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Abstract
Brinjal and tomato are the most important transplanted vegetable crops of the Solanaceae family. 
The successful cultivation of these crops is vital for meeting the nutritional dietary requirement of 
India's population and earning foreign exchange for the country by exporting vegetables to foreign 
countries. However, there are several abiotic and biotic impediments in the cultivation of these crops. 
Among biotic impediments , plant-parasitic nematodes have become one of the critical factor adversely 
affecting the cultivation of these vegetables. In general, Meloidogyne spp. (root-knot nematode) is the 
most common, widespread and economically damaging plant parasitic nematode species in tomato 
and brinjal crop. In addition to the damage caused by root - knot nematode, it stimulates the entry of 
soil-borne pathogens leading to development of the disease complex. The present study was undertaken 
to study the interaction effect of soil & soilless growing media viz. cocopeat and vermicompost along 
with organic amendments i.e., Trichoderma, AM fungus, and Cabbage residue incorporated individually 
as well as in different combinations for eco-friendly root-knot nematode management in brinjal and 
tomato nursery. The results indicated that treatment C-8 (Cocopeat + Trichoderma + AM fungus + 
Cabbage residues) recorded the superior germination count, germination percentage, days to 50% 
germination, root length, shoot length, fresh weight, root weight, shoot weight and root: shoot ratio. It 
is pertinent to mention that the soilless media, along with various organic amendments, were found to 
be superior for all the root and shoot attributes as compared to the conventional soil media for growing 
healthy nursery of tomato and brinjal in root knot nematode infested geographies. Our findings provide 
an effective and sustainable method of growing healthy plant nursery in nematode infested regions.
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iNtROduCtiON
 Brinjal (Solanum melongena) and 
tomato (Solanum lycopersicum) are important 
transplanted vegetable crops of Solanaceae 
family grown in subtropics and tropics. In India, 
tomato is cultivated in 786 thousand hectares, 
with a total production of 19377 thousand 
metric tonnes. In contrast, brinjal is cultivated 
in 736 thousand hectares, with a total of 12826 
thousand metric tonnes (Anonymous, 2018). 
The successful cultivation of these crops is vital 
for meeting out dietary nutritional requirement 
of the India’s population as well as for earning 
foreign exchange by exporting vegetables to other 
countries. Plant parasitic nematodes are well 
known to cause adverse impact to cultivation and 
thereby causing financial losses to the farmers. 
The economic damage caused by nematodes 
worldwide is estimated to the tune of $157 billion 
with projected yield loss upto 12.3% (Singh et al., 
2015). The root-knot nematodes attacks on brinjal 
and tomato crops particularly in the nursery stage 
resulting in poor plant stand, reduced quality 
and low production (Manjunatha et al, 2017). 
Further, the root-knot nematode stimulates the 
entry of other soil borne pathogens leading to the 
development of disease complex. (Khan & Sharma, 
2020).
 In view of the adverse impact of root-knot 
nematodes, it is important to manage the root-
knot nematode infestation in the nursery itself. To 
overcome the limitations of soil production system 
(soil borne pests and other chemical and biological 
heterogeneity), soilless growing mediums are 
being preferred in nematode infested nurseries 
fields. FAO also refer that damage to transplanted 
vegetable by nematodes may be reduced using 
soilless media. The ideal characteristics of soilless 
media for successful nursery production include 
better water holding capacity, improved aeration, 
good drainage, and biological and chemical 
stability. Among several soilless media developed 
so far, cocopeat and vermicompost are prominent 
and readily available. Cocopeat is an agricultural 
by-product obtained after the extraction of fiber 
from the coconut husk (Abad et al, 2002). It is 
reported to have good porosity as it increases the 
availability of water in the potting mix. It is free 
from soil borne pathogens and is slightly acidic pH 
(5.7-6.5), which is ideal for plant growth. On the 

other side, vermicompost is a byproduct of the 
degradation of organic matter by earthworms and 
rich in major and minor nutrients having a positive 
effect on biochemical processes of plant (Edwards 
and Burrows, 1988). Use of biocontrol agents like 
Trichoderma species and arbuscular mycorrhizal 
(AM) fungi in the nurseries to contain the 
nematode infestation are also being employed by 
various researchers. Poveda et al, 2020 have stated 
Trichoderma, mycorrhizal and endophytic fungi are 
used as bio control agents against nematodes as 
resistance inducers. In addition, these biocontrol 
agents are able to reduce the damage caused 
by plant-parasitic nematodes and play a role in 
minimizing harm by providing higher nutrient 
and water uptake to the plant. Plant material 
from brassicaceae are promising for controlling 
plant parasitic nematodes. Plant materials from 
several species within the family Brassicaceae are 
considered a promising alternative practice for 
controlling plant-parasitic nematodes. Roubtsova 
et al, 2007 and Youssef and Lashein, 2013 & 
Kwerepe and Labuschagne, 2003 have found 
broccoli and cabbage to be effective against root 
knot nematode. Vos et al (2012) has found AM 
fungus to be reducing the penetration of root knot 
nematodes through altered root exudation of their 
host. 
 In the current times the need of the 
hour is to make vegetable farming sustainable, by 
aiming at managing soil and plant health by eco-
friendly methods while relying on the principles 
of integrated disease and pest management. The 
individual effect of each component of nematode 
management (soilless media/biocontrol agents/
organic amendment) in soil is well documented. 
However, the impact analysis of the integrated 
system has not been well-established in India. 
Consequently, the current study aims on emphasis 
on use of soilless media (Cocopeat, vermicompost) 
along with biocontrol agents (Trichoderma and AM 
fungi) and organic amendment (Cabbage residues) 
for growing healthy nursery of tomato and brinjal 
in the root-knot nematode infested fields. 

MATERIAl ANd METHOd
location
 The present investigation was carried out 
in the department of Amity Institute of Organic 
Agriculture, Amity University, Noida during 2017-
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18 and 2018-19. The root knot nematode infested 
soil was collected from hotspots areas identified at 
Kurag village in Solan district of Himachal Pradesh, 
India. The collected soil samples were kept in 
refrigerator for use in plug-tray experiment. 
Materials
 Good quality seeds of commercial variety 
of tomato and brinjal crops were used in the 
experiment. Pusa Ruby variety of tomato and 
Pusa Purple long variety of brinjal was selected 
for carrying out the study in the experiments. The 
plug trays having 98 cell with each cell dimension 
as 1.50 cm depth and 1.3 cm top was used in the 
nursery experiments. The commercially available 
sterilized cocopeat and vermicompost media was 
purchased from the market for the experiment and 
soil infested with nematodes was collected from 
hotspots areas identified at Kurag villag (Latitude: 
30.9500; Longitude: 77.5800) in Solan district of 
Himachal Pradesh, India. Trichoderma harzianum 
obtained from the market of the brand Tricho 
HR (T. harzianum 1% WP Strain No. IIHR-TH-2 
Accessions No. ITCC6888) and applied at 2g per kg 
of growing media. The commercially available AM 
fungus (Glomus fasciculatum) (Symbion VAM Plus) 
was applied at the rate of 10g per kg of growing 
media. Cabbage residues was obtained from the 
local field of cabbage crop after harvesting of 
cabbage head and applied as 5 g per seedling at 
the time of transplanting. 
Identification of the Meloidogyne species
 Brinjal and tomato plants were randomly 
collected from the identified sick plot and were 
brought to the laboratory for morphological 
identification of the root-knot nematode species. 
The nematode were identified as Meloidogyne 
incognita using Eisenback et al (1981) pictorial key. 
Experimental detail
 The experiment was laid out in Factorial 
Completely Randomized Design with 8 treatments 
in factor one i.e. organic amendments viz. T-1 
(Control), T-2 : (T. harzianum), T-3 (AM fungus), 
T-4 (Cabbage residue), T-5 (T. harzianum + AM 
fungus), T-6 (T. harzianum + Cabbage residue), 
T-7 (AM fungus + Cabbage residue) and T-8 (T. 
harzianum + AM fungus + Cabbage residue) 
and three treatments in factor two i.e. soil and 
soil-less growing media viz. G-1 (Field Soil), G-2 
(Vermicompost) and G-3 (Cocopeat) as shown in 
Table 1. The data on effect of organic amendments 

in nematode infested soil media viz., number of 
galls per 10 seedling and nematode population 
per 200 cc soil was recorded. The data was 
recorded for different root and shoot parameters 
viz. germination, germination percentage, days 
to 50% germination, root length, shoot length, 
fresh weight, root weight, shoot weight and root: 
shoot ratio for brinjal and tomato seedlings in 
the nursery. The nematode infested soil collected 
from a nematode infested field used a growing 
media was used as a control treatment. The initial 
nematode population was estimated in nematode 
infested soil as 220 J2 / 200 cc soil by Cobb’s Sieving 
and Decanting method.
Statistical analysis
 Data were analyzed by one-way ANOVA 
followed by Duncan multiple range tests (DMRT) at 
P values of < 0.05 using OPSTAT software available 

Table 1. Details of different treatments with growing 
media and organic amendments for the experiment

 Growing Media:  Field Soil (G-1)
S-1 Control (Soil)
S-2 Soil + T. harzianum
S-3 Soil + AM fungus
S-4 Soil + Cabbage residue
S-5 Soil + T. harzianum + AM fungus
S-6 Soil + T. harzianum + Cabbage residue
S-7 Soil + AM fungus + Cabbage residue
S-8 Soil + T. harzianum + AM fungus + Cabbage 
 residue

 Growing Media: Vermicompost (G-2)
V-1 Control (Vermicompost)
V-2 Vermicompost + T. harzianum
V-3 Vermicompost + AM fungus
V-4 Vermicompost + Cabbage residue
V-5 Vermicompost + T. harzianum + AM fungus
V-6 Vermicompost + T. harzianum + Cabbage 
 residue
V-7 Vermicompost + AM Fungus + Cabbage residue 
V-8 Vermicompost + T. harzianum + AM fungus + 
 Cabbage residue

 Growing Media: Cocopeat (G-3)
C-1 Control (Cocopeat)
C-2 Cocopeat + T. harzianum
C-3 Cocopeat + AM fungus
C-4 Cocopeat + Cabbage residue
C-5 Cocopeat + T. harzianum + AM fungus
C-6 Cocopeat + T. harzianum + Cabbage residue
C-7 Cocopeat + AM fungus + Cabbage residue
C-8 Cocopeat + T. harzianum + AM fungus + 
 Cabbage residue
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Results
Soil as Growing media and effect of plant growth 
parameters and nematode control
 Data from the table 2a and 2b indicates 
that there was significant reduction in number of 
galls per 10 seedlings and reduction in nematode 
population in all the treatments as compared to 
the untreated check in both brinjal and tomato 
nursery experiments. The minimum number 
of gall per 10 seedlings was recorded in Soil + 
T. harzianum + AM fungus + Cabbage residue 
treatment followed by Soil + T. harzianum + 
Cabbage residue. It is also evident from the 
results of treatment having more than one organic 
amendment were superior in comparison to the 
treatments having single organic amendment. 
The incorporation of organic amendments had 
positive impact on root and shoot attributes. The 
observed data showed Soil + T. harzianum + AM 
fungus + Cabbage residue was the superior among 
all treatments followed by Soil + T. harzianum + 
Cabbage residue and Soil + AM fungus + Cabbage 
residue as compared to the untreated control for 
all the root and shoot attributes for both brinjal 
and tomato nursery seedlings. 
Use of Soil less media and effect on plant growth 
parameters
 A perusal of data presented in table 3a 
and 3b showed that the soilless growing media 
and organic amendments treatments and their 
interaction positively impacted the root and 
shoot parameters i.e. germination, germination 
percentage, days to 50% germination, root length, 
shoot length, fresh weight, root weight, shoot 
weight and root: shoot ratio in tomato and brinjal 
nursery, respectively. Amongst the two soil-less 
growing media, cocopeat recorded the superior 
germination count, germination percentage, days 
to 50% germination, root length, shoot length, 
fresh weight, root weight, shoot weight and root: 
shoot ratio in tomato and brinjal as compared to 
vermicompost as soil less growing media. Among 
the different organic amendments incorporated in 
the experiment along with the respective soil less 
media, Superior germination count, germination 
percentage, days to 50% germination, root 
length, shoot length, fresh weight, root weight, 

shoot weight and root: shoot ratio in tomato and 
brinjal nursery was observed in C-8 followed by 
C-6 which is at par (p < 0.05) with C-7, C-5, and 
C-2. A similar trend was observed in interaction of 
vermicompost with organic amendments where 
treatment V-8 showed significantly (p < 0.05) 
higher germination, germination percentage, days 
to 50% germination, root length, shoot length, 
fresh weight, root weight, shoot weight and root: 
shoot ratio in tomato and brinjal nursery, followed 
by V-6 which was statistically (p < 0.05) at par with 
V-7 and V-5. Among the two soil-less growing 
media, the most inferior germination, germination 
percentage, days to 50% germination, root length, 
shoot length, fresh weight, root weight, shoot 
weight and root: shoot ratio in case of tomato and 
brinjal seedlings at the nursery stage was observed 
in control treatment (C-1 and V-1 respectively) 
without any organic amendments. However, the 
interaction of different growing media and organic 
amendments showed positive effect on root and 
shoot parameters for tomato and brinjal seedlings 
in nursery as observed in treatment- Cocopeat+ 
T. harzianum + AM fungus + Cabbage residue, 
while poor effect was recorded in control with 
no amendments. All devised treatments proved 
significant over the control in increasing the 
healthy seed germination and root and shoot 
parameters of tomato and brinjal seedlings in the 
nursery.

disCussiON
 The superior performance of brinjal and 
tomato seedling plants in cocopeat growing media 
can be attributed to its good aeration, high water 
holding capacity and its slightly high potassium 
content similar results about the positive effect 
of growing media on the growth characteristics 
of tomato and brinjal crops were reported by 
many researchers (Padem et al, 1994; Peyvast et 
al, 2007; Peyvast et al, 2010). Noguera et al (2000) 
also revealed from the study that the coconut 
waste turns out to be the best medium for growing 
horticultural crops under soilless conditions. 
When composted cocopeat was used as a growing 
media for tomato plants under soilless culture 
resulted in higher dry root weight (22%), fruit 
number (43%) and increase in total yield (64%) 
as reported by Murphy (2000). Colla et al (2003) 
worked on soilless cultivation of cucumbers 
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under coir pith and observed high yield, average 
number of fruits and average fruit weight. Carrijo 
et al (2004) observed that tomato crop yielded 
the heaviest fruits (128 g) when coconut fibre 
was used as a growing media. Cresswell (2002) 
suggested coconut coir dust as an alternative in 
soilless culture due to its less acidic nature, high 
porosity and good water holding capacity, better 
capillary wetting and physical stability. When coco 
peat was used as the growing medium, tomato 
plants produced higher vegetative growth and 
yield per plant as reported by Reshma and Sarath 
(2017). Similar to cocopeat, use of vermicompost 
also have a positive impact on growth parameters. 
Edward (1988) reported that vermicompost could 
promote early and vigorous growth of seedlings. 
Vermicompost’s has been found to be effective 
in enhancement of root and shoot growth 
parameters (Grappelli et al.,1985; Atiyeh et al 
1999; Bhardwaj R L, 2011). 
 Arbuscular mychorrhizal fungi (AMF) 
plays an important role in promoting plant growth 
attributes and nematode management. Campos 
M.A.D.S., 2020 reported AMF positive effect on 
growth of a plant infected with Meloidogyne. 
Valeria (2015) reported that AM fungus role is 
known to have positive effect on germination in 
radish Bhuiyan, MAH et al (2016) reported biomass 
yield, seedling height and nutrient uptake by 
tomato seedlings increased greatly with the use 
of AM inoculum
 Dababat et al (2006) studied use of 
Trichoderma harzianum and Trichoderma viride 
in biological control of Meloidogyne incognita 
in tomato and found that all tested isolates 
were effective in causing nematode mortality. 
Asaduzzaman et al (2010) reported usefulness of 
Trichoderma spp in enhancing the germination 
of chilli seeds as well as reduction to delayed 
germination. Heidari and Olia (2016) reported 
use of Trichoderma harzianum along with 
vermicompost controlled root Knot nematodes 
along with increasing plant growth in tomato. 
Similar to AM fungus, Trichoderma has also 
reported to have positive impact of shoot length. 
Ban, Gwendolyn et al (2018) reported in their 
study in tomato and bean that on an average, 
Trichoderma inoculation increased the root and 
shoot length, and the fresh weight up to 26.4, 9.6 
and 18.8%, respectively over the control. Tanwar 

et al (2013) demonstrated that application of T. 
viride alone or in combination with other growth 
promoting microbes (AM fungi and P. fluorescens) 
proved to be a promising factor for improved 
growth performance, including root length.
 Anita (2012) reported that ethanol 
extracts of cabbage, cauliflower, radish and 
Chinese cabbage leaves reduced population 
of M. hapla and improved celery plant growth 
criteria of which, radish leaf residue was the most 
effective resulting in 60.6% reduction in nematode 
population in soil and 41.9% increase in celery 
green leaves and stalk yield. El-Sherbiny and 
Awd Allah (2014) reported similar trend as they 
observed that air dried powder of some plants of 
which cauliflower (belonging to cabbage plants) 
when added as pre-planting reduced M. incognita 
on tomato plants and improved plant growth 
criteria. 
 Roubtsova et al (2007) stated that bio 
fumigants to be effective against nematodes 
require uniform distribution through the soil 
profile as the target nematodes exists. El-Nagdi 
et al (2019) reported that when mashed leaves 
of cabbage and kohlrabi belonging to family 
Brassicaceae were added 10 days before sowing 
resulted in decrease in root knot nematode  
M. incognita infection in cowpea plant, thereby 
improving overall plant growth. 

CONClusiON
 The present study established the 
interrelationship between principle of exclusion, 
integrated pest management and waste 
management to achieve sustainable plant 
protection. The finding revealed that use of 
soil-less media along with organic amendments 
provided health nursery seedling with superior 
root and shoot attributes as compared to using 
soil as growing medium for raising nursery in 
nematode infested geographies. However, when 
soil was used as growing media, incorporation 
of organic amendments was able to reduce 
the nematode population and root galling in 
the nursery plants along with better growth 
parameters as compared to untreated check. The 
study demonstrates growing healthy tomato and 
brinjal nursery by use of soilless medium (cocopeat 
or vermicompost) along with incorporating of T. 
harzianum, AM fungus and Cabbage residues. Our 
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study will not only provide impetus to sustainable 
agriculture but would also help the farmers and 
society in maintaining the quality of soil health and 
environment benefitting from use of ecofriendly 
pest management methods. 
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