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ABSTRACT: The injection of exogenous materials into plant system for pest management is being followed since 
early years of twentieth century. Numerous studies on the tree injection have been done to explore the possibility of 
injecting chemicals into trees. Root feeding, stem or trunk injection have received significant results of nutrient and pest 
or disease management across the world. Owing to the  practical difficulties in foliar application of pesticides in tall 
trees like coconut, tree injection  became an alternative mode of pesticide delivery to target site. Although tree injections 
have some limitations, they also have some specific advantages over other methods of management such as minimized 
use of water and chemicals, reduction in the labour cost, effective management of target pests and environmental safety 
as non-target organisms can be protected from the effect of pesticides. Serious efforts are needed to standardizing of 
the technologies of administration for various chemicals under diverse environmental conditions to make it easy and 
ultimate for specify host plant / nutrient condition which cannot be properly addressed by other methods.
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INTRODUCTION

The injection of various exogenous materials into 
plants have been implemented as early in the middle of 
the twentieth century (Perry et al., 1991) and expanded in 
the 1970s. Early literatures show that supply of water to 
young transplanted trees through the cut end of the root 
was successful, thus suggested the possibility of injecting 
chemicals into trees (Cott, 1897). During 1910, tree 
injection with specific chemical, potassium ferrocyanide 
was reported for the control of insect pests (Sanford, 
1914; Shattuck, 1915). A review on ‘Methods of Tree 
Injection’ by May (1941) created interest for injection 
studies on plants. Gravitational method of liquid injection 
was reported to control the red palm weevil of coconut 
(Davis et al., 1954). Later the method of trunk injection 
with systemic insecticides has become an important 
practice against various insect pests that are difficult to 
control (Ginting and Desmier, 1987). During that period 
numerous studies on the tree injection have been done by 
North American researchers (Ferry and Gomez, 2013). 
A´cimovi´c et al. (2016) examined injection port damage 
and wound closure in apple trees. Similarly, Dalakouras 
et al. (2018) inspected the movement of hairpin and 
small-interfering RNAs in apple and grape trees. Uptake 
and translocation of antibiotics into the tree system was 
explored by Killiny et al. (2019). Berger and Laurent 
(2019) focuses on modern injection technologies and 

factors affecting the efficacy of chemicals. Leigh et al., 
(2022) reviewed the concepts of trunk injection method, 
physiological principles and concerns associated with 
the injection method. 

Considering the tree architecture of coconut, the palms 
have been exploited for pesticide administration through 
injection for management of different insect pests. 
Coconut palm, Cocos nucifera L. which belongs to family 
Arecaceae has been variously described as “console of the 
east”, “the tree of heaven”, the ‘Kalpavriksha’ because 
of its great versatility demonstrated for many domestic, 
commercial and industrial uses of its different parts like 
leaves, fruits, stem and roots. In India, coconut is grown 
under varied soil and climatic conditions in 17 States and 
3 Union Territories. The decrease in yields of coconut 
has been attributed to a number of factors consisting 
of biotic and abiotic factors. Among the biotic factors, 
the insect pests and mites are very important. Amongst 
foliage pests, coconut black headed caterpillar, Opisina 
arenosella Walker (Lepidoptera: Oecophoridae) is one 
of the major and serious pests of coconut palm in India, 
Srilanka, Bangladesh and Myanmar. The pest during its 
larval stage causes serious damage to the leaves of the 
palm. In case of severe infestation, several hundreds or 
thousands of larvae could be observed on a single palm 
and affected palm often take several years to recover 
completely (Ramkumar, 2002). 
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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
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ABSTRACT: The outbreak of leaf spot disease of arecanut caused by Colletotrichum spp. created havoc in hill and 
coastal zones of Karnataka. Colletotrichum is one among the top ten widespread plant-pathogenic fungi. The symptoms 
which are predominant on leaves were also noticed on nuts with circular or oblong to irregular brownish spots surrounded 
by larger yellow halo. Cultural characteristic of the isolated pathogen on potato dextrose agar produced dense, cottony, 
whitish to slight greyish mycelium with even margin without any zonation. Microscopic observation revealed that conidia 
with single celled, hyaline and cylindrical with rounded ends besides that length of the conidia varied from 12.06 to 
12.30 µm and width 3.8 to 4 µm having 2-3 oil globules. The ITS based sequence analysis revealed that Colletotrichum 
gloeosporioides is associated with leaf spot disease of arecanut. It is concluded that the C. gloeosporioides was found 
predominant among the isolated cultures and sole responsible for epidemic of leaf spot disease.
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INTRODUCTION

Arecanut (Areca catechu L.) is an important plantation 
crop of India belongs to the family Arecaceae. Arecanut 
industry forms the economic backbone of a substantial 
number of farm families (Balasimha and Rajagopal, 
2004). It is extensively used in India by all sections of the 
people as masticatory and in several social and religious 
ceremonies (Bhat et al., 2021). Areca nut is extensively 
cultivated in the plains and foothills of Western Ghats and 
North Eastern regions of India. Presently it is cultivated 
in 9.38 lakh ha with a production of 13.68 lakh tones and 
average productivity is 1.46 MT/ha. In Karnataka it is 
grown in an area of 4.71 lakh hectares with a production 
of 7.03 lakh tonnes and 1.49 MT/ha. The major area 
under cultivation is confined to Karnataka, Kerala and 
Assam. Among the states Karnataka stands first in area, 
production and productivity (Anon., 2022). Arecanut 
palm is affected by a number of diseases at different 
stages of growth and development. About 20 diseases, 
causing varying degrees of damage to the palm have 
been recorded in India (Bavappa, 1982). Among the 
fungal disease, leaf spot cause more catastrophic yield 
loss up to 60 percent (Hedge, 2018). In recent year’s 
leaf spot disease is epidemic in Karnataka and Kerala. 
Leaf spot of arecanut though a minor disease in the past, 
has nowbecome a major disease especially during rainy 
season. The disease began as circular to irregular spots 
which enlarged as the disease progressed. Later, the spots 
were light to dark brown in color having ash grey center, 
surrounded by dark brown margins and yellow halo. In 
severe cases, the adjacent spots eventually coalesced 

to form large irregular patches leading to blighted 
appearances and finally covered the entire leaf lamina 
turning the leaf color to pale yellow. Fungus produces the 
conidia within 3 to 5 days at 30 °C and at 90% relative 
humidity. Survival of conidia, and conidia in infected 
leaf debris was studied in soil maintained at different 
soil moisture levels. Survival of conidia declined rapidly 
under moist conditions (≥12% moisture, vol/wt.), but 
under dry conditions, viable conidia could be detected 
up to 12 months after incorporation into soil (Hartung 
et al., 1981; Mohanan et al., 1989; Salotti et al., 2022). 
Sudden outbreak of disease in traditional growing areas 
made impact on socioeconomic status and livelihood 
of farming community. Hence, early detection based 
on field symptoms and prophylactic spray should be 
followed for effective management. Therefore, present 
investigation was more focused on symptomatology of 
leaf spot disease in different growth stages of arecanut 
and molecular confirmation of etiology based on ITS 
sequence analysis. 

MATERIALS AND METHODS

Collection of disease samples: As result of epidemic of 
leaf spot disease in hill zone and coastal zones, the roving 
survey was conducted to know the disease severity. The 
diseased leaf samples of arecanut palm showing typical 
leaf spot symptoms were collected during survey from 
Shivamogga and Chikkamagaluru districts.

Isolation of pathogen: The samples were brought to the 
Arecanut Research Centre, Shivamogga. The standard 



194

tissue isolation technique was used to isolate the fungus. 
The infected portion of the leaf bits were thoroughly 
washed and cut into small pieces (1 mm) in such a way that 
each piece consisted of infected along with surrounding 
portion of healthy green tissues. The pieces were surface 
sterilized with 1% sodium hypochlorite solution for 
30 seconds followed by three successive washing with 
sterilized distilled water to remove the traces of chemical 
if any and then left for drying. After drying, the sterilized 
pieces were transferred to autoclaved Petri plates 
containing 20ml PDA media under aseptic conditions.
These Petri plates were then placed in BOD incubator at 
27±1°C for 9 days.

Morphological identification: A loopful of pure culture 
was taken from the nine days old culture and placed it 
on the slide and mixed thoroughly with lactophenol to 
obtain uniform spread. A cover slip was placed over 
it. Length and breadth of the conidia were measured 
under high power objective lens of Lawrence and 
Mayo binocular microscope (LM-52-1803-S) and TC 
capture 3.9.0 software and drivers were installed for 
image acquisition, managing and processing. Further, 
the morphological characters such as hyphae, conidial 
shape, size and oil globules were documented.

Molecular identification of the pathogen: The genomic 
DNA was extracted using Cetyltrimethyl ammonium 
bromide (CTAB) protocol given by Doyle and Doyle 
(1987). ITS1/ITS4 5′-TCCGTAGGTGAACCTGCGG-3′ 
and 5’-TCCTCCGCTTATTGATATGC-3’ primers 
were used in the experiment and PCR conditions 
were followed as initial denaturation (94°C; 5 min.), 
denaturation (94°C; 1 min.), annealing (54°C; 1 min.), 
extension (72°C; 2 min.), final extension (72°C; 10 min.) 
for 35 cycles. Separation of amplified product on 1.5% 
agarose gel. PCR product were purified using protocol 
of QIAquick PCR Purification Kit. Purified PCR product 
sequenced by Barcode Biosciences Pvt. Ltd. Bengaluru. 
Homology of obtained sequence was accomplished 
through NCBI (National Centre for Biotechnology 
Information) BLAST (Basic Local Alignment Search 
Tool) (http://blast.ncbi.nlm.nih.gov) and the sequences 
were submitted to NCBI database as OQ948330.

Phylogenetic analysis: A multiple-sequence alignment 
was carried out using comparable reference sequences 
of other Colletotrichum species which are retrieved from 
NCBI database and multiple sequence aligned using 
CLUSTAL W (Edgar and Batzoglou, 2006) algorithm 
of MEGA 6.0 software to check the genetic diversity 
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Fig. 1. Symptomatology of arecanut leaf spot disease incited by C. gloeosporioides A-B. Indicates small, circular or 
oblong to irregular brownish spots on leaves. C. Circular brown spots on thenuts. D. Brownish spot on leaf sheath. E-F. 
Severely blighted symptoms of leaves lead to drooping.
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among different Colletotrichum isolates (Tamura et al. 
2013). Phylogenetic relationships were analyzed by the 
distance methods. The distance matrix for the aligned 
sequences was calculated using Kimura’s two parameter 
model (Kimura 1980), and analyzed with the neighbor-
joining (NJ) method (Saitou and Nei 1987) using MEGA 
(Molecular Evolutionary Genetics Analysis program) 
version 6, excluding positions with gaps. The reliability 
of the inferred tree was estimated by bootstrap analysis 
(Felsenstein, 1985).  The final trees were displayed using 
Clustal Omega multiple alignment package (Sievers and 
Higgins, 2021).  

RESULTS AND DISCUSSION

Symptomatology of leaf spot disease of arecanut: 
The initial symptoms of the leaf spot disease appeared 
as small, circular or oblong to irregular brownish spots 
(Figure 1). The center of the spot was grey or straw 
color surrounded by yellow halo. In the advanced stages, 
spots coalesced to give a blighted appearance to the 
leaves.Similar symptoms were observed by Hegdeand 
Hegde(1986) in anthracnose disease of arecanut. Based 
on survey it was observed that fungal infection was also 
noticed even on nuts.

Morphological characterization of isolated culture 
on potato dextrose agar: The cultural characteristic of 
the isolated pathogen on Potato dextrose agar produced 
dense, cottony, whitish to slight greyish mycelium 
with even margin without any zonation (Figure 2). 
Microscopic observation (40X Microscopic field) 
revealed that acoenocytic, hyaline hyphae with profuse 
branching habit. Conidia with single celled, hyaline and 
cylindrical with rounded ends besides that length of the 
conidia varied from 12.06 to 12.30 µm and width 3.8 to 
4 µm having 2-3 oil globules. Microscopic observations 
are in confirmatory with literatures of Weir et al. (2012) 
and Hassan et al. (2018) in citrus anthracnose from New 
Zealand and persimmon anthracnose from South Korea, 
respectively. 

DNA sequences of obtained isolates were compared 
using bioinformatics tool like NCBI (National Centre 
for Biotechnological Information) blast programme. 
Based on sequence comparison, nucleotide sequences of 
the ITS1/ITS4 region of the ribosomal DNA of isolates 
had 100% homology with C. gloeosporioides isolates 
available in the NCBI. Thus, obtained isolates were 
confirmed as Colletotrichum gloeosporioides.

Phylogenetic analysis: The Cladogram (Figure 3) 
obtained from MEGA 6.0 software showed that obtained 
sequence grouped with Colletotrichum gloeosporioides 
and compared with reference sequences of different 
species which fell in different group when it was rooted 
with Colletotrichum xanthorrhoeae. The results obtained 
are in agreement with the results obtained by earlier 
workers Serra et al. (2011) and Zivkovic (2017). 

CONCLUSION

The pathogen causing leaf spot disease of arecanut 
was isolated and identified based on symptomatology 
and ITS based molecular conformation as Colletotrichum 
gloeosporioides. However, on the basis of available 
literature, this is the recent report from Karnataka. 

Fig. 2. Pathogen isolated on PDA media and 
microscopic view of conidia (40X)

Fig. 3. Phylogenetic analysis of different isolates of 
C. gloeosporioides
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