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Introduction: Vermicompost is a suitable, hygienic and cost-effective technique practiced
for organic waste management. Vermicomposting is a rich in nutrient and microbiologically
active organic amendment that result from the interactions between earthworm and
microorganisms during the breakdown of organic materials (Ramnarain et al., 2019; Yadav et
al., 2022). Vermicompost contains most nutrients in plant available forms such as nitrates,
phosphates and exchangeable calcium and soluble potassium. The beneficial effects of
vermicompost on the growth, productivity and chemical characteristics of several crop plants
and their products were investigated in green house as well as under field experiments. There
are some reports revealing that vermicompost post application can enhance both quantity and
quality of plants (Arancon et al., 2004; Atiyeh et al., 2002; Chaoui et al., 2003; Gutiérrez-
Miceli et al., 2007). Eisenia foetida earthworm species is widely used for vermicomposting
by many researchers (Orozco 1996; Garg 2006).

Urban organic waste, a potential resource of plant-nutrients is either thrown away
haphazardly or burnt or buried causing pollution of soil, water and air in developing countries
like India. Since a few decades, municipal sewage sludge has been increasingly used in
numerous countries around the world as fertilizers on farm lands because of their high
content of organic matter and essential nutrients that favour crop growth (Spinosa and
Vesilind 2001). Poultry industry is one the largest and fastest growing livestock production
systems in the world. In India, there are about 3430 million populations of poultry with a
waste generation of 3.30 million tons per year. In recent times, attention has been directed
towards organic manure because of the rising cost of inorganic fertilizers coupled with their
inability to give the soil the desired sound health. Poultry manure, sometimes called chicken
manure, is an excellent soil amendment that provides nutrients for growing crops and also
improves soil quality when applied wisely, because it has high organic matter content
combined with available nutrients for plant growth (Verbeek et al., 1993; Adeleye et al.,
2010).

The use of manure application enhances soil productivity, increases the soil organic
carbon content, soil micro-organisms, improves soil crumb structure, the nutrient status of
soil and enhances crop yield. Real time challenges are “replacement of synthetic fertilizers”
and “effective poultry waste management”. Keeping this in mind, the proposed study was
therefore carried out with the aim of vermicomposting of poultry manure by Eisenia foetida

earthworm and its effect on plant growth.
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Materials and Methods

Sample collection sites: The poultry manure was collected from an Atul poultry farm at
Dolvan, Tapi (20°54°56"'N; 73°19722"'E) India. Earthworms Eisenia foetida, soil and mango
leaves (Mangifera indica) were collected from a cow shed located at Bedkuvadur, Tapi,
Gujrat, India (21°14°57°N; 73°23'59"'E). Earthworms Eisenia foetida were collected using
hand sorting method (Edwards et al., 2004).

Experimental setup: Total 3 plastic rectangle containers (about 60 cm diameters, 45 cm
height) were used for the experiment. All three (C, T1 and T2) containers had small holes
drilled in the bottom to drain the extra water. Container T1 contained poultry manure (2.5kg)
and soil (2.5kg) in equal proportion. Container T2 contained poultry manure (2.5kg), soil
(1.5kg) and leaves (1 kg). While Container C was considered as control contained only soil
(2.5 kg) and cow dung (2.5 kg). To these, about 100 earthworms (species Eisenia fetida) were
introduced separately. The moisture was maintained by sprinkling water at regular intervals
for a period of 60 day.

Physicochemical analysis of control and formulated vermicompost T1 and T2: Control
(C) and vermicompost samples (T1 and T2) were analyzed before the experimental
procedures and after 60 days experimental set up for vermicompost. Some selected
physicochemical parameters were measured such as pH, Organic carbon (OC), Total
Nitrogen (TN), Total Phosphorus (TPh), Total potassium (TP). The pH of samples was
measured using pH meter (microprocessor-based pH mater model -1010). OC was
determined by walkely-black method (Gelman et al., 2012). TN was measured by micro
Kjeldahl method. TPh was determined by using Olsen’ sodium bicarbonate extraction
method. TP was determined flame photometric method.

Selection of vegetable plants: The selected vegetable plants were listed in Table 1 to check
the efficiency of formulated vermicomposts T1 and T2 as compared to control C.

Table 1 The selected vegetable plants for experimental setup

Sr.no. Crops Variety
1 Tomato (Lycopersicon esculentum) Vaishali
2 Brinjal(Solanum melongena ) Maharaja pink (Gulabi)
3 Chilli (Capsicum annuum) Surajmukhi

Experimental setup of vegetable crops (Pot study): Three different vegetable plants

(Tomato, Brinjal and Chilli) were taken for the experiment and total three treatments were
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given [Control (50% Soil + 50% cow manure), Test 1 (50% Poultry Manure + 50% Soil) and
Test 2 (50% Poultry Manure + 25% Soil + 25% Leaves)]. Pots were prepared before growing
plants according to above mentioned treatments. Five seeds were sown in each pot. Irrigation
and weeding were performed as and when it was required. Various growth parameters like
plant height, number of branches, number of flowers, and number of fruits were recorded at
regular intervals (monthly).

Biochemical analysis for fruits of Tomato, Brinjal and Chilli: After five months of
pot/field study, biochemical analysis of the fruits was carried out to check the quality of
fruits. Ascorbic acid estimation was determined by volumetric method. Protein estimation
was determined by Lowery’s method. Lipid estimation was determined by the Bartle’s
method. Carbohydrate estimation was determined by the Nelson- somogyi’s method.
Results and Discussion

Vermicomposting after 60 day: After 60 days of interval control C and formulated
vermicomposts T1 and T2 were ready to evaluate their potentiality on the growth of selected
plants.

The physicochemical characteristics of soil and formulated vermicompost: It is obvious
from the results that the formulated vermicomposts T1 and T2 had comparatively higher
quantities of total N, P, K, and pH than the control. On the other hand, lower quantities of OC
than the control (soil). Maximum reduction of OC was observed in T2 and minimum
reduction in C. The reduction of carbon in the worm-worked substrates was higher than in the
worm un-worked units. OC has been found to be low in the final product. Among all the
treatments, T2 showed the higher content of total nitrogen. The gradually increased content

of N, P, K, was observed in all the treatments followed by control (Table 2).

Table 2 Physicochemical characteristics of Control (C) and formulated vermicompost (T1,

T2)
Parameters Control (C) Test-1 Test-2
pH 5.95 7.74 7.76
Nitrogen (%) 2.88 2.80 3.98
Phosphorus (%) 0.17 0.79 0.75
Potassium (%) 0.30 0.88 0.55
Organic carbon (%) 3.618 1.00 0.67
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The quantity of TN on the control was 2.88%. The TN content on formulated
vermicompost was T1 (2.80%) and T2 (3.98%). Increased content of TN may be attributed to
the release of nitrogenous products of earthworm metabolism through the casts (excreta) and
urine. The highest TP content was recorded in T1 followed by C and T2. The quantity of TP
on the control was 0.17%. The TP content on formulated vermicompost was T1 (0.79%) and
T2 (0.75%). In this study, final formulated vermicopost showed a higher total potassium level
and showed the maximum content of TK in T1 (0.88%) and minimum in C (0.30). These
findings were very strongly supported by previous researchers (Natarajan and Devi 2014;
Yuvaraj et al., 2019; Laouar et al., 2020).

Earthworm biomass (in context of number): To check the suitability of formulated
vermicomposts, number of earthworms was counted at regular intervals. About 100
earthworms were added to the Control, T1 and T2 at the initial phase of the study. After 60
days of interval, in T1, earthworms’ number increased upto 237 while in T2, this number
increased about 814. The increased biomass is significantly high as compared to control i.e.
about 178. It clearly shows the great suitability of poultry manure as a part of vermicompost
to earthworms Eisenia foetida. Table 3 summaries this Earthworm biomass (in context of

number).

Table 3 Earthworm biomass (in context of number) in different treatment

Treatments No. of earthworms (0 day) No. of earthworms (60 day)
Control (S+CD) 100 178

T1 (PM+S) 100 237
T2(PM+S + L) 100 814

Effect of treatment on growth and yield parameters of plants & nutrient value of
Tomato, Brinjal and Chilli: In order to analyze the efficiency of formulated vermicompost
T1 and T2, pot study was carried out after 30 days from the germination of seed of selected
plants. Some of the parameters including plant height, number of leaves per plant, number of
branch, number of flowers, number of fruits and fruit weight was recorded. This survey was

conducted every month till 150 days.

In tomato T1 and T2, flowers were observed on 43" day while in control it was
observed on 52" day. Fruit were observed in 52 days in T2 in tomato, while in T1 it was

observed in 55 days and in control it was observed in 62 days. Fruit ripening days were found
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to be similar in all tests. Among treatments study, parameters of Control was recorded plant
height (73 cm), Number of Leaves (35), Number of branch (7), Number of flowers (27),
Number of fruits (21). In T1, plant height (74), Number of Leaves (35), Number of branch
(7), Number of flowers (21), Number of fruits (14) were recorded. While, in T2 plant height
(78), Number of Leaves (38), Number of branch (8), Number of flowers (39), Number of
fruits (31) were recorded. Maximum plant growth in tomato was recorded in T2 and

minimum plant growth in tomato was recorded in T1 (Figure 1).
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Figure 1: Effect of treatments on growth and yield parameters of Tomato
In case of biochemical analysis of tomato fruit, Figure 2 represent that in Control
Protein (1.6 mg/g), Lipid (2.11 mg/g), Sugar (1.47 mg/g) and Vitamin C (16.58 mg/g) were
measured. In T1, for biochemical analysis of tomato fruit, Protein (5.5 mg/g), Lipid (1.72
mg/g), Sugar (1.71 mg/g) and Vitamin C (16.78 mg/g) were recorded. While in tomato from
T2 treatment, Protein (3.04 mg/g), Lipid (2.52 mg/g), Sugar (1.81 mg/g) and Vitamin C
(16.77 mg/g) were recorded. Protein and vitamin C was recorded maximum in T1

treatment and minimum in Control (soil). Lipid and Sugar was recorded maximum in T2.
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Figure 2: Nutrient values of Tomato fruits
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The growth parameters of tomato plants and biochemical analysis of tomato fruit
clearly indicates the significant efficiency of formulated poultry manure vermicompost T1
and T2 during this study. A similar result was obtained by Wang et al., (2017). Their
formulated vermicompost led to greater improvements in tomato fruit yield (74%), vitamin C
(47%), and soluble sugar (71%). Adekiya (2017) also worked in order to obtain maximum
economical value of plant nutrient in poultry manure and increase in tomato yield. Abduli et
al., (2013) investigated that Vitamin C and total sugar content in tomatoes increase with using
their formulated vermicompost. Usman (2015) indicated that growth and yield of tomato was
lowest in control treatment which showed that the organic manures used in the study
especially poultry manure positively influenced the performance and yield of tomato.

In brinjal, flowers were observed on 61" day in T1 while in T2 flowering was
observed on 75™ day which is comparatively earlier as in the case of flowering in control
treatment (69™ day). Brinjal fruits were observed on 72" day in T1 in brinjal, while in T2 it
was observed on 87" day. In control, it was observed on 82t" day. Among treatments in this
study, growth parameters in Control was recorded as plant height (35 cm), Number of Leaves
(47), Number of branch (8), Number of flowers (8), Number of fruits (3) in Test-1 plant
height (75), Number of Leaves (77), Number of branch (16), Number of flowers (13),
Number of fruits (6). While, in T2, plant height (45), Number of Leaves (54), Number of
branch (14), Number of flowers (10), Number of fruits (4) were recorded. Maximum plant
growth in brinjal was recorded in T1 and minimum plant growth in brinjal was recorded in
Control (Figure 3).
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Figure 3: Effect of treatments on growth and yield parameters of Brinjal

In case of biochemical analysis of brinjal fruit, Figure 4 represents that in control,
Protein (1.57 mg/g), Lipid (7.89 mg/g), Sugar (3.53 mg/g) and Vitamin C (5.32 mg/g) were
recorded. In brinjal fruit from T1, Protein (1.87 mg/g), Lipid (6.47 mg/g), Sugar (2.16 mg/g)
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and Vitamin C (5.32 mg/g) were recorded. While, in T2, the brinjal contained Protein (3.73
mg/qg), Lipid (5.1 mg/g), Sugar (3.54 mg/g) and Vitamin C (5.37 mg/g). Protein, Sugar and

vitamin C were recorded maximum in T2 treatment. Lipid was recorded maximum in

5.1 5.37
N a5t

Protien Lipid (mg/g) Sugar (mg/g) Vitamic C
(mg/g) (mg/g)
Parameters

Control.

[EEN

O N B~ OO

Concantration (mg/g)

m Control mTest-1 mTest-2

Figure 4: Nutrient value of Brinjal fruits

The growth parameters of brinjal plants and biochemical analysis of brinjal fruit
evidently indicates the considerable efficiency of formulated poultry manure vermicompost
T1 and T2 during this study. A similar result was obtained by Mufti et al., (2017). They
observed higher values for days to first fruit picking (53.40), plant height (126.51), number of
branches plant (7.06), number of fruits plant (16.50), Fruit length (13.41cm), average fruit
weight (65.659), fruit yield plant (1.08kg), fruit yield hectare (395.42q), duration of fruiting
(92.16) was recorded in treatment To (50% RFD+ 50% PM). Khadka et al., (2022)
experimented with 10 different treatments. Among all the treatments, it is noticed that the
growth, yield and yield attributing parameters like plant height, numbers of leaves per plant,
number of branches per plant, fruit length, fruit diameter, fruit weight, fruit yield per plant,
fruit yield per plant, fruit yield per plot, total yield, and quality parameters like total soluble
solids, sugar content, reducing sugar and vitamin c¢ content in fruit were found maximum in
treatment T8 (20% cowdung+ 20% Mustard oil cake+ 20% Poultry manure+ 40% chemical
fertilizer) and the minimum being recorded in T1(Cowdung). Kumar et al., (2020) conducted
the study effect to standardize the best treatment combination of organic and inorganic source
for better growth and yield of brinjal. They concluded that the treatment T7 25% RDF +
100% @ Poultry manure is proved as a best combination of different organic and inorganic
fertilizer for the improvement of brinjal cultivation through organically; where treatment T7
25% RDF + 100% @ Poultry manure significantly enhances the growth, flowering, fruit
yield and quality traits of brinjal.
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In Chilli, flowers were observed on 104" day in T1 while in T2, it was observed on
125™ day which is quite delayed flowering as compared to that of the control (92 day). Chilli
fruits were observed on 115™ day in T1, while in T2 it was observed on 136™ day. In chilli
plants of Control group, fruiting was observed on 110" day. Among treatments during this
study, growth parameters of chilli plants in Control was recorded as plant height (64 cm),
Number of Leaves (135), Number of branch (20), Number of flowers (36), Number of fruits
(25) In T1, plant height (80 cm), Number of Leaves (147), Number of branch (26), Number
of flowers (76), Number of fruits (66) were recorded. While, in T2, plant height (65), Number
of Leaves (103), Number of branch (19), Number of flowers (15), Number of fruits (8) were
recorded. Maximum plant growth in chilli was recorded in T1 and minimum plant growth in

chilli was recorded in T2 (Figure 5).
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Figure 5: Effect of treatments on growth and yield parameters of Chilli

In case of biochemical analysis of chilli fruit, Figure 6 represent that chilli from
Control contained Protein (1.85 mg/g), Lipid (5.47 mg/g), Sugar (1.5 mg/g) and Vitamin C
(3.99 mg/g). Protein (2 mg/g), Lipid (5.52 mg/g), Sugar (1.51 mg/g) and Vitamin C (4.79
mg/g) were recorded in Chilli from T1. While, in T2, chilli contained Protein (1.66 mg/g),
Lipid (6.36 mg/g), Sugar (0.53 mg/g) and Vitamin C (5.06 mg/g). Protein and Sugar was
recorded maximum in T1 treatment. Lipid and Vitamin C was recorded maximum in T2,

A similar result was obtained by Sorenge et al., (2017). They studied the effect
of organic manures on different plant varieties of Chilli (Capsicum annum) under subabul
(Leucaena leucocephela) based Horti-silviculture system. As per their experiments, the
overall best variety and treatment noticed was Chilli G- 4 and F4 (100% poultry manure).
Altaf et al., (2019) also concluded that the poultry manure can be a good alternative of

synthetic fertilizers by their series of experiments.
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Figure: 6 Nutrient value of chilli fruits

A field experiment was conducted during Rabi season 2016-2017 in the Department
of Horticulture, SHUATS, Allahbad, (UP) in Randomized Block Design with three
replication and 11 treatments. The experiment consisted of three Bulky organic manures
(FYM, Vermicompost and Poultry manure) and three chemical fertilizers (Nitrogen,
Phosphorus and Potassium). The result revealed that maximum plant height (44.55 cm),
Number of leaves plant? (35.97), Leaf area plant? (56.27 cm?), Number of flowers plant?
(4.37), average fruit set (140.47 g/fruit) and fruit yield plot™? (4.23 kg) were produced by
treatment Ts (50%RDN + 50% vermicompost ha?). Treatment T¢ showed higher nutrient
availability in the soil with organic carbon (0.47%) and the residual nutrient status of nitrogen
(106.08kg/ha), Phosphorus (23.83 kg/ha) and Potassium (381.33 kg/ha) (Jamir et al., 2017).
Bilal et al., (2019) also concluded that addition of vermicompost @ 3 tons ha-1 significantly
improved vegetative as well as the reproductive growth of Pusa Jawala in the prevailing agro-

climatic conditions of Peshawar valley.

Conclusion: In conclusion, the study assessed the physicochemical characteristics of
poultry manure vermicompost (PMV) using E. foetida in different proportions and evaluated
their impact on the growth of tomato, brinjal, and chilli plants in a field setting. The results
demonstrated that E. foetida positively influenced the quality of PMV by increasing total
nitrogen, total phosphorus, total potassium, and pH levels, while decreasing organic carbon
content. The highest earthworm biomass was observed in T2 (50% PM + 25% soil + 25%
leaves), followed by T1 (50% PM + 50% soil). Plant growth parameters varied among the
treatments, with tomato plants exhibiting maximum growth in T2, and chilli and brinjal
plants showing significant growth in T1. Biochemical analysis of fruit quality revealed that
T1 was most effective for tomato plants, while T2 was more effective for chilli and brinjal
plants, compared to the control (50% soil + 50% cow dung). Overall, the study suggests that

PMV, particularly in the T1 and T2 formulations, can serve as a viable organic alternative to



Falguni Chaudhari /Afr.J.Bio.Sc. 6(15) (2024) Page 4385 to 10

synthetic fertilizers for promoting the growth and enhancing the quality of various vegetable

crops.
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