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Abstract

The objective of this research was to describe the incidence and severity of resinous canker disease on the Pinus greggii
Engelm. ex Parl. var. greggii forest plantation in CAESA at Los Lirios, Arteaga; as well as to morphologically and
molecularly identify the pathogen associated with this disease. The causal agent of resinous canker was isolated, purified
and identified by morpho-cultural criteria and molecular detection assays from needles, roots, bark, resin and shoots. The
percentage of damaged trees (incidence) and the leaf proportion affected by the disease (severity) were evaluated. The
inoculation process was performed on 15 specimens of 2-year-old samples. A variance analysis was performed and the
comparison between means was made by Duncan test (P = 0.5) using the SAS® 9.1 statistical software. The BLAST
nucleotide sequence alignments of the amplicons obtained using the ITS1 and ITS4 primers, identified the isolates as F.
verticillioides with the GenBank accession number MK790051.1 and identity of 100%. Section 8 presented an incidence of
66.66% and the lowest level of severity was only 24.47%, section 2 presented the highest damage by F. verticillioides with
93.75 and 36.56% of incidence and severity, respectively. The first symptoms began between 15 and 30 DAI with chlorotic
needles and resin secretion, later these became redaish after 45 DAI. Detection of F. verticillioides in the present study
could be interpreted a possible association with resinous canker in the studied area, one of the most common fungal
pathogens associated with maize. © 2023 Friends Science Publishers
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Introduction global forest area (FAO 2007; Whitehead 2011). In 2015
alone, pathogens and extreme weather conditions damaged
Forests play important roles in wood production, obtaining 40 million ha (FAO 2020b).
fuel, control of soil erosion and maintaining ecosystem The more important disease-associated pathogens in
functions (Lang et al. 2014). The world’s total forest area forest tree nurseries are a soil fungal complex, mainly
corresponds to 4,060 million ha, which represents almost comprised by Pythium spp., Phytophthora spp., Rhizoctonia
1/3 of the earth’s surface (FAO 2020a), of which México spp., Botrytis spp. and Fusarium spp. (Salas 2002; Benitez
has 64 million ha (Torres 2020). Forests have long been et al. 2004; Ezziyyani et al. 2004). However, the Fusarium
threatened by a variety of destructive agents, i.e., biotic, as genus includes important plant-associated pathogens that
well as abiotic factors (FAO 2021), yet human needs and affect both forest and agricultural species (Summerell and
demands of forest products are an obvious underlying Leslie 2012), also, Fusarium species are well recognized as
cause of the loss of forest areas (Lovera 2003). The impact the important causal agent of Fusarium root rot (Yang et al.
of forest pests and diseases has caused a decrease in the 2021). Fusarium spp. has been described as the cause of
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wilt disease in Mexican pine nurseries in addition to
decreasing plant quality, which causes losses of up to 40%
in production (Cibrian et al. 2008).

Resinous canker disease in pine trees was described
for first time in the United States in 1946, reporting the
fungal pathogen of the genus Fusarium as the causal agent
of the disease (Hepting and Roth 1946), specifically
Fusarium circinatum Nirenberg & O'Donnell (formerly
known as Gibberella circinata). This disease is widely
distributed, affecting up to 60 species of Pinus and other
conifers, displaying a wide range of adaptability to
environmental conditions (Watt et al. 2011; Bezos et al.
2017), however F. proliferatum y F. verticillioides, can
cause significant damage to pine seeds and seedlings grown
in forest nurseries (Soldevilla 1995; Mansilla-Vazquez et al.
1998). In addition to this, it can infect susceptible hosts at
any stage of their life cycle in different plant organs, such
as: shoots, stems, branches, needles, cones, seeds and roots
(Dwinell et al. 2001; Wingfield et al. 2008). Due to the
above, the objective of this research was to describe the
incidence and severity of resinous canker disease on the P.
greggii Engelm. ex Parl. var. greggii forest plantation in
CAESA at Los Lirios, Arteaga; as well as to
morphologically and molecularly identify the pathogen
associated with this disease.

Materials and Methods
Study area

The present research was carried out in the forest plantation
in the Sierra de Arteaga Experimental Agricultural Field
(CAESA) of the Universidad Autonoma Agraria Antonio
Narro (UAAAN) at Los Lirios, Arteaga Coahuila, Mexico
(Fig. 1). This location is at the 25°24°11.2” and 100°
36°25.46” coordinates.

Incidence and severity of resinous canker

A total of 599 specimens were evaluated in nine sections
comprising adult P. greggii Engelm. ex Parl. var. greggii
specimens, corresponding to two lanes with a variable
number of trees per section. The trees were observed
individually according to symptomatology criteria, that is,
presence of resin, descending death and presence of cankers
in the cortex (Fig. 2). The percentage of damaged trees
(incidence) and the proportion of the leaf area affected by
the disease (severity) were evaluated.

Isolation, purification and
identification of the pathogen

morpho-cultural

Five trees with moderate symptoms (resin exudate, presence
of cankers, redaish coloration in the needles and defoliation)
were selected from each section. From which resin, roots,
needles, branches, bark, cankers and cones (female strobili)
were collected. Next, a snippet of 1 cm of the sample was

cut and disinfected with 1% sodium hypochlorite for 3 min
and subsequently washed three times with sterile distilled
water for another 3 min (Martinez-Alvarez et al. 2012). Five
to eight cuts were placed in Petri dishes with Potato
Dextrose Agar (PDA) medium supplemented with
oxytetracycline (1 mL/L), in order to be purified by
monoconidial cultures in selective culture media, such as
Spezieller Nahrstoffarmer Agar (SNA) (1 g of KH2PO4, 1 g
of KNOg3, 0.5 g of MgSO4-7H,0, 0.5 g of KCI, 0.2 g of
glucose, 0.2 g of sucrose and 20 g of agar diluted in one L of
distilled water) supplemented with gentamicin, (1 mL/L) and
carnation leaf agar (CLA) supplemented with gentamicin (1
mL/L) to inhibit bacterial growth. A total of five replicates
by plant were kept at 25°C for 168 h. Later, 5 mm. in
diameter plugs were taken from the pathogen colonies and
added in test tubes with 9 mL of sterile distilled water with
constant stirring, from which 60 uL were placed in Petri
dishes with SNA and CLA culture media. Twenty-four
hours later, one germinated conidia was placed in Petri
dishes with SNA and CLA and kept at 25°C for 168 h.
Morpho-cultural identification was performed with the aid of
a compound microscope, based in color and shape of the
colony. Color, length and width of 100 conidia was
determined using the DinoCapture 2.0 microscopy imaging
software (Dino-lite 2020) using the taxonomic keys of
Barnett and Hunter (2006) to determine genus and the Leslie
and Summerell (2006) taxonomic keys to determine species.

Molecular identification of the pathogen

Molecular analyses were performed in the Instituto Potosino
de Investigacion Cientifica y Tecnologica (IPYCIT), using
the ITS1 and ITS4 primers to amplify the Internal
Transcribed Spacer (ITS) regions of the fungal ribosomal
DNA (rDNA) for molecular identification of the isolates.
DNA extraction was performed by the Dellaporta method
(Dellaporta et al. 1983). Visualization of the obtained
amplicons was carried out by electrophoresis in a 2% (w/v)
agarose gel. DNA vyields were quantified on the Thermo
Fisher NanoDrop™ 1000 Spectrophotometer and the
Applied Biosystems® Veriti™ 96-Well Thermal Cycler to
perform the end point PCR. The PCR products obtained
were purified following the protocol described using the kit
isolate Il PCR and Gel kit. Obtained amplicons were
sequenced with the dye-labeled dideoxynucleotide method
in the Applied Biosystems® 3130 Genetic Analyzer.
Obtained nucleotides sequences were analyzed using the
BLAST program (Basic Local Aligment Search Tool) for
highly similar sequences in the GenBank database of the
National Center for Biotechnology Information (NCBI).

Inoculation for pathogenicity tests
The inoculation process was performed on 15 specimens of

2-year-old P. greggii samples, with an average height of
86.5 cm and a diameter of 3 cm, which were donated by the
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Fig. 1: Area of study in Los Lirios, Arteaga Coahuila, Mexico

Fig. 2: Resinous canker in P. greggii Engelm. ex Parl. var. greggii. A) Healthy trees (healthy foliage, no bark damage); B) Slight damage
(loss of foliage less than 50 %, slightly chlorotic needles); C) Moderate damage (loss of foliage between 55% and 75%, chlorosis, redaish
tones, abundant resin secretion and lesions on the bark); D) Severe damage (no foliage and presence of cankers)

Society of Commercial Forest Planters of Durango, México.
Fifteen days prior to inoculation, the seedlings were taken to
CAESA, in order to provide them with a period of
adaptation to the climatic conditions of the place. A
suspension of 1 x 107 spores/mL was injected with a sterile
syringe to the main plant stem and in two upper distal
lateral branches of the youngest shoot. Specimens used as
controls were injected with sterile distilled water. Daily
irrigation was provided for 15 days, subsequently it was
performed every third day for 3 months. Evaluations of the
percentage of damage were performed every 15 days for
three months; the severity was recorded at 45, 60, 75 and 90
days after inoculation (DAI).

Results analysis

Data obtained was adjusted by the arcsine square root
transformation. The incidence and severity were determined
by a variance analysis (ANOVA) and the means
comparison was performed by the Duncan test (P = 0.5).
Inoculation data was treated by a variance analysis with a
factorial arrangement of three factors; factor A = P. greggii

Engelm. ex Parl. var. greggii trees, factor B= the treatments
and factor C= the four evaluation dates, with the SAS 9.1
statistical program (SAS 2002; version 9.1, SAS Institute,
Cary, North Carolina, USA).

Results
Morpho-cultural and molecular identification

Mycelial growth of isolates presented similar characteristics,
such as: abundant, cottony aerial mycelium, white to purple
in color (Fig. 3D). Microconidia separated as a chain (Fig.
3A), generally ovoid with one or two septa, of 8.50 and 2.85
pm in length and width, respectively; sparsely branched
conidiophores born laterally from the hypha (Fig. 3B).
Macroconidia had thin walls and it was canoe-shaped with
the basal cell in the shape of a foot (Fig. 3C), generally with
three to six septa of 44.5 to 3.15 pm in length and width,
respectively. The BLAST nucleotide sequence alignments of
the amplicons obtained using the ITS1 and ITS4 primers,
identified the isolates as F. verticillioides with the GenBank
accession number MK790051.1 and identity of 100%.

253



Leon-Torres et al. / Intl 3 Agric Biol Vol 29, No. 4, 2023

Severity (%)

Sections

Fig. 4: Severity behavior of the 9 plantation sections of P. greggii Engelm. ex Parl. var. greggii

Incidence and severity of resinous canker in forest
plantations

According to the statistical analysis, there is a significant
difference in the severity of the disease between the 9
surveyed sections of the forest plantations (P = 0.0004)
(Fig. 4 and Table 1), with a coefficient of variation
percentage of 63.55%. The presence of the pathogen in the
study area was 66.66 to 100%, with section 8 presenting the
lowest incidence of 66.66% and a severity of 24.47%, while
section 2 presented the highest damage with 93.75 and
36.56% incidence and severity, respectively.

In vivo pathogenicity test

According to the performed analysis, there is a statistical
difference between the treatment, as well as in the
evaluation dates (P = 0.0001) (Table 2). The first symptoms

began between 15 and 30 DAI with chlorotic needles and
resin secretion, later these became redaish after 45 DAI. At
the beginning of the infection, 3% severity was recorded,
ending at 90 DAI with the greatest damage severity
(22.190%) (Table 2). During the evaluation period, the
control group only showed symptoms of chlorosis and
scarce resin secretion, that is, the disease control was only
42.41% of the one that was treated with F. vertcillioides
(Factor B) (Table 2 and Fig. 5).

Discussion

Pine diseases can significantly reduce plant survival in
plantations (Chavarriaga et al. 2007; Garbelotto and
Gonthier 2013; Drenkhan et al. 2016). Most of the conifer’s
diseases are caused by fungal pathogens (Hansen et al.
2018). Characteristics of F. verticillioides similar to those
reported by Booth (1971), Hirata et al. (2001), Rahjoo et al.
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Fig. 5: Severity recorded in pathogenicity tests at 45, 60, 75, 90 days after inoculation. T1 = Seedlings inoculated with F. verticillioides,
T2 = Control (Non-inoculated plants), Eva 1= 1% evaluation, Eva 2 = 2" evaluation, Eva 3 = 3", evaluation, Eva 4 = 4™ evaluation

Table 1: Incidence and severity of the canker disease on the nine
plantation sections of P. greggii Engelm. ex Parl. var. greggii

Section _Incidence (%) Severity (%) SD Ag
1 81.69 31.69 0.84290280 ab
2 93.75 36.56** 1.06443428 a
3 90.62 31.641 0.89501751 ab
4 93.44 32.727 1.01620285 ab
5 87.3 36.429 0.96414598 a
6 76.81 26.304 0.97704482 b
7 84.61 31.846 1.13694536 ab
8 66.66 24.474* 1.13694536 b
9 88.88 35.548 0.99253867 a

SD = Standard deviation, Ag= Statistical aggrupation, equal letters are not statistically
different according to the Duncan test (P = 0.05), * = Lower disease severity, ** =
Higher disease severity

Table 2: Severity development of F. verticillioides during the
four evaluation dates after inoculation

Factors (B and C) Means SD
Treatments (B) F. vertcillioides 26.998 **  7.43311954
Control 11.452 3.12826189
Evaluation dates (C) 45 DAI 15.159 7.3818026
60 DAI 19.158 9.4439738
75 DA 20.393 9.6443700
90 DAI 22.190 **  10.8631724

SD = standard deviation; ** = Higher disease severity

(2008), Duran (2013), Pavlovic et al. (2016), Chavarri et al.
(2017), Leyva-Mir et al. (2017), Giraldo-Avrias et al. (2018)
and Dharanendra et al. (2019). The BLAST nucleotide
sequence alignments of the amplicons identified the isolates
as F. verticillioides with the GenBank accession number
MK790051.1. Results exhibited a maximum score of 931
and identity of 100%. Fusarium spp. are commonly found
to affect the roots of coniferous seedlings, causing damping-
off and wilt in pine seedlings (Kwasna and Bateman 2009;
Lazreg et al. 2014).

Pitch canker disease of pine trees and Douglas fir is
caused by F. circinatum (Nirenberg and O'Donnell 1998)
which is characterized by resinous stem and branch cankers

(McCain et al. 1987; Gordon et al. 2001) and it can occur at
any stage of the life cycle host lifetime, also, disease causes
losses in commercial plantations, nurseries and seed
orchards, occasionally being a problem in native forests of
Pinus species (Dwinell et al. 2001; Wingfield et al. 2008).
F. circinatum and Diplodia sapinea (Sphaeropsis sapinea)
(Fr.) are two of the more important fungal pathogens that
affect Pinus species causing canker diseases which can
result in significant economic losses in pine tree nurseries,
plantations and natural forests worldwide (Swart and
Wingfield 1991; Blodgett et al. 1997; Burgess et al. 2004;
Wingfield et al. 2008; Iturritxa et al. 2013; Bihon et al.
2014), for example, pine shoot blight caused by D. sapinea
is a serious threat to the health of Pinus densiflora Siebold
& Zucc (Xie et al. 2020). However, F. circinatum has been
reported in most of the world's pine production zones;
especially in those where Pinus radiata is intensively
planted, either on adult forests or nurseries (Hodge and
Dvorak 2000; Gordon et al. 2001; EPPO 2009; Wingfield et
al. 2008). Nonetheless, in our investigation the etiological
agent of this disease was F. verticillioides. Fusarium spp. is
well known as a forest nursery pathogen, causing pre-
emergence and post-emergence damping off (Dick and
Dobbie 2002). The factors that promote the pathogen
development are presence of old trees with their roots in
process of decomposition, rain frequency, observing an
almost insignificant incidence when rain frequency is low
(Mendoza et al. 2002).

F. verticillioides has been reported as a pathogen in
certain pine species, such as Pinus ponderosa Dougl. ex
Laws. var. ponderosa (Ponderosa pine) (Salerno and Lori
2007), Pinus nigra (Martin-Pinto et al. 2004). Even before
the arrival of F. circinatum in Europe, F. verticillioides was
one of the three main fungal pathogens associated with
damping-off in European nurseries (Martin-Pinto et al.
2008; Romén et al. 2008). On the other hand, F.
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verticillioides is one of the most frequent Fusarium spp.
associated with conifer seeds and nursery diseases in the
USA (James 1986; Fraedrich and Miller 1995).
Additionally, F. verticillioides isolates have recently been
reported from Pinus strobus seeds (Ocamb et al. 2002)
associated to rhizosphere soil and diseased roots of P.
strobus (Ocamb and Juzwik 1995).

Conclusion

The symptoms reproduced after inoculation of the isolated
pathogen to the P. greggii Engelm. ex Parl. var. greggii
trees allowed the association of the phytopathogenic fungi
F. verticillioides as the etiological agent of the pine resinous
canker disease in the CAESA forest plantation.
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