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Abstract

American black walnut (Juglans nigra L.) is affected by phytosanitary problems, highlighting
fungi that cause cankers in branches, reducing fruit production up to 60% of the average yield that
is 1.9 t hal. The objectives of this investigation were to identify the fungi associated with cankers
present in branches of trees of J. nigra with symptoms of descending death and to evaluate their
pathogenicity. Canker fungi were isolated from branches with symptoms of descending death
collected in two orchards of the state of Coahuila. Four fungal morphotypes were obtained and one
strain of each was used for its morphological identification at the genus level, and by sequencing
the ITS1 region to ITS2 of the ribosomal genes (rDNA) for its identification at the species level.
Pathogenicity tests were performed on four-month-old J. nigra seedlings, making a 3 mm long
stem fissure and inoculating with each identified species. The fungi associated with the cankers of
J. nigra were morphologically identified as members of the genera Trichothecium, Pestalotiopsis,
Alternaria and Rhizoctonia. By means of the BLAST analysis in the GenBank of the sequences of
the ITS1 to ITS2 region it was possible to determine that the strains were related to the species
Trichothecium roseum, Pestalotiopsis steyaertii, Alternaria alternata and to an undetermined
binucleate species of Rhizoctonia. The inoculation of the four strains to seedlings showed that they
are pathogenic to J. nigra.
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American black walnut (Juglans nigra L.; Juglandaceae), native to North America (Michler et
al., 2007) is widely grown in Europe (Salek and Hejcmanova, 2011), South America and East
Asia (Fisher et al., 2013), and it is valued for the nutritional characteristics and antioxidant
content of its nut, and for its wood (Gilman and Watson, 1993, Shifley, 2004). Between 1990
and 2001, walnut mortality was observed in several entities of the United States of America
(USA) and the death of trees was associated to the presence of the beetle Pityophthorus juglandis
(Coleoptera: Scolitidae) on branches and trunks and the subsequent development of cankers.
Around the galleries caused by an association between this and the fungus Geosmithia morbida
Blackman (Fisher et al., 2013). From 2008 onwards, the disease got the common name of
thousands of cankers disease (TCD), Due to the enormous amount of cankers that form in the
bark of the affected trees. By 2013, TCD was found widely distributed in the USA (Fisher et al.,
2013; Wiggins et al., 2014), and came to cause with a severity of up to 60% of the total population
and a removal due to the downward death of 300 individuals in the states of Washington and
Idaho (Tiserrat et al., 2011).

In Mexico, J. nigra is grown in the states of Puebla, Tlaxcala, State of Mexico, Oaxaca and
Quereétaro. In the state of Coahuila of Zaragoza, the main producing municipalities of this crop are
Parras, Zaragoza, Muzquiz, Ramos Arizpe and Saltillo, with an area of 1 446 ha and an average
yield of 1.9 t ha. It has been estimated that the losses of the fruit in this state reach up to 60%,
where even the loss of trees occurs due to the descending death possibly caused to cankers present
in branches. The objective of this investigation was to isolate, identify and determine the
pathogenicity of the fungi present in cankers associated with the descending death of J. nigra in
two Municipalities of Coahuila of Zaragoza, Mexico.

In April and August 2015, branches of 16 trees of J. nigra with symptoms of descending death
were collected (Figure 1) in two 15-year-old orchards located in the municipalities of Arteaga and
Saltillo. The fungal isolation was based on previously described procedures (Alvidrez-Villarreal et
al., 2012; Fisher et al., 2013) with some modifications. Cankers were extracted from the internal
tissue of branches, disinfected with 3% sodium hypochlorite and placed in Petri dishes with potato
dextrose agar (PDA) culture medium, placing five pieces per box. After 24 h, fungal growths were
transferred to new boxes and from the colonies obtained, monosporic strains were developed or
from hyphal tips. The strains were kept active in PDA and were conserved in water. Four
morphotypes were obtained and one strain of each was selected and used in subsequent analyzes.
The strains were identified morphologically at the genus level as Trichothecium, Pestalotia and
Alternaria and Rhizoctonia using keys for imperfect fungi (Barnett and Hunter, 2006).

Figure 1. Symptoms of descending death in Juglans nigra; a) tree with partial branch death; b) view
of superficial lesion on green branch; and c) internal cankers.
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Identity at the species level was based on the analysis of the sequence of the ITS-1 to ITS-2 region
of the ribosomal DNA using the ITS1 and ITS4 primers (White et al., 1990). A consensus sequence
of each fungus was obtained to perform a BLAST analysis (Basic Local Alignment Search Tool)
in the database of the National Biotechnology Information Center (NCBI). The Pestalotia strain
showed a relationship with six species and to determine its identity, a phylogenetic analysis was
performed with the Neighbor-Joining method based on Kimura’s 2-parameter model and the
Bootstrap test with 1 000 repetitions.

The pathogenicity tests were carried out using four-month-old healthy seedlings, developed from
seed sown in sterile soil contained in half-liter unicel cups. Each strain was inoculated to five
seedlings that previously had a wound in the stem of 3 mm in length with a knife for sterile scalpel.
On the wound 1 ml of the suspension of 1 x 108 spores of Trichothecium, Pestalotia and Alternaria
was inoculated, while for Rhizoctonia the inoculum consisted of an explant of 5 mm in diameter
placed directly on the wound on the stem.

The control seedlings were inoculated with sterile distilled water over the wound. After the
inoculation, the wound was covered with plastic to prevent the rapid drying of the inoculum and
the wilting of the seedlings. The plastic was removed after a week. The treatments were
distributed under a completely random design in a greenhouse. Every seven days during the 45
days after the inoculation (ddi) the seedlings were observed and the symptoms they showed were
described. The incidence was registered as the percentage of plants (considering the plant
established in each repetition) with some type of symptom in relation to the control. The severity
was determined based on a visual scale of five values (1= 0-20%, 2= 21-30%, 3= 31-50%, 4=
51-80% and 5= more than 80% of the stem with lesion) and the data were analyzed by the
Kruskal-Wallis test.

The height of the plant at 28 ddi was also analyzed because in the evaluation of the 35 ddi the
plants of some treatments inoculated with fungi were already dead. The plants were extracted after
45 days and they were determined the length, fresh weight and dry weight of the root, as well as
isolating fungi from tissue around the inoculated wounds to confirm the postulates of Koch. The
data were subjected to a completely random analysis of variance and the comparisons of means
were carried out using the Tukey test (p< 0.05). The analyzes, were performed with the statistical
package Rdata, version 3.2.3 (Ihaka and Gentleman, 1996).

Strains of morphotypes isolated from cankers were morphologically identified as members of
the genera Trichothecium, Pestalotia, Alternaria and Rhizoctonia; whereas, based on the
BLAST analysis, the identity of the Trichothecium and Alternaria strains correspond to the
species T. roseum and A. alternata, respectively. The Rhizoctonia strain showed a high
relationship with R. solani; however, when verifying the number of nuclei in the analyzed strain,
it was determined that it corresponds to an unidentified binucleated species of the genus
Rhizoctonia (Sneh et al., 1991). The phylogenetic analysis of the Pestalotia strain showed more
relationship with Pestalotiopsis steyaertii (=Neopestalotiopsis steyaertii according to
Maharachchikumbura et al., 2014).

The first symptoms appeared at 7 ddi in seedlings inoculated with T. roseum, P. steyaertii and

Rhizoctonia sp., and caused symptoms in 100% of the plants at 7, 14 and 21 ddi, respectively. While
A. alternata caused the first symptoms at 14 ddi, and at 28 ddi it only caused symptoms at 60% of
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plants. The plants inoculated with water appeared apparently healthy (Figure 2A) during the
experiment, while the inoculated fungi caused chlorosis (Figure 2B), stunting (Figure 2C) and
defoliation (Figure 2D) in the first 35 ddi. Seedlings inoculated with T. roseum, P. steyaertii and
Rhizoctonia sp. showed a reddish pigmentation at the apex (Figure 2E). After 45 days, all the plants
inoculated with fungi died (Figure 2F), being T. roseum, P. steyaertii and Rhizoctonia sp., which they
caused the death of all plants at 35 ddi and only survived the witness until the end of the experiment.

Figure 2. Symptoms in seedlings inoculated with strains of fungi isolated from cankers of branches of
J. nigra. A) healthy plant (control) 45 days after inoculation; B) yellowing at 7 ddi in a
seedling inoculated with T. roseum; C) reduction in the growth of the inoculated seedling;
D) defoliation in inoculated seedling; E) seed apical part with reddish coloration; and F)
inoculated dead seedling.

In the treatments inoculated with fungi the severity was greater while the height, length, fresh
weight and dry weight of the root were lower, compared to the control (Table 1). The fungi isolated
from plants inoculated with fungi corresponded to those inoculated, while it was not possible to
isolate any of them from the control plants.

Table 1. Averages obtained from five variables evaluated after inoculation of J. nigra plants with
four fungal species.

Height  Root length Fresh weight of Dry weight of

Treatment Severity p=0.001 p=0.001 root root
Control 18 a 6.18 a 514a l1la 0.44a
Alternaria alternata 103.35b 284D 3.12b 0.66 bc 0.21 ab
Pestalotiopsis steyaertii  106.21 b 3b 2.16 bc 0.82 ab 0.21 ab
Trichothecium roseum  106.21b  1.82c 0.52d 0.33c¢c 0.06 b
Rhizoctonia sp. 106.21 b 26Db 1.65c 04c 0.04Db

It has been reported that A. alternata is capable of causing cankers in the apple tree (Abou Al Fadil
et al., 2010), T. roseum in rose (Sweets et al., 1982), and Pestalotiopsis species in various plant
species (Espinoza et al., 2008; Patel et al., 2013), but no reports of binucleated Rhizoctonia species
associated with cankers in plants were found. The results obtained suggest that these species are
associated agents responsible for the downward death of J. nigra, due to the pathogenic capacity
that caused the presence of various symptoms.
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Conclusions

In none of the samples obtained from J. nigra in Coahuila, Mexico, it was possible to identify the
fungus G. morbida, the main cause of descending death in this tree in other countries. The
identification and pathogenicity tests carried out with T. roseum, P. steyaertii, A. alternata and a
binucleated species of Rhizoctonia, show that these fungi occur in cankers associated with the
descending death of J. nigra, and are pathogenic to this plant. It is considered that this is the first
report of T. roseum., P. steyaertii., A. alternata y Rhizoctonia sp. as pathogens of J. nigra.
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