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Abstract

Agave tequilana Weber var. azul is a crop used to produce ‘Tequila’ in Mexico. The agave’s wilting
(marchitez in spanish) is an economically important disease associated to Fusarium oxysporum. The
symptoms reported in the diseased plants include extensive stem and root rot that are
uncharacteristic of vascular wilt associated to F. oxysproum in other crops. Ten agave commercial
fields presenting high agave’s wilting incidence in the Mexicos’s Jalisco and Nayarit states were
evaluated. A severity scale was used in the field to evaluate agave’s wilting and, in general, a
positive correlation was observed between the degree of xylem vascular damage or root rot with the
wilt severity level in the field plants. Twenty—one isolates of F. oxysporum obtained from stem
tissue of agave plants were analyzed to determine their genetic diversity using Box—PCR DNA
markers. A group of ten strains with identical fingerprints was identified including isolates from
distant fields. Five strains from three genetic groups were used to test their pathogenicity in agave
plants propagated in vitro under greenhouse conditions. Wilt symptoms were observed in agave
plants 200 days after inoculation of the F. oxysporum strains. The incidence of blocked or partially
degraded xylem vessels was higher in plants inoculated with any of the F. oxysporum strains as
compared to the control plants. The root rots symptom was not present in inoculated plants.
Interestingly, several Fusarium solani isolates were obtained from rooting roots or stem of field
diseased plants, indicating that at least two Fusarium species are responsible for agave’s wilting
disease.
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Introduction

Agave (Agave tequilana Weber var. azul) is a crop used to produce the Mexican alcoholic beverage
known as Tequila. Agave plants need at least six years to complete their life cycle. However, some
important diseases reduce the number of plants that reach maturity. The agave’s wilt (marchitez in
spanish) is a disease mainly associated to Fusarium oxysporum, but until now, positive
pathogenicity has not been reported in the fields or in vitro on agave plants. In the official Tequila’s
geographical indication Region, 37% of agave plants were affected by ‘marchitez’ during 2004
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(CRT—-Comité Técnico Agronomico, 2005; Eguiarte and Gonzalez, 2007), and a census of agave
plants, in January of 2008, identified over 40 millions diseased plants (CRT, 2008).

Symptoms reported in agave’s ‘marchitez’ are: wilting, chlorosis (light yellow leaves), folding up
of the leaf edges, drying of the older leaves from the apex to the base, extensive maroon colored rot
in the crown, and finally, if the plant is pushed laterally, it easily drops because root rot (Aceves,
1999; CRT—-Comité Técnico Agronémico, 2005). Thirteen years ago, F. oxysporum was reported as
the etiologic agent of agave’s stem rot (Luna, 1996). Some of the symptoms described on that report
are uncharacteristic of pathogenic strains of F. oxysporum, which induce vascular wilt diseases in
other plants, which are characterized mainly by a pathogenic process limited to the xylem tissue,
but not associated to root rot (Beckman, 1987; Rodriguez—Galvez and Mendgen, 1995; Inoue et al.,
2002; Leslie and Summerell, 2006). Agave is clonally propagated by transplanting small plants,
called ‘hijuelos’ that are rhizome generated, and grow up around mother plants. It is important to
define if F. oxysporum causes vascular wilt in agave plants affected by ‘marchitez’ in order to
generate specific disease management strategies to reduce the risk of introduction of infected
vegetative material to new crop areas. In this work, xylem injury and root rot were associated to
wilt symptoms of field agave plants. In addition, twenty one F. oxysporum isolates obtained from
stems of field agave plants with ‘marchitez’ symptoms were analyzed using Box—-PCR DNA marker
to determine their genetic variability. Five Fusarium strains, representing three different genetic
groups, were inoculated in agave plants to confirm their pathogenicity in vitro under greenhouse
conditions.

Material and methods

Epidemiology, experimental site and severity scale of wilt symptoms

Ten commercial agave fields, property of Tequila Herradura S.A. de C.V. (Table 1), with 1- to 5—
years old plants were chosen as sampling sites due to the high incidence of ‘marchitez’ observed in
their plants. Eight fields were localized in the most important production areas denominated ‘Los
Altos’ and ‘Los Valles’ in the state of Jalisco and two fields from the state of Nayarit. One hundred
plants per field were analyzed, in situ, to determine the severity of ‘marchitez’. Fifteen plants, three
of each category, were dug—up and analyzed for injured xylem, root rot severity and fungal
isolation. The experiments were performed, under sterile conditions, in the Plant Health Laboratory
at the Instituto Tecnologico de Tlajomulco, Jalisco, Mexico.

Table 1. Commercial fields selected by their high ‘marchitez’ incidence in three agave (4. tequilana
Weber var. azul) production areas in Jalisco and Nayarit states, México.

Field/Key County Region/State

Tata Dios (TAD) Amatitan Los Valles, Jalisco
Bajio Sur (BAS) El Arenal Los Valles, Jalisco
Ojo Zarco (0JO) Magdalena Los Valles, Jalisco
Las Lajitas (TEU) Teuchitlan Los Valles, Jalisco
Santa Rosa (SRO) Tepic Tepic, Nayarit
Barrosas (BAR) Sta Maria del Oro Tepic, Nayarit

La Loma (LOM) Tepatitlan Los Altos, Jalisco
El Zapote (ZAP) Acatic Los Altos, Jalisco
La Canada (LAC) Tala Los Valles, Jalisco
Novillero (NOV) Magdalena Los Valles, Jalisco
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The severity scale established was as follows: 0= asymptomatic plants, with extended blue—greenish
leaves; 1= small greenish plants with lower leaves curled upwards in the margins; 2= yellowish
plants with the most of the leaves curled upwards in the margins, and dry areas in lower leaves; 3=
stunted plants, dry areas in the tip of leaves at different height level; and 4= plants with very few
green areas and close to death (Figure 1).

Figure 1. Severity scale of agave’s ‘marchitez’ used for field evaluation: level 0, asymptomatic plants
with turgent and extended blue—greenish leaves with similar foliar volume than plants in the plantation;
level 1, small greenish plants with lower leaves curled upwards in the margins; level 2, yellowish plants

with the most of the leaves curled upwards in the margins, and dry areas in lower leaves; /level 3,
stunted plants with dry areas in the tip of leaves at different height level;
level 4, plants with very few green areas and close to death.

Injured xylem vessels incidence

Stem pieces (50um thickness) were obtained by cross sectioning, transversal to the xylem vessels
length, at four different zones of the cubic stem block of each plant. The pieces were immersed in
clear lactophenol and were observed with 20X objective in a Carl Zeizz® AxioLab microscope in
order to asses the number of xylem vessels in each of three ocular fields by stem piece. The percent
of yellowish, blocked or degraded xylem vessels was recorded to determine the incidence of injured
xylem.

Root rot severity

To evaluate the level of root rot, twenty pieces of primary or secondary roots per plant, of 25 cm
length, were cross—sectioned in 1cm intervals with surgical blades, transversal to its length. In each
transversal root section observed under a stereo microscope, necrotic root rot tissue was identified
by the appearance of internal dark colored regions contrasted with the white color of the healthy
root tissue. The length of the rotted root tissue was contrasted with the complete root length and
expressed as percent of root rot. An average of twenty pieces was recorded to determine the root rot
severity in each plant.

Data of agave’s ‘marchitez’ field severity, expressed as percentage, from four severity levels were
correlated with the incidence of injured xylem, and the severity of root rot in the same plants. The
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Pearson correlation analyses was applied to explain if xylem injury or root rot variables were
related to the increase of wilt severity level observed in the field.

Fungal isolation from stem and roots

Five small internal pieces of stem tissue from each agave plant were disinfected with 6 % sodium
hypochlorite, absolute ethylic alcohol and sterile distilled water (1:1:8 v/v) for two minutes and
rinsed twice in sterile distilled water. The stem pieces were plated onto potato dextrose agar media
(PDA) and incubated at 28 °C to isolate the causal agent. Five days later, the fungal colonies
obtained were transfered to PDA slants. Later on, mono—conidial isolation of cultures was obtained
from each fungal isolate. All isolates, by triplicate, were grown on PDA at 24 °C for 10 days, and
colonial color, diameter, macro—conidia, micro—conidia and chlamydospores were recorded.

Fungal isolates from rotted primary or secondary roots were isolated from 1cm segments, without
epidermis, at the transition site between healthy and rotted tissue. Root segments were surface
disinfected in chloride—alcohol-water (1:1:8 v/v) for two minutes then were plated on
PDA+streptomycin. The fungal isolates were classified using the keys for Fusarium species
identification by Booth (1977). Monoconidial suspensions of isolates were stored at —70°C in 14%
sterile glycerol.

DNA extraction from mycelia

In order to obtain total DNA, aliquots of monoconidial suspensions of 25 isolates of F. oxysporum
were grown on sterile cellophane disks on PDA media for 10 days at 27°C. Later, the mycelia were
scraped off from the cellophane surface using a flame—sterilized dissection needle and transfered to
1.9mL tubes, and immediately stored at —70°C. To obtain DNA, mycelia were frozen with liquid—N
and pulverized with mortar and pistil, and a modified double extraction phenol—chloroform process
was performed (Lee and Taylor, 1990). To eliminate RNA, 10 Units of RNA—ase were used
(Ribonuclease T2 Invitrogen®) for 30 minutes. The DNA was re—suspended in 50 pL miliQ water
and its concentration was determined by spectrophotometer. The quality of the extracted DNA was
determing running an electrophoresis test with 2 pL of total DNA in a 0.8% agarose gel (Turner et
al., 1998).

Use of Box—PCR DNA markers to generate genetic diversity groups

In order to reduce the number of representative isolates to be used in the pathogenicity tests under
greenhouse conditions, DNA fingerprints from 21 isolates were obtained with the primer Box A1R-—
5’CTACGGCAAGGCGACGCTGACG-3’ which is one of the Rep—PCR DNA markers
(Rademaker and Brujin, 1998). In this way, only one representative isolate that conforms to
genetically different groups was used in the pathogenicity test. The PCR program used consisted of
one cycle of seven minutes at 94°C; 36 cycles of one minute at 94°C, one minute at 53°C, five
minutes at 65°C, and finally one cycle of 18 minutes at 65°C. All amplifications were carried out in
a Palm-Thermocycler (Corbett Research). The electrophoresis separation was done in 19 cm gels
containing 1.8% agarose (LE, Analytical Grade, Promega Corporation Wisconsin, USA) in 1X
TAE. A sample of 2 uL of loading buffer (30% v/v glycerol, 0.25 w/v xilane cyanol) were added to
6.0 pL amplified DNA into a single lane. The electrophoresis conditions were 40 V, 150 mA for 21
h at 4°C using 0.5X TAEas a running buffer. The DNA fingerprints were analyzed separately to
calculate the phenogram and parsimony tree by a binomial system based in the presence or absence
of a given fragment. A similarity matrix, from each isolate, was computed and used as input data in
the NTSYSpc, version 2.02j program (NTSYSpc, Applied Biostatistical Inc.) to obtain a
dendrogram using distance index.
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Greenhouse pathogenicity test

Strains from three genetically diverse groups were analyzed for their pathogenic capabilities. The
strains from each group were selected considering the high degree of aerial wilt severity observed in
the plant from which it was obtained and the high incidence of xylem discoloration. To obtain the
inoculum of F. oxysporum isolates, these were plated in PDA Petri dishes of nine cm diameter, and
were allowed to grow for two weeks. Spore suspensions with a concentration of 2x10° conidia mL ™'
were obtained. Three months old agave plants, propagated in vitro, were used as control plants.
Before inoculation, agave plants were acclimated for two weeks in the greenhouse. Later, they were
transplanted to plastic pots with a mix of peat moss—perlite and sand soil (8:2 v/v), previously
sterilized for one h at a pressure of 21 Ib in>. Fifteen days later, plants were inoculated with 5 mL
of 2x10* conidia mL™" added to each pot of three equidistant points, and more sterile substrate
mixture was applied in the three holes, previously made with plastic tubes at time of transplant.

Six treatments were evaluated in the experiment: in five of them, plants were inoculated with each
of the five selected F. oxysporum strains: 1) NOV-9-A (U), 2) LAC-7-A (27), 3) BAS—1-A (Q),
4) SRO-8-B (0), 5) ZAP-6-B (24), and the sixth was the control (uninoculated plants). Plants of
all treatments were maintained during 200 days under greenhouse conditions, with a temperature of
2842 °C, manual irrigation (100 mL filtered water) three times per week, and nutrient solution (N,
250 ppm; P, 90 ppm; K, 200 ppm; Ca, 120 ppm; Mg, 50 ppm) once a week. Plants grew under
natural photoperiod from June to March.

To evaluate treatments, five random selected plants were chosen at four evaluation dates (30, 60, 90
and 200 days after inoculation). The colonization of agave’s vascular system by F. oxysporum in
the root, stem and leaf tissues were determined by plating internal tissue pieces on PDA, after
surface disinfection as described previously. PDA plates were incubated for five days and F.
oxysporum isolates were identified from each replicate.

Internal tissue from plant stem was cut in thin layers, symptoms were observed microscopically,
and incidence of blocked, yellowish or degraded xylem vessels, were recorded. Progressive digital
pictures evaluated wilt Symptoms at 30, 60, 90 and 200 days, recording the changes in the plant
appearance throughout the experiment. At 200 days, 1cm root fragments were cut from the crown
of the plant, and external and internal tissue appearance were evaluated. Incidence of necrotic root
induced by the F. oxysporum isolates on the experimental plants was also recorded.

Statistic methods
Statistical analysis was done using Proc Corr, Proc ANOVA and Duncan’s means test using the
SAS statistical program ver. 6.12 (SAS Institute Inc., 2000).

Results

Epidemiology

The incidence of agave ‘marchitez’ in fields of the Jalisco and Nayarit states, Mexico, was from
36% to 97%. In fact, the studied fields were chosen because the plants showed ‘marchitez’
symptoms. Values of field severity are show in Table 2, ‘Ojo zarco’ site had the highest value in 4—
years old plants and the values recorded in the ‘El Novillero’ and ‘Las Lajitas’ fields corresponded
to young plants (one— and two—years old respectively) with 74% incidence of ‘marchitez’ in both
fields. The high incidence in young plants is uncommon in agave fields, where the normal
incubation period of ‘marchitez’ is of three or more years. The highest incidence average was 97%
in ‘Santa Rosa’ (Table 2). In contrast, the lowest ficld severity was observed in ‘El Zapote’
(0.60%).
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It was observed that the highest incidence value of blocked or degraded xylem vessels in field
plants was recorded in ‘La Loma’ field with of 81% of xylem vessel damage. Values of incidence
of xylem injury observed in ‘El Novillero’ (45%) or ‘Las Lajitas’ (61 %) could be considered low
in comparison with the values observed in ‘La Loma’ or ‘Santa Rosa’ fields (55%). The lowest
values of xylem injury associated to young plants (1 or 2 years) could be important for early
diagnosis of the disease in agave cultivation, because symptoms commonly are found in older
plants (Aceves, 2003). Root rot severity in the agave plants ranged from 15.9 to 64.7%. Plants from
‘El Zapote’, ‘La Cafiada’ and ‘El Novillero’ fields showed the highest root rot severity (Table 2).

Table 2. Evaluation of severity level, wilt incidence, xylem vessel injury and root rot severity in
agave (Agave tequilana Weber var. azul) plants from commercial production fields.

Field key Plant age Fiel@ ) Fielq incidencea Incidence of injubred Severity ?f
(years) severity of wilted plants xylem vessels root rot
(o)
TAD 4 1.14 76 61 45.8
BAS 2 0.78 56 44 24.7
0JO 4 2.2 75 64 353
TEU 2 1.1 74 61 15.9
SRO 4 1.75 97 55 31.2
BAR 5 1.78 96 45 38.2
LOM 3 0.81 52 81 492
ZAP 4 0.6 36 70 64.7
CAN 4 1.36 78 60 593
NOV 1 0.93 74 45 513

Average from 100 plants per field; "Average from twelve microscope 200X fields per plant; “Average from twenty root per plant.

The mean percentage of incidence of blocked or degraded xylem vessels observed in root plants had
a straight correlation with the field severity of ‘marchitez’ recorded (Table 3). Interestingly, this
relationship had an 7 value of 0.97 for the one—year old field plants from ‘El Novillero’. Similarly,
the coefficient of determination was high (0.82) for ‘La Canada’ field. However, it was low (—0.18)
for the ‘Ojo Zarco’ field, which had the highest field severity level (2.2) accompanied by a severe
aerial disease called ‘anillo rojo’.

Table 3. Pearson correlation between field severity level in a 0—4 scale in agave (4gave tequilana
Weber var. azul) plants and the incidence of xylem blocked veseels in stem and root rot severity.

Symptom Field key

TAD BAS 0OJO TEU SRO BAR LOM ZAP CAN NOV
Xilem vessel injury (%)*  0.17 0.78 -0.18 0.58 0.75 0.46 045 0.78 0.82 0.97
Root rot” 0.04 035 030 0.53 057 020 061 0.78 0.63 0.09

*Average from twelve microscope 200X fields per plant; "Average from twenty root per plant.

The severity level of wilt, that correlated directly with the xylem vessel injury in ‘El Novillero’
field and with root rot in ‘El Zapote’ field with an » of 0.78, suggest that the wilt symptom in agave
plants can be an expression of injury in their xylem system or could be induced by root rot severity
or both.
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Fungal isolates and DNA fingerprints
Twenty—seven out of twenty—nine Fusarium isolates from the stem tissue of field plants were
identified as F. oxysporum, according to macroscopic characteristics on PDA. This 27 isolates were
part of the collection of potentially pathogenic F. oxysporum isolates from agave plants used in this

work (Table 4).

Eleven of the isolates were obtained from symptomless plants. Box—PCR fingerprints from fifteen
agave F. oxysporum isolates using the primer BoxAlR are shown in electrophoresis gel stained
with Ethidium Bromide (Figure 2). Diversity was observed in the resulting fingerprints, specially in
28 or 30 isolates, but isolates F and 23 or, 22, O and N, had similar Box—PCR fingerprints, although

all of them were isolated from plants of different fields.

Table 4. Wilt severity level of agave (Agave tequilana Weber var. azul) plants where F. oxysporum
1solates were obtained from vascular stem tissue.

No. Field key Isolate key Plant severity level
1 BAS-0 0 0
2 BAS-0 M 0
3 BAS-0 34 0
4 BAS-0 F 0
5 ZAP-0 31 0
6 ZAP-0 23 0
7 ZAP-1 24 1
8 ZAP-4 26 4
9 TEU-0 22 0
10 TEU-0 25 0
11 TEU-1 S 1
12 TEU-1 J 1
13 TEU-2 30 2
14 BAR-3 N 3
15 SRO-2 0 2
16 0JO-4 p 4
17 0JO-4 29 4
18 LAC-2 27 2
19 LAC-2 R 2
20 LAC-3 T 3
21 LAC-3 33 3
22 LAC—4 28 4
23 NOV-00 N 2
24 NOV-00 21 2
25 NOV-00 K 3
26 NOV-01 L 3
27 NOV-02 U 4
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Dendrogram (Figure 3) obtained from fingerprints of twenty one isolates using the NTSYSpc
program, version 2.02j and the correlation similarity matrix shows that genetic diversity of the F.
oxysporum isolates is separated in three genetic groups at a coefficient value of 0.17. One group is
associated to only isolate 28. The other two groups consisted of thirteen and eight isolates. The
isolates of one group contained isolates obtained from fields in different agave production regions.
For example, the F and J isolates were obtained from ‘Los Valles’ region and isolate 23 was from
‘Los Altos’ region. In the other group, isolates K and R were obtained from different fields of ‘Los
Valles’ region and N and O isolates were obtained from different fields in the Nayarit region; in the
third group, the isolates were obtained from ‘Los Altos’ region. The average distances between ‘Los
Altos’ and ‘Los Valles’ regions and between the ‘Los Valles’ and the Nayarit regions are 200 and
180 km, respectively.

F232431'3325T2? U N292230 0O N

Figure 2. Finger prints from fifteen F. oxysporum isolates
obtained from wilted agave (4. fequilana Weber var. azul)
plants using Box—PCR DNA markers.

Pathogenicity test

Five isolates representing three different genetic groups of Fusarium were used to perform a
greenhouse experiment to asses their pathogenic capacity against agave plants. Fusarium
oxysporum strains Q, 27, O, U and 24 in A. tequilana plants gave interesting information, because
F. oxysporum isolates were recovered from all plants in replicates of all treatments at 16 days after
inoculation. Similarly, F. oxysporum isolates were recovered from stem tissue of agave plants at 90,
120 and 200 days after inoculation. Initially, the isolates were obtained from internal stem of plants;
later, isolates were observed in tissue of the agave basal leaves indicating the phase of vascular
colonization according to Beckman (1987). No fungal isolates were obtained from control plants on
PDA-+streptomycin media.
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Figure 3. Dendrogram for twenty—one Fusarium oxysporum isolates obtained from vascular stem
tissue of agave (Agave tequilana Weber var. azul) plants and its field of origin.

The first aerial symptoms in agave plants consisted of yellowish leaves and it was observed at 60
days after inoculation. At 90 days after inoculation, plants inoculated with strain 27 showed leaves
curled upwards at the margins, which appeared earlier than the rest of the strains. Later on, at 150
days, strain dependent symptoms were revealed in the agave plants (Figure 4).

Figure 4. Yellowish leaves of agave (Agave tequilana Weber var. azul) plants observed at 150 days
after inoculation with Fusarium oxysporum strains.

At the end of the experiment, 200 days after inoculation, the treatments inoculated with strains O,
24, 27 and Q had significantly more yellowish leaves than the control plants, but those inoculated
with strains O and 24 showed significantly more chlorotic leaves per plant (Figure 5).

At 200 days, plants showed and increase of upwardly curled leaves than control plants, but those
plants with strain—O were statically better with an incidence of 3 leaves per plant (Figure 6).

Both wilt symptoms, yellowish and upwardly curled leaves were observed in inoculated plants but
were not observed in uninoculated agave plants. Control plants showed blue—greenish color leaves,
normal for A. tequilana (Figure 7).
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Figure 5. Chlorosis in agave (Agave tequilana Weber var. azul) plants observed at 90 and 200 days
after inoculation with Fusarium oxysporum strains.
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o24
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90 200
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Curled upward leaves in the margins

Figure 6. Number of agave (Agave tequilana Weber var. azul) leaves showing upward curling in
their margins plants as observed at 90 and 200 days after inoculation
with Fusarium oxysporum strains.

The incidence of blocked or partially degraded xylem from plants of the greenhouse experiment
was recorded and plants inoculated with F. oxysporum showed significantly more injured xylem
vessels than control plants. The average in this variable increased more than 60 % at 200 days in
inoculated plants. Control plants presented vessels with the same yellowish appearance, but the
percent of incidence was less than 20 % (from 30 to 200 days after inoculation) and it was
statistically lower than the xylem injury in inoculated plants (Figure 8).
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The root fragments obtained from the crown area of agave plants at 200 days after inoculation had
white turgent roots, with a fibrous brown or reddish appearance. No root rot symptoms were
induced by F. oxysporum strains in this greenhouse study. The plants showed the similar
appearance of root fragments of ‘O’ and ‘24’ strains treated and control plants, respectively (Figure
7).

Figure 7. Wilt syrnptms of agave (Agave tequilana Weber var. azul) plants observed at 200 days
after inoculation with Fusarium oxysporum strains. A) control plants;
B) ‘O’ strain and C) ‘24’ strain.
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Figure 8. Incidence of xylem vessel injury in agave (Agave tequilana Weber var. azul) propagated
in vitro at 30, 60, 90 and 200 days after inoculation with Fusarium oxysporum strains.

Discussion

It has been reported that 12 to 38% of agave plants suffer from the ‘marchitez’ syndrome at varying
degrees of severity (Aceves, 2003; Andnimo, 2005) in the defined official Tequila’s geographical
indication Region which is really a protected designation of origin in México. This condition is very
important if we consider that the census of agave plants in 2007 quantified more than 500 million
plants (CRT, 2008). In this work, we show that isolates of F. oxysporum act as a vascular wilt plant
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pathogen in agave plants mainly affecting its xylem vascular system. Generally, a specific F.
oxysporum plant pathogenic isolate has a narrow number of host plant species, and this restricted
range ability is the product of a co—evolution process between plant and pathogen (Armstrong and
Armstrong, 1981; Beckman, 1987; Leslie and Summerell, 2006). In the agave crop, Luna (1996)
reported that F. oxysporum was an important agave pathogen causing stem rot. Contrary to his
results, we isolated F. solani on of the maroon stem or root rot lesions observed in the field. Oviedo
et al. (2004) have reported that F. oxysporum could establish a symbiotic relation with Agave
victoria—reginae and Segura (1997) detected F. oxysporum in tissue of Agave sisalana. But noting
is known about a formae specialis (f. sp.) for A. tequilana Weber var. azul or if any pathogenic F.
oxysporum formae specialis can infect agave plants.

In this study, we showed that 47% of twenty one isolates of F. oxysporum obtained from vascular
tissues of A. tequilana Weber var. azul had similar Box—PCR fingerprints, and others had wider
diversity. Genetic similarity is common in plant pathogenic isolates of F. oxysporum form a specific
formae specialis (Klister et al., 1991; Namiki et al., 1994; Plyler et al., 2000; Klister, 2001), but
some plant pathogenic isolates or non pathogenic native populations have the ability to live like
endophytes in non specific hosts (Summerell and Leslie, 2004; Macia—Vicente et al., 2008). We
consider that a specific and homologous F. oxysporum population pathogenic to agave crop is
represented in the group of isolates obtained in this study. Lori et al. (2004) showed, in F.
oxysporum f. sp. dianthi isolated from carnation, that genetic homology in intergenic spacer (IGS)
type and vegetative compatibility groups (VCG) allow the differentiation of pathogenic isolates
from native non pathogenic F. oxysporum isolates. Vegetative compatibility groups and ITS
sequence diversity studies, with all the agave isolates, are in progress.

We consider that vascular wilt herewith described is one of the causes of agave’s ‘marchitez’ that
affects A. tequilana Weber var. azul. However, root or stem rots are also important in some fields
with similar wilt symptoms. Thus further studies will be necessary to determinate the specific
importance of both diseases.

General strategies to control monocyclic soil-borne plant diseases are based in reducing the amount
of inoculum or their efficacy at the beginning of the crop in order to get efficient disease
management (Madden et al., 2007). However, the use of pathogen infected vegetative material in
clonally propagated crops like banana or garlic has been an important dispersion path for vascular
wilt pathogen such as F. oxysporum f. sp. cubense and F. oxysporum f. sp. cepae to new crop areas
(Havey, 1995; Moor et al., 2001). Interestingly, propagation of agave plants is done by vegetative
material (‘hijuelos’). Therefore, the dispersion of his vascular pathogen is similar. Until now, the
CRT recommends that agave selection of ‘hijuelos’ should be done by visual inspection and the
elimination of those ‘hijuelos’ showing evident maroon rot areas. Thus, only healthy ‘hijuelos’
showing no apparent symptoms should be transplanted after contact fungicide treatment (CRT—
Comité Técnico Agrondmico, 2005). This recommendation is not enough to control stem rot
because it fails to detect and eliminate asymptomatic plants with F. oxysporum in xylem and
consequently new crop areas could be infested in few months. It is possible that asymptomatic
‘hijuelos’ have been planted in ‘Las Lajitas’ and ‘El Novillero’ fields, which latter developed root
rots in young plants. Better strategies are needed to assure the transplant of healthy vegetative
propagation material to reduce the incidence of agave’s ‘marchitez’.

In this study, we used a severity scale to evaluate agave ‘marchitez’ in the field, which permits an
easy and fast method to evaluate xylem injury and root rot severity. This severity scale could be a
good tool for epidemiological studies. Both parameters correlate positively with field diseases
incidence and the severity of symptoms.
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