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Abstract

An in-vitro experiment was carried out for testing the efficacy of various
fungicides by adopting poisoned bait method against Rhizoctonia solani
(isolated from large cardamom) in Agricultural Research Station, Pakhribas.
The experiments were conducted with Completely Randomized Design (CRD)
during 2016 with four replications. Two level of concentration of the fungicides
(10 ppm and 100 ppm) were used and concentration was calculated based on
active ingredients (a.i.) of the pesticides. At lower concentration (10 ppm),
Nativo (Tubeconazole 50% + Trifloxystrobin 25 WG) and Dhanustan
(Carbendazim 50 % WP) whereas at higher concentration (100 ppm), Folicure
(Tubeconazole 25.9 %) and Saaf (Carbendazim 12 % + Mancozeb 63 % WP)
found effective for the inhibitions of mycelia growth of R. solani. For the
control of R. solani, Nativo and Dhanustan showed greatest inhibition of
mycelia growth at 10 ppm concentration as compared to other fungicides. The
fungicides containing Tubeconazole and Carbendazim as active ingredients,
shows highest degree of mycelia inhibitions as compared to others. The
fungicides found effective for inhibition of mycelia growth of R. solani in this
study should be further tested in field conditions to verify their efficacy as well
as to determine their optimum doses of application.

Keywords: In vitro evaluation; mycelial growth; Rhizoctonia solani

Introduction
Large cardamom (Amomum

subulatum  Roxb.)

is 2,500 mm and the temperature varies from 8°C to 20°C

commercially cultivated in Nepal and India (Belbase et al.,
2018) and it is the high value cash crop and main source of
income for the farmers of eastern himalayan region
(Belbase et al., 2018). It is known as, Alaichi in Nepali and
Badi Alaichi in Hindi and renounced as black cardamom,
black gold, and queen of spices (Shrestha, 2018). It is grown
in Nepal between an elevation of 600 to 2000 meter above
sea level (masl) where annual rainfall is between 1,500 to

(Paudel et al., 2018). Diseases and insects are major
problem in large cardamom production; rhizome rot is most
frequently reported disease in large cardamom orchards
(Yadav et al., 2015; Mahato et al., 2009). Rhizoctonia
solani is caused rhizome rot diseases on large cardamom
(Belbase et al., 2018).
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Rhizoctonia solani is a soil borne pathogen having a wide
host range including vegetables, cereals, legumes and
ornamental (Garcia et al., 2006). It is a basidiomycete
fungus which does not produce asexual spores (Manandhar
et al., 2018). The pathogen produces dark brown sclerotia
which are the survival structures of the pathogen and can
persist in soils for long periods of time (Agrios, 2005). The
fungus is usually recovered from soils all over the world and
is considered as a very destructive plant pathogen, with a
broad host range, and causes diseases in a great variety of
crops, including agronomical, ornamental and forestry
species (Anderson, 1982; Sneh et al., 1991). Depending on
the affected host, it causes symptoms like root rot, collar rot,
damping off, wire stem, web blight and sheath blight
(Garcia et al., 2006). Hence for searching the management
of R. solani, an in-vitro assay of several fungicides was
carried out at plant pathology lab of Agricultural Research
Station, Pakhribas, Dhankuta.

Materials and Methods

Experimental Materials and Research Design

The in-vitro experiments were conducted at Agricultural
Research Station, Pakhribas with Completely Randomized
Design (CRD) during 2016 to test the efficacy of different
fungicides (Table 1) against Rhizoctonia solani pathogen
which cause rhizome rot diseases on Large cardamom.

Isolation and culture of R. solani

For obtaining pure culture of the pathogen, diseased
rhizomes of large cardamom were cut into one cm sections
which were surface sterilized using 1% sodium
hypochlorate for one minute and rinsed with sterile water.
After drying the tissues inside laminar flow, they were
placed on water agar and incubated at 25 °C for two days
and hyphal tip culture was done on PDA plates under
aseptic conditions. The plates were incubated at 25 °C for
one week until full growth of the pathogen.

In vitro efficacy of fungicides on mycelia growth of R.
solani

Fungicides were evaluated for their efficacy to inhibit the
mycelium growth of R. solani isolates by poisoned food
technique (Schimitz, 1930). Ten fungicides (Table 2) were
used at concentration of 10 ppm and 100 ppm.
Concentration (PPM) of the fungicide was calculated based
on active ingredients (ai) of the pesticide provided by the
company on each packet (Table 2). Stock solution of each
fungicide was prepared in distilled water and incorporated
into Potato dextrose agar medium and mixed thoroughly
before autoclaving. After autoclaving the medium was
poured aseptically in sterilized petri plates of 9 cm size in
inoculation chamber and allowed to cool. Mycelial plugs of
the pathogens (5 mm) taken from a seven days old culture
was placed at the centre of each petri plate and incubated at
27°C. PDA without with water or without chemical served
as control.

Five mm circular discs of pathogen Rhizoctonia solani,
were excised with sterile cork borer from one-week old
culture and placed at the centre of PDA plates. Four petri
dishes were chosen as four replications for each treatment
and the experiment was arranged in complete randomized
design (CRD). The plates were incubated at 25 °C inside
BOD incubator. Measurement of the colony diameter of
pathogens was taken 10 days and 15 days after transfer with
the help of measuring scale. Percent growth inhibition of the
pathogen was calculated by using the following formula of
Vincent (1947).

1(%) = x 100

Where, 1= inhibition percentage
C= Colony diameter in control

T=Colony diameter in treatment

Table 1: Treatments with Agrochemicals and their concentration used in the study

SN Commercial Common Name A(_:tlve ingredients 100 ppm 10 ppm
Name (ai) (mg) (mg)
1  Antracol Propineb 70 % WP 70.0 14.3 14
2 Sectin Fenamidone 10 %+ Mancozeb 50 % WG 60.0 16.7 1.7
3 Nativo Tubeconazole 50 %+Trifloxystrobin 25 WG 75.0 13.3 1.3
4 Folicure Tubeconazole 25.9 % 25.9 38.6 3.9
5  Molodydue Iprovalilcarb 5.5%+Propineb 61.25 WP 66.8 15.0 1.5
6  Dhanucop Copperoxy chloride 50 % wp 50.0 20.0 2.0
7  Saaf Carbendazim 12 %+ Mancozeb 63 % WP 75.0 13.3 1.3
8  Dhanustan Carbendazim 50 % WP 50.0 20.0 2.0
9  Relaxyl Metalaxyl 8 % + Mancozeb 64 % WP 72.0 13.9 1.4
10 Titan Hexaconazole 5 EC 5.0 200.0 20.0
11 Control Water (Distilled) 0.0 0.0 0.0
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Statistical Analysis

MSTAT-C statistical software package was used for the
analysis of variance (ANOVA) to test the significance of
treatment effect on mycelia growth of R. solani. Duncan’s
multiple range test (DMRT) was used to compare the values
of significant treatment means at 1% level of significance.

Results and Discussions

All the tested fungicides exhibited control over the mycelia
growth of the pathogen in varying degrees and they were
significantly different from control at both concentrations
i.e. at 10 ppm and 100 ppm (Table 2). Nativo, Folicure, Saaf
and Dhanustan were individually effective against the
pathogen by maximum inhibiting the mycelia growth. At
lower concentration (10 ppm), Nativo and Dhanustan
whereas at higher concentration (100 ppm), Folicure and
Saaf completely inhibited the mycelia growth of R. solani.
It was significantly superior over other fungicides and on
par with each other. It was followed by folicure, Titan,

Antracol, Sectin, Saaf, Molodydue at lower concentration
(10 ppm) and Molodydue and Relaxyl at higher
concentration (100 ppm). Dhanucap and Relaxyl at lower
concentration and Dhanucap at higher concentration were
less effective and its value is on par with control. It was
noted that as the concentration of fungicides increased, the
mycelial inhibition is also increased. Hunjan et al. (2012)
reported that fungicides viz., trifloxystrobin+ tebuconazole,
tebuconazole and propiconazole showed higher level of
efficacy against R. solani of rice in laboratory conditions.
Among the new formulations, Nativo and Bavistin were
individually effective against the pathogen in inhibiting the
mycelia growth and sclerotial production at lower
concentration (Sriraj et al. 2014). Tiwari et al. (2002)
reported that propiconazole and hexaconazole at 1000 ppm
concentration completely inhibit the radial growth
Rhizoctonia solani. Gupta (2002) also reported that
carbendazim inhibited 95-100 per cent radial growth of
Rhizoctonia solani.

Table 2: Colony diameter of Rhizoctonia solani at 10 PPM and 100 PPM after 10 and 15 days of transfer

Mycelial growth (Colony diameter) at 10 ppm  Mycelial growth (Colony diameter) at 100 ppm

Fungicide 10 days (cm) 15 days (cm) 10 days (cm) 15 days (cm)
Antracol 2.90° 3.53P 2.80P 3.06°
Sectin 3.14b¢ 3.48P 2.03¢ 2.53¢
Nativo 0f 0¢ 0° 0°
Folicure 0.63¢ 1.01° 0¢ 0¢
Molodydue 3.90° 4.16° 2.46° 2.49¢
Dhanucop  5.422 5.492 3.39° 4.16%
Saaf 3.220¢ 3.66° 0¢ 0¢
Dhanustan  0f ¢ 0° 0°
Relaxyl 4.37% 4.75% 3.31P 4.05P
Titan 1.29¢ 1.46° 0¢ 0¢
Control 5.552 5.962 5.662 5.752
LSD 0.31 0.29 0.11 0.12
GM 2.13 2.40 1.13 1.25
F test *k*k **kx **kx *k*k
Cv 6.3% 4.5% 4.1% 7.3%

Table 3: Percentage of inhibition of Rhizoctonia solani at 10 PPM concentration of different fungicides

Percentage inhibition at 10 ppm

Percentage inhibition at 100 ppm

Fungicide after 10 days after 15 days after 10 days after 15 days
Antracol 47.8 40.8 50.5 46.8
Sectin 43.4 41.6 64.0 56.0
Nativo 100.0 100.0 100.0 100.0
Folicure 88.7 83.1 100.0 100.0
Molodydue 29.7 30.2 56.0 56.7
Dhanucop 2.3 7.9 40.0 21.7
Saaf 42.0 38.6 100.0 100.0
Dhanustan 100.0 100.0 100.0 100.0
Relaxyl 21.3 20.3 41.5 29.6
Titan 76.8 75.5 100.0 100.0
Control 0.0 0.0 0.0 0.0
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For the control of R. solani, Nativo and Dhanustan showed
greatest inhibition percent (100%) of mycelia growth at 10
ppm concentration as compared to other fungicides whereas
the concentrations increased to 100 ppm, Folicure and Saaf
also showed 100 % inhibition of the pathogen (Table 3).
The fungicides containing Tubeconazole and Carbendazim
as active ingredients, shows highest degree of mycelia
inhibitions as compared to others. The inhibitory effect of
Carbendazim on R. solani has also been reported by Kumar
et al (2017). Kadri and Kanzari (2018) also reported that
carbendazim 50% WP and tebuconazole 25.9% EC among
systemic fungicides gave maximum mycelial growth
inhibition of 83.83 and 81.70 percent, respectively under
laboratory conditions (Kadri and Kanzari, 2018).

Conclusions

In the present study, several fungicides showed as effective
control agents against R. solani, though their efficacy varied
among fungicides. These findings need further verification
by application of these treatments in infected host plants and
to find out the degree of control over the pathogen in vivo
conditions.
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