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Abstract

Pecan cultivation in Brazil has gained increasingly economic importance in the southern part of the country.
The objective of this work was to identify the pathogen that causes root rot in Carya illinoinensis seedlings in the nursery,
through morphological, molecular and pathogenicity tests. Fungi from the genus Fusarium found in symptomatic
roots of pecan seedlings were isolated in potato dextrose agar (PDA) culture medium and purified. Morphological
characterization was performed in PDA and carnation leaf agar (CLA) media. For the molecular characterization,
the genomic segments ITS (internal transcribed spaces), B-tub (beta-tubulin), and tefI-a (elongation fact 1-alpha)
were sequenced. The pathogenicity test was performed on healthy seedlings in the greenhouse. The combination of
morphological and molecular characters was fundamental for identification of the species, showing that the most
suitable genes for identification were ITS and tefI-a. The causative agent of root rot in C. illinoinensis seedlings in

the nursery was identified as Fusarium oxysporum.
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1. INTRODUCTION AND OBJECTIVES

Pecan [Carya illinoinensis (Wangenh.) Koch], belongs to
Juglandaceae family. It is a deciduous tree native to temperate
zones of North America, which was introduced in Brazil in
1870 with commercial interests (Poletto, Muniz, Poletto,
Stefenon et al., 2015; Poletto et al., 2016). The most extensive
plantations are located in the Vale do Taquari, Rio Pardo, and
central regions of Rio Grande do Sul state (Poletto, Muniz,
Poletto, Baggiotto, 2015).

Currently, the cultivation of this species for nut production
has gained increasingly importance, mainly in the states of
Rio Grande do Sul, Santa Catarina, and Parand, because of
its great acceptance by consumers, producers, and industries.
According to data from IBGE (2016) in the year 2015,
Rio Grande do Sul produced 2,498,000 kg of fruit, making up to
48% of the national production, with an estimated production

value of R$19,451,000.00. Even with such a large production,
this amount does not supply the national demand, and Brazil
has to import most of what is consumed in the country.

As a result of this expansion, a new productive chain is
being established in the country. Several sectors of the economy
linked to nut production offer products and services for pecan
cultivation. One of these sectors, which is constantly growing,
is the production of seedlings. This sector is composed by
several small and medium nurseries, which increase the
production each year in order to supply the market demand.

In the nurseries, the production of pecan seedlings is carried
out exclusively by seeds (rootstocks) which, after reaching the
appropriate size, are grafted with selected cultivars (Poletto,
Muniz, Poletto, Baggiotto, 2015). However, the seedlings
suffer from diseases, specially root rot caused by fungi of
the Fusarium genus. This disease was first reported in pecan
in Brazil in 2014, and the causative agent was identified as
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Fusarium equiseti (Lazarotto, Muniz et al., 2014). However,
isolates from Fusarium sp. with distinct characteristics have
been observed associated with this disease in pecan.

Root rot is a disease caused by non-specific pathogens
and, in the case of the Fusarium genus, its geographical
distribution is extensive and has been reported in several
crops. Fusarium subglutinans was diagnosed damaging Pinus
taeda roots (Silva et al., 2017); E sambucinum was reported
causing seed rot and damping off in Pinus elliottii seedlings
(Maciel et al., 2013); and F. lacertarum caused damage to
casuarina (Casuarina equisetifolia) seedlings (Poletto, Maciel
etal,, 2015). Analyzing seeds of C. illinoinensis, Poletto et al.
(2014) reported that fungi of the Fusarium genus were found
associated with kernel in high percentages, and incidence
reduction was not observed even after disinfestation (alcohol
70% for 2 min and then NaClO at 1% for 5 min). Terabe et al.
(2008) reported the occurrence of Fusarium sp. in 100% of
the samples of kernels and pecan shells, evidencing that this
fungus may infect the seed and cause damage to seedlings
in nursery due to the hot and humid conditions, favorable
for its development.

Carneiro (1987) points out that the seeds are contaminated
by several pathogens in the field and in subsequent operations,
as harvesting, drying, and processing. They can affect seed
quality reducing germination capacity, as well as causing
seedling damping-oft and root rot. The incidence of pathogens
of the Fusarium genus has increased, causing losses in the
production of seedlings and in the quality of the final product.
Preliminary observations showed the presence of this fungus
associated with lesions in the roots. In this context, this
study aimed to identify the pathogen that causes root rot
in C. illinoinensis seedlings in the nursery, through morphological,
molecular, and pathogenicity tests.

2. MATERIALS AND METHODS
2.1. Isolates obtainment

To obtain the pathogen isolates, symptomatic seedlings
produced in a greenhouse were collected in a nursery in
the municipality of Santa Maria-RS and transported to the
Phytopathology Laboratory of the Federal University of
Santa Maria. Roots with lesions were disinfested with 1%
sodium hypochlorite and washed twice in sterile distilled
water. Subsequently, they were transferred to Gerbox®
boxes, placed in a humid chamber, incubated at 25 °C £ 2 °C
and maintained with a photoperiod of 12 h for six days.
After incubation, the samples were examined under a
microscope with the preparation of microscopic slides
for visualization of the pathogen structures. Portions of

mycelium were transferred to Petri dishes containing
potato dextrose agar (PDA) culture medium and incubated
at 25 °C £ 2 °C under a 12-hour photoperiod for seven
days. The colonies developed in PDA were purified
according to the monosporic culture technique described by
Fernandes (1993). In total, six pure isolates of Fusarium sp.
were obtained.

2.2. Morphological characterization

For evaluation of mycelial growth and colony color of
the six isolates, disks (5 mm) of PDA medium containing
mycelium were transferred to the center of the Petri dish
(90 mm) containing the same culture medium. The plates were
incubated at 25 °C + 2 °C under a 12-hour photoperiod. The
mycelial growth was estimated through the daily measurement
of the colony diameter, with the aid of a digital caliper.
Two measurements were taken in diametrically opposite
directions. Measurements were performed for seven days
as the colony grew throughout the entire plate. The colony
color was evaluated based on the Munsell Soil Color Chart
(Munsell Color, Grand Rapids, MI, USA).

For the characterization of the reproductive structures
of the isolates, a portion of mycelium was transferred to
the carnation leaf agar (CLA) culture medium. The type
of phialides, presence or absence of chlamydospores
and microconidia, size, shape, and number of septa of
macroconidia, and coloration of sporodochia were evaluated.
After seven days of growth, slides were prepared to visualize
the structures under an optical microscope. To determine
the size of conidia (length and width), thirty conidia were
measured using a 10x magnification eyepiece (Nikon YS-Cf
10X/18) coupled to an Olympus BX41® contrast microscope
in the 40x objective. Morphological identification was
performed according to the classification keys of Nelson
et al. (1983), Leslie & Summerell (2006), and Gerlach &
Nirenberg (1982). The isolates of Fusarium sp. presented
similar morphological characteristics and, according to
the literature, were considered as belonging to the same
species. Therefore, a sample was selected for molecular
characterization and pathogenicity tests.

2.3. Molecular characterization

For genomic DNA isolation, portions of mycelium were
removed from a monosporic culture grown in PDA medium
for five days using the CTAB method (Doyle & Doyle, 1990).
The extracted genomic DNA samples were subjected to the
polymerase chain reaction (PCR) for the amplification of the
internal transcribed spacer (ITS), elongation factor 1-alpha
(tefl-a), and beta-tubulin (B-tub) (Table 1).
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Table 1. Primers used in this study.

Locus
Internal transcribed spacer (ITS)
ITS1
1TS4
Transcriptional elongation factor (tefl-a)

EF1-T

EF1-1567R

Beta-tubulin (p-tub)
BTUB-F 35
BTUB-R

The PCR mix contained approximately 30 ng of DNA,
10x buffer, 2.5 ul of each ANTP, 20 nM MgCl,, 25 nM of each
primer and 5.0 U of Taq-DNA polymerase. Amplification
was carried out in a thermocycler MJ Research PTC-100 MT
under the following cycle conditions: 94 °C for 2 min,
thirty cycles of 94 °C for 45 s, 55 °C for 30 s, 72 °C for
35 s and 72 °C for 10 min. At the end of the reaction, the
PCR products were maintained at 4 °C. A negative control
without DNA was included in the PCR amplification.
Amplified fragments and control were separated using
1.2% agarose gel electrophoresis in 1x TBE buffer (10.8 g
of tris base, 5.5 g of boric acid, 4 ml of 0.5 M EDTA and
4 ml of distilled water), stained with ethidium bromide
and visualized under ultraviolet light. PCR products were
purified with 13% Polyethylene Glycol (PEG) 8000 for
further sequencing.

Sequencing was performed on a Mega BACE 500
(Amersham) sequencing system. The sequenced
fragments were analyzed using the BioEdit program
(Hall, 1999). The obtained nucleotide sequences were
compared with those deposited in the GenBank database.
GenBank sequences that presented the highest scores were
selected and aligned along with the obtained sequences
using the ClustalW algorithm. Additionally, a phylogenetic
analysis was conducted using the neighbor-joining method
with 1000 bootstrap replicates as performed in the Mega
program version 4 (Tamura et al., 2007). The similarity of
the nucleotide sequences among the isolates was calculated
using the Basic Local Alignment Search Tool (Blast).

2.4. Pathogenicity test

For the pathogenicity test, freshly germinated healthy
seedlings (four days) were used. To produce inoculum,
Fusarium sp. was cultured for fifteen days in flasks containing
30 g of autoclaved rice (shelled, parboiled type) (30 min
at 121 °C, at 1 atm) and incubated at 25 °C + 2 °C under
a 12-hour photoperiod. The inoculation occurred with
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Primers sequences References

TTCCGTAGGTGAACCTGCGG White et al., 1990
TCCTCCGCTTATTGATATGC
ATGGGTAAGGARGACAAGAC  Rehner & Buckley, 2005

ACHGTRCCRATACCACCRATCTT

Developed by Instituto
AAGGGHCAYTAYACYGARGG Bioldgico de Sao Paulo

CATGTTGGACTCDGCCTC - SP

the incorporation of 60 g of rice and the inoculum to
the commercial substrate Mecplant® in plastic containers
(5 liters), fifteen days before transplanting the seedlings.
Ten seedlings were used for the pathogenicity test and other
ten for the control treatment, which was inoculated only
with sterile rice. The evaluation occurred after ninety days,
and the symptomatic seedlings were taken to the laboratory
to evaluate the pathogenicity, observing the presence of
necrotic roots and reflected symptoms in the aerial part.
Subsequently, the pathogen was re-isolated.

3. RESULTS AND DISCUSSION
3.1. Symptoms of sickness in the nursery

The occurrence of root rot in C. illinoinesis caused
by Fusarium sp. was found in a nursery environment,
at an early stage of development. The symptoms of the
disease are noticed when there are yellowing and necrosis
of the leaves with subsequent fall, growth stagnation,
rotting/darkening of the roots and, in more advanced
states, the death of the plant (Figure 1a). Some producers
reported the occurrence of similar symptoms in plants
already established in the field. However, in addition to
the symptoms above described, the plants also present
descending death of branches, dark stretch marks in
the trunk vascular system, with subsequent death of the
plant. To date, there is no information about relation of
the symptoms above and the disease in question.

3.2. Morphological characterization

The colonies of the six isolates of Fusarium sp. cultivated
in PDA medium presented similar characteristics, with
initially white staining, later becoming light violet from
the center towards the edges of the plate. The fungus
presented a light pink colored aerial mycelium with an
average daily mycelial growth of 2.5 cm (Figure 1c).
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Colonies grown in CLA medium produced abundant,
weak orange sporodochia (Figure 1d). The colonies
cultured in CLA also produced microconidia in the aerial
mycelium, formed in short monophialides, in false heads
or isolated, with oval to reniform shape (Figure 1f and 1g).
Abundant presence of chlamydospores in the aerial mycelium
was also observed, mainly isolated and presenting a rounded
shape (Figure le). The macroconidia presented a sickle-
shaped form, usually with three to four septa, the apical
cell most often curved and basal cell pedicellate. The size of
the macroconidia ranged from 37.5-50 (42) um in length
by 5-6.3 (5.5) um in width (Figure 1h). According to the
used identification keys, the isolates were morphologically
identified as E. oxysporum.

The morphological characteristics are of paramount
importance for the characterization and identification of fungal
species. For the Fusarium genus there are keys of taxonomic
classification based on morphological characteristics such
as described by Nelson et al. (1983), Leslie & Summerell
(2006), and Gerlach & Nirenberg (1982), which consider
the growth and coloration of colonies grown in PDA, the
presence, shape and size of structures such as macro and
microconidia, chlamydospores, exudates, phialides and
sporodochia of the colonies in CLA medium. In association
with morphological analysis, genetic methods are widely used
in recognition studies of fungal species, because they are fast
and accurate, giving more credibility to the identification
process (Balajee et al., 2009).

The morphological characteristics observed in this
work resemble those described by Poletto et al. (2010) and
Poletto et al. (2012) for Fusarium oxysporum that causes
root rot in yerba mate (Ilex paraguariensis). The clear violet
coloration of the colonies was also verified by Su & Fu (2013)
in isolates of root rot F. oxysporum in Pulsatilla koreana.
Cao et al. (2013) observed root rot in licorice (Glycyrrhiza
uralensis) caused by E oxysporum and E solani and noted that
E oxysporum monophialides are shorter when compared to
E solani. However, the size of macroconidia was different
from that found by Su & Fu (2013) and Pérez-Hernandez
et al. (2014) for E oxysporum causing root rot in chillies
(Capsicum annuum) and by Lazarotto, Milanesi et al.,
(2014) for E oxysporum associated with root rot in Carya
illinoinensis seedlings, which presented smaller dimensions
[28.9-32.8 (30.8) mm long by 3.25-3.5 (3.3) mm wide].

Poletto et al. (2012) identified isolates of Fusarium
spp. pathogenic to yerba mate using morphological characteristics
and keys for taxonomic classification. Walker et al. (2016) also used
classification keys with morphological criteria to identify isolates
of Fusarium spp. pathogenic to guajuvira (Cordia americana).
However, these authors confirmed the results through molecular
techniques, sequencing genes such as ITS and tefI-a. Therefore, the
importance of the combination between morphological and

genetic characters to identify Fusarium sp. is evident.

Figure 1. Morphological characteristics of Fusarium oxysporum. (a) Carya illinoinensis seedlings with root rot; (b) roots after pathogenicity
test (left control, right inoculated); (c) culture on PDA medium; (d) sporodochia on CLA medium; (e) resistance structures (chlamydospores);

(f) monophialides; (g) microconidia; (h) macroconidia.
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3.3. Molecular characterization

The most similar accessions and sequence coverage
obtained from the Blast survey performed on GenBanKk’s
website, followed by its accession number, are presented
in Table 2. These sequences were used to construct genetic
similarity dendrograms.

In the phylogenetic dendrogram based on the ITS
segment of Fusarium sp., along with the sequences’
comparison (Figure 2), Fusarium sp. was allocated to
the clade composed of three other Fusarium oxysporum
sequences, which show high similarity (100% JN222394,
100% KJ584542, and 100% KF907243). The bootstrap
support value was 98% for the clade, indicating that
this region of the DNA was efficient for discrimination
of this species.
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With the B-tub sequencing, lower coverage and similarity
values were obtained, which reduces the reliability of
the alignment and discrimination of the species. In the
phylogenetic dendrogram it was possible to observe that
the isolate of Fusarium sp. was allocated in the same clade
as the species E oxysporum and F oxysporum f. sp. pisi.
However, the bootstrap support value was low (50%), being
unreliable for species discrimination (Figure 2).

The phylogenetic dendrogram made with the sequencing
of the genomic region of the tefI-a presented 100% bootstrap
support for the clade where the Fusarium sp. sequence was
allocated along with two other E oxysporum sequences
(MG557839 and KMO025417) (Figure 2). In addition, the
sequences comparison presented high percentages of coverage
and similarity, which contributes to increasing the reliability
of the alignment and the discrimination of the species.

Table 2. GenBank access, coverage and similarity of the species used in the construction of the phylogenetic dendrogram of the internal
transcribed spacer (ITS) genomic region, -tubulin (B-tub), and elongation factor 1-a (tefl-a).

Species GenBank access
ITS

E oxysporum JN222394

E oxysporum KJ584542

F. oxysporum KF907243

E subglutinans GU205425
FE bulbicola GU205412

E incarnatum KJ652367
F equiseti KJ412508

E chlamidosporum KP230826

F. oxysporum KJ001537
E oxysporum f. sp. pisi ]Q265748
F. subglutinans AB587057
E bulbicola KF466437
F verticillioides KJ020883
E acutatum U34431
F . begoniae AY329044
E concentricum KF604012

tefl-a

E oxysporum MG557839
E. oxysporum KMO025417
F. commune KC820971
E. acutatum JF 740744
E proliferatum KC 584856
E subglutinans KC 584839
E denticulatum KC 820969
F. mexicanum KM 823587
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Coverage (%) Similarity (%)
100 100
99 100
99 100
97 99
97 98
100 94
99 94
94 95
76 97
76 97
76 96
76 95
70 94
66 94
68 96
70 95
98 99
97 99
94 95
98 93
98 93
96 93
98 92
96 92

[$3]
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Figure 2. Phylogenetic dendrogram from DNA sequences of ITS, B-tub, and tefl-a regions, based on the neighbor-joining method.
The numbers on branches indicate the bootstrap support after 1,000 repetitions.

Therefore, the sequencing of the ITS regions, p-tub, and
tefl-a on the molecular analysis and the description of the
morphological characteristics provide sufficient support
to conclude that the agent of root rot in pecan seedlings is
Fusarium oxysporum.ITS and tefl-a sequences of Fusarium
oxysporum were deposited at the GenBank (accession numbers
KR905680 and MG000154, respectively).

The pathogen identified in this study has been reported
in several crops causing damage to plants. Gherbawy (1999)
points out that E oxysporum is a soil pathogen that causes

disease in plants and has a wide distribution worldwide.
In addition, the author reports that E oxysporum is probably
the species that causes the greatest economic damage to
agricultural crops in comparison to any other plant pathogen.

Shrestha et al. (2016) diagnosed E oxysporum causing rot
in the stem and in the roots of cowpea (Vigna unguiculata)
in Tennessee. In this study, the fungal species was identified
through morphological and molecular characteristics by the
sequencing of the tefl-a gene. E oxysporum was also found to
cause root rot and stem rot in cherry plants (Prunus avium)

Floresta e Ambiente 2020; 27(2): 20171089



in British Columbia; the taxonomic classification of the
species was performed comparing morphological and genetic
characters by the ITS and tef1-a regions (Urbez-Torres et al.,
2016). Similarly, Pérez-Hernandez et al. (2014) diagnosed
E oxysporum causing root rot in chili (Capsicum annuum).
Fusarium oxysporum was also diagnosed in orchid (Dendrobium
officinale) in China, causing root and stem decay. The fungus
was identified by the sequencing of ITS, -tub, and tefl-a
genomic regions (Zhang et al., 2017).

According to Wunsch et al. (2009), E oxysporum colonizes
endophytic roots without causing disease symptoms, but usually
colonizes roots pathogenically and contributes to rot in the
root and in the stem, or colonizes the vascular system causing
wilt and rapid death of plants. Gherbawy (1999) reports that
the species . oxysporum also presents several formae speciales,
which are grouped according to the specificity of the host or
group of hosts that they infect. Gordon et al. (2016) observed
F oxysporum causing wilt on blackberry plants in California.
Banana wilt caused by Fusarium oxysporum f. sp. cubense is
one of the most important diseases of the crop, which causes
immense economic damages (Ingle & Ingle, 2013).

3.4. Pathogenicity test

The seedlings inoculated with E oxysporum showed the
first symptoms ninety days after the beginning of the test.
The associated symptomatology was similar to the original
one found in plants with root rot. No change was observed
in the control treatment plants (Figure 1b). Root samples
with root rot symptoms obtained from inoculated seedlings,
after being kept in moist chamber conditions at 25°C +2°C
with a photoperiod of 12 hours for four days, presented
fungal structures typical of Fusarium sp., indicating the
colonization of the tissues by the pathogen. Subsequently,
it was re-isolated to Petri dishes containing PDA medium,
completing the Koch postulates.

The symptoms observed in the aerial part of the seedlings
can be defined as reflect symptoms, since the damage caused
by the pathogen in the roots impair the absorption of water
and nutrients, disturbing the metabolism of the plant and,
consequently, causing the symptoms. The results of this study
corroborate those found by Cao et al. (2013) who observed
that Chinese licorice seedlings (Glycyrrhiza uralensis) with
root rot caused by E oxysporum and E solani showed an
abnormality in the aerial part such as yellowing and subsequent
falling of the leaves. The same occurred in yerba mate when
the pathogens E oxysporum and E solani caused root rot in
plants in the nursery and in the field; in addition to necrotic
roots, yellowing, necrosis, and leaf drop occurred (Poletto
et al., 2012). In the beetroot (Beta vulgaris) the pathogen
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F oxysporum, besides causing root necrosis, caused root vascular
discoloration and foliar symptoms, including yellowing and
inter-nerval wilting (Hanson & Jacobsen, 2006). E. solani was
also reported in iron walnut (Juglans sigillata) causing root rot,
symptoms included drying of leaves and branches until the
death of the plant. The original symptoms were reproduced
in the pathogenicity test (Zheng et al., 2015).

Therefore, root rot is an important disease in pecan,
since it harms the development of the seedlings in the
nursery stage, causing economical losses to the nurserymen.
Therefore, carrying out the correct diagnosis of the disease and
knowing the characteristics of the pathogen is fundamental,
since they provide subsidies for the development of disease
control and prevention strategies, mainly involving studies
with genetic resistance.

4. CONCLUSIONS

The combination of morphological and molecular
characters was fundamental for the identification of the
species, evidencing that the most appropriate genomic
segments were I'TS and tefl-a.

The causal agent of root rot in seedlings of Carya illinoinensis
in nursery was identified as Fusarium oxysporum.
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