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Effect of Pochonia chlamydosporia formulations on root-knot nematode, Meloidogyne 
incognita infestation in medicinal coleus, Coleus forskohlii 
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ABSTRACT: Coleus forskohlii is one of the valuable medicinal plants and is infected by the root-knot nematodes, 
Meloidogyne spp. Affected plants produce under sized and malformed tubers. Microbial based bioformulations  are one 
of the best solutions to contain nematode damage. Native isolate of nematophagus fungus, Pochonia chlamydosporia 
(TNAU PC2-NAIMCC0039) were tested in medicinal coleus under microplot and field conditions. The results showed 
that the soil application of talc based formulation of P. chlamydosporia (1 x 108 CFU/g) @ 1g/m2  mixed with 1 kg of 
FYM thrice at 30-day interval showed highest reduction of nematode (62.3%) with more number of tuberous root.
The formulations of P. chlamydosporia were also validated under field conditions and the results showed that the soil 
application of oil based formulation of P. chlamydosporia @  1 L /ha at the time of planting followed by 30 and 45 days 
after planting recorded highest reduction (67.8%) of nematode population.
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ABSTRACT:The melon borer, Diaphania indica (Saunders) (Lepidoptera: Pyralidae), is a serious pest of tropical and
subtropical cucurbitaceous vegetables. A suitable artificial diet is desirable for producing uniform insects for commercial
purposes or research. Four new artificial diets (D-1, D-2, D-3 and D-4) and bitter gourd, the natural host plant of D. indica,
were used for rearing D. indica, and the life parameters were compared. The results indicated that insects could complete a
full life cycle after 3 generations, only when the larvae were fed bitter gourd or the diet D-1.The new artificial diet, D-1 was
formulated based on bitter gourd leaves, Momordica charantia (L.) and chick pea, Cicer arietinum L. Developmental
parameters like egg hatching, larval duration and longevity of the adult reared on the D-1 artificial diet were found to be
significantly improved relative to the other three diets (D-2, D-3 and D-4), but were not significantly better than those reared
on the host-plant bitter gourd. However, the rearing efficiency (i.e., larval - pupal survival, developmental duration of pupa
and fecundity of adults,) on the D-1 diet was on par with the rearing efficiency on bitter gourd. There were no significant
changes in reproductive potential after five successive generations of rearing on the new diet. These results indicated that
the newly developed diet could serve as a viable alternative to bitter gourd plant for continuous rearing of D. indica.
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INTROUCTION
Diaphania indica (Saunders) (Lepidoptera :

Pyralidae), known as melon borer, is one of the key pests
of cucurbitaceous vegetables like cucumber, muskmelon,
gherkin, bottle gourd, bitter gourd, snake gourd and so
on (Pandy, 1977; Ravi et al., 1998; Tripathi & Pandy,
1973, Segeren 1983, Viraktamath et al., 2003). D. indica
has been reported from South America, the Indian
subcontinent, Far East, South East Asia, the Pacific
islands, Australia, and Africa, as causing damage to one
or the other cucurbit round the year (Ke, Li, Xu &
Zheng, 1988; Peter & David, 1990; Ravi et al., 1997,
1998; Radhakrishnan & Natarajan, 2009, Capinera, 2001;
Peter & David, 1991). The larvae of D. indica feed on
flowers, leaves and fruits of cucurbits and cause 14% -
30% yield loss in different cucurbit crops (Jhala et al.,
2005; Singh and Naik, 2006). In order to make and
streamline pest control strategies, studies must be focused
on the biology, bionomics, behaviors, and ecology of the
pest. One has to coordinate these studies for the
availability of a nonstop and satisfactory supply of high
quality experimental insects. Development of artificial diet
has a distinct advantage in that the insect can be reared

throughout the year.There were not many serious
attempts to mass multiply D. indica in the laboratory.
However Ranganath et al. (2006) concentrated on
developing a cost-effective mass rearing techniques for
D. indica. Nevertheless, there are various issues related
to the artificial diet for the continuous rearing of this
species. The disadvantages include difficulty in the
accessibility of some of the components such as tender
gherk in fruit powder throughout the year and incapability
of the diet tosupport the egg and first instar development.
Therefore, artificial diet for this species should be
enhanced for nonstop rising in the laboratory to deliver
a large amount of uniform insects. Hence the point of
this study was to build up an artificial diet suitable for
the constant rearing of D. Indica without a loss of vigor
or reproductive potential.

MATERIALS AND METHODS
Experimental insects

A laboratory culture of D. indica was established in
the Bio control laboratory of Indian Institute of
Horticultural Research (ICAR-IIHR), Bengaluru, India
(12
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INTRODUCTION

Medicinal coleus, Coleus forskohlii (Wild.) Briq. is 
one of the important a herbal plants of Indian  Medicine 
and has the native of India (Valdes et al., 1987) and 
belongs to the family Lamiaceae.  It is widely grown 
in India and other countries like Arabia, Brazil, 
Egypt, Ethiopia, Pakistan, Sri Lanka, and Tropical 
East Africa. In India, the crop is cultivated in  Tamil 
Nadu, Gujarat, Karnataka, Maharashtra and Rajasthan. 
Medicinal coleus is infected by the root-knot nematode, 
Meloidogyne spp. Four different type of Meloidoigyne 
species are common: M. javanica, M. incognita, M. 
hapla and M. arenaria. Affected crops may show slow 
or stunted growth, yellowing of leaves, wilting of the 
plant despite of adequate soil water content and finally 
leading to collapse of individual plants. Heavy infection 
of older plants results in wilt and death of plants (Singh 
et al., 2011).Nematode infection also increases the 
susceptibility of the root system to soil borne pathogens 
such as Macrophomina phaseolina and Fusarium spp. 
M. incognita in were reported from C. forskohlii and  
cause a yield reduction of upto 86 per cent (Senthamarai 
et al., 2006), while severe looses also recorded  because 
of M. arenaria infestations (Bhandari et al., 2007).
Chemical methods have been mostly used to control 
nematodes but are not environment friendly.Pochonia 
chlamydosporia has been studied as bioagent due to its 
worldwide distribution. Endophytic behavior and root 
colonization of Pochonia species have been documented 
in some Graminae and Solanaceae crop species (Kerry 
and Hirsch, 2011). This fungus was reported to parasitize 
the eggs and females of economically important species 

of plant parasitic nematodes like root knot nematodes, 
Meloidogyne sp. and cyst nematodes like Globodera sp. 
and Heterodera sp. (Crump and Kerry, 1977; Hidalgo-
Díaz et al., 2017).The present study was aimed to optimize 
dosage and period of application of P. chlamydosporia 
to suppress nematode infestation in medicinal coleus,  
C. forskohlii.

MATERIALS AND METHODS

Testing the effect of P. chlamydosporia on M. incognita

Micro-plot experiment

A root-knot nematode, M. incognita infested micro-
plot maintained in the Nematology glasshouse was used 
for this experiment. Initial nematode population was 
assessed using Cobb’s wet sieving and Baermann funnel 
technique(Cobb,1918; Whitehead and Hemming,1965).
The talc based formulation of P. chlamydosporia 
(TNAUPC2 NAIMCC0039)with 1 x 108 CFU/g was 
mixed  with vermicompost and jaggery and incubated for 
one week with 20 per cent moisture. This mixture was 
applied to the micro-plot. Then, cuttings of medicinal 
coleus (C. forskholii) var. Co 1 was planted. The same 
mixture was applied at 30 and 60 days after planting 
(DAP).Observations on soil nematode population, 
number of galls/g of root and number of tubers per plant 
were recorded. There were five treatments and each one 
was replicated four times. The experiment was subjected 
to randomized block design.

Field trial

A nematode-sick field at Salaiyur village, Dindingul 
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Table 1. Effect of P. chlamydosporia on M. incognita in C. forskohlii under micro-plot

Treatments

Soil 
Nematode 
population 
(Number/
250g soil)

Per cent 
decrease 

over 
control

Number of 
galls / g of 

root

Per cent 
decrease 

over 
control

Number 
of tubers/

plant

Per cent 
increase 

over 
control

T1 P.chlamydosporia 1g @ 
Planting + 30 DAP

269.5c

(2.431) 25.0 16.5c

(1.217) 44.0 6.5b

(0.875) 66.7

T2 P.chlamydosporia 1 g @ 
Planting + 30 DAP + 60 DAP

177.5a

(2.249)
50.6 10.75a

(1.031)
63.0 8.75a

(0.09)
71.4

T3 P.chlamydosporia 2 g @ 
Planting + 30 DAP

232.5b

(2.366) 35.3 13.0b

(1.114) 56.0 6.5b

(0.875) 66.7

T4 P.chlamydosporia 2 g @ 
Planting + 30 DAP + 60 DAP

173.25a

(2.299) 51.8 10.0a

(1.0) 66.0 9.3a

(1.088) 73.6

T5 Untreated control 359.25d

(2.555) - 29.25d

(1.466) - 2.5c

(0.399) -

CD (p = 0.05) 0.05 - 0.084 - 0.09 -
CV (%) 1.382 - 4.878 - 6.795 -

Figures in parentheses are log transformed values. In a column means with common alphabets are not significantly 
different from each other by DMRT

Table 2. Effect of P. chlamydosporia on M. incognita in C. forskohlii in field

Treatments

Nematode population in soil Root-knot galls
No. of 

nematodes / g 
of soil

Per cent 
reduction 

over control

No. of 
galls/ 5g of 

root

Per cent 
reduction 

over control

Gall 
Index

T1 Soil application of  
P. chlamydosporia 2.5kg/ha at the time of 
planting (Positive check)

255.7c

(2.408)

28.9 76.3e

(1.883)

8.2 4

T2 P.  chlamydosporia @ 2.5 kg + 100 kg of 
FYM  on 30 and 45 DAP

234.0b

(2.408)

31.2 59.3d

(1.773)

27.6 3

T3 P.  chlamydosporia @ 5 kg/ha + 250 kg 
of FYM

221.0b

(2.408)

35.5 44.3c

(1.647)

45.9 3

T4 P.  chlamydosporia @ 5 kg/ha + 250 kg 
of FYM on 30 and 45 DAP

185.3a

(2.408)

45.5 26.3b

(1.421)

67.8 2

T5 Oil based formulation of P.  
chlamydosporia @  1 L/ha + Jaggery 2 kg 
at the time of planting and 30 & 45 DAP

177.0a

(2.408)

47.9 25.3a

(1.404)

69.1 2

T6 Farmers practice - Application of 
carbofuran@1kg a.i / ha

277.0d

(2.408)

28.6 76.0e

(1.864)

8.1 5

T7 Control (Untreated) 340.3e

(2.408)

- 82.7e

(1.917)

- -

CD (p = 0.05) 0.026 - 0.081 - -
CV (%) 0.615 - 2.799 - -

Figures in parentheses are log transformed values. In a column means with same alphabets are not significantly different 
from each other by DMRT
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district of Tamil Nadu was selected to test the efficacy 
of P. chlamydosporia under field conditions. The field 
was planted with C. forskholii as previous crop with an 
initial nematode population of 215J2/250g of soil. P. 
chlamydosporia formulations of both talc and oil based 
were imposed to soil at different time intervals and 
observations on nematode infestation was recorded at the 
time of harvest. The talc based formulation was applied 
along with farm yard manure and oil based with jaggery. 
Treatments were arranged by applying randomized block 
design.

RESULTS AND DISCUSSION

Microplot

The results showed that the soil application talc based 
formulation of P. chlamydosporia 1 g / m2 mixed with 
100g of vermicompost at the time of  planting followed 
by two applications at 30 day interval significantly 
reduced soil nematode population by 50.6 per centin soil 
and number of galls by 63 per cent (Table 1). Though the 
fourth treatment with 2 g / m2 also reduced number of 
galls by 65 per cent which was on par with 1g. Hence, it 
was concluded that soil application of P. chlamydosporia 
at the rate of 1g / m2 thrice is sufficient to reduce the 
nematode population below economic level with a tuber 
yield of 9.75 per plant. Besides increase in tuber yield, 
the treated plants showed better growth. As the tubers 
are used for the extraction of medicinal component from 
coleus harmful chemical could not be applied to soil. 
Hence the application of organic based solution is more 
suitable that includes biopesticides. 

Field trial

The results of field trial showed that the nematode 
population was significantly reduced by the application 
of oil based formulation of P. chlamydosporia thrice at 
the rate of 1L/ha followed by soil application of talc 
formulation at 5kg/ha thrice. The treatment with oil 
based formulation recorded with 73.6 per cent increase 
in yield besides the reduction nematode infestation on 
root. The same treatment resulted in highest reduction 
in nematode population in soil (82%) and root (67.8%) 
with a gall index of 2. The application of carbofuran 
did not show appreciable increase in nematode 
reduction. The biocontrol potential of native isolate of 
P. chlamydosporia (TNAUPc2)was well documented 
in cucumber under polyhouse condition (Swarnakumari 
et al., 2020). The roots of C. forskholii is succulent and 
texture is similar to cucumber roots. The endophytic 
nature of P. chlamydosporia might have helped in 
colonization of eggs inside the roots. In the current study, 
the formulation was mixed either with FYM or jaggery 

that helped to provide organic source for multiplication 
of fungal conidia. This statement is supported by the 
study of Das et al. (2001) who have reported that the 
incubation of Trichoderma harzianum with FYM for 
10 days proliferated the growth. Based on findings, it is 
inferred that the application of nematophagus fungus, P. 
chlamydosporia is another option for the management 
of M. incognita in medicinal coleus. As this fungus 
possesses chlamydospore production, endophytic nature 
and growth promoting ability it is well suited for organic 
cultivation. 
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