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Abstract
Background and Objective: Arthropods are important members of the soil ecosystem and help in the pollination of crops thereby
increasing yield. Consequently, soil arthropods’ diversity was investigated to determine if arthropods’ diversity was related to
environmental factors such as soil temperature, soil moisture and land use. Materials and Methods: Soils from three different land use
were sampled with a soil auger and sub-sampled for arthropods’ extraction using the Berlese-Tullgren funnel extraction method for soil
arthropods. After sorting, the different order of arthropods as well as soils physical and chemical properties including climatic variables
were analysed for One-way Analysis of Variance (ANOVA) using Genstat statistical software. The soils were also used to raise oil palm
seedlings. The correlation between soil arthropods and climatic variables was done using SPSS version 21. Results: The land  use  types 
influenced  soil  arthropods’  diversity. Coleoptera  and insect larva were the most abundant and were higher in POME-impacted soil than
the other land use types. Mean Coleoptera and insect larva in POME-impacted soil were 30.67±5.9a and 76.33±33.1b, respectively. Many
of the soil arthropods correlated positively and significantly with one another. The soil arthropods also correlated positively with soil
moisture content. Conclusion: There was a relationship between the soil arthropods and environmental factors measured across the three
land use and that it was land use rather than arthropods diversity that influenced the growth of oil palm nursery seedlings.
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INTRODUCTION

The  oil  palm  is  one  of  the  most  useful  tree  crops  in
the world today1. Its major product, palm oil has been a safe
and nutritious healthy source of edible oil for humans for
thousands of years. And like other common edible fats, it is
easily digested, absorbed and utilized in normal metabolic
processes2.  The  chief  source  of  palm  oil  mill effluent
(POME) is the sludge water used in clarifying the oil.  Palm oil
mill effluent (POME) if controlled from contaminating water
ways has been a source of nutrient, especially nitrogen and
potassium  in  fertilizing  crops3.  Untreated  palm  oil  mill
effluent (POME) if applied to undisturbed soil in relatively
small amounts at a time, easily dries off, even in wet weather,
leaving a parchment-like layer of humus, with excellent
mulching effect and a source of nutrient on mineralization4.
Consequently, many small processing mills leave out a portion
of the land where POME conveniently discharges without
contaminating water ways. The soils around this environment
are seriously impacted by this discharge, resulting in soil
properties that vary from areas that are far away from the
discharge5. The soil represents a favourable habitat for both
macro and microorganisms and is inhabited by a wide range
of microorganisms including bacteria, fungi, algae, viruses and
protozoa6. A change in the soil ecosystem due to land use can
significantly  alter  the  balance  of  these  organisms7.  It  has
been shown that land use types though location dependent
along with climatic factors and vegetation can significantly
influence the distribution of the soils macro and micro fauna.
Depending on soil properties, land use types can influence
nutrient distribution in soils7,8. Arthropods are some of the
organisms that are easily influenced by land-use change9,10.
The majority of them are found in the soil where they assist in
the distribution of soil organic matter and obtain their energy
source in the process10. Many orders of soil arthropods have
been isolated and studied. At adult stages, many help in
pollination and play other useful roles in the soils ecosystem10.

The present study hypothesized that soil arthropods’
distribution and proliferation may vary in POME  impacted
soils,  soils  under  cassava  cultivation  and  grassland.  It was
also hypothesized that soils under these three different land
use might differ in their capacity to support oil palm nursery
seedlings. The specific objectives were to determine:

C Soil arthropods distribution in the three land use types
C Relationship amongst soil arthropods, soil physical and

chemical properties and relative humidity of soils under
the three different land use

C Some growth parameters of nursery oil palm seedlings
grown on soils from the three land uses

MATERIALS AND METHODS

Description  of  the  study  area: The study was carried out
from May, 2010 to June, 2011. The soils used for the
experiment were obtained from three land use types namely,
soils under cassava cultivation, Soils under grassland and
POME impacted soils at the Nigerian Institute for Oil Palm
Research (NIFOR) main station. The soils of the Nigerian
Institute for Oil Palm Research (NIFOR) were developed on
coastal plain sand parent materials11 and classified as Ultisols12.
The area is located in the rain forest zone and has two rainfall
patterns, rainy and dry seasons. The rainy season begins in
March and ends in October, while the dry season begins in
November and ends in February. Annual rainfall ranges from
1500 mm to 2135 mm while minimum and maximum
temperature ranges between 21 and 31EC.

Soil sampling and experimental design: Six soil sample units
were randomly taken from each land use type using a soil
auger measuring at a depth of 0-15 cm in May, 2010. Areas
sampled were carefully approached so as to minimize
disturbance  especially  of  the  surface  dwelling  soil  insects.
The  soils  were  transferred  into  500-gauge  poly  bags  of
12×14 inches, mulched with shredded empty fruit bunches
and laid out in Randomized Complete Block Design (RCBD)
and  consisted  of  three  treatments  replicated  five  times  so
that all experimental units received equal treatments without
bias. The soils were sub sampled and taken to the laboratory
for arthropods’ extraction using the Berlese-Tullgren funnel
extraction method for soil arthropods13. And some soil
properties such as soil pH, soil temperature, soil moisture
content and relative humidity of the environment. Soil pH
(H2O) was measured in 1:1 soil: Water suspension using a pH
meter14 while soil temperature was taken by inserting
thermometers into the soil at 5 cm soil depth. Soil moisture
content was by the gravimetric method while the dew point
humidity slide rule was used to set the wet bulb to get the
dew point. The dew point was used to get vapour pressure
and from the dry bulb data, the relative humidity was
obtained.

Sorting and preservation: After the extraction, sorting was
done under a binocular dissecting microscope manufactured
by Adarsh International Laboratory, Ambala Cantt, Haryana,
India and individual insect were removed and placed in the
various container with the help of a suction pipette and placed
in the glass specimen bottle containing 70% alcohol for 24 hrs.
The specimen bottles were labelled accordingly. Further
sorting was done to separate the organisms from any debris
as debris sometimes accompanies the soil organism into the
preservative culture during positive response to dryer.
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Preparation of slide: As a result of the microscopic nature of
most of the arthropods they were not readily identified.
Hence, they were mounted on a CB2000C Compound
Microscope,  manufactured  in  the  USA  by  Celestron
Laboratory in New York with 5.5×5.5 Mechanical stage slide
and examined under high power with phase contrast
illumination. They were dehydrated in 70-90% absolute
alcohol and then mounted in Canada balsam in xylene.

Statistical analyses: All data were statistically analysed using
Genstat Statistical Software version 12 for Analysis of Variance
(ANOVA) at 5% level of probability and thereafter correlated
with the soil and weather parameters using Statistical Package
for Social Science (SPSS) at 1 and 5% levels of probabilities.

RESULTS

Population of insect order under the three land use types:
The mean abundance of different species of arthropods found
in the three land use types are shown in Table 1. The other
Coleoptera was significantly more abundant in POME
impacted soil (30.67±5.9a) followed by soils under cassava
(15.17±2.9b) and soils under grassland (14.33±3.8b) at the
NIFOR main station. The soil cultivated to cassava recorded the
lowest population of Arachnidan (1.67±0.5b) while soils under
grassland had the highest abundance of Arachnidan
(3.83±0.6a). Insect larvae were significantly higher in palm oil
mill effluent (POME) impacted soil with a population of
76.33±33.1b  than  the  other  land  use  types  as  shown  in
Table 1.

Some growth parameters of oil palm nursery seedlings
recorded under the three land use types: The highest plant
height (0.39 m) and stem girth (0.05 m) were observed in soils
under grassland while the highest dry matter yield of 44.20%
was obtained in soils under cassava cultivation as shown in
Table 2. These were significantly (p<0.05) higher than values
obtained from other land use types. The lowest plant height,
stem girth and dry matter yield were obtained in POME
impacted soil with values of 0.018 m, 0.03 m and 36.90%,
respectively (Table 2).

Some soil physical and chemical properties and relative
humidity of the experimental site: Soil moisture content and
temperature were significantly (p<0.05) higher in POME
impacted soil than the other land use types except for soil
temperature values of both POME impacted soil and soils
under cassava which were the same (Table 3). Soil pH and
relative humidity were non-significantly different in the three
land use types (Table 3).

Relationship amongst soil arthropods, soil physical and
chemical properties and relative humidity of the
environment of the three land use types: In soils under
grassland (Table 4), there was a positively significant (p<0.05)
correlation between Coleoptera and Collembola (r = 0.828),
Coleoptera  and  Hymenoptera  (r  =  0.889),  Coleoptera  and
Isoptera (r = 0.951), Coleoptera and Myriapoda (r = 0.943,
p<0.01), Coleoptera and Acarina (r = 0.919, p<0.01),
Coleoptera and soil moisture (r = 0.966, p<0.01). Coleoptera

Table 1: Population of insect order from soils of the three land use
Treatment Coleoptera Collembola Hymenoptera Isoptera Myriapoda Acarina Crustacean Arachnidan Insect larva
Soils under grassland 14.33±3.8b 13.0+2.9a 8.17±1.8a 12.5±2.6a 4.00±0.8a 21.00±5.2a 7.33±0.5a 3.83±0.6a 6.00 ± 00a

POME impacted soil 30.6±5.9a 16.0±3.0a 7.17±2.0a 12.67±1.9a 6.00±1.9a 26.50±4.4a 2.67±0.9a 2.00±0.7a 76.33± 33.1b

Soils under cassava cultivation 15.17±2.9b 7.67±3.1a 4.33±1.7a 11.00±1.4a 2.67±0.8a 17.67±0.8a 2.50±0.7a 1.67±0.5b 0.00±0.00b

LSD (0.05) 13.325 NS NS NS NS NS NS 1.857 57.544
Means with the same letters are not statistically different at 5% level of probability using Duncan’s Multiple Range Test

Table 2: Some growth parameters of oil palm nursery seedlings
Treatment Plant height (m) Stem girth (m) Dry matter yield (%)
Soils under grassland 0.39a 0.05a 43.06
POME impacted soil 0.18b 0.03b 36.90
Soils under cassava cultivation 0.19b 0.03b 44.20
SE 0.013 0.0029 3.27
Means with the same letters are not statistically different at 5% level of probability using Duncan’s Multiple Range Test

Table 3: Some soil physical and chemical properties and relative humidity of the experimental site
Treatment Soil moisture (%) Soil temperature (EC) Soil pH Relative humidity (%)
Soils under grassland 7.320a 06.20a 6.18a 84.75
POME impacted soil 11.28b 23.85b 6.33a 86.07
Soils under cassava cultivation 6.190a 22.53b 6.20a 86.09
SE 1.20 01.50 NS NS
Means with the same letters are not statistically different at 5% level of probability using Duncan’s Multiple Range Test
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correlated  negatively  but significantly with soil temperature
(r = -0.892, p<0.05) and negatively with soil pH (r = -0.816,
p<0.05) (Table 4). Collembola correlated positively and
significantly (p<0.05) with Hymenoptera (r = 0.897), Isoptera
(r = 0.910), Myriapoda (r = 0.812) and soil moisture (r = 0.856).
Similarly,  Hymenoptera correlated  positively  with  Isoptera
(r = 0.973, p<0.01), Hymenoptera with Myriapoda (r = 0.896,
p<0.05).    Isoptera    correlated    positively   with   Myriapoda
(r = 0.947, p<0.01), Isoptera with soil moisture (r = 0.894,
p<0.05)  while  Myriapoda correlated positively with Acarina
(r = 0.836, p<0.05), Myriapoda with soil moisture (r = 0.900,
p<0.05)  Acarina  correlated    positively   with   soil   moisture
(r = 0.976, p<0.01) and negatively but significantly with
Arachnida, soil temperature and soil pH. Arachnida correlated
positively and significantly (p<0.05) with (r = 0.852) but
negatively with soil moisture (r = -0.826, p<0.05) while soil
moisture correlated negatively but significantly with soil
temperature (r = -0.948, p<0.01) (Table 4). In POME-impacted
soils and soils under cassava cultivation, the trend of
correlations between Coleoptera and the other insect order
continued except for Isoptera (Table 5 and 6).

DISCUSSION

Coleoptera and insect larva were the most abundant and
were higher in POME-impacted soil than the other land use
types. The values were 76.33+33.1b and 30.6+5.9a for insect
larva and Coleoptera, respectively. This finding agrees with
Aneni et al.15. Coleoptera consists of beetles and weevils, has
the potential to dominate other insect order in a given
environment13. In this study, it was observed that the
abundance of Coleoptera (beetles) was because the POME
impacted soil provided the substrate for breeding and carbon
source for the newly hatched larvae. Coleoptera under
grassland correlated positively and significantly with
Collembola, Hymenoptera, Isoptera, Myriapoda and Acarina.
It is therefore probable that Coleoptera utilized many of the
other insect order for their source of food and energy. This is
buttressed by the high population of Coleoptera especially in
the POME impacted soils where it had abundance of various
food sources to choose from. The population of insect larvae
was however the highest in POME  impacted soil. The larva is
one of the developmental stages of insects and in this study,
the insect larva recorded might belong to any of the other
insect orders, especially Hymenoptera and Coleoptera.
Collembola are wingless and soft bodied13. Its correlation with
Hymenoptera across the three land use types could only
suggest that the soft bodied Collembola provided food and
energy source to Hymenoptera which is one of the largest

orders of insects that include bees, wasps, sawflies and ants15.
Hymenoptera, Coleoptera, Collembola, Isoptera, Myriapoda
and Acarina  correlated positively and significantly with soil
moisture content but negatively with soil temperature in soils
under grassland and this could only indicate that moisture was
required for their proliferation and abundance in soils
irrespective of land use type9,10. When cultivated to oil palm
sprouted seeds, soils under grassland had the highest plant
height and stem girth while the POME-impacted soil produced
the least plant height. This is probably due to the fact that
many of the soil nutrients in POME-impacted soil were
immobilized since the POME discharged at that point of
sampling was not treated. With respect to soil properties, the
POME-impacted soil had the highest soil moisture content
though  the  other  parameters  such  as  soil  temperature, soil
pH and relative humidity were not significantly different
across the three land use types. The implication of the findings
from this study is was that arthropods proliferation is
influenced by environmental factors such as soil moisture
content, soil temperature  and  relative  humidity.  However, 
soil arthropods are poor decomposers of POME and do not
contribute to the fertility status of soils used to raise oil palm
nursery seedlings. Untreated POME should not be applied to
soils cultivated to oil palm nursery seedlings due to the poor
performance    of    oil    palm    seedlings    cultivated    to
POME-impacted soils. Soils used for the cultivation of oil palm
nursery seedlings should be sourced from under grassland
cultivation as they gave the best performance of oil palm
nursery seedlings.

CONCLUSION

The result from this experiment showed that land use
types influenced the proliferation of the various insect order
observed. Coleoptera and insect order were the most
abundant and were higher in POME-impacted soil than the
other land use types. Many of the soil arthropods correlated
positively and significantly with one another indicating the
likely hood of utilizing each other for food and energy source.
Furthermore, the soil arthropods also correlated positively
with soil moisture content. When cultivated to oil palm
seedlings, soils under grassland produced the tallest palms
with higher stem girth. 

SIGNIFICANCE STATEMENT

This study has discovered that soil arthropods and insect
larvae do not contribute to soil fertility status on a short term
basis as earlier thought. The  study  has  also  uncovered  that
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untreated POME should not be applied to soils for the
cultivation of oil palm seedlings but soils used for the
cultivation of oil palm seedlings should be sourced from soils
under grassland which was hitherto ignored for raising oil
palm seedlings.
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