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This paper shows the current results of the selection program for avocado
rootstocks tolerant to white rot caused by Rosellinia necatrix, one of the most
important diseases affecting this crop in Southern Spain. Tests for material
selection have been carried out through artificial inoculations of the pathogen on
seedlings from first-inoculation seeds as well as on preselected plants, multiplied
in vitro or through conventional semi-woody cutting in second inoculation.

During this four-year period (2003-2006), 2,612 seedlings from seeds of local
trees acclimatized to the zone have been subject to first inoculation. Pre-selected
seedlings together with selections from previous years are being propagated to
undergo a second inoculation, after their vegetative multiplication. Surviving
selections are being placed on a plot artificially infested with R. necatrix for
evaluation prior to a final one in commercial orchards infested by the pathogen.
At the same time, propagation of trees selected from infested areas (escape
trees) is being carried out to evaluate its performance following artificial
inoculations with the pathogen.
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En este trabajo se presentan los resultados actuales del programa de seleccion
de portainjertos de aguacate tolerantes a la podredumbre blanca causada por
Rosellinia necatrix, una de las enfermedades mas importantes que afectan a este
cultivo en el sur de Espana.

Se han continuado realizando los tests de seleccion de material, mediante
inoculaciones artificiales del patégeno sobre plantas procedentes de semillas en
primera inoculacién y sobre plantas preseleccionadas, multiplicadas in vitro o
mediante estaquillado semilefioso convencional, en segunda inoculacion.
Durante este cuatrienio (2003-2006) se han sometido a primera inoculacion
2.612 plantas procedentes de semillas de arboles locales aclimatados a la zona.
Los clones supervivientes (preselecciones) han pasado, junto con las
preselecciones de anos anteriores, al programa de propagacion para, una vez
multiplicados vegetativamente, ser sometidos a la segunda inoculacion con R.
necatrix. EI material superviviente (selecciones), estd siendo plantado en una
parcela infestada artificialmente con R. necatrix para su evaluacion previa a la
definitva en plantaciones comerciales infestadas por el patégeno.
Paralelamente, se ha continuado con la propagacion de los arboles
seleccionados en campo como “posibles escape”, y con la evaluacion de su
tolerancia a R. necatrix mediante inoculaciones artificiales con el patégeno.

Palabras clave: Persea americana, germoplasma, inoculacién artificial, patrones
de aguacate, susceptibilidad.

1. Introduction

White root rot caused by Rosellinia necatrix Prill. is a very destructive disease in
several crops (Khan, 1959; Sztejnberg y Madar, 1980). In Spain, it was detected
for the first time in 1987 (Lépez-Herrera, 1989) and currently, the incidence of R.
necatrix in orchards with trees showing disease symptoms is approximately 40%.
Control of the disease is based upon the use of adequate cultural practices such
as reduction of irrigation frequency, isolation drenches, weed elimination and
removal of soil at tree bases. Soil solarization, although it shows several
drawbacks in practical aplications, is very effective to control the disease since
this fungus is very sensitive to high temperatures (Lopez-Herrera et al., 1998;
1999a). For chemical control, several fungicides have been tested with fluazinam
showing to be the most effective as a contact fungicide as well as in terms of
persistence in the soil (Lopez-Herrera and Zea- Bonilla, 2007). For biological
control, several Trichoderma spp. have been isolated for its effectiveness under
in vitro (Ruano et al., 2003) and in vivo conditions (Lépez-Herrera et al., 1999b).
Pseudomonas spp. have also been used as promising biocontrol agents (Pliego
et al., 2007). However, control of this disease needs to be carried out following
integration of the different approaches; along this line, it is of great interest to
have rootstocks tolerant to this fungus to be used for replacement of diseased
trees as well as for new plantings. In this investigation, the advances for the
2003-2006 period on material selection showing tolerance to this disease are
presented; these results are based on previous investigations carried out by our
group (Lopez-Herrera et al.,1999b; Pérez-Jiménez et al., 2003).



2. Material and Methods

Evaluation of tolerance to white root rot in seedlings

Using artificial inoculations, the susceptibility to Rosellinia necatrix of avocado
material from different sources has been tested.

At “La Mayora” Experimental Station C.S.1.C. (Algarrobo-Malaga, Spain), there
exists a plot of avocado rootstocks derived from seeds of diverse origin, used in
the first avocado plantings carried out at Southern Spain. These trees were used
as seed source for the present investigation.

Seeds were obtained from trees not previously tested as well as from 3 trees (La
Piscina, C.A. Bueno and Consula 9) whose progenies had previously shown
promising results in terms of survival rates after the first inoculation with R.
necatrix. Prior to sowing, carried out in the winter, seeds were surface disinfested
through washing with water at 50°C for 30 min; after that, they were sown in 5 |
pots with a sustrate mixture containing sand:peat moss:soil (1:2:1), previously
sterilised with water vapor.

Six months after germination, the seedlings were inoculated with a highly virulent
isolate of R. necatrix (Lépez-Herrera et al., 1999b). The inoculum of R. necatrix,
sterile wheat inoculated with the fungus (3,75 g of colonized wheat /I sustrate),
was directly incorporated into the pot at different depths. These inoculations were
carried out each spring under screenhouse conditions, trying that the different
factors affecting disease development (inoculum, plant material and
environmental conditions) were similar in all experiments.

After determination of the fungus viability in the roots of surviving plants, they
were transplanted to plastic bags of bigger size. The preselections were grown
for another six months before going into the propagation phase.

Multiplication of pre-selected seedlings

To confirm the observed tolerance in the seedlings following the first inoculation
with R. necatrix, they were multiplied following two different techniques: through
micropropagation (Barcel6-Munoz et al., 1990) or by conventional semi-hardwood
cuttings (Hartmann et al., 1997), e.g., twelve cm long cuttings, with 3-4 leaves,
were rooted under a plastic tunnel, in a greenhouse under controlled
temperature, following immersion of the cuttings for 10 s in a indole-3-butyric acid
solution (5000 rpm).

The vegetative progenies were left to grow in a screenhouse, until they reached
125 cm, and they were ready to undergo the second inoculation.



Selection of escape trees

A total of seventeen trees without symptoms had been selected as escape trees,
in diversed spots of several commercial avocado plantings in Southern Spain.
Nine, out of the seventeen, have been micropropagated (Barcelé-Murioz and
Pliego-Alfaro, 1997). Their vegetative progenies, are artificially inoculated, after
reaching 125 cm, as previously described for the progenies of preselected
seedlings.

Evaluation in pots of the degree of tolerance of the vegetative progenies from
preselected seedlings or from escape trees

After reaching the size previously indicated, e.g., 125 cm, the vegetative
progenies from preselected seedlings or escape trees, were grouped in the so
called Inoculation Groups (Table 1), and they were evaluated following the
same methodology indicated for the first inoculation. In this case, plants were
maintained in a greenhouse with controlled temperature. Following appearance of
the first symptoms, evaluation of aerial damage was carried out at weekly
intervals. After 6 months, selection of surviving plants (advanced selections), was
carried out, after checking the presence of inoculum in the soil and the mycellium
in the roots, and after isolating the fungus from roots with symptoms.

Table 1. Second inoculation on surviving plants from first inoculation.

Inoculation Total inoculated
Year Groups plants
2003 | G-IV 54
2003 |G-V 11
2003 | G-VI 19
2004 |G-Vl 18
2004 |G-Vl 59
2004 | G-IX 106
2004 |G-X 77
2005 |G -XI 30
2005 |G-XIl 22
2005 |G-XIlI 53

Evaluation of the degree of tolerance to R. necatrix of advanced selections
planted in an artificially infested plot

The vegetative progenie of advanced selections is being evaluated in the
following phase of the selection programme, in simulated field conditions. To
achieve this goal, back in 2001, at the IFAPA, Centro de Churriana, (Malaga,
Spain), a plot was prepared using a 14 x 12 x 1.5 m artificial hole, and filling it up
with slated soil from the Velez-Malaga area where most avocado plantings are



located. The soil was adequately prepared and fertilized and it was also solarized
using a plastic film over.

To artificially inoculate this plot, back in 2001, 92 one year old avocado seedlings
cv. Topa-Topa, a cultivar very susceptible to R. necatrix, were planted and they
were allowed to grow for three years. Once plants had a well developed root
system they were atrtificially inoculated with two highly virulent isolates (CH 53
and CH 320) of R. necatrix. The inoculation was carried out after incorporating to
the sustrate 18,75 g of colonized wheat seeds/plant, from a 1:1 mixture of the two
fungal isolates. After the death of the plants, they were cut at the trunk base and
the root systems were kept buried, keeping an adequate soil moisture, in order to
increase the level of R. necatrix inoculation in the infected roots.

The advanced selections, derived from seeds of diverse origins or from escape
trees, are being planted in holes of the plot located between plants previously
inoculated, to evaluate its performance under these conditions. The infected root
systems of not surviving plants will be kept incorporated to the soil to increase the
inoculum level and surviving plants will be considered tolerant to the fungus

3. Results and Discussion

Within the four years period 2003-2006 seeds from different tress have been
collected: 2002: 20-XIX-La Consula 5; 18-XIX-La Consula 7; 33-XVIIl, 27-XVIII-
La Piscina; 23-XVIII-Alhaurin and 21-XVIll-La Consula 12.

2003: XVIII-17, XVIII-25, XVIII-28, XVIII-33, XIX-17, XIX-18, XIX-20, XIX-21, XIX-
24, XIX-25, XIX-26, XIX-29, XIX-30, XX-17 y XX-40.

2004: X1X-17 Consula 9 y XVIII 28 A. Bueno.

2005: XVIII-27 La Piscina, XIX-17 Consula 9 and XVIII-28 A. Bueno.

Preselections tolerant to R. necatrix are shown in table 2.

Table 2. Seedlings inoculated within the period 2003-2006 and resulting
preselections showing tolerance to R. necatrix.

Year Inoculated Preselections
plants
2003 318 0
2004 604 4
2005 949 32
2006 741 4
TOTAL 2612 40

In the first inoculations carried out in this four years period, we keep detecting
tolerance in plants obtained from 3 mother trees (La Piscina, C.A. Bueno and
Consula 9) as observed in previous years.



Following the second inoculation, also within this four years period, three new
selections have been obtained: BG-108, BG-89 and BG-7. Moreover, one of the
escape trees, survived the artificial inoculation.

The advanced selections as well as the progeny from escape trees surviving the
artificial inoculations were planted in the artificial plot (Table 3).

Clones planted in the infested plot are shown in table 2. Currently, the survival of
these plants is under evaluation.

Table 3. Selections planted in artificially infested plot.

Clones N? of inoculated plants
BG 41 4
BG 42 6
BG 83 6
BG 181 6

In apple, Lee et al. (2000) are carrying out similar investigations to select
rootstocks tolerant to R. necatrix (Lee et al., 2000); these authors find, in general,
high susceptibility to the fungus in the seedlings derived from most clones studied
in the collection; however, as we have observed, they detect clones whose
progenies show consistent tolerance. In the avocado, the survival rate detected
in the progenies of several trees located at “La Mayora” Experimental Station,
seems to indicate that this material could be used as initial source to obtain
rootstocks tolerant to R. necatrix; these clones will be crossed, in a directed
manner, in the near future with the hope of increasing tolerance to the fungus on
the resulting seedlings.

Acknowledgements

We are grateful to those who have collaborated in this research: farm owners,
farm assistant-owners, as well as technicians and researchers from “La Mayora”
Experimental Station (C.S.1.C.), O.C.A. de Estepona, S.A.T. Trops, Procam y
Micoma, del I.C.I.A de Canarias, Viveros Brokaw, and Susan Calzada Jureviciute
for her help in preparing this manuscript. This investigations has been funded by
the Ministerio de Agricultura y Pesca, Proyectos INIA SC-98-042, RTA-02-023 y
RTA-06-0027.

4. References
BARCELO—MUNOZ, A. AND PLIEGO-ALFARO, F., 1997. Método para la

micropropagacion de aguacate (Persea americana Mill.) adulto. Oficina Espariola
de Patentes y Marcas, N° P9700700.



BARCELO-MUNOZ A., PLIEGO-ALFARO F. AND BAREA J.M. 1990.
Micropropagacion de aguacate (Persea americana) en fase juvenil. Actas de
Horticultura, Vol. 1: 503-506.

HARTMANN H.T., KESTER D.E., DAVIES F.T. AND GENEVE R.L. 1997. Plant
Propagation. Principles and Practices. Prentice-Hall, New Jersey.

KHAN A.H. 1955. Biology and pathogenicity of Rosellinia necatrix (Hart.) Bel.
Biologia, 5: 199-425.

LEE S-M, KO K. AND ALDWINCKLE H. 2000. Resistance of selected Malus
germplasm to Rosellinia necatrix. Fruit Varieties Journal, 54: 219-228.

LOPEZ-HERRERA C.J. 1989. Podredumbres radiculares del aguacate en la
Costa del Sol. Afios 1987-88. In: Estudios de Fitopatologia (J. del Moral, ed.). pp.
172-176. SEF/DGIEA, Badajoz.

LOPEZ-HERRERA C.J.,, PEREZ-JIMENEZ R.M.. ZEA-BONILLA T,
BASALLOTE-UREBA, M.J. AND MELERO-VARA, J-M. 1998. Soil solarization in
established avocado trees for control of Dematophora necatrix. Plant Disease,
82: 1088-1092.

LOPEZ-HERRERA C.J., PEREZ-JIMENEZ R.M., BASALLOTE-UREBA M.J.,
ZEA-BONILLA T. AND MELERO-VARA J.M. 1999a. Loss of viability of
Dematophora necatrix in solarized soils. European Journal of Plant Pathology,
105: 571- 576.

LOPEZ-HERRERA C.J., PEREZ-JIMENEZ R.M., BARCELO-MUNOZ A. AND
ZEA-BONILLA T. 1999b. Evaluacién de patrones de aguacate por su tolerancia a
la podredumbre blanca. Revista Chapingo. Serie Horticultura 5 Num. Especial:
267-270.

LOPEZ-HERRERA C.J. AND ZEA-BONILLA T. 2007. Effects of benomyl,
carbendazim, fluazinam and thiophanate methyl on white root rot of avocado.
Crop Protection, 26: 1186-1192.

PEREZ-JIMENEZ R.M., ZEA-BONILLA T., IMBRODA-SOLANO 1., PLIEGO-
ALFARO F., LOPEZ-HERRERA C.J. AND BARCELO-MUNOZ A. 2003.
Seleccion de portainjertos de aguacate tolerantes a la podredumbre blanca
causada por Rosellinia necatrix. Actas del V Congreso Mundial de Aguacate:
537-541.

PLIEGO C., CAZORLA F.M., GONZALEZ-SANCHEZ M.A., PEREZ-JIMENEZ
R.M., DE VICENTE A. AND RAMOS C. 2007. Selection of biocontrol bacteria
antagonistic toward Rosellinia necatrix by enrichment of competitive avocado root
tip colonizers. Research in Microbiology. doi:10.1016/j.resmic.2007.02.011.



RUANO-ROSA D., DEL MORAL-NAVARRETE L. AND LOPEZ-HERRERA C..J.
2003. Ensayos de control biolégico de la podredumbre blanca del aguacate.
Actas del V Congreso Mundial de Aguacate: 519-523.

SZTEJNBERG A. AND MADAR Z. 1980. Host range of Dematophora necatrix the
cause of white root rot disease in fruit trees. Plant Disease, 64: 662-664.



