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Abstract 

Land use changes have dramatic effect on soil macro fauna communities, yet their activities improve 
and sustain physical and subsequently chemical soil properties which are necessary for sustainable crop 
production. A study was conducted to investigate the relationship of soil macro fauna composition 
with soil chemical properties in oil palm plantations. The macro fauna populations were assessed in soil 
monoliths of 25 x 25 x 30 cm (Anderson and Ingram, 1993. Significant differences were recorded across 
fields Ten taxonomic groups macro fauna were observed in the ecosystem with ants Hymenoptera 
followed by termites Isoptera constituting the higher numbers of the total organisms The study 
demonstrated the role of soil invertebrate macro fauna as indicators of soil chemical properties in oil 
palm plantations Three farms were replicated for each growth stage of three and six years. Abundance, 
biomass and ecological functional categories of soil macro fauna decreased from 0 - 10 cm to other soil 
depths. The snails Gastropoda contributed the greatest biomass (77.96 g m-2), followed by millipedes 
Myriapoda (23.35g m-2. Soil analysis results indicated very acidic status (pH< 5.2). It was concluded that 
scientifically soil macro faunal populations in the oil palm plantations can be rejuvenated by applying 
lime and high quality compost manure to replenish and sustain their food reserves and simultaneously 
boost nutrition of the crop. The oil palm growers should be trained in user friendly techniques of 
compost making. The challenge is, the future calls for creation of biophysical tools capable of promoting 
successful and sustainable biota conservation within oil palm. 
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Introduction 

Soil biota partially determines the functioning of soil in tropical ecosystems (Lavelle et al 1994a and 
b).Whereas use of inorganic fertilizers is an important part of oil palm management, the potential for 
manipulating beneficial soil faunal has seldom been considered in designing management practices 
(Lavelle et al., 1994b). Practices that eliminate beneficial soil faunal communities threaten sustainable 
production in the long run. 

According to ICIPE, (1997) diversity and role of soil fauna have been largely ignored by traditional and 
conventional agriculturalists due to limited knowledge on their impact on crop yields. The lack of 
knowledge is particularly crucial given that soil degradation in the tropics is partly related to drastic 
decline in activity and diversity of soil fauna (Bruyn, 1997). 

The soil biota including soil microbial biomass and soil fauna provide the means and regulate the 
transformation of organically bound nutrients into plant available forms through mineralization 
(Lavelle et al., 1994b). 

As a new venture in Kalangala, oil palm growing automatically caused land use changes from 
traditional growing of both perennial and annual crops and natural vegetation to oil palm trees 
monoculture. When natural systems are modified by human activities for agricultural purposes, major 
changes occur to the soil environment (flora and fauna populations). 
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This promoted intensive use of inorganic fertilizers which could have induced changes in soil 
properties particularly in soil macro fauna populations and their ecological functions, subsequently 
causing continued decline of ecosystems. 

Research to identify appropriate means of sustaining tropical soil productivity has intensified during 
the last two decades and some promising technologies have been proposed. The importance of 
biological processes for soil fertility conservation is known but there little understands of these 
processes in tropical cropping systems (Sanginga et al., 1992), hence a need to explore. 

The study investigated soil invertebrate macro fauna dynamics within oil palm plantations in Bugala 
Island Kalangala district, Uganda, specifically the relationship of soil invertebrate macro fauna with 
different soil chemical properties. 

Materials and methods 

Description of the study area 

The studies were conducted in Bugala Island one of the biggest of a group known as ‘Ssese Islands’ in 
Kalangala District. The district is situated between S 010’100’, Longitude: 0 ′ E03201 and Altitude 1,500 
m. The area has mean annual maximum and minimum temperatures of 25 0C &17.5 0C respectively, 
with total annual rainfall ranging between 1125 and 2250 mm. It experiences two distinct rainy seasons: 
first rains (March to June) and second rains (August to December). 

Sample selection and design 

Research activities were done during second season in August 2012. Six oil palm fields were 
purposefully selected in Mugoye Sub County.  

Three farms were used as replicates for each growth stage three and six years under a randomized 
complete block design. 

In each field, soils under the canopy of three oil palm trees were sampled. First tree to be sampled was 
randomly selected, while the rest were marked each on either side at 100 m away from the first tree. 

Data collection procedures 

Samples were taken using a monolith of 25 x 25 x 30 cm (Anderson and Ingram, 1993) , was sliced into 
three; 0-10, 10-20 and 20-30 cm depths and sorted depth wise for fauna. 

Separated into major taxonomic groups then collected in Mc Cartney bottles using a pooter. Counting 
and recording of fauna was done in the laboratory upon which number and biomass of different 
category of organisms expressed per square metre. After counting, the soil fauna were preserved in 75% 
alcohol for subsequent identification carried out at Maker ere University in Kampala with expertise 
help. 

X   = y  

   z 

X = individual animals per square meter 

Y = individual animal counts found in a soil sample 

Z = surface area of the monolith which is 25 cm x 25 cm; an equivalent of 0.0625m2 expressed in 
terms of square meter. 

Soil samples were taken to National Agricultural Research Organization (NARO) National Research 
Laboratory Institute (NaRLI Kawanda) for determining chemical properties. Due to the physical nature 
of most soils of Kalangala being of uniformly sandy texture (Kalangala district state of environment 
report, 2005) only chemical properties were analysed which included: pH, Organic matter and chemical 
elements like N, P, K, Ca and Mg. 
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Soil samples were obtained, air dried, ground, sieved through 0.5 mm mesh, analysed, extracted and 
determined according to procedures described by (Okelabo, et al., 2002). The Soil pH was determined in 
a water suspension at a 2.5:1:/soil/water ratio. 

Data analysis  

The statistical analyses were made using SPSS software, and the method used was ANOVA. Soil 
analysis data on qualitative descriptors Organic matter, N, Ca, K, Mg, P and pH, were subjected to 
general Analysis of Variance (ANOVA) using GenStat computer statistical package. Means of the 
parameters were separated and compared using the Turkey`s Significant Difference at P ≤ 0.05. 

Results and discussion 

Soil chemical properties across the oil palm plantations 

Chemical properties of soil considered during the period of study included: soil nitrogen, phosphorus, 
potassium, calcium, magnesium and p.H which was below the critical value, indicating very acidic soils 
(p.H <5.2) Table 1. 

These findings are comparable with those of Lavelle (1997) and Nor grove and Hauser(2000), that soil 
fauna numbers correlate with changes in land management which may lead to disruption or even 
depletion of soil macro faunal communities. 

Table 1: Chemical properties of soils of oil palm plantations 

Depth (cm) p.H(2.5/H20) %OM %N Ph(ppm) Ca(me/100g) Mg(me/100g) K(ME/100g) 

0-10 3.73 9.76 .412 302 1.129 .545 .619 

10-20 3.5 8.81 .366 282.8 1.045 .501 .308 

20-30 3.48 8.41 .367 322.8 1.612 .682 .563 

Critical 
values 

5.2 3.0 0.2 5-15 1.3 0.6 0.4-.0.5 

* Sources: Stephen (Quoted by Kizza et al., 2002), Mirro et al., (1lues998) and Okalebo et al., (1993) 

 

Taxonomic groups of soil invertebrate macro fauna within the oil palm plantations 

The macro fauna observed during the study period were identified up to order levels. Ten taxonomic 
orders of soil invertebrate indicated in (Table 2) below were recorded. 

Hymenoptera were the most abundant contributing to over 33.6% of the total macro fauna followed by 
Isoptera, Coleoptera, Myriapoda, Orthoptera Isopoda, Chilopoda, Diptera, Araneae and Gastropoda (Table 2). 

These results were similar to what Ayuke et al., (2009), Taita Kenya under tropical conditions and 
Mediterranean arid ecosystems Doblas-Miranda et al., (2007). Similar results showing ants and termites 
dominance in soils under oil palm plantations were obtained by Sarah, 2010, in Malaysia. 

Abundance and biomass of the soil invertebrate macro fauna. 

The orders: Hymenoptera and Isoptera were the most important component within the ten with 
frequency of 33.6%, and 23.6% respectively. 

However, the trend for biomass for macro fauna was not similar to that of abundance. The snails 
(Gastropoda) contributed the greatest biomass (77.96 g m-2), followed by and millipedes (Myriapoda) 
(23.35g m-2), though were less encountered with counts: 300 and 120 respectively, while Diptera flies 
contributed the least (0.27 g m-2) (Table 4). This was expected because of the normal bigger sizes of both 
snails Gastropoda and millipedes Myriapoda compared to the ants Hymenoptera or termites Isoptera with 
counts 3190 and 1530, but with low biomass of (6.639g m-2 and 8.209g m-2) respectively. 
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Table 2:  Spatial distribution of SMF in soils under Oil palm plantations (n = 10) 

Group 
/Order  

Taxonomic 
units 

Frequency  

 

Hymenoptera Ants 33.6 
Isoptera Termites 23.6 
Coleoptera Beetles  9.1 
Myriapoda Millipedes  4.5 
Orthoptera Cricket 4.5 
Isopoda Wood lice 3.6 
Chilopoda Centipedes 2.7 
Diptera Flies 0.9 
Araneae  

Gastropoda  
Spider 

Snails 
0.9 

 0.9. 
 

Table 3: Summary of results from ANOVA comparing soil depth, tree growth stage, root zone 
activity and soil organisms 

Source of variation D.F. S.S. M.S. V.R. F PR. 

Soil depth 2 394.3 197.1 0.41 0.665 

Tree growth stage .14.277 .14277 .14277 4.53 0.034* 

Root zone activity 2  2.443  1.221  0.38  0.683 

Soil organisms 19 286.369 15.072 6.17 <.001** 

 

Limited diversity of some (SMF and dominance of a few ants Hymenoptera or termites Isoptera could be 
due to intensified use of inorganic fertilizers leading to gradual soil degradation hence reduced (SMF), 
Nambuya, (2012). 

Andersen, (1991) observed that due to their characteristics, ants adapt to a wide range of environmental 
alterations and hence they are frequently present in high numbers throughout the year. 

Table 4: Abundance and biomass of SMF in Oil palm plantations. (n=10) 

Type of organisms Individual counts (m-2) Biomass of organisms (g m-2) 
 Ants 3190 6.63 
Termites 1530 8. 20 
Beetles 910 17.9 
Snails 300 77.96 
Spider 130 1.22 
Centipedes 130 2.22 
Millipedes 120 23.35 
Crickets 100 0.94 
Flies 100 0.27 
Wood lice 100 1.38 

 Effects of soil depth, root activity and growth stages of oil palm on ecological functional diversity of 
SMF 

 

Ecological functional diversity was higher close to the oil palm plants in the root zone of inactive with 
mean of six and five for two zones active and canopy edge (Table 5). This could be attributed to 
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minimal disturbance as compared to active and canopy edge where there has been continued tillage 
during oil palm management leading to reduced organic matter which is known to be source of 
nutrition for soil macro fauna (SMF). Continued tillage could have also led to exposure of organic 
matter and during heavy rains some of it being swept away by erosion, together with SMF leading to 
their reduction in numbers and this remains a threat in future as far as their ecological functional 
diversity benefits are concerned. Organic matter reduction could have also been taken up by oil palm 
plants leading to its reduction. As organic matter reduces, there is also reduction in soil macro fauna 
(SMF), hence reduced ecological functional diversity. Use of organic manures such as compost manures 
would be the best alternative and avoid over dependence on application of inorganic fertilizers alone. 

Table 5: Effects of soil depth, root activity and growth stages of oil palm on ecological functional 
diversity of SMF 

Soil 
depth(cm) 

No. of SMF 
categories 

Biomass 
of SMF 

Details of categories encountered 

A-0-10 5 0.88* +Epigeic,++Epigeic/Endogeic,+++Epigeic/Anecic.++++Anecie/En
dogeic. 

B-10-20 5 0.44* Epigeic,Epegeic/Anecic,Anecic/Endogeic,  

C-20-30 4 0.40* Endogeic,Epigeic/Endogeic,Endogeic/Anecic,Anecic/Endogeic. 

Root activity 

D-Inactive  6 0.70 n.s Epigeic, Epigeic/Endogeic,Epigeic/Anecic,Anecie/Endogeic. 

E-Active 5 0.60 n.s Epigeic, Epigeic/Endogeic,Epigeic/Anecic,Anecie/Endogeic. 

F-Canopy 
edge 

5 0.50* Epigeic, Epigeic/Endogeic,Epigeic/Anecic,Anecie/Endogeic. 

Growth stage  

G-3 years 5 0.78* Epigeic, Epigeic/Endogeic,Epigeic/Anecic,Anecie/Endogeic, 

H-6years 4 0.36* Epigeic, Epigeic/endogeic,epigeic/Anecic,Anecie/Endogeic, 

(+Epigeic–Millipedes, Centipedes, Beetles, Spiders, Snails, Woodlice, ++Epigeic/Endogeic-Beetles, 
+++Epigeic/Anecic-Ants, +++Anecic/Endogeic-Termites 

 

Means for biomass of organisms in different soil depths, root activity zones, and two growth stages in 
Oil Palm fields: 

Biomass of organisms significantly (P≥0.05) and negatively correlated with soil depth, (r = -0.107). 
Biomass decreased with increase in soil depth, and was highest in soil depth of (0-10) (8.73 g m-2) and 
lowest 20-30 cm (3.93 g m-2), respectively (Table 6). This sharp vertical (soil depths) decline could have 
implied that only tinny organisms like ants Hymenoptera and some termites Isoptera were able to thrive 
in deeper soil layers but the heavy bodied macro fauna such as snails, slugs, millipedes, centipedes and 
earth worms could not. 

Biomass of organisms significantly (P≥0.05) negatively correlated to individual counts. The negative 
correlation could be due to some bigger, fewer but heavier fauna like snails being more dominant in soil 
depth (0-10) while numerous but less heavy fauna such as ants and termites in deeper soil depths (20-30 
cm). 

Inactive region had the highest biomass of organisms at (6.92 gm -2) and least in canopy edge (4.76 gm -
2), while (0-10cm) and three years of oil palm plantations doubled that of depths (10-20) and (20-30 cm) 
and six years Oil plantations respectively. This could be attributed to more intensified disturbance 
towards the edge of the canopy compared to close to oil palm trees due to agrochemicals and ring 
weeding, leading to exposed organic matter hence its reduction especially where there are high chances 
of soil erosion.  
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Mean biomass of (SMF) categories found in 0-10cm and three years of oil palm plantations doubled 
(7.82 gm -2) that of other depths (10-20 and 20-30cm) and six years (3.60 gm -2) respectively.  

This may seem expected, but very important observations from this study, and could be attributed to 
high organic matter found around newly planted oil palm plants compared to older plants. 

 

Table 6: Means for biomass of organisms in different soil depths, root activity zones, and two 
growth stages in oil palm fields 

Soil Depth (cm) Biomass of organisms (gm-2) 

 (0-10) 8.73* 

 (10-20) 4.35* 

 (20-30) 3.93* 

Grand mean 0.594 

F-probability 0.074 

LSD(5% level) 0.4806 

 298.8 

Means for biomass of organisms in different root zone activities 

Root zone Activity Biomass of organism (gm-2) 

Inactive 6.92* 

Active 5.85* 

Up to canopy edge 4.76* 

Grand mean 0.594 

F-Probability 0.683 

LSD(5% level) 0.4881 

CV % 300.9 

Means for biomass of organisms in different tree growth stages 

Tree growth Biomass of organisms (gm-2)  

 3years 7.82 *  

6years 3.60 *  

Grand mean 0.594  

F-Probability 0.034  

 LSD(5% level) 0.3904  

CV% 298.7  

*Significantly different (P≥0.05) for each parameter (Soil depth, root activity and tree growth stage 

 

Conclusions and recommendations 

The land use changes in Kalangala from smallholder mixed systems to a monoculture of oil palm 
plantations is associated with decline of macro fauna populations. The effect is largely due to reduction 
in food reserves both in quantity and quality which seem to be more realised under multiple plant 
species than now under oil palm monoculture plantations. Moreover, most of the oil palm plant 
residues are not easily decomposed. Now that people have established oil palm plantations at 
commercial scale, there is an urgent need to scientifically practice liming of soil and application of well 
nutrient balanced compost to provide required suitable soil conditions and source of food for 
rejuvenation of the beneficial soil macro fauna communities.  
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