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Efficacy of a new fungicidal molecule for the management of Phytophthora capsici in 
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ABSTRACT: Capsicum, Capsicum annuum var. grossum Sendt is an important spice and annual herbaceous vegetable 
crop in India. Phytophthora blight is a devastating disease that virtually infects every plant part resulting in root and 
crown rot, leaf blight, stem blight, and fruit rot. Hence the present investigation is carried out to test the bio-efficacy of 
novel fungicide molecules against leaf blight, stem blight, and fruit rot of capsicum. The results revealed that among 
the implemented treatments, valifenalate 6 % + mancozeb 60 % WG at 3000 g/ha was very effective in reducing leaf 
blight, stem blight, and fruit rot diseases of capsicum with a maximum fruit yield of 31.20 t/ha with B: C ratio of 3.84. 
Further phytotoxicity was tested, which revealed that there were no visual phytotoxic symptoms observed during the 
experimentation.  
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Capsicum (Capsicum annuum var. grossum Sendt), 
popularly known as bell pepper or sweet pepper, is 
an important spice and annual herbaceous vegetable 
crop grown across India (Herath et al., 2020). 
Capsicum production is very low in India, mainly due 
to the infectious diseases caused by fungi, bacteria, 
viruses, and mycoplasmas, which drastically decline 
yield (Chadha, 2003). Among the fungal infections, 
the Phytophthora blight is a devastating disease of bell 
pepper caused by the oomycete pathogen, Phytophthora 
capsica. It infects every part resulting in root and crown 
rot, on aerial parts, it causes leaf blight, stem blight and 
fruit rot (Madhura et al., 2015; Weber, 1932). 

Effective management strategies are required to 
mitigate the Phytophthora leaf blight, which includes 
cultural measures such as proper drainage facility, 
raised beds used for transplanting, drip irrigation, straw 
mulching, crop rotation for at least three years with non-
host plants, soil solarization, use of resistant varieties, 
botanicals and bio-control agents (Ristaino and Johnston, 
1999; Savitha and Sriram, 2015). Nevertheless, these 
cultural measures could have managed the disease to the 
maximum extent. The utility of fungicides at optimum 
concentration with timely application marks the ultimate 
remedy for controlling Phytophthora. The present 
investigation tests the bio-efficacy of one novel combi-
fungicide valifenalate 6 % + mancozeb 60 % WG against 

leaf blight, stem blight, and fruit rot of capsicum.

The field experiment was conducted during 2020-
21 and 2021-2022 in a randomized complete block 
design with nine treatments replicated thrice using the 
popular hybrid Green Indra with a spacing of 60 × 45 
cm. The details of the treatments and the dosage of the 
chemicals were followed as per the protocol. The first 
foliar spray of recommended fungicide was given as per 
the respective treatments before the disease infection 
period when conditions were favorable for the disease 
infection. The observations on disease incidence and 
severity of Phytophthora capsici are to be recorded 
before application and 10 days after each spray. The 
disease severity to be recorded on leaves, stem, and 
disease incidence to be recorded on fruit using the 0 to 5 
scale adopted by Inglis et al. (1988) given below (Table 
1).

To know the crop tolerance/safety, the plants were 
observed at 1, 3, 5, 7, and 10 days after each application 
for phytotoxic symptoms like leaf injury, wilting, vein 
clearing, necrosis, yellowing, stunting, epinasty, and 
hyponasty. The first picking of matured capsicum 
fruits was started approximately 50-55 days after 
transplanting. The capsicum harvested throughout 
the cropping period was noted, and the plot yield 
was computed later for hectare.
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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.

Keywords: Diaphania indica, artificial diet, reproductive potential, mass production

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
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The combi-fungicide molecule at the different 
concentrations tested against leaf blight, stem blight, and 
fruit rot disease of capsicum during 2020-21 and 2021-
22, and the pooled results revealed that the treatment 
plots sprayed with three applications of valifenalate 
6 % + mancozeb 60 % WG at 3000 g/ha (T5) with 10 
days interval has recorded minimum severity of leaf 
blight (5.50 %), stem blight (2.67 %) and fruit rot (1.84 
%) at 10 days after third spray which was followed by 
valifenalate 6 % + mancozeb 60 % WG at 2500 g/ha (T4) 
and 2000 g/ha (T3) with 6.50, 3.17 and 2.34 per cent leaf 
blight, stem blight and fruit rot, respectively and 8.67, 
5.00 and 4.17 per cent leaf blight, stem blight and fruit 
rot disease, respectively which are on par with each other 
and are significantly superior over remaining treatments 
including untreated control (39.33 % leaf blight, 21.34 % 
stem blight and 17.67 % fruit rot) (Table 2). 

Among all the tested combinations, the maximum 
percentage of reduction over untreated control of leaf 
blight, stem blight, and fruit rot diseases at 10 days after 
the third spray was recorded with valifenalate 6 % + 
mancozeb 60 % WG at 3000 g/ha (T5) (86.00 %, 87.56 
%, and 89.52 %) which was found comparable with 
valifenalate 6 % + mancozeb 60 % WG at 2500 g/ha (T4) 
(83.50 %, 85.16 %, and 86.77 %) and 2000 g/ha (T3) 
(78.16 %, 76.87 %, and 77.48 %) (Table 2). The results 
of the experiment revealed that among the implemented 
treatments, valifenalate 6 % + mancozeb 60 % WG at 
3000 g/ha (T5) recorded a maximum fruit yield of 31.20 
t/ha, which was followed by valifenalate 6 % + mancozeb 
60 % WG at 2500 g/ha (T4) and 2000 g/ha (T3) with 
31.03 t/ha and 30.59 t/ha respectively, which are on 
par with each other and are significantly superior over 
remaining treatments including the untreated control (T1 
-15.99 t/ha) (Table 2). 

The cost-benefit analysis of different treatments 
revealed that the maximum BC ratio was recorded by 

valifenalate 6 % + mancozeb 60 % WG at 2500 g/ha (T4) 
with 3.85 followed by valifenalate 6 % + mancozeb 60 
% WG at 3000 g/ha (T5) and 2500 g/ha (T3) with 3.84 
and 3.79, respectively. However, the minimum BC ratio 
(1.20) was recorded by valifenalate 10 % WG at 1500 
g/ha (T6). The phytotoxicity of combi-fungicide was 
tested at X (at 2000 and 2500 g/ha) and 2X (at 4000 and 
5000 g/ha) doses on capsicum crop, and the observations 
revealed that there were no visual phytotoxic symptoms 
such as leaf injury, wilting, vein clearing, necrosis, 
epinasty, hyponasty, yellowing, and stunting observed 
during the experimentation period. 

The obtained results agree with Matheron and 
Porchas (2000), who found that among five fungicides 
tested against the root, crown, and fruit rot of chile 
pepper, mefenoxam was the most effective compound 
for inhibiting the lesion development on stem and fruits 
at 1200 µg/ml. Verma et al. (2006) observed that among 
various fungicides spray applied on the fruit surface 
of capsicum, ridomil-MZ effectively managed the 
fruit rot by up to 86 per cent compared with untreated 
control. Keinath (2007) conducted a study to determine 
whether the isolates of P. capsici in South Carolina were 
sensitive to mefenoxam. Out of 120 P. capsici collected, 
60 isolates were susceptible to mefenoxam at 100 mg/l 
under in vitro conditions. Sumbula and Mathew (2015) 
observed that foliar spray with cymoxanil + mancozeb at 
2 g/l has resulted in 23.33 per cent Phytophthora leaf fall 
disease severity in nutmeg. Ghatak et al. (2015) found 
that combining mancozeb with cymoxanil and mancozeb 
with phenamidone rendered the fruit rot incidence 
between 8 and 9.33 per cent, respectively. Mohammad 
and Jose (2018) recorded that the incidence of fruit 
rot caused by P. capsici was 48 per cent in the control 
plot, whereas 7, 27, and 13 per cent were obtained in 
the plots sprayed with cyazofamid, dimethomorph, and 
mandipropamid, respectively. A field experiment was 
conducted to manage the foliar blight of bell pepper 

Table 1. Disease scale followed for rating of disease intensity of Phytophthora leaf blight, stem blight and fruit rot 
in capsicum

Disease Scale Plant parts affected
0 No disease
1 1-10 per cent area with lesions
2 11-25 per cent area with lesions
3 26-50 per cent area with lesions and limited chlorosis
4 50-75 per cent area with lesions and extensive necrosis
5 >75 per cent area with lesions and extensive necrosis

The data were computed to per cent disease index (PDI) using following formula given by Wheeler (1969):

Sum of numerical ratings                              100
PDI =   ---------------------------------- X ------------------------------------

                 Number of leaves observed         Maximum disease rating value
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(Phytophthora spp). Among different fungicides tested, 
foliar spray of moximate (cymoxanil 8 % + mancozeb 
64 %) at 2 g/l scored minimum disease severity (2.67 %) 
and maximum fruit yield/plant (520.50 g) (Chaudhary et 
al., 2021).

The results of the evaluation of the bio-efficacy of a 
new advanced fungicidal molecule revealed that among 
the treatments, valifenalate 6 % + mancozeb 60 % WG 
at 3000 g/ha (T5) was very effective in reducing leaf 
blight, stem blight, and fruit rot diseases of capsicum 
with maximum fruit yield of 31.20 t/ha. However, the 
maximum BC ratio (3.85) was recorded by valifenalate 
6 % + mancozeb 60 % WG at 2500 g/ha (T4). Hence, 
considering the economic point of view, valifenalate 6 
% + mancozeb 60 % WG at 2500 g/ha (3300 g. a.i. /ha) 
can be recommended for the management of capsicum 
diseases like leaf blight, stem blight, and fruit rot.
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