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Abstract

Recently the use of termite mound soil as amendments has gained more acceptance due to its
availability and affordability. The aim of the study was to determine which layer of the termite
mound soil contains most of the nutrients by evaluating the chemical compositions of the soil found
at different layers of the mound (outer, inner, whole and surrounding). The study further aimed to
use the different layers as soil amendments in the growth of sorghum to ascertain which of the layers
does better in the growth of the plant. For a six weeks period, each week the length of the roots, stem
lengths, leave lengths, whole plants and the wet weight of the plants were measured to determine
the efficacy of the different layers of the termite mound soil on plant growth. Though there's no
significant difference on the root lengths, stem lengths, leave lengths and whole plant lengths and
also the wet weights of the grown plants using different layers of the termite mound soils. The result
also showed some differences in the compositions of the soils analyzed from the termite mounds,
the differences might be associated with the nature of the soil around the garden and the activities
taking place within the mound which brings about soil improvement. From the results obtained,
resource-poor farmers could use termite mounds as soil amendments. In addition, the chemical
analysis of the mound soil revealed the presence of some macronutrients that could be harnessed for
plant growth.
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Redistribution.

INTRODUCTION nutrient deficient soils to improve plant

Termites play an important role in the
ecosystem, most especially in the
decomposition of organic materials (Sugimoto
et al., 2000, Abe et al., 2000), provision of food
and feed (Van Huis, 2013;Vasconcellos et al.,
2015; Erpenbach and Wittig, 2016) in
geological survey —(Petts et al., 2009, Affam
and Arhin, 2004) and as soil amendments in
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productivity (Chisanga et al., 2020; Adebajo et
al.,2021; Tilahun etal.,2021). Shortage of farm
lands due to natural and anthropogenic factors
are among the challenges faced by farmers (
Ajao and Anurigwo, 2002; Khan and Ghouri,
2011,), where the lands are available they have
been over stretched due to continuous cropping
which made the soils to become deficient in
nutrient(Chianuetal.,2011; Umaretal.,2013,.
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A review was carried out on the characteristics,
microbial diversity and organic matter
degrading enzymes in termite mound soil and
the characteristics of compost amended with
termite mound soil and its effect on crop
productivity. Majority of the findings showed
that termites mound soils are a better option as
soil amendments in crop production (Apori et
al., 2020; Subi and Sheela, 2020). Termite
enhance the fertility of the soil through their
activities and also play a key role in energy
transfer via trophic interactions at various
levels which make them to be major players in
the ecosystem (Khan and Ahmad, 2018).
Excavation and transportation of soil during
mound building by termites helps in moving
both macro and micro nutrients from different
locations to be concentrated within the mound
and also around the mound environment due to
washing away of the mound soil by rain water
(Chisangaet al., 2020).

Gentili et al. (2018) in their study investigated
the effects of soil pH and their results showed
that plants grown on soil with pHS and pH6 are
better when compared with those grown on soil
with pH7 using the following parameters
heights, dry weight, developments of leaves
and production of flowers and pollen. In a
related study, Li et al. (2017) reiterate that
termites desire an acidic habitat and that their
activities promote the pH of termitarian soil
compared with neighbouring soils. Availability
of Phosphorus (P) is vital for regulating crop
growth and development, similarly it also plays
a fundamental role in the health of the plants
(Wyngaard. et al., 2016). During
photosynthesis P is considered an essential
component of Adenosine Triphosphates (ATP).
ATP plays an essential role in the formation of
seeds and maturity of the plants from the

seedlings to harvest making P an indispensable
macro nutrient of plant (Khan et al., 2023).

Nitrogen (N) is among the macro-nutrients
found in termite mound soil which came about
mostly due to the use of faeccal materials to build
gallery walls and it's needed by plants for a
healthy growth and provision of energy to
plants tissues. It is also one of the major
constituents in protein synthesis, and it's
usually found in nature incorporated in some
compounds (Loépez-Herndndez, 2001).
Another way in which plants acquire N is
through a process whereby a leguminous crops
acquired N gas from the atmosphere by
forming nodules with soil-inhabiting bacteria
called rhizobia (Lopez-Hernandez, 2001;
Fairhurst, 2012). Nieves-Cordones et al. (2016)
reported that Sodium plays a role in the removal
of both inorganic and organic anions and
macromolecules, pH homeostasis, control of
membrane electrical potential amongst others.
While —Z61b et al. (2014) reported some of the
symptoms of potassium deficiencies in plants to
include brown spots on leaf surface or edge of
the leaves and chlorosis at the tip of the older
leaves. Smil (1999) reported that symptoms
could be remedified by applying sufficient
potassium fertilizers to the farmland

Obi et al. (2019) revealed that there is no
difference in termite mounds soil and that of the
surface soil in available phosphorus,
exchangeable sodium and potassium, effective
cation exchange capacity, fine sand and silt
where they suggest that the similarities were as
a result of uniform distribution through erosion
and redistribution of the mound material
around the mound that were studied. Similarly,
Tilahun etal. (2021) reported the availability of
nutrients in termite mound soils and its efficacy
as soil amendment.

The research was conducted to determine
which layer of the termite mound soil has

higher nutrient.
MATERIALS AND METHODS
Study area

The study was carried out at the experimental



farm in the biological garden of the Federal
University, Gashua Yobe State Northeastern
Nigeria. Gashua is located within the sub-
Saharan climatic zone between latitude
12°52'5"N and longitude 11°2'47"E with an
average elevation of 299 m. The hottest months
are March and April with temperatures ranging
from 38 to 40° C. The rainy season start from
June to September in which the temperatures
fall between 23 to 28°C, with rainfall of about
500 to 1000mm.

Experimental set-up and data Collection
Four triplicate of 1 x 2 meters plots (A-D) were
prepared for planting of sorghum seeds, the
seeds were bought from Gashua cereal market,
local variety of sorghum known as “Kaura” was
used for the research, “Kaura” is a variety of
sorghum that is most preferred in Northern
Nigeria which is well adapted to the region and
cultivated for food (Ahmad et.al., 2022). Each
plot was prepared and treated/mixed with
different layers of termite soils. The first batch
(A1,A2 and A3) were taken as the control using
soils from the surrounding environments (about
2m from the mound), the second batch (B1, B2
and B3) were mixed with about 50kg of outer
layer (depth of 0-30cm depending on the height
of the mound) of the termite mound soil each,
the third (C1, C2 and C3) was mixed with about
50kg of inner layer ( depth beyond 30cm to the
fungus garden at the center of the mound) of
termite mound soil each and the fourth (D1, D2
and D3) about 50kg of the complete termite
mound soil were also used in each of the plots.
Approximately, 36-40-inch row spacing was
used throughout the experiment. The plants
were monitored for six weeks. In each week the
roots length, stems height, leaves length and the
whole plants were measured, the wet weight of
the plants were also measured for the period of
the six weeks.

Soil analysis and Insect Identification

The termite mound soil used for the experiment

were obtained from the experimental farm of
the Federal University Gashua, Yobe State,
Nigeria while the termites were identified at
Ahmadu Bello University, Zaria (ABU)
Nigeria. The soil analysis was carried out at the
analytical Chemistry laboratory of the
Department of Chemistry, Faculty of Science,
Yobe State University, Damaturu. The soils
were analyzed in accordance with the methods
established by van Reeuwijk (1998).
Statistical Analysis

A one-way analysis of variance (ANOVA) was
carried out to ascertain the differences in the
soil chemical composition of the different
layers of the termite mound soil (complete
mound, inner layer, outer layer and surrounding
soil). Plants grown on the plots treated with the
different layers of the termite mound soils and
the untreated plots (control soil) were also
analyzed to ascertain their differences using the
following variables: lengths of roots, length of
stems, length of whole plants and wet weight of
the whole plant. All statistical analyses were
carried out using R (R Core Team 2018) with
alphalevel setat(.05.

RESULTS

Soil analysis and Insects identification

The termites within the mounds were identified
as Macrotermes and Odontotermes species,
mound soils belonging to the identified species
were used to carry out the research. The result
of the soil analysis of the different layers of the
termite mound soil and the control soil is
presented in Table 1. The composition of the
inner layer of the mound soil was higher in
Cation Exchange Capacity (CEC), Electrical
Conductivity (EC), Organic Carbon (OC),
Nitrogen (N), clay and silt while control soil
showed higher pH and sand when compared to
others. Potassium (K) and Sodium (Na) have
higher values in complete mound soil. The
analysis of variance (ANOVA) of the termite
mound soil and that of the surrounding soil
showed a significant difference in their
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pH (F=9.463, P=0.0108), Organic Carbon (F
= 90.297, P = 0.0113), Clay (F = 35.58, P =
0.000323) and Sand (F = 20.02, P = 0.00158)
while Electrical Conductivity (F=2.372,P=
0.169), Nitrogen ( F = 2.237, P = 0.184),
Potassium ( F=0.605, P=0.636), Sodium (F =
0.75,P=0.561), CEC (F=0.135,P=0.935)
and Silt ( F = 0.839, P = 0.52) are not
significantly different. The composition of (a)
Clay, Silt and Sand, (b) Nitrogen, Potassium,
Sodium and Organic Carbon, (¢) pH, (d) CEC
and (e) EC of soil samples of surrounding soil
(control), outer, inner and complete mound soil
is compared in

Figure 1.

Analysis of plants grown on different layers
of the termite mound soils

Table 2 presents the roots length, stem length,
leave length and whole plant length as well as
the wet weight of the whole plant. The plots
treated with complete mound soils showed the
maximum average for all the measured
variables. All the measured variables: root
length, stem length, leave length, the length of
the whole plants and wet weights of the grown
plants using the different layers of the termite
mound soil and the surrounding soil did not
show any significant difference (F = 0.734, P =
0.544), (F = 0.966, P =0.428), (F =0.937, P =
0.441), (F=1.202, P=0.334), (F=0.844, P =
0.486) respectively.

Table 1. Soil analysis of complete, control (surrounding soil), inner and outer part of termite mound soil

Percent (%)
EC
Sample pH  CEC (mS/em) Organic  Nitrogen Potassium Sodium Clay ~ Silt ~ Sand
Carbon (N) (K) (Na)
540+ 00013 59926+ 175+ 053+ 0068+ 4689 420+ 4948
Complete )2 1000 2660 041 015 P00 011 L635 208 £935
682+ 00000 29510+ 106+ 029+ 0012+ 2681 536+ 67.11
+
Control o L0000 2285 003 o1 CO2EOOL on0 Loe4 021 £007
: SI26 00020 §7858+ 274x  055% oo 0005 6483 655 2602
nner 034  +000 25820 046 010 EY 000 +306 18 +359
573+ 00013 41568+ 113+ 039+ 0003+ 3437 324+ 6035
+
Outer 028  +000 20703 033 008 PO2EODZ o0 i1a 300 230

Cation Exchange Capacity (CEC), Electrical Conductivity (EC) and standard deviation (+)
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Figure 1. Average composition of (a) Clay, Silt and Sand, (b) Nitrogen, Potassium, Sodium
and Organic Carbon, (c) PH, (d) Cation Exchange Capacity (CEC) and (e) Electrical
Conductivity (EC) of soil samples

Table 2. Length of roots, stems, leaves, whole (complete) and wet weight of plants grown on
different layers of termite mounds and the surrounding (control) soils.

Sample Root (cm) Stem (cm) Leaves (cm) Complete plant (cm) Wet Weight (g)
Control 725+4.61 2012+ 30.24 +15.39 1.70£3.15
14.98

Outer layer 7.87 + 738+£5.76 21.16+ 36.39 £26.68 3.65+7.53
5.20 16.32

Inner layer 8.13 749+£3.73 2183+ 3747+17.38 1.60 £ 2.34
2.58 12.21

Complete mound 10.32 + 12.15+ 33.88+ 56.35+35.93 7.54 £12.12
7.48 8.59 20.71

Standard deviation (%)
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Figure 2 (a) Length of the roots, stems, leaves and the whole (complete) plants (Sorghum) grown using different

layers (outer, inner and complete) of the termite mound soil and the surrounding (control), (b) Wet weight of
the whole plant grown on the different layers of the termite mounds.

DISCUSSION
The result of the soil analysis showed a
significant difference in the composition of
pH, organic carbon (OC), clay and sand in the
termite mound soil and that of the surrounding
soil while electrical conductivity (EC),
Nitrogen (N), Potassium (K), Sodium (Na),
Cation Exchange Capacity (CEC) and Silt did
not show any significant difference in their
composition. After using the different layers
(outer, inner, whole and surrounding) of the
mound soil to grow sorghum (cereal crop), the
result showed no significant difference in the
root length, stem length, leave length, whole
plants length and wet weight of the whole
plant. Determining the average of the sorghum
grown on plots treated with different layers of
the termite mound soil, complete termite
mound soil plot presents maximum length in
all the measured parameters of the grown
plant. Similarly, the measured values of the
wet weight of the complete plants grown on
plot treated with complete termite mound soil

were better than the others. Though there were

no significant difference on the plant grown on
the different layers of the termite mound soil
used, this might also be as a result of the soils
found in the environment and the species of
termite that are involved in the mound building
activities. Aside the type of food eaten by the
termites the nature of the soils found around
the area where the termites build their mound
contribute to a greater extend in determining
the fertility of the termite mound soil
(Bonanomi and Mazzoleni, 2005, Passioura,
2002). Homogenization of the constituent of
the mound materials and redistribution to the
surrounding environments through washing
away of the mound soils also plays a part in the
uniform distribution of materials around the
mound which might also affect the growth of
the plant (Obi et al., 2019). Termites mound
soil can serve as amendments most especially
to subsistence farmers who could not afford
fertilizers to supplement the nutrient deficient
soils of their farm lands ( Yanggen et al., 1998;
Chisanga et al., 2020). Eggleton et al. (1995)

considered Macrotermes and Odontotermes



among the more resilient termite species which
can survive even in a disturbed habitat. The
mode of feeding and the availability of the
feeding materials of the aforementioned help
them to survive even in an environment that
other species could not survive. Findings
revealed how beneficial termite mound can be,
considering the nutritional content of the soils
when used as amendment for crop production.
The nutritional value of the mound soils is
dependent on the type of species of termites
that build them which is directly related to the
feeding material of the termite ( Donovan et
al.,2001; Desouza and Cancello, 2011).

The results of the study showed more
pH in the control soil than in the mound soils
suggesting that the soil found in the area are
slightly acidic. Previous work showed that the
pH in the different layers of the mound soils are
within the acceptable limit for healthy plant
growth ( Chapoto et al., 2016; Gentili et al.,
2018; Chisanga etal., 2020,). The result also
showed that complete mound provides
sufficient Potassium (K) which is above the
critical level for a healthy soil and consequently
good for plant production. Fairhurst, (2012)
opined that termite mound soil serve as a
reservoir for K and can be a good amendment to
improve soil deficient in K which will
invariably improve the productivity of the soil.
Termites carefully select and work on the soil
particles that are used in mound constructions
(Ekundayo and Orhue, 2002). Selecting soil
particles in the mound constructions can also be
observed in the percentage composition of clay,
silt and sand across the different layers of the
termite mounds soils and that of the
surrounding soils(Robert et al., 2007). The size
of'the soil particles used in mound construction
is sometimes directly related to the size of the
worker termites and that also due to their

mandible size used in picking the soil particles.

Texturally the soil of the studied environments
followed the same pattern with almost similar
composition of sand > clay > silt in complete
mound, control soil and outer soils with the
exception of inner layer which presents a
different formation of clay > sand > silt.
Fairhurst (2012) referred to soil with large
proportion of sand as light- or coarse-textured
soils and considered them to be drought-prone
than soils containing more clay. Soil texture is
influential in determining the direction of water
flow in the soil which by implication
determines the type of crop to be grown.
Termite helps in nutrient recycling which
usually takes place within their mound and
which also depends on the type of food they
consumed. Most of the unconsumed food items
are left to decompose within the mound in
addition to the termites feces which helps in
increasing the nutritional content of the termite
mound soils either directly or indirectly as
amendment to plants in the fields when properly
used ( Peterson, 2010; Enagbonma and
Babalola, 2019). Smil (1999) suggest that
complete recycling of plant residues which
termites actively participate and their eventual
mineralization would supply some percentages
of N, P, and K applied in inorganic fertilizers.
The current study showed termite mounds to
contain some nutrient than the surrounding soil
which can support plant growths and increase
the nutritional content of the soil thereby
increasing the soil productivity in the face of
nutrient deficiencies faced by resource poor
farmers who could not afford the inorganic
fertilizer to improve their crop production.
CONCLUSION

Although there was no significant difference in
the length of the roots, stem length, leave length
and whole plant as well as wet weight of
sorghum plants using different layers of the

termite mound soils, the result showed some
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variations in the compositions of the soil
analyzed from the termite mound soils. The
difference might be associated to the nature of
the soil around the garden and the activities
taking place within the mound which brings
about soil improvement. The result revealed an
increased in crop grown on a plot treated with
whole termite mounds soil rather than a
particular layer of the termite mound.
Considering how tedious and time consuming it
could be to sort the different layers of the
termite mound for soil amendment, the result
support the use of the whole mound as
amendment which should be better in terms of
nutritional content and time management. In
addition, chemical analysis of the mound soils
revealed the presence of some macronutrients
that can be harnessed for plant growth. It is
recommended that resource poor farmers can
use termite mound soil as soil amendments.
Considering the high cost of mineral fertilizers,
termite mound soil presents a better and
cheaper substitute for farmers to improve plant
productivity.

Mounds of other species aside the Macrotermes
and Odontotermes should also be used as soil
amendments to ascertain if there exist any
difference in plant growth and development.
Similarly, other parameters such as dry weight
of the plants, quality of the flowers and seeds
development should be considered, and the
duration of the experiment should be increased
to the stage of seed maturity of the plants so as
to assess the difference. In order to harness the
best of the termite mounds as soil amendment,
we hereby recommend the use of the whole
termite mound soils instead of some layers of
the termite mound as soil amendment.
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