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Abstract

The cultivation of citrus fruits is affected by several phytopathogenic fungi, which can cause
diseases and reduce their production. The fungus Lasiodiplodia spp. causes regressive death and
other symptoms in citrus and other crops in various countries, including Mexico. The objective of
this work was to identify isolated fungal strains of citrus trees with symptoms of regressive death
and to evaluate their pathogenicity in greenhouse conditions. The isolated fungi were identified
based on their morphological characteristics such as Lasiodiplodia theobromae, Fomitopsis meliae
and Eutypella citricola, confirmed with PCR amplification and sequencing of the ITS region when
compared to the GenBank sequences. In the greenhouse bioassay, it was found that L. theobromae
and F. meliae cause symptoms of wilting, descending death and necrotic lesions in the inoculated
areas from the fourth day after inoculation in plants of sweet orange variety Valencia. F. meliae +
L. theobromae caused more severe damage, causing necrotic lesions of 22 to 27 cm in length, wilt
and regressive death and both were reisolated from the lesions produced. E. citricola only produced
necrosis around the inoculated area. According to the results of the pathogenicity test, fungi L.
theobromae and F. meliae cause regressive citrus death.
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Introduction

Citrus cultivation is affected by several phytopathogenic fungi, which can cause various diseases
and reduce their production. These pathogens cause lesions on leaves, cankers, necrosis, root rot,
peduncles and fruits, wilting, branch death and regressive death (McBride et al., 2010; Adesemoye
et al., 2014). The fungus Lasiodiplodia spp. it has been reported as a cause of regressive death and
other symptoms in citrus fruits and in a wide range of crops (Adesemoye et al., 2014; Rodriguez
etal., 2016).

In Mexico, peduncle rot and branch dieback were observed in mango trees (Mangifera indica
L.) in the states of Guerrero and Michoacan. The pathogens identified were L. theobromae, L.
pseudotheobromae and Neofusicoccum parvum (Sandoval et al., 2013). In Guerrero, the L.
theobromae species was reported in sapote mamey trees (Pouteria zapota [Jacq] HE Moore
and Stearn) causing wilting, death of the apical bud and consequently descending death with
gradual drying at 22 days after grafting (Tovar et al., 2013). In Nayarit, regressive death has
been observed in guanaban orchards, beginning in the branches, which continued drying from
the tip to the base and L. theobromae could be identified as the causative agent (Hernandez et
al., 2013).

The pathogenicity of Lasiodiplodia spp. has been studied in different crops, Al-Sadi et al. (2014)
isolated L. theobromae from lime trees (Citrus aurantifolia S.), inoculated the fungus and
produced symptoms of regressive death in 40% of the inoculated plants from which it was
subsequently reisolated. In the same way, Cedefio and Palacios (1992) demonstrated through the
postulates of Koch that L. theobromae produced gummosis and lesions in the inoculated citrus
plants, symptoms similar to those observed in the field. At the same time, the morphological
characteristics and dimensions of the reisolated conidia allowed to associate L. theobromae as
the cause of the disease.

At the beginning of 2015, citrus farmers in the state of Sinaloa reported the regressive death of
Persian lemon trees (Citrus latifolia Tan). In that same year, producers of Nuevo Leon reported the
death of branches in descending direction to the main trunk in Persian lemon and sweet orange
(Citrus sinensis [L.] Osbeck) variety Valencia grafted on sour orange (Citrus aurantium L.); later,
similar symptoms were also observed in citrus orchards in the state of Tamaulipas. In several of
the cases, Lasiodiplodia spp. was identified and identified as the possible causative agent; however,
there are no publications in this regard. Due to the above, the objective of this work was to identify
isolated fungal strains of citrus trees with symptoms of regressive death and to evaluate their
pathogenicity under greenhouse conditions.

Materials and methods
Plant sampling and fungal isolation
Sampling was directed towards sweet orange trees (Citrus sinensis L.) with symptoms of regressive

death and necrosis in the trunk and branches, collected in orchards of the municipalities of General
Teran and Montemorelos, Nuevo Leon, and Llera de Canales, Tamaulipas.
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Affected tissues with symptoms of necrosis and regressive death were cut into sections of
approximately 1 cm in the transition zone between the necrotic part and the apparently healthy part,
disinfected with 10% commercial bleach for 1 min, then washed with water two-distilled, were
planted in Petri dishes with potato dextrose agar (PDA) and incubated at 25 +2 °C with a
photoperiod of 12 h light and 12 h of darkness (Marques et al., 2013). The isolated fungi were
reseeded by the hypha tip method on water agar and incubated under the same conditions of light
and temperature for 4 weeks, in order to obtain pure strains (Twizeyimana et al., 2013).

Morphological and molecular identification of fungi

For the morphological identification of the isolated fungi, cultural characteristics were taken into
account, such as growth, color, type and shape of the colony, as well as the growth rate (Urbaez et
al., 2013) observed with the microscope in preparations of the fungi stained with lactophenol. The
identification of fungal species was carried out using the keys of Phillips et al. (2013).

For molecular identification, the strains were grown in PDA at 25 £2 °C for 7 days. DNA extraction
was performed using the DNeasy Plant Mini Kit™ (Qiagen, Inc.) with slight modifications to the
manufacturer’s instructions and the DNA was quantified using a Take3MR spectrophotometer
(Bioselec).

The amplification reactions were carried out in volumes of 25 pL. The ITS-1 region, 5.8S
ribosomal gene and ITS-2 were amplified using the oligonucleotides ITS-1fu 5’-
tccgtaggtgaacctgegg-3’ and ITS-4 5’tectecgcttatttgatatge-3° (White et al., 1990).

For the reactions, 5 uLL of 5X PCR buffer, 2 pL of MgClz (25 uM), 2 uL of ANTP’s (2.5 mM), 0.2
uL of go-Tag enzyme (5U uLt) (PromegaM®), 9.8 uL of Mili-Q grade water, 2 uL of each primer
(10 pmol uLt) and 2 uL of DNA were used. The PCR consisted of an initial denaturation cycle at
94 °C for 2 min, followed by 35 cycles at 94 °C for 20 s, 55 °C for 25 sand 72 °C for 50 s, followed
by a final elongation step for 4 min. The PCR products were visualized on 1% agarose gels,
previously stained with 0.5 ng uL? of ethidium bromide and compared with a molecular weight
marker (ladder-100MR, Axygen).

The obtained PCR products were sequenced in the company Macrogen (EE. UU.) and compared
with GenBank sequences to confirm the identity of the fungi at the species level.

Evaluation of the pathogenicity of fungi isolated

To determine the pathogenicity of the isolated strains, a bioassay was conducted under greenhouse
conditions at the UANL Faculty of Agronomy located in Gral. Escobedo, NL. This municipality is
located at 25° 47 5.98” north latitude and 100° 17° 12.12” west longitude at a height of 481 meters
above sea level.

For the evaluation of the pathogenicity plants were used sweet orange (C. sinensis) Valencia variety
of one year of grafted, which measured 60 to 75 cm in height and were obtained from a commercial
nursery. The inoculum was obtained by cultivating the fungi in PDA for 6 days at 25 +2 °C and
50% relative humidity.
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A completely randomized design with 9 treatments was established. Three treatments with the
fungi individually, three treatments where the different strains were combined in pairs, a
treatment with the combination of the three strains, a control (plants inoculated with sterile PDA)
and an absolute control of plants in which only the cut (Table 1). For each treatment, three
repetitions were used.

Table 1. Description of the treatments used in the evaluation of the pathogenicity test of isolated
fungi.

Treatments Number
Absolute control (cut)
Control (sterile PDA)
Fomitopsis meliae (F)

Lasiodiplodia theobromae (L)
Eutypella citricola (E)
F+L
F+E
L+E
F+L+E

-
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For the inoculation of the fungi, the plants were subjected to longitudinal wounds of 1 cm using
sterile knives. The bark was detached slightly as a flange, causing a wound by plant. In the
wound fungi were inoculated by placing mycelial discs of 5 mm in diameter taken from the
margin of mycelial growth, then the flange was closed and covered with parafilm to avoid
drying the fungus and the plant. Periodic observations were made at seven-day intervals to
measure the length of the lesions. Of the plants inoculated with symptoms of necrosis and
regressive death, we proceeded to re-isolate and identify the phytopathogenic fungi following
the previously described method.

Statistical analysis

An analysis of variance (Anova) was performed to determine the average effectiveness of each
treatment and a multiple comparison of means with the Tukey method (p< 0.05) with the statistical
program SPSS 22 (IBM Corp., 2013).

Results
Isolation, purification and identification of fungi

In the cultures carried out, between 2 and 5 days, several fungi grew, which were purified by
hyphae tip and identified by their morphological characteristics as L. theobromae, which in PDA
medium initially showed a whitening colony coloration, becoming gray and darkening as the
days passed, the conidia initially oval in shape, hyaline and without septa, but as the crop grew
older they became septate and acquired a brown coloration. Fomitopsis sp. was identified by its
gray-black aerial mycelium and hyaline, unicellular, ovoid and ellipsoidal conidia. E. citricola
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was identified by its colonial growth of white color, with aerial mycelium and when mature it
formed dark and scattered picnidia. The present conidia were hyaline, filiform, unicellular and
some curved.

With respect to molecular identification, DNA extraction of the three species of fungi isolated
from symptomatic samples of sweet orange was successful. In the 3 cases, an average of 30 ng
uLt of DNA with an absorbance ratio of 260/280 between 1.8 and 2 indicating good quality
was observed.

In the PCR reactions, the DNA amplification of the 3 fungal species was achieved using the
universal primers for fungi ITS-1fu/ITS-4. The consensus sequence of the PCR products was 515
bp for the ITS-1, 5.8S and ITS-2 regions, in addition to partial sequences of 18S and 28S RNA.
When comparing the DNA sequences of the isolates with GenBank sequences, in all three cases
99% similarity coincided with L. theobromae (accession JN048466.1), F. meliae (HQ248221.1)
and E. citricola (KM396616.1).

Pathogenicity test

Four days after the inoculation, the plants inoculated with F. meliae (treatment 3), showed
symptoms of necrosis, wilting and death of branches in descending direction. After 32 days the
external necrotic lesions measured between 9.5 and 29 cm long, this fungus being the cause of
more aggressive symptoms of descending death (Table 2, Figure 1). At the end of the bioassay,
longitudinal cuts were made of the plants with wilt symptoms, and brown spots on the vascular
tissues could be observed in them.

Table 2. Average length of stems lesions in inoculation treatments with fungi in sweet orange
trees (C. sinensis).

Treatments Lesion length! (cm)
3 Fomitopsis meliae (F) 25 +1.52 a
6 F+L 22 £8.11 a
9 F+L+E 3+1.33 b
7 F+E 3+0.96 b
4 Lasiodiplodia theobromae (L) 2104 b
8 L+E 2 +£0.43 b
5 Eutypella citricola (E) 1.56 £0.51 b
1 Absolute control (cut) 0 b
2 Control (sterile PDA) 0 b

1= Average of three repetitions +2 standard deviations 32 days after inoculation. Treatments with the same letter have
no significant difference at the 0.05 level of significance.
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Figure 1. Pathogenicity test of fungi causing regressive death in sweet orange (C. sinensis L.). a)
inoculation with mycelium discs; b) symptoms of regressive death; and c) vascular beams
of the stem.

In the treatments in which E. citricola was used as inoculum, the symptoms were less aggressive,
since only 1 to 4 cm necrosis was observed around the inoculated area, but they did not express
symptoms of wilt.

From all inoculated plants, direct lamellar assemblies and replantings were made in PDA. The
morphological and colonial growth characteristics were similar to those previously described for
the strains of F. meliae and L. theobromae used for the inoculation. The DNA sequencing of the
PCR products coincided in 99% only for L. theobromae and F. meliae, for the re-isolation of E.
citricola from the inoculated plants, PCR amplification was not possible and therefore neither DNA
sequencing

Discussion

It is reported that the genus Lasiodiplodia spp. and other genera belonging to the
Botryosphaereacea family cause regressive death in various woody species (Adesemoye et al.,
2014). Other common symptoms are gummosis, canker, peduncle rot and fruits (McDonald and
Eskalen, 2011). In Mexico there are reports of L. theobromae as a cause of regressive death in
mango, zapote and guanabana (Sandoval et al., 2013; Tovar et al., 2013; Hernandez et al., 2013),
but there is no report in citrus. In the present work it was possible to isolate L. theobromae and its
pathogenicity was checked. The study of this species affecting citrus trees, where previously they
had not been detected is of great interest, since some factors are possibly influencing them to
produce the disease. One of these factors may be drought stress (Mullen et al., 1991), since some
of these species may be present in crops as saprophytes and not cause any symptoms
(Trakunyingcharoen et al., 2015) until favorable conditions arise.

With respect to the identification of F. meliae causing this problem in citrus, these results coincide
with that reported by Roccotelli et al. (2014), who demonstrated through pathogenicity tests that
by inoculating F. meliae on lemon branches (Citrus lemon), it can quickly colonize the inoculated
branches, indicating that it is a potential citrus pathogen. Our results also coincide with that
reported by Mayorquin et al. (2016), who point out that Eutypella sp. caused cankers and necrotic
lesions on the inoculated citrus branches. Although F. meliae is an aggressive pathogen (Roccotelli
et al., 2014), its pathogenicity decreased when it was combined with E. citricola.
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The length of the lesions varied depending on the inoculated fungus. This difference in the length
of the lesions can be compared with that reported by Chen et al. (2014), where Lasiodiplodia
citricola produced canker and decay in walnut branches (Juglans nigra) when they were inoculated
by a spore suspension, unlike inoculation with mycelial discs. However, the method of inoculation
used for Lasiodiplodia spp. has shown that it is an aggressive pathogen, because it causes necrosis,
vascular discoloration, crown wilt and death regress (Adesemoye et al., 2014; Linaldeddu et al.,
2014).

The fact of being able to re-isolate the fungi of the inoculated plants, shows that the infection was
achieved because penetration of the hyphae of the pathogens and colonization of the vascular
system of the plants was registered (Figure 1).

Conclusions

The isolation of 3 phytopathogenic fungi from citrus trees with symptoms of regressive death was
achieved in the states of Nuevo Leon and Tamaulipas, Mexico. The fungi were identified as L.
theobromae, F. meliae and E. citricola by cultural, morphological, molecular and pathogenic
characteristics. Of the species identified only L. theobromae and F. meliae, they reproduced the
symptoms of the disease in greenhouse conditions, which were re-isolated and their identification
was corroborated.

Cited literature

Adesemoye, A. O.; Mayorquin, J. S.; Wang, D. H.; Twizeyima, M.; Lynch, S. C.; and Eskalen, A.
2014. Identification of species of Botryosphaeriaceae causing bot gummosis in citrus in
California. Plant Disease. 98:55-61. http://dx.doi.org/10.1094/PDIS-05-13-0492-re.

Al-Sadi, A. M.; Al-Ghaithi, A. G.; Al-Fahdi, N. and Al-Yahyai, R. 2014. Characterization and
pathogenicity of fungal pathogens associated with root diseases of citrus in Oman. Int. J.
Agric. Biol. 16:371-376.

Cedefio, L. y Palacios, P. E. 1992. Identificacién de Botryodiplodia theobromae como la causante
de lesiones y gomosis en citricos. Fitopatol. Venezolana. 1:10-13.

Chen, S. F.; Morgan, D. P.; Hasey, J. K.; Anderson, K. and Michailides, T. J. 2014. Phylogeny,
morphology, distribution, and pathogenicity of Botryosphaeriaceae and Diaporthaceae
from English walnut in California. Plant Dis. 98:636-652. http://dx.doi.org/10.1094/PDIS-
07-13-0706-RE.

Herndndez, F. L. M.; Gémez, J. R. y Agustin, J. A. 2013. Importancia, plagas insectiles y
enfermedades fungosas del cultivo del guanabano. Campo Experimental Santiago
Ixcuintla, Nayarit, México. Libro técnico nimero 1. 87 p.

IBM Corp. Released. 2013. IBM SPSS Statistic for Windows, Version 22.0. Armonk, NY. IBM
Corp.

Linaldeddu, B. T.; Deidda, A.; Scanu, B.; Franceschini, A.; Serra, S.; Berraf, T. A.; Zouaoui, B.
M.; Ben Jamaa, M. L. and Phillips, A. J. L. 2014. Diversity of Botryosphaeriaceae species
associated with grapevine and other woody hosts in Italy, Algeria and Tunisia, with
descriptions of Lasiodiplodia exigua and Lasiodiplodia mediterranea sp. nov. Fungal
Diversity 71:201-214. DOI 10.1007/s13225-014-0301-X.

763



Rev. Mex. Cienc. Agric. vol. 10 num. 4 May 16 - June 29, 2019

Marqués, M. W.; Lima, N. B.; Morais, M. A.; Michereff, S. J.; Phillips, A. J. L. and Camara, M.
P. S. 2013. Botryosphaeria, Neofusicoccum, Neocytalidium and Pseudofusicoccum species
associated with mango in Brazil. Fungal Diversity 61:195-208. DOI 10.1007/s13225-013-
0258-1.

Mayorquin, J. S.; Wang, D. H.; Twizeyimana, M. and Eskalen, A. 2016. Identification, distribution
and pathogenicity of Diatrypaceae and Botryosphaeriaceae associated with citrus branch
canker in the southern California desert. Plant Dis. 100:2402-2413.
http://dx.doi.org/10.1094/PDIS-03-16-0362-re.

McBride, S.; French, R.; Schuster, G. y Ong, K. 2010. Guia de enfermedades de los citricos.
AgriLife Extension. Texas A&M System. 12 p.

McDonald, V. and Eskalen, A. 2011. Botryosphaeriaceae species associated with avocado branch
cankers in California. Plant Dis. 95:1465-1473. D0i:10.1094 / PD1S-02-11-0136.

Mullen, J. M.; Gilliam, C. H.; Hagan, A. K. and Morgan, J. G. 1991. Cancer of dogwood caused
by Lasiodiplodia theobromae, a disease influenced by drought stress or cultivar selection.
Plant Disease. 75:886-8809.

Phillips, A. J. L.; Alves, A.; Abdollahzadeh, J.; Slippers, B.; Wingfield, M. J.; Groenewald, J. Z;
and Crous, P. W. 2013. The Botryosphaeriaceae: genera and species known from culture.
Studies in Micology. 76:51-167. D0i:10.3114/sim0021.

Roccotelli, A.; Schena, L.; Sanzani, S. M.; Cacciola, S. O.; Mosca, S.; Faedda, R.; Ippolito, A. and
Magnano di San Lio, G. 2014. Characterization of basidiomicetes associated with wood rot
of citrus in southern Italy. Phytopathology. 104:851-858. http://dx.doi.org/10.1094
/PHYTO-10-13-0272-R.

Rodriguez, G. E.; Guerrero, P.; Barradas, C.; Crous, P. W. and Alves, A. 2016. Phylogeny and
pathogenicity of Lasiodiplodia species associated with dieback of mango in Peru. Fungal
Biology. 121:1-14. http://dx.doi.org/10.1016/j.funbio.2016.06.004.

Sandoval, S. M.; Nieto, A. D.; Sandoval, I. S.; Téliz, O. D.; Orozco, S. M. y Silva, R. H. V. 2013.
Hongos asociados a pudricién del pedinculo y muerte descendente del mango (Mangifera
indica L.). Agrociencia. 47:61-73.

Tovar, P. J. M.; Mora, A. J. A.; Nava, D. C.; Téliz, O. D.; Villegas, M. A. and Leyva, M. S. G.
2013. Control of Lasiodiplodia theobromae, the causal agent of dieback of sapote mamey
[Pouteria sapota (Jacg.) H. E. Moore and Stern] grafts in Mexico. Rev. Fitotec. Mex.
36:233-238.

Trakunyingcharoen, L.; Lombard, L.; Groenewald, J. Z.; Cheewangkoon, R.; To-anum, C. and
Crous, P. W. 2015. Caulicolus Botryosphaeriales from Thailand. Persoonia. 34:87-99.
http://dx.doi.org/10.3767/003158515X685841.

Twizeyimana, M.; Forster, H.; McDonald, V.; Wang, D. H.; Adaskaveg, J. E. and Eskaten, A.
2013. Identification and pathogenicity of fungal pathogens associated with stem-end rot of
avocado in California. Plant Dis. 97:1580-1584. http://dx.doi.org/10.1094 / PDIS-03-13-
0230-re.

Urbaez, T. J. R.; Peduto, F.; Vossen, P. M.; Krueger, W. H. and Gubler, W. D. 2013. Olive twig
and branch dieback: etiology, incidence and distribution in California Plant Dis. 97:23-244.
http://dx.doi.org/10.1094/PDIS-04-12-0390-re.

White, T. J.; Bruns, T.; Lee, S. and Taylor, J. 1990. PCR Protocols: a guide to methods and
applications. Academic Press, San Diego, CA. 315-322 pp.

764


http://dx.doi.org/10.1094

