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Endophytes are the microorganisms found in the living tissues of various plant parts (roots, fruits, stem,
seed, leaf etc). Endophytes as bio-agents are well acknowledged as a step towards plant disease management.
In the current investigation, a total of six fungal (EFA 1-6) and eight bacterial (EBA 1-8) endophytes were
isolated from the roots of healthy acid lime plants. All the selected endophytes were assessed for their
antagonistic effect against dry-root rot causing pathogen Fusarium solani in acid lime. The results revealed
that EFA 4 Aspergillus fumigatus (66.92%) and EBA 7 Pseudomonas aeruginosa (63.42%) exhibited
antagonistic activity on Fusarium solani under in vitro conditions. The acid lime seedlings were treated
with the effective endophytic isolates and the existing bioagents under greenhouse conditions and
transplanted in pathogen-infested sick soil. The seedlings treated with the bioagent Trichoderma reesei
and the isolate EBA 7 exhibited a disease incidence of 13.33 and 16.67 per cent, respectively, followed by
Pseudomonas fluorescens (20.00%) and Trichoderma viride (23.33 %). The findings imply that the endophyte
EBA 7 Pseudomonas aeruginosa might be used as a bioagent in the management of plant diseases.
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ABSTRACT

Introduction
Nowadays control of plant pathogens has been

accomplished largely with the use of chemicals.
Chemicals have provided a means of reducing plant
disease. Over time this has proved to have negative side
effects such as the development of resistance by
pathogens, high cost, and negative effects on beneficial
microorganisms as well as environmental, soil and water
pollution. So, the focus has been shifted towards safer
non-chemical methods for controlling diseases. Adopting
endophytic bio-agents as an alternative to chemicals helps
in promoting safer food and environment which will be
beneficial for farmers. Many endophytes were isolated
from the roots of healthy acid lime plants and were tested
against the dry-root rot pathogen Fusarium solani.

Materials and Methods
Isolation of endophytes from the roots of healthy
acid lime plants

Endophytic antagonistic microbes were isolated from
roots of healthy plants within 48 hrs. of collection from
the surveyed areas. For the isolating endophytes, 2 g of
healthy root samples were weighed and exposed to two
per cent sodium hypochlorite for 5 min followed by
washing in three changes of sterile water and blot dried.
The surface sterilized healthy roots of acid lime were
triturated with 8 ml of sterile Potassium phosphate buffer
(PB 0.1M, PH -7.0) using a sterile mortar and pestle.
The triturate was serially diluted in sterile water blanks
up to 10-7. From the final buffer wash, one ml was pipetted
out into a sterile Petri plate containing particular growth
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media. A Petri plate inoculated with the sterile phosphate
buffer alone serves as a sterility check. Tenfold serial
dilution of obtained triturate was prepared. The serial
dilution was prepared up to 10-4 for fungal isolation and
up to 10-6 for the isolation of bacteria. The inoculated
petri plates were incubated at room temperatures 25±2°C
for at least 72 h. Among all the colonies obtained on dilution
plates, a total of six fungal endophytic microbes and eight
bacterial endophytic microbes were selected.
Isolation and identification of dry-root rot pathogen

The root samples from infected plants were collected
for the isolation of the pathogen. A small portion of
diseased tissue along with a portion of adjacent healthy
tissue was cut into small bits (3 to 5 mm in length) and
then surface sterilized with 2% sodium hypochlorite
solution for three minutes followed by three rinses in
distilled water. The sterilized root bits were transferred
onto Petri plates containing potato dextrose agar (PDA).
The inoculated Petri plates were incubated at 25 ± 2°C
for five to six days. The pathogen pure culture is
maintained by single hyphal tip culture.

Based on the morphological characters, viz., colony
growth, colour, size and shape of the conidia, the pathogen
was identified as Fusarium solani and the further
identification of the pathogen up to species level was
confirmed at National Centre for Fungal Taxonomy
(NCFT), New Delhi as Fusarium solani (NCFT,
9624.19).
In vitro evaluation of antagonistic endophytic fungi
and bacteria against dry-root rot pathogen

The endophytic fungal isolates were assessed for
their antagonistic effect by the dual culture method
(Skidmore and Dickson, 1976). Fungal endophytes were
evaluated for their efficacy through the dual culture
technique. The bacterial endophytic isolates were
assessed for their antagonistic effect by the dual culture
method (Utkhede and Rahe, 1983). The per cent inhibition
of the pathogen was tabulated using the formula given
below by Vincent (1947).
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PI = Percent inhibition, C = Growth of the pathogen
in control (mm), T = Growth of the pathogen in dual culture
(mm). Based on the percent inhibition of the mycelial
growth of the pathogen, the efficient antagonists were
selected for further studies.
In planta assay of antagonists against Fusarium
solani

Based on the in vitro studies, the efficient ones were
selected. The in planta screening tests of the effective
endophytes and existing bioagents (Trichoderma viride,
Trichoderma reesei and Pseudomonas fluorescens) as
antagonists against Fusarium solani were conducted
under greenhouse conditions.
Preparation of pathogen inoculum

For preparing the pathogen inoculum, Fusarium
solani was mass multiplied in polypropylene packets
containing sorghum grains, which were formerly
autoclaved at 121°C for an hour for 3 consecutive days.
After cooling, the packets were inoculated with 7-
10mycelial disks of a week-old culture of Fusarium solani
under aseptic conditions. The inoculated packets were
incubated at 25°C for 3 weeks. The pathogen colonized
sorghum grains were transferred to paper bags for drying
and were ground. Then the ground pathogen inoculum
was used to infest potting soil @ 15 g/kg and the infested
soil was transferred into polybags, watered properly and
kept under a greenhouse for 3 weeks to allow the
pathogen to proliferate and make the soil sick.
Preparation of spore/cell suspensions of considered
antagonists

For preparing the spore/cell suspensions of the
considered antagonists, the pure cultures of fungal and
bacterial antagonist isolates were maintained at 25°C on
sterilized potato dextrose and nutrient broths, in a shaking
incubator at 150 rev/min for 5 days and 2 days,
respectively. This allows the spores of fungi and bacterial
isolates to disperse evenly in the broth.

For preparing fungal spore suspensions, the broths
of individual fungal isolates were mixed thoroughly for a
few minutes. The spore concentration was adjusted to 5
× 10-5 cfu/ml. The broths of individual bacterial isolates
were mixed thoroughly for preparing bacterial
suspensions. The cell concentration was adjusted to 5 ×
10-7 cfu/ml.

The healthy acid lime seedlings of six months old
were surface sterilized and washed thoroughly with
distilled water. The seedlings were root dipped in the
antagonist’s spore/cell suspensions for 30 minutes and
were planted in the pathogen-infected sick soil in polybags
@ 5 plants per bag. The treatment polybags were
maintained under greenhouse conditions for symptom
development. The treatments included were as below
(Table 1). The percent disease incidence was recorded
at monthly intervals up to 3 months of planting.
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Results and Discussion
A total of six fungal and eight bacterial endophytic

microbes were chosen from all the colonies formed on
dilution plates.
In vitro evaluation of antagonistic endophytic fungi
and bacteria against dry-root rot pathogen

All the six endophytic fungal isolates were assessed
for their antagonistic activity over the Fusarium solani
causing dry-root rot pathogen by dual culture method
(Skidmore and Dickson, 1976) in terms of per cent
inhibition over the control. The experimental findings
demonstrated that all the six endophytic antagonistic fungi
inhibited the growth of the pathogen at varying levels in a
range of 45.68 to 66.92 per cent (Fig. 1). Among them,
EFA 4 had shown the highest mycelial (66.92%) inhibition
of pathogen followed by EFA 1 (54.49%) and EFA 2
(52.26%), whereas the isolate EFA 5 had shown the
lowest inhibition of 45.68% against Fusarium solani.
Among all the treatments EFA 4 had shown the fastest
mycelial growing capacity compared to the pathogen, they
had overgrown and locked the growth of the pathogen.
Hence EFA 4 had shown strong inhibitory effect on
pathogen (Table 2).

Similarly, Al-badi et al. (2020) carried out in vitro
dual culture assay of five endophytic fungi isolated from
Shirazi Thyme against the mycelial growth of
Monosporascus cannonballus .  The endophytes
Nigrospora sphaerica E1, Polycephalomyces sinensis
E8, Polycephalomyces sinensis E10, Nigrospora
sphaerica E6 and Subramaniula cristata E7  have
shown 81.7%, 80.6%, 75.8%, 66.1% and 38.7%,
respectively. Aspergillus terreus has shown antagonistic
activity by shrinking the hyphae of Pythium
aphanidermatum (Halo et al., 2018). Several different
Aspergillus species like Aspergillus niger, A. nidulans,
A. flavus, A. fusispora, A. fumigatus and A. terreus
var. flococcus were  proved  to  be  antagonistic  against
soil-borne fungi Pythium spp. (Al-Shibli et al., 2019
and Halo et al., 2018).

All the eight endophytic bacterial isolates were
assessed for their antagonistic activity over the Fusarium

solani causing dry-root rot by dual culture method
(Utkhede and Rahe, 1983) in terms of per cent inhibition
over the control. The experimental findings demonstrated
that the per cent inhibition of the growth of the pathogen
by the eight endophytic bacteria was in the range of 48.75
to 63.42 per cent (Fig. 2). Among them, EBA 7 (63.42%)

Table 1 : In planta assay treatment details.

Treatments
T1: Aspergillus fumigatus (EFA4)
T2: Pseudomonas aeruginosa (EBA7)
T3: Trichoderma viride
T4: Trichoderma reesei (TCT 10)
T5: Pseudomonas fluorescens
T6: Pathogen-infested control (only pathogen)
T7: Healthy control (no pathogen and no antagonist)

Table 2 : In vitro antagonistic activity of Endophytic Fungal
Antagonists (EFA 1-6) against Fusarium solani.

S. Endophytic Radial growth Per-cent inhibition
no. antagonists of pathogen over control

(mm)* (PIOC%)

1. EFA 1 40.56 54.49 (47.58)

2. EFA 2 42.55 52.26 (46.30)

3. EFA 3 46.62 47.69 (43.68)

4. EFA 4 29.48 66.92 (54.89)

5. EFA 5 48.41 45.68 (42.52)

6. EFA 6 47.73 46.44 (42.96)

7. Control 89.13 0 (0.00)

SE(m) ± 0.17

C.D. at 5% 0.53

*Mean of three replications
Figures in parenthesis are arc sin transformed values.

Fig. 1 : Graphical representation of the inhibition percentage
of Fusarium solani by the fungal endophytes.

Fig. 2 : Graphical representation of the inhibition percentage
of Fusarium solani by the bacterial endophytes.
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has shown the highest antagonism capacity over the
pathogen, followed by EBA 1 (60.17%) and EBA 2
(60.08%), whereas, the lowest inhibition of per cent was
recorded by EBA 8 (48.75%) against Fusarium solani
with a defined inhibition zone (Table 3).

Likewise, Uzair et al.  (2018) isolated four
Pseudomonas strains (SP19, SP22, PS24 and SP25), the

strain PS24 strain exhibited biocontrol activity against plant
pathogenic fungi Fusarium oxysporum and many others.
Luu et al. (2021) isolated nine bacterial endophytes from
the weed Echinoclova colonum. Five of them inhibited
the growth of Alternaria alternata isolated from Pitaya.
The strain EC80 has shown strong inhibition and the other
strains EC79, EC83, EC90 and EC97 recorded weak
inhibition against the pathogen. The combination of EC79
and EC80 highly reduced the mycelial growth of the
pathogen.

The effective endophytic antagonists were further
characterized at the molecular level. The fungal and
bacterial antagonists, EFA 4 and EBA 7 were identified
as Aspergillus fumigatus  and Pseudomonas
aeruginosa, respectively.
In planta assay of antagonists against Fusarium
solani

The effect of potential antagonists on root rot
incidence caused by Fusarium solanion acid lime
seedlings varied greatly. The disease incidence of
antagonist-treated plants was considerably lower than

Table 4 : In planta assay of effective endophytes and existing bio-
agents against Fusarium solani.

Treatments Average Percent disease
seedling incidence (%)*

height (cm)* in 3rd month

T1: Aspergillus fumigatus 28.13 36.67 (37.22)
(EFA4)

T2: Pseudomonas aeruginosa 40.30 16.67 (23.86)
(EBA7)

T3: Trichoderma viride 37.23 23.33 (28.78)

T4: Trichoderma reesei (TCT 10) 42.50 13.33 (21.14)

T5: Pseudomonas fluorescens 38.73 20.00 (26.57)

T6: Pathogen-infested control 20.33 66.67 (54.78)
(only pathogen)

T7: Healthy control (no pathogen 45.43 0.00 (0.00)
and no antagonist)

SE(m) ± 0.24 1.29

C.D. at 5% 0.76 3.95

*Mean of three replications
 Figures in parenthesis are arc sin transformed values.

Table 3 : In vitro antagonistic activity of Endophytic Bacterial
Antagonists (EBA 1-8) against Fusarium solani.

S. Endophytic Radial growth Per-cent inhibition
no. antagonists of pathogen over control

(mm)* (PIOC%)

1. EBA 1 35.29 60.17 (50.87)

2. EBA 2 35.37 60.08 (50.82)

3. EBA 3 41.54 53.12 (46.79)

4. EBA 4 36.55 58.75 (50.04)

5. EBA 5 35.45 59.99 (50.76)

6. EBA 6 35.46 59.98 (50.76)

7. EBA 7 32.41 63.42 (52.78)

8. EBA 8 45.41 48.75 (44.28)

9. Control 88.61 0 (0.00)

SE(m) ± 0.07

C.D. at 5% 0.21

*Mean of three replications
Figures in parenthesis are arc sin transformed values.

that of plants treated with pathogen alone. The
Survival rates were greater in antagonist-treated
plants than in pathogen-treated plants. The
treatments T2 and T4 comprising Pseudomonas
aeruginosa (EBA 7) and Trichoderma reesei
(TCT 10) exhibited a disease incidence of 13.33
and 16.67 per cent with an average plant height of
42.50 cm and 40.30 cm, respectively and were found
most effective. Both the antagonists were on par
with each other. The treatments T3 and T5 with the
existing bio-agents had recorded a disease incidence
of 23.33% and 20.00% with a plant height of 37.23
cm and 38.73 cm, respectively. A percent disease
incidence of 36.67% was recorded by Aspergillus
fumigatus (EFA4). The pathogen-infested control
plants recorded a per cent inhibition of 66.67% with
a least average plant height of 20.33 cm (Table 4).

Our results indicated that the antagonist EBA 7
was as effective as the current bioagent
Trichoderma reesei in suppressing Fusarium solani
in both in vitro and in planta experiments. In
contrast, the antagonist EFA 4 was promising under
in vitro conditions but was less effective under in
planta experiments when compared to the other

antagonists.
Srivastava et al. (2010) studied the efficacy of

chemicals, bioagents and plant extracts against guava
wilt pathogen Fusarium oxysporum f. sp. psidii. In their
studies, they reported that Trichoderma species was
effective in controlling the pathogen followed by
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Plate 1 : Inhibitory effect of Endophytic Fungal Antagonists
(EFA 1-6) against Fusarium solani. Left to right – 1)
EFA 1, 2) EFA 2, 3) EFA 3, 4) EFA 4, 5) EFA 5, 6) EFA
6, Control.

Plate 2 : Inhibitory effect of Endophytic Bacterial Antagonists
(EBA 1-8) against Fusarium solani. Left to right –
1) EBA 1, 2) EBA 2, 3) EBA 3, 4) EBA 4, 5) EBA 5, 6)
EBA 6, 7) EBA 7, 8) EBA 8, Control.

Aspergillus niger. Likewise, Singh et al. (2010)
concerning their pot culture trials reported that the
Pseudomonas aeruginosa PN1 strain was effective in
controlling Macrophomina phaseolina  thereby
increasing plant growth and biomass. Al-Ghafri et al.
(2020) reported two strains of P. aeruginosa ISO1 and
ISO2 had shown their antagonistic ability against Fusarium
solani and Pythium aphanidermatum in vitro tests.

Conclusion
The study revealed that the endophytic fungal and

bacterial antagonists EFA 4 and EBA 7 have shown
antagonistic action against the root-rot pathogen under
in vitro conditions and were promising. Under in planta
conditions, only EBA 7 was promising and was on par
with already existing bioagents in controlling Fusarium
solani causing dry root rot in acid lime. Further studies
are required to grasp how these antagonists protect plants
at the cellular level. This may further find application in
optimizing biocontrol programs in agriculture.
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