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between root length and stem length.

ABSTRACT

Earthworms have a critical influence on the soil structure, forming aggregates and improving the physical
conditions for the plant growth and nutrition uptake. Earthworms consume large quantities of organic
matter such as agro waste, kitchen waste, nitrogen rich materials like cattle dung and excrete casts which
have several growth promoters,enzymes which enrich the soil with bacteria and vesicular arbuscular
mycorrhizae (VAM) beneficial for the plant growth.Vermiwash is a liquid manure collected from the compost
unit after the passage of water through a column of worm action and is useful both as foliar spray or for soil
application. In the present investigation an attempt was made to study the effect of vermiwash on the
growth parameters of chilli plant Capsicum annuum. In plot 4 with vermiwash and drip irrigation technique
maximum increase in growth parameters such as root length 11.0 cm, stem length 70.0 cm, number of
leaves 120.0, side root length 05.0 cm leaf length 06.5 cm, leaf width 03.2 cm, number of flowers 46.0,
number of chillies 43.0 were observed and established with nearly perfect correlation coefficient of 0.992.
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Introduction

The earthworms play important role in breaking
down the organic waste substrates, stimulate micro-
bial activity greatly and increase rates of mineraliza-
tion (Atiye et al., 2000). Earthworms are long tubular
organisms; eat about 2 times of their body weight
daily. The burrowing and casting activities of earth-
worms can affect the porosity, aeration, water dy-
namics, structural stability and formation of soil
profile (Gebeyehu and Bayissa, 2020). They play vi-
tal role in mixing the soil and organic matter. Utili-
zation of earthworms and its natural activity mini-
mize the nutritional problems of crops and plants to
a great extent, thus helps in improving soil fertlity
(Justin and Leelamathi, 2008). Vermitechnology is
an essential part of organic farming; Organic culti-
vation ensures that the farms remain fertile for

years. Organic manures are easily biodegradable
and do not cause environmental pollution (Verma et
al., 2017).

Capsicum annuum is the domesticated species na-
tive to Southern North America and Northern South
America. India is a major producer, exporter and
consumer of the chilli. It is grown in almost all the
states. It prefers a warm humid climate during early
stages and a dry weather towards the maturity of
the pods. As a rain fed crop, it is grown in areas re-
ceiving an annual rainfall of 75 to 100 cm. Excessive
rain fall causes defoliation and rotting. June- Octo-
ber is the most suitable period for growing chilli in
India. Maximum temperature required for Capsicum
annuum is ranging between 20 °C to 30°C and a
minimum temperature not below 10 degree centi-
grade. During summer, high temperatures causes
flower and fruit drop resulting poor fruit set. Chilli
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is grown in many types of soil, sandy to heavy
clay.The light soils produce better quality than
heavy soils. Chilly crop prefers the soil pH 6 to 7.
However it is grown on soil of pH 5 in coastal areas
to pH 9 in vertisols in India.

Vermiwash is a collection of excretory products
and mucous secretion of earthworms along with
micronutrients from the soil organic molecules.
These are transported to the leaf, shoot and other
parts of the plant in the natural ecosystems. Major
portion of earthworm’s body is filled up with the
coelomic fluid, which helps in respiration.
Coelomocytes, granulocytes, lymphocytes present in
the coelomic fluid, helps in healing of wounds and
gives imitation power. No pathogens can survive in
this fluid, thereby protecting earthworms from the
diseases caused by pathogens. Sayyad (2017);
Vermiwash is rich in soluble nutrients; nitrogen,
phosphorous and potash are the main nutrients.
Hormones such as cytokines, auxins, enzymes, vita-
mins and amino acids that stimulate the growth and
yield of crops are present in the vermiwash.

Vermiwash is a bio fertiliser and act as growth
promoter in a wide variety of plants. Mujeera
Fathima and Malathy Sekar (2014) studied the
growth promoting effects of vermiwash in seed ger-
mination and seedling. There are various organic
manures such as vermicompost, farmyard manure,
coir pith compost used to increase in yield and qual-
ity of crops. Use of liquid fertilizers has gained im-
portance recently. For its unique capacity to provide
nutrients effectively and quickly vermiwash is used
in organic farming, Vermiwash collected by the pas-
sage of water through a column of worm activation
is generally used as a foliar spray or directly poured
at the plants roots in the soil. Drip irrigation is used
to save water by providing water directly at the
roots to prevent evaporational loss (Suryavanshi et
al., 2015). Few reports on the use of Vermiwash and
its growth promoting effects are available in the lit-
erature. (Suresh and Anandan, 2011) (Sundararasu
et al., 2014);

Present investigation is carried out to analyse the
impact of vermisaline on the various growth param-
eters of Capsicum annuum. Though the responses are
positive there is variation in response to different
concentrations of vermiwash in Capsicum annuum,
hence it is important to standardize the concentra-
tion of vermiwash based on the crop to which it is to
be used.
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Methodology

From agricultural Department healthy chilli capsi-
cum annuum seeds were procured. The seeds were
sown in troughs with very little quantity of water
added only once in the morning till the germination
of the seeds. After germination of the seeds in about
10 days the quantity of the water was increased.
Plants were grown in the trough for another 10 days
with full care and protection from pests, All of them
attained same root, shoot length and almost same
number of leaves (8-9) were selected for transplan-
tation.

A plot of 600 cm x150 cm was prepared for trans-
plantation. As per the protocol the area of cultiva-
tion is divided into 4 sub plots with 20 plants in each
sub plot. A distance of 30 cm is maintained between
two plants. The plots were treated as mentioned
below.

PLOT.I - Normal irrigation. Vermiwash was not
used. 20 litres of water was released in channels by
normal irrigation technique.

PLOT.II - Drip method. Plants are irrigated di-
rectly at the roots by drip method.

PLOT. III - Normal irrigation + Vermiwash-20
litres of water was released in channels by normal
irrigation technique. 50 ml of 20% Vermiwash was
poured to each plant.

PLOT IV- Drip method + Vermiwash. Plants are
irrigated with Vermiwash directly at the roots by
drip technique.

After every two weeks two plants from each plot
were removed. Average root length, stem length,
number of leaves, leaf length, leaf width, number of
flowers, number of chillies were recorded. Results
were analysed for comparative growth analysis.
Karl Pearson coefficient of correlation between root
length and stem length was calculated to establish
effectiveness of vermiwash and drip method in Cap-
sicum annuum.
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Results

In the present investigation with the Capsicum an-
num (chillies) plant, the root length, stem length,
number of leaves, leaf length, leaf width, side root
length, number of flowers, and fruits were mea-
sured at an interval of two weeks.

Plot 1. Normal irrigation method: In normal irri-
gation method on day 1 of transplantation the root
length was 2 cm,stem length was 8 cm, number of
leaves were 8, side root length was 0.8 cm,leaf length
with 1.8 cm, leaf width was 0.6 cm, number of flow-
ers were 0 and number of chillies were 0.

On day 14, of transplantation the root length was
2.2 cm, stem length was 14cm, number of leaves
were 18, side root length was 1 cm, leaf length was
2 cm, leaf width was 0.8 cm, number of flowers was
0 and number of chillies was 0.

On day 28, of transplantation the root length was
2.3 cm, stem length was 16 cm, number of leaves
were 25, side root length was 1 cm, leaf length was
2.5 cm, leaf width was 1 cm, number of flowers was
0 and number of chillies was 0.

On day 42, of transplantation the root length was
2.8 cm, stem length was 20 cm, number of leaves
was 38, side root length was 1.2 cm, leaf length with
3 cm, leaf width was 1.5 cm, number of flowers was
2 and number of chillies was 0.

On day 56, of transplantation the root length was
3 cm, stem length was 25 cm, number of leaves were
40, side root length was 1.5 cm, leaf length was 3 cm,
leaf width was 1.6 cm, number of flowers were 16
and number of chillies were 9.

On day 70, of transplantation the root length was

Table 1. Growth Parameters of Plot. I
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3.2 cm, stem length was 30 cm, number of leaves
were 45, side root length was 1.8 cm, leaf length was
3.3 cm, leaf width was 1.9 cm, number of flowers
were 20 and number of chillies were 14.

On day 84, of transplantation the root length was
3.5 cm, stem length was 36 cm, number of leaves
were 48, side root length was 2 cm, leaf length was
3.8 cm, leaf width was 2 cm, number of flowers was
26 and number of chillies were 20.

On day 98, of transplantation the root length was
3.8 cm, stem length was 36 cm, number of leaves
was 48, side root length was 2.5 cm, leaf length was
4 cm, leaf width was 2.3 cm, number of flowers were
30 and number of chillies were 26.(Table.1) (Graph
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Graph 1. Growth parameters of plot I.
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Plot 2. Drip irrigation method: In Drip irrigation
method on day 1 of transplantation the root length
was 2 cm, stem length was 8 cm, number of leaves
were 9, side root length was 0.8 cm, leaf length was
1.8 cm, leaf width was 0.6 cm, number of flowers
were 0 and number of chillies were 0.

On day 14, of transplantation the root length was
2.5 cm, stem length was 16 cm, number of leaves
weer 22, side root length was 1.2 cm, leaf length was
2 cm, leaf width was 0.8 cm, number of flowers were

S. Observation Root Stem No. of Side root Leaf Leaf No. of No. of
No. day length length leaves lengthin length width flowers chillies
incm in cm cm incm incm
1 Day 1 02.0 08.0 08.0 00.8 01.8 00.6 00.0 00.0
2 Day 14 02.2 14.0 18.0 01.0 02.0 00.8 00.0 00.0
3 Day28 02.3 16.0 25.0 01.0 02.5 01.0 00.0 00.0
4 Day 42 02.8 20.0 38.0 01.2 02.5 01.5 02.0 00.0
5 Day 56 03.0 25.0 40.0 01.5 03.0 01.6 16.0 09.0
6 Day 70 03.2 30.0 45.0 01.8 03.3 01.9 20.0 14.0
7 Day 84 03.5 36.0 48.0 02.0 03.8 02.0 26.0 20.0
8 Day 98 03.8 36.0 48.0 02.5 04.0 02.3 30.0 26.0
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0 and number of chillies were 0.

On day 28, of transplantation the root length was
2.9 cm, stem length was 24cm, number of leaves was
34, side root length was 1.8 cm, leaf length with 2.5
cm, leaf width was 1 cm, number of flowers was 2
and number of chillies was 0.

On day 42, of transplantation the root length was
3.2 cm, stem length was 29 cm, number of leaves
was 46, side root length was 2 cm, leaf length with
2.5 cm, leaf width was 1.6 cm, number of flowers
was 9 and number of chillies was 5.

On day 56, of transplantation the root length was
4 cm, stem length was 30 cm, number of leaves was
50, side root length was 2.3 cm, leaf length with 3
cm, leaf width was 1.8 cm, number of flowers was
15 and number of chillies was 12.

On day 70, of transplantation the root length was
5 cm, stem length was 34 cm, number of leaves was
58, side root length was 2.5 cm, leaf length with 3.5
cm, leaf width was 2 cm, number of flowers was 28
and number of chillies was 20.

On day 84, of transplantation the root length was
5.5 cm, stem length was 40 cm, number of leaves
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was 60, side root length was 3 cm, leaf length with 4
cm, leaf width was 2.2 cm, number of flowers was
30 and number of chillies was 28.

On day 98, of transplantation the root length was
06 cm, stem length was 45 cm, number of leaves was
69, side root length was 3.2 cm, leaf length with 4.2
cm, leaf width was 2.5 cm, number of flowers was
35 and number of chillies was 28.

Day 1 02.0 08.0 10.0 00.8
01.8 00.6 00.0 00.0

Plot 3.Normal irrigation + Vermiwash method.

In this method on day 1 of transplantation the
root length was 2 cm, stem length was 8 cm, number
of leaves was 10, side root length was 0.8cm,leaf
length with 1.8 cm, leaf width was 0.6 cm, number
of flowers was 0 and number of chillies was 0.

On day 14, of transplantation the root length was
2.9 cm, stem length was 15 cm, number of leaves
was 25, side root length was 1.5 cm, leaf length with
2.5 cm, leaf width was 0.8 cm, number of flowers
was 0 and number of chillies was 0.

On day 28, of transplantation the root length was
3.4 cm, stem length was 28cm, number of leaves was
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Graph 2. Growth parameters of plot II.

Table 2. Growth parameters of plot II.

S. Observation  Root Stem No. of Side root Leaf Leaf No. of No. of
No. day length length leaves length length width flowers chillies
incm in cm in cm in cm
1 Day 1 02.0 08.0 09.0 00.8 01.8 00.6 00.0 00.0
2 Day 14 02.5 16.0 22.0 01.2 02.0 00.8 00.0 00.0
3 Day28 02.9 24.0 34.0 01.8 02.5 01.0 02.0 00.0
4 Day 42 03.2 29.0 46.0 02.0 02.5 01.6 09.0 05.0
5 Day 56 04.0 30.0 50.0 02.3 03.0 01.8 15.0 12.0
6 Day 70 05.0 34.0 58.0 02.5 03.5 02.0 28.0 20.0
7 Day 84 05.5 40.0 60.0 03.0 04.0 02.2 30.0 28.0
8 Day 98 06.0 45.0 69.0 03.2 04.2 02.5 35.0 28.0




5424

33, side root length was 1.8 cm, leaf length with 2.9
cm, leaf width was 1 cm, number of flowers were 4
and number of chillies were 1.

On day 42, of transplantation the root length was
4.1cm, stem length was 36 cm, number of leaves was
45, side root length was 2.5 cm, leaf length with 3.2
cm, leaf width was 1.8 cm, number of flowers were
12 and number of chillies were 10.

On day 56, of transplantation the root length was
4.8 cm, stem length was 42 cm, number of leaves
was 59, side root length was 3 cm, leaf length with
3.4 cm, leaf width was 2.2 cm, number of flowers
were 20 and number of chillies were 16.

On day 70, of transplantation the root length was
5.4 cm, stem length was 58 cm, number of leaves
was 62, side root length was 3.6 cm, leaf length with
3.7 cm, leaf width was 2.5 cm, number of flowers
were 26 and number of chillies were 22.

On day 84, of transplantation the root length was
6.1 cm, stem length was 60 cm, number of leaves
was 69, side root length was 4 cm, leaf length with
4.3 cm, leaf width was 2.7 cm, number of flowers
were 36 and number of chillies were 30.

On day 98, of transplantation the root length was
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6.5 cm, stem length was 65 cm, number of leaves
was 78, side root length was 4.5 cm, leaf length with
4.5 cm, leaf width was 3 cm, number of flowers was
40 and number of chillies was 38.

In this method on day 1 of transplantation the
root length was 2 cm, stem length was 8 cm, number
of leaves was 10, side root length was 0.8cm,leaf
length with 1.8 cm, leaf width was 0.6 cm, number
of flowers was 0 and number of chillies was 0.

On day 14, of transplantation the root length was
3.5 cm, stem length was 18 cm, number of leaves
was 25, side root length was 1 cm, leaf length with
2.5 cm, leaf width was 0.9 cm, number of flowers
were 0 and number of chillies were 0.

On day 28, of transplantation the root length was
4,2 cm, stem length was 28 cm, number of leaves
was 38, side root length was 2.1 cm, leaf length with
3 cm, leaf width was 1.1 cm, number of flowers were
6 and number of chillies were 2.

On day 42, of transplantation the root length was
5.7 cm, stem length was 36 cm, number of leaves
was 51, side root length was 3.2 cm, leaf length with
3.7 cm, leaf width was 1.8 cm, number of flowers
were 15 and number of chillies were 12.
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Plot 4. Vermiwash + drip technique method.

Table 3. Growthparameters of plot III.

S. Observation Root Stem No. of Side Leaf Leaf No. of No. of
No. day length length leaves root length width flowers chillies
incm in cm length in cm in cm
1 Day 1 02.0 08.0 10.0 00.8 01.8 00.6 00.0 00.0
2 Day 14 02.9 15.0 25.0 01.5 02.5 00.8 00.0 00.0
3 Day28 03.4 28.0 33.0 01.8 02.9 01.0 04.0 01.0
4 Day 42 04.1 36.0 45.0 02.5 03.2 01.8 12.0 10.0
5 Day 56 04.8 42.0 59.0 03.0 03.4 02.2 20.0 16.0
6 Day 70 05.4 58.0 62.0 03.6 03.7 02.5 26.0 22.0
7 Day 84 06.1 60.0 69.0 04.0 04.3 02.7 36.0 30.0
8 Day 98 06.5 65.0 78.0 04.5 04.5 03.0 40.0 38.0
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On day 56, of transplantation the root length
were 6.6 cm, stem length was 42 cm, number of
leaves was 62, side root length was 3.6 cm, leaf
length with 4.5 cm, leaf width was 2.6 cm, number
of flowers were 24 and number of chillies were 23.

On day 70, of transplantation the root length was
7.8 cm, stem length was 55 cm, number of leaves
was 76, side root length was 3.8 cm, leaf length with
5.2 cm, leaf width was 2.9 cm, number of flowers
were 32 and number of chillies were 28.

On day 84, of transplantation the root length was
9 cm, stem length was 62 cm, number of leaves was
96, side root length was 4.5 cm, leaf length with 5.8
cm, leaf width was 3 cm, number of flowers were 40
and number of chillies were 36.

On day 98, of transplantation the root length was
11 cm, stem length was 70 cm, number of leaves was
120, side root length was 5 cm, leaf length with 6.5
cm, leaf width was 3.2 cm, number of flowers was
46 and number of chillies was 43. The results were
further evidenced by calculating correlation coeffi-
cient between root length (s) and Shoot length (y) for
different plots shows that maximum correlation co-
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efficient for plot 4 of drip technique and vermiwash,
minimum for plot 1 of normal irrigation. Plot 2 is
moderate and plot 3 is having better growth than
plot 1 and plot 2.

Discussion

Green-revolution aimed at providing food necessary
for ever growing human population significantly
increased, agricultural production, yield per hectare,
by improving soil fertility through additional appli-
cation of fertilizers and pesticides.

Chemical fertilizers are relatively inexpensive,
and are rapidly taken up by plants Chen (2006).
Larcheveque et al. (2011) concluded that artificial
chemical fertilizers yield higher growth and root
development compared to organic manure in a pop-
lar plantation in clay soil. The effects of chemical fer-
tilizer and organic manure treatments on the growth
of yellow poplar seedlings and soil characteristics
was investigated by Si Ho Han et al. (2016). Chemi-
cal fertilizers decreased all the vital nutrients needed
for plant growth in the long run. Excess use of fertil-
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Graph 4. Growth parameters of plot IV
Table 4. Growth parameters of plot IV.
S. Observation Root Stem No. of Side root Leaf Leaf No. of No. of
No. day length length leaves length length width flowers chillies
incm in cm in cm in cm

1 Day 1 02.0 08.0 10.0 00.8 01.8 00.6 00.0 00.0
2 Day 14 03.5 18.0 25.0 01.0 02.5 00.9 00.0 00.0
3 Day28 04.2 28.0 38.0 02.1 03.0 01.1 06.0 02.0
4 Day 42 05.7 36.0 51.0 03.2 03.7 01.8 15.0 12.0
5 Day 56 06.6 42.0 62.0 03.6 04.5 02.6 24.0 23.0
6 Day 70 07.8 55.0 76.0 03.8 05.2 02.9 32.0 28.0
7 Day 84 09.0 62.0 96.0 04.5 05.8 03.0 40.0 36.0
8 Day 98 11.0 70.0 120.0 05.0 06.5 03.2 46.0 43.0




5426

Eco. Env. & Cons. 28 (January Suppl. Issue) : 2022

Table 5. Statistical analysis between root length (s) and Stem length (y) for different plots.

Caculations PLOT.I PLOT.II PLOT.II PLOT.IV
Root length OX 00022.800 00031.100 00035.200 00049.800
S/tem lengthO.Y 00185.000 00226.000 00312.000 00319.000
Q.XY 00573.400 00998.400 01605.600 02436.000
Q.XZ 00067.900 00136.150 00172.440 00372.780
0.Y? 05033.000 07418.000 15322.000 16001,000
Std.deviation of Root length(x) 00000.604 00001.380 00001.481 00002.801
Std.deviation of stem length(y) 00009.713 00011.366 00019.855 00020.251
Covariance (x,y) 00005.768 00014.978 00029.100 00056.278
Karl Pearson’s Coefficient of 00000.983 00000.954 00000.989 00000.992
correlation (r)
Plot4 _
Plot3 _ covariance(xy)
m coefficient of correlation(r)
Flebd h ® std.deviation of stem length(y)
Plot1 ' m std.deviation of root length(x)
0 10 20 30 40 50 60

Graph 5. Statistical analysis between root length (s) and Stem length (y) for different plots.

izers resulted in surface and ground water pollu-
tion, killing of useful microbes, acidification of the
soil (Zainal et al., 2021). In contrast, organic manure
significantly increased the soil characters such as
pH, nitrogen, available phosphorus, exchangeable
potassium, calcium, and magnesium (Anggita et al.,
2018). Green Revolution resulted in great economic
prosperity during its early years supporting overall
economy of the nations. Unscrupulous use of fertil-
izers and pesticides resulted in Air, water and soil
pollution, killed beneficial insects and wildlife. Un-
controlled wides pread irrigation practices depleted
the soil nutrients thus decreased soil fertility. Sus-
tainable agriculture aims at improvement of both
soil and plant health, productivity of the crops, lead-
ing to the enrichment of the surrounding ecology
(Gabriel et al., 2013).

Earthworms are crucial in regulating the bio-
geochemical cycles by making nutrients such as ni-
trogen, phosphorous, and potassium easily available
to plants and water cycle by making drilospheres
that allow water to flow more rapidly down through
the soil profile and also increasing water holding
capacity and porosity of the soil.

Organic farming has become one of the popular

methods of farming. Organic farming is a far deeper
concept than mere non-chemicalization, though or-
ganic food is grown without the use of synthetic
chemicals, such as fertilizers and pesticides. Mishra
et al. (2015); Demand for organic foods is increasing
day by day as the large segment of population
showing inclination towards organic foods consider-
ing them as healthier and safer. Worm worked soils
have burrows or drilosheres richly inhabited with
useful bacteria. Water passing through these pas-
sages washes the nutrients from these drilospheres
to the roots to get absorbed by the plants (Boyhan
and Stone, 2016).

Surface irrigation is the traditional form of irriga-
tion in the agriculture. Evaporation, percolation be-
fore reaching roots results in huge loss of water in
this type of irrigation. Drip technique is an ad-
vanced system of the micro irrigation, which pro-
vides effective irrigation method as water supplied
directly around the roots of plant and reduces the
loss of water by evaporation (Kaarthikeyan, Suresh,
2019). It plays a major role in water conservation,
increased crop production and utilize each and ev-
ery drop of water supplied.

These studies have confirmed that both manure
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compost and vermicompost usually has compelling
beneficial effects on plant growth. However, there
have been very few experimental investigations ex-
ploring effects of vermiwash applications on plant
growth. Palanichamy et al., 2011) Spinach and Onion
growth on administration of vermiwash, was found
to be significantly higher when compared to control
group. No significant effect was observed on the
plants of potato (Ansari, 2008). The effect of
vermiwash was observed on okra by Ansari and
Kumar (2010).

Our main objective was to investigate the effects
of vermiwash applications on growth, yield and
fruit quantity of Capsicum annuum. Present investi-
gation shows that in plot I with normal irrigation
technique plant growth was slow as compared to
the other three plots due to lack of vermiwash. In
plot II the growth was good as compared to the first
plot due to the continuous supply of water at the
roots of the plants directly by Drip irrigation tech-
nique. Plot III better growth was recorded, however
excellent growth parameters were recorded in plot
IV with vermiwash and drip irrigation. These results
are in perfect accordance with the earlier investiga-
tions by Hemant et al. (2013) and (Wang et al., 2017).
They have reported that vermiwash sprayed on the
tomato plants, showed a significant growth of
plants, such as, shoot length, number of leaves.
Studies on growth promoting effects of vermiwash
on the germination of vegetable crops reported simi-
lar results by Mujeera Fathima and Malathy Sekar
(2016). Nearly perfect correlation was obtained be-
tween Growth of roots and stem, in the present
study of effect of vermiwash on Capsicum annuum
indicating supply of essential micro and macro nu-
trients from vermiwash.

Conclusion

Organic farming aims at not only reducing the cost
of production but also provides us with chemicals
free healthy foods, which are in great demand in
today’s market. Organic manure helps in increasing
soil pH, the concentrations of nitrogen, phosphorus,
and major cations, thus overall soil fertility. In the
present investigation, in experimental plots
vermiwash response to the plant growth was highly
significant; this may be due to increased availability
of more exchangeable nutrients in the soil by the
application of vermiwash.
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