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ABSTRACT

Keywords Earthworms support the decomposition of biodegradable matters for the reduction of
organic pollution. The survival, reproduction and growth of locally available earthworm

SEIEHTES (WG, (Eisenia fetida) was assessed in Kigelia africana leaves/sausage tree leaves (STL)or waste

Eimﬁrﬂeaves, and cowdung at different ratios (STLo, STL,s, STLsg, STL7s and STL;q0) in an experimental
Growth pots for 120 days. Pots were arranged in a complete randomized block design with four
replications and the experiment was done twice in 2019. Number of adult worms, weight
At [ gained and number of hatchlings were recorded. The growth of earthworms showed
significant differences in response to substrate treatments. Maximum number of worms
was observed at 105 days. Weight of worms significantly decreased with the increase
LB content of leaves.STLs, produced significantly more hatchlings than other substrates
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content. Waste or leaves of K. africana tree can be considered as a substrates for the
earthworms.

Introduction

Kigelia Africana (Lam.) Benth,is a native tree
to Africa, widely distributed across Southern,
Central and Western Africa. K. africana is
commonly referred to as sausage tree due to
the shape of its fruits. In Botswana, it is
named Moporoto and is predominately found
in the Northern and the Eastern part of the
country. Fruits of K. Africana are grey-brown,
often more than 30 cm in length and up to 18
cm in diameter (Arkhipov et al., 2014). The
fruits have therapeutic properties and
traditionally used for treating syphilis and
ulcers (Dhungana et al., 2016). The extracts

of the leaves of K. Africana contains
antimicrobial, antioxidant and enhance
healing of wounds (Agyare et al., 2013).

In Impala Research Station, Botswana, K.
africana forms part of the landscape. This
enormous tree during spring, relinquish
abundant leaves which in return constitutes
waste and these leaves do not decompose
easily, making landfills in the station to fill up
beyond their capacity so often, dictating for a
new landfills. When the landfills are full and
the new ones are not prepared, the leaves will
be tossed to and from by winds. This pause a
concern, as improperly handled leaves can
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have a devastating consequence on the
surroundings. But, as the sites of landfills in
the station are being established from time to
time in order to address this situation,
agricultural land is being reduced.

In combating scattered leaves and managing
landfills capacities, burning of leaves
remained a major practice. Consequently,
burning leaves can be a tremendous health
hazard as toxic pollutants are released in to
the atmosphere (Sivertsen, 2006) and can
result in respiratory diseases. Subsequently,
burning generate greenhouse gases which
contribute to climate change and this
phenomenon is a global concern (Hoklis and
Sharp, 2014). Thus, alternative friendly ways
in combating K. Africana leaves rather than
continuous surveying and digging of pits or
burning the leaves ought to be sought, and
vermicomposting IS inevitable.
Vermicomposting is an eco-biological process
for waste management by using earthworms
to convert waste into organic manure.
Ndegwa et al., (2000), highlighted that
vermicomposting is increasingly becoming
popularas a waste management technique.
According to Hussaini (2013),
vermicomposting  reduces  wastes and
consequently  saves landfills  space.
Earthworms are known for degrading
(feeding) on different plant materials and
during the feeding process, they release casts
which are useful friendly products such as
vermicompost (Devi and Prakash, 2015),
vermitea or vermiwash (Kibatu and Mamo,
2014). Thus, by introducing earthworms to K.
africana leaves, environment will be relieved
from scatted leaves and burning of the leaves
will be avoided as worms will be feeding on
them, spontaneously, yielding out organic
fertilizer. However, the rate of degradation
depends on the quality or palatability of
material feeding the worms. Apart from
manufacturing of useful products during the
degradation of plants materials by

earthworms, reproduction and growth of
worms takes place, indicating the suitability
of host material as a suitable substrate.

Therefore, this study was set to establish the
survival, reproduction and growth of
earthworm  (Eisenia fetida  (Savigny))
(Lumbricidae) on Kigelia africana leaves, as
a substrate.

Materials and Methods
Experimental site description

A pot experiment was conducted in March
2019 and then repeated in April 2019at
Impala Research Station which is adjacent to
the city of Francistown, in North East,
Botswana. The area is flat with an altitude of
1020 m above sea level. The area is
occasioned by local climatic conditions of
low rainfall and dry periods (between April
and October) and wet season (between
November and March), with an annual
rainfall of about 630 mm.

Earthworms and substrates

Earthworms, sausage tree leaves (STL)and
cowdung (CD) used during this study were
sourced from Impala Agricultural Research
Station, Botswana. Cowdung was used as a
control and making substrate ratio since it is a
common earthworm substrate and is abundant
in the station.

Experimental design

The leaves and cowdung were pre-composted
for 21 days under the tree shade in order to
catalyze composting and were turned over
every 7 days to eliminate volatile toxic gases
which might be detrimental to worms (Bhat et
al., 2016).Experiment treatments consisted
of;STLy =0% (0 g STL + 500 g CD), STLys =
25% (125 g STL + 375 g CD),STLso = 50%
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(250 g STL + 250 g CD),STL7s =75% (375 ¢
STL + 125 g CD) and STL;00 = 100% (500 g
STL + 0 g CD). Treatments were put in pots
(containers)measuring a height of 20cm,
24cm wide at the top and 7.9cm wide at the
base and were arranged as complete
randomized block design and replicated four
times. After filling containers with the
treatment mixture, five adult worms (with
clitellum) were inoculated in each container
which were moistened with tap water and
kept for the entire experiment (120 days).
Containers were covered with blacknet shade
(80%) to keep worms under darkness.

Moisture content was maintained to 65 — 75%
by sprinkling with tap water at an interval of 3
days. No supplementary feed of substrates for
the entire duration of the experiment. Worms
were manually separated from the substrates,
counted and weighed, thereafter, returned to
their respective containers. Hatchlings were
also counted as soon as were identified. This
was done every 15 days till the last day of the
experiment.

Statistical analysis

Analysis of variance was done on all the
measured parameters to determine
significance differences between means of
treatments using SAS program, and Tukey’s
test at P<0.05.

Results and Discussion

Different substrates have been reported to
affect the development and growth of worms
(Sogbesan and Ugwumba, 2006; Suthar,
2007). In this study, different substrates
mixtures of sausage tree leaves with cowdung
resulted in survival, reproduction and growth
of E. fetida. Number of initial worms
(5)inoculated in the containers declined to
4.55 worms at 15" day, thereafter, increased
with an increase of days and the highest

number of worms was recorded on 105" day
in both experiments (Table 1).

This indicates that worms were not
accustomed to the substrates during the initial
days of the experiment. An increase of worm
populations during the ongoing (60" day) of
experiment was previously reported by Bhat
et al., (2015) and they attributed that to the
quality of substrate .During the first
experiment, worms increased significantly
(P<0.05) with a decrease of leaves content
and maximum number (5.69) of worms was
in STL, though it was not significantly
different from the number of those worms in
STL,s, STLsp and STL1go. While in the second
experiment, STLo produced the least worms
though they were not significantly different
from the number of worms produced from
STLi0o.The maximum number (4.66) of
worms was recorded on STL;s but they were
not significantly different from those of STL 5
(4.63), STLso (4.50) and STLigo (4.41). A
substrate containing 0% and 100% sausage
tree leaves recorded statistically the same
number of worms, thus either the cowdung or
sausage tree leaves can be used to feed the
worms. This results differs with the previous
findings where cowdung was mixed with
other tree leaves or organic materials. Bhat et
al., (2016) recorded significantly high number
(59.0 + 2.64) of worms on cattle dung
compared to (21.16 + 2.33) on pressmud
sludge. The growth and reproduction of E.
fetida was evaluated using cow manure, dry
leaves and sheep/goat manure as substrates by
Siddique et al., (2005), and they reported a
significantly higher growth rate in cow
manure. Tripathi et al., (2015), studied five
different types of feeding materials for E.
fetida and they reported the highest
multiplication of worms in cowdung feed.

Maximum weight (4.0 g) of worms in the first
experiment was recorded at 105" day though
it was not significantly (P<0.05) different
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from the weight recorded on 15" day, 45™ and
120" day of experiment (Table 1).While in
the second experiment, the maximum weight
(5.7 g) of worms was noted on the 30" day
and was significantly different compared to
those recorded on other days. During the
entire duration of the experiment, there was
no clear trend on weight of worms in the first
experiment compared to the second one and
no substantial explanation regarding that from
this study. A fluctuating growth pattern of
worms was previously reported (Karmegam

and Daniel, 2009; Viljoen and Reinecke,
1989). Weight of worms significantly
decreased with an increased content of the
leaves in both experiments with STLy
producing the heaviest worms. This is in the
same line with the findings of Sangwan et al.,
(2010) where cowdung was mixed with press
mud as substrate for E. fetida. Siddique et al.,
(2005) also reported significant increase of
worm weight in cowdung manure than in dry
leaves.

Table.1 The survival, reproduction and growth of Eisenia fetida on Kigelia africana leaves

Duration (days)

First Experiment

Second Experiment

Number = Mass of Number of Number  Mass of Number of
of worms worms (g) hatchlings of worms worms (g) hatchlings
15 4.55 bc 3.3abc | ... 4.25¢c 3.1b
30 4.60 bc 2.6 cde 1.0d 4.35 bc 5.7a 1.0d
45 4.60 bc 3.7ab 12.50 cd 4.20c 2.8¢ch 2.0d
60 4.00c 3.0 bcd 32.20 bed 4.10c 2.6¢cb 18.44 cd
75 4.60 bc 2.5de 52.21 abc 4.10c 2.8 ¢ch 30.00 bed
90 5.55ab 2.1e 59.30 ab 4.20c 3.1b 47.40 abc
105 6.45a 40a 75.80 ab 5.37a 2.3¢C 65.50 ab
120 6.00 a 3.4ab 88.60 a 4.95 ab 2.3¢C 90.10 a
Substrate
mixture
STLo 5.69a 4.1a 14.75 ¢ 3.93b 3.7a 21.68b
STLys 5.09 a 3.3b 53.13b 4.63a 3.6a 70.71 a
STLs 5.44 a 29D 95.76 a 4.50a 3.2a 76.95 a
STLs 4.16 b 2.8¢ch 71.92b 4.66 a 25D 57.36a
STL1go 4.83 ab 2.3¢C 20.61c 4.41 ab 26D 8.68 b

STL= Sausage tree leaves

Hatchlings were observed for the first time on
the 30" day in both experiments and the
number of hatchlings significantly (P<0.05)
increased continuously until 120" day where
maximum hatchlings were recorded (Table 1).
STLso produced significantly more hatchlings
than other substrates content across the
experiment. Though in the second experiment
the number of hatchlings produced by STLsg
was not significantly different from those

produced in STL,5 and STLs. An increase of
hatchlings with the increase of days might be
due to high presence of mature worms which
were able to produce more cocoons (data on
cocoons not shown) that contributed to more
number of hatchlings. Sadia et al., (2020)
reported the highest number of hatchlings
where cocoons were numerous. Maximum
number of hatchlings at STLseduring this
experiment gets supported by the findings of
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Bhat et al., (2015) as they reported maximum
number of hatchlings of earthworms when
cowdung was mixed with bagasse at equal
ratio (50%).

In conclusion based on the increments of
worms with an increase of days of the
experiment and the number of hatchlings
produced, it can be concluded that Kigelia
africana leaves as a waste can be an
appropriate substrate for earthworms (Eisenia
fetida). Maximum number of worms was
observed at 105" day. Weight of worms
significantly decreased with the increase
content of leaves. When the leaves were
mixed with cowdung at an equal ratio
(STLso), higher number of hatchlings was
attained. A follow up study is needed to
evaluate the quantity and quality of
vermicompost that can be produced from K.
africana leaves.
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