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Abstract

Resumen

Vermiculture has an ecological approach due to the recycling of
the different substrates used in its feeding; it also has a
biotechnological approach due to the microbiological and
biochemical phenomena that occur in the fermentation process
of the worm feeding on organic materials; it also provides a
simple, rational and economical response to the environmental
problem. The Californian red worm (Eisenia Foetida ) doubles
its population after 3 months; the objective of this project is to
record the progress and exponential growth of the Californian
red worm as well as its growth rate after these 3 months with a
substrate of organic waste.

o To analyze the exponential growth of the red
Objectrve Californian sarthworm (Eireria Foetida) inan
organic waste substrate in 3 months

La lombricultura tiene un enfoque ecolégico debido al
reciclado de los diferentes sustratos utilizados en su
alimentacién; también tiene un enfoque biotecnol6gico debido
a los fenémenos microbioldgicos y bioquimicos que se
producen en el proceso de fermentacién de la lombriz al
alimentarse de materiales organicos; ademas proporciona una
respuesta sencilla, racional y econémica al problema
medioambiental. La lombriz roja californiana (Eisenia
Foetida ) duplica su poblacion al cabo de 3 meses; el objetivo
de este proyecto es registrar el progreso y crecimiento
exponencial de la lombriz roja californiana asi como su tasa de
crecimiento al cabo de estos 3 meses con un sustrato de
residuos organicos.

Obietic Amnalizar el erecimiento exponencial dela
jetrvos lombriz roja californiana {Eissnia Fostida) an
un sustrato de residuos orginicos en 3 mesas.

Methodology Contribution )
Metodologia ‘ Contribucion

* Faw material N
* Blend praparation Exponsntial growth of the * Materia prima o .
. Processing Californian red worm. * P'EPGﬁflfm da la mezela Crecimiants e:-;pnu&_nmal

esting . Procesamiento da la lombriz roja
: IS-II::;EE and distnbution . Cosecha Califormzna.

- * Almacenajs v distribucidn

Vermicompost, exponential growth, Californian red worm Vermicompost, crecimiento exponencial, lombriz roja

californiana

Citation: Garcia-Garcia, Damaris Carmen, Hernandez-Garcia, Cintia Eli and Diez-Barroso-Agroz, Allan Ronier. [2024].
Building the future: The growth exponential of the earthworm red Californian ( Eisenia foetida ) on a substrate of organic
waste. ECORFAN Journal Republic of Nicaragua. 10[18]1-11: e51018111.

ISSN: 2414-8830 / © 2009 The Author[s]. Published by ECORFAN-Mexico, S.C. for its ’..‘... RE N I ECYT
Holding Republic of Nicaragua on behalf of ECORFAN Journal Republic of Nicaragua. This ...."3.
e,

(]
is an open access article under the CC  BY-NC-ND license .'.'.".‘ ® o
[http://creativecommons.org/licenses/by-nc-nd/4.0/] %...... .. Registro Nacional de Insituciones y

Empresas Cientificas y Tecnoldgicas

Peer review under the responsibility of the Scientific Committee MARVID®- in the
contribution to the scientific, technological and innovation Peer Review Process through the I 702 902 CO NAHCYT

training of Human Resources for continuity in the Critical Analysis of International Research.



https://ror.org/05gjd9170
https://orcid.org/0009-0004-6255-0670
https://ror.org/05gjd9170
https://orcid.org/0009-0005-0574-1830
https://ror.org/05gjd9170
https://orcid.org/0009-0000-6986-9482
https://doi.org/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://www.marvid.org/
https://crossmark.crossref.org/dialog/?doi=10.35429/EJRN.2024.10.18.5.11&domain=pdf&date_stamp=2024-12-30

ECORFAN Journal Republic of Nicaragua

2
10[18]1-11: 51018111

Article

Introduction

Composting represents a highly beneficial area
of opportunity in our country, as it allows
reducing the costs of transporting and disposing
of waste, with the corresponding risk of
contamination and proliferation of harmful
fauna, in addition to obtaining a marketable
product. Although composting has gained
popularity and there are countless manuals and
techniques, it is necessary to disseminate this
practice among the community to solve the
problems of organic waste contamination and
offer low-income families a way to earn income,
thus contributing to social well-being.

Vermiculture is an agricultural activity
and consists of the technical breeding of worms
in captivity, the immediate objective of which is
the production of worm humus, which is an
entirely organic fertilizer, and additionally, a
larger quantity of worms, which are called
breeding stock or vermicompost biomass, which
constitute an important source of protein.

Vermiculture has an ecological approach
due to the recycling of the different substrates
used in its feeding, and a biotechnological
approach due to the microbiological and
biochemical phenomena that occur in the
fermentation process of the worm when feeding
on organic materials, in addition to providing a
simple, rational and economic response to the
environmental problem. Vermiculture is a
growing business and will in the future be the
fastest and most effective means of soil recovery
in rural areas.

The California red worm (Eisenia
Foetida), originally from Eucrasia, has been
intensively bred since the 1950s in California
(USA) and is used on more than 80% of the
world's farms, making it the most widely
cultivated species in the world due to its
hardiness, tolerance to environmental factors,
reproductive  potential and capacity for
crowding.

The focus of this project will be on the
calculation of the exponential growth of the
Californian red worm (Eisenia Foetida) in
vermicompost having as its main food organic
waste, the duration of this project will be
estimated at 3 months, since the Californian red
worm after this time doubles its population.
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This exponential calculation is essential
since by having a constant growth rate after this
time it is possible to accurately calculate the
exponential growth in a given time, whether in
days, months or years without the need to
manually count the Californian red worms.

Background

Vermiculture as a technique has its origins in
1936 in Los Angeles, USA, with Dr. Tomas
Barret. In 1758 Carl von Linnaeus
implemented the “Natural System”, which
included for the first time a species of
earthworm, Lombricus terrestris.

According to Compagnoni, worm
farming was born and developed in North
America with Hugh Carter in 1947, and then
spread to Europe, Asia and America. In 1988,
thanks to some research, another species of
earthworm was found, superior to the
traditional one, the Eisenia Foetida
(Rodriguez, 1996)

Concept of vermiculture

Vermiculture is a biotechnology that uses
domesticated earthworms (Eisenia foetida) as
work tools. Under certain conditions
(temperature, humidity, pH), various organic
materials can be recycled and used to produce
humus and worm meat as a final product. This
technology has applications in agriculture with
production systems that require recycling solid
waste into high-quality organic fertilizers,
which generates economic benefits, and worm
biomass that can be used to feed birds, fish and
pigs. (Heras Sierra, 2015)

Vermicomposting process
Raw material

A wide variety of organic waste can be used,
however, it is more feasible to use pre-
consumer waste of plant origin (vegetable
peels), excluding citrus fruits because their
acidity conditions affect the worm population.
Preparation of the mixture.

Necessary preparations for materials to
be added to vermicomposting include particle
size reduction of waste, mixing, moisture
control, and inoculation with live strains of
microorganisms and worm castings.
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Vermicompost producers recommend
feeding worms with partially decomposed
materials, to avoid excessive heat production
when organic matter accumulates and
decomposes due to its high carbon content,
although practice has shown that worms can be
fed with "fresh" waste when a correct
carbon/nitrogen ratio is sought and animal waste
(meat, fish and seafood, poultry and dairy) is
avoided.

Inoculation: It is advisable to inoculate
the container with mature vermicompost and
worms of the Eisenia Foetida species
(Californian red worm).

Harvest

It is generally suggested to harvest
vermicompost six months after the system has
been in operation, when the contents have
acquired a dark brown colour. The worm moves
to the upper layers of the container through a
mesh, while the compost remains at the bottom.

Californian red worm (Eisenia foetida)

The red worm (RW) is commercially known by
the nickname "Californian” because it was in this
US state where the first intensive worm farms
were developed in the 1950s. The reproduction
of worms in captivity treated with bovine
manure compost has produced the highest
breeding values (expressed as number of
offspring at 14 and 21 days and total offspring
per cocoon). This type of feeding was the most
efficient at all times of the year, increasing its
value even more in spring and summer
(Toccalino et al., 2004)

Box 1

Table 1

External morphological characteristics of the
earthworm Eisenia foetida (EF). (The numbers indicate

the number of segments in which each of the characters
is found)

Character Eisenia foetida

Color Wine red in colour. Orange or yellow
stripes at the end of the body.

Shape Slightly flattened dorsoventrally.

Quetas Lumbricin.

Length (cm)  6-9
Number of 96-118

segments

\Weight (g) 0.3-1

Clitellus [26-33]

Male pores 15-With papillae. Globose shape. 1 pair in

the shape of an eyelet.
Female pores  14. 1 lateroventral pair.

Source: (Melendez Gomez, 2003)
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Factors to consider when
Californian red worm

planting

- Location: They can be placed in
shaded areas such as pergolas, under
trees that do not have tannin, moss,
galleries, ecological boxes and in open
fields, placing high layers of grass for
protection, thus avoiding evaporation
and allowing easy access.

The surface must be almost flat, not
have a slope greater than 20% and not be
exposed to flooding. Drainage ditches must be
made with very good water availability. It is
necessary to orient the beds in the same
direction as the prevailing winds.

- Lighting: Earthworms are very
sensitive to ultraviolet rays, which can
cause their death. It is therefore
advisable to place them in shaded or
covered areas.

- Humidity: This is one of the most
influential elements. Errors, whether
due to a lack or excess, have negative
consequences for the production of
humus as well as for the reproduction
and fertility of the worm. Humidity
should be maintained between 75% and
80%, since humidity levels below 70%
are unfavorable for breeding and levels
below 55% are death levels.

- Temperature: The ideal temperature is
between 15-24°C, as close as possible
to the body temperature of the worm,
which is 19°C. Above

30°C the worm can withstand the
temperature well, but at the cost of lower
production and a decrease in humus production.

- pH: A determining factor for good
vermiculture is to have a pH between
6.5 and 7.5 and the optimal values are
between 6.8 and 7.2. (Fuentes Yague,
1987).

- Aeration: Earthworms require air for
their vital process and therefore it is
necessary to remove the beds with a
rake at least every seven days.
(Somarriba Reyes & Guzman Guillén,
2004).
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Exponential growth

Exponential growth (EG) describes a
hypothetical model of population growth in
which space and resources are available in an
unlimited manner.

As aresult, the rate of population growth
increases with each new generation.

According to this model, a population
grows rapidly and continues to grow
indefinitely.

There are two different types of
exponential growth:

Discrete Growth: is modeled with:

ye = yo(1+ k)t [1]

Where growth occurs at specific
intervals.

Continuous Growth: It is modeled with:

y = yoekt [2]
Where growth is continuous over time.

Both formulas are essential in different
contexts and allow to adequately model the
behavior of variables that grow exponentially,
either in discrete intervals or continuously.

Regarding this project to calculate the
exponential growth of the earthworm population
we will be using the continuous exponential
growth formula since this formula is used to
model situations in which the population grows
continuously and at a constant rate, which is
characteristic of exponential growth.

In the first instance it must be assumed
that:

t = time (days)

t = 1 (@) initial value

to=0

y = population

k = growth rate

In an equation it would look like this:

y=f@®
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But we need to focus the equation on
the population that varies with respect to time
giving the following equation:

Ay = At

Every increase in time increases the
population.

The population change will be the
population multiplied by the increase in time.

Population growth is the number of
inhabitants in time X multiplied by the
temporary increase, but it must grow with
respect to the growth rate.

Ay = kyAt
It is written as follows:

Ay= ky
At

Therefore, this expression also passes
in its differential form:

dy=ky
dt

This equation must be integrated, but
you can't have two differentials on one side, so
it separates as it was originally:

dy = ky dt

The variable y must be changed to the
other side:

Jdy= [kdt
y

Once we have the expression, we
integrate it.

According to the integration formulas,
when integrating the

4yjs equal to Iny:
y

Iny = [k dt

The k is a constant, so only dt is

integrated:
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Iny=kt+c

Since this is an explicit problem, it is
assumed that c is:

Yeah
Yy=DXo
t=t=0

Replacing :

Inyo=k(0)+c — c=Iy
Substitute ¢ in the solved integral:

Iny =kt +1Inyo

The value of y remains as is and may
change from one day to the next.

yo = poblacion inicial

Iny =kt +Inyo

The two are joined Inby only one side:
Iny —Inyo = kt

By the law of logarithms the subtraction
of two

Inig [Ina —Inb = In|( ;]];

lnt1 = kt

Yo

What is needed is clarification yto
calculate the population.

He Ingoes over to the other side as his
opposite:

Y _ e
Vo

Cleaning yo:
Y = Yokt

Mathematical expression that describes
exponential population growth.
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It is used for both exponential growth
and exponential decay.

Calculation of the growth rate

The growth rate (GR) is the index that
indicates the growth or decrease in the
population amount during a specific period.

You will use the discrete exponential
growth equation, which is used when growth
increments occur at discrete intervals (e.g.,
annually, monthly, etc.), rather than
continuously.

The discrete  exponential  growth
formula y: = yo(1 + k)tis derived from the idea
of applying a constant growth rate over discrete
time intervals. Here is a step-by-step
explanation of how this formula is derived:

Iny =kt +1nyo
Definition of discrete growth:

The quantity y is assumed to grow at a constant
rate at discrete intervals. kat discrete intervals.
That is, after each period, the quantity grows
by a percentage of its previous value.
kpercentage of its previous value.

In a first period, the initial amount
yoincreases according to the growth rate k.
The new value
y1 will be:

y1=yo0+yo-k=yo(1l+k)

In the second period, the new value y1
grows again at the same rate k:

y2=y1+yi-k=yi(1+k)
=yo(1+k)(1+k)
= yo(1+ k)?

Following the same pattern, after the third
period, the value will be:

y3=y2+yz2-k=y21+k)
= yo(1 + k)?(1 + k)
= yo(1+k)?

This period is repeated for any
number of periods. t Generalizing, after tthe
periods, the value will be:
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Ve = yo(l + k)t

From the discrete exponential growth
formula we will clarify k.

Where:

y: = final population
yo = initial population
t = time

Compensation k for calculating the
growth rate:

We go yoto the other side of the
operation, we multiply by what happens when
we divide:

Y1+
Yo

The same is done with the exponential
tsince in exponential it goes to the other side as
a radical:

t Vi
Yo

The 1 is added and subtracted as it is
added, obtaining:

\fy—u—l:k

By the law of radicals we know that
n\am = gmnwe can observe the formula as follows:

1
(yt/w);— 1=k

Adjusting the equation we obtain:

k= (yt/yo)lf -1
If K is positive, the population grows.
If K is negative, the population decreases.

In any case, population variation can be
expressed as a function of the growth rate, that
is, the percentage variation:

Razén del crecimiento = Tasa de crecimiento x 100

In cases where the growth rate is zero,
we are talking about a population in equilibrium:
the population is neither increasing nor
decreasing. This means that the birth and death
rates are equal.

ISSN: 2414-8830.
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Methodology

General steps for
vermicompost plantation

establishing a

Preparing the vermicomposting box

Using the drill, a hole was made on one side
with a diameter of 2 cm, this hole was made
with a 16 mm drill bit, this hole is to place the
Y inch bit wrench.

This key will be in the lower center of
the box, so that the leachate exits through here.
The key was installed in the box and reinforced
with hot silicone to prevent leaks and keep it in
place (Fig. 1).

Figure 1
Perforated plastic box for vermicompost

with a pointed key already fitted
Source: Own elaboration

Inside the box and to collect even more
leachate, there will be a %2 inch female adapter,
around this female adapter there will be a mesh
cloth, to prevent the worms from exiting
through the faucet (Fig. 2).

Figure 2

Perforated plastic box for worm composter
with a %2 inch female adapter and a 1/2 inch
male key on the inside of the box, with 0.5
cm perforations on the sides

Source: Own elaboration
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Eight holes with a diameter of 0.5 cm
were drilled separately on the sides of the box,
which will serve as ventilation for the box (Fig.
3).

o e S U =
Figure 3
Perforated plastic box for worm composter
with a % inch female adapter and a 1/2 inch
male key on the inside of the box, with 0.5

cm perforations on the sides
Source: Own elaboration

To prevent the worms from escaping
through the 0.5 cm holes on the sides, a cloth
mesh was placed over the holes. Rectangles of
mesh measuring 8.5 x 6 cm were cut and glued
with hot silicone for better adhesion (Fig. 3).

Figure 4

Vermicompost box with the first layer of

substrate (dry leaves and branches)
Source: Own elaboration

Layer 1. Dry leaves and branches as a
substrate for vermicompost

Dry leaves and branches were chosen as the
main substrate for the vermicompost, since this
allows the soil to aerate. In this first layer it only
occupied 5 g and had a height of 1 cm (Fig. 4).
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Layer 2. Composted soil

As a second layer, previously composted soil
was placed on the vermicompost to speed up
the vermicomposting process a little; 1 kg was
added and the vermicompost had a height of 2
cm (Fig. 5).

Figure 5

Vermicompost box with the second layer,

composted soil
Source: Own elaboration

Layer 3. Sowing Californian red worms in
the vermicompost

In this third layer the worms were added, there
will be a total of 6 Californian red worms, one
of the worms still has its clitellum developing
(Fig. 6), the lake of each of the worms will be
described below.

Figure 6
Image of the 6 Californian red worms that

will be in the vermicompost
Source: Own elaboration
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Layer 4. Organic waste

For the fourth layer, organic waste should
preferably be cut into cubes smaller than 2 cm to
increase the speed of waste decomposition,
allowing the worms to perform efficient
processing, which on this occasion will be
administered, watermelon, lettuce and tomato,
adding 45 g to the vermicompost (Fig. 7).

Z

ﬁ@m7-
Vermicompost box with the fourth layer,
organic waste

Source: Own elaboration

Layer 5. Crushed eggshell

In this fifth layer, crushed eggshell is essential
since it is an excellent fertilizer and controller
of soil pH. It should preferably be crushed to
better take advantage of its benefits. In this
case, 12 g of eggshell were added (Fig. 8).

Figure8
Vermicompost box with the fifth layer,
crushed eggshells

Source: Own elaboration
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Layer 6. Dry leaves

As a sixth and final layer, dry leaves will help
prevent excess moisture and allow better
aeration. In this layer, the dry leaves will be
smaller and slightly crushed. 5 g were added to
the vermicompost with a height of 1 cm (Fig.
9).

Figure 9
Vermicompost box with sixth layer, plus crushed
dry leaves

Source: Own elaboration
Finished vermicompost

Final height: 4.5 cm.
Final weight: 2.2 kg (Fig. 10

Figure 10
Vermicompost box on scale with all layers
already completed

Source: Own elaboration

During these three months you will have
a large cloth bag, since the worm humus must be
in a dark place, and the bag will also allow better
aeration.
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As a final point, the vermicomposting
box should be at an inclination of approximately
30°, since with vermicomposting some of its
final products are humus and leachate, the
leached liquid should not remain stagnant at the
bottom of the box, so the inclination helps to
better drain this leachate (Fig. 11).

Figure 11
Finished vermicompost box with a cloth bag
covering it

Source: Own elaboration
Results

Worms were counted manually to trace growth
and obtain a growth rate.

Below are the graphs with the results
obtained in 100 days.

14
9

Humber af warms

1

a
Figure 12
Graph of the exponential growth of the
Californian red worm over a period of 100
days

Source: Own elaboration
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Figure 13
Graph showing the growth rate of the
California red worm over a period of 100
days

Source: Own elaboration

The growth rate data was obtained
using the unclouded formula of discrete
exponential growth. As the days passed, the
growth rate remained constant at 0.004.
Having already 100 days of growth, the growth
rate can be concluded as:

k = 0.004
Growth rate = 0.4%.

This explains why the growth of the
Californian red worm increases by 0.4% in 100
days. The formula for continuous exponential
growth

y = yoe*tapplies to future dates:
Data:

Yo = 6 worms

k = 0.004

t = years

Tabla 2
Exponential growth of the California red

worm over the year
Years Number of worms
25
111
479
2062
8881
38244
164680
709105
3053379
13147727

Source: Own elaboration
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Getting this graph:

Figure 14
Exponential growth of the California red

worm in the first 5 years
Source: Own elaboration

Figure 15
Exponential growth of the California red

worm in the 10 years
Source: Own elaboration

Conclusions

The project did not start in the best way, since
days after having started the project,
unfortunately of the 6 worms that were initially
there, 3 worms died, so there are only 3 worms
left in the project, it is estimated that it was due
to the lack of humidity, in question that the
growth rate remained in negative numbers for
13 days, exactly from day 3 to day 20, which
was the day that when checking the
vermicompost box there were new worms.

California red worms had improved
reproduction starting on day 20 of the project,
and then had slow reproduction, with one or
two new worms approximately every month;
growth remained linear in March.
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Later, exactly in the first days of
March, the population of the 3 worms that
resided increased to 7 worms, giving a growth
rate of 0.007 for the 20th day. From this day on,
the population has remained stable. There are
deaths of worms whose cause is unknown, but
the population is constantly recovering.

As the days go by, the growth rate
decreases only by tenths, but as the days go by,
this growth rate does not vary by tenths, it
remains constant, so it could be considered that
the growth rate can be the constant that at the
end of the project can be used to calculate the
exponential growth of the Californian red
worms over several days, months or years,
and give exactly how many worms there will
be in the time that is desired to know, without
having to count the worms manually.

At first there was no knowledge on the
subject so this affected the project at the
beginning, if the project could be repeated with
what had already been learned there would
surely be no negative numbers in the growth
rate.
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Funds

Tabla 3
Quotation of materials used in the project

Material Price Cost | Shipment
Box $200.00 | $124.00

Plastic tip $50.00 $33.50

wrench

Y inch female $6.50

adapter

Drill $500.00 | $462.00
Moisture $160.00 | $153.82

meter

Distilled $140.00 | $115.00 | $91.00
water

Beaker $200.00 | $196.00 [ $79.00
Mixing spoon | $225.00 | $128.00 [ $79.00
pH meter $250.00 | $237.00 [ $99.00
Total $1725.00 [$1724.82

Source: Own elaboration
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Abbreviations

RW Red Worm

USA USA

IS Eisenia foetida
GRAM Growth rate

E.G Exponential growth
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