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Abstract

This study was conducted to generate information required to guide planta-
tion management in relation to replanting on soils derived from different
parent materials. Six oil palm estates in coastal lowlands of southwest Came-
roon were considered. Oil palm yield data (in t-ha™ of fresh fruit bunch, FFB)
and corresponding age of palms (in years after planting, YAP) were obtained
for the various estates. In all the estates, average yields were <10 t-FFB-ha™
and highly variable. Plantation age, solely, explained between 20% - 58% of
the variation in yield. The highest average yields (11.5 t-FFB-ha™') were ob-
tained in plantations aged between 9 and 18 YAP and the lowest (4.66
t-FFB-ha™') were obtained in old plantations (>23 YAP). Plantations located
on volcanic parent materials generally had higher yields compared to those
established on sedimentary parent materials. In order to intensify production
and increase yields while conserving the environment, one important meas-
ure to consider is the replacement of aged palms, and the recommended op-
timal replanting age in coastal plains of southwest Cameroon should be at
most 23 YAP. Estimated mean yields, if aged palms are replanted on time,
can increase by 43% - 65%. Additionally, site-specific nutrient management
options should be considered in plantation intensification programs.
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1. Introduction

African oil palm (Elaeis guineensis Jacq.) is a perennial oil-producing plant, in-
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digenous to West Africa and happens to be the most productive vegetable oil
crop. Annual global production is more than 35 million metric tons of palm oil
with Malaysia and Indonesia contributing >80% of global production [1]. Dur-
ing the past decade, the total area under production was about 14 million hec-
tares [2]. Between 2000 and 2012, the global oil palm planting area increased
from 10 to 17 million hectares [3], following the conversion of most tropical fo-
rests, pastures and peatlands. Consequently, global oil palm expansion has been
a major driver of deforestation, severe loss of biodiversity [4] [5] and greenhouse
gas emissions [6]. Additionally, ecosystem functions (such as soil erosion pre-
vention, water regulation and water supply, climate regulation and mitigation of
extreme events, etc.) are greatly reduced following the conversion of natural fo-
rests to oil palm plantations [7]. The rapid expansion of oil palm planting areas
and the high quantities of oil palm production have been due to increased de-
mand of palm oil for food, industrial transformations, and biofuel production
[8], and also because it is the least expensive of all vegetable oils. The oil palm is
the most productive oil crop in terms of oil yield per hectare and resource use
efficiency due to its high efficiency at transforming solar energy into vegetable
oil [9]. The average yield of palm oil is approximately 4.2 t-ha™-yr™!, with yields
exceeding 6.0 t-ha™"-yr™" in the best-managed plantations. Oil palm yields are far
greater than those of vegetable oils such as rapeseed and soybean that produce
only 1.2 and 0.4 tha™'.yr™’, respectively [10]. However, optimal oil palm yields
are hardly achieved in both smallholder farms and agro-industrial estates due to
several factors that cause yield gaps. Although Cameroon has very favourable
environmental conditions (climate and soil) for achieving optimum oil palm
production, actual yields are far below the potential yields. For example, as of
2012, Cameroon recorded a total production of 230,000 t of crude palm oil
(CPO) from approximately 190,000 ha exploited by both agro-industries and
small/medium holdings [11], giving approximately 2.6 t-CPO-ha™'. Considering
smallholders only, oil palm yields hardly exceed 1.0 t CPO-ha™".yr™". It has also
been reported that agro-industries in Cameroon such as the Cameroon Devel-
opment Corporation (CDC) and PAMOL plantation Plc hardly produce 2
t-CPO-ha™"-yr™' meanwhile smallholders in Indonesia reach much better yields of
3.0 to 3.5 t:CPO-ha™"-yr™' [12]. The low yields in oil palm have rendered Came-
roon a net importer of palm oil due to the high national demand, mostly for in-
dustrial transformation (especially in soap production). From 1999 to 2004, the
import of vegetable oils increased by 366% with palm oil accounting for 55% of
the imports [13]. Again, imported CPO in Cameroon increased from 16,000 tons
in 2016 to 95,000 tons in 2017 [14].

Faced with the challenge of achieving optimum oil palm yields, it is impera-
tive to identify factors causing the yield gaps in order to generate information
required to guide on appropriate management strategies that will increase oil
palm yields and sustain production. According to Ruiz et al. [15], a gap in crop

yield is defined as the difference between yields obtained by producers in their
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own particular conditions and the potential yield. Potential yield refers to what
should be obtained if there were no limiting factors regarding crop management
[16]. Different factors create yield gaps in oil palm, including climate constraints,
soil constraints, planting materials and their characteristics, and adoption of dif-
ferent technologies [15]. An extensive review of factors contributing to oil palm
yield gaps has been done by Woittiez et al. [17], wherein four production le-
vels have been distinguished; the potential, water-limited, nutrient-limited,
and the actual yield. According to Woittiez et al [17], closing these yield gaps
could increase global production by 15 - 20 Mt-oil-yr™, which would limit the
drive for further area expansion at a global scale, and hence limit the negative
consequences of deforestation.

In Cameroon, many factors contribute to declining oil palm yields, including
climatic variations [18] [19] [20], inappropriate plantation management, limited
inputs (fertilizers), labour shortage, pests and diseases [11], and the continued
exploitation of old plantations (>25 years) [21]. While most of these studies have
focused on the influence of climatic factors on oil palm yields, little or no studies
are available for explaining how plantation age influences oil palm yields in Ca-
meroon. In Malaysia and Indonesia, such investigations have been carried out
extensively and the findings have been very useful in identifying the optimal age
for oil palm replanting. With regards to oil palm age and productivity of fresh
fruit bunch (FFB), Fairhurst and Griffiths [22] have identified four yield phases;
1) the immature or “yield building” phase, 2 - 3 years after planting (YAP), be-
fore harvestable production begins and when canopy is not yet closed; 2) the
young mature phase or “steep ascent yield phase”, 4 - 7 YAP, when leaf area and
yield increase linearly; 3) the mature or “plateau yield phase”, 8 - 14 YAP, when
yield and leaf area are stable; and 4) a phase of yield decline, 15 - 25 YAP, when
leaf production rate and bunch number decreases. Under favourable conditions,
the young mature phase (4 - 7 YAP) can produce 10 - 15 t-FFB-ha™, while typical
commercial yields can reach 25 - 30 t-FFB-ha™' in well-managed plantations [17].
According to Butler et al. [2], average production of FFB yield in Sumatra ranges
from 17 tha™' (low-yield scenario) to 20.5 t-ha™" (high-yield scenario), based on
estimates from average FFB yields in Indonesia and Malaysia. Additionally, FFB
yields increase from 5.9 t-ha™ in the third year of planting to 21.9 t-ha™ in the
ninth year, before decreasing to about 12.1 t-ha™ in the 25th year, under the low
yield scenario [2]. Under the high-yield scenario, FFB yields increase from 7.1
t-ha™ in the third year of planting when palm trees reach maturity to 26.4 t-ha™
in the ninth year, before decreasing to 14.6 t-ha™' in the 25th year. Based on the
aforementioned yield phases, optimal replanting age for oil palm can be estab-
lished in order to maximize yields per unit area. In general, one life cycle of oil
palm is 25 years [23] [24], after which the harvest becomes too complex and ex-
pensive as soon as the palms are too high—hence palms are felled and another
crop cycle is initiated [23]. During the life cycle, potential yield varies between

18 - 30 t-ha™' of FFB under suitable agro-climatic conditions [25]. From an eco-
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nomic point of view, Faris [26] reported that the optimum age of replanting
corresponds to the time when the marginal net revenue in year of the present
stand is equal to or exceeds the amortized value of net revenue in year of the
second stand. Thus, the optimum replanting age depends on the price of FFB,
cost to establish and maintain new palms, technology that changes the yield pro-
file, and the discount rates adopted.

Although the useful life of a palm tree with respect to fresh fruit bunch (FFB)
production has been established by different authors, a common practice in
most oil palm plantations and small farm holdings in Cameroon is the non re-
spect of age limit required for renewing aged plantations. This practice is more
pronounced on soils with high fertility status. As a result, FFB yields are low and
continue to decline even on volcanic soils which are generally fertile. Increase in
oil palm production is now synonymous with the opening of new farmlands de-
spite numerous environmental consequences associated with it. Additionally,
there is an existing myth that very old palms can be productive and profitable on
fertile soils. The objective of this study was to generate information required to
guide plantation management in relation to replanting on soils derived from
different parent materials. More specifically, the study aimed to identify the age
range of plantations, to establish age-FFB yield relationships and to ascertain the

age limit of a palm tree for optimum productivity.

2. Materials and Methods

2.1. Location and Description of Study Area

The study was carried out in the lowland plains of Southwest region of Came-
roon, a region constituting the major oil palm growing areas of the country.
Considering climatic and soil suitability, the area is in general suitable for oil
palm cultivation and growth [27] [28] and can thus be considered a representa-
tive sample of oil palm cultivation in the oil palm belt of Cameroon. The sam-
pling areas consisted of oil palm plantations of the Cameroon Development
Corporation (CDC), situated within lowland plains surrounding the Cameroon
Mountain (Figure 1). Most of the major oil palm plantations of Southwest Ca-
meroon are a threat to important forest and wildlife reserves of Central Africa
such as the Bakossi mountains national park, the Rumpi Hills wildlife reserve,
the Korup National park, the Banyang-Mbo wildlife sanctuary and the Nta-Ali
forest reserve, this as a result of their continued expansion. Oil palm plantations
established in some parts of these protected areas have resulted in great loss in
biodiversity and disturbance of the livelihood of the local population. Recently,
some giant oil palm expansion projects have been launched in the area, and if
allowed to be carried out, will lead to severe loss of forest and biodiversity. Ac-
cording to the Koppen climate classification, the area has the equatorial climate
type (Am), precisely the Cameroon type, which is quite hot and humid, charac-

terized by the existence of two distinct seasons—one wet (rainy) season (March
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to October) and a comparatively short dry season (November to February). The

dominant type is the mountain Cameroon type where rainfall is very high with

more than 2000 mm annual rainfall. Rainfall varies greatly across the different

sites due to the influence of the Cameroon Mountain, the Atlantic Ocean and

the north-easterly winds from the Sahara, commonly known as the Harmattan

[29].

Mean annual temperature is slightly different across the various sites, ranging
between 25°C and 26°C (Table 1). Relative humidity is high, generally exceeding
80%. The reference soil groups (IUSS/FAO/ISRIC WRB) in the study area con-
sist of Andosols, Leptosols, Haplic and Rhodic Nitisols, and Ferralsols [30].

These soil groups fall under the soil orders Andisols, Entisols, Alfisols, Ultisols

and Oxisols, respectively, following the U.S. Soil Taxonomy. Soil parent material

within the area is mainly sedimentary and volcanic in nature and is highly va-

ried, including basaltic lavas, recent alluvial deposits, old and recent volcanic ash

deposits.
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Figure 1. Topographic map showing location of the study sites in Southwest Cameroon.

Table 1. Biophysical characteristics of study sites.

Biophysical
characteristics Mondoni Debundscha
Rainfall (mm) 3021 9099
Min. Temp. (°C) 22.2 22.4
Max. Temp. (°C) 29.8 28.8
Mean Temp. (*C) 26 25.6
Dominant Superﬁcial Tertiary ap.hyric
X alluvial basalt with
parent material . . .
sediments trachyte intrusions
Dominant soil
ominant sot Inceptisols Andisols, Inceptisols

orders (US Taxonomy)

Oil palm estates

Bota Mungo Idenau Illoani-Boa
3517 2085 8332 3470
21.6 22.8 21.5 22.0
30.2 29.4 29.1 30.1
25.3 26.1 25.6 26.1
Tertiary aphyric Mio-pliocene Basalt + Quaternary  Superficial
basalt with coastal volcanic ash alluvial
trachyte intrusions sediments and lapilli sediments
Entisols, Inceptisols, Andisols, Entisols, Entisols,
Ultisols Inceptisols Inceptisols Ultisols
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2.2. Source of Data and Statistical Analysis

Due to lack of reliability of smallholder oil palm yield data, yield data (measured
in t-ha™ of FFB) and corresponding age of plantations (in years after planting,
YAP) was obtained for different oil palm estates of the Cameroon Development
Corporation (CDC) in the Southwest region of Cameroon. The estates were
Mondoni, Debundscha, Bota, Mungo, Idenau and Illoani-Boa. Yield data was
mostly recorded on a monthly basis. The data included yields recorded from
2005 to 2017.

The data was subjected to descriptive analysis in order to appreciate mean
values, range in yields, variation in yields, etc. For a particular study site, simple
and polynomial regression analysis was performed to appreciate the relationship
existing between yield and plantation age. Correlation analysis was performed to
measure the strength of the relationship existing between yield and age. In order
to further appreciate the relationship existing between yield and age, yield data
was grouped according to different age classes as defined by [25]. These classes
included: young trees (3 - 8 YAP), prime (9 - 18 YAP), ageing (19 - 23 YAP) and
old (>23 YAP). Variability in oil palm yield within each of the classes was eva-
luated using the coefficient of variation (CV). Various oil palm plantations were
grouped according to the dominant soil parent materials (mainly sedimentary
and volcanic) in order to investigate the influence of parent material on oil palm

yield.

2.3. Estimation of Oil Palm Yield Gaps

Yield gaps in the various sites were quantified as the ratio of real or actual yield
obtained with respect to potential yield, expressed in percentage (Equation (1))
[15].

Actual (real) yield (in ¢ of FFB-ha™')

Yield gap (%)=
(%) Potential yield (in t of FFB-ha’l)

x 100 (1)

Potential yield in southwest Cameroon was obtained from Feintrenie et al
[31]. According to the latter, taking into consideration climatic, topographic,
pedological and management (conventional cropping practices and required fer-
tilization, etc.) conditions of the entire study area (Southwest region of Came-
roon), potential yields are estimated between 12 (minimum) and 25 (maximum)
t-ha™"yr~'. Rating of oil palm yields in southwest Cameroon was established as
follows: Low (<12 t-ha™), Intermediate (12 - 25 t-ha™') and High (>25 t-ha™).

3. Results

3.1. Relationship between 0il Palm Yield and Plantation Age

Descriptive statistics of oil palm yield data and age are shown in Table 2. From
2005-2017, oil palms aged between 3 and 59 years were harvested from different
plantations across the study area. In general, the actual yields are very low,
ranging from 0 to 21 t-FFB-ha™ (mean = 7.70 + 0.23 tFFB-ha™) across all sites
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with a standard deviation of 4.58 t-FFB-ha™'. Among the various sites, the oldest
oil palm plantations are located in Bota (having plantations of up to 59 YAP),
Mungo (up to 48 YAP) and Mondoni (up to 45 YAP). It is observed that oil
palm yields show very great variation (CV > 35%). From the yield data, it ap-
pears that the highest mean yields are obtained from estates with ages < 38 YAP.
Results of correlation analysis showed that in all sites, there was a significant
correlation between FFB yield and age (Table 3). There was a significant nega-
tive correlation between tree age and yield in Mondoni, Bota, Mungo and Idenau
(p < 0.05), while the relationship was positive in Debundscha (p < 0.01) and II-
loani-Boa (p < 0.05) estates.

The positive relationships observed in Debundscha and Illoani-Boa can be ex-
plained by the fact that the two sites have exploitable plantations with a maxi-
mum age of 34 YAP and 32 YAP, respectively. Additionally, most of the yields
obtained in these two sites increase gradually with age up to about 20 YAP, after
which yields drop slightly (varying between 5 and 10 t-ha™) (Figure 2). In the
other sites (Mondoni, Bota, Mungo and Idenau), yield increases gradually with

age up to about 20 YAP, and then drops sharply afterwards (<7 t-ha™).

Table 2. Descriptive statistics of oil palm yield data (t-ha™) and plantation age (YAP).

Estates Variables Minimum Maximum Mean + SE Std. Dev  CV (%) Skewness + SE Kurtosis + SE
Mondoni  Plantation age (YAP) 3 45 1909142 1463 7623  0.68+024 -1.26+0.47
(n'=106) FFB Yield (tha™) 1.00 21.20 7.60 + 0.41 421 55.39 0.63 +0.24 0.08 + 0.47

Debundscha  Plantation age (YAP) 1 34 11.61 £ 0.73 7.55 65.03 1.12£0.24 1.12 £ 047
(n = 106) FFB Yield (tha™) 0.00 20.00 9.48 +0.48 4.96 5232 -0.29+0.24 ~0.51 + 0.47
Bota Plantation age (YAP) 3 59 29.70 £2.01 18.15 61.11 -0.07 £ 0.27 -1.55+0.53

(n=81) FFB Yield (tha™) 0.29 19.97 5.54 + 0.45 4.05 73.10 1.18 £ 0.27 1.27 £ 0.53

Mungo Plantation age (YAP) 4 48 20.98 £2.22 15.72 74.93 0.63 + 0.34 -1.28 £ 0.66

(n = 50) FFB Yield (t-ha™) 0.83 16.07 6.31 £ 0.58 4.11 65.15 0.70 + 0.34 —-0.43 £ 0.66

Idenau Plantation age (YAP) 3 37 17.87£2.05 1158 6479  025%041 -1.42+0.81

(n=32) FFB Yield (t-ha™) 2.84 16.12 8.89 + 0.62 3.52 39.56 0.32 £ 0.41 -0.79 £ 0.81

Iloani-Boa  Plantation age (YAP) 4 32 15.75 £ 1.64 8.68 5512 -0.06+044  -125%0.86

(n=28) FFB Yield (tha™) 1.57 18.60 8.74 + 0.87 4.59 52.50 0.15 + 0.44 —0.68 + 0.86

All sites Plantation age (YAP) 1 59 19.19+074 1486  77.60  0.86%0.12 ~0.55+0.24
(n=318) FFB Yield (tha™) 0.00 21.20 7.70 +0.23 458 57.19 0.38 +0.12 ~0.57 + 0.24

Notes: SE, standard error; Std. Dev., standard deviation; CV, coefficient of variation.
Table 3. Correlation between oil palm yield (t-ha™) and plantation age (YAP).
Estate Mondoni Debundscha Bota Mungo Idenau Illoani-Boa Total
N 106 106 81 50 32 28 403
r —-0.300** 0.200* —-0.508** —0.494** —0.454** 0.500** —0.341**
Notes : **, Correlation is significant at the 0.01 level (2-tailed); *, Correlation is significant at the 0.05 level (2-tailed).
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Figure 2. Relationships between FFB yield and plantation age in various estates:
(a) Debundscha, (b) Mondoni, (c) Mungo, (d) Bota, (e) Boa-Illoani, (f) Idenau.

The relationships between age and yield (Figure 2) revealed that plantation
age could explain between 20.6% and 58.0% of the variation in oil palm yield.

Woittiez et al. [32] investigated the influence of plantation age (measured in
YAP), location (contrasting soil types) and tissue nutrient concentrations in leaf
(N, P, K, Mg, and Ca) on vegetative growth and oil palm yield. In their results, a
full model explained 64% of the variation in vegetative growth meanwhile 56%
of the variation was explained by location and palm age only, with palm age
having a significant negative effect on yield.

As concerns yields in different age classes, it was observed that young planta-
tions (3 - 8 YAP) produced average oil palm yields of 6.91 t-ha™', prime (9 - 18
YAP) produced an average of 11.52 t-ha™', ageing (19 - 23 YAP) produced an av-
erage yield of 8.67 tha™ and the old plantations (>23 YAP) produced on average
4.66 t-ha™" (Figure 3 & Table 4).

These results are in concordance with the observations reported by Euler et al.
[33]. However, the yields in various classes are very low compared to the poten-
tial yields. In all sites, actual yields are far smaller than the minimum potential
yield of 12 tha™.

3.2. Estimated Yield Gaps in Oil Palm

The average yield gap for different estates is shown in Table 5, while the yield

gaps in the different age classes are shown in Table 6. In general, yields in all es-
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tates were declared low (<12 t-ha™'). Debundscha estate had the lowest yield gap
(37.9%), followed by Idenau (35.6%) and Mondoni (30.4%). As concerns yield
gaps in different age classes, all yields were also low (<12 t-ha™) with respect to
the potential yields. The prime age class (9 - 18 years) had the lowest yield gap of
46.08%. In the central region of Columbia, Ruiz ef al. (2017) observed that 50%
of prime plantations (6 - 10 years) had high yields (>33 t-ha™), 43% had inter-
mediate yields (21 - 33 t-ha™") and only 7% had low yields (<21 t-ha™). As con-
cerns ageing plantations, Ruiz et al. [15] reported that more than 50% of ageing
plantations (>16 years) had high yields (>33 tha™).

3.3. Influence of Soil Parent Material on Oil Palm Yield

The relationship between oil palm yield and plantation age grouped under vol-
canic and sedimentary parent materials is shown in Figure 4. Mean yields in the
two areas were significantly different at the 95% confidence interval (t = 3.704,
p < 0.05). The average yield on volcanic parent materials is 7.94 + 0.32 t-ha™
(standard deviation = 4.79 t-ha™'), while the average yield in plantations located
on sedimentary parent materials is 7.43 + 0.32 t-ha™ (standard deviation = 4.30
t-ha™). In both sites, there was a significant negative correlation between planta-
tion age and yield at the 99% confidence interval (r = —0.379** for plantations on
volcanic parent material and r = —0.287** for plantations on sedimentary parent
material), indicating that yields decrease with increase in plantation age. In
plantations located on sedimentary parent materials, plantation age explained
more than 40% in the yield variation, compared to about 24% in sites with vol-
canic parent materials, following a quadratic model. Coefficient of variation was
very high for yields obtained in both sites (>50%).

Table 4. Descriptive statistics of oil palm yield (t-ha™') for different age classes in all sites.

Age class Minimum Maximum Mean + SE Std. Dev. CV (%) Skewness + SE Kurtosis + SE
Young (3 - 8 years) (n = 124) 0.00 20.00 6.91 + 0.41 4,51 65,27 0.73 £0.21 0.12 £ 0.43
Prime (9 - 18 years) (n = 119) 3.00 21.20 11.52 £0.29 3,25 28,21 0.26 + 0.22 0.26 + 0.44
Ageing (19 - 23 years) (n = 38) 2.30 14.45 8.67 £ 0.53 3,26 37.60 -0.24 £ 0.38 -1.01 £0.75
Old (>23 years) (n = 117) 0.00 16.30 4.66 +0.28 3,05 65.45 1.42 £0.22 2.93 £ 0.44

Table 5. Average yield gap (%) and yield rating in different oil palm estates.

Estate Mondoni
Yield gap (%) 304
Rating Low

Debundscha Bota Mungo Idenau Illoani-Boa
37.9 22.2 25.2 35.6 18.36
Low Low Low Low Low

Table 6. Average yield gap (%) and yield rating in different age classes.

Yield gap (%)

Age class Young (3 - 8 YAP) Prime (9 - 18 YAP) Ageing (19 - 23 YAP) Old (>23 YAP)
26.76 46.08 34.68 18.64
Low Low Low Low

Rating
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Figure 3. Variation in oil palm yield across different age classes in the study area.
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Figure 4. Relationship between plantation age and oil palm yield on different soil

parent materials. (a) Plantations on volcanic parent materials, (b) Plantations on
sedimentary parent materials.

As concerns mean yields obtained in different age classes from the two loca-
tions, it was observed that except for old plantations, all age classes (from young
to ageing) had higher yields in plantations located on volcanic parent materials
compared to those on sedimentary parent materials. The difference in mean
yields was however significant at the 95% confidence interval only in the young
phase (t = 3.724, p = 0.000). The prime phases in both areas had medium coeffi-
cients of variation (between 15% and 35%), indicating that yields are more stable
during this phase of oil palm growth compared to other phases. In general, the
coefficient of variation was high (>35%) in all phases of plantations established
on volcanic and sedimentary parent materials. Normality plots of FFB yield in
the various age classes showed that the data was not normally distributed in the

young and old phases (Figure 5 and Figure 6). The median yields in all age
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classes were higher in plantations located on volcanic parent materials compared

to those on sedimentary parent materials (Table 7).
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Figure 5. Variation in oil palm yield across different age classes in
plantations located on volcanic parent materials.
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Table 7. Descriptive statistics of oil palm yield (t-FFB-ha™) in different age classes for plantations in different locations.

Plantations on volcanic ash parent materials Plantations on sedimentary parent materials

Young

Prime Ageing Old Young Prime Ageing Old

Mean + SE 7.92 + 0.62

Median 6.92
Std. Dev. 5.04
CV (%) 63.62
Minimum 0.00
Maximum 20.00

Skewness + SE 0.53 £0.29

Kurtosis + SE —-0.36 £ 0.58

11.71 £0.39 8.93 £0.71 4.35+0.37 5.77 £ 0.46 11.29 £ 0.46 8.26 £ 0.79 5.01 £043

11.35 9.60 4.19 5.10 10.45 8.50 4.10
3.11 3.42 2.89 3.54 3.42 3.07 3.20
26.52 38.32 66.64 61.37 30.29 37.13 63.90
2.98 3.07 0.00 0.83 4.21 2.30 1.20
18.80 14.45 15.65 16.02 21.20 12.40 16.30

-0.05 = 0.30 -0.23+0.48 1.06 =0.30 0.59 £ 0.31 0.56 + 0.32 —0.42 +0.58 1.74 £ 0.32

0.39 £0.59 -1.23+0.94 2.39%0.59 -0.29+0.62 0.39 +0.63 -0.52 £ 1.12 3.27 £ 0.63

Notes: SE, standard error; Std. Dev., standard deviation; CV, coefficient of variation.

4. Discussion

4.1. Influence of Plantation Age and Soil Parent Material on Oil
Palm Yield

The high yield gaps observed in oil palm plantations of Cameroon are due to a
combination of different factors such as inappropriate soil fertility management,
the impact of pests and diseases, and other factors among which plantation age
contributes from 20% to 50% in yield variation. In Andhra Pradesh (India), La-
tha et al [34] observed that 50% of 5 years old plantations produced 10 - 15
tha™ of FFB, while 78% of 9 years old plantation produced more than 20 t-ha™
and in 24 years old plantation, 66% of palms recorded more than 30 tha™ of
FFB. The low yields and large yield gaps observed in southwest Cameroon com-
pared to other parts of the world such as Malaysia and Indonesia is a clear indi-
cation that oil palm production needs to be intensified in order to produce ac-
ceptable yields. The first measure to intensify oil palm production and limit de-
forestation should be the replacement of old palms. From Figure 2 and Figure
3, it is suggested that, based on yields observed at various ages, the oil palm rep-
lanting age should be 23 YAP. With respect to the influence of plantation age on
oil palm yield (over a 25-year period), a comparison of our results with those
from other studies (as reviewed by [17]) indicates that mean actual yields in
southwest Cameroon are about 2 - 3 times lower than actual yields elsewhere
and about 4 times lower than nutrient/water limited yields and potential yields.
The plantations located on volcanic parent materials have more fertile young
volcanic ash (mineral) soils which are richer in plant nutrients, compared to
those with highly weathered soils found on old coastal sediments, this as a result
of the presence of more weatherable primary minerals present in young volcanic
soils. In general, soil minerals influence soil fertility and crop growth by control-
ling the release and supply of nutrients and by influencing soil physical proper-

ties.
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Soil physical properties (such as texture, structure, drainage, porosity, effec-
tive soil depth) and chemical properties (such as soil pH, C content, N content, P
content, CEC, base saturation and exchangeable bases) as influenced by parent
material, have a direct influence on plantation management and yield [35].
Woittiez et al [17] also reported that oil palm growth and yield greatly depends
on the potential of the soil parent material. Apart from the influence of soil type
on yield, the areas with volcanic parent materials also witness a well distributed
rainfall pattern throughout the year with mean annual rainfall exceeding 8000
mm. It is therefore evident that in addition to plantation age, soils developed
from volcanic parent materials, alongside high amounts of rainfall favour oil
palm yields. According to [17], soil type (parent material) and rainfall are major
contributing factors to the water-limited yield in oil palm. Although we did not
measure the soil water holding capacity of the soils, it appears that the planta-
tions located on sedimentary parent materials (mostly alluvial sediments) suffer
from impeded drainage due to high water table at some periods of the year (field
observation), especially in the Boa plain (Illoani-Boa estates). Henson et al. [36]
observed that impeded drainage as caused by high water tables can significantly
reduce oil palm yields (20% - 30% vyield loss) by affecting net photosynthesis,
stomata conductance and transpiration. Lee and Ong [37] observed that water
logging in low-lying areas can cause the death of up to 75% of immature palms.

The lateral movement of soil water as influenced by a high water table can also
influence plant nutrient availability. On the other hand, the plantations located
on volcanic parent materials have soils with good drainage, which favours the
growth of palms. Based on the type of parent material, specific measures such as
water drainage can be used to improve on the soil condition so as to favour oil
palm growth and productivity. According to Chuah and Lim [38], drainage of
frequently flooded plantations can increase fresh fruit yield by >5 t-ha™.

4.2. Closing Yield Gaps through Oil Palm Replanting

Estimated yield recovery through oil palm replanting (assuming similar man-
agement type) is shown in Table 8. With the exception of plantations in Illoa-
ni-Boa, results indicate that replanting of oil palm trees after 23 years of exploi-
tation is beneficial in terms of yield output. Estimated mean yields obtained if
old oil palms were replanted can increase by 43% - 65% compared to the current
yields obtained from the old plantations. In Bota, Mungo and Idenau, the yield
difference is significant (p < 0.05). Although the yield difference is insignificant
in Mondoni and Debundscha, yields can be increased by 46.28% and 43.08%,
respectively, if old palms are replanted. Jalani et al [39] reported that one of the
immediate strategies to increase oil palm yields in Malaysia is through the iden-
tification of the optimal age profile and then the establishment and practice of a
replanting program. With yield gaps ranging between 1.0 and 2.4 tha.yr of
palm oil observed in Malaysia, one of the best measures adopted to close the

yield gaps has been the replanting of more than 200,000 ha of palms exceeding
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Table 8. Comparison of yields obtained from old plantations and those estimated if replanted on time (23 YAP).

Estate Mondoni Debundscha Bota Mungo Idenau Illoan-Boa

Age of oldest plantations as of 2017 45 34 59 48 37 32
No. of years in excess of optimal

. 22 11 36 25 14 9
replanting age (23 YAP)

Mean yields obtained in plantations 477 473 366 277 701 1231
with age > 23 YAP (t-FFB-ha™) ’ ’ ’ ’ ’ ’
Estimated mean yield increase if

N 8.88 8.31 7.93 7.98 11.04 5.86
trees were replanted 23 YAP (t-ha™)
t value 1.165 —2.425 4.919 2.965 2.375 —4.020
probability 0.253 0.051 0.000* 0.010* 0.042* 0.010*
Yield increase through replanting (%) 46.28 43.08 53.85 65.29 34.69 —52.40

Notes: * Mean values are significantly different at p < 0.05.

25 years old using new planting materials [39]. Additionally, replanting, as a
means of increasing oil palm yields, appears to be a prioritized management
technique in Malaysia given that oil palm expansion from suitable to marginal
lands (such as hills and peatlands) is highly discouraged. Still in Malaysia, it has
been estimated that yields can be increased by about 45% if oil palm cultivation
can be done exclusively on suitable lands with old oil palms (>25 years) rep-
lanted such that 15% of the land is covered with the immature phase (<3 YAP) at
any one time [40]. Recently in Indonesia, the government has launched huge
replanting programs as a measure for intensifying oil palm yield while conserv-
ing the environment. Afriyanti et al. [41] reported that although oil palm rep-
lanting with good planting materials is a sure means of reaching potential yields
(27 - 38 t-FFB-ha™) in Indonesia, this may not be the case with smallholders due
to the very high costs required for replanting, which they cannot afford. Not-
withstanding, replanting proves to be an effective means of increasing oil palm

yields without necessarily increasing the cultivation area.

5. Conclusion

This study investigated the quantitative relationship between oil palm age and
yield, and the influence of location (parent material) on oil palm yield. The re-
sults indicated that oil palm age has a significant effect on yield and accounts for
at least 20% in the variation of yield. Additionally, there was also a significant
difference in oil palm yields within the different locations, with the highest yields
obtained on volcanic parent materials. The very low yields (<12 t-FFB-ha™') and
the large yield gaps observed necessitate urgent measures for plantation intensi-
fication in order to increase yields and sustain production. One of the urgent
measures needed to increase yields while conserving the environment, is the
replanting of aged plantations (=23 YAP), while considering other management
techniques such as appropriate fertilization, management of pests and diseases,

soil water management, etc. Further studies are needed to investigate the com-
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bined influence of other factors (such as soil nutrient status) alongside oil palm
age, on oil palm yield. Additionally, studies are necessary to capture the scenario
in smallholder plantations, given that smallholders constitute a very important
component of the oil palm industry in Cameroon. Further studies are also re-
quired to investigate the economic implications (in monetary terms) of the

recommended optimal replanting age.
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