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Abstract
Purpose Organic solid wastes contain tremendous amounts of nutrients and beneficial microbes that cause envi-
ronmental problems, such as pollution and shortage of dumping sites. Vermicomposting, considered as one of the 
most suitable stabilization and mass reduction methods, has been recognized for biowastes. This study aimed to 
evaluate the microbial diversity and analyze the ability of vermicompost produced from poultry litter, household, 
and guano of both insectivorous and frugivorous bats to reduce root-knot nematode’s infection. 
Method The assessment of microbial diversity was carried out by amplification of 16s rRNA gene in bacteria 
habitant in vermicomposit . Nitrogen content, organic carbon constituent and heavy metal concentration were 
evaluated. 
Results The results obtained showed that organic matter ranged between 27.6% to 35.2%, while, C/N ratio was2.9 
to 5.5 in the amended vermicomposite. Also,  there is a remarkable reduction in root-knot nematode infection after 
vermicopositing with organic wastes. Interstingly, the obtained bacterial species were Archangium gephyra, Cory-
nebacterium glutamicum, Clostridium ultunense, Azospirillum sp. and Bacillus sp in biowastes.
Conclusion According to these results, the produced vermicompost from different biodegradable wastes possesses 
bacterial diversity, lowers heavy metals’ concentration, enhances plant growth parameter, and increases plant re-
sistance against nematode infection.
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Introduction

Wastes are considered a problematic issue that require 
spaces to create landfill sites and costs needed for their 
operation and re-cultivation. Thus, a simple solution 
to overcome the waste problem was discovered. For 
instance, vermicomposting that is considered the 
best and the cheapest solution to reduce costs and 
environmental pollution under the effect of wastes 
(Kostecka et al. 2018). 

Vermicompost is the end product of non-
thermophilic biodegradation of organic materials by 
the action of different species of earthworms as Eisenia 

fetida, Lumbricus rubellus, Perionyx excavates, and 
Aporrectodea caliginosa and their associated microbes 
(Arancon et al. 2004). Earthworms act as mechanical 
blenders that mix all soil ingredients to increase 
their fertility to be rich in humus, macronutrients, 
micronutrients, beneficial microflora and plant growth 
regulators (Adhikary 2012). Aporrectodea caliginosa is 
an endogeic earthworm species that is found in moist 
soil in temperate regions (Decaëns et al. 2011). It has 
the ability to live in low organic matter and moisture 
content soil (McDaniel et al. 2013). In addition, 
A.caliginosa plays a crucial role in the enhancement 
of nutrients availability of plants and microorganisms 
(Svensson and Frieberg 2007). Vermicompost is the 
combination of the earthworms and the associated 
microorganisms. It is rich in nutrient and microbial 
population. This is due to the activity of gut microflora 
of earthworms that ingest rhizocephalic bacteria or plant 
growth-promoting bacteria (PGPB) including Bacillus 
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sp, Azotobacteria sp, Azospirillum sp, Beijernkia sp, 
and Pseudomonas sp. PGPB is responsible for plant 
growth, growth hormones production, nitrogen fixation 
in soil and suppression of plant-pathogen (Parlakova 
Karagöz et al. 2016).

The new approaches are to use vermicompost 
amended in farming to improve soil structure and fertility, 
and to increase crop yields. Besides, vermicompost has 
biological properties and microbial diversity that face 
plant parasites such as  root-knot nematode. Different 
organic wastes can be used in vermicomposting as 
horse wastes, poultry droppings, hay residues, and plant 
decomposition (Garg and Kaushils 2005).

Using  biofertilizers in Egypt reduced using  
chemical fertilizers that cause pollutant accumulation 
and soil fertility reduction (Hernandez et al. 2010). 
Egyptian agriculture faced a huge lack of organic 
fertilizers that cause rise in food prices.Also, bio-
fertilization technology faced a lot of obstacles such 
as lack of fixed data describing the negative impacts 
of using chemical fertilizers and less educated farmers 
that lack awareness on bio-fertilization (Yanni et al. 
2016). The application of vermicomposting technology 
in Egypt is an appropriate method to convert the 
huge quantity of wastes that are produced into rich 
nutrient compost (Kamergam et al. 1999). It is worth 
mentioning that vermicomposting of organic waste 
using earthworms is one of the best methods for waste 
management and organic manure production (Garg 

et al. 2006). Tomato is the most important and famous 
horticulture crop in Egypt. This crop is sussceful in 
growing in all environments and soil types in Egypt. 
So, it was cultivated during three seasons. Hence, 
it occupies the first place among horticultural crops 
in production yield in Egypt (Siam and Abdelhakim 
2018).  The present study aimed to detect and identify 
the unknown species of bacteria in vermicompost 
amended soils with different sources of organic solid 
wastes. Furthermore, it also focused on the possible 
role of bacterial community as plant growth promotor 
on a tomato plant, root-knot nematodes resistant, and 
soil heavy metals reducers.

Materials and methods 

Vermicompost preparation 

A. caliginosa was collected by hand sorting from 
different orchard biotopes in El Beheira Governorate, 
Egypt. Each biodegradable wastes composed from 
organic waste, soil, and plant residue mixtures. Poultry 
litter (P), household (H), guano of bats eating fruits 
(F), and guano of bats eating insects (I) were used as 
biodegradable organic wastes. Eight pots were filled 
with known weights of both A. caliginosa (avr.0.806 g) 
and a mixture of organic waste, soil, and plant wastes 
with different ratios as shown in Table 1 for 21 weeks 
of the composting period.

Table 1 Biodegradable organic wastes mixture Organic waste (O): Soil  (S): Plant residue (P)

Organic wastes mixture 
(O:S:P)

Poultry litter 
(P)

Household 
(H)

Guano of frugivorous 
bats (F)

Guano of insectivorous 
bats (I)

2:1:1 H1          1:2:1
H2          1:1:2

1:1:2 2:1:1

Chemical parameters

From well-mixed subsamples which were taken out 
at the end of   the vermicomposting period, Organic 
carbon by a muffle furnace (Jimenez and Garcia 1992), 
and nitrogen concentration using nitric acid H2O2, 
as recommended by Naguib (1971), were evaluated. 
Heavy metals’ concentrations of vermibeds were 
determined according to EPA method (USEPA 1993).

Bacterial analysis

Soil DNA was extracted from vermicompost amended 

using innuSPEED Soil DNA kit (Analytik Jena, Germany). 
This method could eliminate the soil humic acid that inhibits 
the PCR reaction. DNA concentration of each sample was 
measured using Nanodrop ND-1000 spectrophotometer 
(NanoDrop Technologies, Wilmington, Delaware; 
USA). The bacterial 16srRNA gene was amplified using 
polymerase chain reaction (PCR) with universal primers 
ETSS2-F (5´-TAACAAGGTTTCCGTAGGTGAA-3´) 
and ETSS1–R (5´-TGCTTAAGTTCAGCGGGT-3´). 
The reaction was performed in a sterile 0.2 ml PCR 
tubes with total volume of 25µl. Amplification was 
carried out in a thermocycler (Bio-Rad gene cycler, 
VSA) with 30 cycles. PCR products were analyzed 
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on 1.5% agarose containing 5 μg/l ethidium bromide 
and compared with 1 Kb ladder (100-1000bp). For 
sequencing,  the DNA template was prepared as follows: 
Agarose gel blocks containing DNA fragment were cut 
out and purified with Promega wizard® SV Gel and the 
PCR Clean-up system. PCR products for sequencing 
were obtained with the Genome lab DTCS Quickstart 
kit and sequences were determined with the primers 
ETSS2 and ETSS1. Cycle sequencing products were 
purified with Dyna-beads® sequencing clean-up to 
remove unincorporated dye-labelled nucleotides. Direct 
sequencing was performed with Beckman Coulter CEQ 
8000 Genetic Analysis system and then identified using 
NCBI Blast. The closest Blast results are reported below 
each taxon (Atlschul et al. 1997).

Seedling 

After  21 week, A. caliginosa was separated from mature 
vermicomposts to evaluate their quality. Tomato seeds 
were planted in PVC pots with vermicomposts amended 
soil. After 120 days of transplantation, the plants were 
harvested; then plant growth and biological parameters 
as infection with root-knot nematodes were detected in 
different treated groups.

Root-knot nematodes detection

The tomato roots were infected with Meloidogyne incognita 
at the root zone when they were 10 days in  both group of 
pots with or without vermicomposte (positive control). The 
root of each harvested tomato plant was washed separately 
and dabbed dry with tissue paper. Galling was scored from 
scale 0- 10 (Bridge and Page 1980); also a number of galls 
to each group were evaluated.

Plant growth parameters

Growth parameters were measured during and after 
planting tomatoes such as plant shoot length, plant root 
length, number of leaves and total plant biomass.

Statistical analysis

The probability (P) of variations and the significance 
value of the difference between two means of all 
tested parameters (Snedecor and Cochram 1967) were 
calculated .The rate of increase of different parameters 
was assumed and represented graphically in comparing 

with the positive control value, whereas  the Rate 
of the significance of plant growth parameters was 
assumed by the designation of χ2 (chi-square). Tukey’s 
method for multiple comparisons was used to detect all 
pairwise differences between different treatments. For 
all statistical tests P-values < 0.05 were considered to 
be statistically significant. Data and statistical analysis 
were performed using Minitab version 19.  All tested 
plots were designed in five replications.

Results and discussion

Chemical parameters of vermicompost 

The organic solid wastes used in the present study were 
household, poultry litter, frugivorous and insectivorous 
bat guano, with different ratios combined with plant 
wastes and soil. The industry of poultry produces 
large amounts of waste materials such as wasted 
feed followed by dead birds, broken eggs, bedding 
materials. Therefore, poultry litters (P) can improve 
crop production when applied to agricultural land 
because they contain  high amount of organic carbon 
and macronutrients such as nitrogen (N), phosphorus 
(P) and potassium (K) (Bernhart and Fasina 2009). 
Interestingly, household waste or kitchen waste has 
a high pH value and organic carbon, but very trace 
amounts of both nitrogen and phosphorus have been 
detected (Albasha et al. 2015). Bat guano is known for  
containing all the macro and micronutrients that plants 
require in a natural way and therefore, it serves as a 
plant fertilizer, soil cleaner, fungicide, nematocide and 
compost activator. The use of vermicompost to improve 
soil fertility is becoming more popular; however, 
we have little knowledge of the use of bat guano as 
organic manure (Goveas et al. 2006). Insectivorous 
guano has higher levels of carbon and phosphorus 
than frugivorous guano which has a high nitrogen 
concentration (Shahack-Gross et al. 2004). 

Organic-matter percentage (OM%)

After 21 weeks of  vermicompsting using different 
types of organig wastes, the organic matter percentage 
(OM%) showed non-significant values ranged between 
27.6% and  35.2% (Fig. 1a). The effective parameters 
in bioorganic wastes are, among others, organic matter 
(OM), C: N ratio and heavy metals that affect the 
quality of biofertilizer. Vermicomposting accelerated 
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the stabilization of organic matter (OM) and greatly 
modified its physical and biochemical properties 
(Domínguez 2004). The biochemical decomposition 
of OM is primarily accomplished by the microbes; 
however, earthworms are the crucial drivers of the 
process by fragmenting and conditioning the substrate, 
and by increasing the surface area of OM available for 
microbial attack (Domínguez et al. 2010). In the current 
study, the percentage of OM ranged from 27.6 to 35.25% 
in different treatments of vermicompost. These findings 
are in contrary with Ali et al. (2015) who reported 
significant results of vermicomposting of  cowdun g, 
cattle dung and poultry on OM. Also, the previous data 
is inconsistent with the results of Yuvaraj et al. (2019) 
on vermicomposting of bat guano and poultry amended 
soil. The values of OM in the current work cope with 
the standard rate of Institute of standards and industrial 
research of Iran (ISIRI 2011). 

C/N-ratio 

C/N ratio of all treated groups as Poultry waste 
(P), household (H1 andH2), frugivorous guano (F), 
insectivorous guano (I), showed values ranged between 
2.91 to 5.5 (Fig. 1b). Microorganisms require carbon and 
macronutrients such as N, P and K, and trace elements 
for their growth. Carbon and nitrogen compounds serve 
as an energy source for microbial maintenance and 
growth. At maturity, the vermicompost has C/N ratio 
ranged between 25 to 35 (Tuomela et al. 2000). The 
lower the ratio of C/N, the efficient the bio-fertilizer 
was detected. C/N ratio ranged between 2.9 to 4.9 in 
the present data. This ratio is inconsistent with the ratio 
obtained in vermicompost amended template waste 
(Chakole and Jasutkar 2014).

Fig. 1 a) organic matter, b) C:N ratio of vermicomposts 
after 21 weeks as affected by different and frugivorous 
guano (F) indicates different ratio, c) Effect of different 
ratios of biodegradable organic wastes on number of 
galling of tomato plants
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Heavy metals

As shown in Table 2, insectivorous guano vermicompost 
(I) showed a significant decrease in the concentration 
of Cu, Cd, Fe, Mn, Ni while household vermicompost 
(H2) has the lowest Ni and Zn concentrations. The 
treatment with poultry wastes decreased the content 
of Pb. Metal contamination in wastes is known for 

differently affecting  the earthworms that affect their 
growth, activities, mortality and cocoon production 
when accumulating a certain amount of metals in their 
tissues. Hence, it could be transfered through the food 
chain to humans. Vermicompost amended insectivores 
guano bat showed their high reduction of heavy metal 
concentration compared to other biowastes. Variable 
values of heavy metals in biowastes could be affected 
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Table 2 The heavy metal concentration (mg/kg) of different biosourced  vermicomposts

Different biosourced 
 vermicomposts Cu Cd Fe Mn Ni Pb Zn

H1 105.55 b 29.5 d 50800c 904d 72.5c 124.5b 194.5c

H2 171.5 d 17.5 c 37495 b 699c 49a 124 b 117a 

P 125 c 15 b 34385 b 570.5b 53b 30.5a 206d 

I 92.5 a 4.5 a 22835a 514a 50.5a 455.5d 208.5c

F 125.5 c 15.5 b 33490 b 802.5d 53.5b
235c 129 b

Commercial
Vermicompost 106.8 0.00 8.645 377 19.5 0.00 234

Means that do not share a letter are significantly different (P ≤ 0.05) according to Tukey pairwise comparisons.

by many factors. For instance, accumulation of waste 
pollutant in earthworms` tissue, mass reduction of OM 
and microbial diversity that affect metal solubility 
(Suthar 2008). Although frugirovorus and household 
biowastes showed their highest value of heavy metal 
contents in the current study, this may be due to food 
preference of earthworm and low activity of microbes. 
The study of Amouei et al. (2017) is in accordance with 
the previous results that revealed the high content of 
heavy metals in the household wastes. The increase in 
the heavy metals in the vermicompost might be due 
to the enhanced decomposition of organic matter by 
bacteria leading to an increase in the organic carbon 

content and dry weight reduction of the substrate 
(Jaybhaye and Bhalerao 2015). The microorganisms 
also reduce the bioavailability of heavy metals in the 
substrate for earthworms by bioaccumulation (actively) 
and biosorption (passively); therefore, the heavy metals 
accumulate in the substrate of the organic waste. The 
total heavy metal content of the final vermicompost 
was low in most treatments; thus, its application as a 
biofertilizer is presumed safe in farming using certain 
treatments according to (USE PA 1993). All the 
previous parameters have a direct effect on the growth 
of tomato crop, which were evaluated by biomass, 
leaves number, roots and shoot length increase. 

Plant growth parameters

Root, shoot length,  the leaves number and total plant 
biomass were measured to evaluate plant growth 
parameters of the tomato plant.  the  root length of 
different ratios of vermicompost amended soils was 
shown in Fig 2a and the results obtained showed 
that poultry waste (P), insectivorous guano (I) and 
frugivorous guano (F) vermicompost were increased 
significantly (P<0.005) compared to the control group. 
The Shoot length was increased significantly (P<0.05) 
in all treatments of household (H1, H2), poultry waste 
(P), insectivorous guano (I) and frugivorous guano 
(F) vermicompost (Fig. 2b).  The leaves number 
was increased significantly (P<0.005) in treated 
groups  compared to control with the following ratio 
frugivorous>insectivorous>household1>Poultry waste 

vermicompost while household (H2) showed the 
lowest number of leaves after 21 weeks (Fig. 2c). The 
highest value of total plant biomass was represented 
by insectivorous guano vermicompost (Fig. 2d). In the 
current study, the plant biomass reached their maximum 
value with insectivorous biowastes. While shoot length 
and leaves number showed their maximum growth 
in frugirovorous biowastes, Poultry litter had a great 
effect on root length of tomato. The enhancement of 
tomato growth could be attributed to the abundance of 
phytohormones in vermicompost amended biowastes 
and the activity of microbes (Nogales et al. 2005). 
The high concentration of vermicompost in variable 
ratios of biodegradable wastes could cause an excess 
amount of soil nutrient (Eghball 2003). Hence, it could 
affect tomato growth parameters negatively due to 
phytotoxicity and eutrophication (Tucker 2005).
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a b

c d

Fig. 2 Mean  a) total plant biomass, b) root length, c) shoot length, d) number of leaves of root knot nematode- 
inoculated tomato plants in pots as affected by different vermicompost ratios compared with Control (Ctl)

Biological parameters

Nematode resistance 

After nematode infection, a number of galls per each 
root were counted to indicate the rate of infection 
(Table 3). The results obtained showed that poultry (P) 
and household (H1) vermicompost amended soil has 
the best resistance to root-knot nematodes with a class 
(2), which has clearly visible small knots. Frugivorous 
(F) and insectivorous (I) guano vermicompost showed 
resistance of root knots nematode with class 3, with 
large knots. Household (1:1:2) vermicompost is more 
susceptible to infection with root-knot nematode 
than the other treated groups (Fig 1C). Earlier studies 
suggested that organic amendments could suppress 
plant-parasitic nematodes due to root defence system 
(Chauvin et al. 2015). In the present work, biodegradable 
organic wastes with different ratios reduced the number 
of root-knot nematodes gallingby altering -chemical 
parameters of the soil. Hence, alteration of nitrogen 
content and root herbivorous had a critical role in 
nematode resistance (Awmack and Leather 2002; 
Kraus et al. 2004). The results obtained by Xiao et 
al. (2016) matched the previous data, who stated that 

vermicompost could modulate primary and secondary 
plant metabolites.

Table 3 Biodegradable organic soild waste classification 
according to root-knot nematode rating chart (Bridge 
and page 1980)

Organic waste mixture Ratio Class

H1 1:2:1 2

H2 1:1:2 4

P 2:1:1 2

F 1:1:2 3

I 2:1:1 3
0: No galling, 1: Few small knots that are difficult to find, 2: Clearly 
visible small knots, 3: Some large knots visible, 4: Large knots 

predominant

Bacterial diversity and phylogenetic relationships

The soil is very complicate and provides different 
microbial environments, which  are facilitated by 
molecular tools (Lauber et al. 2009). In the current 
study, we investigated the microbial biodiversity of 
biodegradable wastes amended and their effects on 
the quality of produced vermicompost. The dominant 
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bacterial species in different vermicompost were 
Archangium gephyra, Corynebacterium glutamicum, 
Clostridium uitunense, Azospirillum sp. and Bacillus 
sp. After PCR amplification, one band of 1000 bp Mwt 
has appeared (Fig. 3a). The bacteria were identified for 
each query, as summarized in Table 4. The phylogenetic 
analysis indicates the query of sample poultry 
vermicompost sample  P that appeared to be in the same 
clade with Archangium gephyra strain DSM 2261, at 
50% bootstrap value (Fig. 3b). Moreover, insectivorous 
guano vermicompost I query was homologous with a 
sequence with Genbank accession no. EU520168.1 

a b

c d

e f

which were Corynebacterium glutamicum with the 
similarity of 138% BLAST value (Fig. 3C). The 
phylogenetic analysis was conducted in sequencing 
regions of samples frugivorous guano vermicompost 
F  that was homologous to the sequence of GenBank 
accession no. LT669839.1 which were Clostridium 
ultunense with BLAST value 42.8% (Fig. 3D). Finally, 
the query of household vermicompost H1 and H2 
appeared to be in the same clade with Azospirillum 
sp. and Bacillus sp. at 62.6 and 48.2% BLAST value, 
respectively (Figs 3E and 3F).

Fig. 3 a) PCR amplification of different biosourced vermicompost using ETTS1 and ETTS2 primers. M; DNA 
ladder (100:1000bp), P: poultry waste, H: household, (1 and 2); Neighbour joining tree of query, b) P based on 
16S rRNA gene sequences. Scale Bar 0.01 indicates sequence divergence, c) I, Scale Bar 0.1, D) F, Scale Bar 0.2, 
E) H1, Scale Bar 0.1, F) H2, Scale Bar 0.05
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Table 4 Identification of vermicompost bacterial strains based on 16S rRNA sequence and GenBank database 
(BLASTN 2.6.1+) (Altschul et al. 1997)

E-valueSimilarity
(BLAST)StrainGenBankQuery

0.02150.0Archangium gephyra strain DSM 2261CP011509.1

P

0.2646.4Bacillus sp. Alg07CP016020.1

0.9144.6Pseudomonas extremaustralis strain DSM 17835LT629689.1

0.9144.6Spiroplasma helicoides strain TABS-2,CP017015.1

0.9144.6Thermodesulfo bacterium geofontis OPF15CP002829.1

0.064138Corynebacterium glutamicumEU520168.1

I

0.81131Vibrio anguillarum strain PF7CP011464.1

0.064118Leptospira interrogans strainAY683181.1

0.064113Vibrio anguillarum strain PF4CP010080.1

0.8160.8Pseudomonas fluorescens clone 2EU617172.1

0.00595.1Corynebacterium glutamicum isolate NW539BEU520168.1

F

0.06487.8Vibrio anguillarum strain PF7CP011464.1

0.01882.4Leptospira interrogans strainAY683181.1

0.8166.2Vibrio anguillarum strainCP010080.1

2.842.8[Clostridium] ultunense Esp isolateLT669839.1

0.06475.2Corynebacterium glutamicum isolate NW539BEU520168.1

H2

0.06466.2Vibrio anguillarum strain PF7CP011464.1

0.06462.6Vibrio anguillarum strain PF4CP010080.1

0.8162.6Azospirillum sp. Azo_LR16HG942375.1

0.00559.0Uncultured Pseudomonas spJF905929.1

0.00551.8Uncultured Bacillus sp. clone HL-B82KR149421.1

H1

0.01850.0Uncultured bacterium clone GBO51O2eO5JN672566.1

0.06448.2Vibrio anguillarum strain PF7CP011464.1

0.06448.2Bacillus vietnamensisKT720293.1

0.06448.2Bacillus licheniformisKR782271.1

The phylogenetic analysis of poultry vermicompost 
(P) revealed that A. gephyra was the dominant genus. 
This bacterial type is characterized mainly by the 
high ability of nitrogen fixation explained by low C/N 
ratio of poultry wastes (Kielak et al. 2016).  It may be 
considered as Pb reducing bacteria in poultry amended 
in accordance with Mateos et al. (2006). From all the 
previous data, treatment with poultry vermicompost 
(P) has a great effect on organic matter, C/N ratio, 
total plant biomass, and  Pb reduction. Moreover, the 

resistance of root-knot nematode (class 2) was obvious. 
Clostridum sp was the dominant bacteria discovered 
in frugivorous vermicompost in the current study, 
which showed remarkable results in zinc reduction. 
This data may be due to the expulsion of this metal 
(Zn) from the cytoplasm through the cell membrane 
into the environment by Clostridum sp bacteria. The 
relationship between microbes and the reduction of 
heavy metals was explained by Parthasarathi and 
Ranganathan (2002) by increasing the microbial 
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population and its activity, then by forming humic acid, 
which chelates certain elements that are available for 
plant uptakes, such as Zn, Mn, and Fe. Clostridum sp 
has evolved three general metal tolerance mechanisms, 
one of which by expelling to the environment mediates 
resistance to Zn and Cd (Silver and Phung 1996). It 
was worth mentioning that Clostridum sp is a nitrogen 
fixer and cellulose digester (Skinner 1971), so based 
on these investigations the tomato crops in the present 
study exhibited high plant biomass  may be due to 
high organic matter in the biosourced soil treated 
with frugivoros vermicomposting. This finding was 
in agreement with Eilers et al. (2010), and Fierer et 
al. (2007) who reported that a wide variety of bacteria 
particularly belonging to Actinobacteria, Proteobacteria 
and Bacteroidetes degrade organic molecules, amino 
acids, sugars, cellulose, lignin and chitin, which higher 
organisms cannot degrade and convert into organic 
material.

Interestingly, Corynebacterium glutamicum bacteria 
were detected in insectivorous vermicompost, which 
showed a decline in the heavy metals’ concentrations 
(Cu, Cd, Fe, Mn, Ni) during vermi-processing. Mateos 
et al. (2006) referred that exposure of microbe to 
heavy metals has led to the evolution of mechanisms 
for detoxification. The mechanism was explained by 
Harrison et al. (2007) in which metals bind to cell 
constituents of bacteria. 

Household vermicompost (H1) contained bacteria of  
Bacillus type, which was the most widely recognized species. 
In accordance with Ryckeboer et al. (2003), Bacillus spp 
has obviously caused systemic resistance induction (ISR) 
to the pathogen spectrum abroad in host plants (Kloepper et 
al. 2004). This result was evidenced by its ability to tolerate 
nematode infection in the current data. This strain has been 
demonstrated in tomato, cucumber and pepper field trails that 
promote protection against leaf spotting fungal and bacterial 
pathogens, systemic viruses, a crown rotting fungal disease, 
root-knot nematodes,  and stem fungal blight pathogen (Idris 
et al. 2002). Mirac et al. (2006) assumed that polypeptide 
antibiotics made up in Bacillus spp played an aggressive role 
in plant-pathogen protection.

Conclusion

It was  concluded that using different organic 
biodegradable wastes with variable bacterial diversity 
could reduce heavy metal contents compared to raw 
material in the start product (SF 1), increased nutrient 

contents, enhanced plant growth parameters and then 
increased resistance to root-knot nematodes. The 
most efficient organic amended vermicompost was 
insectivorous biowaste.  
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