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Abstract: The host status of eighteen progenies (CRP 01-12 to CRP 16-12, CRP 
19-12 and CRP 20-12) and two cultivars (FB 200 Yellow Master and FB 300 Ara-
guari) of yellow passion fruit to Meloidogyne incognita race 2 was evaluated 
in a greenhouse experiment. The height and the biomass of the plants, besides 
the numbers of galls, eggs and second-stage juveniles in roots and soil were 
assessed after 70 days of cultivation of the genotypes and tomato (control) 
in plastic pots with 2 kg of soil infested with 5,000 eggs of the nematode. The 
reproduction factor of the pathogen (RF = Final population/Initial population) 
was calculated for classifying the genotypes as immune (RF = 0), resistant (RF 
< 1) or susceptible (RF ≥ 1). The cultivar FB 200 is resistant to M. incognita race 
2 and can be cultivated in areas infested with this nematode.  
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INTRODUCTION

The yellow passion fruit (Passiflora edulis Sims) is grown in almost all states 
of Brazil, especially on small farms. Due to the constant demand for fruit juice 
industry processing, passion fruit culture is an important source of income for 
many families in the country. However, the Brazilian passion fruit productivity 
is still low (Reis et al. 2012), and the occurrence of diseases is one of the main 
drivers of this scenario. Early plant death, defoliation, delay in fruit ripening and 
reduced pulp yield are some of the symptoms caused by pathogens of passion 
fruit that reduce the production and fruit quality.

The passion fruit grows in the same area of   cultivation for several years. 
Thus, soil-borne pathogens that attack the root system of the plant, such as 
root-knot nematodes (Meloidogyne spp. Goeldi), may be responsible for reducing 
the longevity of the same orchard or non-viability of the crop in the infested 
area (Dias-Arieira et al. 2010). Worldwide, the species Meloidogyne incognita 
(Kofoid and White) Chitwood is one of the most widespread and aggressive, 
with the largest host range, in which the passion fruit is included (Moens et al. 
2009, Fisher et al. 2010, Rocha et al. 2013).

The use of resistant varieties is the most suitable method for managing 
nematodes (Ferraz et al. 2010). The selection of passion fruit genotypes resistant 
to polyphagous nematodes, such as M. incognita, as well as maintenance of the 
productive potential of the plant in the presence of nematodes can generate 
an alternative growing option in infested areas and limited to planting host 
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crops. However, few studies have been conducted in Brazil in order to select passion fruit genotypes resistant to only 
the root-knot nematode (Sharma et al. 2002, 2004, Garcia et al. 2008, El-Moor et al. 2009, Garcia et al. 2011, Rocha 
et al. 2013) an only Garcia et al. (2008) evaluated the reaction of two cultivars (Afruvec and Maguary) to race 2 of M. 
incognita. Thus, the aim of this study was to evaluate the reaction of 18 genotypes were selected from the Genetic 
Breeding Program of the Universidade Federal de Viçosa and two cultivars (FB 200 Yellow Master and FB 300 Araguari) 
of passion fruit to M. incognita race 2.

MATERIAL AND METHODS

The 18 genotypes of passion fruit (CRP 01-12 to CRP 16-12, CRP 19-12 and CRP 20-12) were considered superior 
for productivity and fruit quality; they were recombined and selected in previous cycles of selection among and within 
families structured in half sib. The FB 200 Yellow Master and FB 300 Araguari cultivars were also included in the work 
because they are commonly grown in Brazil.

The inoculum of M. incognita race 2 was obtained from pure populations maintained in tomato (Solanum lycopersicum 
L. ‘Santa Cruz’) grown in 2-L plastic pots containing 2 kg of soil: autoclaved sand (120 0C for 2 h) mix (1:1, v/v) under 
greenhouse conditions.

 Seedlings of passion fruit genotypes were also grown in plastic pots containing 2 kg of soil substrate:autoclaved sand. 
Inoculation with a suspension of M. incognita eggs occurred when the plants reached the 10-leaf stage. Each plant was 
inoculated with a 2-mL suspension containing 5000 eggs of the nematode deposited into two holes in the soil near the 
plant stem (4 cm away from the stem and 5 cm deep). The pathogen eggs were extracted by the technique of Hussey 
and Barker (1973), modified by Boneti and Ferraz (1981). The plants were grown in a greenhouse for 70 days. During 
this period, the mean maximum and minimum temperatures were 35.5 and 18.5 0C, respectively.

The experiment was evaluated by measuring plant height, shoot biomass and fresh roots, and by counting the numbers 
of galls and nematode eggs in the roots and the second stage juveniles (J2) in the roots and soil. The assessment of the 
number of galls per plant was performed by direct counting with the naked eye and converting to the gall index (GI) 
proposed by Taylor and Sasser (1978), where: Note 0 = no gall rating; Note 1 = 1–2 galls; Note 2 = 3–10 galls; Note 3 = 
11–30 galls; Note 4 = 31–100 galls; and Note 5 = more than 100 galls. The extractions of the eggs in the roots, J2 in the 
roots and soil were made following the methods proposed by Boneti and Ferraz (1981), Coolen and D’Herde (1972) and 
Jenkins (1964), respectively. Eggs and vermiform stages of nematodes were counted with the aid of a Peters chamber 
and observation under a stereoscopic microscope, at a magnification of 40 times.

The reproduction factor (RF) of the nematode was calculated using the ratio of the final population of the nematodes 
in roots and soil to the initial population (5000 eggs), introduced during inoculation. The genotypes of passion fruit 
were rated for resistance to nematodes by their RF, where: RF = 0 is immune (I); 0 < RF < 1 is resistant (R); and RF ≥ 1 
is susceptible (S) (Oostenbrink 1966).

The experiment was conducted using a randomized complete block design with 21 treatments (20 genotypes of passion 
fruit + tomato) and four replications, with each plot represented by three plants kept in separate pots. Non-inoculated 
plants were maintained to compare the effects of the nematode on the growth of passion fruit genotypes, making a 
20 x 2 factorial (genotypes x with or without M. incognita). ‘Santa Cruz’ tomatoes were used as a susceptible control.

The data were submitted to normality (Shapiro-Wilk test) and homogeneity of experimental error tests (Levene 
test) and then were subjected to analysis of variance at the 5% probability by an F test, processed or not for log10(x). 
The treatment means were compared by the Scott-Knott test at 5% probability, with the exception of the GI, where 
Friedman’s test at the 5% probability was used.

RESULTS AND DISCUSSION

There was no gall formation on any of the 20 genotypes (Table 1), equivalent to note 0. On the other hand, hundreds 
of thousands of eggs and galls were observed in tomato roots (note 5), confirming that the viability of the inoculum and 
environmental conditions during the experiment allowed the nematodes to complete their life cycle. For the criterion 
proposed by Taylor and Sasser (1978), all genotypes and cultivars can be considered resistant, since the GI was equal to 
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zero. However, the interaction between Meloidogyne and passion fruit does not necessarily result in galling, as reported 
by Garcia et al. (2008) and Rocha et al. (2013). In some cases, few galls can be formed, but the plant still behaves as a good 
nematode host (El-Moor et al. 2006). The nematodes can penetrate the roots and induce root transformation of cells 
by injection of esophageal secretions. In most pathosystems involving nematode galls, the hyperplasia and hypertrophy 
processes occur in infected roots (Castagnone-Sereno et al. 2013). The galling process results in hyperplasia, or cell 
division of root tissue altered by the action of nematode secretions. However, the establishment of the nematode in 
roots depends mainly on formation and maintenance of giant cells, which serve as nutrient reservoirs and results from 
hypertrophy processes (Castagnone-Sereno et al. 2013).

Thus, even in the absence of the typical symptoms of galls, Meloidogyne species can infect and replicate in host 
tissue as long as the giant cells are formed. It is possible to infer that such a situation occurred with half of the genotypes 
(CRP 03-12, CRP 04-12, CRP 05-12, CRP 07-12, CRP 09-12, CRP 10-12, CRP 12-12, CRP 14-12, CRP 15-12 and FB 300), 
considering that the numbers of nematodes in the roots of these plants ranged from 12,163 (CRP 04-12) to 31,391 (CRP 
03-12), with population growth between 2.4 and 6.2 times the amount of initial inoculum (Table 1). Because the juveniles 
hatching efficiency cannot be absolute (Castagnone-Sereno et al. 2013), the population increase in this case could have 
been much higher. On the other hand, the number of nematodes in the roots was lower than the initial inoculum (FB 
200), and in other genotypes numbers ranged up to 10,757 (CRP 06-12) juveniles or eggs, with no difference between 
them (Table 1).

In turn, based on the RF of the nematode, it was observed that all genotypes drastically reduced the final population 
of M. incognita in comparison to the susceptible tomato control (RF 0.5 - 6.3 and 764.9, respectively) (Table 1). However, 
only the FB 200 can be considered resistant to M. incognita race 2 by allowing an RF smaller than 1 (Oostenbrink 
1966). It is possible that this genotype limits processes vital to the establishment of the nematodes and the formation 
or maintenance of giant cells, and/or it is possible that inhibitory substances are produced in the roots (Pegard et al. 

Table 1. Reaction of 20 genotypes of passion fruit (Passiflora edulis f. flavicarpa) and tomato (Solanum lycopersicum ‘Santa Cruz’) to 
Meloidogyne incognita race 2 at 70 days of cultivation in greenhouse

Genotypes GI1 Numbers of nematode in the roots (eggs + 
stage juveniles)*2

Numbers of stage juveniles in 
the soil* 2 RF*2 Resistance

(RF)
CRP 01-12 0 b  5,333.8 c 100.0 c     1.1 b S
CRP 02-12 0 b 10,083.8 c 185.0 c     2.1 b S
CRP 03-12 0 b 31,391.4 b 180.0 c     6.3 b S
CRP 04-12 0 b 12,163.6 b 430.0 b     2.5 b S
CRP 05-12 0 b 18,375.8 b 176.2 c     3.7 b S
CRP 06-12 0 b 10,757.3 c 522.5 b     2.3 b S
CRP 07-12 0 b 15,137.1 b 537.5 b     3.1 b S
CRP 08-12 0 b 9,706.4 c 292.5 b     2.0 b S
CRP 09-12 0 b 17,555.4 b 242.5 b     3.5 b S
CRP 10-12 0 b 26,783.4 b 122.5 c     5.4 b S
CRP 11-12 0 b 7,575.1 c 122.5 c     1.5 b S
CRP 12-12 0 b 14,970.2 b 192.5 c     3.0 b S
CRP 13-12 0 b 8,091.7 c 192.5 c     1.6 b S
CRP 14-12 0 b 22,005.6 b 162.5 c     4.4 b S
CRP 15-12 0 b 12,580.7 b 442.5 b     2.6 b S
CRP 16-12 0 b 5,015.8 c 222.5 b     1.0 b S
CRP 19-12 0 b 7,623.3 c 160.0 c     1.5 b S
CRP 20-12 0 b 6,740.5 c 267.5 b     1.4 b S
FB 200 0 b 2,089.1 c 300.0 b     0.5 b R
FB 300 0 b 15,748.5 b 155.0 b     3.1 b S
Tomato 5 a 3,816,000.0 a           8,666.3 a 764.9 a S
CV (%) 6.7 13.40   35.63 47.87 -

Average of four replications. Means followed by the same lower-case letter in the column do not differ by the Friedman (1) or Scott–Knott tests (2) at 5% probability. * Data 
transformed in log10 (x) for statistical analysis, with original values   shown in the table. CV = coefficient of variation. GI (gall index; Taylor and Sasser 1978), where: Note 0 
= no gall; Note 1 = 1–2 galls; Note 2 = 3–10 galls; Note 3 = 11–30 galls; Note 4 = 31–100 galls; and Note 5 = more than 100 galls. Reproduction factor (RF), where RF = 0 is 
immune (I); 0 < RF < 1 is resistant (R); and RF ≥ 1 is susceptible (S) (Oostenbrink 1966).
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2005, Proite et al. 2008). Histological and biochemical studies in the future could elucidate the events responsible for 
the resistance of the cultivar FB 200. The pathogen RF of progeny CRP 16-12 was approximately 1 (Table 1). Thus, while 
allowing the nematode to reproduce in its tissues, the growth rate of the population is low; this genotype may be 
considered in future breeding programs for resistance to M. incognita race 2.

The vegetative development of passion fruit varied depending on the interaction between genotypes and the 
presence of M. incognita race 2 in the soil (Table 2). The mass of the shoots (MSH) of the plants was reduced when 
the crop occurred in soil infested with the nematode compared to those of non-infested plots, with the exception of 
genotypes CRP 02-12, CRP 06-12, CRP 07-12, CRP 10-12, CRP 13-12, CRP 20-12 and FB 200, of which MSH values were 
similar in both conditions. In turn, plant height and the mass of the roots (MR) were not reduced due to nematode 
parasitism in most genotypes. Only progenies CRP 01-12, CRP 07-12, CRP 10-12 and cultivar FB 300 Araguari grew less 
in the presence of nematodes, and there were reductions in MR in genotypes CRP 05-12, CRP 08-12 and CRP 11-12 in 
infested soil (Table 2). In infested soil, there was no difference in MSH and MR among genotypes, while the heights of 
progenies CRP 01-12, CRP 02-12, CRP 03-12, CRP 07-12, CRP 08-12, CRP 12-12, CRP 13-12 and CRP 20-12 were higher 
than other materials (Table 2).

Changes in plant development in the presence of nematodes depend mainly on density and aggressiveness of the 
inoculum, the environmental conditions and the genotype involved (Fourie et al. 2010, Santos et al. 2012). In general, 
changes in the absorption and translocation of water and nutrients induced by parasitic nematode gall activity can delay 
the growth of the root, thereby contributing to a reduction in plant growth (Sharma et al. 2001). Due to the similarity of 
inoculum conditions and environment between treatments, the genetic variability among genotypes allowed different 
responses among the genotypes of passion fruit (Wilcken et al. 2005, El-Moor et al. 2009). While the parasitic nematode 
induces a reduction in the development of some genotypes of passion fruit (Sharma et al. 2001), others tolerate the 
presence of the pathogen (Sharma et al. 2004, Wilcken et al. 2005, El-Moor et al. 2009).

The cultivar FB 200 Yellow Master is resistant to M. incognita race 2. Considering the presence of numerous areas 
infested with this nematode in Brazil, producers now have this cultivar as a farming option.

Table 2. Vegetative development of 20 genotypes of passion fruit (Passiflora edulis f. flavicarpa) grown in a greenhouse in pots con-
taining soil infested (SI) or not infested (SNI) with Meloidogyne incognita race 2

Genotypes
Mass of the shoots (g)* Mass of the roots (g) Plant height (m)
SI SNI SI SNI SI SNI

CRP 01-12 103.6 Ba 147.3 Aa 63.8 Aa 52.5 Ba 2.5 Aa 2.0 Bb
CRP 02-12 111.8 Aa 125.7 Ab 54.4 Aa 60.2 Aa 2.6 Aa 2.2 Aa
CRP 03-12   96.9 Ba 134.0 Aa 55.6 Aa 57.1 Aa 2.3 Aa 2.1 Ab
CRP 04-12   92.3 Ba 131.8 Aa 52.5 Aa 59.1 Aa 2.2 Ab 1.8 Ac
CRP 05-12   86.1 Ba 162.3 Aa 48.3 Ba 67.3 Aa 2.0 Ab 2.1 Ab
CRP 06-12   99.0 Aa 111.5 Ab 57.5 Aa 49.3 Aa 2.1 Ab 1.7 Ac
CRP 07-12 102.9 Aa 106.2 Ab 43.2 Aa 50.1 Aa 2.4 Aa 1.9 Bb
CRP 08-12  92.2 Ba 142.1 Aa 47.0 Ba 59.4 Aa 2.3 Aa 2.4 Aa
CRP 09-12 92.1 Ba 115.2 Ab 50.0 Aa 56.4 Aa 2.0 Ab 1.6 Ac
CRP 10-12    103.0 Aa 104.6 Ab 55.6 Aa 58.8 Aa 2.1 Ab 1.5 Bc
CRP 11-12 92.2 Ba 125.1 Ab 52.1 Ba 65.0 Aa 1.9 Ab 1.6 Ac
CRP 12-12 92.1 Ba 108.5 Ab 50.2 Aa 55.7 Aa 2.2 Aa 1.9 Ab
CRP 13-12    115.5 Aa 125.1 Ab 54.5 Aa 53.0 Aa 2.4 Aa 2.5 Aa
CRP 14-12    102.6 Ba 160.4 Aa 58.0 Aa 50.7 Aa 2.1 Ab 2.4 Aa
CRP 15-12 99.0 Ba 148.4 Aa 57.7 Aa 58.1 Aa 2.0 Ab 2.0 Ab
CRP 16-12 92.0 Ba 113.8 Ab 51.1 Aa 61.9 Aa 2.0 Ab 2.1 Ab
CRP 19-12    104.2 Ba 136.7 Aa 57.6 Aa 52.8 Aa 2.1 Ab 1.7 Ac
CRP 20-12    107.0 Aa 118.0 Aa 55.3 Aa 57.9 Aa 2.3 Aa 2.2 Ab
FB 200    102.0 Aa 111.5 Ab 49.3 Aa 55.2 Aa 1.8 Ab 1.8 Ac
FB 300      92.4 Ba 123.9 Ab 54.1 Aa 55.0 Aa 2.0 Ab 1.3 Bc
CV (%) 2.49 14.20 14.27

Average of four replications. Means followed by the same lower-case letter in the column and capital letter on the line do not differ by the Scott-Knott test at 5% probability. 
* Data transformed to log10 (x) for statistical analysis. Original values   are shown in the table. CV = coefficient of variation.
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