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Abstract

The use of organic vermicompost fertilizers is considered one of the
promising fertilizer. Therefore, the experiment aimed to study the effect of using
liquid vermicompost fertilizer as an alternative to chemical fertilizers in the
production of lettuce, Crisp head variety. In this study, a field experiment was
conducted during the two winter seasons of 2019-2020 and 2020-2021 at the
Agricultural Research Station in the Abies region, affiliated to the Faculty of Ag-
riculture, Alexandria University Egypt. This experiment aimed to evaluate the
response of lettuce plants to the application of liquid vermicompost (LVC)
fertilizer through four different concentrations (2.5%, 5%, 10%, and 20%), and
the chemical fertilization treatment (100% NPK) in the recommended rate as a
control treatment for lettuce production, on some vegetative growth characters;
Fresh weight plant™ (kg), head net weight plant” (kg), total yield fed™ (ton), and
unmarketable yield fed” (ton), in addition to some biochemical characteristics;
vitamin C, dry matter, total soluble solids, and carbohydrates as well as estimate
the element content and quality elements, such as nitrogen (N"), potassium (K"),
phosphorus (P, calcium (Ca*"), magnesium (Mg>"), and iron (Fe*"). The results
showed a gradual significant increasing in the values of most of the studied traits
by increasing the concentrations of vermicompost fertilizer from 2.5 % to 20%.
The application of vermicompost treatment with a concentration of 20% LVC
gave the highest significant values for most of the studied traits without a clear
significant difference compared to the chemical fertilizer 100% NPK.
Keywords: Liquid vermicompost, Lettuce, Recycling of organic waste, Red wiggler
worms.

Introduction

In recent years, changes in life-
style and eating habits have led to an
increase in demand for fresh vegeta-
bles, which 1s a consumer's desire for
healthy and appetizing foods. Lettuce
(Lactuca sativa L.) 1s Egypt's and the
world's most popular vegetable salad.
Lettuce is rich in phytochemicals,
which are anticancer drugs, as well as
vitamins A & C, antioxidants miner-
als, sugars, and folic acid (Kim et. al.
2016 a). Lettuce also provides small

amounts of fiber, carbohydrates, pro-
tein, and fat. Lettuce has become a
major commercial crop in the house-
hold market (Kim et. al. 2016 b).

The use of organic fertilizer al-
ternatives helps to eliminate or reduce
the careless use of chemical fertiliz-
ers, which negatively affects the eco-
logical balance and increases produc-
tion costs. In lettuce crops, organic
farming can play an essential role in
reducing the amount of toxic com-
pounds (eg. nitrates), thereby improv-
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ing leaf quality, maximizing yields
and profits (Leon et. al. 2012) vermi-
composting is a cost-effective and
eco-friendly process used to treat or-
ganic waste that undergoes biodegra-
dation and medium temperature sta-
bility through the interaction of mi-
croorganisms and earthworms, from
which vermicompost is produced.
This product is rich in organic com-
pounds, microorganisms, mineral nu-
trients, plant hormones, and humic
acid. Thereby improving its applica-
bility to agricultural practice (Kim et.
al. 2014 and Belliturk. 2018). Earth-
worm compost is not only economi-
cal and environmentally friendly but
also conducive to the maintenance of
the soil environment. Continued use
of chemical fertilizers can cause
health and environmental hazards,
such as groundwater and surface wa-
ter pollution by nitrate leaching
(Zambare et. al. 2008). The stimula-
tion of plant growth may mainly de-
pend on the biological characteristics
of vermicompost, the types of plants
used, and the growth conditions. In-
creasing the amount of humus in the
soil by applying pest compost
through earthworms will certainly
contribute to favorable changes in
soil physical, chemical, and biologi-
cal properties, and improve water re-
tention capacity (Singh et. al. 2011).
Considering the complex and variable
composition of vermicompost con-
cerning the inorganic matter.
Vermicompost contains highly
enhanced nutrients, particularly ni-
trogen, which plants gradually absorb
(Atiyeh et. al. 2000). Due to a reduc-
tion in electrical conductivity, vermi-
compost treatment in the soil pro-
motes the retention of nitrogen and
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the progressive release of phospho-
rus, resulting in enhanced agricultural
substrates (Lazcanoa and Dominguez,
2011).

Liquids vermicompost fertilizer
is rich in nutrients that aid plant de-
velopment and metabolism. It im-
proved tomato and other crop germi-
nation, growth, flowering, and yields
in a similar way to solid vermicom-
post (Tejada et. al. 2008). Research-
ers have defined numerous terminol-
ogies to describe the vermicompost-
ing produced liquids based on their
preparation  process. Vermiwash,
vermi-leachate, worm bed leachate,
and worm tea are some of the most
frequent ones (Ismail, 1997). When
applied to the same crops, these
aqueous vermicompost extracts are
easier to carry and apply than solid
vermicompost, and they can duplicate
most of the benefits of vermicompost.

The purpose of this study was to
evaluate the growth of lettuce plants
(Lactuca sativa L.) treated with sev-
eral different ratios of liquid vermi-
compost as organic fertilizer, and
compared them to the recommended
rate of conventional chemical fertiliz-
ers.

Material and Methods

A field experiment was con-
ducted during two successive winter
seasons of 2019-2020 and 2020-2021
at the Agricultural Research and Ex-
periment Station in Abies region,
Faculty of Agriculture, Alexandria
University Egypt, to evaluate the per-
formance of different concentrations
of organic liquid vermicompost fertil-
izer compare with the recommended
rate of chemical fertilizer on vegeta-
tive growth, yield and nutritional
status of lettuce plants.
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Plant Material and Cultivation.
This experiment was prepared
on crisp head lettuce, often known as
iceberg lettuce, which is a compact,
spherical lettuce with overlapping
leaves. The internal leaves are paler
and sweeter. In both seasons, the
seeds were sown in the nursery on the
first of October, then the seedlings
were transferred to the open field on
the tenth of November after the field
plan for the experiment had been pre-
pared. The treatments were arranged
randomly and the design of the ex-
periment was the randomized com-
plete blocks design (RCBD) with
three replications, each replica con-
taining five plots, for the five treat-
ments as follows, (1) 2.5% LVC - (2)
5% LVC - (3) 10% LVC - (4) 20%
LVC - (5) 100% NPK as the recom-
mended rate of chemical fertilization.
The area was 28 m” with 10 rows, the
length of the row was 3 meters and its
width was 0.7 meters. At a distance
of 25 cm, the seedlings were planted.
The organic liquid vermicompost
(LVC) was added to the lettuce plants
by injection to the soil next to the
plants. The addition of different con-
centrations of organic liquid vermi-
compost fertilizer to the experimental
units was applied after two weeks
from the transplanting date. Liquid

vermicompost concentrations were
added once every two weeks for three
times, while the addition of the rec-
ommended chemical fertilizer rate
per fed. was divided as one of the
applied treatments to compare it with
the concentrations of vermicompost
fertilizer used in the study in two
batches, as follows: 150 kg of ammo-
nia nitrate, 100 kg of calcium nitrate,
and 100 kg of potassium sulfate, at
the same dates of adding vermicom-
post treatments, while adding a dose
of calcium nitrate once with the sec-
ond batch of fertilization, according
to the recommendations of the Egyp-
tian Ministry of Agriculture. All agri-
cultural practices necessary for
growth, such as regular irrigation and
pest control, were followed whenever
possible and in accordance with the
recommendations of the Egyptian
Ministry of Agriculture.

Soil samples from the experi-
mental area's surface layers were
taken and prepared for analysis in the
Plant Nutrition Laboratory, Soil, Wa-
ter and Environmental Research,
Faculty of Agriculture, before the
commencement of each experiment.
According to the methods outlined by
Page et. al. (1982). The soil analysis
results are shown in Table (A).

Table (A). Physical and chemical characteristics of the experimental site of the two

seasons.
Winter | Soil | EC | . |OM|HCO®| cL | Na' Ava;??;f N’_IP) and
seasons type |(ds m™") P (%) |(meq L™")|(meq L™")|(meq L") N Pg g K
Season 1 Clay | 2.56 |8.16| 1.1 4.62 10.4 15.66 9 | 19 | 570
Season 2 Clay | 231 |795]| 1.3 4.53 10.6 16.13 93 | 22 | 595

Vermicompost preparation steps.
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The vermicompost fertilizer
used in the experiment was produced
in The Organic Vermicompost Pro-
duction Unit Pic.(1) of the Agricul-
tural Research and Experiment Sta-

tion in Abeis area, Faculty of Agri-
culture, Alexandria University, ac-
cording to Quaik et. al. (2016).

Pic. 1. The Organic Vermicompost Production Unit.

a- Solid vermicompost breeding unit.

b- Agriculture and animal wastes fermentation process.
c- Breeding unit filled with organic material such as rice straw and vegetable waste.
d & e- Breeding units filled with solid vermicompost

f- Organic liquid vermicompost fertilizer.

Organic liquid vermicompost
fertilizer was prepared from the natu-
ral organic solid waste by using a
shredding machine for agriculture
and animal wastes then starting the
fermentation process within approxi-
mately one week in the separate
breeding unit to keep balanced con-
tent of nitrogen and pH ranged from
(6.5 -7). Each breeding unit will be
filled with organic material such as
rice straw and tree leaves. Place one
layer of shredded and fermented natu-
ral organic solid (plant and animal
wastes) per breeding unit with a
thickness of 150 mm.

Based on the literature survey,
the most productive and common
type of earthworms was red wigglers
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worms “FEisenia foetida” which has a
high and rapid reproduction rate. Two
kilograms of red wigglers worms will
be supplied to each breeding unit
then; each unit will be covered by
coarse jute. The spraying technique
(water sprinklers) was used daily to
keep moisture content up to 70-80%.
From the second month to the
fourth month, the multi-stage filtra-
tion system will be used to obtain
clean liquid vermicompost. Leachate
comes out due to water spraying of
solid vermicompost in each breeding
unit. All breeding units are connected
to a drainage line linked by a tank
with a 500-liter capacity to collect
liquid vermicompost after filtration
and adjust pH level and electrical
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conductivity (EC) to be 5.8, +14 re-
spectively. And then the filter was
used to clean liquid vermicompost.
The vermicompost was analyzed to
measure the concentration of elemen-
tal composition content and pH level

by Central Laboratory, Faculty of
Agriculture, Alexandria University.
Table (1). Summarizes the chemical
and physical properties of the vermi-
compost used in the experiments.

Table 1. The chemical properties of the organic liquid vermicompost extract used

in the experiments.

Total nitrogen 15 % Calcium 200.8 mg I
Phosphorus 6.35 % Magnesium 293.0 mg I
Potassium 7.15 % Manganese 183.0 mg I
Organic matter 45.3 % Sodium 14.8 mg 1"
Organic Carbon 27 % Boron 3.0 mg 1"
C/N ratio 1:25 Zinc 280.0 mg/1
Electrical conductivity 2.00 dSm” Iron 99.0 mg I
pH 6.56 Chloride 3.0mg I

-The analysis of chemical instructions was carried out in the Central Laboratory, Faculty of Agriculture,

Alexandria University.

Data recorder
Morphological parameters.

Seventy days after transplant-
ing, (at harvest period), five plants
were randomly selected from each
plot for measurement: 1- Fresh
weight plant’ (kg), 2- head net
weight plant” (kg), 3- total yield fed
(ton), and 4- unmarketable yield fed™
(ton).

Biochemical constituents.

A fresh sample of lettuce leaves
was prepared for the determination of
vitamin C, and carbohydrates accord-
ing to the method reported in
A.O0.A.C. (2000), in addition to the
estimate of total soluble solid TSS
(%) by using a Digital Refractometer
(Pocket Refractometer ATAGO CO.,
LTD), as well as estimation of the
percentage of dry matter in leaves by
preparing well-cut samples, then
placed in an air-forced oven at a 70°C
for 72 hours until constant weight and
then weighed to estimate the percent-
age of dry matter.
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The prepared dry samples were
used to estimate the element content
and quality elements, such as nitro-
gen (N) potassium (K"), phosphorus
(P"), calcium (Ca®), magnesium
(Mg*"), and iron (Fe’") contents in
combined leaves of head lettuce
plants were carried out according to
A.O0.A.C. (2016).

Statistical analysis

Using the computer application
Co-Stat Software version 2004, all
measured variables were subjected to
analysis of variance (ANOVA) to
find any statistically significant dif-
ferences. Duncan's multiple range
tests were used to compare the means
of the different treatments at a prob-
ability level of 0.05 (Steel and Torrie
1980).

Results and Discussion
Vegetative growth parameters.

In order to study the effect of
liquid vermicompost fertilizer (LVC)
with different concentrations (2.5%,
5%, 10%, and 20%), compared to the
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recommended rate (100% NPK) of
chemical fertilizer for producing
lettuce as a control treatment, on
improving the vegetative growth
characteristics of lettuce plants; fresh
weight plant’ (kg), the net head
weight. plant” (kg), total yield. fed
(ton), and un-marketable yield. fed
(ton) during both seasons Fig. (1).
Vermicompost at a concentration of
20% LVC improves plant growth
parameters; fresh weight. plant” (kg),
head net weight. plant” (kg), and total
yield. fed" (ton). At the same time,
there was no significant difference
between the values recorded for the
same traits for both treatments of
liquid vermicompost at 20% and
100% NPK during the two growing
seasons, respectively. While the same
two treatments 20% LVC and
chemical fertilization 100% NPK
recorded the lowest values without
significant difference between them
for the un-marketable yield. fed' in
both seasons. While there was a
gradual significant decrease in the
values of all traits with a decrease in
liquid vermicompost concentrations
from 20% LVC to 2.5% LVC, except
for the un-marketable yield fed”,
which increased by decreasing those
concentrations  during the two
growing seasons. This might be
owing to the increased nitrogen
concentration in the soil as a result of
the vermicompost application in this
experiment (Table 1). According to
Singh and  Varshney  (2013),
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vermicompost instantly enhanced soil
NH,"- N and NO;- N levels. Vermi-
compost can also promote the devel-
opment of nitrogen-fixing microor-
ganisms in the rhizosphere, increas-
ing N availability by bringing bio-
logically fixed nitrogen into the soil
through close mixing (Mackay et al.,
1982). Later research by Arancon et
al. (2003) suggested that the increases
in crop development and fruit yields
may be attributed in part to a substan-
tial increase in soil microbial biomass
following vermicompost application,
resulting in higher hormones or hu-
mate content in the vermicompost
treatment. The obtained results also
agreed with (Eker, 2016), who found
that vermicompost has been shown to
improve the growth, productivity, and
quality of field-vegetable crops in sev-
eral experiments and also improves the
quality of ornamental plants. Accord-
ing to Vadiraj and Potty (1998), vermi-
compost application resulted in corian-
der cultivar herbage yields that were
comparable to those obtained with
chemical fertilizers. Similarly, when
vermicompost was applied to other
field crops, such as Sorghum bicolor, a
positive reaction was found (Patil and
Sheelavantar, 2000). As well as
vermicompost which contains
biologically active substrates such as
plant growth regulators is considered
an organic amendment that can be
hosting  beneficial microorganisms,
which in turn facilitate soil enzymatic
activities (Sinha et. al. 2010).
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Fig. 1. Vegetative growth parameters of lettuce plants at 70 days (harvest stage), as affected by different
concentrations of liquid vermicomposting, and recommended rate of NPK as a chemical fertilizer.
(a) Fresh weight plant” (kg), (b) Head net weight. plant™ (kg), (c) Total yield. Fed (ton), and (d)
un marketable yield. fed™ (ton). Error bars represent the standard deviation of the mean.

*Means in each column, followed by the same alphabetical letter(s) in common, are not significantly

different at p < 0.05.

75




Doi:10.21608/ajas.2021.98808.1047

Helaly, Amira A. and Rehab A. El-Dakak, 2021

http://ajas.journals.ekb.eg/

Biochemical composition of head
lettuce leaves.

Concerning the results of some
chemical composition of head lettuce
leaves shown in Table (2), The results
showed a gradual significant increase
in the content of combined lettuce
leaves of vitamin C, dry matter %,
total soluble solids content (TSS),
and carbohydrates % accompanied by
an increase in liquid vermicompost
fertilizer concentrations from 2.5% to
20% LVC during the two growing
seasons. While the application of
chemical fertilizer treatment (100%
NPK) recorded the highest values for
all the above-mentioned traits without
significant difference from the values
of the same traits when applying the
treatment of vermicompost at a con-
centration of 20% LVC during the
two cultivation seasons, respectively.
This indicates a significant improve-
ment in the quality of lettuce plants
when fertilizing with liquid vermi-
compost at a concentration of 20%
LVC as an organic fertilizer that can
be used in organic farming programs
without affecting the quality of the
lettuce crop. The previous results
agreed with (Zhao ef al., 2010) when
compared to pure mineral fertilizers

and pure chick manure compost, the
addition of vermicompost or vermi-
compost  with  organic-inorganic
mixed fertilizers significantly im-
proved the overall quality of cucum-
ber, including the ratio of sugar to or-
ganic acid, vitamin C, and total solu-
ble solids in the greenhouse. In a
presentation of some of the findings
from previous research into the effect
of using vermicompost fertilizers on
some vegetable crops, it was discov-
ered that adding vermicompost to the
cultivation soil had no effect on
ascorbic acid content and that there
were no significant differences in let-
tuce plants between any of the
chemical fertilization treatments (Pa-
pathanasiou, et. al. 2012). On tomato
and Chinese cabbage plants, Zaller
(2007), Roberts, et. al. (2007), and
Wang, et al. (2010) observed con-
flicting effects of vermicompost ferti-
lizations on ascorbic acid levels, de-
pending on genotype and environ-
mental conditions. The results also
agreed with regard to the increase in
the levels of vitamin C, dry matter,
total soluble solids, and carbohy-
drates with vermicompost fertiliza-
tion treatments with Donohoe (2018)
on some horticultural crops.

Table 2. Biochemical composition of head lettuce leaves affected by liquid vermi-
composting concentrations% and recommended rate of NPK%, during the

two cultivated seasons.

Vitamin C. Dry matter of Total soluble Carbohydrates
Treatments (mg/100g) leaves (%) solid (%) (%)

S1 S2 S1 S2 S1 S2 S1 S2
1-2.5% LVC| 57.88¢c|59.48d|30.17b | 31.25b| 0.89c | 1.07b | 0.73 ¢ 0.77d
2-5% LVC| 82.18b | 81.28 ¢ |31.89ab| 31.48b | 1.22bc | 1.37b | 1.15D 1.23 ¢
3-10% LVC|86.84ab| 85.16b| 32.95a |33.75ab| 1.56b | 1.61b | 1.23b | 1.32bc
4-20% LVC|90.85a|91.39a|33.17a|34.58a | 247a | 2.68a | 1.55a 1.42Db
5-100% NPK| 90.80a | 90.95a |31.64ab|32.42ab| 2.42a | 2.6la | 1.50a 1.58 a

- Means followed by the same letter are not significantly different (p < 0.05). f.w. fresh weight.
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The results in Tables (3 & 4)
shows the effect of different treatments
on the chemical content of the com-
bined head leaves of lettuce during the
two cultivated seasons. The gradual
increase in  liquid vermicompost
concentrations from 2.5% to 20% led
to a significant increase in the leaves
content of macro and micro-elements
(N*, P", K*, Mg*", Ca*"and Fe*"), while
the application of the chemical
fertilizer treatment 100% NPK, gave
the highest values for the proportions
of macro-elements nitrogen (N"),
phosphorus (P") and potassium (K")
listed in Table No.(3) during both
seasons, but without significant
difference compared to the application
of 20% LVC except K" content in first
season only. On the other hand, the
results recorded in Table (4) showed
that the highest content of the leaves of
the micro-mineral elements calcium
(Ca*™), magnesium (Mg®") and iron
(Fe*") resulted from the application of
20% LVC treatment compared to the
rest of the treatments, but without a
significant difference compared to the

chemical fertilization treatment of
100% NPK in Mg*" and Fe** only . It is
possible that this result can be

attributed to the high content of
vermicompost of microelements, as
shown in Table (1). These results be
due to vermicomposting is the process
of red wigglers worms microbially

composting organic wastes to produce
organic fertilizer with higher amounts
of organic matter, organic carbon, total
and available N, P, K, and micronutri-
ents, as well as microbiological and
enzyme activity (Edwards & Bohlen,
1996; Manivannan et. al., 2009 and
Parthasarathi et. al. 2008). According
to Orozco et. al. (1996) and Donohoe
(2018), vermicompost contains nutri-
ents in forms that are easily absorbed
by plants, such as nitrates, exchange-
able phosphorus, and soluble potas-
sium, calcium, and magnesium. Ac-
cording to Tomati et. al. (1990) and
Parthasarathi et. al. (2008), vermicom-
post contains more humic acid and
physiologically active substances such
as plant growth regulators. Vermicom-
post contains highly enhanced nutri-
ents, particularly nitrogen, which
plants gradually absorb (Atiyeh et. al.
2000). Due to a reduction in electrical
conductivity, vermicompost treatment
in the soil promotes the retention of
nitrogen and the progressive release of
phosphorus, resulting in enhanced ag-
ricultural substrates (Lazcanoa &
Dominguez, 2011). Total nitrogen
sources, accessible phosphorus, mag-
nesium, calcium, potassium, zinc, and
other plant nutrients are present in
vermicompost and are absorbed by all
plant kinds (Belliturk, 2018).

Table 3. Macro-mineral composition of head lettuce leaves, as affected by liquid ver-
micomposting concentrations %, and recommended rate of NPK% fertilizer.

Macro-minerals (% d.w.)
Treatments N* P’ K*
S1 S2 S1 S2 S1 S2
1- 2.5% LVC 0.72d 0.72d 0.27 ¢ 0.26 ¢ 1.01d 1.07 ¢
2-5% LVC 1.37¢ 1.33¢ 0.32b 031c 1.48 ¢ 1.55 ab
3-10% LVC 1.95b 1.75b 041 a 0.37b 1.75b 1.50b
4-20% LVC 233 a 2.38a 042 a 0.39 ab 1.99b 1.71 ab
5-100% NPK 2.50 a 2.37a 0.45a 0.45a 2.26a 1.77 a

- Means followed by the same letter are not significantly different (p < 0.05). f.w. fresh weight.
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Table 4. Some micro-mineral composition of head lettuce leaves, as affected by lig-
uid vermicomposting concentrations %, and recommended rate of NPK%

fertilizer.
Micro-minerals (% d.w.)
Treatments Ca?t Mg Fe2t
S1 S2 S1 S2 S1 S2
1-2.5% LVC | 1.405¢| 0.779d 0.209 b 0.143 d 0.578 ¢ 0.595d
2-5% LVC | 1416¢c| 1.238¢c 0.279 a 0.217 ¢ 0.821b 0.812 ¢
3-10% LVC |1.562ab| 1.328 bc | 0.257ab | 0.246bc | 0.868 ab 0.852b
4-20% LVC | 1.634a| 1427Db 0.298 a 0.302 a 0.908 a 0914 a
5-100% NPK | 1.453bc| 1.586a 0.283a | 0.276 ab 0.906 a 0.909 a

- means followed by the same letter are not significantly different (p < 0.05). f.w. fresh weight.

Conclusion
From this study it is clear that

using liquid vermicompost is promis-

ing in cultivation especially with let-
tuce compared with using chemical
fertilization. In particular, vermicom-
posting is one of the main doors for
recycling plant and animal organic
waste to produce an organic fertilizer
with a high content of the elements
necessary  for  plant  growth.

Therefore, it can be recommended to

completely replace the chemical

fertilizer by using liquid

vermicompost  fertilizer at a

concentration of 20% LVC without

prejudice to the production of lettuce
in quantity and quality.
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