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ABSTRACT
Plant parasitic nematodes are major threats to Brazilian and world agriculture. Among them, Pratylenchus brachyurus and 
Meloidogyne incognita stand out as major pests for several crops, including corn, cotton, soybean among others, which can 
be components of integrated crop-livestock-forestry systems (ICLFs). In this context, information about the host status of 
eucalypts (Corymbia spp. and Eucalyptus spp.) to plant parasitic nematodes becomes more relevant in Brazil, due to the use  
of eucalypts in ICLFs. If tree components used on this system increase the population density of P. brachyurus and M. incognita, 
it is possible that these pathogens could damage shorter-cycle crops. Since information about the host status of eucalypts 
to plant parasitic nematodes is scarce, this study evaluated the host status of some eucalypt species to P. brachyurus and  
M. incognita. Two greenhouse trials were done to evaluate the reproduction of P. brachyurus and one to M. incognita, using some 
of the most cultivated species and hybrids of eucalypts in Brazil. The population growth of P. brachyurus increased on Corymbia 
citriodora, Eucalyptus grandis, Eucalyptus dunnii × Eucalyptus urophylla, and E. grandis × E. urophylla after ~90 days of inoculation. 
Conversely, despite M. incognita reproducing well in the control plants, no individuals were recovered from C. citriodora,  
E. urophylla and E. grandis × E. urophylla, which were classified as resistant plants. Based on both obtained and available data,  
M. incognita poses no threat to eucalypt species today. However, P. brachyurus is suggested to be a threat to eucalypts.
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INTRODUCTION

Plant parasitic nematodes are threats to Brazilian and world agriculture. There are over 4,100 species of phytonematodes 
and, collectively, they represent an important challenge for global food security (JONES et al., 2013). The economic 
impacts of these worms worldwide have been estimated at US$ 80 billion per year (NICOL et al., 2011). However, there 
is a consensus in the nematological scientific community that the estimated losses do not reflect the true losses caused 
by plant parasitic nematodes, as several crops are not fully taken into consideration, such as several forestry species 
(LOPES; FERRAZ, 2016).

Eucalypts (Eucalyptus spp. and Corymbia spp.) are the most important forestry crops in Brazil. Several species are 
cultivated in this country, extending over 6.97 million hectares in 2019 (IBÁ, 2020). The main species of eucalypts are 
used to obtain wood, structural and furniture timber, charcoal, cellulose, essential oils, nectar, etc (MORA; GARCIA, 
2000; PALUDZYSZYN FILHO; SANTOS, 2011).

Recently, information about the host status of eucalypts to plant parasitic nematodes became more relevant in 
Brazil, due to the use of eucalypts in the integrated crop-livestock-forestry system (ICLF). This system consists of the 
spatial-temporal combination of agriculture, livestock and forestry, through succession, rotation or intercropping 
(ASSIS et al., 2017; BALBINO et al., 2012). The ICLF offers an opportunity to obtain high productivity with minimal 
impact on the environment, in tropical agriculture, combining three activities in the same area (GIL et al., 2015). Corn 
(Zea mays L.), cotton (Gossypium hirsutum L.), and soybean (Glycine max [L.] Merrill) are the main crop components 
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and the brachiaria grasses are the main forage in ICLF. These crops are good hosts for important phytonematodes 
species, notably Meloidogyne incognita (CAMPOS; ROCHA, 1999; GALBIERI et al., 2009) and Pratylenchus brachyurus 
(INOMOTO et al., 2001). The brachiaria grasses are non-host of M. incognita, but moderate or good hosts of P. brachyurus 
(INOMOTO et al., 2007, INOMOTO; ASMUS, 2010).

Few reports are available regarding the association between M. incognita and eucalypts, although some attempts were 
made to evaluate the host status of some eucalypt species to nematode pests. CRUZ et al. (2003) reported the occurrence 
of Meloidogyne sp. in the soil and roots in orchards of Corymbia citriodora (syn. Eucalyptus citriodora), E. tereticornis,  
C. torelliana and E. urograndis. Eucalyptus grandis, E. urophylla and E. saligna were classified as non-host of Meloidogyne 
javanica and M. incognita (FERRAZ, L., 1980). Corymbia citriodora was classified as tolerant of M. javanica and intolerant 
to M. incognita based on greenhouse trials (FERRAZ, L.; LORDELLO, 1982; FERRAZ, L., 1982). Resistance and tolerance 
are different concepts and need to be further studied. Resistance in plant nematology is related to the ability of the plant to 
suppress nematode reproduction, while tolerance is the capability to withstand the damage caused by the plant parasitic 
nematodes (TRUDGILL, 1991; ROBERTS, 2002).

Regarding P. brachyurus infection of eucalypts, the first report of losses was done by LORDELLO (1967). On that 
occasion, the author reported highly infested seedlings of E. alba and E. saligna by P. brachyurus in an orchard located 
at Santa Maria da Serra (SP, Brazil). These plants showed a reduced necrotic root system with cortical displacement. The 
author also suggested the resistance of C. citriodora to P. brachyurus based on field observations, when symptomless  
C. citriodora seedlings were found growing besides decaying eucalypt plants. It is likely that the term “resistance” was 
misused and “tolerant” was more suited for the described by the author.

The most recent report concerning eucalypts and plant parasitic nematodes was done by BELLÉ et al. (2018), who 
showed the susceptibility of several species of eucalypts to P. brachyurus and P. zeae based on a single trial. Therefore, 
based on the current knowledge, eucalypts are susceptible to P. brachyurus and resistant to M. incognita. However, the 
response of plants to phytonematodes may change due to several facts, including the genetic variability of the host and  
the variability of the nematode population, as reported for many crops and forest species, such as melon (Cucumis 
melo) × M. javanica (DINIZ et al., 2016), guava (Psidium guajava) × P. brachyurus (PEREIRA et al., 2018), grape vine 
(Vitis vinifera) × P. brachyurus (SANTOS et al., 2019).

In this context, with the host status of several eucalypts classified based on single trial and a field observation from 
1967 (BELLÉ et al., 2018; FERRAZ, L.; LORDELLO, 1982; LORDELLO, 1967), the present work determined the host 
status of three eucalypts species (C. citriodora, E. grandis and E. urophylla) and two hybrids (E. grandis × E. urophylla and  
E. dunnii × E. urophylla) to P. brachyurus and M. incognita. These species/hybrids are among the most economically relevant 
eucalypts in Brazil.

MATERIAL AND METHODS

At total of three greenhouse trials were done to evaluate the host status of eucalypts species to P. brachyurus (two trials) 
and to M. incognita (one trial).

Plant material and inoculum source
Eucalypt seedlings were obtained from seeds, which were donated by the Instituto de Pesquisas e Estudos Florestais 

(IPEF – Piracicaba, SP). The general information about the seeds and their source is summarized on Table 1. Eucalypt 
seedlings were obtained by direct sowing the seeds in a 500-cm3 plastic cup (R = 4.3 cm, r = 3.0 cm, h = 11.9 cm) plastic 
pots containing 400 cm3 of autoclaved (120 °C, 2 h) sandy clay loam soil (62% of sand, 8% of silt, and 30% of clay). The 
seeds germinated 15 days after sowing. The seedlings were individually transferred to other 500-cm3 plastic cups containing 
autoclaved sandy clay loam soil at 29 days after sowing. Finally, the seedlings were maintained in greenhouse under daily 
irrigation until inoculation.

Known susceptible hosts were included to evaluate the inoculum infectiveness and for comparison purposes. Soybean 
‘Pintado’ (experiment 1), corn ‘DKB 390’ (experiment 1), cotton ‘Delta Opal’ (experiments 2 and 3) were included as positive 
controls (MACHADO et al., 2012) and slenderleaf rattlebox ‘Common’ (Crotalaria ochroleuca) (experiments 2 and 3) as 
negative controls (SOARES DA SILVA et al., 1989). The control plants were obtained by directly sowing in similar cups  
46 days after eucalypt transplanting.
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Table 1. General information about the number, species, source of seeds, and orchards of the eucalypts used in the present work.

Eucalypts material Orchard

Corymbia citriodora SPA* - Restinga (São Paulo state)

Eucalyptus grandis SPA* - Anhembi (São Paulo state)

E. urophylla SPA* - Anhembi (São Paulo state)

E. dunnii × E. urophylla SPA* - Itatinga (São Paulo state)

E. grandis × E. urophylla SSO** - Itirapina (São Paulo state)

* Seed production area (SPA) is an orchard containing a natural or a planted stand, maintained set aside from external pollen and periodically 
thinned in order to eliminate the weaker plants, and treated to stimulate seed production;
** Seedling seed orchard (SSO) consists in an orchard of known genetic origin, established from seedlings from selected parents through natural or 
controlled pollination, with thinning based on individual and family performance, leaving only the best trees for seed production.

Source: Elaborated by the authors using data provided by Instituto de Pesquisa e Estudos Florestais (ESALQ/USP) and Faulkner (1975). 

Inoculum of the plant parasitic nematodes was obtained from roots of previously infested host plants maintained 
in a greenhouse. For P. brachyurus, an aqueous suspension consisting of mixed life stages (J2, J3, J4, and females) 
was used as the inoculum, obtained from cotton roots using a modified Baermann method (HOOPER, 1986). The 
population used in this study (termed “Pb23”) was originally isolated from samples collected from cotton fields, 
located in Sapezal (Mato Grosso, Brazil) and characterized by MACHADO et al. (2007). Inoculum of M. incognita 
consisted of an aqueous suspension consisting of eggs and J2 juveniles obtained from severed galled cotton roots. The 
roots were processed by blender and centrifugal flotation technique (COOLEN; D’HERDE, 1972). The M. incognita 
population was originally isolated from cotton samples from Campo Verde (Mato Grosso, Brazil) and identified by 
perineal-pattern morphology of mature females (EISENBACK, 1984). Inoculum from both nematodes was estimated 
by two counts of 0.5 mL by using a Peters’ counting slide under light microscopy. The initial population used in all 
trials was 200 individuals.

Inoculation procedures, experimental design and evaluation process
The eucalypts were inoculated at 89 days after sown (DAS), i.e., 60 days after transplanting. Additionally, the 

cups containing cotton and slenderleaf rattlebox seedlings were inoculated. The seedlings were initially maintained 
in a shaded room for 2 days to avoid heat stress on the nematodes and then transferred to the greenhouse. The plants 
were maintained under daily irrigation until nematode reproduction was evaluated.

Therefore, the eucalypts and nematodes evaluated were the following: trial 1 – C. citriodora, E. grandis and  
E. urophylla were inoculated with P. brachyurus; trial 2 – C. citriodora, E. dunnii × E. urophylla, E. grandis, E. urophylla 
and E. grandis × E. urophylla were inoculated with P. brachyurus; trial 3 – C. citriodora, E. urophylla and E. grandis × 
E. urophylla were inoculated with M. incognita. As the seeds presented lower germination during all trials, only these 
three eucalypts were used in the root-knot trial for presenting higher germination rates.

The evaluation was carried out at 95, 90 and 90 days after inoculation (DAI) for the trials 1, 2 and 3, respectively. 
The plants were removed from their pots and the roots were washed with tap water, dried on absorbent paper, 
cut in 1-cm pieces, and weighed. Subsequently, roots were processed using the blender and centrifugal flotation 
technique (COOLEN; D’HERDE, 1972), using a centrifuge with four 125-cm3 tubes (10 cm high × 4 cm diameter) at  
1,800 rpm and 580 g. Since nematodes other than P. brachyurus and M. incognita were almost undetectable, the nematode 
eggs recovered from roots were counted as either of P. brachyurus or M. incognita. It is noteworthy that soil samples  
(200 cm3) were used to recover the P. brachyurus from eucalypts and control plants in all trials according to JENKINS; 
TAYLOR (1968). However, few nematodes were recovered only from the control plants and no individuals were 
recovered from the eucalypt soil samples.

Thus, for each sample, the final population (Pf), the reproduction factor (R = Pf/Pi) and nematodes per gram 
of root (Nem/g) were estimated. A one-way analysis of variance (ANOVA) model, with Tukey’s honestly significant 
difference (HSD) was used to compare the genotypes using the R Statistical software (R CORE TEAM, 2013). 
The data were submitted to the transformation log (x +1) if they did not fulfill the requirements of Shapiro–Wilk 
normality test.
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RESULTS

Both P. brachyurus and M. incognita reproduced in the root of positive control plants, attesting the inoculum 
infectiveness. The R values obtained for P. brachyurus for corn (experiment 1), soybean (experiment 1) and cotton 
(experiment 2) were 77.7, 116.9 and 28.2, respectively. The R value for M. incognita obtained for cotton was 16.3 
(experiment 3) (Table 2).

The population of P. brachyurus increased in roots of all eucalypt species evaluated. The R values did not statistically 
differ among the eucalypts in both trials, except for E. urophylla in experiment 2, which presented R value below 1. 
However, the eucalypts were statistically grouped apart from corn and soybean, presenting low R value when compared  
to the controls. The obtained R values ranged from 0.9 to 3.7 for E. urophylla (experiment 2) and E. urograndis  
(experiment 2), respectively. The highest values were obtained for E. urograndis (experiment 2), E. grandis (experiment 2) and  
E. urophylla (experiment 1), which were 3.7, 2.9 and 2.8, respectively.

Meloidogyne incognita reproduction was not observed in C. citriodora, E. urograndis and E. urophylla, despite the 
infectiveness of the inoculum. Additionally, no galls were visible on the root systems. Thus, these species can be considered 
as non-host for M. incognita.

Table 2. Reproduction factor (R) and number of nematodes per gram of fresh root (Nem/g) obtained for Pratylenchus brachyurus 
(experiments 1 and 2) and Meloidogyne incognita (experiment 3) for eucalypt species ~90 days after the inoculation.

Species/hybrid of 
eucalypts

Pratylenchus brachyurus Meloidogyne incognita

Experiment 1 Experiment 2 Experiment 3

R Nem/g R Nem/g R Nem/g

Corymbia citriodora 1.6 b 177 b 2.1 bc 34 bc 0 b 0 b

Eucalyptus urophylla 2.8 b 124 b 0.9 c 14 c 0 b 0 b

E. grandis 2.9 b 217 b 2.8 bc 15 bc - -

E. dunni × E. urophylla - - 1.8 bc 39 bc - -

E. grandis × E. urophylla - - 3.7 b 47 b 0 b 0 b

Slenderleaf rattlebox - - 0 c 0 c 0 b 0 b

Cotton ‘Delta Opal’1,2 - - 28.2 a 1,100 a 16.3 a 2,127 a

Maize ‘DKB 390’1 77.7 a 264 a - - - -

Soybean ‘Pintado’1 116.9 a 6,789 a - - - -

Each value is the average of six replicates. Averages followed by the same letter in column do not differ according to Tukey’s honestly significant 
difference (p = 0.05). Values of R and Nem/g were not transformed before ANOVA. 1Corn ‘DKB 390’, cotton ‘Delta Opal’ and soybean ‘Pintado’ 
were included in order to evaluate the infectiveness of P. brachyurus inoculum. 2 Cotton ‘Delta Opal’ was included in order to evaluate the 
infectiveness of M. incognita inoculum. - Not tested in the trial.

Source: Elaborated by the authors.

DISCUSSION

The results are in agreement with that obtained by BELLÉ et al. (2018), who obtained R values > 1 for P. brachyurus. 
However, the R values obtained by BELLÉ et al. (2018) were higher than the obtained in the present work, which can be 
attributed to the longer trial period (240 days versus ~90 days). Additionally, similar Nem/g values were obtained in the 
first trial of our research, which ranged from 124 to 217, compared to 173–354 obtained in their work. In our second trial, 
Nem/g values were lower, even with similar R values (Table 1). This was probably due heavier roots from the eucalypt 
plants. However, our data disagree with the obtained by BELLÉ et al. (2018) regarding the soil populations, which were 
pronouncedly lower when compared to those obtained by BELLÉ et al. (2018). The authors obtained from 168 to 341  
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P. brachyurus individuals per 100 cm3 of soil from the eucalypt and 526 individuals/100 cm3 of soil from sorghum (positive 
control in their work). Despite the recovery of individuals from maize and soybean soil samples (78 and 117 per 100 cm3, 
respectively), no P. brachyurus were recovered from eucalypt soil (Data not shown).

Our data also disagrees from that obtained by LORDELLO (1967), who suggested that C. citriodora could be resistant 
to P. brachyurus. In our data, C. citriodora was considered susceptible, as P. brachyurus population increased in its roots.

FERRAZ, L.; LORDELLO (1982) performed inoculations of M. incognita and M. javanica in several forestry species, 
including C. citriodora, E. grandis, E. saligna and E. urophylla. The species E. grandis and E. urophylla showed high resistance 
to both M. javanica and M. incognita. The inoculation of C. citriodora seedlings with M. incognita caused severe galling 
in the roots, showing galls of different sizes on the main root. Occasionally, M. incognita females were found at 90 DAI. 
Our data partially disagrees with that obtained by FERRAZ, L.; LORDELLO (1982), as E. grandis and E. urophylla showed 
resistance since no nematodes were recovered.

FERRAZ, L. (1982) did several histopathological observations on C. citriodora roots colonized by M. incognita. That 
author reported the presence of typical feeding cells within the roots. However, in some cases, sedentary nematodes can 
induce feeding cells that provided enough food for the nematode to feed, but without any eggs being produced (FERRAZ, 
S. et al., 2010). This explanation can tie our results together.

The only available data with Meloidogyne sp. and E. urograndis is a single study that evaluated the host status of three 
genotypes to M. enterolobii. All genotypes were ranked as highly resistant or non-host to M. enterolobii, which is a limiting 
factor for guava production, a species from the same family as eucalypts (CARNEIRO et al., 2001).

CONCLUSION

Our data increases the knowledge about plant parasitic nematodes in eucalypts. Based on both obtained and available 
data, M. incognita poses no threat to the main eucalypt species currently cultivated in Brazil. However, the available studies 
point to P. brachyurus as the main plant parasitic nematode for eucalyptus. This could raise questions about the impact 
of eucalypt alleys in the annual crops grown along/near them or the planting of eucalypts in highly infested areas, which 
should be further studied.
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