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ABSTRACT: Damping-off disease is caused by several soil-borne fungi such as Pythium ultimum and Rhizoctonia solani,
which infect seedlings and cause them to ‘damp off’ or collapse and decay. The aim of this study was to evaluate the
biocontrol potential of Gliocladium virens against damping off inducing pathogens in Amaranthus hybridus. Infected leaves
of Amaranthus hybridus were collected from some selected farmlands in Lapai Local Government Area of Niger State,
Nigeria. The fungal species were isolated from the plants with damping-off symptoms using the agar pour plate method.
The isolation of fungal species from goat dung and chicken droppings was conducted using the serial dilution agar plate
method. Isolates were identified using morphological characteristics features from the mycological atlas. Pythium ultimum
and Rhizoctonia solani were associated with the plants and upon testing the pathogenicity of these isolated fungi on the
plants, the severity of the disease was 85 to 100%. The fungus Gliocladium virens was identified from the two composted
manures. Amaranthus hybridus seeds treated with Gliocladium virens produced plants that have significantly increased
plant height (45.67cm) than untreated seeds (27.10cm). Higher stem girth was observed when the seeds were treated
with Gliocladium virens (8.21cm). This was significantly different from the stem girth in plants from untreated seeds
(4.12cm). Number of leaves produced per plant was significantly increased in plants from treated seeds (23.54) and
decrease in plants from untreated seeds (13.17). From the result of this study, it could be concluded that, Gliocladium
virens when seed coated, is a potential biological agentin controlling damping-off diseases and this will help the general
public towards eradicating vegetable diseases.
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INTRODUCTION

Damping-off is a disease of seedlings caused by several
different fungi (Vanti et al., 2020). This disease causes
emerging seedlings to collapse, often submerged in a
mass of white fungal growth, (Al-Hussini et al., 2019).
Damping-off diseases in bedding plant production are
commonly encountered in the greenhouse and are
primarily caused by the ubiquitous pathogen mainly
Pythium ultimum and Rhizoctonia solani (Nofal et al.,
2021; Chandrashekara et al., 2012). Among several
Pythium species that cause damping-off disease, P.
ultimum is the most consistently virulent and the most
frequently isolated (Lamichhane et al., 2017). Additionally,
R. solani was commonly isolated from bedding plants in
midwestern greenhouses (Sureshkumar and Kavitha,

2019; Lumsden and Locke, 1989). Control of damping-off
traditionally has emphasized proper sanitation and
manipulation of the environment (Lamichhane et al.,
2017). Disease control has been improved by the recent
introduction of soilless potting is significant, and reliance
on chemical fungicides was an accepted means of disease
control for several important reasons. Fungicides are
heavily regulated and vary from country to country in their
usage and registration. Additionally, they can cause
environmental pollution and may induce pathogen
resistance in young seedlings (Kazan and Gardiner,
2018). The effectiveness of chemical fungicides may vary
if they interact chemically with the planting material. The
genus Gliocladium consists of several species of fungi that
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are antagonistic to plant pathogens. G. virens has been
shown to control soil-borne plant disorders, such as cotton
seedling disease caused by P. ultimum (Mukherjee et al.,
2014; Gupta et al., 2021) through the production of several
antibiotics (Walter and Lumsden, 2019). G. virens also
produces an endochitinase that inhibited spore
germination and damaged the cell walls of exposed
Botrytis cinerea Pers (Prajapati et al., 2020).

Amaranthus hybridus (Amaranth) is a nutritional
vegetable largely grown and consumed in Niger State, and
Nigeria as a whole. The viscosity of these leaves tends to
lose its value due to pathogenic infection. Pythium ultimum
and Rhizoctonia solani are among the pathogens that
caused damping-off diseases in Amaranthus hybridus.
The control of the disease is presently achieved using
chemicals, the residuals of which are dangerous to human
health and beneficial to microorganisms. Therefore, there
is a need to come up with standard methods of assessing
healthy seeds as well as treating infested seeds before
sowing. This treatment of infested seeds is what this study
has set out to achieve using pathogens present in the
composts. The objective of this study is to identify potential
antagonists from composted poultry droppings and goat
dung that will effectively control Pythium ultimum and
Rhizoctonia solani causing damping-off diseases under
greenhouse conditions in Lapai Metropolis, Nigeria.

MATERIALS AND METHODS
Isolation of pathogenic fungi

The infected seedlings Amaranthus hybridus with
symptoms of the damping-off disease were obtained from
selected farmlands in Lapai, Niger State, in North Central
Nigeria and brought to the Department of Biological
Sciences Laboratory, lbrahim Badamasi Babangida
University, Lapai, Niger State, Nigeria for isolation and
identification of the samples.

The infected samples of Amaranthus hybridus were
rinsed in tap water and the necrotic portions were excised
and cut into 1 mm pieces and surface sterilized with 10%
sodium hypochlorite for 30 seconds and rinsed in four
successive changes of sterile distilled water and the
sections were then blotted dry on clean, sterile paper
towels. They were then plated on Potato Dextrose Agar
media (obtained from Titan Biotech Limited, India) in
triplicates and incubated for 36 hours at 32+2°C under 12
hours photoperiod (Muhammad and Amusa, 2003;
Muhammed and Muhammad, 2013).

Purification of isolates

The fungal colonies were recognized in the mixed-culture
and were sub-cultured aseptically by transferring them
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onto fresh culture plates of Sabroud Dextrose Agar media
(obtained from Titan Biotech Limited, India) three times
before a single pathogen was obtained in a plate. The sub-
culturing was done by using a sterilized loop and needle to
obtain pieces of growing mycelium of fungi from parts and
edges of the mixed cultures (Muhammed and Muhammad,
2013).

Pathogenicity of the isolates

The mycelia suspension of the isolates was produced in
V8 broth medium in 250 mL conical flasks for 6 days. The
mycelium of each isolate was filtered through the
cheesecloth, gently pressed to remove excess liquid and
blended for 3 seconds in a warring blender at the rate of 5
g of mycelium per millilitre of sterile deionized water. The
resulting suspensions were used as inoculum. The
inoculum was freshly prepared before the applications.
Three weeks old vegetable seedlings growing in oven-
sterilized topsoil (0.5 cm) contained in 15 cm diameter pots
were inoculated with the mycelia suspension of the fungal
isolates. The plants were then placed on benches in the
greenhouse and observed for symptoms of the disease. A
numerical scale of 0 to 5 was used to determined the
disease severity (%) as follows; 0% = No infection; 1-20%
= Mild infection; 21-40% = Moderate infection; 41-60% =
High infection; 60% & above = Severe infection as
described by Bem et al. (2010). The pathogens were later
re-isolated from the inoculated plants and compared with
the initial isolates (Muhammed and Muhammad, 2013).

Preparation of composts

The composts were prepared using goat dung and chicken
droppings, as described by Abo and Badr (2001). The
separate polythene bags were weighed with 30 kg of goat
dung, and chicken droppings each. The polythene bags
were sealed and a small hole was made to allow
decomposition and microbial activity to take place. Each of
the composts was watered daily and allowed to
decompose for 21 and 24 days respectively (Muhammed
and Muhammad, 2013).

Isolation and identification of
developed from the compost

microorganisms

Exactly ten grams (10 g) of soil compost samples were
taken from the greenhouse. The samples were serially
diluted to 101° to isolate the secondary microorganisms.
One ml of the dilution at 102 was plated on PDA in
triplicates, using the pour plate method. After 48 hours of
incubation at 32°C, the Petri dishes were examined for the
pattern of growth of microorganisms. Colonies with clear
zones of inhibition of the growth of other microorganisms
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around them were then subcultured on PDA until a pure
culture was established. The secondary microorganisms
isolated were identified as described by Barnett and
Hunter (1996).

Preparation of fungal inoculum and seed coating

The isolate of Gliocladium virens that was identified from
the composts was multiplied with the host plant of
Amaranthus hybridus in a multi-spore pot culture
containing a mixture of zeolite and expanded clay (1:1; v:v)
for six months. The inoculum was sieved through a 250 um
mesh and mixed with the coating material silicon dioxide
and starch (1:1:1 w/w). The most probable number (MPN)
(Porter, 1979) value of the inoculum was ca. 400,000
infective propagules (IPs) per kg. Amaranthus hybridus
seeds were surface-sterilized with 0.5% (v/v) sodium
hypochlorite for 10 minutes. After spraying with sterile
distilled water, seeds were coated by gradually adding
inoculum-coating material mixture according to the pan
coating method (Oliveira et al., 2016) and then air dried at
25°C for 24 hours. This resulted in ca. 9 IP per plant and a
buildup of 50% of seed weight as described by Ma et al.
(2019).

Soil treatment with the antagonistic fungus

Seeds of Amaranthus hybridus were planted in unsterile
soil infested with Pythium ultimum and Rhizoctonia solani.
Gliocladium virens inoculum was added as an in-furrow
treatment at the rate of 6 g/m per pot. Control plantings
were treated with ground peat moss. The experiment was
done in a screen house at 14 hours photoperiod and
temperatures of 22°C for Rhizoctonia solani and 20°C for
Pythium ultimum. After fourteen (14) days of incubation,
counting was conducted for seedling emergence and
death. All treatments were replicated in triplicates (Howell,
1991).

Statistical analysis

Analysis of variance (ANOVA) was performed following a
completely randomised design to test the significant
effects and means compared using the LSD test ( p<0.05)
as outlined by Duncan(1955).

RESULTS
Isolation of the fungi
Isolation from the infected seedlings revealed that Pythium

ultimum and Rhizoctonia solani are associated with the
plants and upon testing the pathogenicity of these isolated

Table 1. Number of Days and the disease severity
(%) of infected Amaranthus hybridus seedlings.

Days Disease severity (%)
6 85

7 85

8 87

9 90

10 100

11 100

Table 2. Fungi species isolated from the composted wastes.

Composts
Goat dung
Chicken droppings

Fungi species isolated
Gliocladium virens
Gliocladium virens

fungi, the severity of the disease was 85 to 100% from day
6 to 11 days, as presented in Table 1. The fungus
Gliocladium virens was the most dominant identified from
the two composted manures as presented in Table 2.

Effect of Gliocladium virens as bio-control agent
against damping-off disease on the performance of A.
hybridus seedlings

Mean squares for the effect of the bio-control agent of
damping-off on the performance of Amaranthus hybridus
was presented in Table 3. The table showed that treatment
had a significant effect (p<0.05) on plant height, stem girth
and number of leaves per plant. On the other hand,
treatment was highly significant for (p<0.01) the number of
branches per plant and stem girth.

The mean effects of the bio-control agent of damping-off
on the performance of A. hybridus was shown in Table 4.
The table indicated that Amaranthus hybridus treated
seeds with Gliocladium virens produced plants with an
increase in plant height of 45.67 cm, which was
significantly different from untreated seeds that produced
a plant height of 27.10 cm. A higher stem girth of 8.21 cm
was observed with treated seeds, this was significantly
different from the stem girth of untreated seeds (4.12cm).
The mean value of the number of leaves produced per
plant in treated seeds (23.54) was significantly different
from untreated seeds (13.17). There was an increased
number of branches produced per plant in treated seeds
(7.65). These were significantly different from untreated
seeds (2.65) which produced a decreased number of
branches per plant. Similarly, the leaf area in treated seeds
produced (85.67cm?) these value was significantly
different from untreated seeds which produced a smaller
leaf area of 48.01cm?.
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Table 3. Mean squares for effect of bio-control agent of damping off on Amaranthus hybridus.

Sample PLT HT (cm) STM girth (cm?) NOL/PLT NOB/PLT Leaf area (cm?)
Treatment 28.96* 31.56" 37.40* 67.02** 32.52**
Error 31.11 23.12 11.31 23.89 12.10

Key: PLT HT = Plant height; NOL/PLT= Number of leaves per plant; NOB/PLT = Number of branches per plant; STM GIRTH= Stem girth;

** = Highly significant at (p<0.01); * = Significant at (p<0.05).

Table 4. Mean Effect of bio-control agent of damping off on Amaranthus hybridus.

Treatment PLT HT (cm) STM girth (cm) NOL/PLT NOB/PLT Leaf area (cm?)
Seeds+ Gliocladium spp 45.67a 8.21a 23.54a 7.65a 85.67a
Seeds without Gliocladium spp 27.10b 4.12b 13.17b 2.65b 48.01b

*Means with different letter in a column are significantly different from each other. Key: PLT HT = Plant height; NOL/PLT = Number of leaves per plant;

NOB/PLT = Number of branches per plant; STM GIRTH = Stem girth.

DISCUSSION

The study revealed the microorganisms associated with
damping-off disease in Amaranthus hybridus. The
presence and isolation of these microorganisms revealed
that they are the causative agents responsible for the
death of such an economical and nutritional plant. In the
present study, Pythium ultimum and Rhizoctonia solani are
the biotic agents associated with damping-off disease of
Amaranthus hybridus in the field, which are similar to those
isolated from the inoculated seedlings suggesting that they
were probably seed-borne pathogens. Similar fungal
species have been isolated from damping-off disease in
Amaranthus hybridus plants. Lamichhane et al. (2017)
reported that damping-off diseases can be caused by a
number of biotic factors which prevent seeds to germinate
or seedlings to emerge notably those living in soil which
are Rhizoctonia solani and Pythium ultimum destroying
seeds and seedlings of almost all species of fruit,
vegetable, ornamental, and forestry crop. Also, Glen-
Karolczyk et al. (2021) in their study had a similar report
supporting the association of these fungi with the damping-
off disease.

The fungus Gliocladium virens isolated from the manure
in this study have earlier been reported to be soil-borne
and they are saprophytic organisms causing the decay of
organic matter. Their isolation from organic compost was
in agreement with the reports of Walter and Lumsden
(2019), who isolated G. virens from some organic material.

The pathogenicity test of the fungus isolated from the
infected plants confirmed that they are the causative
organisms of damping off disease of Amaranthus hybridus
plants. This was earlier reported by Al-Hussini et al. (2019)
and Dube et al. (2018) that pathogens become active
when seeds are sown, which may result in seed decay or
damping-off disease of vegetables.

In this study, the treatments had some significant effects
as bio-control agent of damping-off disease on the
performance of A. hybridus under a greenhouse

environmental condition. This might be on the relatively
controlled and are reasonably uniform, the ecological
interaction between the pathogen- antagonist and host.
This relationship was earlier reported by Lumsden and
Locke (1989). The control of several vegetable seedling
diseases caused by soil borne pathogens was reported by
Papavizas (1985) and Lamichhane et al. (2017). The use
of antagonists such as Gliocladium virens to control
vegetable seedling diseases caused by soilborne
pathogens was also reported by Maheshwary et al. (2020),
this may augment the current chemical methods of control.

The biocontrol of damping-off diseases of Amaranthus
hybridus treated seeds in this study have established that
Gliocladium virens was capable of disease suppression,
with increased in some growth parameters and reduced
seedling death. Similar reports has been reported by
Usman et al. (2013) and Sharma and Gothalwal (2017),
that seeds treated with Gliocladium virens suppressed
disease by increasing the growth parameters and reduced
seedling death induced by the pathogens for several
weeks under the greenhouse.

Conclusion

The fungal species Pythium ultimum and Rhizoctonia
solani were found associated with damping-off diseases of
Amaranthus hybridus plants. The pathogenicity test
revealed they are causative microorganisms with 100%
disease severity on the plants. Gliocladium virens isolated
from the two composts was capable of suppressing the
disease in treated seeds of Amaranthus hybridus . Its
application may assist in the establishment of healthy and
better Amaranthus seedlings both in field and the
greenhouse.
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