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Abstract

The pathogenic potential of three root-knot nematodes, Meloidogyne enterolobii, M. incognita, and M. javanica on the
guava (Psidium guajava L.), cultivar Allahabad Safeda, was investigated in a greenhouse setting. The guava seedlings
were inoculated with 0 (control), 100, 500, 1000, 1500, and 2000 s-stage juveniles (J,s) per plant. When compared to the
control, nematode-inoculated plants showed significant differences in all three Meloidogyne spp., namely M. enterolobii,
M. incognita, and M. javanica, in terms of growth parameters and nematode reproduction on the host plant. At 100 J,s
and higher inoculum levels, such as 500, 1000, 1500, and 2000 J,s per plant, the reductions in growth were discernible
compared to the control. As inoculum levels increased, root galling, egg mass production, and nematode populations all
increased. The estimated soil and root populations of M. enterolobii and M. incognita gradually increased with increasing
inoculum amounts. There was a noticeable increase in the population at all inoculum levels as compared to the lowest
inoculum level (100 J,s). As the nematode inoculum increased, both the reproduction factor (RF) and multiplication fac-
tor (MF) decreased. The present study demonstrated that M. enterolobii is highly pathogenic, M. incognita is moderately
pathogenic, and M. javanica is relatively less pathogenic to guava. At a minimum inoculum of 100 J,/plant, M. incognita
can cause damage to guava by damaging the roots and inhibiting plant growth. At an initial population density of 100
J,s/plant of M. enterolobii, the guava crop suffers the most because of extensive multiple root galling and secondary
infection by other soil-borne pathogens.

Keywords Pathogenicity - Root rot nematode - Meloidogyne incognita - Meloidogyne javanica - Meloidogyne
enterolobii

Introduction major guava-producing states in India are Uttar Pradesh,

Bihar, Assam, Madhya Pradesh, Maharashtra, West Bengal,

Guava (Psidium guajava L.), a tropical fruit, is grown
throughout many tropical and subtropical regions of the
world and is a member of the Myrtaceae family (Carneiro et
al. 2012). India is one of the main guava-producing nations
on the globe. It is grown throughout the country, usually in
backyard gardens and agroforestry production systems. The
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Orissa, and Tripura, among others. They have a combined
area of 2,87,000 ha and produce roughly 43,04,000 MT of
fruit annually (Anonymous 2020). Plant-parasitic nema-
todes are one of the main obstacles to the economic cul-
tivation of guava, among other biotic and abiotic stresses,
causing harm to the normal production of several essential
horticultural crops like vegetables and fruits, including
guava. Nematodes pose a severe threat to guava farmers,
especially given their involvement in the guava decline prob-
lem (Singh 2020). With the increase of guava-growing areas
in India, root-knot nematode infestation is becoming more
prevalent among other plant-parasitic nematodes. Poornima
et al. (2016) found a disease complex in guava in the pres-
ence of Fusarium solani and M. enterolobii. M. enterolobii
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alone is believed to affect the guava crop in Tamil Nadu to
an estimated 80% of its area, resulting in a 10.47% avoid-
able yield loss (Anonymous 2018). Root-knot nematodes
are becoming a serious threat to the cultivation of guava in
various states, including UP, Tamil Nadu, Karnataka, Guja-
rat, and West Bengal (Khan et al. 2022). India experiences
a 28% loss in guava production due to Meloidogyne spp.,
costing the country INR 2350.88 million ($32.65 million)
annually (Kumar et al. 2020). Guava is infected by multiple
species of Meloidogyne, and the extent of the damage is typ-
ically seen as a decline in the orchard and as slow-wilting
symptoms in the plants in the presence of other soil-borne
pathogens, mostly fungi. Apart from a poorly established
root system that is damaged by small and big multiple galls,
which causes the plant to die gradually, the afflicted plants
show a severe drop in plant growth and yield in terms of
quality and quantity. The guava root-knot nematode M.
enterolobii (previously known as M. mayaguensis), is a new
pest that is affecting numerous crops worldwide (Philbrick
et al. 2020). It is comparatively more pathogenic and can,
on its own, result in losses of up to 65%, which is greater
than any other species known so far (Catagnone - Sereno,
2012; Castagnone-Sereno and Castillo 2014). Furthermore,
Fusarium solani-immune trees were prone to significant
root destruction by M. enterolobii (Gomes et al. 2012).
The impact of Meloidogyne spp. on plant growth is deter-
mined by nematode species, physiological race, and initial
nematode population density in the soil. For integrated pest
management and sustainability, accurate identification,
characterization, and population density assessment of
Meloidogyne species in soil are crucial. This is important
because there is no host-plant resistance among fruit crops,
which could lower the initial nematode population density
to tolerance threshold levels. The relative pathogenic poten-
tial, threshold values, and host-parasite interactions of many
root-knot nematode species in guava are poorly understood.
Therefore, it is crucial to carry out an inoculated experi-
ment using different levels of inoculum density of nema-
tode species against a susceptible host. Considering this,
a study on the pathogenicity of M. incognita, M. javanica,
and M. enterolobii on the guava cultivar Allahabad Safeda)
was conducted to assess the relative pathogenic potential of
common root-knot nematode species.

Materials and methods

Raising, maintenance of test plants, nematode
inoculum preparation, and inoculation method

The guava seeds, cultivar Allahabad Safeda, were treated
with 10% HCI and then soaked in water for the entire
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night, which helped to break down the tough seed coat and
facilitate faster and better germination. In clay pots (15 cm
diam.), each containing 1 kg of sterile pot mixture (7 parts
clay: 3 parts sand: 1 part farmyard manure), treated seeds
were planted. 20 days after sowing the seeds, at the four-leaf
stage, the seedlings were transplanted into pots. Only one
seedling per pot was maintained throughout the experiment.
The single egg mass culture populations of Meloidogyne
incognita, M. javanica, and M. enterolobii were separately
maintained on eggplants. The nematode inoculum was
obtained from heavily infested eggplant roots on which pure
cultures of all three Meloidogyne spp. were maintained. The
egg masses from these infected plants were handpicked
with the help of sterilized forceps. The egg masses, after
being washed with distilled water, were placed in 10 cm
diameter sieves and lined with two layers of tissue paper.
Furthermore, freshly hatched second-stage juveniles (J,s)
were collected regularly every 24 h and transferred to a
beaker. The water suspension of J,s was thoroughly stirred
to homogenise the suspension just before counting, and the
total number of nematodes per ml was counted in a counting
dish under a stereoscopic microscope, and these juveniles
were used as inoculum for conducting the experiments. The
feeder roots of four-week-old guava seedlings were exposed
without causing any damage to the roots. Using a sterile
pipette, the required amount of J,s suspension was evenly
dispensed around the exposed roots and instantly covered.

Experimental details

All three species, viz., M. incognita, M. javanica, and M.
enterolobii were each studied separately for the three sets
that made up the entire study for comparison of relative
pathogenic potential under similar conditions. The plants
were placed in a complete randomized block design with six
replications and various inoculum amounts of 0, 100, 500,
1000, 1500, and 2000 J, per pot. Regular watering was given
as required. The plants were uprooted 60 days after inocula-
tion, and measurements of the shoot and root length (cm),
fresh shoot and root weight (g), number of galls per plant,
number of egg masses, number of eggs per egg mass, the
final population of nematodes from the soil, and root popu-
lation (mature and immature females) were taken. The root
galling severity was determined by root-knot index (RKI)
on a 1-5 scale:1 =no gall/egg mass; 2, 1-10; 3, 11-30; 4,
31-100 and 5, > 100 galls/egg masses in a root system (Khan
et al. 2014). Nematodes were extracted by Cobb’s decant-
ing and sieving technique (Cobb 1918) followed by the
modified Baermann’s funnel method (Schindler 1961) and
from the root system by the NaOCI-Acid Fuchsin method
(Byrd et al. 1983). The rate of reproduction factor (Rf=P{/
Pi) was estimated from the total nematode population (Pf)
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(root +soil) to the initial inoculum levels (Pi) (Oostenbrink
1966; Vovlas et al. 2008). The nematode multiplication fac-
tor [(the number of egg masses x the number of eggs per egg
mass) +nematode inoculum level] was determined accord-
ing to Kumari et al. (2016).

Identification of Meloidogyne species

Before inoculation to the pot, the single egg mass popula-
tions of Meloidogyne incognita (Kofoid & White) Chitwood,
1949, Meloidogyne javanica (Treub, 1885) Chitwood, 1949,
and Meloidogyne enterolobii Yang and Eisenback, 1983
were initially identified based on perineal pattern (Jepson
1987), and then confirmed by using sequence characterized
amplified regions (SCAR) markers (Zijlstra et al. 2000;
Tigano et al. 2010).

Statistical analyses

Both plant growth parameters and nematode pathogenicity
data were first tested for normality and homogeneity of vari-
ance using Shapiro-Wilk and Bartlett’s tests, respectively. If
normality was observed, analysis of variance (ANOVA) was
performed to identify the significant difference in respec-
tive parameters in response to nematode population density
(initial inoculum level). If significant variation (5% sig-
nificance level) was observed, Tukey’s HSD test was con-
ducted to identify significant differences among treatment
groups. If normality was not followed, a non-parametric
Kruskall-Wallis test was performed. If significant variation
was observed, Pairwise Mann-Whitney U-test was con-
ducted with ‘bonferroni’ correction to p-values. Significant
variations among treatments were denoted by letter codes
using the ‘multcompview’ package. All statistical analysis
was performed in R (version R-4.2.1, R Core Team, 2021;
https://www.r-project.org/) statistical software.

Results

Compared to the control, nematode-inoculated plants in the
guava cultivar Allahabad Safeda displayed significant dif-
ferences in all three Meloidogyne spp. egg masses, eggs per
egg mass, final population, plant growth parameters (shoot
length, fresh shoot weight, root length, fresh root weight),
root-knot index, and other growth-related metrics (Table 1).
As the inoculum levels of M. enterolobii, M. incognita, and
M. javanica increased from 100 to 2,000 J,s per pot contain-
ing 1 kg of sterilized soil after 60 days of inoculation, all
plant growth parameters of guava gradually decreased. The
affected plants’ growth seemed stunted (Fig. 1) and chlorotic

at the highest inoculum level. It was observed that the galls
formed at the highest inoculum level were more extensive
and primarily formed in the roots, and the nematode species
were found in large numbers in the root systems.

Pathogenic potential of Meloidogyne enterolobii
on guava.

Figure 1 (A-D) shows the effects of M. enterolobii on the
plant growth of guava cv. Allahabad Safeda. The treatment
with no nematodes per pot (control) showed no significant
change in shoot length, root length, shoot weight, or shoot
and root weight (fresh), while the treatments with 100, 500,
1000, and 2,000 J, per plant showed significant differences
from one another. Similar to this, as the inoculum level grew
from 100 to 2000 J, per plant, the number of galls per root,
egg masses per root, and the ultimate nematode population
in the soil gradually increased (Fig. 3A-D). The inoculum
level of 2000 J,s per plant resulted in the highest number of
galls per root (Fig. 2), egg masses per root, and final nema-
tode population in soil; the lowest number of galls per root,
egg masses per root, and final nematode population in soil
were observed in the treatment with 100 J, per plant. The
final nematode population in the soil did not substantially
differ between the treatments with 1500 and 2,000 J,/plant,
but these treatments did differ from the treatments with 100
and 1000 J,/plant (Fig. 3C), respectively, for galls per root,
egg masses per gram root. With an increase in inoculum
levels, the rate of reproduction (RF) of the root-knot nema-
tode was significantly (Kruskall-Wallis y*=24.27, p<0.01)
reduced; the rate of reproduction was highest (RF=37.62)
at the inoculum level of 100 J2s per plant, followed by 12.62
at 500 J2s per plant, and the lowest (RF=4.74) at higher
inoculum level at 2000 J,s per plant. A similar trend was
observed in the case of multiplication factor (MF), where
with increasing inoculum density, a significant (Kruskall-
Wallis *>=26.4, p<0.01) reduction in MF was observed
(Fig. 3D). The highest MF of 6.93 was observed with the ini-
tial inoculum density was 100, while the lowest MF (1.17)
was documented at an inoculum density of 2000 J,s/plant.
The lowest population level of M. enterolobii required to
cause damage to guava plants and make them pathogens for
the crop was found to be 100 J,/1000 cm3 of soil. The rela-
tive pathogenic potentials of all three species of Meloido-
gyne on guava are presented in Fig. 4 (A-D).

Pathogenic potential of Meloidogyne incognita on
guava.

Figure 1 (E-G) shows the impact of M. incognita on the

plant growth of guava cv. Allahabad Safeda. As inoculum
levels increased, the length of the shoot and the roots also
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Fig. 1 Effect of Meloidogyne enterolobii (A-D), M. incognita (E-G),
and M. javanica (H-J) on the growth of guava cv Allahabad Safeda

decreased. In comparison to the control, shoot (F, 5, = 327,
p<0.05) and root length (F, 5, = 63.9, p<0.05) significantly
decreased with higher inoculum levels, such as 100, 500,
1000, and 2000 J,. The lowest inoculum level (100 J,) had
the least impact on shoot weight (F, 5, = 44.8, p<0.05) and
root weight (F, 3, = 23.1, p<0.05). When the inoculum lev-
els were higher, between 500 and 2000 J,, the decreases in
plant growth matrices were substantial and high. While the
treatment with 100 J, per plant recorded the fewest eggs,
eggmasses per root, and ultimate low nematode population
in soil (Fig. 3A-D). However, galling was noted in all the
nematode-inoculated plants. With more inoculum present,
there were more galls per root system (Fig. 2). The maxi-
mal inoculum level (2000 J,/1000 cm3 soil) had the low-
est reproduction factor (RF=2.13) and the 100 J, level had
the highest (RF=15.44). The reproduction factor varied
significantly (Kruskall-Wallis ¥>=24.74, p<0.01) across
inoculum levels. Multiplication factor (MF) also showed
significant (Kruskall-Wallis ¥*=24.67, p<0.01) variations
across inoculum density, where the highest (2.57) MF was
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Fig.3 Effects of different inoculum levels of Meloidogyne enterolobii,
M. incognita and M. javanica on the root-knot index (RKI) of guava
cultivar cv. Allahabad Safeda. The bars in the graph represent the
mean + SE of the data from six replications. Different letters above the
error bars indicate statistically significant (p <0.05) differences in the
RKI index across inoculum density levels based on Tukey HSD post

hoc analysis
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Fig. 2 Effects of different inoculum levels of Meloidogyne enterolo-
bii, M. incognita and M. javanica on the growth parameters of guava
cultivar cv. Allahabad Safeda. The bars in the graph represent the
mean+ SE of the data from six replications. Different letters above
the error bars indicate statistically significant (p <0.05) differences in

respective plant growth parameters across inoculum levels based on
Tukey HSD post hoc analysis
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Fig. 4 Effects of different inoculum levels of Meloidogyne enterolo-
bii, M. incognita, and M. javanica on different aspects of reproductive
potential (eggs / egg-mass, egg-mass / g of root, reproduction factor,
and multiplication factor) on guava cultivar cv. Allahabad Safeda. The
bars in the graph represent the mean + SE of the data from six replica-
tions. Different letters above the error bars indicate statistically sig-
nificant (p <0.05) differences in respective parameters across inoculum
density level based on Pairwise Mann-Whitney U-test or Tukey HSD
post hoc analysis

observed at 100 J,/plant, while the lowest (0.38) MF was
documented in the case of 2000 J,/plant.

Pathogenic potential of Meloidogyne javanica on
guava.

The effects of M. javanica on the growth of Guava cv.
Allahabad are similarly shown in Fig. 1 (H-J). The treat-
ment with no nematodes (control) per pot showed no sig-
nificant change in shoot length, root length, and shoot and
root weight (fresh), but the treatments with 100, 500, 1000,
and 2,000 J, per plant showed significant differences from
one another. Similar to this, as the inoculum level grew
from 100 to 2000 J,/per plant, the number of galls per
root (Fig. 2), egg masses per root, and the final nematode
population in the soil gradually increased (Fig. 3A-D). The
inoculum level of 2000 J,/per plant resulted in the highest
number of galls per root (root-knot index 3.0), egg masses
per root, and final nematode population in the soil. The low-
est number of galls per root, egg masses per root, and final
nematode population in soil were observed in the treatment
with 100 J, per plant (Fig. 3A-D). Furthermore, it was found
that although there was no significant difference between
the treatments with 1000, 1500, and 2000 J, per plant in
respect of plant growth matrices, However, there was a sig-
nificant difference between these treatments for egg masses
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per root, eggs per egg mass, and the final nematode popula-
tion in soil compared to the treatments with 100 and 500 J,
per plant. Increases in inoculum levels resulted in a consid-
erable reduction in the rate of root-knot nematode reproduc-
tion (RF) with significant variation across inoculum levels
(Kruskall-Wallis ¥*=17.37, p<0.01); the highest RF (4.76)
was obtained at the lowest inoculum level (100 J,/1000 cm3
soil), and the lowest RF (1.6) at the highest inoculum level
of 2000 J,/plant (Fig. 3C). Thus, guava crops may suffer
damage (galling severity greater than 3.0) due to the infec-
tion of M. javanica when the soil population level is very
high (2000 per 1000 cm3 of soil). Moreover, the multiplica-
tion factor (MF) also showed significant (Kruskall-Wallis
¥*=17.37, p<0.01) variation across initial inoculum density
(Fig. 3D).

Discussion

The accurate identification of Meloidogyne spp. and the effi-
cient application of host plant resistance are essential for
the management of the root-knot nematodes affecting guava
plantations in guava-growing countries. Similarly to this,
understanding how root-knot nematodes affect plant growth
and yield are important for creating effective integrated
management programmes and is required for farmers to
comprehend the relevance of controlling the diseases caused
by the nematode species. This study has demonstrated the
significant effect on the growth of guava plants caused by
the most commonly occurring M. enterolobii, M. incognita,
and M. javanica. It also indicates the possible risk associ-
ated with the spread of these nematode species together with
serious diseases. In India, root-knot nematode (M. enterolo-
bii) causes a serious infestation in guava (Ghule et al. 2020).
We attempted to understand the pathogenic potential of M.
enterolobii under inoculated control conditions. The results
revealed that as the inoculation level increased, the vari-
ous growth characteristics decreased due to the increased
level of nematode infection. Our studies also showed the
high pathogenic potential of M. enterolobii on guava and at
a higher inoculum level, the nematode impacted the growth
substantially and displayed symptoms. Carnerio et al. (2012)
also made a similar observation, noting that P. guajava
‘Paluma’ was extremely vulnerable to M. enterolobii, which
had the greatest reproduction factor (182.4). M. enterolo-
bii causes yellowing and stunting in guava plants as well
as smaller fruits, dried branches, leaf loss, and decreased
yields. The guava tree was doomed to decline and die as
a result of the severe infestation of root-knot nematode,
which caused significant root galling (Gomes et al. 2010,
2012; Jindapunnapat et al. 2013) found heavy root galling
in addition to above-ground non-specific symptoms like
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yellowing, stunting, folded leaves, and blighted and wilted
leaves caused by M. enterolobii infection in the orchards in
central Thailand. Poornima et al. (2016) noted galls ranging
in size from tiny to 5 cm in diameter on the collar area and
lower stem regions of the guava trees.

The root-knot nematode, M. incognita, has been found
associated with guava in Uttar Pradesh (Ansari and Khan
2012) and Haryana (Madhu et al. 2019) in India and is
causing severe problems with its cultivation. Our findings
on the Allahabad Safeda guava cultivar, which was used
in the pathogenicity test with varying concentrations of M.
incognita inoculum, demonstrated a substantial reduction
in growth matrices and low to moderate root galling (RKI
2-4). Babatola and Oyedunmade (1992) established the
host status of four guava cultivars inoculating M. incognita
with more than 5,000 eggs per plant for 16 weeks and found
all four cultivars as good hosts (RKI 1.8 -5.0), and noted
severe infection at 40, 000 eggs per plant. The findings of
Villota and Agudelo (1997) on M. incognita infecting all 23
guava cultivars provided support for our results. An increase
in the inoculum level and a decline in the relative growth
parameters were indicators of growth impairment. This
result is consistent with the observations of Rodriguez et al.
(1985) and Karim (1991), who found that with the increase
in inoculum level, the number of galls, egg mass, and egg
per eggmass all increased. Similar findings were made by
Casassa et al. (1997) on the guava rootstock, P. gujava
cultivar Criolla Roja; the reproduction factor was highest
(3.47) at the lowest amount of inoculation and declined as
the inoculation level increased. On the contrary, Carneiro et
al. (2012) observed that the reproduction factor, when com-
pared to M. enterolobii, was low (RF =1.0). Therefore, the
guava was not a good host for M. incognita. The present
study also indicated a relatively low infection and reproduc-
tion rate (MF 1.57 vs. 4.61) of M. incognita as compared to
M. enterolobii.

The growth parameters of the guava cultivar Allahabad
Safeda exhibited no variation when M. javanica was inocu-
lated even at higher levels, such as 1000, 1500, and 2000 J,
per pot. Furthermore, it was observed that M. javanica on
guava in these trials displayed low root galling (RKI 2-3), a
low reproduction factor (4.76 vs. 37.6 vs. 15.44 at an inocu-
lum level of 100 J/plant) in comparison to M. enterolobii and
M. incognita. This was in agreement with the observation of
Rossi et al. (2002), who reported a resistance response in
three commercial guava cultivars inoculated with M. incog-
nita race 2 and M. javanica for four months. Carneiro et
al. (2012) assessed the host suitability of M. incognita race
1 (RF=0.03), M. incognita race 2 (RF=0.05), M. arenaria
race 2 (RF=0.0), M. javanica (RF=0.0), and M. enterolo-
bii (RF=182.4) inoculating the guava cultivar Paluma with
10,000 eggs/plant for 12 months and conclusively shown,

based on reproduction factor, that M. enterolobii is highly
pathogenic to the guava.

In summary, the present study demonstrated that M.
enterolobii is highly pathogenic, M. incognita is moder-
ately pathogenic, and M. javanica is not very pathogenic to
guava. At the lowest inoculum of 100 J,/plant, M. incognita
can cause harm to the guava and plant growth impairment.
At the initial density of 100 J,/plant of M. enterolobii, the
guava crop suffers the most due to severe damage to the
root system. However, the present findings are based on the
guava cultivar Allahabad Safeda. There might be variations
in the host responses of different cultivars to the different
species of Meloidogyne. The field soils are often infested
with more than one species of Meloidogyne species, thus the
infection of M. incognita or M. javanica induces root gall-
ing and thereby making the root system vulnerable to the
attack of other soil-borne pathogens such as fungi, leading
to disease complexes in guava.
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