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We have analysed the mycobiota of date palm (Phoenix dactylifera, L.) leaves
using several techniques. Profusely sporulating fungi (Penicillium spp. and
Cladosporium spp.) developed when plating leaf fragments and leaf washings.
Fusarium oxysporum, was particularly abundant in leaves infested with the red
scale insect Phoenicococcus marlatti Cockerell, 1899, but an undescribed
Lecanicillium cf. psalliotae was also found. Dual and overlay cultures showed
interactions between palm pathogens, entomopathogen ic and saprotrophic
fungi. The most significant was the strong inhibiti on of the palm pathogen
Penicillium vermoesenii caused by the entomopathogen Beauveria bassiana
No symptoms developed when F. oxysporum isolated from scale insects or the
entomopathogens B. bassiana or Lecanicillium dimorphum were
wound-inoculated on P. dactylifera petioles.

Phoenix dactylifera, Phoenicococcus marlatti, Lecanicillium,
Beauveria bassiang Fusarium oxysporum, Entomopathogenic fungi,
Scale insect, Penicillium vermoesenii, Biological control, Plant pathology

Micobiota de la filoplana de palmera datilera:
descripci—n e interacciones

Se ha analizado la micobiota presente en las hojas de la palmera datilera
(Phoenix dactylifera, L.) utilizando diferentes tZcnicas. Tras lavar y cultivar en
placas fragmentos de hoja de palmera se observ— unaalta esporulaci—n de
varios hongos (Penicillium spp. y Cladosporium spp.). Fusarium oxysporum fue
particularmente abundante en hojas infestadas por | a cochinilla roja
(Phoenicococcus marlatti Cockerell, 1899). Ademis se detect— un hongo
entomopat—geno no descrito: Lecanicillium cf. psalliotae. Los cultivos duales
y las tZcnicas de sobreposici—n de membranas mostraon interacciones entre
hongos pat—genos de la palmera, entomopat—genos y apr—trofos. Lo mits
significativo fue la fuerte inhibici—n del hongo pa—geno de palmeras
Penicillium vermoesenii producida por el entomopat—geno Beauveria bassiana
Ni el hongo F. oxysporum, aislado de la cochinilla roja, ni los
entomopat—genosB. bassiana o Lecanicillium dimorphum, causaron s’ntomas
cuando fueron inoculados en heridas de pec’olos de P. dactylifera.

Phoenix dactylifera, Phoenicococcus marlatti, Lecanicillium,
Beauveria bassiang Fusarium oxysporum, Hongos entomopat—genos,
Cochinilla, Penicillium vermoesenii, Control biol—gico, Patolog’a vegetal

(Phoenicococcus marlatockerell, 1899) [18]. This pest
is difficult to control with agrochemicals sincediévelops

Palms are affected by several fungal diseases][2,110n meristematic tissue and young leaves. Pink load r
and insect pests [10]. Date palnPhenix dactyliferal.) caused byPenicillium vermoesenBiourge, affects several
in SE Spain are severely affected by the red soalect palm species including. dactylifera[2]. Penicillium
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vermoeseniis an opportunistic fungal pathogen which

may affect apical meristems of palms and kill thi2].
The introduction of biocontrol fungi in the palm

phylloplane to control pests and diseases seemigfthne,
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interactions with naturally occurring microorgansron
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monly found colonising scale insects saprotrophidcdl].
Palm leaves also harbour a wide endophytic ancbsapr
phic mycobiota [15,23].

Fungal endophytes may be beneficial in preventing
disease by induction of host defence mechanismisd26
by directly affecting plant pathogens [3]. On thiler
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hand, palm leaf-colonising fungi may be detrimental plated (nine per plate) directly on 1% water agdh &nti-

by affecting the performance of introduced biocohtr biotics (penicillin and streptomycin, 50 pg/ml eadbr

fungi. detecting fungal presence. Further 100 females Veste
In this paper we have studied the mycobiota of surface-sterilised as described above, plated eragar

healthy andPhoenocococcus marlatithfested date palm  medium and scored for fungal development too.

leaves. We have also investigated the interactietseen

important fungal palm pathogens, entomopathogemigif Fungal interactions

and aFusarium oxysporurchlecht, isolate found coloni- ) ) )

sing P. marlatti colonies. This fungus, as well as the ento- Dual cultures Pairs of fungi to be tested were ino-

mopathogen8eauveria bassianéBals.) Vuill or Lecani-  culated on 9 cm diam. Petri dishes with either CMA o

cillium dimorphum(Chen) Zare & Gamswere inoculated ~ Potato dextrose agar (PDA, Oxoid). The inocula wiee

on P. dactylifen leaves to discard their role as opportunis- ¢€d 4.5 cm apart and 2 cm from the edge of the plate
tic pathogens. radii of the colonies were measured until coloruestac-

ted each other. Plates with only one fungus wetease
controls. Nine replicates of each dual culture ahdon-

Materials and methods trols were carried out. All fungi used belong ta &abora-
tory collection and are kept on CMA at 4 iC in tharkl
Fungal isolation from palm leaves Fungi used weregrusarium oxysporuratrain no. 34

, i (from the wax layer oP. marlattifemales)Fusarium redo-
Twelve 15-year-old specimens &f dactylifera  |enswr. strain no. 36 (isolated frorR. dactyliferawith

(2-3 m high), from either Las Bayas, Algor—s (Elche disease symptomsBeauveria bassianatrain no. 119
SE Spain) or the gardens of the University of A8 (from the coleopterahangiasp. Moore, 1872)l.ecanici-
(SE Spain) were used for the experiments. Sampliag  [lium dimorphumstrain no. 198 (from the scale ins&is-
repeated twice taking each time one leaf per plRot.  setia olead Penicillium vermoesenitrain no. 113 (from
most experiments photosynthetically active (nonesen  an infectedVashingtonia filifergLinden) Wendland plant).
cent) leaves were sampled from palms and leaf lade Fungal combinations for dual cultures were as fofip

from leaflets selected at random and were cut Intort (1) all dual combinations betwedfusarium oxysporum
fragments. Alternatively, leaves naturally infested  Fusarium redolensind Penicillium vermoesenii(2) all
P. marlattiwere also used. dual combinations between the entomopathogenicifung

To analyze the mycobiota present on leaf fragmentsBeauveria bassianand Lecanicillium dimorphunvs. the
[18 fragments per site and part of the leaf (ldafie or  group of palm fungFusarium oxysporuntusarium redo-

petiole) per three replicates] we adopted the foiihgy lensand Penicillium vermoesenii
methods: 1) Palm Ieaf.platln%. Leaf fragments ware Overlay culturesWe also used overlay cultures to
face-sterilised for 1 min in 1% sodium hypocloritad analyse fungal interactions as follows: the fitsidus was

water. Fragments were plated on corn meal agar (CMA the medium. After one week growth, the membrane was
Difco) plates for scoring fungal presence. Threglicate  removed and the second fungus was inoculated in the
p|ates were carried out. 2) Palm leaf dllutlonlp@tThree same p|ace as the first [25’31] For dual cultwvesused
grams of leaf fragments (18 fragments per sitegartdof  ejther CMA or PDA in overlay cultures. Fungal combina
the leaf) were shaken in 6 ml of 0.02% sterile Tw@®  tions for overlay cultures were as follows: oxysporum
(Sigma) for 30 min. The resulting liquid was used f  p yermoesenior F. redolensacting onB. bassianaor
serial dilutions (16-10°) in sterile distilled water which | " dimorphumandB. bassianaor L. dimorphumacting on

were then plated on CMA (three replicate platesquer-  p yermoeseniiF. redolensor F. oxysporum.
centration and sample). Plates were checked aftiay$

for fungal colonies. Three colonies of each isolatre
selected at random and the fungi present were ifaht
using the appropriate media and taxonomic litetur We tested for the possible opportunistic pathogeni-
[7,9,13,14,19,22,24,28]. 3. marlattifemale plating. To  city on palms of both entomopathogenic fungi andgfu
study the mycobiota of female scale insects froimpa  isolated from the palm phylloplane by means of difi-a

ca. 200 females from 18 infested leaves were disdemnd cial inoculation of external palm leaves.

Fungal inoculations on palm leaves

Non scale insect palm Scale insect palm
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Figure 1. Mycobiota of date palm phylloplane determ ined by fragment plating. a) Leaf fragments from palms without P. marlatti. b) Fragments from palms
naturally infested with P. marlatti. Data are the mean of 108 fragments from the leaf blade and 108 fragments from the petiole from two i ndependent
experiments (54 fragments each: 18 fragments x 3 replicates) pooled together.



Fungi from date palm phylloplane
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Table 1. Fungal colonisation of P. dactylifera phylloplane determined by leaf washing dilution pla ting.

Fungal colonisation (CFU& g LEAF) LW=4.5 g

Fungi P. marlatti absent P. marlatti present
Leaf blade Petiole Leaf blade Petiole

A. alternata 11700 (15.0%) 3700 (17.9%) 0 100 (1.8%)
C. cladosporioides 8100 (10.7%) 10200 (49.5%) 700 (6.7%) 0

F. oxysporum 1200 (1.6%) 0 3900 (37.1%) 4400 (79.6%)
P. glabrum 19300 (25.6%) 5500 (26.7%) 0 0

P. citrinum 0 0 5700 (54.3%) 1000 (18.1%)
Phoma leveillei 3100 (4.1%) 0 200 (1.9%) 0

L.c.f. psalliotae 0 0 4 (0.04%) 28 (0.5%)
Sterile mycelium 32000 (42.4%) 1200 (5.8%) 0 0

Values in parentheses represent the percentage of fungus colonisation per g plant material. LW = leaf weight. Data are the mean of
108 fragments from the leaf blade and 108 fragments from the petiole from two independent experiments (54 fragments each:
18 fragments x 3 replicates) pooled together.

Table 2. Assessment of interactions of fungal palm pathogens , Data ana|y5es
saprotrophs and entomopathogenic fungi on two solid growth media
using dual cultures. For the analysis of dual culture data and for the
overlay technique a Kolmogorov-Smirnov test wagluse
Interacting fungi (F1/F2) Growth % Control growth prove whether data fit a normal distribution. Datame
medium of F1 from 10 days inoculation in case of the overlayhtegue.
F. oxysporum / P, vermoeseni oA o5 14+ Dual culture data came from the day when fungataxin
F: oxysporum / P: vermoesenii PDA 92..48 v_vas established (dEpendmg of the pair of fung]))'- IFOS_I-
F. oxysporum / F. redolens CMA 98.54 tive cases an ANOVA test was performed; otherwise, a
F. oxysporum / F. redolens PDA 98.26 Kruskal-Wallis test was carried out to detect isparcific
F. redolens /'P. vermoesenii CMA 92.23* variations. U Mann-Whitney test was performed fome
F. redolens / P. vermoesenii PDA 104.28 . .
F. redolens / F. oxysporum CMA 101.94 paring pOpUIatlonS [32]'
F. redolens / F. oxysporum PDA 100
P. vermoesenii / F. oxysporum CMA 120.24*
P. vermoesenii / F. oxzszorum PDA 92.34 Results
P. vermoesenii / F. redolens CMA 124.54** ;
P. vermoesenii / F. redolens PDA 89.73 Leaf fragment platmg
g- ggzz:gﬂgji ggzgg[m g’gﬁ gg-gg ~ Results of fungal isolations from leaf fragments
B. bassiana / E redolens CMA 73.30% derived from palms at the three sites sampled weoted
B. bassiana / F. redolens PDA 90.90 to better represent the mycobiota of palm leavesstM
B. bassiana / P. vermoesenii CMA 60.0* (90-100%) surface-steriliseldl dactyliferaleaf fragments
E- gl";‘nsg'rgﬂi r; F/’Fvegg‘;zzfﬂgq CP,\DAQ ;ggg rendered fungal colonies when plat€adosporium cla-
L. dimorphum / F. oxysporum PDA 1115 dosporioides(Fries) de Vries and\lternaria alternata
L. dimorphum / F. redolens CMA 84.54 (Fries) Keissler were the most abundant speciefamn
L. dimorphum / F. redolens PDA 115.04* ments without scale insects (Figure 1a). On leaviested
- g:mg;gﬂﬂmlﬂ vermoesent g'\g;\ E;g-i‘é** with P. marlatti scale insectsPenicillium glabrum(Weh-
F. axysporum / B. bassiana CMA 58,15+ mer) Westling Fusarium oxysporurandA. alternatawere
F. oxysporum / B. bassiana PDA 45,85 the most frequent. Fungal diversity was higher &aves
E- oxysr:orum;li- g!morpﬂum gl\g;\ gi% without P. marlatti than for infested leaves. However, on
. OXysporum . dimorphum 12%* i i i i i
c regollfms/a bassiang on 80, o infested leaves fungal incidence was higher (Figibg
F. redolens / B. bassiana PDA 67.50** i ilniti i
F. redolens / L. dimorphum CMA 82.86* Leaf WaShmg dilution platmg
F. redolens / L. dimorphum PDA 86.11 Leaf washing dilutions of healtt: dactyliferalea-
P vermoesent | 5. bassana oo s ves showed the same fungal species as leaf fragphent
P. vermoesenii / L. dimorphum CMA 90.0 tings, except folF. oxysporum(Table 1). The most abun-
P. vermoesenii / L. dimorphum PDA 47,70 dant fungi by this technique weFe oxysporunfollowed
by Penicillium citrinumThom and Cladosporium clados-
*: significant (ANOVA or U Mann Whitney Tests, p = 0.05 = ) growth inhibition of F1 vs F2 porioideS The mycobiota of petioles Sllghtly varied than

**: significant (ANOVA or U Mann Whitney Tests, p <0.05 = ) growth inhibition of F1 vs F2 that Of Ieaf blades. A hlgher frequency k_')f oxysporum

andP. citrinumwas also noticeable in leaves infested with

Healthy (asymptomatic) external leaves of palm P. marlattias compared to healthy ones. The presence of
trees were selected for fungal inoculations. Orhdaaf Lecanicilliumcf. psalliotaewas also unique tB. marlatti
petiole, a wound about 2 cm long and 3 mm deep wagnfested leaves.
axenically made. These were then inoculated with ; - ;
of a 10 gonidia/ml suspension in sterile distilled jvmt/mater Phoenicococcus marlattfemale plating
with 0.002% sterile Tween 20 of each test fungusgis Two hundredP. marlatti females were plated di-
an automatic pipette. Nine petioles (three per palm@re rectly on CMA and 60.6% displaydeenicillium citrinum
inoculated with each fungus tested. Typical symmom 35.2% displayed botP. citrinumand F. oxysporumand
of palm rot pathogens include both necrotic andrbyd the rest were fungus-free. One hundred scale mseste
pic zones up and down the inoculation zone [20teAf plated after surface sterilization with sodium hgfplorite
inoculation these symptoms were scored at 4- oay’-d and 90% only displayeB. oxysporumn(the rest were fun-
intervals. gus-free).



302




303




304

References



