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Abstract  

 
The aggressiveness and rapid spread of Meloidogyne paranaensis in several coffee-producing regions of Brazil has drawn 

considerable attention. Some coffee cultivars are resistant to root-knot nematode. Especially a limited number of ungrafted Arabica 

cultivars have shown resistance. Therefore, this study aimed to identify resistance to M. paranaensis in C. arabica progenies. 

Seedlings were inoculated with 5,000 M. paranaensis eggs at second-stage juveniles, and the treatments consisted of 19 F5 progenies 
of C. arabica derived from a probable natural “Icatu H4782-7-925” × “Sarchimor 1669-33” cross. Resistance was identified by the 

reduced reproduction factor (RRF) and host susceptibility index (HSI). In all of the progenies, fewer eggs and second-stage juveniles 

were observed per gram of root (nematodes.g-1) relative to the susceptible control ‘Catuaí Vermelho IAC 99.' In almost all of the 

progeny, 100% of the plants showed a resistance response (HR, R and MR) according to either index (RRF and HSI). This resistance 
is probably originated from the parental “Icatu H4782-7-925”, which is the source of resistance. All of the F5 progenies were resistant 

to M. paranaensis, and 17 of the 19 progenies studied did not segregate for this trait. Individual plants of these progenies with good 

agronomic traits will be advanced to next generation to obtain new cultivars. All the resistant progenies might be advanced 

individually, especially those that present the best agronomic characteristics are selected and has the potential to become new 
cultivar. 
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Abbreviations: ‘Apoatã’_‘Apoatã IAC 2258’; ‘Catuaí’_‘Catuaí Vermelho IAC 99’; HR_highly resistant; HS_highly susceptible; 
HSI_host susceptibility index; IAPAR_Instituto Agronômico do Paraná; FP_final populations; IP_initial populations; 

MR_moderately resistant; MS_moderately susceptible; nematodes.g-1_eggs and second-stage juveniles per gram of root; R_resistant; 

RF_reproduction factor; RRF_reduction in reproduction factor; S_susceptible. 

 

Introduction 

 

Coffee is a major commodity worldwide, and Brazil is its 

largest producer and exporter (Nishijima et al., 2012). Coffea 
arabica L. is the most commercially important coffee species 

and accounts for more than 70% of the cultivated coffee area 

worldwide. Plant-parasitic nematodes, especially from the 

genus Meloidogyne Goeldi, are a major problem because they 
reduce coffee crop yield and expansion (Campos and Villain, 

2005). 

The aggressiveness and rapid spread of M. paranaensis 

(Carneiro et al., 1996) in several coffee-producing regions of 
Brazil have drawn attention to its negative effects (Castro et 

al., 2008; Barros et al., 2011). The species is difficult to 

control, and there are few resistant cultivars, and once 

established in an area, M. paranaensis eradication is 
practically impossible (Gonçalves and Silvarolla, 2007). 

Additionally, a number of naturally occurring weeds 

throughout the majority of agricultural regions in Brazil are 

hosts for M. paranaensis (Roese and Oliveira, 2004).  
The main strategy for managing plant-parasitic nematodes 

is preventing their spread. For areas already infested, the 

most recommended control method is genetic through the use 

resistant cultivars. However, sources of resistance are 
considered rare in C. arabica (Gonçalves and Silvarolla, 

2007). The most widely planted coffee cultivars in the world, 

including ‘Caturra’, ‘Catuaí’ and ‘Mundo Novo’, have low 
genetic variability and are susceptible to the major pests and 

diseases that attack coffee plants, including nematodes 

(Bertrand et al., 1999). Therefore, the resistance to M. 

paranaensis reported in other Coffea sp., including C. 
canephora Pierre ex Froehner (Sera et al., 2006), is essential 

for developing novel cultivars.  

The “Icatu” is an Arabica coffee genotype carrying C. 

canephora genes and have shown resistance to M. 
paranaensis (Gonçalves and Silvarolla, 2007; Ito et al., 2008; 

Matiello et al., 2010). The cultivar ‘IPR 100,’ which is 

derived from a cross between “Catuaí” and coffee plants from 

the BA-10 series and carries C. liberica Hiern genes, is 
resistant to M. paranaensis as well as to races 1 and 2 of M. 

incognita, with the resistance most likely arising from C. 

liberica (Sera et al., 2007, 2009; Ito et al., 2008; Kanayama et 

al., 2009). Wild accessions of C. arabica from Ethiopia that 
are resistant to M. paranaensis have also been identified 

(Anthony et al., 2003; Boisseau et al., 2009). 

One technique that has been widely recommended is 

hypocotyledonary grafting using rootstock composed of 
cultivar ‘Apoatã IAC 2258’ of C. canephora, which is 
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resistant to Meloidogyne exigua Goeldi (Salgado et al., 2005), 

Meloidogyne incognita (Kofoid and White) Chitwood and M. 

paranaensis (Sera et al., 2006; Fonseca et al., 2008). This 

method has allowed for the short-term cultivation of coffee in 
infested areas (Fonseca et al., 2008). However, using it in 

place of ungrafted cultivars causes certain disadvantages, 

including its segregation rate for nematode susceptibility (10 

to 15%) and increased replanting requirements, 
approximately 10 to 15%, due to this segregation (Gonçalves 

and Silvarolla, 2007). 

Although certain coffee cultivars are resistant to nematodes 

only a limited number of ungrafted Arabica cultivars have 
shown resistance. Thus, the aim of this study was to identify 

resistance to M. paranaensis in C. arabica progenies.  

 

Results  
 

Nematodes.g-1, RF, RRF and HSI 

 

By the Scott-Knott test, the susceptible control, cultivar 

‘Catuaí’, was significantly different from the resistant control 

‘Apoatã’ and the studied progenies in all parameters 

(nematodes.g-1, RF, RRF and HSI) (Tables 2, 3 and 4). It 

showed a higher mean number of nematodes.g-1 (16,322.6) as 
expected (Table 2). Basing on the same test, all the progenies 

did not differ from the resistant control ‘Apoatã’, for all 

parameters.  

The means for the progenies were approximately 19 to 77 
times lower than for the susceptible control ‘Catuaí’. In 

‘Apoatã’, the number of nematodes.g-1 was 23 times lower 

than in ‘Catuaí’. The data showed a small increase in the 

number of nematodes relative to the initial population for 
‘Apoatã’ (RF = 1.48). This increase did not occur in the 

progenies that presented RF < 1.0, classified as resistant, 

except for progeny IAPAR 12306 with RF of 1.33. In turn, 

‘Catuaí’ had an RF of 26.19, which is consistent with a good 
susceptibility pattern.  

 

Resistance level of the progenies  

 
Based on RRF (Table 3), all of the progenies were classified 

as HR, surpassing the ‘Apoatã’ resistant control, which was 

classified as R. Except for progenies IAPAR 12315 and 

IAPAR 12321, in which 91% of the plants were between HR 
and MR and 9% were MS plants, all of the remaining 

progenies were classified between HR and MR. In seven 

progenies, 100% of the plants were classified between HR 

and R, and in progenies IAPAR 12320 and IAPAR 12322, 
100% of the plants were classified as HR. All of the ‘Apoatã’ 

plants were between HR and MR. The low rate of susceptible 

plants in progenies IAPAR 12315 and IAPAR 12321 may 

have been caused by cross-fertilization (5 to 10%) that can 
occur in C. arabica in the field, where the seeds used for this 

experiment were collected.  

Using the HSI, both the progenies and resistant control 

were classified as R (Table 4). For all progenies, 100% of the 
plants were classified as HR, R and MR. For ‘Apoatã’ 91% 

of the plants were classified as resistant (HR, R and MR) and 

9% were classified as MS. In eight progenies, 100% of the 
plants were classified between HR and R, and none of the 

plants of these progenies were classified as 100% HR.  

 

Discussion 
 

Meloidogyne paranaensis has a strong ability to destroy the 

root system of coffee plants (Gonçalves and Silvarolla, 2007; 

Silva et al., 2009). This behavior may have negatively impact 

the resistance classification of the plants when only the 

reproduction rate of the nematodes is considered, which also 

occurs when only the RF and RRF are considered. Thus, the 

HSI (Gonçalves and Ferraz, 1987 modified) was used as an 
alternative analysis parameter because it considers the 

nematodes.g-1 root. In this study, the mean response of the 

progenies differed between the RRF and HSI. According to 

the RRF, the mean response was HR for all progenies but 
only R for ‘Apoatã’. However, using the HSI, the mean 

response of the progenies and ‘Apoatã’ were both R.  

Resistance to M. paranaensis has been reported in 

genotypes of coffee plants carrying genes from C. canephora 
and C. liberica (Gonçalves and Silvarolla, 2007; Ito et al., 

2008; Sera et al., 2009; Matiello et al., 2010). The “Icatu” 

was originated from a cross between C. canephora and C. 

arabica cv. Bourbon Vermelho, and then was backcrossed 
with “Mundo Novo”. The presence of resistance has been 

detected in “Icatu” selections, such as line 925 (Matiello et 

al., 2010; Carneiro et al., 2013), IPR 106 (“Icatu”) (Ito et al., 

2008) and ‘Icatu Vermelho IAC 3888’ (Gonçalves and 

Silvarolla, 2007). The Line 925 of “Icatu”, which has been 

identified by other authors as resistant to M. paranaensis, is 

the same line that was used in this study as the parent plant. 

Therefore, it is likely that resistance of the F5 progenies, 
observed in this study, originated from the parent plant “Icatu 

H4782-7-925”. However, it cannot be ruled out that the 

pollinator “Sarchimor 1669-33” conferred resistance because 

another study has shown the resistance to M. paranaensis in a 
selection (IAPAR 88480-8) made inside of “Sarchimor 1669-

33” (Sera et al., 2009).  

In this study, the F5 progenies identified as resistant are 

important for coffee farming because the rootstock ‘Apoatã 
IAC 2258’ has several disadvantages and cultivar IPR 100 is 

currently the only cultivar recommended for use without 

grafting. Furthermore, several arabica coffee lines have been 

segregated for resistance. The resistance of “Icatu H4782-7-
925” was shown in a field study, although susceptible 

segregants have also been found for this genotype (Carneiro 

et al., 2013).  

For all of the progenies studied here, 100% of the plants 
showed resistance (HR, R and MR) according to both indices 

(RRF and HSI) except for those in treatments IAPAR 12315 

and IAPAR 12321, where 9% of the plants were MS as 

classified by the RRF. When 100% of the plants showed 
some level of resistance (HR, R or MR), these progenies are 

likely homozygous for resistance to M. paranaensis. The 

high frequency of resistant plants in these progenies may 

have been caused by the establishment of the F1, F2 and F3 
generations in areas infested with M. paranaensis; therefore, 

the coffee plants with high yield selected in these areas were 

most likely resistant, and coffee plants with low yield were 

likely susceptible and not selected.  
The rootstock ‘Apoatã IAC 2258’ has some disadvantages, 

including a low rate of segregation for susceptibility 

(Gonçalves and Silvarolla, 2007). In this study, we observed 

9% of the ‘Apoatã’ plants classified as MS by the HSI. In 
nematode-free areas, coffee plants grafted onto ‘Apoatã IAC 

2258’ are less productive (Dias et al., 2009; Paiva et al., 

2012) and have less vegetative growth (Oliveira et al., 2004; 
Dias et al., 2011) than the same coffee plants grown without 

grafting. Therefore, it is likely that this increased yield and 

vegetative growth in ungrafted plants would also occur in 

nematode-infested areas.  
As reported previously, sources of resistance to M. 

paranaensis already exist, but there are few ungrafted coffee 

cultivars available that show such a response. Resistant 
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Table 1. Pedigree of 19 F5 progenies of Coffea arabica from a probable natural “Icatu H4782-7-925” x “Sarchimor 1669-33” cross 

and controls tested for resistance to Meloidogyne paranaensis. 

F5 Progenies Pedigree 

IAPAR 12306 HN 87609-15-6-6-2 

IAPAR 12307 HN 87609-15-6-6-3 

IAPAR 12308 HN 87609-15-6-6-4 

IAPAR 12309 HN 87609-15-6-6-6 
IAPAR 12310 HN 87609-15-6-6-7 

IAPAR 12311 HN 87609-15-6-6-10 

IAPAR 12312 HN 87609-15-6-6-11 

IAPAR 12313 HN 87609-15-6-6-12 
IAPAR 12314 HN 87609-15-6-6-13 

IAPAR 12315 HN 87609-15-6-6-14 

IAPAR 12316 HN 87609-15-6-6-15 

IAPAR 12317 HN 87609-15-6-8-5 
IAPAR 12318 HN 87609-15-6-8-6 

IAPAR 12319 HN 87609-15-6-9-1 

IAPAR 12320 HN 87609-15-6-9-2 

IAPAR 12321 HN 87609-15-6-9-11 

IAPAR 12322 HN 87609-15-6-14-4 

IAPAR 12323 HN 87609-15-6-14-5 

IAPAR 12324 HN 87609-15-6-14-15 

‘Catuaí Vermelho IAC 99’ Susceptible control 
‘Apoatã IAC 2258’ Resistant control 

The F5 progenies 12306 to 12316 were originated from the same F4 plant (HN 87609-15-6-6) (Table 1). The progenies 12317 and 12318 were originated from F4 plant 

HN 87609-15-6-8. The progenies 12319 to 12321 were originated from F4 plant HN 87609-15-6-9. The progenies 12322 to 12324 were originated from F4 plant HN 

87609-15-6-14. The selection by the genealogical method was initiated in the F2 generation, in plant number HN 87609-15.  

 

 

 

Table 2. Mean number of Meloidogyne paranaensis eggs and second-stage juveniles per gram of roots (nematodes.g-1) and 
reproduction factor (RF) in Coffea arabica progenies. 

F5 Progenies Nematodes.g-1(1) RF(2) Reaction(3) 

IAPAR 12307 210 a 0.62 a R 

IAPAR 12310 238 a 0.55 a R 
IAPAR 12314 239 a 0.76 a R 

IAPAR 12311 264 a 0.78 a R 

IAPAR 12324 272 a 0.43 a R 

IAPAR 12313 289 a 0.64 a R 
IAPAR 12317 325 a 0.61 a R 

IAPAR 12321 360 a 0.99 a R 

IAPAR 12319 367 a 0.82 a R 

IAPAR 12309 389 a 0.82 a R 
IAPAR 12312 391 a 0.58 a R 

IAPAR 12315 417 a 0.85 a R 

IAPAR 12308 436 a 0.75 a R 

IAPAR 12318 457 a 0.61 a R 
IAPAR 12320 476 a 0.42 a R 

IAPAR 12322 520 a 0.40 a R 

IAPAR 12316 584 a 0.76 a R 

‘Apoatã IAC 2258’(resistant control) 719 a 1.48 a S 
IAPAR 12306 772 a 1.33 a S 

IAPAR 12323 856 a 0.83 a R 

‘Catuaí IAC 99’(susceptible control) 16,324 b 26.19 b S 

CV%   13.86 23.12  
(1)Means followed by the same letter were not different by the Scott-Knott test (p<0,01). Data were log(x) transformed. (2)Means followed by the same letter were not 

different by the Scott-Knott test (p<0,01). Data were √𝑥 + 1 transformed. (3)R = resistant; S = susceptible. Reaction by RF. 
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Table 3. Mean response and percentage of coffee plants classified as highly resistant (HR), resistant (R), moderately resistant (MR), 

moderately susceptible (MS), susceptible (S) and highly susceptible (HS) to the nematode Meloidogyne paranaensis based on the 

reduced reproduction factor (RRF). 

Progenies F5 RRF(1) RL(2) HR R MR MS S HS 

IAPAR 12306 95 a HR 73 9 18 0 0 0 

IAPAR 12307 97 a HR 73 27 0 0 0 0 

IAPAR 12308 97 a HR 91 9 0 0 0 0 

IAPAR 12309 97 a HR 82 9 9 0 0 0 
IAPAR 12310 98 a HR 91 0 9 0 0 0 

IAPAR 12311 97 a HR 82 18 0 0 0 0 

IAPAR 12312 98 a HR 82 9 9 0 0 0 

IAPAR 12313 98 a HR 91 0 9 0 0 0 
IAPAR 12314 97 a HR 73 9 18 0 0 0 

IAPAR 12315 97 a HR 73 18 0 9 0 0 

IAPAR 12316 97 a HR 91 9 0 0 0 0 

IAPAR 12317 98 a HR 82 0 18 0 0 0 
IAPAR 12318 98 a HR 82 9 9 0 0 0 

IAPAR 12319 97 a HR 82 9 9 0 0 0 

IAPAR 12320 98 a HR 100 0 0 0 0 0 

IAPAR 12321 96 a HR 73 18 0 9 0 0 

IAPAR 12322 98 a HR 100 0 0 0 0 0 

IAPAR 12323 97 a HR 73 18 9 0 0 0 

IAPAR 12324 98 a HR 91 9 0 0 0 0 

‘Apoatã IAC 2258’ 95 a R 55 27 18 0 0 0 
‘Catuaí Vermelho IAC 99’(3) 0 b HS - - - - - - 

CV% 10.89 
       (1)Means followed by the same letter were not different by the Scott-Knott test (p<0,01). (2)Resistance level (RL) by RRF. (3)Cultivar used as reference to calculate the RRF. 

 

Table 4. Mean response and percentage of coffee plants classified as highly resistant (HR), resistant (R), moderately resistant (MR), 

moderately susceptible (MS), susceptible (S) and highly susceptible (HS) to the nematode Meloidogyne paranaensis based on the 

host susceptibility index (HSI).  

F5 Progeny HSI(1) RL(2) HR% R% MR% MS% S% HS% 

IAPAR 12306 4.8 a R 9 73 18 0 0 0 

IAPAR 12307 1.3 a R 45 55 0 0 0 0 

IAPAR 12308 2.7 a R 18 82 0 0 0 0 

IAPAR 12309 2.3 a R 18 73 9 0 0 0 

IAPAR 12310 1.4 a R 27 73 0 0 0 0 

IAPAR 12311 1.4 a R 27 73 0 0 0 0 

IAPAR 12312 2.5 a R 36 64 0 0 0 0 

IAPAR 12313 1.7 a R 27 73 0 0 0 0 

IAPAR 12314 1.4 a R 45 45 9 0 0 0 

IAPAR 12315 2.5 a R 27 64 9 0 0 0 

IAPAR 12316 3.6 a R 9 82 9 0 0 0 

IAPAR 12317 1.7 a R 18 73 9 0 0 0 

IAPAR 12318 2.8 a R 27 55 18 0 0 0 

IAPAR 12319 2.3 a R 9 82 9 0 0 0 

IAPAR 12320 2.8 a R 18 73 9 0 0 0 

IAPAR 12321 2.1 a R 9 82 9 0 0 0 

IAPAR 12322 3.2 a R 9 91 0 0 0 0 

IAPAR 12323 5.4 a R 9 64 27 0 0 0 

IAPAR 12324 1.7 a R 55 45 0 0 0 0 

‘Apoatã IAC 2258’ 4.4 a R 45 36 9 9 0 0 

‘Catuaí IAC 99’(3) 100.0 b HS - - - - - - 

CV% 31.82 

       (1)Means followed by the same letter were not different by the Scott-Knott test (p<0,01). Data were √𝑥 + 1 transformed. (2)Resistance level (RL) by HSI. (3) Cultivar used as 

a reference to calculate HSI.  
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ungrafted cultivars, such as IPR 100 (Sera et al., 2009) have  

become more popular in Paraná State, Brazil and shown good 

results in the field. Another cultivar with good potential that 

has yet to be released is ‘IPR 106’ (“Icatu”) (Ito et al., 2008). 
The progenies studied here are not significantly different 

from ‘Apoatã’ because they have a lower nematode 

multiplication rate, do not segregate for susceptibility, and 

were classified as resistant at nearly 100%. Therefore, the F5 
progenies with 100% resistant plants will be used to create 

the next generation by self-fertilization because they show 

great potential for development as M. paranaensis-resistant 

coffee cultivars. By the Scott-Knott test, all the progenies 
were classified in only one group which also included the 

tough standard Apoatã.  

 

Materials and Methods 

 

Plant materials  

 

In 1987, a natural hybridization between an “Icatu H4782-7-

925” plant (female) and “Sarchimor 1669-33” occurred in the 

municipality of Astorga, state of Paraná, Brazil. Seeds of one 

plant of “Icatu H4782-7-925” were collected in Astorga and 

planted in a Meloidogyne paranaensis-infested area located 
in Centenário do Sul, state of Paraná, Brazil, in 1988. From 

this population in Centenário do Sul, one plant, presumably 

the natural F1 hybrid (HN 87609), was identified that had a 

higher yield inside the population and was smaller than “Icatu 
H4782-7-925” and completely resistant to rust. The dwarf 

stature trait is controlled by one pair of dominant factors 

named Ct (Carvalho et al., 1984) and complete resistance to 

rust is also controlled by dominant major genes (Bettencourt 
et al., 1980, 1992). “Icatu H4782-7-925” is a tall plant with 

susceptibility to coffee leaf rust (Hemileia vastatrix Berk. et 

Br.) and “Sarchimor 1669-33” is a dwarf plant with 

resistance to rust. In Astorga, “Sarchimor 1669-33” plants 
were located in proximity to the harvested “Icatu H4782-7-

925” plants with the unique dwarf genotype with resistance to 

rust, indicating that the “Sarchimor 1669-33” plants were the 

pollinators of the natural hybrid.  
Seeds from this single rust-resistant plant (HN 87609), 

were harvested in 1991, and F2 plants were planted in 1992 in 

another area of Centenário do Sul, which was infested with 

the same nematode. The F2 population segregated according 
to plant size and rust resistance, confirming that a natural 

hybridization had occurred. Seeds from an F2 plant (HN 

87609-15) were collected and used to produce an F3 

generation in another M. paranaensis-infested area located in 
the municipality of Munhoz de Melo, Paraná, Brazil, in 1995. 

The seeds from an F3 plant (HN 87609-15-6) were collected, 

and the F4 plants were used in a study in 2002 conducted at 

the IAPAR, Londrina, Paraná, Brazil, using an experimental 
design without nematodes. In an experiment at IAPAR in 

2006, individual F4 plants (HN 87609-15-6-6; HN 87609-15-

6-8; HN 87609-15-6-9; HN 87609-15-6-14) were selected to 

produce the F5 generation in a nematode-free area using an 
experimental design. In this study, resistance to M. 

paranaensis was analyzed using seeds from 19 distinct F5 

individuals from four F4 plants (Table 1). The C. arabica cv. 
‘Catuaí Vermelho IAC 99’ and C. canephora cv. ‘Apoatã 

IAC 2258’ were used as susceptible and resistant controls, 

respectively (Table 1).  

 

 

 

 

 

Experimental setup 

 

The experiment was conducted in a randomized block design 

with 21 treatments, 11 replicates and plots containing one 
plant.  

The experiment was conducted in a greenhouse at the 

IAPAR headquarters in Londrina, Paraná, Brazil 

(23°21'20.0"S 51°09'58.2"W) between March and July 2013. 
The maximum and minimum air temperature during the 

experiment was 26.5 ºC and 15.6 ºC, respectively. Seedlings 

were obtained by planting in germinators that contained sand 

and were located in the IAPAR seedling nursery. When the 
seedlings reached the cotyledon stage, they were transplanted 

into 700 mL plastic pots to grow until they had developed 

three to four pairs of leaves, and they were subsequently 

inoculated.  
The substrate was formulated to contain a 1:1 mixture of 

soil and sand and previously sterilized in an oven dryer at 

100°C for three hours with moisture at field capacity. In 

every 72 L soil, 230 g single super phosphate, 22 g KCl, 24 g 

urea and 72 g dolomite limestone were added. Soil 

fertilization and soil pH correction were performed based on 

a chemical analysis of the soil. 

 

Collection, quantification and inoculation of Meloidogyne 

paranaensis 

 

The M. paranaensis inoculum was extracted from pure 
populations confirmed by electrophoresis and multiplied in 

tomato plants (cultivar ‘Santa Clara’) and coffee plants 

(cultivar ‘Catuaí’) for approximately nine months in a 

greenhouse. Eggs were collected using the method described 
by Hussey and Barker (1973) with modifications. Egg 

concentration was measured in a Peters’ counting chamber, 

and the suspension was adjusted to 1,000 eggs. ml-1. A total 

of 5,000 M. paranaensis eggs (Initial population = IP) were 
inoculated in three holes (approximately 1 cm deep) around 

each plant.  

 

Extraction of nematodes  
 

Extraction was performed 110 days after inoculation. The 

root system of the plants was carefully washed in running 

water and weighed. The eggs were then collected from the 
roots using the method in Hussey and Barker (1973) with 

modifications, and after extraction, the number of eggs and 

juveniles was counted in a Peters’ counting chamber to obtain 

the final population (FP). The number of nematodes.g-1 was 
calculated from the root system weight and nematode count 

data.  

 

Resistance evaluation 
 

The RF was calculated using the formula FP/IP, where RF ≤ 

1 = resistant and RF > 1 = susceptible (Oostenbrink, 1966). 

The RRF and HSI were used to classify the levels of 
resistance of the progenies. The RRF was calculated using 

the following formula: RRF = [(RF of the susceptible control 

– RF of the treatment) / RF of the susceptible control] × 100 
(Moura and Regis, 1987). Based on the RRF, the genotypes 

were classified using a modified version of the scale of 

Moura and Regis (1987), where 0 to 25% = HS; 25.1 to 50% 

= S; 50.1 to 75% = MS; 75.1 to 90% = MR; 90.1 to 95% = R; 
and 95.1 to 100% = HR. 
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The HSI was obtained using the following formula: HSI = 

(nematodes.g-1 for the treatment/nematodes.g-1 for the 

susceptible control) × 100 (Gonçalves and Ferraz, 1987, 

modified). The HSI values were used to classify the level of 
resistance of the coffee plants using a modified version of the 

criteria in Fassuliotis (1985) where 0 to 1% = HR; 1.1 to 10% 

= R; 10.1 to 25% = MR; 25.1 to 50% = MS; 50.1 to 75% = S; 

and 75.1 to 100% = HS.  
The RF, RRF and HSI were calculated from the means of 

the plots. The percentage of plants with different levels of 

resistance, which was determined by the RRF and HSI, was 

calculated using the data from individual plots of the 
susceptible control and data from the respective treatment 

plots. The percentages of resistant (HR, R and MR) and 

susceptible (MS, S and HS) plants were used to determine 

whether the allele(s) for nematode resistance in the progeny 
were homozygous or heterozygous.  

 

Statistical analysis 

 

The nematodes.g-1, RF, RRF and HSI data were tested for 

normality using the Shapiro-Wilk test, and the homogeneity 

of the variances was evaluated by Hartley’s test at 5% 

probability. The data were transformed to log(x) for 

nematodes.g-1 and to √𝑥 + 1  for RF and HSI. For RRF was 

not used transformation. A subsequent analysis of variance 

and the means were compared by the Scott-Knott test 

(p<0.01).  
 

Conclusions 

 

All of the F5 progenies of the coffee plants derived from a 
probable natural cross between “Icatu H4782-7-925” and 

“Sarchimor 1669-33” showed resistance to M. paranaensis. 

Seventeen of the 19 progenies studied did not segregate for 
this trait.  

 

Acknowledgments 

 
The authors would like to thank the Instituto Agronômico do 

Paraná (IAPAR), National Council for Scientific and 

Technological Development (CNPq), Coffee Research 

Consortium/Embrapa Café , Universidade Estadual de 
Londrina (UEL) and Fundação Araucária for providing 

financial support.  

 

References 

 

Anthony F, Topart P, Astorga C, Anzueto F, Bertrand B 

(2003) La resistencia genética de Coffea spp. a 

Meloidogyne paranaensis: identificación y utilización para 
la caficultura latinoamericana. Man Integr Plag Agroecol. 

67:5-12. 

Barros AF, Oliveira RDL, Zambolim L, Ferreira AO, 

Coutinho RR (2011) Meloidogyne paranaensis attacking 
coffee trees in Espirito Santo state, Brazil. Australas Plant 

Dis Notes. 6:43-45. 

Bertrand B, Aguilar G, Santacreo R, Anzueto F. El 

mejoramiento genético en América Central. In: Bertrand B, 
Rapidel B (1999) Desafíos de la caficultura en 

Centroamérica. IICA/PROMECAFE-CIRAD, San José.  

Bettencourt AJ, Lopes J, Palma S (1992) Factores genéticos 

que condicionam a resistência às raças de Hemileia 
vastatrix Berk et Br. dos clones-tipo dos grupos 1, 2 e 3 de 

derivados de Híbrido de Timor. Brot Genet. 13:185-194.  

 

Bettencourt AJ, Noronha-Wagner M, Lopes J (1980) Factor 

genético que condiciona a resistência do clone 1343/269 

(Híbrido de Timor) à Hemileia vastatrix Berk et Br. Brot 

Genet. 1:53-58. 
Boisseau M, Aribi J, Sousa FR, Carneiro RMDG, Anthony F 

(2009) Resistance to Meloidogyne paranaensis in wild 

Coffea arabica. Trop Plant Pathol. 34:38-41. 

Campos VP, Villain L (2005) Nematode parasites of coffee, 
cocoa and tea. In: Luc M, Sikora RA, Bridge J (eds) Plant 

parasitic nematodes in subtropical and tropical agriculture. 

CAB International, Wallingford UK. 

Carneiro RG, Souza MG, Moita AW, Correia VR, Carneiro 
RMDG (2013) Manejo integrado de Meloidogyne 

paranaensis utilizando sucessão de culturas, resistência 

genética e controle biológico. Boletim de pesquisa e 

desenvolvimento 296. Embrapa Recursos Genéticos e 
Biotecnologia, Brasília. p24. 

Carneiro RMDG, Carneiro RG, Abrantes MO, Santos 

MSNA, Almeida MR (1996) Meloidogyne paranaensis n. 

sp. (Nemata: Meloidogynidae), a root-knot nematode 

parasitizing coffee in Brazil. J Nematol. 28:177-189.  

Carvalho A, Medina Filho HP, Fazuoli LC (1984) número de 

locos e ação gênica de fatores para porte pequeno em 

Coffea arabica L. Bragantia. 43:425-442. 
Castro JMC, Campos VP, Pozza EA, Naves RL, Andrade 

Júnior WC, Dutra MR, Coimbra JL, Maximiniano C, Silva 

JRC (2008) Levantamento de fitonematoides em cafezais 

do Sul de Minas Gerais. Nematol Bras. 32:56-64. 
Dias FP, Carvalho AM, Mendes ANG, Vallone HS, Carvalho 

GR (2009) Produção de cafeeiros Coffea arabica L. pés 

francos, autoenxertados e enxertados em Apoatã IAC 2258. 

Cienc Agrotec. 33:484-487. 
Dias FP, Mendes ANG, Carvalho AM, Vallone HS, Carvalho 

SP, Ferreira AD (2011) Desenvolvimento de cafeeiros 

enxertados em Apoatã IAC 2258 cultivados no campo 

isento de nematóides. Coffee Sci. 6:203-211. 
Fassuliotis G (1985) The role of the nematologist in the 

development of resistant cultivars. In: Sasser JN, Carter 

CC (eds) An advanced treatise on Meloidogyne: biology 

and control, 1st vol. University Graphics: North Carolina 
State, Raleigh. 

Fonseca AFA, Ferrão RG, Ferrão MAG, Volpi PS, Verdin 

Filho AC, Fazuoli LC (2008) Cultivares de café Robusta. 

In: Carvalho CHS (ed) Cultivares de café: origem, 
características e recomendações. Embrapa Café, Brasília. 

Gonçalves W, Ferraz LCCB (1987) Resistência do cafeeiro a 

nematoides. II. Teste de progênies e híbridos para 

Meloidogyne incognita raça 3,1. Nematol Bras. 11:125-
142. 

Gonçalves W, Silvarolla MB (2007) A luta contra a doença 

causada pelos nematoides parasitos do cafeeiro. O 

Agronômico. 59:54-56. 
Hussey RS, Barker KR (1973) A comparison of methods of 

collecting inocula for Meloidogyne spp., including a new 

technique. Plant Dis Rep. 57:1025-1028. 

Ito DS, Sera GH, Sera T, Santiago DC, Kanayama FS, Del 
Grossi L (2008) Progênies de café com resistência aos 

nematoides Meloidogyne paranaensis e raça 2 de 

Meloidogyne incognita. Coffee Sci. 3:156-163. 
Kanayama FS, Sera GH, Sera T, Mata JS, Ruas PM, Ito DS 

(2009) Progênies de Coffea arabica cv. IPR 100 com 

resistência ao nematoide Meloidogyne incognita raça 1. 

Cienc Agrotec. 33:1321-1326. 
Matiello JB, Santinato R, Garcia AWR, Almeida SR, 

Fernandes DR (2010) Variedades de café. In: Matiello JB, 

Santinato R, Garcia AWR, Almeida SR, Fernandes DR 

1195 



1193 

(eds) Cultura de café no Brasil - Manual de 

recomendações. Mapa/Procafé, Rio de Janeiro/Varginha.  

Moura R, Regis EMO (1987) Reações de cultivares de 

feijoeiro comum (Phaseolus vulgaris) em relação ao 
parasitismo de Meloidogyne javanica e M. incognita. 

Nematol Bras. 11:215-225. 

Nishijima M, Saes MSM, Postali FAZ (2012). Análise de 

concorrência no mercado mundial de café verde. Rev Econ 
Sociol Rural. 50:69-82. 

Oliveira AL, Guimarães RJ, Souza CAS, Carvalho JA, 

Mendes ANG, Guimarães RS (2004) Desenvolvimento de 

cafeeiros (Coffea arabica L.) enxertados submetidos a 
diferentes níveis de reposição de água. Cienc Agrotec. 

28:1291-1298. 

Oostenbrink M (1966) Major characteristics of the relation 

between nematodes and plants. Mendelingen 
Landbouwhogeschool Wageningen. 66:1-46. 

Paiva RF, Mendes ANG, Carvalho GR, Rezende JC, Ferreira 

AD, Carvalho AM (2012) Comportamento de cultivares de 

cafeeiros C. arabica L. enxertados sobre cultivar ‘Apoatã 

IAC 2258’ (Coffea canephora). Ci Rural. 42:1155-1160.  

Roese AD, Oliveira RDL (2004) Capacidade reprodutiva de 

Meloidogyne paranaensis em espécies de plantas daninhas. 

Nematol Bras. 28:137-141. 

Salgado SML, Resende MLV, Campos VP (2005) 

Reprodução de Meloidogyne exigua em cultivares de 

cafeeiros resistentes e suscetíveis. Fitopatol Bras. 30:413-

415. 
Sera GH, Sera T, Azevedo JA, Mata JS, Ribeiro-Filho C, Doi 

DS, Ito DS, Fonseca ICB (2006) Porta-enxertos de café 

robusta resistentes aos nematoides Meloidogyne 

paranaensis e M. incognita raças 1 e 2. Semina Cienc Agr. 
27:171-184.  

Sera GH, Sera T, Ito DS, Mata JS, Doi DS, Azevedo JA, 

Ribeiro-Filho C (2007) Progênies de Coffea arabica cv 

IPR 100 resistentes ao nematoide Meloidogyne 
paranaensis. Bragantia. 1:43-49. 

Sera GH, Sera T, Mata JS, Alegre CR, Fonseca ICB, Ito DS, 

Kanayama FS, Barreto PC (2009) Reaction of coffee 

cultivars Tupi IAC 1669-33 and IPR 100 to nematode 
Meloidogyne paranaensis. Crop Breed Appl Biotechnol. 

9:293-298. 

Silva RV, Oliveira RDL, Zambolin L (2009) Primeiro relato 

de ocorrência de Meloidogyne paranaensis em cafeeiro no 

estado de Goiás. Nematol Bras. 33:187-190. 

 

1196 


