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Abstract 

The ever-increasing demand for vegetable oils with its products in Uganda, calls for new areas to be put under 
oil palm cultivation. A study was conducted to investigate the agronomic suitability of oil palm cultivation in six 
areas located within a 30 km radius off-shore, on the island and more than 30 km radius off-shore on the 
mainland. The experiment was superimposed on 45 × 45 m plots in oil palm adaptive trial plantations established 
in 2008 in Bugiri, Mayuge, Buvuma, Mukono, Kibaale and Masaka districts. The experiment was laid out in a 
randomized complete block design with three replications. Data on number of oil palm bunches, bunch weight 
and yield was collected while climatic data (rainfall, temperature, relative humidity and radiation) was acquired 
from meteorological stations near the experimental locations. Rainfall data analyzed and dry season duration 
suggested that Mayuge, Masaka, Mukono, Buvuma and Kibaale were moderately favorable for oil palm growing, 
while temperature and radiation data indicated that all study locations were suitable for oil palm growing. 
Furthermore, based on relative humidity, Buvuma, Mayuge and Bugiri were suitable for oil palm cultivation but 
Kibaale, Masaka and Mukono were moderately suitable. Oil palm yield varied significantly (P < 0.05) across 
locations. The yield was much greater in Mukono (17.7 t/ha/yr) followed by Buvuma (13.8 t/ha/yr) and Kibaale 
(12.9 t/ha/yr) then Mayuge (10.7 t/ha/yr), Bugiri (10.2 t/ha/yr), and Masaka (10.3 t/ha/yr). The significantly high 
yield of oil palm observed in Mukono was attributed to the high rainfall received in this location. Based on 
research findings, Mukono, Masaka, Bugiri, Buvuma, Kibaale and areas within the 30 km radius of Lake 
Victoria are agronomically suitable for oil palm cultivation.  
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1. Introduction 

Oil palm, Elaeis guineensis is widely cultivated in South-East Asia, Latin America and Africa (Euler et al., 2016). 
As of 2018, worldwide palm oil usage had surpassed 30% of global vegetable oil consumption making palm oil 
the most consumed vegetable oil (USDA, 2019). Palm oil like in other countries is a stable supply of 
much-needed vegetable oils in Uganda. This is because oil palm produces the most oil per unit area of any 
vegetable oil crop (Pegah & Wataru, 2020). Based on its importance in the vegetable oil sector, the Ugandan 
government introduced oil palm production in 2001 with the goal of increasing local vegetable oil production, 
improving access to affordable vegetable oil products for Ugandan consumers, and providing income sources for 
smallholder farmers (IFAD, 2012).  

The first commercial oil palm growing in Uganda started in 2005 on Bugala Island in Kalangala district (MAAIF, 
2016). This initiative was a government intervention (import substitution), as a remedy to reduce on foreign 
exchange spent on importing crude palm oil into Uganda (NOPP, 2020). Currently, 11,484 ha of oil palm 
cultivated on Bugala island yields about 40,000 metric tonnes of crude palm oil annually (Ddamulira et al., 
2020). This is still far below the current country demand of 410,000 metric tonnes of crude palm oil. Oil palm 
expansion on Bugala Island is no longer possible because the island reached its biological capacity in terms of 
oil palm trees that could be sustainably planted without negatively impacting its ecosystem (NOPP, 2018). Hence 
the need for oil palms expansion to be relocated to other parts of the country.  

Because of the land scarcity on Bugala Island for future oil palm growth and expansion, it is necessary to assess 
new sites outside the island (off-shore) where oil palm could favorably be grown. Other islands, such as Buvuma, 
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and places within a 30-kilometer radius of Lake Victoria (Bugiri, Mayuge, Masaka, and Mukono) are also 
prospective areas with potential for oil palm cultivation due to the lake’s effect on their climatic conditions. 
However, the potential for such probable oil palm growing sites had yet to be established (Ddamulira et al., 
2020). Furthermore, distant off-shore places like Kibaale, whose climate is similarly impacted by Lake Albert, 
were recommended as potential oil palm-producing areas; however, no research had been conducted to validate 
their agronomic appropriateness. 

However, a number of agronomic and climatic factors affect successful oil palm cultivation (Fleiss et al., 2017; 
Masika et al., 2020), and these variables vary depending on regions (Carr, 2011; Henson & Harun, 2005). The 
main aim of this study was to determine the effect of agronomic and climatic factors on oil palm yield 
performance in Bugiri, Mayuge, Buvuma, Masaka, Mukono, and Kibaale so that expansion decisions could be 
made by policy makers. It was further hypothesized that oil palm yield did not significantly differ in different 
study locations and the agronomical feasibility of these regions for future oil palm production in Uganda was 
confirmed through experimental assessments. 

2. Materials and Methods 

2.1 Study Sites 

The experiment was carried out at six locations: Mayuge, Bugiri, Masaka, Buvuma, Mukono, and Kibaale. These 
locations represented three micro-ecologies: 1) Off-shore lakes within a 30 km radius of Lake Victoria (Mukono, 
Mayuge, Bugiri, Masaka); 2) Lake Victoria islands (Buvuma); and 3) Off-shore locations more than 30 km from 
the Lake (Kibaale). The climatic conditions for each location are shown in Table 1. However, briefly, all the 
areas receive a bi-modal rainfall pattern with the first rains between March to June, and the second rains between 
August and November. However, Buvuma, one of the island research locations receives moderate rainfall even 
during dry season.  

2.2 Experimental Design 

The oil palm plantations in Bugiri, Mayuge, Masaka, Mukono, Buvuma, and Kibaale where the experiment was 
superimposed were established in 2008 as research trials. The trials were planted with hybrids (TAN AVROS: a 
cross between the Dura and Pisifera lines) from Nigeria that are cold-resistant. The trials at six locations were 
planted in triangular manner at spacing of 9 × 9 m distance. For this study experimental plots measuring 45 × 45 
m were superimposed on existing oil palm plantations in six locations in random complete block design with 
three replications.  

2.3 Agro-meteorological Assessment 

The assessment of the climatic parameters for the growth of oil palm was done using secondary weather data. 
From 2017 to 2021, the research team collected the required climatic and yield data for the study sites. The 
climatic data especially annual temperature, rainfall, relative humidity, and radiation for all the study sites were 
downloaded from the knowledge database (http://www.worldclimate.com) and these were validated with data 
collected from national meteorological stations that where within 50 km radius of the study sites. The data 
downloaded was compared with established climatic data regimes which have been established as optimum for 
oil palm growth and development.  

2.4 Soil Nutrient Analysis 

In each field of the six study sites, 10 soil samples were randomly taken at a depth of 0-60 cm and used to 
determine the nutrient quality of soil in the experiment sites. Five samples were created by combining the 
samples from the same field and then taken to the laboratory at the department of soil science, Makerere 
University for analysis. In order to prepare the composite soil samples for routine measurement of texture, pH, 
organic matter (OM), total nitrogen (N), exchangeable calcium (Ca), magnesium (Mg), and potassium (K), 
accessible phosphorus (P), and nitrates in triplicates, the soil samples were air-dried, crushed, and passed through 
a 2-mm sieve. The soil pH was tested using the glass electrode method with a soil to water ratio of 1:2.5, and the 
texture was evaluated using the hydrometer method. Using the micro-Kjeldahl technique, soil total nitrogen was 
calculated (Anderson & Ingram, 1993). Olsen’s technique (Olsen & Sommers, 1982) was used to extract the 
soil’s readily accessible Phosphorus. A flame photometer was used to measure potassium, while an atomic 
spectrophotometer was used to measure exchangeable calcium and magnesium (Okalebo, 2002).  

2.5 Oil Palm Field Management 

When the field was established in 2008, NPK fertilizer in the ratios 13-8-27+0.5 Boron 250 g was administered 
to each hole where the trees were planted. Fertilizer was not used during the research period (2017-2021) to 
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determine the minimal yield potential that may be produced from a farmer’s low input cropping system (a 
system characterized by little or no fertilizer use). Weed management was mostly accomplished by ring weeding 
around the tree at three-month intervals, and pruning was performed concurrently with fruit harvesting.  

2.6 Bunch Quantity and Weight Determination and Analyses 

Data on yield parameters such as fruit bunch quantity and bunch weight were collected throughout a five-year 
period from 2017 to 2021. These parameters were collected by harvesting bunches every 10 days, and the 
number of fresh fruit bunches were tallied and weighted individually using a weighing scale. The cumulative 
yield of each month was used to calculate the yield per year. A homogeneity test was done according to 
Cochran’s test to analyze the difference in data obtained across years and the variations between years. The yield 
parameters were then subjected to an analysis of variance (ANOVA) using Genstat version 11 (Payne, 2011). 
Significant means were distinguished using Least Significant Difference (LSD) at α < 0.05. 

3. Results 

3.1 Climatic Factors Affecting Oil Palm Suitability 

Based on the rainfall figures observed in the six sites (Table 1) only Mukono was moderately suitable for oil 
palm growth. However in terms of duration of dry season all the study sites (Mayuge, Masaka, Mukono, 
Buvuma, and Kibaale) were moderately suitable for oil palm growing (Table 2). Over the period the study was 
conducted temperatures at all sites were suitable for oil palm growing except Kibaale which was highly suitable 
(Table 1). Based on relative humidity, Buvuma, Mayuge, Bugiri and Mukono were suitable for oil palm growing 
whereas, Kibaale, and Masaka were moderately suitable (Tables 1 and 2). On the other hand, results on daily sun 
radiation showed that all the six sites were ideal for oil palm growing. 

 

Table 1. Mean meteorological data for six study sites collected during the experimentation period 

Study sites 
Average rainfall 
(mm/year) 

Temperature Relative humidity 
(%) 

Duration of dry season  
(month) 

Solar radiation 
(MJ/M3) Tmax 

oC Tmin 
oC 

Mukono 1528 26 19 76 3 14.3 

Buvuma 1363 26 19 78 2 14.9 

Masaka 1383 25 17 72 3 15.7 

Mayuge 1200 26 19 78 3 14.4 

Bugiri 1200 26 17 81 3 14.7 

Kibaale 1250 29 17 70 3 15.9 

Source: Worldclimate.com (2023).  

 

Table 2. Classification of climatic properties in relation to suitability for oil palm cultivation  

Climate element Highly suitable Suitable Moderately suitable Currently unsuitable Permanently unsuitable

Annual (mm/year) 2000-2500 1700-2000 1400-1700 1100-1400 < 1100 

Duration of dry season (months) 0 1 2-4 5-6 > 6 

Mean annual temperature (oC) 25-29 23-26 20-23 17-20 > 20 

Relative humidity (%) 80-100 75-80 70-75 60-70 > 60 

Daily solar radiation (MJ/M3) 16-17 14-16 11-14 8-11 < 8 

Source: Goh (2000). 

 

3.2 Soil Nutrient Status in the Study Areas 

Analysis of soil parameters, i.e., pH and exchangeable bases (calcium and magnesium) indicated acceptable 
levels which were above the critical values (Table 3). Results in six sites indicated that organic matter values 
were below the critical values except for Mukono whose organic matter was above the critical value (Table 3). 
The essentials nutrients (nitrogen, phosphorus, and potassium) for oil palm growth varied depending on site. The 
nitrogen content in Kibaale and Mukono were above the critical level while for the rest of sites nitrogen was 
deficient (Table 3). In all the six sites under evaluation phosphorus was deficient and for potassium only Kibaale, 
Buvuma and Mukono had it in sufficient levels. In terms soil texture most sites had sandy loam or sandy clay, 
except Masaka, which had clay loam (Table 3).  
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Table 3. Physical-chemical properties of soil sampled from six sites where the oil palm trials were conducted in 
2019 

Sites pH OM  N  P  K Ca  Mg Texture 

  ---------- % --------- ---------------------- mg/kg ----------------------  
Bugiri 6.4 1.50 0.16 8.7 9.2 3367.8 1543.4 Sandy clay 
Buvuma 5.6 2.10 0.20 11.4 88.6 1583.7 243.2 Sandy clay 
Kibaale 5.9 2.50 0.24 3.4 79.9 1638.9 585.5 Sandy clay 
Masaka 6.0 2.80 0.18 6.4 39.9 1593.6 189.3 Clay loam 
Mukono 5.9 3.10 0.25 10.3 79.6 1498.6 206.7 Sandy loam 
Mayuge 6.2 1.80 0.19 9.1 9.8 2984.8 1734.3 Sandy clay 
Critical value 5.2* 3.00* 0.20* 25* 78.2* 150* 18* Sandy loam 

Note. *The values below the critical value means the soil parameter is deficient for oil palm growth (Foster, 
1971).  

 

3.2 Total Number of Fresh Fruit Bunches, Average Bunch Weight, and Yield for Five Years  

During the research period, the total quantity of fresh fruit bunches, average weight, and yield per hectare per 
year increased in all of the study sites combined. From 2017 to 2019, the number of fruit bunches per acre 
increased but subsequently declined from 2020 to 2021 (Table 4). While the average bunch weight increased 
from 2017 to 2021. Similarly, the average yield increased from 9.8 t ha-1 yr-1 in 2017 to 15.1 t ha-1 yr-1 in 2021. 
These differences were statistically significant (P > 0.05) during the course of the five-years of experimentation 
(Table 4). 

 

Table 4. Mean yield components of oil palm for five years in all the study areas 

Years  
Yield components 

Average Yield (t/ha/yr) 
No. Fruit bunch/ha Av. bunch weight (kg) 

2017 700a 14a 9.8a 
2018 737a 16a 11.5b 
2019 789a 16a 13.0c 
2020 651b 21b 13.6c 
2021 633b 24b 15.1d 

CV (%) 15.6 19.2 11.9 

Note. Yield component means followed by different letters in a column are significantly different and means 
followed by similar letters are not significantly different; CV: Coefficient of variation.  

 

3.3 Number of Fresh Fruit Bunches, Average Bunch Weight, and Yield across Study Areas 

The quantity of oil palm fruit bunches per hectare varied considerably (P = 0.05) among the research locations, 
with Buvuma having the fewest bunches per and Bugiri with most bunches. Although the quantity of oil palm 
fruit bunches did not change substantially between Mukono, Kibaale, and Buvuma, the fruit bunches acquired 
from the three locations differed significantly (P = 0.05) from those observed in Masaka, Bugiri, and Mayuge 
(Table 5).  

 

Table 5. Mean yield components of oil palm acrossthe six study sites 

Sites  
Yield component 

Average Yield (t/ha/yr) 
No. bunches/ha Av. bunch weight (kg) 

Mayuge 673a 16a 10.7a 
Bugiri 680a 15a 10.2a 
Buvuma 508b 26b 13.8b 
Kibaale 549b 24b 12.9b 
Masaka 644a 16a 10.3a 
Mukono 567b 30c 17.7c 

CV (%) 17.4 20.3 13.6 
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The average bunch weight substantially (P = 0.05) varied across sites. Mukono had palms with the heaviest 
bunches, whereas oil palm trees in Bugiri and Mayuge had the lowest-weighted bunches (Table 5). Oil palm 
yield also varied significantly (P = 0.05) across sites with Bugiri having the lowest yield and Mukono had the 
highest yield (Table 5). Also palms in Buvuma and Kibaale equally yielded significantly higher than oil palm in 
Mayuge, Masaka, and Bugiri.  

4. Discussion 

Agro-climate is a fundamental resource for growing oil palm because its components such as temperature, 
radiation, relative humidity and rainfall determine whether an area is suitable or not suitable for oil palm 
growing. On a wide scale temperature and radiation of oil palm growing areas rarely change but in new areas 
where the crop is to be introduced it’s often important to identify whether the two parameters are optimal to 
support oil palm growth. The study areas were found to be suitable for oil palm growing because they 
experienced optimal range of temperature (24-28 oC) and radiation (14-16 MJ/M3) that Goh (2000) earlier 
reported as ideal ranges under which oil palm’s critical growth stages such as vegetative growth, sex 
determination, fruit formation, and ripening mostly occur. These stages play a critical role in determination of 
quality and yield of oil palm (Forero et al., 2012). Since optimal temperature and solar radiation are known to be 
closely correlated (Haris et al., 2020) with positive effect on oil palm yield (Woittiez et al., 2017), the observed 
temperature and radiation partly confirmed that studied areas had potential for oil palm growing.  

Relative humidity and dry season length where all study areas were appropriate to moderately favorable for oil 
palm growing based on Goh (2000) who recommended optimal relative humidity of and dry season period of not 
more than 3 months. Rainfall received in the study sites was also moderately acceptable for oil palm growing 
because according to Goh (2000) annual rainfall suitable for oil palm growing should be between 2000 and 2500 
mm especially in Asia. However, this range depends on the region, for instance compared to Asia; Africa’s oil 
palms can survive with significantly less rain as seen in some locations in Benin where, 1230mm of rainfall 
provide a respectable oil palm production output (Quencez, 1996). Similarly in Columbia, moderately suitable 
areas for oil palm cultivation receive 1000-1600 mm (Villalobos et al., 1992) which falls within the range the 
studied sites received. In East Africa, East Africa, palms have been found to grow in areas around lakes and 
watercourses which receive reasonable rainfall (Verheye, 2005). Relatedly, Kalangala in Uganda were oil palm is 
currently grown, receives rainfall within a range of 1000-1600 mm annually. Since the study sites also receive 
rainfall within the same range as received by Kalangala it possibly justifies why rainfall in Masaka, Mayuge, 
Kibaale, Bugiri Buvuma and Mukono optimally support oil palm growing in the study areas. However, for study 
sites with less rainfall they could be amended with irrigation or rain saving systems in order to support oil palm 
growth.  

4.1 Oil Palm Yield Increment Based on Years 

As a consequence of oil palm’s physiological growth, a rise in oil palm yield and its yield components (bunch 
number and weight) was observed in the study. The average bunch weight increased from 14 to 24 kg in the 
different study areas with corresponding increases in years (2017-2021) during the study period. The increase in 
bunch weight is as a result number of bunches produced per palm which drops as the palm ages resulting into 
increase in bunch weight to Madhavi Latha et al. (2016). This fact explains our findings, which showed that 
bunch numbers decreased but bunch weight increased over the study period. However, the fact that oil palm trees 
have an economic life span of up to 25 years, beginning at the time the tree reaches maturity (at about three years) 
and increase up to 12th year (Tan et al., 2013), may help to explain the increase in oil palm yield over the years 
the study was conducted According to Corley and Gray (1976), oil palm yield peaks at roughly the 10th year and 
then starts to decline. However, in this study yield augmentation was seen to persist after the 10th year, indicating 
that different locations may have different oil palm yield peaking period.  

4.2 Oil Palm Yield Increment Based on Sites 

The findings showed heterogeneity in yield across different locations, which was potentially attributable to 
varying rainfall and nutrient status which differed throughout the research sites. Yield is important in assessing 
agronomic appropriateness for producing oil palm. When compared to other sites, Mukono’s high yield was 
linked to the high rainfall totals during the study period. This supports past research showing that enough water 
improves photosynthesis, making photosynthates accessible for fruit growth, causing the creation of female 
inflorescences, and reducing abortion rates (Corley & Tinker, 2016). Furthermore, soil organic matter enhances 
soil organic carbon, which enhances soil quality including structure, and quality through higher retention of 
water and nutrients, improving oil palm production. Lal (2006) observed similar findings.  
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On the other hand, low nutrient (NPK) contents and organic matter content, which were below the essential 
levels, might be the cause of the poor yield oil palm reported in Masaka, Bugiri, and Mayuge. The availability of 
adequate nutrients, much beyond critical levels, for absorption by palms is necessary for the desired oil palm 
production. In a similar line, Goh’s (2005) research showed that levels of N, P, and K below the threshold levels 
restrict oil palm nutrient absorption, hence lowering oil palm production. This knowledge could help to explain 
why poor oil palm output was recorded at sites with nutrient levels below critical limits. Oil palm plantations can 
be mulched with organic materials to maintain soil moisture and prevent evaporation, especially in marginal 
regions, to help with this and upon decomposition, nutrients are released. According to Loong et al. (1987), 
empty fruit bunch mulching at a rate of 30 t/ha resulted in greater vegetative development and ultimately higher 
yields as compared to control receiving standard estate inorganic fertilizers.  

5. Conclusion 

A crucial stage in ensuring the successful establishment of oil palm plantations is the agronomic suitability 
assessment. The sites studied are appropriate to moderately favorable for oil palm growth based on the 
assessment made on agro-climatic characteristics. Furthermore, it can be stated that Bugiri, Buvuma, Kibaale, 
Masaka, Mayuge, and Mukono are agronomically favorable for growing oil palm in Uganda based on the oil 
palm yield experiments done in the study sites. The confirmed areas are within Lake Victoria (Islands), a 
30-kilometer radius off-shore of Lake Victoria and in Kibaale district, where the experiments were conducted. 
However, to ensure sustainable oil palm production, environmental impact assessments would be necessary in 
the confirmed sites to ensure oil palm establishment, expansion and production does not negatively impact the 
ecosystem. 
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