Limbe had the lowest yields with a mean of
9.905 metric-tons of bunches/halyear, a SD of
0.873 metric-ton of bunches/ha/year and a CV
of 8.81%. In the overall, oil palm annual
yields have fluctuated between 8 and 17
metric-tons of bunches/ha.

The ANOVA of the effects of years,
locations and field plots on oil palm annual
yields was carried out (Table 1). The F test
showed that the main factors (years, locations
and field plots) as well as their interactions
(yearslocations, year$ield plots and
locationsfield plots) all had a very significant
effect (<0.01) on oil palm annual yields over
the period observed (1990-2012).

The separation of means of oil palm
annual yields in Bota-Limbe, Dizangué and
Kienké in one hand and for the whole three
locations in the other hand is emphasized in
Table 2. The Least Significant Difference
method was used to separate the means.

There was therefore a year effect,
probably expressing itself by climatic factors
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which acted during that year, on oil palm
production in the coastal zone. However,
effects equally highly significant of locations
and field plots, as well as their interactions,
make one believe other annual factors than the
climate have had an influence on the
determination of annual oil palm yields.

Significant correlations between oil palm
annual yields and yearly climatic variables

The statistical analysis has revealed
that no climatic variable during the period
observed (1990-2012) was significantly
correlated (R0.05) with the annual tonnage of
bunches per hectare in Bota-Limbe. No simple
linear regression relationship could therefore
be established.

Two climatic variables during the same
period were significantly correlated {@.05)
with annual tonnage of bunches per hectare in
Dizangué; it was ETP (r=0.426) and,R
(r=0.427).

Only one climatic variable over the
period was very significantly correlated
(P<0.01) with annual tonnage of bunches per
hectare in Kienké; it was SR (r=0.597).

Likewise, only two climatic variables
were significantly correlated {®.05) with
annual tonnage of bunches per hectare; they
were SR (r=-0.431) and,R (r=0.461).

To summarize, ETP, R, and SR are
the only climatic variables that were proven to
be significantly (or very significantly)
correlated with annual tonnage of bunches per
hectare over the 23-year-period (1990-2012)
in the locations investigated on the coastal
zone.

Fluctuations of annual ETP in the three
locations over the period considered (1990-
2012) were confronted against each other
(Figure 3). It comes out that annual ETP has
fluctuated considerably. Bota-Limbe had
annual ETP next the highest; revealed by a
mean of 1026.0 mm, with a SD of 470.7 mm
and a CV of 45.87%); Dizangué had the

2837

Biol. Chem. Sci.)92833-2846, 2015

highest annual ETP with a mean of 1509.8
mm, a SD of 374.5 mm and a CV of 24.80%;
and Kienké had the lowest annual ETP with a
mean of 501.8 mm, a SD of 91.6 mm and a
CV of 18.26%.

Bota-Limbe had 1661 mm in the year
with the highest ETP (1990) against 121 mm
in the year with the lowest ETP (1999). Bota-
Limbe's ETPs dropped particularly between
2001 and 2006. Dizangué had 2229 mm in the
year with the highest ETP (1999) against
807.9 mm in the year with the lowest ETP
(2010). Kienké had 666.9 mm in the year with
the highest ETP (1998) against 371.7 mm in
the year with the lowest ETP (1991).

Fluctuations of annual rainfall (R, in
the three locations over the period observed
(1990-2012) were confronted against each
other (Figure 4). It comes out R has
fluctuated considerably. Bota-Limbe had the
lowest R, revealed by a mean of 1980.2
mm, with a SD of 859.9 mm and a CV of
43.42%; Dizangué had the highes{.Rwvith a
mean of 2868 mm, a SD of 397.2 mm and a
CV of 13.85%; and Kienké had,R next the
highest with a mean of 2370.2 mm, a SD of
431.9 mm and a CV of 18.22%. Dizangué
recorded the year with the highest,.R
(3549.3 mm in 1995), Bota-Limbe recorded
the year with the lowest R, (425 mm in
2004). As it was previously noticed in Figure
3 with the ETPs, Bota-Limbe’s rainfalls also
dropped particularly between 2001 and 2006.

Fluctuations of annual insolation (SR)
over a 23-year-period (1990-2012) in the three
locations investigated in the coastal zone were
confronted against each other (Figure 4). It
comes out that annual SR has also fluctuated
in the three locations. Bota-Limbe had an
annual SR next the highest with a mean of
1310 hours, a SD of 234.8 hours and a CV of
17.92%; Dizangue had the lowest annual SR
with a mean of 1228 hours, a SD of 195.4
hours and a CV of 15.91%; and Kienké had
the highest annual SR with a mean of 1917.8
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hours, a SD of 375.4 hours and a CV of
19.57%. Over the period, Kienké recorded the
highest annual SR (3135.1 hours in 1992) and
Bota-Limbe recorded the lowest annual SR
(750 hours in 2004).

Simple linear regressions between oil palm
annual yields and yearly climatic variables

The analysis of simple linear regression
relationships (Y=aX+b) was carried out only
for yearly climatic variables X significantly
(or very significantly) correlated with Y (in
annual tonnage of oil palm bunches per
hectare).

In Bota-Limbe’s case, no simple linear
regression relationship could be established.

In Dizangué’s case, ETP contributed to
explain only 18.10% of oil palm annual yields
with the prediction equation
Y=0.002ETP+10.119. Just ag,Rcontributed
to explain only 18.20% of oil palm annual
yields with the prediction equation Y=
0.001R,+7.750. Nevertheless, both
relationships were significant (p=0.043 and
p=0.042 respectively).

In Kienké's case, SR contributed to
explain 35.60% of oil palm annual yields by
the prediction equation Y=-0.001SR+15.171.
The relationship was significant (p=0.003).

Simple linear regression relationships
between oil palm annual yields (in metric-tons
of bunches/ha/year) on the one hand and
annual ETP and annual,R respectively on
the other hand in Dizangué are illustrated in
Figures 6 and 7.

A simple linear regression relationship
between oil palm annual yields and annual SR
in Kienké is illustrated in Figure 8.

In case of a potential location “x” in
the coastal zone whose yield data were built
using those from some other known locations
(here for instance yield data from Bota-Limbe,

2838

Dizangue and Kienké), only annual SR and
annual R,, were significantly correlated (r=-

0.431 and r=0.461 respectively). Annual SR
contributed to explain 18.50% of annual
yields with the prediction equation Y=-

0.001SR+13.778 and annua},JRcontributed

to explain 17.50% of annual yields with the
prediction equation Y=0.001Rmm+8.360.
Both relationships were significant (p=0.040
and p=0.027 respectively).

Simple linear regression relationships
between oil palm annual yields on the one
hand and annual SR and annual,,R
respectively on the other hand for a potential
location “x” in the coastal zone are illustrated
in Figures 9 and 10.

Multiple linear regressions between oil
palm annual yields and yearly climatic
variables

Concerning Bota-Limbe and Dizangué,
no significant multiple linear regression
relationship could be established in either
locations between oil palm annual yields and
part or totality of yearly climatic variables.

Concerning Kienké, the multiple linear
regression relationship built between Y (in
metric-tons of bunches/halyear) and three
yearly climatic variables (SR, k and Trean
contributed to explain 54.60% of oil palm
annual yields with the prediction equation Y=-
0.02SR+0.255J,0.020Teqit7.883. That
relationship happens to be very significant
(p=0.002).
Concerning finally a potential location “x” of
the coastal zone, no significant multiple linear
regression relationship could be established
between Y oil palm annual yields and part or
totality of yearly climatic variables.
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Oil palm annual yields
(metric-tons of bunches/ha)

—#—DBota-Linbe
——Dizangué

—dte—=Kienke

Figure 2: Oil palm annual yield variations over a 23-yearipd (1990-2012) at Bota-Limbe

(CDC), Dizangué (SAFACAM) and Kienké (SOCAPALM).
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Table 1: ANOVA of effects of years, locations and fieldtd on oil palm annual yields.

Sources df
of variations

Main effects

Years 22
Locations 2
Field plots 4
Interactions
Yearslocations 44
Yearsfield plots 88

Locationsfield plots 8
Error 176
Total 344

Sum Means
of squares squares

334.641 15.210
586.646 293.323
347.491 86.872
234.907 5.543
322.548 33.665
270.827 1.235
217377 -
2323.437 -

Fcal

Ftab

Decision

12.315 1.835 *x
237.508 4.000 *x
70.341 2.530 *x
4.488 1.566 *x
21.967 1.400 *x
27.411 2.100 *x

**: very significant (0.01)

Table 2 Separation of means of oil palm annual yields.

Average yields
(metric-tons of bunches/ha)

Year of Bota-Limbe Dizangué Kienké Whole

harvest
1990 10.045™% 14.26F% 10.477% 1171
1991 10.664°% 14.40%% 12.25G%" 12.44P%
1992 8.262 12.299Km 8.355 9.638"
1993 9.343™ 11.93¢™° 11.3684mop 10.90¢"
1994 9.628<™ 11.814"F 12.25F%" 11.233¢
1995 11.434 16.202" 12.384% 13. 346
1996 10.358°" 14.210°"% 11.688°fNKm 19 og4emr
1997 9.547mn° 13.180% 10.689 11.13gmn°
1998 10.53f°" 15.000° 11.328<mnop 12.287°"
1999 11.167 16.253 11.668Wmn0 13.028"
2000 10.133e"" 13.198 12.13gKmnop 11.82%"
2001 10.068"k 11.78¢mmope 13,3779 11.748"
2002 8.487 11.500™M0Pe 10.31¢" 10.102
2003 8.315 10.14% 10.594°% 9.68%"
2004 9.3948™¢ 10.879"" 12.594° 10.955™MP¢
2005 10.069M 12.759¢ 12.377% 11738k
2006 11.12F> 13.814 13.962 12.978™
2007 9.416™° 11.52@™M°Pa 12.0150efonik 10.986™F
2008 10.64g°% 14.563 12.05gefon 12.424°%
2009 9.861Km" 12.260™ 12.406° 11.504m
2010 9.336™ 11.954m"F 11.388mn 10.892°Pa"
2011 10.678* 15.433" 11.248'moPe 12 458«
2012 9.317™¢ 12.284opars 119550k 10 ggForar

Numbers in the same column followed by the santerlare not significantly different {®.05).
Numbers followed by no letter are not significardlifferent.

2842



F. NKODO and Z. AMBANG / Int. J.

DISCUSSION

The results of the current study do not
contradict those which were obtained by
Piapang (2008) relating that oil palm
productions recorded over many years in
Kienké appeared to be significantly different.
The results of this study are also in
accordance with those which were disclosed
by Nkoume (2011) who, after comparing
years of harvest on the basis of oil palm yields
(in metric-tons of bunches/ha) in Bota Palm
Estate (CDC), came to the same conclusion of
existing  highly  significant differences
(p=0.001) between years of production.
Bougna (2013), in a comparable study on oll
palm in Dizangué, came also to the same
conclusion.

It might be useful however to precise in
which unit oil palm yields must be expressed.
As a matter of fact, according to Henson and
Mohd Tayeb (2001) and according to Henson
(2007), oil palm yield in average weight of
bunches is negatively correlated with oil palm
yield in number of bunches, due to climatic
factors. These authors have also pointed out in
their respective works that maximum
temperature is statistically significant and
positively correlated with yield in weight of
bunches 24 to 30 months before harvest and
not during harvest.

Muhamad and Tsan (2008) have
reported following some of their works that
rainfall is strongly correlated with oil palm
yield 18 months before harvest time because it
favors the formation of female inflorescences;
however, it becomes more and more feebly
correlated with yield as harvest is getting
closer. Likewise, Henson and Mohd Tayeb
(2004) and Henson (2007) have found weak
and not significant correlations for rainfall and
insolation during time of harvests (with yields
expressed in average tonnage of oil palm
bunches).

The current study has not permitted to
establish strong correlations, for those
correlations which were found significant,
between annual tonnages of bunches per
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hectare and yearly climatic variables. This
result is in accordance with findings by
Nkoume (2011) who, after determining partial
correlation coefficients between yields and
climatic variables in Bota Palm Estate (CDC),
could find no significant correlation. In other
words, no linear regression relationship
established between a vyield and a single
climatic variable could significantly explain
the vyield buildups. Bougna (2013), in a
comparable work in Dizangué, found only
annual maximum temperature significantly
correlated with yield (r=-0.22 at p=0.02; that
is to say the annual maximum temperature
effect being negative, when maximum
temperature increases, vyield decreases).
Piapang (2008), as for him, found no climatic
variable significantly correlated with annual
oil palm yield in his work in Kienké.
However, he would carry on his analyses to
determine that annual rainfall (in mm) has a
very negative effect on annual tonnage of
bunches per hectare. He would justify that
phenomenon by explaining that an increase in
rainfall leads to an important decrease in
yields. He found, of all climatic variables he
dealt with, rainfall could be the one
contributing the most to yield buildups.
Piapang (2008) was successful in
establishing a significant multiple linear
regression relationship (up to 90% of
prediction) between annual tonnages of oll
palm bunches per hectare and the whole
climatic variables. Although he found rainfall
alone had an important effect (more than
52%) on annual yields in simple linear
regression equations, he discovered however
it had no effect on annual yields in multiple
linear regression equations. Piapang (2008)
stated the hypothesis of an interaction among
climatic factors in which some of them would
mutually exclude each other. Bougna (2013)
was not much successful in trying to establish
simple or multiple linear regression
relationships between oil palm yields and
climatic variables. He got however a multiple
linear regression relationship between oll
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palm vyields (in annual tonnages of bunches
per hectare) and two climatic variables only
(maximum temperature and wind speed), with
R?=0.13 at p=0.0008. The relationship could
explain only 13% of yields; however, it was

highly significant (R0.01).

Weak correlations of some major
climatic parameters when taken alone, such as
insolation and rainfall, or their lack in
multiple linear regression equations could be
surprising. However, according to Henson and
Mohd Tayeb (2004) and Henson (2007), it is
known oil palm vyield is determined by the
sex-ratio, rate of inflorescence abortion,
number of bunches and average weight of
bunches; rainfall and insolation would
therefore have an important impact on the
aforementioned characteristics; but not on
average annual tonnages of bunches, as it was
the case in this study.

Conclusion

It has been given evidence in this
study that there is a very significant year
effect (0.01) on oil palm production in the
coastal zone of Cameroon. The effect of a
particular year on oil palm production results
from climatic factors that acted during the
year of harvest and during the previous two or
three years. However, effects equally highly
significant (”0.001) of locations and field
plots, as well as their interactions, make one
believe other annual factors than the climate
have had an influence on the determination of
annual oil palm yields.

Correlation analyses have shown that
only a few climatic variables (annuaj,Rand
annual ETP) were significantly {B.05) or
very significantly (R0.01) correlated during
the period observed (1990-2012) with oil
palm annual tonnage per hectare.

Significant (”0.05) or very significant
(P<0.01) simple or multiple linear regression
relationships between oil palm annual tonnage
per hectare and a few yearly climatic variables
were established; they contributed to explain
yields from 18.10 to 54.60%. Also, no
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significant  multiple  linear  regression
relationship could be established between oil
palm annual vyields (in metric-tons of
bunches/halyear) and all the yearly climatic
variables taken together in none of the coastal
zone locations studied.

Linear regressions might not be
sufficient to explain completely all the yield
variations. Other mathematical relationships
for more accurate predictions must be built, as
for example curvilinear regressions; for linear
regressions may not be sufficient to explain
annual yields in their completeness.
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