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Introduction

Traditionally, three major red onions (Allium 
cepa L.) landraces such as Jaffna local, Vallari, 

and Vethalam have been cultivated as a major cash 
crop in the Northern part of Sri Lanka and used as 
a condiment, vegetable, and medicine based on the 
varietal attributes like colour, pungency, and taste 
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(Araskesary et al., 2014a; b). Sri Lankans demand 
100,000 Mt red onion per year out of the total annual 
requirement of both big and red onion of 300,000 
Mt. Out of this red onion requirement around 72,000 
Mt are produced locally (Department of agriculture 
Sri Lanka, 2021). Onion diseases like bulb rot (fungal 
bulb rot and bacterial bulb rot), Fusarium basal 
rot, leaf twister disease (anthracnose), and purple 
blotch account for a major share of total yield losses 
(Priyantha et al., 2014). For several decades’ farmers 
relied mainly on fungicides, even though, integrated 
disease management strategies were proposed. 
According to the world bank report 2018, Sri Lanka 
is in 4th place of the highest chemical fertilizer-
consuming countries in Asia (kilograms per hectare 
of arable land). To avoid these problems, the Sri 
Lankan government has banned the importation of 
synthetic pesticides and fertilizers. Sudden import 
restrictions caused significant yield losses of all most 
all the crops around 30-60% nationwide in the year 
2021 Maha season (unpublished data). Anyhow, 
pre-green revolution agriculture relied on organic 
manures only that evidenced good for soil health but 
was slow in response to crop yield (Mahmood et al., 
2017). Therefore, we have to produce nutritionally rich 
organic compost at the commercial level to sustain 
crop production and manage crop diseases. Recycling 
bio-wastes and fortification with beneficial microbes 
could be an ideal way to produce super compost (Das 
et al., 2019).

Ever-increasing human population generating waste 
is a major environmental hazard all around the globe 
(Kauser and Khwairakpam, 2022). Billions of tons 
of decomposable solid wastes generated from the 
hotels, gardens, animal farms, plant and animal-based 
wastes generated at the market, agro-based cottage 
industries (Eg: Mushrooms), and slaughterhouses 
are a major nuisance if it is not properly disposed 
of. Mushroom cultivation is one of the biggest agro-
based industries around world generating a large 
amount of nutrition-rich left-over by-product called 
the spent mushroom substrate (SMS) ( Janakiram 
et al., 2019). For example, every 1kg of mushroom 
production generates 5kg of SMS from the industry 
(Paredes et al., 2009). Vermicomposting is an eco-
friendly approach to managing the organic wastes 
and minimizing the synthetic chemical fertilizer 
consumption tremendously (Garg et al., 2006; 
Motamedi et al., 2022).

The spent mushroom substrate is used for various 
agricultural applications such as animal feeding, 
fertilizer, and energy wastewater treatment (Mohd 
Hanafi et al., 2018). The spent mushroom substrate is 
a good source of crude fiber, hemicellulose, cellulose, 
lignin, carbohydrate, crude protein, ash, calcium (Ca), 
phosphorus (P), and many essential micronutrients 
but the available quantity depends on the substrate 
used for mushroom cultivation. Nitrogen, P, and K 
level can be further enriched by adding other animal 
wastes (Meng et al., 2019). Moreover, secondary 
metabolites excreted by the cultivated mushroom 
act as plant growth and yield enhancer, plant disease 
suppresser, and save guard the plants against the pest 
(Zhang et al., 2012; Abbasi et al., 2014; Yusidah and 
Istifadah, 2018).

Vermicompost is recognized as a potential 
agricultural input in sustainable agriculture since it 
can increase nutrient uptake by plants and stimulate 
plant tolerance to abiotic and biotic stress (Aguiar et 
al., 2013). Vermicomposting is the non-thermophilic 
bio-degradation of organic matter by earthworms 
and microorganisms. The red wiggler (Eisenia foetida) 
species are most frequently used in commercial 
vermicompost production due to its special attributes 
like being widely distributed, naturally colonizing on 
organic material, narrow life cycles, and resilience to 
survive a broad temperature, and moisture tolerance 
range (Dominguez and Edwards, 2011).

The artificial addition of beneficial microorganisms 
for the production of bio-fortified vermicompost 
is another super hierarchy of getting quality 
vermicompost from organic wastes called bio-
fortification. Plant growth, yield, and suppression of 
soil-borne diseases would be improved by adding or 
enriching microbial inoculants into the vermicompost 
(Pakeerathan et al., 2009). Mahanta et al. (2012) 
reported that the incorporation of beneficial microbes 
Azotobacter chroococcum, Azospirillum brasilense, and 
Pseudomonas fluorescens has the ability to increase 
the N, P, and K levels of the compost by solubilizing 
and mobilizing the nutrients but also promoted the 
growth and reproduction of the rice plant. Rao et 
al. (2017) proved that the application of root-knot 
nematode’s biocontrol agent Bacillus subtilis IIHR 
BS-2 added vermicompost managed the nematode 
and soft rot disease complex in carrot significantly than 
the seed treatment or direct application to the soil. 
Antagonistic fungi Trichoderma viride and bacterial 
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antagonists Pseudomonas fluorescens control soil-borne 
diseases like basal rot in onion caused by Fusarium 
oxysporum f. sp. cepae very efficiently (Cramer, 2000).

Considering above mentioned scientific information, 
the present investigation was planned to produce 
bio-fortified vermicompost from mushroom grown 
wastes, and test its efficacy against Fusarium basal rot 
in the red onion cultivar Vallarai.

Materials and Methods

The field investigations of management of basal rot 
disease on red onion using bio-fortified compost 
were conducted at the experimental GPS location 
9.316745167992368, 80.39934387060269 in the 
Northern Province of Sri Lanka.
 
Production of bio-fortified compost
Mushroom production from agro-bio wastes: The 
four different kinds of biodegradable wastes such as 
paddy straw, garden waste (banana and maize leaves), 
sawdust, and kitchen waste. Four substrates were 
collected, surface sterilized using 3% NaOCl, cut into 
small pieces (3-4 cm), soaked in excess water for four 
hours. Then the water was drained off and boiled wastes 
were subjected to wet sterilization in an autoclave 
at the standard sterilization conditions of 15psi at 
121oC for 15 minutes. Sterilized wastes were mixed 
individually with 2% (W/W) CaCO3 and filled in 5 
L capacity polypropylene bags in five layers with each 
layer weight of 200g waste as mushroom substrate. 
Mother spawns Pleurotus ostreatus was spread in-
between each layer of wastes. The final weight of the 
substrate made was 1kg of weight. Finally, mushroom 
inoculated substrate bags were kept hanging in the 
mushroom growing house. Two harvests of mushroom 
were derived 22 and 30 days of post-inoculation and 
then the mushroom grown substrates were used for 
bio-enriched vermicompost production.
Bio-enriched vermicompost production from mushroom 

wastes
Pre decomposed mushroom spent substrate wastes 
were mixed well with cow dung in the ratio of 4:6 
(W/W) (Nair et al., 2006) in a 10L capacity plastic 
buckets and allowed to fermentation for seven 
days. Biocontrol agents Trichoderma viride and 
Pseudomonas fluorescens pure culture were collected 
and mass-produced in sterilized coconut scrapes and 
PDA respectively, from the Microbiology Laboratory 
of the Department of Agricultural Biology, Faculty 
of Agriculture, University of Jaffna, under aseptic 
conditions. Mature and uniform size red worms 
(Eisenia foetida) collected from the vermicomposting 
training unit of the same academic entity were released 
into the every fermented mushroom substrate at the 
rate of 100 per kilogram of substrate (Chaudhari et 
al., 2011).

A week after, 40 mL/kg (V/W) of 2*106 spores/mL 
of T. viride and P. fluorescens solution were mixed 
(dos Santos et al., 2020) thoroughly with worm 
substrate. Experimental setup (Table 1) was arranged 
in randomized complete block design in a shady area. 
Mixing following spraying of water was carried out 
once in three days to expedite the composting process.

Physicochemical analysis of bio-enriched vermicompost
Total organic carbon was determined by the loss on 
ignition method as described by Ellert et al. (2008). 
Nitrogen was analyzed by semi-micro Kjeldahl 
method, Phosphorous percentage was measured 
by vanado-molybdate yellow spectrophotometric 
method at the wavelength of 450 nm, Potassium 
percentage, the percentage was measured by flame 
photometer [ JENWAY- PFP7] ( Jackson, 2005). pH 
value and EC value of the organic liquid fertilizers 
were measured using pH meter [DKK-TOA(HM-
30P)] and Electrical Conductivity meter [DKK-
TOA(CM-42X)], respectively.

Table 1: Experimental design.
Cow 
dung 
(V1)

Paddy straw 
based SMS (V2) 
+ Cow dung

Garden waste 
(V3) based SMS 
+ Cow dung

Sawdust + Rice 
bran based SMS 
(V4) + Cow dung

Kitchen waste + Pad-
dy straw (V5) based 
SMS+ Cow dung

Eisenia foetida (T1) (Control) V1T1 - - - -
Eisenia foetida + Trichoderma viride (T2) V2T2 V3T2 V4T2 V5T2
Eisenia foetida +Pseudomonas fluorescens (T3) V2T3 V3T3 V4T3 V5T3
Eisenia foetida + Trichoderma viride + 
Pseudomonas fluorescens (T4)

V2T4 V3T4 V4T4 V5T4
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Efficacy testing of bio-enriched vermicompost against 
Fusarium oxysporum f.sp. cepae
Pot preparation for onion cultivation: The soil was 
collected and sieved sterilized (sterilized through 
Tyndallization process). Sterilized soil was filled at 
the ratio of bio-enriched compost: topsoil: 1:2 in 9 
kg capacity plastic pots. Predominantly farmers of 
northern Sri Lanka growing recommended red onion 
variety ‘Vallari’ which is susceptible to Fusarium 
basal rot disease was selected. Healthy and surface 
sterilized ‘Vallari’ bulbs were planted as four bulbs per 
pot. Recommended agronomic practices for the red 
onion were followed from the planting to harvesting. 

Inoculation of Fusarium oxysporum f. sp. cepae in the 
onion planted pot
After the 7 days of planting, the spore suspension of 
F. oxysporum f.sp. cepae was prepared by stirring of 
pure culture plate of 5-7 days old fungal mycelium 
in 20ml of distilled water. The spore concentration 
was adjusted to 2-3*107 conidia mL-1using a 
hemocytometer and inoculated to each pot at the rate 
of 20mL/pot around the root zone with the help of 
a pipette. 

Calculation of disease severity index (DSI)
The disease severity index was calculated according to 
the number of leaves tip wilting using the prescription 
scale of 1 (0-1 leaf wilt); 2 (2-4 leaves wilt); 3 (5-7 
leaves wilt); 4 (8-10 leaves wilt) and 5 (>11 leaves 
wilt) (Chiang et al., 2017).

Observation, data collection and statistical analysis
Onion leaflet length measurement was started after 
one week of F. oxysporum f.sp. cepae inoculation with 
3 days of the interval from the 21 days and 28 days 
of planting the total numbers of leaflets and total 
numbers of leaflets infected were counted, respectively. 
80 days after planting the plant height, root length, 
root: shoot ratio, yield, and disease severity index were 
measured. The CRD two-factor factorial design used 
ANOVA using SAS 9.1 (SAS Institute Inc., Cary, 
NC, USA). Tukey’s HSD multiple comparison test 
was used to identify the best treatment combination 
at P < 0.05. 

Results and Discussion

The results of physicochemical properties such as 

pH, Electric Conductivity (EC), organic matter 
content (OMC), total organic carbon (TOC), total 
nitrogen, total phosphorus, and total potassium 
content of the bio-fortified vermicompost were 
measured and summarized in Table 1. The pH of the 
vermicompost varied from 7.28 to 8.14 but they were 
not significant among them at P < 0.05. The lowest 
and neutral pH of 7.28 was observed in the garden 
waste-based vermicompost bio-fortified with T. 
viride and P. fluorescens whereas kitchen waste-based 
vermicompost fortified with P. fluorescens exhibited 
the highest pH of 8.28. The electrical conductivity 
range of bio-fortified vermicompost was from 1.11 
to 2.36 mS/cm and was not significant at P <0.05. 
Kitchen waste-based vermicompost fortified with 
P. fluorescens exhibited the highest EC value of 2.36 
whereas the lowest EC of 1.11 was detected from the 
garden waste treated with T. viride and P. fluorescens. 
In other all treatments, EC was below 2.00.
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Figure 1: Organic matter content and organic carbon percentage of 
formulated bio-fortified compost.
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Figure 2: Nitrogen, phosphorus and potassium percentage of 
formulated bio-fortified compost.

Organic matter content (OMC) and TOC of these 
studied vermicomposts were ranging from 23.6% to 
52.4% and 13.39% to 30.39%, respectively (Figure 
1). The OMC and TOC were significantly on par 
at P < 0.05. A highly significant OMS was observed 
in V4T2. The OMC among V4T3 (46.5%), V4T4 
(41.8%), and V5T3 (40.5) were significant and were 
in 2nd rank. The OMC in V2T3 and V3T3 were the 
lowest non-significant. Total organic carbon was 
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highly significant with the value of 30.39% in paddy 
straw substrate based vermicompost fortified with 
P. fluorescens. The highest organic matter content 
and total organic carbon were observed in sawdust 
substrate-based vermicompost bio-fortified with T. 
viride. Total nitrogen content of these bio-fortified 
vermicompost ranged from 1.06% to 2.1%. The highest 
significant nitrogen value of 2.1% was recorded in the 
kitchen waste-based T. viride fortified bio compost 
at P <0.05. The lowest nitrogen value was recorded in 
sawdust substrate-based vermicompost fortified with 
P. fluorescens with a value of 1.06% (Figure 2). 

The C/N ratio of the produced compost was varied 
from 25.01-9.96. The C/N ratio was significantly 
highest in Sawdust + Rice bran-based compost 
17.86-25.01 which was significant when compared 
to all other substrate based compost’s C/N ratio 
at P <0.05. The highest total phosphorus content 
of 1.87% was observed in kitchen waste-based 
P. fluorescens fortified vermicompost whereas the 
lowest phosphorus value of 0.73 % was recorded in 
the sawdust substrate vermicompost fortified with 
T. viride. The total potassium content of these bio-
fortified vermicomposts ranges from 0.654% to 1.38%. 
The highest potassium value of 1.38% was recorded in 
kitchen waste substrate-based vermicompost fortified 
with P. fluorescens. The lowest potassium value was 
recorded in garden waste-based vermicompost 
fortified with T. viride and P. fluorescens.

Efficacy of bio-fortified vermicompost on onion growth 
and yield parameters
The mean height, fresh weight, root length and dry 
weight of the onion plant showed significant among 
substrates, and substrates and treatments interaction, 
but not significant among the treatments at P <0.05 
and 0.01.

Onion height
When analyze the substrate effect, significantly 
highest mean onion plant height of 37.56 cm was 
recorded in bio-fortified kitchen based vermicompost 
(V5) at P <0.05, where as in bio fortified paddy straw 
based vermicompost (V2), the onion plant height was 
35.29 cm which was not significant when compare 
to bio fortified garden waste (V3) with the height of 
35.29 cm. Whereas the lowest onion height (28.27 
cm) was observed in control (Figure 3A).

When test the substrates and treatments interaction, 

the highest significant mean height of 41.29±0.04 
cm was recorded in Paddy straw based SMS + Cow 
dung + E. foetida + T. viride + P. fluorescens (V2T4) 
(Table 3) but this was not significant when compared 
to Garden waste based SMS + Cow dung + E. foetida 
+ T. viride + P. fluorescens (V3T4), Sawdust + Rice 
bran based SMS + Cow dung + E. foetida + T. viride 
+ P. fluorescens (V4T4) and Kitchen waste + Paddy 
straw based SMS+ Cow dung + E. foetida + T. viride 
+ P. fluorescens (V5T4) with the values of 38.34±0.09, 
38.45±0.43 and 38.72±0.20, respectively at P <0.05.

Figure 3: Substrate effect on growth parameters of onion.

Onion plant fresh weight
When analyze the substrate effect, mean onion 
plant weight was significantly on par among them 
at P <0.05. Significantly highest mean onion plants 
fresh weight of 20.45g was recorded in bio fortified 
paddy straw SMS based vermicompost (V2) which 
was non-significant when compared to bio-fortified 
kitchen SMS based vermicompost (V5) with the 
value of 20.35g at P <0.05. Onion plant mean weight 
was 18.3 g, 16.58g and 10.35g in Sawdust + Rice bran 
(V4), Garden waste (V3) SMS based and Control 
(V1), respectively (Figure 3B).

When test the substrates and treatments interaction, 
the highest significant mean onion plant fresh weight 
of 28.90±0.03 g was recorded in Paddy straw-based 
SMS + Cow dung + E. foetida + T. viride + P. fluorescens 
(V2T4) (Table 2) but this was not significant when 
compared to Kitchen waste + Paddy straw based 
SMS+ Cow dung + E. foetida + T. viride + P. fluorescens 
(V5T4) with the value of 27.01±0.11. The least onion 
plant ferest weight of 10.35±0.02 recorded in control 
which was not significant when compared to the 
fresh weight gained by the onion plants in V2T3: 
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Sarhad Journal of AgricultureTable 2: Interaction of effect of substrate and treatm
ent on onion m

ean grow
th and yield param

eters.
Interaction effect (Substrate Vs Treatm

ents)
H

eight
Fresh 
weight

dry weight
R

oot length
R

oot: 
Shoot ratio

D
isease 

severity
Yield

Yield 
loss (%

)
V

1T
1: C

ontrol (C
ow dung)

28.27±0.06
c

10.35±0.02
d

0.97±0.10
c

8.65±0.31
d

0.31±0.17
b

81.22±0.61
a

10.15±0.14
c

46.25
V

2T
2: Paddy straw based SM

S + C
ow dung + Eisenia foetida + 

Trichoderm
a viride

35.29±0.01
b

24.81±0.12
ab

2.02±0.03
ab

14.95±0.07
a

0.42±0.04
a

29.97±0.21
b

20.65±0.09
a

-2.25*

V
2T

3: Paddy straw based SM
S + C

ow dung + E. foetida +Pseu-
dom

onas fluorescens
29.25±0.11

c
11.65±0.14

d
1.09±0.10

c
9.95±0.44

cd
0.34±0.01

b
31.22±0.18

b
13.46±0.12

bc
32.70

V
2T

4: Paddy straw based SM
S + C

ow dung + E. foetida + T. 
viride + P. fluorescens

41.29±0.04
a

28.90±0.03
a

2.16±0.02
a

16.15±0.03
a

0.39±0.02
ab

18.72±0.64
c

20.34±0.08
a

-1.70*

V
3T

2: G
arden waste based SM

S + C
ow dung + E. foetida + T. 

viride
29.56±0.07

c
10.93±0.13

d
0.99±0.10

c
9.80±0.51

cd
0.33±0.01

b
32.47±0.73

b
13.02±0.07

bc
34.90

V
3T

3: G
arden waste based SM

S + C
ow dung + E. foetida +P. 

fluorescens
33.67±0.11

b
20.10±0.21

b
1.67±0.04

b
11.55±0.06

c
0.34±0.01

b
32.25±0.64

b
15.25±0.06

b
23.75

V
3T

4: G
arden waste based SM

S + C
ow dung + E. foetida + T. 

viride + P. fluorescens
38.34±0.09

a
18.71±0.08

bc
1.53±0.06

b
16.35±0.05

a
0.43±0.05

a
18.67±0.48

c
15.72±0.04

b
21.40

V
4T

2: Sawdust + R
ice bran based SM

S + C
ow dung + E. 

foetida + T. viride
33.11±0.06

b
15.76±0.28

c
1.33±0.02

bc
11.25±0.11

c
0.34±0.01

b
43.25±0.53

b
13.02±0.07

bc
34.90

V
4T

3: Sawdust + R
ice bran based SM

S + C
ow dung + E. 

foetida +P. fluorescens
33.68±0.54

b
20.91±0.19

b
1.84±0.05

ab
11.45±0.13

c
0.34±0.01

b
39.72±0.36

b
13.23±0.03

bc
33.85

V
4T

4: Sawdust + R
ice bran based SM

S + C
ow dung + E. foeti-

da + T. viride + P. fluorescens
38.45±0.43

a
18.23±0.09

bc
1.45±0.03

b
16.50±0.07

a
0.43±0.04

a
23.32±0.91

b
15.88±0.04

b
20.60

V
5T

2: K
itchen waste + Paddy straw based SM

S+ C
ow dung + 

E. foetida + T. viride
33.82±0.11

b
21.98±0.04

b
1.85±0.05

ab
13.15±0.34

ab
0.39±0.07

ab
26.65±0.28

b
15.12±0.01

b
24.40

V
5T

3: K
itchen waste + Paddy straw based SM

S+ C
ow dung + 

Paddy straw+ E. foetida +P. fluorescens
33.44±0.06

b
16.07±0.02

c
1.46±0.03

b
9.15±0.71

cd
0.27±0.03

b
24.85±0.72

b
13.77±0.08

bc
31.15

V
5T

4: K
itchen waste + Paddy straw based SM

S+ C
ow dung + 

Paddy straw+ E. foetida + T. viride + P. fluorescens
38.72±0.20

a
27.01±0.11

a
1.50±0.03

b
16.25±0.27

a
0.42±0.06

a
14.90±0.36

c
20.24±0.11

a
-1.20*

C
V

 value 
2.34

2.64
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Paddy straw-based SMS + Cow dung + E. foetida 
+ Pseudomonas fluorescens (11.65±0.14) and V3T2: 
Garden waste-based SMS + Cow dung + E. foetida + 
T. viride (10.93±0.13), respectively.

Table 3: Pearson Correlation matrix of yield parameters 
of onion.

Correlation matrix R2

Root: Shoot ratio 0.61
Disease severity index -0.74

Yield Mean height 0.76
Mean weight 0.80
Dry weight 0.63
Root length 0.72

Parameters correlated positively when R2 > 0.5

Onion plant root length
The substrate effect on onion root length is significantly 
different compared to control at P <0.05 (Figure 3C). 
The highest significantly longer root of 12.68cm was 
recorded in Paddy straw-based SMS (V2) which was 
not significantly on par when compared to Kitchen 
waste + Paddy straw-based SMS (V5) and Sawdust + 
Rice bran-based SMS (V4). Lowest mean root length 
of 8.65 cm was recorded in control.

When test the substrates and treatments interaction, 
the highest significant mean onion root length of 
16.50±0.07cm was recorded in Sawdust + Rice bran 
based SMS + Cow dung + E. foetida + T. viride + P. 
fluorescens (V4T4), where as in Kitchen waste + Paddy 
straw based SMS+ Cow dung + E. foetida + T. viride 
+ P. fluorescens (V5T4), Garden waste+ E. foetida + T. 
viride + P. fluorescens (V3T4) and V2T4: Paddy straw 
based SMS + Cow dung + E. foetida + T. viride + P. 
fluorescens with the root length values of 16.25±0.07, 
16.35±0.05 and 16.15±0.03, respectively, were not 
significantly on par among them at P <0.05. The root 
length was highly significant when substrate treated 
with both T. viride + P. fluorescens than either T. viride 
or P. fluorescens.

Onion plant dry weight
The Figure 3D describe that onion mean dry weight 
was significantly different among bio fortified 
substrates at P <0.05. The significantly highest onion 
dry weight of 2.19g were recorded in Kitchen waste 
+ Paddy straw based SMS (V5), but which was not 
significantly on par when compare to the Sawdust + 
Rice bran based SMS (V4) and Paddy straw based 

SMS (V2) with dry weight values of 2.11g and 2.12g, 
respectively. Lowest dry weight 0.97g were observed 
when onion grows cow dung substrate (control) 
without bio fortification.

The Table 3 described when test the substrates and 
treatments interaction, the highest significant mean 
onion plant dry weight of 2.16±0.02 g was recorded in 
Paddy straw based SMS + Cow dung + E. foetida + E. 
foetida + T. viride + P. fluorescens (V2T4) but this was 
not significant when compared to Paddy straw based 
SMS + Cow dung + E. foetida + T. viride (V2T2) and 
Sawdust + Rice bran based SMS + Cow dung + E. 
foetida +P. fluorescens (V4T3) at P <0.05. Lowest dry 
weight 0.97g were observed in control.

Root-shoot ratio
Root: Shoot ratio was significant when test the 
substrates and treatments interaction only at P <0.05 
(Table 3). The highest mean Root: Shoot ratio of 
0.43±0.05 was recorded in V3T4: Garden waste 
based SMS + Cow dung + E. foetida + T. viride + 
P. fluorescens but which was non-significant when 
compared to the V2T2: Paddy straw based SMS + 
Cow dung + E. foetida + T. viride, V4T4: Sawdust 
+ Rice bran based SMS + Cow dung + E. foetida + 
T. viride + P. fluorescens and V5T4: Kitchen waste + 
Paddy straw based SMS+ Cow dung + E. foetida + T. 
viride + P. fluorescens treatment substrate combinations 
at P <0.05.

Impact of bio-fortified compost on onion yield 
The mean yield of onion was significantly different 
among bio fortified substrates at P <0.05 (Table 
3). The significantly highest mean onion yield of 
38.34±0.08 Mt/ha was recorded in V2T4: Paddy 
straw based SMS + Cow dung + E. foetida + T. viride 
+ P. fluorescens, but which was not significantly on 
par when compared to the V2T2: Paddy straw based 
SMS + Cow dung + E. foetida + T. viride (20.65±0.09 
t/ha) and V5T4: Kitchen waste + Paddy straw based 
SMS+ Cow dung + E. foetida + T. viride + P. fluorescens 
(20.24±0.11 t/ha). Lowest onion yield (10.15±0.14 
t/ha) was recorded in cow dung substrate (control) 
without bio fortification. Moreover, Onion yield was 
strongly correlated with the C/N ratio of the produced 
compost [R2= 0.71] at P <0.05 (Figure 4).

Onion yield was strongly correlated with the yield loss 
[R2 = 0.66] and the maximum yield loss of 46.25% was 
recorded in control (Figure 5). The yield was above 
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the theoretical yield of variety Vallari (11.2-15 Mt/
ha) as per the (Araskesary et al., 2014a) and highly 
significant in V2T2: Paddy straw based SMS + Cow 
dung + Eisenia foetida + Trichoderma viride, V2T4: 
Paddy straw based SMS + Cow dung + E. foetida + 
T. viride + P. fluorescens and V5T4: Kitchen waste + 
Paddy straw based SMS+ Cow dung + E. foetida + 
T. viride + P. fluorescens in comparison to other all 
substrate +biocontrol agent’s combination tested at P 
<0.05 and 0.01.

Figure 4: Correlation between mean onion yield with C/N ratio of 
the produced compost.

Figure 5: Correlation between mean onion yield loss versus Fusarium 
wilt disease severity.

Efficacy of bio-fortified compost on Fusarium wilt disease 
severity (FWDS) 
Fusarium wilt disease severity was significantly 
different from each interaction (Table 3). The highest 
FWDS was recorded in control (81.22%) at P <0.05. 
The significantly lower FWDS range of 12.32±0.91-
18.72±0.64 was observed in all the substrates treated 
with both T. viride + P. fluorescens. The substrates 
treated with either T. viride or P. fluorescens exhibited 
mild FWDS range of 24.85±0.72-43.25±0.53 which 
was significantly on par when compare to neither or 
either of T. viride or P. fluorescens.

Correlation analysis
Pearson’s correlation analysis between the mean yield 
parameters with yield elucidate that all the yield 
related parameters were positively correlated with 
the R2 value of <0.6. Moreover, disease severity index 

negatively correlated with the Pearson’s correlation co-
efficient of -0.74 and explains that when the disease 
index increase yield declines. 

The success of organic agriculture is coupled with 
the availability of quality compost in sufficient 
quantity. The increasing trend of organic agriculture 
and ecological farming prioritize the research in 
the formulation of compost with superior quality to 
retain the yield from the post-revolution invented 
high yielding varieties.

Traditional composts are made by conversion of 
degradable organic wastes into stable products with the 
aid of microorganisms under controlled conversion. 
The shortcomings of traditional composts are the 
availability of harmful pathogens, low nutrient status, 
long duration of composting, long mineralization 
duration, and odor production. Vermicomposting 
needs limited controlled conditions, and nutritional 
qualities are further enhanced by the addition 
of earthworm’s gut secretion and gut beneficial 
microflora which suppresses or kills the pathogen in 
the compost. The current research made bio-fortified 
vermicompost’s pH range was 7.28-8.11, C/N ratio 
was 25.01-9.96, and OMC was 22.66-51.53. The 
pH, C/N ratio, OMC of the ideal compost use 
in agriculture should be around 7.5, 25 to 30, and 
33.3% (but not less than 20%) (Azim et al., 2018). 
The good quality vermicompost should contain N, P, 
and K within the range of 0.51-1.61%, 0.19-1.02%, 
and 0.15-0.73%, respectively (Pankaj and Kumari, 
2015). But current bio-fortified compost’s N, P and K 
ranges were 1.06% to 2.1%, 0.73%-1.87%, 0.654% to 
1.38%. Therefore, the current investigation produced 
that bio-fortified vermicompost’s nutritional quality 
is superior. The nutritional enrichment may be the 
addition of earthworm’s excretion which contains 
high N, P and K, micronutrients, beneficial soil 
microbes; nitrogen-fixing, phosphate solubilizing 
bacteria, actinomycetes and growth hormones auxins, 
gibberlins and cytokinins (Adhikary, 2012). 

Moreover, mushroom products and the added P. 
fluorescens and T. viride could have added nutrients 
buy their secondary metabolites. Singh and 
Sharma (2002) reported that Trichoderma spp. 
enriched vermicompost’s nitrogen content through 
mineralization. Further, Mahanta et al. (2012) also 
supported that the P. fluorescens and T. viride have the 
ability to solubilize the phosphate and make it into a 
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freely available form of phosphorus. Current findings 
corroborated with the previous literature.

Composting is a long-used technology, though it has 
some shortcomings that have reduced its extensive 
usage and efficiency. When mushroom cultivates 
in the agro wastes, the composting process is being 
expedited due to enzymatic biodegradability (Chang 
et al., 2016). Strong positive correlations were found 
between plant growth parameters and the onion 
yield. High yield derived in paddy straw-based and 
kitchen waste-based vermicompost indicates that the 
organic matter amendments induced direct increase 
and enhanced cycling of these nutrients. These results 
are confirmatory with Mahmood et al. (2017) who 
stated that the incorporation of organic manures 
improves soil physico-chemical properties that may 
have a direct or indirect effect on plant growth and 
yield attributes. Moreover, the nutritional quality of 
the compost is highly influenced by the raw material 
used (Lim et al., 2015). The plant height and yield of 
vegetables have been improved when use mushrooms 
spent compost in different fractions (Chang et al., 
2016; Umor et al., 2021). Moreover, vermicompost 
and its body liquid (vermiwash) are proven as both 
growth promoters and protectors for crop plants. This 
could be an added advantage to getting a high yield.

As per the results, Fusarium basal rot severity was 
significantly very high when the onion is grown 
without treating bio-control agents P. fluorescens and 
T. viride. Onion yield is strongly correlated with the 
growth parameters of the onion. If onion gets the 
disease, automatically all the growth parameters go 
down, because it affects the root zone of the onion 
and causes a lack in the absorption of water and 
essential nutrition for the growth of onion, and if 
the disease severity of Fusarium basal rot in onion is 
low plant become healthy. Zhao et al. (2019) reported 
that vermicompost can suppress the F. oxysporum 
itself. Naguleswaran et al. (2014) and Rajendran 
and Ranganathan (1996) reported that T. viride has 
the ability to suppress the F. oxysporum. Because of 
bio-fortification of fungal antagonists and bacterial 
antagonists produce antibiotics as well as will compete 
with the pathogen for food and will make protective 
cover around the rhizosphere, therefore, less chance 
of pathogen to attack the host. Moreover, added 
antagonists increase the availability of essential macro 
nutrition such as nitrogen, phosphorus, and potassium 
due to that, the yield and other growth parameter was 
recorded higher than un-fortified vermicompost.

Conclusions and Recommendations

Based on the experimental results, the bio-fortified 
vemicompost’s nutritional qualities are superior. This 
bio-fortified vemic-compost’s N, P and K level is 25-
35% more of the traditionally made vermicompost. 
Highest growth, yield parameters and lower Fusarium 
basal rot incidents was recorded in T. viride and P. 
fluorescens fortified paddy straw and kitchen waste 
based vermicompost. Actual yield of the Poovallarai 
onion is higher than theoretical yield (15-20 Mt/ha) 
in paddy straw and kitchen waste based vermicompost 
too. These experimental facts could be a new eco-
friendly low cost approaches to manage soil-borne 
diseases as well as properly manage organic wastes 
into super compost.
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