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ABSTRACT: The Ethiopian Drylands are rich in their variety of local earthworm species.
However, the category of species, and the effect of their performance on additions to plant
nutrients have not been adequately evaluated. Thus, local earthworm samples were collected
from the three major agroecological zones (highland, midland, and lowland) in Tigray (northern
Ethiopia) and classified down to species level. Moreover, a vermicomposting experiment with
four treatments (three local earthworm species, Eisenia fetida, and a conventional composting
method) and three replications was established. Finally, each bin's mature compost sample was
taken to analyze plant nutrient content. The study results indicated that earthworm species in the
highland, midland and lowland agroecological zones were Dendrobaena veneta, Eisenia andrie
and Lumbricus rubellus, respectively. The use of these earthworms in the composting process
(average of the four earthworm species) yielded higher nutrient content, ranging from 21.9 %
for Sodium to 3300 % for Boron, compared to the conventional one. The highest total nitrogen
(an increase of 44.4 %) and organic carbon (an increase of 33.4 %) were recorded in the Eisenia
fetida and Dendrobaena veneta treated bins, respectively. Composting with Eisenia andrie has
resulted in increases in P (96.1 %), K (125 %), Mg (83 %) and all micro-nutrients (between 91 %
for Zn and 4400 % for B). Both Eisenia andrie and Lumbricus rubellus species contributed to the
increased additions of Sulfur (85.7 %) compared to the control. It can be concluded that the use
of local earthworms (particularly Eisenia andrie) in the composting process plays a significant
role in plant nutrient addition.

Keywords: Dendrobaena veneta, Eisenia andrie, Eisenia fetida, Lumbricus rubellus,
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Introduction

Soils in the Ethiopian Drylands, covering about 60 % of
the total area (Melese et al., 2015), are characterized by
low soil fertility (Hailu et al., 2015; Henao and Baanante,
2006). The nutrient depletion rate has been estimated at
122kgNha'yr*, 13kgPha ' yr'and 82 kg Kha ' yr™'
(Haileselassie et al., 2005). The factors which influenced
the decline were the inadequate replacement of nutrients
removed in the harvested materials lost through erosion or
leaching, and the absence of nutrient recycling earthworms
(Hailu et al., 2015; Nederlof and Dangbégnon, 2007;
Lauber et al., 2008; Delelegn et al., 2018). The presence
of earthworm species in soils has been demonstrated to
positively effect numerous soil properties (Drenovsky et
al., 2010). However, most of the farmlands in the Ethiopian
drylands are devoid of these earthworms, a factor that both
directly and negatively impacts soil biodiversity (Hailu et
al., 2015; Nederlof and Dangbégnon, 2007).

To date, farming communities in these areas apply
chemical fertilizers (e.g. 100 kg ha™ DAP and 50 kg ha™
Urea) and certain organic substances (e.g. farm yard
manure, compost and vermicompost) to overcome these
challenges. Chemical fertilizer use was based on a blanket
recommendation of a limited number of nutrients. Such
unbalanced use of plant nutrients could trigger the
depletion of other essential nutrient elements in soils
(ATA/MoA, 2014). Thus, the use of earthworms (e.g.
Eisenia fetida) in the composting process has been recently
introduced to compensate for the unbalanced plant
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nutrients in Ethiopia (Sen and Chandra, 2009; Lim et al.,
2015). Studies have proved that this method is economically
and environmentally appropriate compared to other soil
fertility management strategies (Demir, 2019; Teka et al.,
2019). Farmers' trials in Tigray (northern Ethiopia) have
indicated that vermicompost application has enhanced soil
fertility and doubled crop productivity over the use of farm
yard manure and chemical fertilizers (Teka et al., 2019).
Despite the benefits described above, the composting
processes in the Ethiopian drylands are limited to the
use of only one exotic earthworm species, Esenia fetida
(Teka et al., 2019), despite the existence of a variety of
other local earthworm species. To our knowledge, the
utilization of local earthworms in the composting process
has not been widespread in these areas due to: i) their
limited agroecological zone-based characterization and
classification and ii) studies on their contribution to plant
nutrient addition have been exceptionally scant. Therefore,
for their better utilization, it is crucial to explore their
characteristics and potential compared to the commonly
used exotic earthworm species (Esenia fetida) and
conventional composting method (without earth worm).

Materials and Methods
Description of the study area
Local earthworms were collected from irrigated surface (0-

30 cm) soils in the three agro-ecological zones (highland,
midland, and lowland) of Tigray in northern Ethiopia
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(Figure 1). The specific sites were Ruba-Feleg in Atsbi-
Womberta (highland > 2300 m above sea level), Tahtay-
Adikisandid in Kilte-Awulaelo (midland > 1500 m above
sea level), and Adiha in Keyih-Tekli district (lowland <
1500 m above sea level). The composting materials were
collected from the Wukro town municipal waste landfill
(13°45'02" N, 39°35'44" E, altitude 1960 m), which
serves most towns in Tigray; while the experiment was
carried out in Mekelle city (13°28'46.46" N, 39°29'22"
E, altitude 2200 m).

Study method

Local earthworm collection, identification, and
classification

Fifteen local earthworm specimens, five from each
agroecological zone, were collected for taxonomic
classification. From each specimen, five samples of
adult earthworms (with clitellum) were taken and
washed carefully in a plastic tray. Each earthworm
was then transferred to a Petri dish using forceps and
investigated under a stereomicroscope. The "Key to
common British earthworms” online guide was used for
species identification. This key is a widely used approach
for the identification of species. Distinguishing features
(characteristics) such as the description of body color, body
length, number of segments, shape of peristomium, shape
and length and position of clitellum, and presence and
position of genital pores were used.

Evaluating the role of local earthworms in plant
nutrient additions

A compost experiment with four earthworm species

(three local and Esenia fetida) with three replications was
established to evaluate their role in the addition of nutrients

Figure 1 — Location map of the study sites in Eastern Tigray
(shaded).
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compared to the conventional composting method (with
no earthworm). The experiment was carried out at a tree
nursery (controlled environment) following a completely
randomized design (CRD). Thus, 15 wooden earthworm
bins lined with geo-membrane, each being 2 m long, 1
m wide and 30 cm deep, were prepared. Each bin was
covered with mesh and plastic to protect earthworms from
direct attack by earthworm hunters. An equal weight (200
kg) of freshly prepared composite organic waste based on
a pre-defined composition (Table 1) was applied to each
earthworm bin and left to stay aerated for approximately
ten days before the addition of earthworms.

One thousand (1000) earthworms (the equivalent
of 0.5 kg) were introduced to each bin after an ideal
environment was created for these earthworms. Other
management initiatives, such as watering, were applied
equally. The experiment was monitored for 90 days.
Finally, a mature composite compost sample was taken
from each bin (a total of 15 samples) to analyze major
chemical parameters following standard laboratory
procedure (Table 2).

Data analysis

Collected data were subjected to analysis of variance
(ANOVA) using Genstat software version 18, and
treatment means were separated by DUNCONSs multiple

method at 5 % level of significance.

Table 1 - Materials used for experimentation.

Type of waste Amount Amount
kg %
Household waste 54 27
Fruits 44 22
Leftover food (injera) 10 3
Coffee and tea (daka) 14 7
Animal manure 40 20
Ash 20 10
Green manure 18 9
Total 200 100

Table 2 - Compost quality analysis.

Parameter Standard procedure Reference
pH pH meter Rhoades (1982)
EC (mS cm) De Villiers and Jackson

EC meter (1967)

Walkley and Black

Organic carbon (%) T

Walkley and Black (1934)

Phosphorus (%) Olsen method Olsen (1954)
Total nitrogen (%) Kejeldahl method grsgwg)er v

Ammonium distillation

-1

CEC (cmol_kg™) method Chapman (1965)
Exchangeable cations Ammonium acetate

(cmol_ kg') method Ewulo et al. (2008)

Micronutrients (mg L) AAS Lindsay and Norvell (1978)
EC = electrical conductivity; CEC = cation exchange capacity; AAS = Atomic
Absorption Spectrometer.
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Results and Discussion

Description and classification of the local
earthworms

The description and classification results showed that
earthworms in the highland, midland and lowland
agroecologies were in the Dendrobaena veneta
(compost earthworms), Esenia andrie (red earthworm)
and Lumbricus rubellus (red head earthworms)
species category, respectively. Dendrobaena veneta is
characterized by its: i) typical adult size of 7 cm; ii)
stripes on its upper surface when moving; iii) dark red
bands on the upper surface with a pale pink or yellowish
band in between; iv) saddle usually paler than the rest
of the body. The Eisenia andrei is characterized by its:
i) distinctive yellow banding in the inter segmental
grooves; ii) dark red bands on the upper surface with a
narrower pale pink or yellowish band in between; iii)
stripey on its upper surface; iv) saddle usually having
a color similar to the rest of the body; v) typical adult
size of 6 cm; vi) its head shape is Epilobic; vii) closely
paired setae; viii) the clitellum starts on segments 24-
26 and ends at 32-34. The Lumbricus rubellus species
is also characterized by its: i) typical adult size of 6.5
cm; ii) entirely dark in color (reddish brown) on the
upper surface of the body, from the first segment to
the saddle; iii) a paddle-shaped tail; iv) invisible male
pores; v) the clitellum starts on segments 26 or 27 and
the obvious yellow color in the inter segmental grooves
is not present.

These earthworms are among the most often used
384 epigeic earthworm types for agricultural purposes
due to their high efficiency and easy maintenance
(Karuppasamy et al., 2017; Degefe et al., 2018). They
are also known as compost earthworms (Podolak et
al., 2020). Earthworms inoculated into the soil surface
deposit valuable earthworm droppings annually of up
to 10 kg m™ or as much as 0.5 cm of the soil layer in
fields (Pfiffner, 2022). This author also estimated that
the earthworm casts contain, on average, five times as
much nitrogen, seven times as much phosphorus, and 11
times as much potassium compared to the surrounding
soil. These earthworms are known to affect plant
growth through five fundamental mechanisms (Scheu,
2003): (i) enhancing soil organic matter mineralization;
(ii) producing plant growth regulators via microbial
activity stimulation; (iii) controlling pests and parasites;
(iv) stimulating symbionts; (v) modifying soil structure.

Effect of local earthworms on plant nutrient
additions

Vermicompost vs Conventional compost
Vermicompost, taking the average of the product of

the four earthworms, was able to increase compost
nutrients ranging from 21.9 % for Sodium (Na) to
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3300 % for Boron (B) as compared to the conventional
one (Table 3). These results are consistent with
experimental study findings in Sivapuri that affirmed
that using earthworms in the composting process
enhanced plant nutrient content by 1.6 times for
Mg to 52 times for Zn (Manivannan et al., 2009).
Other studies, such as Nagavallemma et al. (2004),
observed that vermicompost contains nearly two fold
higher micro- and macro-nutrients than conventional
compost. Argentinian farmers have also reported
that the nutrient and growth promoting values of
vermicompost was seven times richer than that of the
conventional compost (Munroe, 2007). Moreover, the
pH, EC and CEC increased by 8.7 %, 42.6 % and 12.9 %,
respectively. The use of earthworms for composting in
the Sivapuri experimental study also showed a 1.2-fold
increase in CEC, 1.02-fold in pH and 1.4-fold in EC
(Manivannan et al., 2009).

The increase in nutrient content upon
vermicomposting was related to the presence of enzymes
like amylase, lipase, cellulase, and chitinase in the canal
of earthworms, which can degrade the organic matter
and release the essential nutrients (Sinha et al., 2010).
Vermicompost also contains a high proportion of humic
substances (40 to 60 % higher), such as humic acids,
fulvic acids, and humin, which provide numerous sites
for chemical reactions (Nagavallemma et al., 2004).
The large surface area of vermicompost provides many
micro-sites for microbial activity (a 1.5-fold increase)
and retention of nutrients (Manivannan et al., 2009).
The difference in temperature and decomposers
during the composting process is another factor for the
variation in nutrient content. Thermophilic bacteria
predominate in conventional composting, while
mesophilic bacteria and fungi predominate in the vermi-
composting process (Sinha et al., 2010). The earthworm
cast contains a higher mesophilic bacterial population
(102-106 per gram of vermicompost), which is 10-20 %
higher compared to other organic sources (Edwards,
1995). Higher mesophilic microbial populations in
vermicomposts hasten the decomposition process by
2-5 times compared to the thermophilic composting
method (Atiyeh et al., 2000; Sinha et al., 2010).

Table 3 - Changes in compost properties due to vermi-composting.
Treatment pH EC CEC OC Nt P K S

C 6.80 1.03 532 561 214 230 273 0.56
\% 7.39 147 6.01 745 295 337 463 1.01
Change (%) 8.7 42.7 129 328 376 465 696 80.4
Treatment Na Ca Mg Zn Mn Cu B Fe

C 93.3363.3 22.0 1.10 0.50 0.23 0.01 27.70
\% 113.7498.2 33.1 158 4.75 2.13 0.34 86.09

Change (%) 21.9 37.1 50.5 43.6 850.0 826.1 3300.0 210.8

C = conventional compost; V = vermi-compost; EC = electrical conductivity;
Nt = total nitrogen; P = available phosphorus; K = exchangeable potassium;
S = sulfur; Na = sodium; Ca = calcium; Mg = magnesium; Zn = zinc; Mn
= manganese; Cu = cupper; B = boron; Fe = Iron; CEC = cation exchange
capacity; OC = organic carbon.
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Effect on OC, pH, EC and CEC

Experimental results (Table 4) showed that the different
earthworms had a positive effect (p < 0.001) on
compost CEC. The highest CEC value (a 19 % increase)
was recorded in bins treated with Esenia fetida (6.33
cmol kg™'); while the lowest value was recorded in
the conventional compost treatment (5.32 cmol_ kg™).
An increase in CEC (45 %) resulting from the use of
exotic earthworms in the composting process compared
to manure/compost was also found elsewhere (Yagi et
al., 2003). The highest cation exchange capacity (CEC)
in the earthworm treated experiments was attributed to
the presence of carboxylic and phenolic radicals, which
are responsible for the production of surface charges
(Jiménez and Garcia, 1992).

The highest soil organic carbon, a 36.4 % increase
compared to the conventional compost, was recorded
in the Dendrobaena veneta species treated bins. This is
consistent with the findings of Pattnaik and Reddy (2010)
who reported a 51.4 % increase in OC. This indicates
lower decomposition of the organic matter and lower
carbon loss to energy (Greiner et al., 2011). In such cold
agroecological environments, such species contribute
to increased carbon accumulation by prompting the
formation of micro-aggregates and protecting soil organic
matter against microbial decay (Pulleman et al., 2005).

The lowest pH value was recorded in the
conventional compost, followed by the Esenia andrie
species. In contrast, the highest value was observed in
the Esenia fetida species treated bins, which was 14.7 %
higher than the conventional one. These observations
corroborated those obtained by Nagavallemma et al.
(2004), who found higher pH in earthworm inoculated

Table 4 - Nutrient composition of the different treatments.

Role of local earthworm species in nutrient additions

compost than in the control. The increase in pH was
related to the activity of calciferous glands in earthworms
containing carbonic anhydrase that catalyzes the fixation
of CO, as CaCO,, thereby preventing the fall in pH
(Pattnaik and Reddy, 2010). It can also be due to increased
utilization of organic acids (short-chained fatty acids) and
mineralization of waste (Fares et al., 2005).

The EC of all treatments was also between 1.03
dS m™ (for conventional compost) and 1.72 dS m™
(for Dendrobaena veneta), which is considered a range
suitable for plant growth (Arancon et al., 2004). The
use of Dendrobaena veneta species in the composting
process yielded a 67 % increase in EC as compared
to the control. This is consistent with the findings of
Rajendran and Thivyatharsan (2014) found an EC value
in the earthworms treated bins 21% higher than that of
the conventional one. This increase was attributed to
the loss in weight of organic matter and the release of
exchangeable ions such as Ca, Mg, K and P during the
vermicomposting process (Nath et al., 2009).

Effect on macro-nutrients (N, P, K, S, Ca, Mg and
Na)

Experimental results showed a statistical difference
in macro-nutrient additions between treatments (p
0.03). The lowest total nitrogen (Nt) value, 44.4 % lower
than that of FEisenia fetida, was recorded in bins treated
with conventional compost. These results are consistent
with the findings elsewhere that using Eisenia fetida
has resulted in 123.3 % (Rajendran and Thivyatharsan,
2014) and 51.8 % (Pattnaik and Reddy, 2010) increases
in Nt. The highest Nt content in the earthworm treated
bins was related to the difference in N-forms, in which

Treatment 0oC pH EC CEC Nt P K S

© 5.61° 6.80° 1.03 5.32¢ 2.142 2.30° 2.73 0.56°
E 7.62 7.80¢ 1.58° 6.33° 3.09° 2.63° 3.88° 0.96°
H 7.66° 7.60 1.72° 5.412 2.86° 3.122 3.93° 1.00°
L 7.40 7.27%¢ 1.32¢ 6.25° 2.94° 3.22¢ 4.57° 1.04°
M 7.12° 6.90% 1.26° 6.03° 2.89° 4.51° 6.14° 1.04°
pvalue < 0.001 < 0.001 0.026 0.004 < 0.001 0.024
LSD 0.5039 0.3596 0.5409 0.902 0.908 0.29
CV (%) 3.8 3.3 10.3 15.2 11.3 16.8
Treatment Ca Mg Na Zn Cu Mn B Fe
C 363.3¢ 22.0° 93.3¢ 1.12 0.2 0.5° 0.01° 27.7°
E 418.3° 26.3° 101.3* 1.1° 0.7 2.7° 0.242 43.0°
H 465.3° 32.3° 105.3® 1.4%® 1.4% 4.2¢ 0.28° 84.67°
L 537.3¢ 33.3° 118.3® 1.7% 2.1¢ 4.6° 0.40° 89.00°
M 571.7¢ 40.3° 130.0° 2.1¢ 4.3¢ 7.5¢ 0.45° 127.67¢
p-value < 0.001 < 0.001 0.152 0.004 < 0.001 < 0.001 0.395 < 0.001
LSD 53.02 9.6 31.54 0.4329 1.020 7 0.5150 23.34
CV (%) 6 5.6 15.3 15.5 30.7 0.5 9.9 16.7

Means followed by the same letters are not significantly different (p < 0.05); CV = coefficient of variation; C = Conventional compost; H = highland earthworm species;

M = midland earthworm species; L = lowland earthworm species; E = Esenia

fetida; EC = electrical conductivity; Nt = total nitrogen; P = available phosphorus; K =

exchangeable potassium; S = sulfur; Na = sodium; Ca = calcium; Mg = magnesium; Zn = zinc; Mn = manganese; Cu = cupper; B = boron; Fe = Iron; OC = organic

carbon; CEC = cation exchange capacity; LSD = least significant difference.
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conventional compost contains higher ‘ammonium-N’,
while vermicompost tended to contain higher 'nitrates-N,
the most available nitrogen form' (Atiyeh et al., 2000;
Suthar and Singh, 2008). Earthworms facilitate nitrogen-
fixing bacteria and mycorrhizal fungi (Bin Dohaish, 2019). The
pre-dominance of thermophilic bacteria in conventional
composting can also lead to the nitrogen loss through
volatilization (Sinha et al., 2010; Barthod et al., 2018).

The highest available phosphorus (P) content (p
< 0.05) was recorded in bins treated with the Eisenia
andrie species compared to the other treatments, and a
twofold increase compared to conventional composting.
An increase in P (4.5-264 %) when using earthworms
in the composting process was also found elsewhere
(Pattnaik and Reddy, 2010; Rajendran and Thivyatharsan,
2014). Mineralization and mobilization of phosphorus
resulting from the enhanced phosphatase activity by
microorganisms in the earthworm's gut epithelium
might possibly be the reason for this (Garg et al., 2006;
Suthar and Singh, 2008; Bin Dohaish, 2019). Earthworms
convert insoluble P into soluble forms with the help of
P-solubilizing microorganisms, making it more available
to plants (Padmavathiamma et al., 2008; Suthar and
Singh, 2008; Ramnarain et al., 2019).

Comparisons between treatments showed that
the highest exchangeable potassium (a 125 % increase as
compared to the control) was recorded in the Eisenia andrei
treated bins. This is on par with the findings of Pattnaik
and Reddy (2010), and Rajendran and Thivyatharsan
(2014), who, respectively, reported a 172.4 and 155 %
increase in K when composting including earthworms.
This increase supports the findings of others elsewhere
who have reported 1.55-95 % more exchangeable
potassium in earthworm treated bins compared to the
conventional one (Sinha et al., 2010). This was mainly
related to the sizeable number of symbiotic microflora
present in the earthworm gut and the cast, and secreted
mucus and water which can trigger the release of available
metabolites to enhance the mineralization rate (Kaviraj
and Sharma, 2003; Suthar and Singh, 2008).

Experimental results for exchangeable calcium (Ca)
and exchangeable magnesium (Mg) showed statistically
different effects on treatments (p = 0.001). The Eisenia
andrie and Lumbricus rubellus species treated bins had
higher Ca (an increase of 57 and 48 %, respectively)
compared to the control. The use of Eisenia andrie species
in the composting process also yielded a higher Mg (an
increase of 83 %) compared to the control. The increase
in Ca and Mg content in the study area supports the
findings of others who have reported increases of 131.5
and 155.6 %, respectively, when earthworms are included
in the composting process (Teka et al., 2014). Increases in
Ca (155.6 %) and Mg (50.0 %) content compared to the
conventional compost were also noted by Pattnaik and
Reddy (2010). The gut processes associated with calcium
metabolism were primarily responsible for the enhanced
of calcium and magnesium content in the earthworm
treated bins (Garg et al., 2006).
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There was no statistical variation (p = 0.15) in the
contents of sodium (Na) and sulfur (S) in the earthworm
treatments. However, there was a striking difference
compared with the control, which reached 85.7 % of S
and 27-39 % of Na increases in utilization in the Eisenia
andrie and Lumbricus rubellus species.

Effect on micro-nutrients (Cu, Mn, Zn, Fe and B)

The experimental results of the effect of the different
treatments on micro-nutrients showed statistical
differences (p = 0.001) between treatments, except in
the case of boron (B). The Eisenia andrie species was
the top contributor with increases in Zn, Cu, Mn, B
and Fe of 91 %, 1770 %, 1400 %, 4400 % and 361 %,
respectively. These results indicate an accumulation of
these micro-elements in the earthworm treated compost
due to enhanced microbial activity in the earthworm's
gut and the cast (Dey et al., 2019; Ramnarain et al., 2019).
These can prompt the release of available metabolites to
enhance the rate of mineralization (Kaviraj and Sharma,
2003; Suthar and Singh, 2008).

Conclusions

Our findings showed that the highland, midland, and
lowland earthworms were those taxonomically classified
as Dendrobaena veneta, Eisenia andrie and Lumbricus
rubellus, respectively. Vermicomposting, taking the average
of the product of the four earthworm species, resulted in
increased nutrient contents, ranged from 21.9 % for Na to
3300 % for B, compared to conventional compost. It also
increased the compost conditions such as pH, EC, and
CEC by 8.7 %, 42.6 % and 12.9 %, respectively.

When the different earthworm species were
compared, the highest increase in CEC (19 %) and Nt
(44.4 %) was recorded in the Eisenia fetida treated bins
compared to the control. The highest content for OC (a
33.4 % increase) and EC (a 67 % increase) was reported
from the Dendrobaena veneta treated bins. Composting
with Eisenia andrie also resulted in an increase in P
(96.1 %), K (125 %), Mg (83 %) and all micro-nutrients
(91 % for Zn to 4400 % for B). Furthermore, Eisenia
andrie and Lumbricus rubellus species contributed to the
increased additions of Ca (57 and 48 %, respectively), Na
(39 %) and S (85.7 %) compared to the control.

It can be concluded that the use of local earthworms
(particularly Eisenia andrie) in the composing process can
play an exceptionally significant role in plant nutrient
additions. Moreover, the different earthworms used in
this study have their specific contributions in terms of
increasing the availability of nutrients for soil fertility
improvement.
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