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First report of root-knot nematode, Meloidogyne enterolobii on watermelon in India 
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ABSTRACT: Root-knot nematode, Meloidogyne enterolobii is a devastating species of Meloidogyne. This nematode 
was restricted only to guava. However This paper reports the occurrence of M. enterlobii on watermelon at Perur 
village, Coimbatore district, Tamil Nadu, India and it is the first record of new host of this species. Soil and root samples 
showed very high population (536 J2 / 250g soil; 123±10 adult female / 5g root). Young seedlings of watermelon 
showed multiple compound galls on the root. Seedlings expressed stunted growth and pale yellow leaves. The species 
was confirmed by comparing with the original description and using molecular characterization. The morphological 
characters of adult females, males and second stage juveniles were measured using micrometers. Female nematodes 
recorded with a average body length including neck 687.8 μm; body width 425.3 μm;  stylet length 13.8 μm; stylet knob 
height 2.8 μm; stylet knob width 4.5 μm; dorsal oesophageal gland orifice 4.90 μm and the distance from the excretory 
pore to head end 63.45 μm. Morphometric characters of female were similar to that of native population from guava and 
original descriptions. 
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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
(12
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INTRODUCTION

Plant parasitic nematodes are a major threat to 
agricultural productivity. Among major plant parasitic 
nematodes, root-knot nematodes act as obligate sedentary 
endoparasites, distributed worldwide (Jones et al., 2013) 
and pose a major threat to about 3,000 plant species (Abad 
et al., 2021). The highest global multifariousness of the 
genus Meloidogyne occurs in Asia, where 45 species 
have been reported (Subbotin et al., 2021) while fourteen 
species of root-knot nematodes are recorded in India. 
Among identified Meloidogyne spp. the four major species 
include M. incognita,  M. javanica, M. arenaria and M. 
hapla  which cause economic losses in major cultivable 
crops (Manjunadha et al., 2017). Recent report indicated 
that Meloidogyne enterolobii  is becoming an emerging 
threat to horticultural crops due to its global distribution 
with a wide host range including other important economic 
cultivable crops (Ye et al., 2013; Galbieri et al., 2020). 
Moreover, this nematode has an ability to reproduce on 
tomato genotypes carrying Mi resistance genes (Moens 
et al., 2009; Castagnone-Sereno, 2012). In India, the first 
report of M. enterolobii was by Poornima et al. (2016) in 
guava from Ayakudi village of Dindigul district in Tamil 
Nadu. Later, the species diversity in Coimbatore district 
was morphologically and molecularly confirmed and 
described by Suresh et al. (2019) and Ashokkumar et al. 
(2019). The host range of this species was restricted only to 
guava till 2022 in India but, its infection was recorded first 
time in watermelon in a village at Coimbatore distract of 

Tamil Nadu, India. This paper describes the morphometric 
characters of this species and comparison with the native 
population collected from guava. 

MATERIALS AND METHODS

Collection of soil and root samples

A composite of soil samples was collected from 
one month old watermelon field situated at Perur 
(Latitude: 10°58'30.32"N Longitude: 76°54'55.87"E), 
Coimbatore district, Tamil Nadu. A composite group of 
soil sample of about 200g of soil and galled roots were 
collected from the infested field. Similarly, soil samples 
from M. enterolobii infected guava field situated at the 
same location was also collected for comparison and 
confirmation of the nematode species. Collected soil 
samples were processed using Cobb’s decanting and 
sieving method (Cobb, 1918). The infective juveniles 
and male nematodes were extracted using Modified 
Baermann’s technique (Schindler, 1961). 

Morphological studies

The collected infective juveniles and males were 
examined under compound microscope and the 
morphological identification was done using the generic 
characters described in Mai and Lyon (1975). The 
nematodes within the infected roots were examined 
using Acid fuchsin – Lactophenol method (Bybd Jr et 
al., 1983). Matured adult females were visualized under 
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binocular stereo zoom microscope. Permanent mounts of 
infective juveniles, male and posterior cuticular pattern 
(PCP) were processed by Seinhorst method (Seinhorst, 
1959). Microscopic documentation was done using 
inverted research microscope (Nickon Ti2 Ecllipse). 

Molecular characterization

DNA was extracted from female root-knot nematodes 
using worm lysis buffer (WLB; 50 mMKCl, 10 mM Tris 
ph 8.2, 2.5 Mm MgCl2, 20 µg/ ml proteinase K, 0.45 % 
Tween 20 and 0.01% gelatine) as described by Castagnone-
Sereno et al. (2012). Single female nematode was picked 
and transferred to 1.5 ml microfuge tube. The tube 
containing single nematode was added with 25 µl worm 
lysis buffer and crushed with needle or micropipette tips. 
The tubes were centrifuged at 12,000 rpm for 2 minutes 
and supernatant were stored at -80oC for 30 min (Adam 
et al., 2007). The extracted DNA were subjected for PCR 
amplification of the 28s r RNA gene using NEM 28s F 
5’-CGGATAGAGTCGGCGTATC-3’ and NEM 28s 
R5’-GATGGTTCGATTAGTCTTTCGCC-3’primers as 
described by (Ye et al., 2015). The reaction was executed 
with a total volume of 25 µl reaction which contains 2.0 
µl of DNA, 1.0 µM primer (Forward and Reverse), 2.5 
µl of 10X buffer, 2.5 µl 200-mM of each dNTP and 2 
units of Taq polymerase enzyme and made upto 25 µl. 
The PCR cycles are followed by initial denaturation 
of 94oC for 2 min, and 40 cycles of 94oC for 30 sec, 
50oC for 1 min, and 72oC for 30 sec. The reaction was 
terminated with 72oC for 7 min. gel was viewed in an UV 
transilluminator and photographed using Alpha imager 
TM1200 documentation and analysis system (Alpha 
Innotech Corporation, San Leandro, California).The 
PCR products were sequenced at the Yaazh Xenomics, 
Coimbatore.

RESULTS AND DISCUSSION

Species Description

Morphometric description of mature females

Shape of the matured females varied from pear to 
globular and differentiable in size, prominent neck with 
varying size without any posterior protuberance. Head 
region continuous with enlarged body (Fig. 1a). Females 
were white in colour. The excretory pore situated near the 
metacarpus and slightly varying in position depending on 
the size of the nematode. Annules are distinct and visible,  
visualized at the posterior region of the nematode body. 
Stylet was thin and strong with conus curved slightly at 
the dorsal side, knobs were distinct with a slight curve 
at anterior part. DOGO varies from 4.1 to 5.5 µm in 
length from the base of the stylet. Oesophageal gland 
comprises of one large uninucleate dorsal gland and two 
small nucleated sub-ventral glands with variability in 
shape, size and glandular position. The glandular lobes 
overlaps the intestine ventrally. The measurements of 
matured females were listed in Table 1. Adult females 
recorded an average body length of 687.8 μm; body 
width 425.3 μm; neck length 275.4 μm; stylet length 
13.8 μm; stylet knob height 2.8 μm; stylet knob width 
4.5 μm; dorsal oesophageal gland orifice 4.90 μm and the 
distance from the excretory pore to head end 63.45 μm. 
Perennial pattern located at the posterior region is oval 
in shape with coarse and fine striae, dorsal arch moderate 
to high, most probably rounded in adequate specimens 
(Fig.1b). Lateral lines indistinct, presence of striae in 
lateral sides of the vulva with prominent tail tip. Though, 
the size of organelles were comparatively smaller it falls 
within the range of native guava population and original 
description. 

Table 1. Morphometrics of mature female M.enterolobii of water melon and guava populations from India

Characters Watermelon
(Present population)

Guava
(Present population)

Original Description
(Yang and Eisenback, 1983)

Body length 663.4±68.3
(580.2-854.3)

692.4±63.1
 (524.5-765.3)

735.0±92.8
(541.3-926.3)

Body width 415.0±68.3
(390.5-530.8)

435.8±63.9 
(375.1-581.6)

606.8±120.5 
(375.7-809.7)

Neck length 254.3±56.8
(179.6-311.9)

271.3±52.4 
(224.3-395.2)

218.4±74.1 
114.3-466.8)

Stylet length 15.25±1.58
(11.5-19.0)

13.7±0.6 
(13.0-14.4)

15.1±1.35 
(13.2-18.0)

Stylet knob height 2.18±0.48
(1.5-2.8)

2.6±0.47 
(2.2-3.3)

2.4±0.26 
(1.9-3.1)
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Stylet knob width
4.5±0.25
(4.0-5.1)

4.7±0.31 
(4.2-5.3)

4.9±0.39 
(4.1-5.6)

DOGO
4.9±0.22
(4.5-5.5)

4.8±0.4 
(3.6-5.5)

4.9±0.78 
(3.7-6.2)

Excretory pore to 
head end

60.3±4.8
(54.3-65.3)

64.8±4.2 
(55.1-69.3)

62.9±10.5 
(42.3-80.6)

Vulval length
29.0±1.50
(25.0-32.3)

25.8±1.3 
(22.9-28.3)

28.7±2.0 
(25.3–32.4)

Vulva anus distance
20.4±1.0

(18.2-20.7)
22.4±1.3 

(19.1-25.3)
22.2±1.8 

(19.7-26.6)

A
1.2±0.1
(1.1-1.7)

1.5±0.1 
(1.1-1.8)

1.2±0.2 
(0.9-1.9)

Figures in parenthesis are value range 

Fig.1a. Adult female nematode Fig.2. Posterior cuticular pattern of female

Male nematode

Males were vermiform in shape with long, slender 
and transparent body, tapering towards both the ends. 
Head region was slightly offset with moderate cephalic 
framework whereas the tail end was more rounded. 
Presence of strong and robust stylet, straight conus with 
cylindrical shaft with round and bigger knobs was recorded. 
Amphidal openings were slit like without annulations, 
whereas distinct annulations were present in body region. 

In some specimens, each knobs divided into two by 
a groove and the DOGO distance varied accordingly. 
Anterior region consists of a distinct procarpus, oval to 
round shaped with elongated metacarpus. Average body 
length was 1,234.50 μm; body width 34.70 μm; stylet 
length 22.23 μm; stylet knob height 2.92 μm; stylet knob 
width 4.98 μm; dorsal esophageal gland orifice 4.60 μm; 
excretory pore to head end 142.65 μm; tail length 10.45 
μm and spicule length 28.88 μm (Table 2). 
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Characters Watermelon
(Present population)

Guava
(Present population)

Original Description
(Yang and Eisenback, 1983)

Body length
1584.35±85.5

(1452.6-1672.4)
1214.7±176.6

 (850.1-1351.9)
1599.8±159.91 
(1348.6-1913.3)

Body width
41.40±3.96
(37.4-47.5)

33.1±3.1 
(27.9-39.2)

42.3±3.5 
(37.0-48.3)

Tail length
10.48±2.77
(7.4-14.6)

10.57±3.15
 (7.5-14.9)

12.5±2.24 
(8.6-20.2)

Stylet length
23.40±1.43
(21.8-25.7)

21.5±1.4 
(19.6-25.8)

23.4±0.96 
(21.2-25.5)

Stylet knob height
3.05±,0.47
(2.4-3.7)

3.1±0.3 
(2.4-3.6)

3.3±0.33
 (2.6-3.9)

Stylet knob width
5.15±0.60
(4.5-5.8)

4.7±0.3
 (3.7-7.4)

5.4±0.34 
(4.5-5.8)

DOGO
3.98±0.51
(3.3-4.7)

5.4±1.2 
(3.7-6.5)

4.7±0.4 
(3.7-5.3)

Excretory pore to head end
170.85±2.98
(166.8-174.4)

138.4±31.7 
(92.4-195.9)

178.2±11.2 
(159.7-206.2)

Spicule length
30.83±2.46
(27.8-34.3)

27.8±3.2 
(20.1-33.4)

30.4±1.2 
(27.3-32.1)

Gubernaculum length
5.85±0.49
(5.2-6.5)

7.3±0.6
 (5.7-8.4)

6.2±1.0 
(4.8-8.0)

Testis length
807.03±98.17
(674.2-922.8)

302.7±86.5 
(230.6-436.1)

-

A
38.43±1.97

(35.21-40.53)
36.7±4.0 

(30.1-42.3)
37.9± 3.2 

(34.1-45.5)

C
159.65±31.87

(114.55-196.30)
114.9±41.9 
(89.5-165.8)

131.6±24.1 
(72.0-173.4)

Figures in parenthesis are value range 

Second stage juvenile (J2)

Second stage juveniles was vermiform and very 
slender. Body length was about 425.55μm; body width 
14.53μm; stylet length 11.93μm; stylet knob height 
1.58μm; stylet knob width 2.64μm; dorsal esophageal 
gland orifice 3.25μm; excretory pore to head end 
83.43μm and tail length 53.85μm (Table 3). 

Diagnosis of M. enterolobii infestation can be 
challenging due to morphological similarities between 
it and other root-knot nematode species (Blok and 

Powers, 2009; Castagnone-Sereno et al., 2012; Min et 
al., 2012). Later, the taxonomic status was re-entered 
by Karssen et al. (2012) and concluded it as a Synonym 
of M. mayaguensis (Rammah and Hirschmann, 1988). 
The morphometric measurements were similar to the 
original description illustrated by Yang and Eisenback 
(1983). They have originally described the species M. 
enterolobii parasitizing Pacara Earpod tree in China. The 
description derived from the second stage juvenile of 
collected samples were similar to the originaldescription 
given by (Rammah and Hirschmann, 1988).

Table 2. Morphometrics of male M.enterolobii malesfrom water melon and guava populations 
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Table 3: Morphometric dimensions of M.enterolobii second stage juvenile of watermelon population and in 
comparison with guava population from India

Characters
Morphometric dimensions of J2 of M. enterolobii

Watermelon
(Present population)

Guava
(Present population)

Original Description
(Yang and Eisenback, 1983)

Body length
436.50±7.13
(428.6-447.3)

413.5±26.7 
(375-460)

436.6±16.6
 (405.0-472.9)

Body width
15.180±45
(14.7-15.9)

13.9±1.5 
(12.3-17.1)

15.3±0.9 
(13.9-17.8)

Tail length
51.0±1.70
(48.6-53.4)

50.1±7.0 
(42.7-75.1)

56.4±4.5 
(41.5-63.4)

Excretory pore to head end
91.40±2.35
(88.4-94.6)

78.9±4.3 
(73.1-92.1)

91.7±3.3
 (84.0-98.6)

Stylet length
11.30±0.68
(10.6-12.4)

12.1±0.4 
(11.4-12.3

11.7±0.5 
(10.8-13.0)

Stylet knob height
1.88±0.19
(1.6-2.1)

- 1.6±0.1
 (1.9-1.8

Stylet knob width
2.68±0.22

(2.4-3.0),8.09
- 2.9±0.2 

(2.4-3.4)

DOGO
3.08±0.33
(2.7-3.6)

2.8±0.3 
(2.3-3.8)

3.4±0.3 
(2.8-4.3)

A 28.78±0.39
(28.13-29.16)

30.0±3.2 
(24.1-35.2)

28.6±1.9
 (24.0-32.5)

C
8.56±0.16
(8.38-8.82)

8.3±1.0 
(6.1-10.6)

7.8±0.7 (6.8-10.1)

Figures in parenthesis are value range 

Molecular characterization

Nucleotide sequence of PCR product was subjected 
to BLAST analysis and the results revealed 90 –100% 
similarities with the existing M. enterolobii isolates 
available in NCBI database. These sequence result 
confirmed the identity of the species as M. enterolobii.

M. enterolobii infection in watermelon

Infected plants showed yellowing of leaves and 
stunted growth (Fig.2). The height of plants was about 
25cm±2 cm while it was about 60cm in uninfected 
plants. Root showed compound galls with an average 

of 123±10 female nematodes per 5g root. Soil samples 
recorded with 536 second stage juvenile (J2) / 250g 
soil. Kiewnick et al. (2008) reported infection of 
M. enterolobii in tomato for the first time from 
Mexico. First report on occurrence of this nematode 
in cotton was recorded by Galbieri et al. (2020) from 
Brazil. Present study revealed that the root-knot gall 
formation on the infected roots of watermelon were 
almost similar as that was reported by Poornima, 
et al. (2019) from India. These reports and present 
investigation confirms that the M. enterolobii adopts 
itself as a strong parasite to most of the agriculturally 
important crops.
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CONCLUSION

Guava root-knot nematode, M. enterolobii has a 
wide host range. In India, it was recorded only in guava 
and found to be introduced through infected seedling. 
The present study reported the damage caused by this 
nematode in watermelon crop for the first time in India. 
The crop was infected at the seedling stage itself and 
become completely yellow with prominent root-knot 
galls on the root. Molecular and morphological studies 
of the nematode confirmed the species. The current study 
is a caution to farmers and nematologists that native 
guava population becoming a pest of other economically 
important crops also. Suitable management strategy have 
to be formulated to combat this malady.
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