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Abstract
Vermifluid is an earthworm fluid exudate that positively influences plant growth and
mitotic activities. However, more information on the concentrations at which they exert
maximum impact is desirable. In a previous work, a tropical earthworm vermifluid was
found to impact mitotic activities and root growth of Allium cepa better at low
concentrations. In this present study, we evaluated the influence of the vermifluid on seed
germination and seedling growth of Zea mays (maize) and Phaseolus vulgaris (bean) using
the same dilutions as in the previous work. Seed germination and seedling growth were
measured using physical and biochemical parameters. Maize and bean seeds had higher
germination in vermifluid, relative to those germinated in water and urea. Maize and bean
seedlings sprayed with vermifluid recorded significantly higher (p<0.01) leaf and shoot
growth, relative to the seedlings sprayed with urea and water. Shoot growth generally
increased with rising vermifluid concentrations. Total sugar, starch, protein, chlorophyll a
and chlorophyll b were significantly higher (p<0.05) in seedlings sprayed with vermifluid.
The linear relationship between shoot growth and vermifluid concentrations in this study,
as against the inverse association between vermifluid concentrations and onion root growth
in the previous work indicates that vermifluids contain plant growth compounds, which can
either promote or moderate root or shoot growth, depending on their concentrations. We
therefore emphasise the need for farmers to carry out preliminary baseline tests to determine
the optimum vermifluid dilutions that will best impact growth, before field application.

1. Introduction

Earthworms are generally essential to sustainable agroecosystems. They are important terrestrial
invertebrates, facilitating efficient soil nutrient cycling, drainage, enzyme and microbial activities [1-3].
For a long time, earthworms have been directly utilised in promoting sustainable crop and fish
production. However, attention is shifting to the use of earthworm products as biofertilisers and livestock
feed supplements. Among earthworm products and derivatives that are used in agriculture are
vermicompost and vermifluid. Vermicompost, also referred to as earthworm casts or vermicast, are
egested organic matter or organic matter-rich soil that has passed through the alimentary canal of
earthworms. They are potentially rich in digestive and plant growth-promoting enzymes and
microorganisms, deposited onto them in the course of passage through the alimentary canal of
earthworms. Vermicompost is widely used in organic farming in place of chemical fertilizers, with good
results [4].
Vermifluid is an earthworm fluid exudate that positively impacts plant growth and mitotic
activities [5, 6]. The use of earthworm products or derivatives potentially confers a number of
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advantages. It reduces the potential threat of ecological imbalance that may arise from direct harvest of
wild or field earthworms. In addition, the use of vermifluid or earthworm fluid as biofertilizer has the
advantage of flexibility as it can be applied in the nursery and on the farm, in controlled dilutions or
concentrations, to improve growth and germination.
Vermifluid contains plant nutrients and growth hormones that impact plant aerial growth in the
natural ecosystem. When applied as a foliar spray on the farm, vermifluid increases the rate of
photosynthesis in crop plants. Vermifluid is also reported to initiate flowering and long-lasting
inflorescence [7, 8]. It can be used as a liquid fertilizer, applied to the rhizosphere to increase the density
of microorganisms involved in decomposing soil organic matter [7-9]. Freshly collected vermifluid may
be active against plant pathogens, thereby preventing infections [7].
Phaseolus vulgaris (bean or common bean) is a relatively affordable, staple food crop, rich in
plant protein, essential vitamins and minerals, soluble fibre, starch and phytochemicals [10]. Of all the
edible legumes, P. vulgaris has the widest geographical distribution [11, 12]. The common bean is a
traditional food for many people in Africa, Asia and Latin America [12, 13]. Zea mays (maize or corn)
is a globally cultivated annual cereal grain that has become one of Africa’s dominant food crops [14].
Maize is used as a staple human food, as feed for livestock, and as a raw material for many industrial
products like corn ethanol, corn starch, and corn syrup [15].
Although vermifluids have been found to positively influence plant growth, research emphasis
has not been laid on the concentrations at which they exert maximum impact. In an earlier study [6], the
effects of serial dilutions of Alma millsoni vermifluid on the mitotic index and root growth of Allium
cepa were assessed. The results showed that vermifluid impacted mitotic activities and root growth better
at low dilutions. In this present study, we aimed to evaluate the influence of graduated concentrations of
A. millsoni vermifluid on seed germination and seedling growth of Zea mays (maize) and Phaseolus
vulgaris (common bean) using serial dilutions as in the previous work.
2. Methodology
2.1 Collection of Earthworms and Preparation of Vermifluid
The adult Alma millsoni used for this study were collected at the main campus of the University of
Lagos, Nigeria. Earthworms were collected by digging and hand sorting. Care was taken to minimise
exposure of the earthworms to light, especially direct sunlight. Vermifluid preparation was as described
in [6].
2.2 Seed Germination and Seedling Growth Experiment
Certified seeds of Z. mays and P. vulgaris were obtained from the International Institute of
Tropical Agriculture (IITA), Ibadan, Nigeria. The seeds were pre-treated with a 0.1% magnesium
chloride solution to remove surface contaminations. The germination solutions prepared were vermifluid
(10%, 20%, 50%, and 100%), urea (0.05%), and distilled water. The seed germination experiment was
performed in sterilized petri plates containing absorbent cotton and blotting papers, wetted with
germination solutions (vermifluid, urea, and distilled water). Twenty visibly uniform and healthy seeds
were put into the wetted absorbent cottons. The petri plate for each experimental solution was replicated
three times. The petri plates containing urea and distilled water served as controls. Seeds were allowed
to germinate in a dark room condition, at an ambient room temperature of 29.1 ± 1.2˚C. After 72 hours
of dark incubation, the percentage seed germination was calculated for each experimental petri plate:
% Germination =

-./012 34 512/67891: ;11:;
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2.3 Seedling Growth Experiment
Seven germinated seeds were carefully removed from each germination treatment media
[vermifluid (10%, 20%, 50%, and 100%); urea (0.05%); distilled water], and transplanted in sieved
garden soil contained in plastic containers/pots of 2-Litre capacity. Each seedling growth medium was
replicated thrice. Each experimental container was irrigated weekly with distilled water. Germinated
seedlings were allowed to grow under illuminated conditions until they reached a length of 7–10 cm.
Afterwards, experimental solutions [vermifluid (10%, 20%, 50%, and 100%); urea (0.05%); distilled
water] were applied as foliar spray for 15 days, at 3-day intervals, to the seedlings’ leaf’s surfaces, using
a manual jet hand sprayer. After 15 days, three plants were randomly harvested from each experimental
container for measurement of physical (shoot length and numbers of leaves) and biochemical (total
sugar, starch, protein, chlorophyll a, chlorophyll b) growth parameters. Physical growth parameters were
measured by a metre rule. Biochemical growth parameters were measured using standard procedures as
described in [16].
2.4 Statistical Analysis of Data
The data generated from the study were subjected to descriptive analysis using the General Linear
Model (GLM) of IBM SPSS (version 25). The differences among the means were separated using the
Duncan Multiple Range Test (DMRT). Differences between means were considered significant at p <
0.05.
3. Results and Discussion
3.1 Germination of Bean and Maize Seeds in Vermifluid, Urea, and Water
Bean and maize seeds in vermifluid generally had higher germination, relative to those
germinated in urea and water (Figure 1). Bean seeds in 100% vermifluid recorded the highest significant
(p < 0.05) germination (75% germination), while maize seeds in 50% vermifluid had the highest
significant (p < 0.05) germination (65% germination).
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Figure 1. Germination of bean and maize seeds in vermifluid, urea, and water
3.2 Leaf Growth of Bean Seedlings Sprayed with Vermifluid, Urea, and Water
All the bean seedlings sprayed with different treatment fluids had a consistent increase in the
number of leaves throughout the 24-day experimental period. However, bean seedlings sprayed with
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vermifluid showed significantly higher (p < 0.05) increases in leaf number, with seedling leaf number
increasing with rising vermifluid concentrations. The highest increase in leaf number was recorded in
seedlings sprayed with 100% vermifluid, on day-24 (last day) of the experimental period (Figure 2).
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Figure 2. Leaf growth of bean seedlings sprayed with vermifluid, urea, and water
3.3 Leaf Growth of Maize Seedlings Sprayed with Vermifluid, Urea, and Water
Maize seedlings sprayed with vermifluid recorded a significantly higher (p < 0.05) increase in
leaf number except on day-10 when maize seedlings sprayed with 0.05% urea outgrew those sprayed
with vermifluid, in terms of leaf numbers (Figure 3).
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Figure 3. Leaf growth of maize seedlings sprayed with vermifluid, urea, and water
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3.4 Shoot Growth in Bean and Maize Seedlings Sprayed with Vermifluid, Urea, and Water at the End
of the Experiment
At the end of the experiment, maize and bean seedlings sprayed with vermifluid generally
recorded significantly higher (p < 0.05) shoot growth, relative to those sprayed with urea and water.
Maize and bean seedlings sprayed with 100% vermifluid recorded the highest shoot growth at the end
of the experiment. The differences between shoot growth of maize seedlings and bean seedlings were
not statistically significant (p > 0.05), except for seedlings sprayed with 0.05% urea and 50% vermifluid
(Table 1).
Table 1. Shoot growth in bean and maize seedlings sprayed with vermifluid, urea, and water at the end
of the experiment
Treatment
Maize (cm)
Beans (cm)
t-test
Sig.
Shoot
Water
10.24±0.87a
9.09±1.30a
2.21
0.65
Urea (0.05%)
8.99±1.85a
11.89±1.88b
3.30
0.003*
Vermifluid (10%)
13.44±0.64b
12.26±1.89b
1.77
0.63
Vermifluid (20%)
16.17±0.98c
16.34±2.11c
0.22
0.99
Vermifluid (50%)
20.47±1.10d
17.39±2.44c
3.45
0.002*
Vermifluid (100%)
21.32±0.95d
21.19±3.01d
0.12
0.99
F
165.1**
37.30**
Values followed by different letter are significantly different (p<0.05).
3.5 Biochemical Growth Parameters of Maize and Bean Seedlings
At the end of the experiment, bean and maize seedlings treated with vermifluid recorded higher
biochemical growth parameters. Bean seedlings treated with 100% vermifluid contained the highest
starch (121.39±0.36 mg/g), total sugar (133.51±0.20 mg/g), protein (3.14±0.09 mg/g), chlorophyll a
(1.85±0.03 mg/g) and chlorophyll b (0.44±0.02 mg/g). Similarly, maize seedlings treated with 100%
vermifluid contained the highest starch (127.98±0.26 mg/g), total sugar (143.53±0.18 mg/g), protein
(3.17±0.71 mg/g), chlorophyll a (1.85±0.06 mg/g) and chlorophyll b (0.46±0.01 mg/g). The lowest
biochemical parameters were recorded in seedlings treated with water (Table 2).
A number of previous studies have demonstrated the plant growth-promoting potential of
vermifluids obtined from other earthworm species [17-20]. Therefore, the present study lends further
credence to the plant growth-promoting ability of earthworm-derived fluids. Seeds may be pre-treated
with vermifuids to boost germination rates. Vermifluid sprays may be applied to seedling shoots to boost
physical and biochemical growth parameters.
However, in a previous study [6], like a number of others [21, 22], vermifluid was found to
impact onion root growth better at lower concentrations, as against the linear relationship between
vermifluid concentrations and shoot growth in this present study. These divergent effects of vermifluid
are an indication that vermifluids contain plant growth compounds, which can either promote or
moderate root or shoot growth, depending on their relative concentrations and other prevailing factors.
The growth compounds in the vermifluid seem to behave similar to auxins and some mineral nutrients.
Auxins are well-known plant growth regulators that may promote or inhibit growth in the shoot or root
region, depending on their relative concentrations in that region. Similarly, it is on record that a
restriction of mineral nutrients like N, P, S may favour root growth relative to shoot growth, while a
limitation of K, Mg, Mn may favour shoot development relative to root growth [23]. Hence, further
studies are needed to ascertain the plant growth regulators inherently present in vermifluid.
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Table 2. Biochemical growth parameters of maize and bean seedlings
Samples
Biochemical growth parameters (mg/kg)
Total sugar
Starch
Protein
Chlorophyll a Chlorophyll b
Maize seedling
Water
76.52±0.11a 85.32±0.34a 1.30±0.15a 0.98±0.01a
0.12±0.01a
Urea (0.05%)
98.75±0.23b 108.32±2.23b 2.73±0.36bc 1.20±0.17b
0.28±0.00b
10% Vermifluid 98.90±0.31b 100.8±0.12c 2.20±0.33b 1.27±0.00b
0.28±0.02b
20% Vermifluid 106.80±0.24c 105.31±1.45b 2.40±0.28b 1.30±0.04b
0.34±0.03c
50% Vermifluid 127.41±0.10d 117.42±0.24d 2.52±0.22b 1.72±0.02c
0.43±0.03d
100% Vermifluid 143.53±0.18e 127.98±0.26e 3.17±0.71c 1.85±0.06c
0.46±0.01d
F
38570.00*
3622.00*
16.96*
56.93
112.9*
Bean seedling
Water
65.13±0.21a 64.01±0.12a 1.72±0.14a 0.96±0.08a
0.10±0.02a
Urea (0.05%)
76.46±0.19b 85.82±1.40b 2.90±0.17d 1.26±0.06b
0.20±0.03b
10% Vermifluid 98.64±0.29c 100.83±0.25c 2.15±0.06b 1.29±0.02b
0.30±0.02c
20% Vermifluid 107.01±0.29d 104.26±0.43d 2.44±0.07c 1.33±0.03b
0.33±0.02c
50% Vermifluid 127.65±0.34e 116.54±0.23e 2.63±0.11c 1.64±0.05c
0.39±0.03d
100% Vermifluid 133.51±0.20f 121.39±0.36f 3.14±0.09e 1.85±0.03d
0.44±0.02e
F
33128.61*
3364.63*
62.79*
126.32*
104.90*
Values followed by different letter are significantly different (p < 0.05).

Based on the foregoing, when the procedure and results of the earlier study [6] are juxtaposed
with these current ones, it is evident that the effects of vermifluid on plant growth are concentrationdependent. In the former work [6], onion roots were directly immersed in dilutions of vermifluid, which
would have impacted high concentrations on the roots; hence, root growth was better in the lower
vermifluid concentration. On the other hand, in this current work, vermifluid was applied to the shoot of
test plants only in sprays (apparently low concentrations, when compared to direct immersion in
vermifluid), and growth was impacted better at higher concentration applications. The seemingly
contrasting results of [6] and this present study can therefore be explained in terms of the differences in
concentrations at which vermifluid was made available to the test plants. The practical implication of
this deduction is that farmers and horticulturists wishing to use vermifluids to improve plant performance
and boost crop production should pay attention to optimum concentrations. We therefore emphasise the
need for farmers to carry out preliminary baseline tests to determine the optimum vermifluid dilutions
that will best impact growth, before field application.
Conclusion
In this study, we evaluated the influence of vermifluid on seed germination and seedling growth
of Z. mays and P. vulgaris. Improved germination, physical and biochemical growth were recorded in
seeds and seedlings treated with vermifluid. The linear relationship between shoot growth and vermifluid
concentrations in this study, as against the inverse association between vermifluid concentrations and
onion root growth in a previous study indicates, among other things, that vermifluid contains plant
growth compounds whose effect is concentration-dependent. While this result reinforces the opportunity
presented by vermifluids for use as crop growth boosters, we recommend that farmers carry out a
preliminary baseline test to determine the optimum dilutions or concentrations that will best impact plant
growth, before field application of vermifluid.
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