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ABSTRACT
“Brittle leaf disease of date palms”, known in southern Tunisia since the 1960s, has assumed epidemic proportions from 1986 on. The symptoms are associated
with manganese deficiency and the presence of a small
double stranded RNA of host origin. Even though no
pathogen has yet been found, some observations do not
fit a purely abiotic cause of the disease. In particular, affected trees seem to cluster into foci, and mineral analyses show no significant differences between the soils of
affected and unaffected trees. Further work is required
to understand the etiology of the disease.
Key words: Phoenix dactylifera, brittle leaf disease,
maladie des feuilles cassantes.

INTRODUCTION
The date palm (Phoenix dactylifera), also called the
“tree of life” in the bible, is the key element of the oasis
ecosystem. It is grown from latitude North 10° (Somalia) to 39° (Turkmenistan, and Elche in Spain), but the
most favorable zones are between 24° and 34° (Morocco, Algeria, Tunisia, Libya, Egypt, Iraq, etc.). According
to FAO, in 1998 the number of date palms in the 32
date-producing countries of the world, amounted to
about 80 million with a total production of dates approaching 5 million tons of which 70% come from only
five countries (Iran, Egypt, Iraq, Saudi Arabia, Pakistan). However, most of the dates produced in these
countries are not of “dessert date” quality, and they go
to the food industry or are used for local consumption.
Date palm varieties for dessert dates are essentially
grown in Tunisia, Algeria and the USA.
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In Tunisia, date palms occur in the southern part of
the country (North latitude 34°25’), essentially in the
Djerid region (Nefta, Tozeur) and the Nefzaoua region
(Kebili, Douz), where the conditions are most favorable
for the production and ripening of such valuable
“dessert date” varieties as Deglet Nour, Alig, Kintichi
and Khouat Alig. The Deglet Nour variety accounts for
60% of the total production. The Tunisian date palm
gardens extend over 30,000 hectares, totaling 4 million
trees, of which 83.25% are in the Djerid and Nefzaoua
regions. Production is close to 100,000 tons, of which
30% is exported. Dates make up 13% of all Tunisian
exports.
Four major pests of date palms are present in Tunisia
(Dhouibi, 1991; Khoualdia et al., 1997). The mite
Oligonychus afrasiaticus affects essentially the fruit. The
white scale Parlatoria blanchardi colonizes all parts of
the tree. The larva of the moth Ectomyelois ceratoniae
infests the dates internally not only in the field before
harvest, but also during storage; it is a major constraint
for date export, especially for the ‘Deglet Nour’. The
root borer Oryctes agamemnon weakens the root system,
and renders the trees susceptible to tumbling.
Several fungal diseases of date palms are known in
Tunisia. Mycosphaerella tassiana causes brown spots on
midribs, leaflets and thorns. Diplodia phoeniceum affects essentially leaves of off-shoots and induces deep,
yellowish brown, necrotic lesions. The worst fungal
disease of date palms, bayoud, is not present in
Tunisia. This disease is due to the soilborn fungus
Fusarium oxysporum f. sp. albedinis, which first occurred in 1870 in Morocco, where it has killed 12 million trees. It has reached Algeria, and 3 million trees
have succumbed to it. Bayoud is a major threat for the
Tunisian date industry.
However today, a new, lethal disease is assuming
alarming proportions: “Brittle leaf disease” or, in
French, “Maladie des feuilles cassantes” (MFC). Thirty
six thousand trees are currently affected. Many other
trees have already died and have been removed. The
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cause of MFC is not yet known. The purpose of this paper is to describe the disease, suggest various hypotheses concerning its etiology, and present results obtained
in favour or against some of these hypotheses.

BRITTLE LEAF DISEASE
Symptomatology. Symptoms of the disease were first
described by Takrouni et al. (1988), and occur on trees
of all ages, including offshoots and small seedlings. On
trees with early symptoms, some fronds show chlorosis
and have a dull, olive green color (Fig. 1: A2 compared
to A1). Leaflets become brittle, twisted, frizzled and
shriveled (Fig. 1: A2, B, C) with a scorched appearance
(Fig. 1: D, I). The most characteristic symptom is the
ease with which leaflets break when flexed and squeezed
(Fig. 1: F). Necrotic streaks develop on the pinnae (Fig.
1: E). Symptomatic fronds may appear on the inner part
of the crown (heart), the middle part, or the outer part.
Next, symptoms extend to adjacent upper fronds, until
the whole tree becomes affected (Fig. 1: G). Many
fronds acquire a jagged appearance resulting from wind
damage to weakened leaflets (Fig. 1: H). In extreme cases, only frond midribs without leaflets remain (Fig. 1:
C). Affected trees stop growing, have shorter and shorter
fronds, and eventually die, so much the quicker as the
first symptomatic fronds appeared in the heart of the
crown (Fig. 1: J). Four to six years may elapse between
appearance of the first symptoms and death of the tree.
It will be seen below, that these symptoms are in fact
similar to those of manganese deficiency.
The disease has been encountered on most Tunisian
varieties, including Deglet Nour, Tozeur Zaid, Akhouat
Alig, Ammari, Besser, Kinta, as well as seedling trees
(“Khalts”) and Pollinator trees. Kintichi seems to be relatively tolerant.
History, distribution, importance. Some farmers
claim to have seen trees with the above symptoms as
early as 1940 in the Nefta oasis (Ben Mahamoud and
Conforti, 1995). According to Mehani (1988), trees with
a disease identical to MFC occurred in the 1960s mainly
in the Nefta but also in the Tozeur oases. However, only
in the 1980s did the disease begin to draw attention because of the rapid increase of the number of trees becoming affected in the Nefta oasis (Takrouni et al.,
1988). Newly affected trees did not seem to occur randomly, but progression apparently occurred from an affected tree to neighboring trees, resulting in disease foci, with new foci appearing not only in the Nefta zone,
but also in other oases. In the Nefta oasis, the percentage of diseased trees increased from 12% in 1987 to
50% in 1994. Surveys have shown that the total number
of affected trees in Tunisia increased from 4,700 in 1991
to over 36,000 in 2002. The Nefta oasis, with 35,100
diseased trees, is by far the most affected. Next comes
Tozeur with 935 sick palms, Degache with 79 trees, and
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Tamerza with only a few trees. Since 1998, some 100
MFC-affected trees are also present in the new date
palm region of Kebili, especially at Douz.
Date palm trees with symptoms similar to those of
MFC are thought to be present in Algeria, in the
Ghardaia region (Chikh-Issa, 2003) and the Biskra region (Saadi, 2003).
Hypotheses and experiments on the disease etiology. The disease drew attention in the mid 1980s because, suddenly, it affected many more trees than previously, and it seemed to spread epidemically. In affected
plantations, spread was reported as occurring from an
affected tree to neighboring trees, and, in hitherto
healthy gardens, newly affected trees were seen to appear. This suggested the involvement of a pathogen.
When, however, in 1987/1988, chemical analyses were
carried out on MFC-affected and unaffected leaflets, it
was found that manganese (Mn) concentration was ten
times lower in the affected material (INRAT, unpublished results). These results were confirmed by others
(McGrath, 1988).
The observed Mn deficiency in the affected leaflets
could be due to deficiency or unavailability of Mn in the
soil. If so, MFC would be an abiotic disease. Alternatively, soil Mn is present and available, and Mn deficiency in the affected leaves is induced by a pathogen. Thus,
MFC would be a biotic disease. It is known that certain
pathogens induce Mn and/or zinc (Zn) deficiencies in
plants (Aubert, 1993). For instance, the sieve tube restricted bacteria, which cause citrus huanglongbing (see
Bové and Garnier, 2002), induce foliar Zn deficiency
symptoms.
Data in favor of MFC as a biotic or an abiotic disease
are summarized below.

MFC AS A BIOTIC DISEASE: SEARCH
FOR PATHOGENS
Nematodes. For nematode identification, Lamberti
(1988) collected soil, trunk, and root samples from affected and symptomless palm trees in the same plantation, from trees in healthy neighboring plantations, and
from plantations a few miles away from the diseased
area. No root-associated, parasitic nematodes were observed. However, species belonging to genera known as
virus vectors, such as Longidorus, Paratrichodorus or
Xiphinema, or known to interact with plant pathogenic
fungi, such as Meloidogyne or Pratylenchus did widely
occur in the soil samples, in association with both
healthy or affected trees in Nefta and Tozeur. Thus,
plant parasitic nematodes did not seem to play a direct
role in MFC.
Fungi. The plant pathology laboratory of the Date
Palm Research Center at Degache, near Tozeur, has
used many samples from roots, trunks, rachis, and
leaflets to isolate putative parasitic fungi. No significant
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Fig. 1. Symptoms associated with the brittle leaf
disease of date palms (MFC). A) Leaves from unaffected (1) and MFC-affected trees presenting a
dull, olive green color and a shriveled appearance
(2); B-C) Intermediate and final symptoms on
leaves from MFC-affected trees; D) Scorching on
MFC leaves; E) Necrotic streaks on MFC leaves;
F) Brittleness of MFC affected leaf (right) as compared to healthy control (left); G) Stages of MFC
affection until the whole tree becomes affected
(center); H) Jagged appearance of MFC fronds in
the top of a tree; I) Scorching on MFC leaflets;
J) Aspect of a severely affected plantation; K) Aspect of a modern plantation not affected by MFC.
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fungal flora was found. Waller (1987) examined rachis,
stem and root tissues from MFC-affected palm trees,
and found no evidence of possible fungal or bacterial
pathogens. Even though he observed ramifying hyphae
in stem apexes, and mycelial clusters in leaf tissue, these
fungal elements were interpreted as manifestations of
early invasion of damaged tissues by weak pathogenic
fungi, such as Phomopsis phoenicicola. This fungus was
regularly isolated from leaves, and is known as a secondary invader of damaged date palm tissues. Fusarium
solani and Cylindrocarpum olidum were isolated from
root samples, but are probably also secondary invaders,
as there was little evidence of root damage. F. solani was
also isolated by Lamberti (1988) from trunk and root
samples of MFC-affected palms.
The Degache phytopathology laboratory has carried
out fungicide treatments by spraying various chemicals
(maneb, benomyl, methyl-thiophanate + maneb, copper
oxychloride) on the fronds of MFC-affected trees. No
improvement was observed.
From these data, it seems that pathogenic fungi are
not involved in MFC.
Bacteria. Plant pathogenic bacteria are exogenous or
endogenous. Exogenous bacteria, such as species of Erwinia, Pseudomonas, Ralstonia or Xanthomonas, colonize the apoplast (intercellular spaces) of plant tissues,
even though some, such as Xylophilus ampelina, can also induce vascular infections. The endogenous bacteria
are restricted either to the phloem sieve tubes or to the
xylem vessels. Due to their vascular habitat, the endogenous bacteria are distributed systemically throughout
the plant; they are transmitted from plant to plant by
graft inoculation, and most of them are vectored by insects that feed in the phloem (leafhoppers, planthoppers, psyllids), or the xylem (sharpshooters). Because of
these virus-like properties, diseases caused by endogenous bacteria have long been taken for virus diseases
(see Bové and Garnier, 2002).
Exogenous bacteria. Waller (1987) found no evidence of bacterial pathogens in rachis, stem and root
tissues from MFC-affected palm trees. Similarly, other
visiting scientists (Aubert, 1993; Jones, 1988; Lamberti,
1988; Mehani, 1988) have never mentioned symptoms
of infection by exogenous bacteria.
Endogenous bacteria including phytoplasmas. Two
types of endogenous bacteria are known: those possessing a classic bacterial cell wall, and those lacking such a
wall. Examples of endogenous bacteria with a Gramnegative cell wall are those which cause citrus huanglongbing (greening disease) and the xylem-restricted
Xylella fastidiosa, responsible for many severe diseases,
among them Pierce’s disease of grapevine and citrus
variegated chlorosis. All endogenous wall-less bacteria
are restricted to the phloem sieve tubes, and are members of the class “Mollicutes”, previously known as
“mycoplasmas”. Two types of plant pathogenic mollicutes are known: the phytoplasmas and the spiroplasmas. Both are transmitted by leafhopper, planthopper
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and/or psyllid vectors. The spiroplasmas have a helical
morphology and can be cultured in artificial media.
Spiroplasma citri, the causal agent of citrus stubborn disease, was the first mollicute to be cultured from plants
as early as 1970 (Saglio et al., 1973). The phytoplasmas,
discovered in 1967 (Doi et al., 1967) have never been
cultured, and they are pleiomorphic.
Palm species infected with phytoplasmas are well
known. A classic example is Coconut (Cocos nucifera)
infected with the palm lethal yellowing phytoplasma in
Florida (Plavsic-Banjac et al., 1972; McCoy, 1974;
Thomas, 1979) and Mexico (McCoy et al., 1982). This
phytoplasma (group 16SrIV phytoplasma) infects many
species of palm trees, including the true date palm (P.
dactylifera) in Florida (Thomas, 1979). In Texas, both
the true date palm and the Canary island date palm
(Phoenix canariensis) are affected by lethal decline disease, and contain phytoplasmas of group 16SrIV (Harrison et al., 2002). In the date palm trees, the disease is
first noticed when lower fronds turn yellow and droop.
The wilt spreads to upper fronds. As all the lower
fronds collapse, the appearance resembles a “closed
umbrella”. Eventually, all the dead fronds drop and only the trunk remains. This process takes about four
months following observation of initial symptoms.
Even though MFC and lethal yellowing of date palms
have different symptoms, indicating that a group
16SrIV phytoplasma is not likely involved in MFC, the
phytoplasma etiology of MFC could not be overlooked.
Members of the “Laboratoire de biologie cellulaire et
moléculaire” from INRA-Bordeaux, France, have used
PCR to search for a putative phytoplasma in date palm
samples collected by scientists from the Degache Research Center in June 1997 (3 MFC samples + 2 healthy
samples), October 1997(16 MFC + 5 healthy), January
1999 (12 MFC+ 6 healthy) and October 2002 (7 MFC +
3 healthy). Samples were of the following varieties:
Akhouat-Alig, Besser, Deglet Nour, Gasbi, Kinta,
Tozeur-Zaid, and Pollinator. Samples from affected
palms came from plantations in Nefta, Tozeur, Hamma,
Kebili and Douz. The healthy samples were obtained
from the Date Palm Research Center at Degache, where
MFC has never been seen. Samples were taken from
adult palm trees and offshoots, and consisted of leaflets
and immature heart tissue. The lethal yellowing phytoplasma is rarely found in mature tissue, but quite regularly in immature, unmerged leaf bases of the palm
crowns (Harrison et al., 1992). Most heart tissue samples came from offshoots. DNA for PCR amplification
was extracted from the samples by the CTAB method
according to Maixner et al. (1995). For phytoplasma detection, 40 PCR cycles (1 min at 92°C, 1 min at 58°C
and 1 min at 72°C per cycle) were carried out with two
pairs of universal primers for phytoplasma ribosomal
DNA amplification. Primers P1/P7 (Smart et al., 1996)
amplify both the 16SrDNA region and the 16S/23S intergenic region of the phytoplasmal ribosomal operon,
yielding an amplicon of 1.7 kbp. Primers fU5/rU3,
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(Deng et al., 1991) amplify a 800 bp region of the 16S
rDNA. Standard protocols described for these primer
pairs, including nested PCR assays using the two pairs
successively, were applied. In spite of the many PCR assays carried out, no phytoplasma could be detected consistently. However, two leaf samples of Bermuda grass
(Cynodon dactylon) plants with white leaf symptoms
growing in affected palm groves led to positive DNA
amplification. The sequence of the amplified DNA corresponded to phytoplasma ribosomal DNA genes, and
the closest relatives were phytoplasmas of group 16SrIII
(Lee et al., 1998; Seemuller et al., 1998). This group
comprises phytoplasmas affecting monocotyledonous
plants such as sugar cane and coconuts. Three primers,
PD1, PD2 and PD3 specific for this group of phytoplasmas, were designed and used with DNA extracted from
the date palm and Bermuda grass samples. Amplification
was straight forward with the bermuda grass samples but
negative with the DNA extracted from palm trees.
The hypothesis of a phytoplasmal etiology has also
been examined at the Plant Pathology laboratory of the
Faculty of Agronomical Sciences at Gembloux, Belgium. Nested PCR was used to detect a putative phytoplasma by amplification of its ribosomal DNA. No consistent results have been obtained (Mohamed Ben Rabia
and P. Lepoivre, unpublished data).
On the basis of these data, it seems unlikely that phytoplasmas are involved in the etiology of MFC. This
conclusion is in agreement with the results of two other
research lines. MFC-affected palm trees were injected
with a solution of oxytetracycline hydrochloride (1 l of a
5 mg l-1 solution). No symptom remission was observed
(Ben Mahamoud and Conforti, 1995). This result
should exclude not only phytoplasmas, but also other
endogeneous bacteria, as the cause of MFC. However,
more experiments with increasing doses of the antibiotic and repeated injections would be necessary to warrant this conclusion. Jones (1988) prepared thin sections of healthy and MFC-affected rachis, and stained
them with DAPI, a DNA-specific fluorochrome, which
has proved useful for the detection of phytoplasmas in
sieve tubes. However, no fluorescence was found in
sieve tubes of any of the date palms observed.
Viruses. Jones (1988) has examined a possible viral
etiology of MFC. For electron microscopy detection of
putative viruses, leaf tissue was ground in distilled water, the resulting sap, squeezed through muslin and either mixed with an equal volume of negative stain (2%
phosphotungstic acid, pH 7.0 or 2% ammonium
molybdate, or 2% methylamine tungstate), or stained
on the grid with 2% uranyl acetate. Tubular virus-like
particles were seen first in preparations from MFC-affected leaves, but later also in those from healthy leaves.
Hence, these particles are not associated with MFC, unless they are latent within the palms. In another set of
experiments, nucleic acids were extracted from healthy
and MFC-affected leaves, and analyzed by agarose gel
electrophoresis for the presence of double-stranded
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RNAs. These RNAs are often indicative of virus infection. No such RNAs were found in any of the palms
tested (Jones, 1988). Similarly, in the process of isolating
the host-derived dsRNA associated with MFC (see below), Fadda (2001) found no indication for the presence
of virus related dsRNAs.
Further attempts were conducted to identify putative
virus particles associated with MFC by P. Moreno at
IVIA, Moncada, Spain (unpublished data). Deglet Nour
plant extracts were prepared by homogenizing about 6
mm2 leaf tissue in 50 µl of 0.1 M phosphate buffer pH 7
containing 2% (w/v) polyvinyl pyrrolidone (PVP MW
10,000) and clarified in a microfuge. Carbon-Formvar
coated grids were floated for 10-15 min on a drop of extract, rinsed with 30 drops of distilled water, and then
with 5 drops of 1% uranyl acetate, dried, and examined
in a Jeol 100S EM at 80 KV. By this technique, no virus
particles were observed in extracts from healthy or
MFC-affected palm trees.
Even though these experiments do not support a viral etiology of MFC, they do not exclude the possible
involvement of a virus in MFC.
Viroids. Viroids are unencapsidated (“naked”), small
(246-400 nucleotide residues), single-stranded, circular
RNAs with highly base-paired secondary structures (Diener 1991; Flores, 2001). Viroids do not code for any
protein but yet they replicate autonomously in cells of
susceptible hosts. This makes the replication of these
molecular parasites extremely host-dependent. The
Potato spindle tuber viroid (PSTVd), the type species of
the family Pospiviroidae, accumulates and replicates in
the nucleus, whereas the Avocado sunblotch viroid (ASBVd), the type species of the second viroid family,
Asunviroidae, accumulates and replicates in the chloroplast (see Flores et al., 2000).
Palm trees are recognized hosts of viroids, a classic
example being Coconut cadang cadang disease (Randles, 1975; Randles et al., 1987). This viroid has also
been detected in African oil palms and buri palms (Randles et al., 1980). Furthermore, MFC seems to spread in
a “tree-to-tree” manner. This could be the result of mechanical transmission of a putative pathogen by pruning
and cutting tools. Interestingly, viroids are known to be
transmitted mechanically. For all these reasons it
seemed worthwhile to search for the presence of viroids
in MFC-affected tissues. These investigations were initially carried out by Z.G.N. Fadda and N. Duran-Vila in
the Viroid laboratory of IVIA, Moncada (Valencia),
Spain.
The first analyses of palm tissues for viroid detection
were carried out with aliquots of the samples collected
for phytoplasma detection in June and October 1997 by
members of the INRA-Bordeaux team (see above). The
samples were kept at –80°C. They came from the following healthy or MFC-affected date palm trees: Besser,
Deglet Nour, Kinta, Pollinator, and Tozeur-Zaid. The 14
leaf samples studied comprised 7 samples of adult
MFC-leaflets, 2 samples of adult healthy leaflets, 1 sam-
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ple of juvenile MFC-leaflets, 3 samples of immature,
palm heart MFC-tissue, and 1 sample of immature
healthy heart tissue. Nucleic acids were extracted and
the fraction soluble in 2 M lithium chloride was recovered and subjected to sequential polyacrylamide gel
electrophoresis (sPAGE) analysis according to RiveraBustamante et al. (1986). Silver nitrate staining of the
gel revealed a band with an electrophoretic mobility
characteristic of the circular form of viroids. Experiments with nucleases showed the band to be produced
by an RNA. The band was present only in samples from
adult, MFC-affected leaflets, and was obtained with all
palm varieties tested. According to its mobility on the
gels, the RNA had a small size in the range of viroid
RNAs (Fig. 2).
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MFC (Fig. 2). However, this sRNA did not hybridize
with several viroid-specific probes. As will be reported
elsewhere, characterization of the sRNA by members of
the Viroid laboratory of IVIA in cooperation with R.
Flores and J.A. Darós from the IBMPC in Valencia,
Spain, has shown that it is not a viroid.
Small double stranded RNA. The molecule is in fact
a small double-stranded RNA (dsRNA). The dsRNA
has been sequenced and by comparison with sequences
deposited in databases, found to contain sequences homologous to chloroplast genes, and therefore, not related to any known pathogen. A probe for the detection of
the dsRNA by molecular hybridization has been developed, and was able to detect the dsRNA in all samples
from adult MFC-affected leaflets. In addition, 8 of 22
symptomless palm trees randomly selected in an MFCaffected plantation, yielded positive hybridization, indicating that the probe is able to detect the dsRNA
even before the palm trees show symptoms. Thus, the
dsRNA can be regarded as a molecular marker of the
disease, but is not involved in the etiology of MFC.

MFC AS AN ABIOTIC DISEASE: RESULTS FROM
MINERAL ANALYSES OF SOILS, IRRIGATION
WATER AND LEAFLETS

Fig. 2. Sequential gel electrophoresis (sPAGE) of nucleic acid
extracts of Tozeur Zaid and Deglet Nour date palms: MFC
affected plants of Tozeur Zaid (2) and Degelet Nour (4) and
healthy controls of the same cultivars (1 and 3). Nucleic acid
preparation containing several viroid RNAs: CEV-D96 (467
nt), CEVd (372 nt) and ELVd (332nt) (5).

In January 1999, 18 additional samples were collected by the IVIA-Moncada and INRA-Bordeaux teams.
However, no RNA band could be detected, whatever
the sample used. These negative results could reflect the
unusually cold conditions, which prevailed in the winter
of 1999 (accumulation of viroids in infected tissues require warm temperatures).
In June 1999, 13 other samples were collected. Only
adult leaflets were taken from MFC-affected palm trees
of the following varieties: Alig (1 tree), Besser (2 trees),
Deglet Nour (2 trees), Khouat Alig (1 tree), Pollinator
(2 trees), and Tozeur Zaid (1 tree). All trees were located in the Nefta/Dakhlani area, except one Pollinator
tree, which was in Hamma. Trees of several varieties
(Alig, Khouat Alig, Deglet Nour and Tozeur Zaid, one
tree per variety), were selected at the Degache Research
Center, and used for healthy control samples. This time,
the RNA band was again obtained with all 9 samples
from MFC-affected palm trees, but not with any of the
4 samples from healthy palms. These experiments clearly show that a small RNA (sRNA) is associated with

Early analyses. Soon after it was realized in 1986 that
MFC was spreading and taking on alarming proportions, soil, water and leaf analyses were carried out by
INRAT (unpublished results). The most relevant observation was the discovery that the concentration of Mn
in MFC-affected leaflets was 10 times lower (3.7 ppm)
than that in unaffected ones (41.8 ppm). This result was
confirmed by McGrath (1988) who found 2.8 ppm and
26.6 ppm, in affected and unaffected leaflets, respectively. While the INRAT laboratory did not find significant differences in the concentration of mineral elements in the soil and the irrigation water of MFC-affected and unaffected areas, McGrath (1988) found that the
concentrations of major elements, including phosphorus, were higher in the soil from which MFC-affected
samples were taken. Also, the electrical conductivity of
the soil from the MFC-affected areas was 10 times higher than that of unaffected zones. In contrast, the pH of
the soil in the affected area (8.09) was slightly lower
than that in the unaffected one (9.04). These results suggested that the areas with MFC-affected palm trees had
a build-up of major elements, perhaps as a result of irrigation. Unfortunately, the Mn concentrations in the various soils were not determined, but it was assumed that
the Mn deficiency of the MFC-affected leaflets might
have resulted from a lack of Mn availability in the soil
because of the high conductivity.
Irrigation water comes from two origins: deep wells
(200 to 600 m), the major source of water, and shallow
wells, collecting surface water. Water analyses (Aubert,
1993) showed surface water to have a much higher con-
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ductivity (~5000 µS), due to a much higher salinity, than
the deep well water (~2000 µS). In particular, the boron
concentration was above 1 ppm, a level that is toxic for
very susceptible plants. The pH of deep and surface water averaged 8.0 and 8.5, respectively. Even though extensive and exclusive use of surface water for irrigation
was not recommended, it is still widely used today.
Recent analyses. More recently, additional analyses
of soil, water, and palm leaflets from Nefta and Tozeur
have been carried out, including determinations of Mn
and B on the soils (Riahi Sassi et al., 1997, 1998; Montarone et al., 2003).
Soil analyses. The soils analyzed in the Nefta and
Tozeur areas, where the disease is widespread, were
found to be more sandy with a lower clay content than
those in the Degache area where the number of affected
trees is much smaller. It was thus concluded that the soil
texture could play a role in the occurrence of MFC. Also, higher salinity contents were observed at the major
root level (50-100 cm) in the affected areas as compared
to the less affected areas (Riahi Sassi et al., 1997). Montarone et al. (2003) found the soils from Nefta and
Tozeur quite similar. Organic matter, soil nitrogen and
cation exchange capacity were very low, but the levels of
P2O5 and K2O were acceptable. The pH values were
above 8.0 (Montarone et al., 2003).
Soils collected around MFC-affected palm trees were
compared with soils in which unaffected trees were
growing. In the Tozeur region, the pH of the soil from
MFC-affected trees was 8.70 at a depth of 50 cm
(“MFC-50” soil) and 8.84 at 100 cm (“MFC-100” soil),
while the pH values for soil from unaffected trees were
8.45 at both levels (U-50 and U-100 soils) (Montarone
et al., 2003). Thus, the two types of soil both have high
pH values, and these values are not very different from
one soil to the other.
The Mn content of the MFC-50 and MFC-100 soils
averaged 4.25 ppm, in comparison with 7.50 ppm for
the unaffected soils (Montarone et al., 2003). Again,
these values are of the same order of magnitude, and
not very different. They confirm data previously obtained by Riahi Sassi et al. (1998) who concluded that
total soil Mn was probably not the factor responsible
for MFC. However, it must be pointed out that the values found for the Mn content of the soil are much below those assumed to be normal for plant growth
(around 20 ppm for sandy soils).
The boron content of the MFC soil averaged 0.15
ppm, in comparison with 0.30 ppm for the unaffected
soil (Montarone et al., 2003). Riahi Sassi et al. (1998)
found boron values equal or above 1 ppm for unaffected soil as compared to values well below 1 ppm for
MFC soil.
Water analyses. Analyses of irrigation water from
Tozeur (2 samples), Degache (3 samples), and Nefta (2
samples) confirmed the high salinity. The concentrations of cations varied from 100 to 426 mg l-1 for Ca,
265 to 375 mg l-1 for Na, and 60 to 144 mg l-1 for Mg. In
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contrast, K concentration was very low (23 mg l-1). Concentrations of chlorides and sulfates were very high
(Montarone et al., 2003).
Leaflet analyses. These analyses confirmed the low
Mn content of the MFC-affected leaflets (5 to 9 ppm)
in comparison with healthy control leaflets (23 ppm)
(Riahi Sassi et al., 1998). Mn concentrations in young
palms of offshoots were analyzed by Montarone et al.,
(2003). The values were 6.6 ppm for MFC-affected
palms, and 56 ppm for healthy palms collected from
trees (cv. Khallas) growing in Southern France where
MFC has never been seen. Interestingly, the Mn concentration in palms from apparently unaffected offshoots
growing close to affected trees was also very low (6.7
ppm). This suggests that these unaffected offshoots will
most likely show symptoms in the near future.
Regarding boron, McGrath (1988) reported values of
13 ppm for healthy leaflets, and 18 ppm for affected
ones. Montarone et al. (2003) found no difference in
boron content for affected and unaffected leaflets (~20
ppm), and Riahi Sassi et al. (1998) found lower concentrations in affected leaflets (~80 ppm) than in unaffected ones (~200 ppm).
Manganese and MFC. From the above analyses, it is
clear that the MFC-affected leaflets are deficient in Mn.
They contain 10 times less Mn than leaflets from healthy
palm trees. Furthermore, the symptoms of MFC are
very similar to those described for Mn deficiency of
palm trees in Florida where Mn deficiency or “frizzletop” is a common problem in various palms growing in
the alkaline soils of south Florida (T.K. Broschat, Fort
Lauderdale, Florida, personal communication). When
in the late 1980s, the first analyses revealed that MFC
was characterized by Mn deficiency, the trunks of MFCaffected palm trees were injected with one liter aliquots
of a Mn sulfate solution at 1.5 g l-1. Partial, and sometimes total, recoveries were obtained, but lasted only for
about six months, when the injections had to be renewed. Over the last years, this practice has been applied to many MFC-affected trees. However, the progression of the disease has not been stopped.

DISCUSSION
Manganese is an essential micro-nutrient for plants,
involved in photosynthesis. Mn functions along with Fe
in the formation of chlorophyll and is a key element in
the photosynthetic water reduction and oxygen evolution. It is also a constituent of respiratory enzymes and
activates many enzymes involved in the metabolism of
organic acids, phosphorus and nitrogen (Adriano,
2001).
It is well known that mobility and availability of Mn
in the soil are very much dependant on pH and redox
potential. Manganese as Mn2+ is the most soluble form
of the element, and the most favorable for absorption
by plants. The more oxidized forms, Mn3+ and Mn4+,
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are much less soluble. Soil pH below ~7.0 favors the
soluble form, Mn2+, while pH above ~8.0, favors the insoluble forms, Mn3+ and Mn4+. Insufficient irrigation by
allowing soil aeration and oxidation, as well as high
salinity, also result in Mn insolubility and unavailability.
The soil analyses reported above show that the soil conditions prevailing in the date palm plantations, pH between 8.5 and 9.0, high salinity, insufficient irrigation,
tend to render Mn unavailable to the plant, and could
explain the Mn deficiency characteristic of MFC. A
sandy soil texture and lack of clay could also contribute
to Mn unavailability. Thus, the disease would be purely
nutritional, and due to the prevailing soil conditions,
making Mn, and B, unavailable. This point of view was
favored by Mehani (1988) as well as by Riahi Sassi et al.
(1997, 1998) who insist on the fact that no pathogenic
agent had yet been found. This is still true today. In addition, in favor of the abiotic hypothesis, MFC has been
reported to occur only in traditional date palm plantations, never in modern plantations of the Tozeur/Nefta
region, where the trees, generally less than 30 years old,
benefit from better soil management (Fig. 1: K). However, MFC occurs in new, industrial plantations in the
Kebili/Douz area.
Other observations do not seem to fit the abiotic hypothesis. MFC-affected palm trees have apparently
been known since the 1940s, and Mehani (1988) studied the disease in the 1960s. In those early years, the disease did not seem to spread, as there were only a few affected trees here and there. The disease received renewed interest in the middle 1980s because, suddenly, it
started to spread in epidemic fashion (Takrouni et al.,
1988). In particular, the newly affected trees occurred as
clusters increasing in diameter, and suggesting spread of
the disease from an initially affected tree to neighboring
trees. If unfavorable soil conditions are solely responsible for MFC, newly affected trees should show up more
or less randomly in the plantations, but not in the form
of clusters, unless the soil is highly heterogeneous. Soil
analyses have not shown, hitherto, significant differences between soil in which MFC-affected trees are
growing, and soil allowing trees to grow without MFC.
It could be possible, however, that one of the factors
rendering Mn unavailable, such as pH, is very close to a
critical value, and that minute variations in one direction or the other, could have profound effects on Mn
solubility.
As observed by Mehani (1988) and Aubert (1993), in
mixed plantations of date palms and citrus, the palms
are dying, while citrus trees show only interveinal
chlorosis, even though citrus is considered highly susceptible to Mn deficiency (Adriano, 2001). This observation was confirmed by some of us (A. Z., M.A.T., N.
D-V, J.M.B.) in April 2002 at the INRAT plantation in
Tozeur, where a cluster of 14 date palms was severely affected by MFC, while the many citrus trees growing
nearby did not even show Mn deficiency symptoms. On
the other hand, when date palm plantations are aban-
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doned for various reasons, and receive no further care,
the trees decline and eventually die, but they never
show symptoms of MFC, indicating that adverse nutritional conditions are not sufficient to induce MFC (A.
Zouba, unpublished information).
Even though no pathogenic agents have so far been
detected in MFC-affected date palms more work is
needed to definitely exclude pathogens, especially viruses, as the cause of MFC, and to conclude that MFC
is an abiotic disease. During the search for viroids, a
dsRNA of host origin was always detected in adult
MFC-affected leaflets. This molecular marker of the disease can now be of diagnostic value.
Finally, the possibility has been suggested that a soil
microorganism could be responsible for oxidizing Mn2+
into Mn3+ and Mn4+, rendering soil manganese insoluble and unavailable to the palm trees (Ben Mahamoud
and Conforti, 1995). Ironically, in this hypothesis, MFC
would be an abiotic disorder in that Mn unavailability
in the soil would be the primary cause of the disease,
but also a biotic disease, in that a soil microorganism
would be responsible for Mn unavailability. Beyond
Mn, it seems as if other mineral elements should also be
considered to understand MFC. More work is required
to identify the cause of MFC, and find a rational means
of control.
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