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ABSTRACT

The present study explains the application of vermicompost during the cultivation of rice and pigeon
pea in relay intercropping farming. This study examined vermicompost's effect on increasing yield
and nutrient quality of rice and pigeon pea. In North India, Kharif crops were grown for three
seasons from 2019 to 2021 in the intercropping farming system. The main crop (rice) was sown
with pigeon peas (legumes) in July 2019 in rows and there were a total of 36 rows each of 6 m, of
which nine rows were for rice having a distance of 70 cm between each row and pigeon peas each
with a distance of 50 cm between each row and the other nine were for one row of rice and another
of pigeon peas having a distance of 50 cm among them. Each type of crop was treated with control

*Corresponding author: Email: soniakapoor.uiet@mdurohtak.ac.in;

Uttar Pradesh J. Zool., vol. 44, no. 21, pp. 216-226, 2023



Rani and Kapoor; Uttar Pradesh J. Zool., vol. 44, no. 21, pp. 216-226, 2023; Article no.UPJOZ.2862

as urea and treated with vermicompost for analysis of results. The result of the study, exhibited
significant increase in macro elements K & P in intercropping along with vermicompost (4320 mg/kg
& 1100 mg/kg) as compared to control (4200 mg/kg& 910 mg/kg) as well as microelements Zn & Fe
in treated (41.4 mg/kg & 65.6 mg/kg) as compared to control (38.2 mg/kg& 60.2 mg/kg) were found
higher in vermicompost treated intercropping. Also, yield (18.01 kg/ha) and HI (Harvest Index)
(0.82) were found more in intercropping treated with vermicompost as compared to conventional
one treated with urea (14.23 kg/ha) and (0.62). Hence, vermicompost along with intercropping was

found to be effective in increasing the yield and nutritional value of crops.

Keywords: Vermicompost; pigeon-pea; rice; intercropping; monocropping.

ABBREVIATIONS

HI : Harvest Index

ICP-OES : Inductive Coupled Plasma with
Optical Emission Spectroscopy

: Nitrogen Phosphorus Potassium

1. INTRODUCTION

NPK

The World population has been increasing at a
faster rate since the last decade. This increases
the urgent need for more amount of food [1]. In
addition to this, the nutritional value of food in the
diet is the main concern nowadays because of
the overuse of different chemical fertilizers in
farming systems. Moreover, these chemical
fertilizers cause the emission of greenhouse
gases and contamination of groundwater as well
as surface water and also harm the environment
[2,3]. So there is an urgent need to find a suitable
alternative to chemical fertilizers.

Vermicompost is the best alternative to replace
chemical fertilizers like urea [4]. According to

Ramnarain et al. [5], vermicompost is a solid
organic fertilizer produced by composting organic
materials (e.g., animal manures) by using
species of earthworms (Fig. 1). A research study
conducted by Piya et al. [6] concluded that using
vermicompost also improved soil and crop
quality, vyield, nutritional value, and growth.
Epigenic earthworms mainly employed for
vermicomposting are Eisenia fetida, Eudrilus
eugeniae, Perionyx excavates and Lumbricus
rubellus [7].

According to Nafziger [8], intercropping farming
is the method of sowing two crops in the same
field simultaneously, in which each crop is sown
in a separate row so that there will be potential
competition between the crops regarding
nutrients, space utility, light, and water. Crop
selections must be properly chosen to establish a
mutually symbiotic relationship in intercropping.
According to Notaris et al. [9], sowing time,
sowing methods and proper seeding rate in

Fig. 1. Vermicompost with earthworms is useful in terms of degrading complex
macromolecules in the soil to a simple form. Vermicompost contains a combination of
different fertilizers the ratio of vermicompost used in this experiment contained 3.06% N, 2.6%
P, and 1.05% K [12]
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Fig. 2. Bubble map showing, publications of SCOPUS from 2019 to 2023 on intercropping
farming has been defined in term of various keywords like yield, organic farming, conventional
farming, crop rotation, etc. The size of each bubble defined the number of citations for those
keywords in different journals. Two keywords are linked with each other with different colors
in terms of correlation with intercropping

spring cereal-forage legume intercropping
systems determine plant competition.
Intercropping practices are generally done by
combining both legume and non-legume-like
cereal crops. It has been used to produce a
higher yield than monocropping, for example, in
maize soybean intercrop [10]. Also,
vermicompost with intercropping is also a
method of organic farming in a combined form.
Because organic farming is a type of farming in
which organic inputs are used to get maximum
output.

According to a market analysis report that was
published in September 2021, the food industry
based on organic farming grew at an
annual growth rate of 9.7 % in 2021 and it would
grow further at a rate of 14.5% up to 2025
[11].

This research study determines the effects of
vermicompost on the growth and yields of rice-
pigeon pea intercropping as compared to

monocropping as well as conventional

intercropping with urea.

A bubble map of intercropping having a
correlation with soil fertility, nutrient use
efficiency, and organic farming has been
described in (Fig. 2) [13].

2. MATERIALS AND METHODS
2.1 Site Description

During July 2019, two kharif crops summer rice
(Oryza sativa) variety “PUSA Basmati Rice” were
sown in intercropping with Pigeon-pea (Cajanus
cajan) variety “Manak (H77-216)” at the site of
North India at agroecological zone 6 (Trans
Gangetic plane), Haryana, district-Jind, tehsil-
Julana, village Karela (Fig. 3). The plot size was
144 m* (24 m X 6 m), and three replicates for
each crop were used per treatment. The

coordinates of the main experimental site are 29"
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7'17.6664"N and 76 ° 23'51.7920" E and an
altitude of 223 meters above sea level (Fig. 3).
The district Jind is mainly characterized by semi-
arid weather conditions, hot in summer and cold
in winter. Previous crops and soil properties were
different because intercropping was not done on
this field to date. For the experimental setup, the
row length was kept at 6m for each type of crop
(mono-cropping or intercropping) with or without
vermicompost. For sole rice (SR) distance
between two rows was 70 cm and for sole pigeon
pea (SP) distance between two rows was 50 cm.
The intercropping system of a single row of rice
and pigeon peas with or without vermicompost

named (S1), in which one row of pigeon peas
intercropped with one row of rice and the row-to-
row distance between rice and pigeon pea rows
was 50 cm). All the experiments were done in
triplicate. Vermicompost application in solid form
as treated one was done in each row of mono as
well as intercropping just after sowing and after
15 days of sowing, then after 1 month of sowing
as this is the main fertilizer source. Along with
this, urea and DAP (Diammonium phosphate)
were also done in solid form as a control in the
same manner as vermicompost so that a

comparable analysis can be done with both types
of crops.

Fig. 3. Intercropping field employed for rice and pigeon peas from 2019 to 2021
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2.2 Chemical and Reagents

All the chemicals for analysis of analytical grade
(HNO3, H,0,) were procured from SRL (Sisco
Research  Laboratories, Mumbai, India).
Vermicompost was purchased from Saini
Fertilizer & Chemical Limited, Jind -126102,
Haryana (India). The qualitative Filter paper was
purchased from (Hi-Media, Mumbai India).

2.3 Yield and Harvest Index (HI):

After a certain time of maturation in August-
September, harvesting of both crops was done
manually from central rows of each experimental
block with the help of a sickle. After that rice and
pigeon pea plants were then dried for almost ten
days. Then both crops dried rice and pigeon pea
plants weighed and their total yield both in terms
of monocropping as well as intercropping
farming. At the same time, the seed yields of
every plant were calculated and converted into
kg/ha.

The yield of each crop was calculated by [14]:
Yield (Kg/ha): Total production/Total area

Harvest Index was calculated by Donald et al.
[15]:

HIl =Grain DW/Total DW

2.4 Analysis of Macroelements and

Microelements

All macro and microelements of rice and pigeon
pea in monocropping as well as intercropping
with or without vermicompost treatment were
measured with the help of ICP-OES (Agilent
7900) (Inductive coupled plasma with optical
emission spectroscopy). The wet digestion
method has been used for the analysis of
nutritional value in different crops and vegetables

[16]. The rice and pigeon-pea seeds were used
for analysis and ground in a high-speed
homogenizer. After this, a composite sample of
0.5 grams was weighed and put into a 25 ml
volumetric flask. After that samples were
digested with a reagent mixture of 65%
HNO,/30%H,0, (7:1), first overnight at room
temperature and after that in a water bath at a
constant temperature (80°C) for 5 hours. Once all
the samples were completely decomposed, all
the materials samples were transferred to a
volumetric flask of 50 ml. The final volume was
increased to fill the line with deionized water. All
the samples were then filtered through a
quantitative filter paper with a pore size of 2-4pm.
All sampling was done in triplicates. The results
obtained are presented as mean + standard
deviation.

2.5 Statistical Analysis

The statistical analysis of all experiments was
analyzed by ANOVA (Analysis of Variance) in
Graph Pad Prism software and marked by
different P values when significantly different
(P=.05) with the help of Graph Pad Prism
software. All graphs were plotted in Microsoft
Excel.

3. RESULTS AND DISCUSSION
3.1 Harvest Index (HI) and Yield
3.1.1 Harvest index

The Harvest index of monocropping in control
(Rice- 0.38 & Pigeonpea- 0.41) was compared to
monocropping with vermicompost (Rice -0.47 &
Pigeonpea pea-0.53). Further, an increase in
harvest index was observed in intercropping
along with vermicompost application (0.82) as
compared to the control intercropping with urea
and DAP treatment (0.62) in the final year of
experiments of 2021 (Table 1).

Table 1. Harvest Index from 2019 to 2021 of monocropping and intercropping farming

HI Monocropping Monocropping Intercropping Intercropping
(Rice) (Pigeonpea) (Control) (Vermicompost)
2019 (C) 0.25 0.29 0.42 0.45
(E) 0.29 0.33 0.49 0.50
2020 (C) 0.32 0.39 0.51 0.61
(E) 0.34 0.40 0.53 0.67
2021(C) 0.38 0.41 0.59 0.72
(E) 0.47 0.53 0.62 0.82

(C)- Control experiment with urea as a chemical fertilizer
(E) — Treated experiment with vermicompost as organic fertilizer

220



Rani and Kapoor; Uttar Pradesh J. Zool., vol. 44, no. 21, pp. 216-226, 2023; Article no.UPJOZ.2862

Table 2. Yield from 2019 to 2021 of monocropping and intercropping farming (kg/ha)

Yield Monocropping Monocropping Intercropping Intercropping
(Rice) (Pigeonpea) (Control) (Vermicompost)

2019 (C) 11.21 9.45 10.02 10.98

(E) 12.23 10.21 11.20 11.28

2020 (C) 13.24 11.20 12.25 12.15

(E) 14.12 12.10 13.05 14.35
2021(C) 14.56 10.31 13.90 16.05

(E) 17.48 14.22 14.23 18.01

(C)- Control experiment with urea as a chemical fertilizer
(E) — Treated experiment with vermicompost as organic fertilizer
3.1.2 Yield 3.2.2 Microelements

The vyield was found to be higher in
monocropping treated with vermicompost (Rice-
17.48 kg/ha, Pigeon pea - 14.22) as compared to
control (Rice - 14.56 kg/ha, Pigeon-pea- 10.31
kg/ha). Similarly, the vyield was higher in
intercropping treated with vermicompost (18.01
kg/ha) as compared to the control (14.23 kg/ha)
in the final year of the experiment (Table 2):

3.2 Macroelements and Microelements in
Rice and Pigeon Pea

3.2.1 Macroelements

ICP-OES analysis of the crop (rice) and legume
(pigeon pea) shows that the macroelements and
microelements composition of both rice and
pigeon pea increased in each year from 2019 to
2021 (Table 3) (Figs. 4 & 5). Macroelements
Potassium (K), Phosphorus(P), Calcium (Ca),
and Magnesium (Mg) and microelements Zinc
(Zn), lron (Fe), Copper (Cu), and Manganese
(Mn) were analyzed. Application of vermicompost
in rice monocropping resulted in an increase in
macroelements (K-4270mg/kg, P-2610 mg/kg,
Ca- 800 mg/kg, Mg-1100 mg/kg) as compared to
control (K-3800 mg/kg, P-2510 mg/kg, Ca-780
mg/kg, Mg-1080 mg/kg). Similarly, vermicompost
application was found to be effective in
increasing macroelements in pigeon pea
monocropping (K-1100 mg/kg, P-380 mg/kg, Ca-
150 mg/kg, Mg-140 mg/kg) as compared to
control (K- 900mg/kg, P- 370 mg/kg, Ca-110
mg/kg, Mg-136 mg/kg). In the case of
intercropping similar trend was observed in
macroelement content with higher concentration
in vermicompost treatment (K- 5150 mg/kg, P-
2900 mg/kg, Ca-910 mg/kg, Mg-1280 mg/kg) as
compared to control (K- 4560 mg/kg, P- 2890
mg/kg, Ca- 870 mg/kg, Mg- 1250 mg/kg)
(Table 3 & Fig. 4).

Microelements zinc (Zn), iron (Fe), copper (Cu),
and manganese (Mn) were analyzed. Application
of vermicompost in rice monocropping resulted in
an increase in microelements (Zn- 46mg/kg, Fe-
42 mg/kg, Cu- 10.1 mg/kg, Mn-34 mg/kg) as
compared to control (Zn-45 mg/kg, Fe-41 mg/kg,
Cu-9.01 mg/kg, Mn-32 mg/kg). Similarly,
vermicompost application was found to be
effective in increasing microelements in chickpea
monocropping (Zn-5.4 mg/kg, Fe-6.1 mg/kg, Cu-
1.1 mg/kg, Mn-1.6 mg/kg) as compared to control
(Zn- 5.01 mg/kg, Fe- 5.2 mg/kg, Cu-2.10 mg/kg,
Mn-1.5 mg/kg). In the case of intercropping
similar trend was observed in microelement
content  with higher  concentration in
vermicompost treatment (Zn- 52mg/kg, Fe- 55
mg/kg, Cu- 13.7 mg/kg, Mn- 40 mg/kg) as
compared to control (Zn- 50, Fe-53 mg/kg, Cu-
12.8, Mn- 39.5 mg/kg) (Table 3 & Fig. 5).

4. DISCUSSION

4.1 Impact of Intercropping and
Vermicompost on Yield and Harvest
Index (HI)

Intercropping with vermicompost application
helps to improve the total yield and harvest
index. In intercropping two crops are grown in
one season so harvesting will be more in this
case. Both crops also provide nutritional benefits
to each other for example cereal -legume
intercropping is the best approach because
cereal plants like rice have long stems and need
more area for growth as compared to pigeon
peas which can be sown along with cereal as
they need a very small area also its stem is not
so large in length and also there is no
competition for maturation of each crop as cereal
takes longer time of 3-4 months and legumes
can be harvested in 2-3 months. Also,
vermicompost application can increase the
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capillarity action of plants for total nutrient uptake
because earthworms used in vermicompost can
refine the pores of the soil. Intercropping with
vermicompost was effective in increasing yield
up to 18.01 kg/ha as compared to monocropping
of rice (17.48 kg/ha) and pigeonpeas (14.22
kg/ha) and harvest index up to 0.82 as compared
to monocropping of both rice (0.47) and
pigeonpeas (0.53). These results are similar to a

study of intercropping with vermicompost
application in sweet basil that indicates an
increase in yield and nutrient uptake [17].

According to Yao et al. [18], intercropping
between a cereal crop and a legume can be an
effective method to increase the nutrient uptake
of both crops as legumes are useful in fixation of
nitrogen in the soil and cereal crops can get
nitrogen as mineral for growth. Also, yield
increased in this type of intercropping system. A
research study by Lu et al. [19] found that maize
peanut intercropping was useful in increasing the
yield as well as nutrient uptake in plants.
Research about vermicompost by Dey et al. [20]
also found that vermicompost can be beneficial
for the growth of plants. Hence intercropping is a
novel approach to increase the yield and harvest
index and is also cost-effective by using
vermicompost as an organic fertilizer.

4.3 Impact of Intercropping and
Vermicompost Application on
Macroelements and Microelements

In the present study, the content of
macroelements and microelements was found to
be higher in the intercropping of rice and pigeon
peas as compared to monocropping. One of the
most important factors in increasing the macro
and micro elements in combination with
intercropping and  vermicompost is that
vermicompost itself contains NPK fertilizers in

the ratio of 3.06% N, 2.6% P, and 1.05% K along
with earthworms [12].

Several earthworm species like Eisenia fetida
and Perionyx excavates also help soil to degrade
its humus content into litter form so that soil
nutrient quality can be increased. The application
of vermicompost further enhanced the
macroelement content significantly in K (5150
mg/kg) and P (2900 mg/kg) as control rice (4560
mg/kg) and pigeonpeas (2890 mg/kg). These
results support the findings of Fatemi et al. [21]
which state that vermicompost and biofertilizers
along with intercropping are beneficial to
increase the macroelements and microelements
in maize and pinto beans. These results are also
found to be similar to intercropping of rice and
pigeonpea. According to Rax et al. [22],
intercropping with pigeonpea and groundnut was
also used to increase the NPK nutrient level in
the field. A research study by Kalhor et al. [23]
also suggests that intercropping farming along
with vermicompost is also an effective method to
increase the nutritional value of crops and
vegetables. A study by Niazi et al. [24] was found
to be effective in terms of increasing the yield
and nutritional value of maize and mung bean
intercropping with vermicompost. Hence both
intercropping as well as a solid organic fertilizers
can be effective tools to replace chemical
fertilizers and also increase the production in
plants. Also, intercropping farming type is useful
for increasing food production and nutritional
quality [25]. According to a research study,
Pigeonpea used in this intercropping also helps
to improve soil fertility with the help of
rhizomediated microbes [26]. A research study
suggests that intercropping along with organic
farming practices also helps to improve crop
production and soil fertility [27].

Macroelements in Rice Monocropping

B Macroelements
B Control Mean
Treated mean

B Standard Deviation

5000 -
4000 | I
3000 -
2000 -
1000 -
. .T.T,r,
K P Ca Mg
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Fig. 4. Macroelements in rice and pigeon peain monocropping and intercropping from 2019 to

2021
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Fig. 5. Microelements in rice and pigeon pea in monocropping and intercropping from 2019 to
2021

Table 3. Impact of macroelements and microelements on rice and pigeon pea in monocropping
and intercropping with vermicompost

Year Crop Macroelements Microelements
2019 Rice K P Ca Mg P value Zn Fe Cu Mn P value
Control(C) 3500+170  2150+47.910 650+£55.1 850+35.12  0.001 35£2.612 35+£3.5 7.3+1.23 285+3.4 .001
Treated (E) 4100 + 194 2250+56.802 730456.7 970+30.12 0.002 38£1.902 37+4.1 7.1+1.50 29.2+3.6 .01
2020 (C) 3615+ 123 2320+63.190  710+50.1 910+31.10 0.012 40£1.912 3945.0 8.01+1.3 30£3.2 .03
(E) 4250+ 143 2450 +56.120  750+45.1 980+32.04  0.014 42+ 3.210 41+5.4 8.50+1.9 31#2.4 .04
2021 (C) 3800 +£162 2510+67.320  780+40.4 1080+35.10 0.013 45+2.142 42457 9.01+2.1 32#25 .05
(E) 4270 +180 2610 +70.208 800+45.2 1100+£37.21  0.089 46+2.560 4345.9 10.1#2.4 34+3.4 .04
2019 Pigeonpea (C) 700+34.2 250 +4.56 80+25 110+20.4 0.003 3.50+0.8 42+0.1 15+.01 0.4+0.001 .001
(E) 720+31.9 310+5.12 85+ 2.7 120 £22.3 0.013 3.89+0.7 45+03 16+.02 0.8+0.003 .05
2020 (C) 800+25.2 320+6.10 89+3.1 129+244 0.007 4.01+0.2 49+04 18+.01 1.1+0.002 .07
(E) 830+28.  345+6.50 90+ 2.7 130+20.8  0.005 4.12+05 51+0.3 2.01+.01 1.3+0.001 .03
2021 (C) 900+359 370+7.10 110+£3.1 136+22.6 0.012 501+11 52+0.2 210+02 15+0.003 .02
(E) 1100 + 44 380 + 6.45 150+3.4 140+23.1 0.009 5407 6.1+0. 1.1+0.01 1.6£0.001 .04
2019 Intercropping (C) 4200 + 125 2650+70.129 812+45.1 1150+38.10 0.012 47+2.570 45.1+¥4.2 10.4+2.6 35+2.8 .09
(E) 4500 + 132 2700+71.214 820+40.3 1170+39.01 0.004 48+2.101 46+3.7 111429 37+2.9 .05
2020 (C) 4350 + 135 2750+72.213 850+42.1 1200+40.1 0.003 49+2.011 48+4.1 11.5+2.4 38+3.1 .06
(E) 4700 + 245 2790+67.12 860+39.1 1210+37.1 0.009 49.5+2.310 5045.2 12.5#2.9 39+1.4 .001
2021 (C) 4560 + 340 2890+56.13 870+40.1 1250+40.2 0.005 50+3.10 53+4.6 12.8#1.9 39.5#2.1 .02
(E) 5150 + 420 2900+57.12 910+45.3  1280+42.10  0.002 52+2.10 55+5.7 13.7#3.1  40+2.8 .001

(C) =Control without vermicompost, (E) = Experiment with vermicompost Mean + Standard deviation and significant level (P = .05) were calculated using Graph Pad Prism at 95 % confidence interval. The
less the P value, the more significant the data
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5. CONCLUSION

This study has shown the effect of vermicompost
a solid organic fertilizer on rice and pigeon peas
in monocropping as well as intercropping under
field conditions in comparison with chemical
fertilizers like urea and Diammonium phosphate.
The research was found to be significant in terms
of different parameters like yield, harvest index,
and nutritional content in both types of crops.
The Harvest index was found to be significant
with a value of 0.82 in intercropping with
vermicompost as compared to control with urea
0.72. Also, the harvest index of intercropping was
higher as compared to the monocropping of both
crops. The yield of intercropping with
vermicompost was 18.01 which is higher than
control intercropping with urea 16.05. Also, yield
in the case of intercropping was higher than
monocropping of both rice and pigeonpeas. Also,
macroelements K and P were found higher in
intercropping along with vermicompost (5150
mg/kg & 2900 mg/kg) as compared to control
(4560 mg/kg& 2890 mg/kg) and microelements
Zn & Fe in treated (41.4 mg/kg & 65.6 mg/kg) as
compared to control (38.2 mg/kg& 60.2 mg/kg)
were found higher in vermicompost treated
intercropping as compared to  control.
Intercropping farming also provides more
production in one sowing season as compared to
monocropping and by mixing organic fertilizers in
soil nutritional value and soil health can be
increased. It also suggests an alternative
approach for small and marginal farmers to
replace  chemical fertilizers  and use
vermicompost as an organic fertilizer as a cost-
effective and high-crop production method. So,
intercropping  with  vermicompost is an
environmentally friendly approach to enhance
nutritional quality and vyield and also help to
increase the economic returns of the farmers.
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