
© 2025 PP House

Effect of Root-knot Nematodes (Meloidogyne incognita and M. enterolobii) on Root and 
Shoot Biomass of Psidium cattleianum and Interspecific Hybrid Progenies of Guava

Ajay Kumar1*, R. Umamaheswari2 and C. Vasugi1

1Division of Fruit Crops, 2Division of Crop Protection, ICAR-Indian Institute of Horticultural Research, Bengaluru, Karnataka, 
(560 089), India

The present experiment was conducted in the Division of Crop Protection at the ICAR-Indian Institute of Horticultural Research, Bengaluru 
(Karnataka), India during 2022–2023 for nine months to investigate the effect of root-knot nematodes (M. incognita and M. enterolobii) 
on the biomass of resistant wild parent P. cattleianum, common guava; P. guajava and the interspecific hybrid progenies. Results revealed 
significant variations in the growth of shoot and root parameters among the parents and hybrid progenies. Reduction in shoot and root 
weight was recorded in all the susceptible plants whereas, the resistant species recorded increased growth parameters of both shoot 
and root. In the susceptible plants inoculated with M. enterolobii a drastic reduction in shoot weight, root weight and root length were 
observed. However, in the resistant wild species (P. cattleianum var. cattleianum and P. cattleianum var, lucidum) the growth of shoot 
and root was increased as normal. In contrast, it was noticed that the root length was decreased in susceptible plants inoculated with M. 
enterolobii due to decomposition and deterioration of roots over three to nine months whereas, resistant wild species did not express 
these kinds of symptoms. Based on the shoot and root growth parameters, this study confirms that M. enterolobii is a more dangerous, 
devastating and virulent species compared to M. incognita. This indicates that these resistant species have the potential to exploit their 
resistance in guava breeding, especially the development of resistant varieties. 

1.  Introduction

Guava (Psidium guajava L.) is one of the most economically 
important fruit crops in India and in the world. It is called 
“poor man’s apple” and “the apple of the tropics” due to 
its round-the-year availability and affordability. India is the 
largest producer of guava with an area of 287-thousand-
hectare area of guava producing 4304 thousand metric 
tonnes of guava. In terms of productivity, Brazil leads with 
17.9 tons per hectare (Anonymous, 2021). Guava is well 
known for its pleasant flavour, sweetness, delicious taste, 
and great nutritional value. Fruits are a very good source of 
vitamins, minerals, and nutrients. It contains 241 mg/100 g 
ascorbic acid, 12.2% carbohydrates, 2.3% protein, 4.8% fibre, 
0.24 mg/100 g iron, 0.22 mg/100 g zinc, and 17.63 mg/100 
g calcium. It is a good source of energy which produces 68 
calories per 100 g of fresh fruits and also a rich source of 
pectin (0.5–1.9%) (Naseer et al., 2018; Kumar et al., 2021; 
Jaglan et al., 2022).

The production of guavas is decreasing due to the disease 
complex caused by root-knot nematodes (RKNs) Meloidogyne 
species and Fusarium oxysporum f.sp. psidii. RKNs predispose 
guava roots to this fungus, which makes it more virulent and 
devastating (Gomes et al., 2014; Shukla et al., 2017; Singh, 
2020). It is a plant-parasitic and polyphagous nematode, 
mainly attacking woody plants (Gomes et al., 2008; Pommer, 
2012; Carneiro et al., 2012). It is comparatively more virulent 
and results in crop loss of up to 65% which is greater than 
any other RKN species in guava (Carneiro et al., 2012; Khan 
et al., 2022). It is widely acknowledged that M. enterolobii 
is a common and economically important disease that 
affects a variety of crops, especially guava in tropical nations 
(Rodriguez et al., 2003; Silva et al., 2008; Iwahori et al., 
2009; Gomes et al., 2012; Poornima et al., 2016; Silva and 
Santos, 2017; Singh, 2020; Collet et al., 2021). In India, the 
first report of M. enterolobii came from Tamil Nadu in 2016 
(Poornima et al., 2016). Now, it is reported from 11 states 
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Figure 1: Effect of M. incognita on shoot and root length of 
interspecific hybrid (susceptible) and their parents

Figure 2: Effect of M. incognita on shoot and root weight of 
interspecific hybrid (susceptible) and their parents

including Rajasthan, Madhya Pradesh, Uttar Pradesh, and 
Uttarakhand (Poornima and Walia, 2021; Singh, 2020). RKNs 
are rapidly threatening guava productivity because they 
cause severe damage to the root system, resulting in lower 
water and nutrient absorption. Ultimately, this impacts the 
guava plant’s growth and yield (Vishwakarma et al., 2023; 
Miranda et al., 2012; Freitas et al., 2014). 

Although nematodes are managed using chemicals, farmers 
are not usually drawn to use them because of the high cost 
and potentially harmful side effects. One of the safe, practical, 
and environmentally friendly alternatives for managing root-
knot nematodes is the use of nematode-resistant cultivars. 
Interspecific hybridization in guava has been presented as a 
viable strategy for enhancing resistance to RKNs. However, 
not much research has been carried out on how these 
nematodes affect the biomass of the roots and shoots of 
interspecific hybrids and their parents. Understanding these 
interactions is crucial for developing resistant cultivars with 
higher yields. Keeping this in mind, this study aimed to 
investigate the changes in root and shoot biomass of plants 
infected with RKNs (M. incognita and M. enterolobii).

2.  Materials and Methods

The present experiment was carried out in a glasshouse 
at the Division of Crop Protection of ICAR-Indian Institute 
Horticultural Research, Bengaluru, Karnataka (India) during 
2022–23 for nine months. Four months old seedlings 
of interspecific hybrid progenies (Arka Poorna×Psidium 
cattleianum var. cattleianum), P. guajava P. cattleianum 
var. cattleianum and P. cattleianum var. lucidum were 
subjected to challenge inoculation with M. incognita and M. 
enterolobii.  The seedlings were raised in black polythene 
covers that could hold one kg of sterilized soil. A total of 
650 plants consisting of both parents and hybrid progenies 
were subjected to screening as described by Coyne and Ross 
(2014). The culture of M. incognita and M. enterolobii was 
obtained from susceptible tomato plants. Egg masses were 
handpicked and kept for hatching on a wire mess that was 
blotted with filter paper in a Petri plate containing water. 
The hatched-out juveniles (J2) were collected in a beaker 
and homogenised the suspension culture by stirring it.  
Further, J2 was quantified in the suspension culture under 
the microscope, and then J2 was inoculated in the root zone 
of the plants @ 1000 J2 plant-1. 

The 300 interspecific hybrid progenies were used for 
inoculation with M. incognita while 200 for M. enterolobii. 30 
plants from each Psidium species were used for inoculation 
with M. incognita and M. enterolobii. The observations viz., 
shoot length (cm), root length (cm), shoot weight (g) and 
root weight (g) were recorded at 3 months, 6 months and 
9 months after challenge inoculation with M. incognita and 
M. enterolobii. 

3.  Results and Discussion

Results revealed that the maximum shoot length was 
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observed in P. cattleianum var. cattleianum (36.43 cm, 42.56 
cm, and 48.72 cm, respectively) at 3, 6 and 9 months of 
challenge inoculation with M. incognita. The shoot length 
ranged from 32.79–7.38 cm for P. guajava and 34.82 to 
40.24 cm for interspecific hybrid progenies (Figure 1). Root 
length was also recorded maximum for P. cattleianum var. 
cattleianum (30.36 cm, 34.21 cm, and 39.74 cm, respectively) 
at 3, 6, and 9 months after inoculation whereas, it varied 
from 28.43–32.13 cm for P. guajava and 23.79–28.24 cm for 
interspecific hybrid progenies (Figure 1). 

 

  

  

In M. incognita inoculated plants, the root weight was 
varied from 14.81–10.69 g for P. guajava, 10.32–15.53 g 
for P. cattleianum var. cattleianum and 12.40–9.37 g for an 
interspecific hybrid from 3 months to 9 months of period 
to inoculation (Figure 2). Shoot weight was observed to 
be varied from 22.78–14.21 g in P. guajava, 18.98–36.67 
g in P. cattleianum var. cattleianum, and 16.34–6.82 g in 
interspecific hybrid on a period of 3 months to 9 months of 
inoculation (Figure 2). 

 

 

 

  

  
The plants inoculated with M. enterolobii showed that shoot 
length range from 33.08–36.24 cm in P. guajava, 30.68–
42.92 cm in P. cattleianum var. cattleianum, and 32.91–47.44 
cm in P. cattleianum var. lucidum, whereas, in interspecific 
hybrids, it was ranged from 34.87–38.72 cm over a period 
from 3 months to 9 months after inoculation (Figure 3). The 
root length was observed in P. guajava (12.92–5.96 cm), P. 
cattleianum var. cattleianum (26.82–34.79 cm) P. cattleianum 
var. lucidum (28.91 to 38.94 cm) and in interspecific hybrids 
it was observed 31.48–18.38 cm period of 3 months to 9 
months of inoculation (Figure 2). Root weight and shoot 
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Figure 4: Effect of M. enterolobii on shoot and root weight of 
Psidium species and interspecific hybrid (susceptible)

Figure 3: Effect of M. enterolobii on shoot and root length of 
Psidium species and interspecific hybrid (susceptible)

weight was also recorded in a similar way of M. incognita. 
The variation was observed in shoot weight for P. cattleianum 
var. cattleianum and P. cattleianum var. lucidum (14.31–30.40 
g and 15.64–34.93 g, respectively), P. guajava (20.59–5.24 
g) and interspecific hybrids (17.29–6.69 g) whereas, root 
weight was varied from 10.13 to 16.21 g in P. cattleianum 
var. cattleianum, 10.87 to 18.02 g in P. cattleianum var. 
lucidum, 12.92–5.96 g in P. guajava and interspecific hybrid, 
it was observed from 10.86–6.48 g over 3 months to 9 
months of challenge inoculation (Figure 4). Infected plants 
suffer from a lack of nutrients, photosynthates, energy, and 
water, which impedes the formation and expansion of leaf 
tissues and their important elements, notably chlorophyll 
pigments. The increase of biomass above ground (shot 
weight and shoot length) was consequently inhibited by 
the infection in the roots of susceptible plants (P. guajava 
and interspecific hybrids). However, it was noticed that 
growth was not inhibited by nematode infection in resistant 
plants (P. cattleianum var. cattleianum and P. cattleianum 
var. lucidum). These findings were closely aligned with the 
findings of Vishwakarma et al. (2023).

 

 

 

  

  

 

 

 

  

 
In the current study, variation was detected in the plant 
biomass (shoot length, shoot weight, root length, and root 
weight) of Psidium species and hybrid progenies from 3 to 
9 months after challenge inoculation with M. incognita 
and M. enterolobii. Percentage of changes in shoot length, 
root length, shoot weight and root weight over 3 months 
to 9 months after challenge inoculation with M. incognita 

and M. enterolobii. In this study, M. enterolobii was found 
to be a more devastating, dangerous and virulent species 
compared to M. incognita. Results revealed an increasing 
trend in shoot length and root length for all inoculated 
plants (Table 1). However, shoot weight and root weight 
increased in P. cattleianum var. cattleianum (93.20% and 
50.48%, respectively), while a reduction in shoot and root 
weight was observed in P. guajava (-65.41% and -27.82%, 
respectively) and the interspecific hybrid (-58.00% and 
-24.44%, respectively) inoculated with M. incognita (Table 1). 
A higher percentage of the increasing shoot and root length 
was observed in P. cattleianum var. cattleianum (33.74% and 
50.48%, respectively) whereas, in P. guajava it was very low 
(14.00% and 13.01%, respectively). In plants inoculated with 
M. enterolobii, an increase in shoot length was observed in all 
the inoculated plants. The highest percentage increase was 
recorded for P. cattleianum var. lucidum and P. cattleianum 

Table 1: Effect of M. incognita on the increment of shoot 
and root biomass of Psidium species and interspecific hybrid

Psidium species and 
hybrid

Per cent increment (%)

Shoot 
length 
(cm)

Shoot 
weight 

(g)

Root 
length 
(cm)

Root 
weight 

(g)

P. guajava 14.00 -65.41 13.01 -27.82

P. cattleianum var. 
cattleianum

33.74 93.20 30.90 50.48

Arka poorna×P. 
cattleianum var. 
cattleianum

15.57 -58.00 18.71 -24.44

var. cattleianum (44.15% and 39.90%, respectively), while the 
lowest was observed for P. guajava and interspecific hybrids 
(9.55% and 11.04%, respectively) (Table 2). Root length, 
shoot and root weight were observed to increase for P. 
cattleianum var. cattleianum (29.72%, 112.44%, and 60.02%, 
respectively) and P. cattleianum var. lucidum (34.70%, 
123.33%, and 65.78%, respectively). However, there were 
observed reductions in P. guajava (-46.0%, -74.56%, and 
-53.87%, respectively) and interspecific hybrids (41.61%, 
61.30% and 40.33%, respectively). Root-knot nematode 
females promote gall development after entering the roots, 
resulting in severe disruption of xylem tissues. The upward 
transport of water and nutrients is significantly reduced as 
a result of substantial xylem channel damage. It also has a 
significant effect on root permeability to water. Female root-
knot nematodes induce nurse cell networks for constant 
feeding in infected roots, resulting in increased transfer 
of photosynthates to these infection sites, whereas the 
aboveground parts experience acute nutritional deprivation 
(Di Vito et al., 2004). This study demonstrates that root-knot 
nematode infection did not affect growth metrics in resistant 
species (P. cattleianum var. cattleianum and P. cattleianum 
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Figure 5: Plants are inoculated with M. incognita after 9 
months of challenge inoculation. A: P. cattleianum var. 
cattleianum, B: P. guajava and C: interspecific hybrid (Arka 
Poorna×P. cattleianum var. cattleianum)

Figure 6: Plants are inoculated with M. enterolobii after 
9 months of challenge inoculation. A: P. cattleianum var. 
cattleianum, B: P. cattleianum var. lucidum, C: P. guajava, 
D: Interspecific hybrid (Arka Poorna×P. cattleianum var. 
cattleianum)

Table 2: Effect of M. enterolobii on the increment of shoot 
and root biomass of Psidium species and interspecific hybrid

Psidium species and 
hybrid

Per cent increment 

Shoot 
length 
(cm)

Shoot 
weight 

(g)

Root 
length 
(cm)

Root 
weight 

(g)

P. guajava 9.55 -74.56 -46.00 -53.87

P. cattleianum var. 
cattleianum

39.90 112.44 29.72 60.02

P. cattleianum var. 
lucidum

44.15 123.33 34.70 65.78

Arka poorna×P. 
cattleianum var. 
cattleianum

11.04 -61.30 -41.61 -40.33

var. lucidum), possibly due to the inhibitory impact of root 
exudates (Li et al., 2018; Forghani and Hajihassani, 2020). 
The root exudate of P. cattleianum var. cattleianum and P. 
cattleianum var. lucidum may have nematicidal properties 
due to their resistance to M. incognita and M. enterolobii 
(Carneiro et al., 2007, 2012; Miranda, 2012; Freitas et al., 
2014; Biazatti et al., 2016; Chiamolera et al., 2018) (Figure 5). 

In the present study, the root length decreased in susceptible 
plants inoculated with M. enterolobii. It might be due to the 
decomposition, decaying and rotting of roots in susceptible 
plants inoculated with M. enterolobii. At the same time, 
symptoms were not noticed in the roots of resistant wild (P. 
cattleianum var. cattleianum and P. cattleianum var. lucidum) 
parents inoculated with M. incognita. It could be due to the 
nematicidal effect of root exudates on RKNs. This indicates 
that these species have the potential to exploit their 
resistance in guava breeding, especially the development 
of resistant varieties. After 9 months of inoculation with 
the root-knot nematodes (M. incognita and M. enterolobii), 
there was a decrease in shoot weight and root weight and a 
very slight increase in shoot length in the susceptible plants 
(P. guajava and interspecific hybrids). Due to the formation 

of heavy galls on the roots, susceptible plants have reduced 
root and shoot weight. This is linked to impaired water and 
nutrient supply to the shoot system, which in turn causes a 
reduction in photosynthetic rate, stomatal conductance, ion 
uptake, pigment synthesis, photolysis, and the induction of 
stunting, wilting, yellowing, and chlorosis of leaves (Grundler 
and Hofmann, 2011). After root-knot nematode infection, 
susceptible genotypes of guava (Gomes et al., 2012; 
Ashokkumar et al., 2014), olive cv. ‘Zard’ (Afshar et al., 2014), 
pomegranate (Poornima, 2020), and cucumber (Mukhtar and 
Kayani, 2019; El-Eslamboly et al., 2019) showed a reduction 
in plant growth parameters (shoot length, shoot weight, root 
length, and root weight).

4.  Conclusion

Root-knot nematodes had a great impact on susceptible 
interspecific hybrid progenies and P. guajava seedlings while 
resistant species i.e. P. cattleianum var. cattleianum and P. 
cattleianum var. lucidum did not express any symptoms. 
The reduction in root and shoot biomass of susceptible 
plants was observed but contrastingly, the root and shoot 
biomass was observed to be in increasing trend throughout 
inoculation time in resistant species. 

5.  Future Thrust

The present study confirmed that P. cattleianum var. 
cattleianum and P. cattleianum var. lucidum were resistant 
to M. incognita and M. enterolobii, whose growth was not 
affected by the RKNs. These resistant species can be utilized 
effectively in crop improvement programs of guava to 
develop resistant cultivars. 
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