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ABSTRACT

Aims: To survey nurseries and diagnosis of the young peach seedlings decline, to investigate the
Fusarium species associated with the decline of peach in Tunisian nurseries using morphological
and molecular tools and determine the pathogenicity of the most predominant species on peach
seedlings.

Place and Duration of Study: Tunisian peach nurseries and Department of Biological Sciences
and Plant Protection, Higher Institute of Agronomy of Chott Mariem, 4042, Sousse, Tunisia,
between November 2012 and July 2014.

Methodology: The surveys were conducted in peach nurseries. Five root samples were taken from
each vigor of each peach variety. The isolation and the morphological identification were done on
PDA medium. The molecular identification was done using ITS1 and ITS4. Pathogenicity tests were
made for the dominant species which are F. oxysporum (25 isolates) and F. solani (8 isolates).
Results: The isolation was done on PDA medium and morphological and molecular identification
(using ITS1 and ITS4) revealed the presence of 62 isolates of Fusarium oxysporum, 32 isolates of
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F. solani, 7 isolates of F. equiseti, 4 isolates of F. proliferatum and 2 isolates of F. chlamydosporum.
F. oxysporum and F. solani were isolated from roots from all surveyed nurseries. F. equiseti were
isolated from roots from nurseries in Chebika, Zaghouan and Monastir. F. proliferatum was
recovered from roots from nurseries in the Chebika and Zaghouan regions. F. chlamydosporum
were recovered only from roots in nurseries at Monastir region. Pathogenicity of Fusarium
oxysporum and Fusarium solani was evaluated by using two varieties of peach, Carnival and Royal
Glory grafted onto the Garnem rootstock (Prunus dulcis x hybrid clonal of Prunus persica) planted in
inoculated soil. Symptoms of peach decline namely browning of the apical vegetative part, height
reduction and collar rot. These two Fusarium species were more virulent on Carnival than Royal
Glory. Fusarium solani induced root and collar rot symptoms whereas F. oxysporum induced
necrotic roots symptom, browning and height reduction.

Conclusion: This finding showed that Fusarium oxysporum and F. solani were the most dominant

species. They were virulent to peach seedlings.

Keywords: Fusarium spp.; nursery; pathogenicity; peach; PCR; surveys.

1. INTRODUCTION

Peach decline, responsible of seedlings root and
collar rot in nurseries, is one of the most
destructive diseases causing a dramatic
reduction in plant growth [1,2,3]. The symptoms
of peach decline included roots browning, and
shoot stunting [4,5]. The internal necrosis of the
plants was not readily evident in many trees,
especially those with a dark brown bark [6]. The
difficulty in the early identification of the infected
seedlings led to the disease transfer to the
orchards, resulting in  further disease
development and death of newly planted trees in
the field [6]. The causes of this disease may
differ among regions and various abiotic and
biotic factors have been attributed to the
appearance of peach decline symptoms [7].
Previous studies reported the primary role of
many soil-borne fungi called “root rot fungal
complex” in this disease worldwide [7,8,9,10].

The causal agents of peach decline can survive
in the rhizosphere and in the seedlings roots
within 1-2 years after the plantation of orchard’s
tree. Thus, it can later cause trees decline [11].

This soil-borne disease was reported in fruit
trees-growing areas worldwide such as Europe
[5,9], North America [12,13], Australia [14] and
South-Africa [15]. Several investigations showed
that Fusarium spp., such as F. equiseti, F.
moniliforme, F. oxysporum and F. solani were
frequently isolated from peach orchards showing
replant symptoms in Canada [16] and in United
States [17,18]. However, Fusarium solani and F.
oxysporum were the most predominant species
isolated from stem and root lesions associated
with decline of young peach seedlings [19].

The aims of this study were to (i) survey
nurseries and diagnosis of the young peach
seedlings decline, (ii) investigate the Fusarium
species associated with the decline of peach in
Tunisian nurseries using morphological and
molecular tools and (i) determine the
pathogenicity of the most predominant species
(Fusarium oxysporum and Fusarium solani) on
peach seedlings.

2. MATERIALS AND METHODS

2.1 Disease and

Collecting

Survey Samples

Six nurseries of peach, located in 3 different
areas of peach production in Tunisia, Chebika1,
Chebika2 and Chebika3 (Kairouan), Manzelnour
and Ouardanin from Monastir government and
Zaghouan (Zaghouan) were surveyed from
October 2012 to December 2013 (Fig.1). From
each nursery, five samples of roots per each
vigor/variety of peach seedlings, aged from 9 to
18 months, grafted onto the Garnem rootstock or
Bitter almond were randomly sampled regardless
of the symptoms. The vigor index (IV) has been
divided into four levels according to the height of
each seedling scion (x): IV1 (x£25 cm), IV2 (25
cm <x<50 cm), IV3 (50 cm <x<100 cm) and V4
(x>100 cm).

2.2 Pathogen Isolation from Infected
Peach Seedlings

A total of 85 samples of peach seedlings were
collected from the nurseries according to the
vigor. Samples of roots were washed under tap
water to remove adhering soil and cut aseptically
into small pieces of 3 to 5 mm in length, followed
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Fig. 1. Surveyed peach nurseries location in Tunisia ( ¥: indicates the peach nurseries
location)

by dipping in a solution of sodium hypochlorite
(3%) for 3 to 4 min. Then, these pieces were
rinsed in sterile distilled water and air dried in a
laminar flow hood. When completely dried,
samples were plated onto PDA medium (Potato-
Dextrose-Agar) amended with 100 pg ml™ of
streptomycin. The plates were then incubated in
the dark at 25°C, and checked daily for colony
growth. Colonies that developed from the root
segments were then transferred to PDA plates
and purified by single-spore method using Water
Agar (2%) medium. The pure isolates were
preserved in1ml of distilled sterile water with
glycerol (20%) in 1.5 ml tubes and stored at -
20°C.

2.3 Morphological Identification of
Isolates

The identification of the collected isolates was
performed after 7 days of incubation of each
colony on PDA medium at 25°C, based on
morphological criteria as described by Leslie and
Summerell [20].

2.4 DNA Extraction and Polymerase
Chain Reaction

Two isolates of F. oxysporum, two of F.
solani and 9 isolates of Fusarium spp.
have been used for the molecular

characterization.

The extraction of genomic DNA of each isolate
has been made according to the protocol of
Moller et al. [21] with some modifications. Thus,
0.1 g of 6-days-old mycelia of each isolate grown
on PDA medium was ground grinding in liquid
nitrogen. Then, powdered mycelium was put into
a microtube (1.5 ml) containing 500 ul of TES
(100 mM Tris, pH 8.0, 10 mM EDTA, 2% SDS),
140 pl of NaCl (1.4 M) and 65 pl of CTAB (10%).
After incubation for 60 min at 60°C with
occasional gentle mixing, 700 pl of chloroform
has been added to the microtube, mixed gently
and incubated for 30 min on ice, then centrifuged
for 10 min at 13000 rpm. Supernatant obtained
were transferred to another 1.5 ml tube
containing 225 pl of ammonium acetate (5M) and
mix gently; then placed on ice for 30 min. The
microtube was centrifuged for 5 min at 13000
rom. Obtained supernatant was transferred to a
fresh microtube containing 510 pl of cold
isopropanol and incubated for 20 min at -20°C.
Microtubes were then centrifuged immediately for
10 min at 13000 rpm. Finally, the supernatant
were aspirated off and pellet obtained were
washed with cold ethanol (70%). After drying
each pellet was dissolve in about 100 pl TE.

The ITS region was amplified with universal
primers ITS1 (5-TCCGTAGGTGAACCTGCGG-
3’) and ITS4 (5-TCCTCCGCTTATTGATATGC-
3’) [22]. PCR was performed in a 50 pl of volume
reaction containing 2 pl of DNA (50 ng/ul), 0.5 pl



of Taq polymerase (5U/ul), 3 pl of MgCl, (1.25
mM), with 5 pl of PCR buffer (10x), 5 pl of dNTP
(1.25 mM), 5l of each of 5 uyM forward (ITS1)
and reverse (ITS4) primers and 24.5 yl of sterile
distilled water. Cycling conditions of PCR were
started by a denaturation at 95°C for 3 min,
followed by 35 cycles at 95°C for 30 s, then at
57°C for 30 s, and at 72°C for 1 min, with a final
elongation at 72°C for 1 min. The PCR product
was analyzed by electrophoresis in a 1%
agarose gel.

PCR products were purified and sequenced at
Biotools society (Monastir, Tunisia). The identity
of isolates has been realized using BLAST (Basic
Local Alignment Search Tool) analysis. The
rDNA-ITS sequence of isolates were compared
with  known sequences of Fusarium spp.
obtained from the GenBank
(http://www.ncbi.nlm.nih.gov) (Table 1). Then,
sequences have been deposited in the GenBank.

Then, the frequency of recovery of each species
was evaluated in each vigor index group found in
each nursery.

2.5 Pathogenicity Tests

Pathogenicity tests were made for the two
dominant species F. oxysporum (25 isolates) and
F. solani (8 isolates). Isolates were selected from
different nurseries randomly regardless of the
vigor. These pathogenicity tests were conducted
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using seedlings of two varieties of peach
carnival and royal glory grafted onto
the rootstock Garnem (Prunus dulcis x hybride
clonal of Prunus persica) (18-months-old).
These seedlings were grown in a glass house,
in plastic pots (23 cm diameter x 23 cm
deep) containing a potting mix (50% sterilized
soil, 25% sterilized peat and 25% sand),
at a temperature ranging from 20°C to
25°C and a relative humidity between 60% and
70%.

To prepare the inoculum, bottles containing 200
g of sterile wheat seeds has been inoculated with
10 mycelial discs (8 mm diam.) of each Fusarium
isolate grown on PDA medium for two weeks
[23]. As control, wheat seeds were inoculated
with discs of PDA medium. Then, these bottles
were incubated in darkness at 25°C, for 15 days
and shaken every two days to ensure seeds
colonization. In June 23, 2015, the inoculation of
peach seedling-soil was made by adding the
prepared mixt to the soil at a rate of 1% (v/v).
Then the soils has been incubated in plastic bags
for 24 h at 20°C-25°C in darkness prior to
planting as mentioned by Tewoldemedhin et al.
[15]. The experiment was conducted as a
complete randomized block design, and each
isolate was tested using three peach seedlings.
The symptoms of decline appear gradually by the
desiccation and browning of the apical part first
and down to reach the whole plant.

Table 1. Species selected from GenBank included in this study showing accession numbers of

the isolates
Species Strain number Origin Host
Fusarium equiseti JF773646 Mexico Taxus globosa
FJ441009 - Mushroom
KC427030 Soil
JQ690085 China Melon
KJ677236 Mexico Jatropha curcas
HQ339990 India -
KT211524 - Cassava
Fusarium solani KM235740 China Solanum lycopersicum
KY617066 South Africa  Pelargonium Sidoides
Fusarium oxysporum KY810792 Brazil Black-wattle minicutting
KC282839 Tunisia Clementine/Sour orange
Fusarium chlamydosporum  KM076600 - Trianthema portulacastrum
EU520242 China -
Fusarium proliferatum KF986684 India Ginger rhizosphere soil
FJ040179 - Oryza sativa
MF687307 China -
MF471668 China Clivia miniata




Symptoms of peach decline were evaluated after
six months of the inoculation of peach seedlings
by Fusarium species. For the evaluation of
disease severity, peach seedlings were removed
in December, 23, 2015, from the potting bags
and washed under running water to remove
excess potting mix adhering to roots. Then, for
each seedling the height, root weight and root rot
were noted.

Root rot was rated onto a 0-5 scale (0=no
obvious symptoms; 1=moderate discoloration of
root tissue; 2=moderate discoloration of tissue
with some lesion; 3=extensive discoloration of
tissue; 4= extensive discoloration of tissue with
girdling lesions; and 5= dead plant) [15]. Re-
isolation was made from all discolored fibrous
roots of seedlings to confirm the pathogenicity of
the tested isolates.

2.6 Statistical Analyses

Data were subjected to a one-way analysis of
variance (ANOVA) using Statistical Package for
the Social Sciences software (SPSS), version
20.0. Means of the values were separated using
the Student-Newman—Keuls (S-N-K) test to
identify significant differences at P < 0.05.

3. RESULTS

3.1 Surveys of Nurseries and Diagnosis
of Young Peach Tree Decline

The results of the surveys highlighted the
presence of peach decline. Infected peach
seedlings showed symptoms of drying and
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browning of the apical part of the scion and/ or
browning at the collar which will eventually result
in a complete decline and death of the plant. The
uprooting showed root browning which was
observed in all nurseries and on the two
rootstocks, Garnem (Prunus dulcis x hybride
clonal of Prunus persica) and bitter almond
(Prunus dulcis) (Fig. 2). There is no relation
between the symptoms and the vigor index.

The rootstock Garnem was found in Quardanin,
Zaghouan, Chebika1, Chebika2 and Chebika3
nurseries. However, the rootstock bitter almond
was found in Menzel nour, Zaghouan and
Chebika3 nurseries (Table 2).

and
the

3.2 Isolation, Morphological
Molecular Identification of
Collected Isolates

On the basis of morphological identification the
following numbers of cultures were isolated
during the surveys: Fusarium oxysporum 62
(Fig. 3), Fusarium solani 32 (Fig. 4) and 9
isolates of Fusarium spp. (Table 3).

Fusarium oxysporum was the dominant species
isolated from rootstocks from all nurseries,
followed by Fusarium solani. The highest percent
of the isolation of F. oxysporum (100%) was
obtained from roots of the rootstock Garnem
found in Chebikal nursery while the highest
percent of the isolation of F. solani (60%) was
found in roots of the rootstock Bitter almond
localized in Zaghouan region. The percent of
other species were low or null in all nurseries
(Table 4).

Fig. 2. Symptoms of drying and browning of a) the apical part of Royal Glory scion, b)
browning of collar of the peach rootstock Garnem, c) roots and d) total decline of Royal glory
scion/ Garnem rootstock
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Table 2. Characteristics of rootstocks collected from surveyed nurseries

Nurseries Location Rootstocks Samples number Age (Months) Years
Manzelnour Monastir Bitter almond 15 18 2013
Ouardanin Monastir Garnem 5 17 2013
Zaghouan Zaghouan Bitter almond 5 9 2012
Garnem 5 10
Chebika2 Kairouan Garnem 20 18 2012
Chebika1 Kairouan Garnem 15 10 2013
Chebika3 Kairouan Bitter almond 5 10 2012
Garnem 15 12

Fig. 3. Morphological characteristics of Fusarium oxysporum: mycelium colony on PDA
medium (a, b), microconidia (c), clamydospores and short phyalides (d)

The results of the morphological identification
have been confirmed by the molecular analysis
of rDNA ITS sequences of F. oxysporum and F.
solani isolates. The average of two isolates of
rDNA ITS sequences were 497 base pairs for F.
oxysporum, 532 base pairs for F. solani.

For the other nine isolates of Fusarium spp., the
molecular analysis of rDNA ITS sequences gave

three other species of Fusarium: five
Fusarium equiseti isolates, two
Fusarium  chlamydosporum  isolates  and

two F. proliferatum isolates. @ The average
of rDNA ITS sequences were 543 base pairs
for F. proliferatum, 498 base pairs for
F. equiseti and 497 base pairs for
F. chlamydosporum.
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Fig. 4. Morphological characteristics of Fusarium solani: mycelium colony on PDA medium
(a, b), long phyalides and microconidia (c, d)

Table 3. Origin of Fusarium oxysporum and F. solaniisolates used in the pathogenicity tests
and all isolates species of F. equiseti, F. chlamydosporum and F. proliferatum isolates
collected from different nurseries

Codes Species Nurseries Locations Years GenBank
accession
number

Fo1 Fusarium oxysporum Chebika2 Kairouan 2012 -

Fo2 Fusarium oxysporum Chebika2 Kairouan 2012 -

Fo3 Fusarium oxysporum Zaghouan Zaghouan 2013 -

Fo4 Fusarium oxysporum Chebika1 Kairouan 2013 -

Fo5 Fusarium oxysporum Chebika1 Kairouan 2013 -

Fo6 Fusarium oxysporum Zaghouan Zaghouan 2013 -

Fo7 Fusarium oxysporum Chebika3 Kairouan 2012 -

Fo8 Fusarium oxysporum Chebika1 Kairouan 2013 -

Fo9 Fusarium oxysporum Zaghouan Zaghouan 2013 -

Fo10 Fusarium oxysporum Zaghouan Zaghouan 2013 -

Fo11 Fusarium oxysporum Zaghouan Zaghouan 2013 -

Fo12 Fusarium oxysporum Chebika1 Kairouan 2013 -

Fo13 Fusarium oxysporum Chebika1 Kairouan 2013 -

Fo14 Fusarium oxysporum Chebika1 Kairouan 2012 -

Fo15 Fusarium oxysporum Chebika2 Kairouan 2012 -
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Codes Species Nurseries Locations Years GenBank
accession
number

Fo16 Fusarium oxysporum Chebika1 Kairouan 2013 MF993096

Fo17 Fusarium oxysporum Manzelnour  Monastir 2013 -

Fo18 Fusarium oxysporum Chebika3 Kairouan 2012 -

Fo19 Fusarium oxysporum Chebika3 Kairouan 2012 -

Fo20 Fusarium oxysporum Zaghouan Zaghouan 2013 -

Fo21 Fusarium oxysporum Manzelnour  Monastir 2013 -

Fo22 Fusarium oxysporum Zaghouan Zaghouan 2013 MF993097

Fo23 Fusarium oxysporum Chebika3 Kairouan 2012 -

Fo24 Fusarium oxysporum Chebika1 Kairouan 2012 -

Fo25 Fusarium oxysporum Ouardanin Monastir 2013 -

F75 Fusarium solani Zaghouan Zaghouan 2013 -

F67 Fusarium solani Chebika1 Kairouan 2012 -

F92 Fusarium solani Zaghouan Zaghouan 2013 -

F191 Fusarium solani Chebika1 Kairouan 2013 -

F149 Fusarium solani Manzelnour ~ Monastir 2013 -

F171 Fusarium solani Zaghouan Zaghouan 2013 MF993093

F48 Fusarium solani Chebika3 Kairouan 2012 MF993094

F150 Fusarium solani Manzelnour ~ Monastir 2013 -

Fe2 Fusarium equiseti ZAghouan Zaghouan 2013 MF993081

Fed Fusarium equiseti Ouardanin Monastir 2013 MF993088

Fe5 Fusarium equiseti Manzelnour ~ Monastir 2013 MF993089

Feb6 Fusarium equiseti Chebika3 Kairouan 2012 MF993090

Fe7 Fusarium equiseti Chebika1 Kairouan 2012 MF993091

Fc1 Fusarium Ouardanin Monastir 2013 MF993100

chlamydosporum

Fc2 Fusarium Manzelnour  Monastir 2013 MF993101

chlamydosporum

Fp1 Fusarium proliferatum Chebika2 Kairouan 2012 MF993104

Fp2 Fusarium proliferatum Zaghouan Zaghouan 2013 MF993106

A BLAST search of the rDNA ITS sequences of GenBank F. equiseti isolates FJ441009,
Fusarium oxysporum and Fusarium solani gave  JQ690085, KJ677236 and KT211524
99% of similarity with ITS sequences of species respectively. 100% of similarity for Fe6

from GenBank. Indeed, there is a similarity of
99% between our isolates of F. solani MF993093
and MF993094 with KM235740 and KY617066
respectively. Also, the two isolates of F.
oxysporum MF993096 and MF993097 were
similar to KY810792 and KC282839 respectively
by 99%.

The BLAST alignment with ITS sequences of
isolates from GenBank revealed 99% of
similarity for the two isolates Fp1(MF993104)
and Fp2 (MF993106) with the F. proliferatum
isolates KF986684 and FJ040179 respectively,
from GenBank.

The BLAST search of rDNA ITS sequences of
Fusarium spp. with ITS sequences of Fusarium
isolates from GenBank gave 99% of similarity for
Fe2 (MF993081), Fe4 (MF993088), Feb5
(MF993089) and Fe7 (MF993091) with the

isolate has been found with the F. equiseti
isolate KT211524. However, in the case of
Fc1 and Fc2, the BLAST search of rDNA
ITS sequences gave a similarity of 96% for
Fc1 isolate  with F. chlamydosporum
KMO076600 isolate and F. equiseti
KU377478 isolate. For Fc2 isolate, 99% of
similarity ~ showed with the Fusarium
chlamydosporum EU520242 isolate, Fusarium
verticillioides isolate KX553874 and F. equiseti
isolate KY318493.

3.3 Vigor Index

The study of peach seedlings vigor index
showed the existence of the four levels.
However, no difference has been noted between
the percent of isolation of each Fusarium species
found and each vigor index (Table 5).
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Table 4. Percent of Fusarium species isolation from collected rootstocks samples

Nurseries Rootstocks Plants number Isolation percent of each identified species
F. oxysporum F. solani F. equiseti F. chlamydosporum  F. proliferatum
Chebika1 Garnem 15 100 50 15 0 10
Chebika2 Garnem 20 90 30 0 0 10
Garnem 15 60 30 0 0 0
Chebika3 Bitter almond 5 70 50 10 0 0
Garnem 5 60 30 0 0 10
Zaghouan Bitter almond 5 80 60 10 0 0
Ouardanin Garnem 5 50 20 5 10 0
Manzelnour Bitter almond 15 80 50 10 10 0
Table 5. Percent of Fusarium species isolation in each vigor index group
Nurseries Rootstocks Fusarium spp. Vigor index
V1 V2 IvV3 V4
Chebika1 Garnem F. oxysporum 90.00+10.61% 89.00+10.25° 88.00+8.37° -
F. solani 55.00+11.18% 45.00+11.18° 50.00+13.69° -
F. equiseti 4.00+4.18° 3.00+4.47° 7.006.71° -
F. proliferatum 2.00+4.47° 3.00+4.47° 6.00+6.52° -
Chebika2 Garnem F. oxysporum 89.00+11.40° 85.00+11.73% 82.00+13.04° 85.00+11.73%
F.solani 25.00+10.00° 27.00+6.71° 28.00+9.08° 25.00+5.00°
F. proliferatum 6.004.18° 5.00+3.54° 5.00+3.54° 6.00+4.18°
Chebika3 Garnem F. oxysporum 53.00+8.37° 50.00+15.41° 49.00+8.94° -
F. solani 26.00+6.52° 32.00+12.55° 30.00+12.75° -
Bitter almond F. oxysporum - - 70+11.00 -
F. solani - - 50£13.69 -
F. equiseti - - 1045.00 -
Manzel nour Bitter almond F. oxysporum - 82.00+7.58° 84.00+10.84° 79.00+12.45%
F. solani - 45.00£10.00° 45.,00+5.00° 50.00£7.91°
F. equiseti - 7.005.70° 5.00+3.54° 7.00+4.47°
F.chlamydospor-um - 3.00+4.47° 4.00+4.18° 3.00+4.47°
Ouardanin Garnem F. oxysporum - - - 50+15.00
F. solani - - - 20+10.00
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Nurseries Rootstocks Fusarium spp. Vigor index
V1 IvV2 IV3 V4
F. equiseti - - - 514 .47
F.chlamydospor-um - - - 10+£3.53
Zaghouan Garnem F. oxysporum - 60+5.00 - -
F. solani - 30+12.75 - -
F. proliferatum - 10+4.47 - -
Bitter almond F. oxysporum - 80+10.00 - -
F. solani - 60+7.58 - -
F. equiseti - 10+5.00 - -

(*) means + standard error in the line followed by the same letter are not significantly different according to SNK test at P < 0.05.
(-) No plants in this group.

10



3.4 Pathogenicity Tests

After 6 months of the inoculation of the peach
rootstock Garnem by 8 isolates of Fusarium
solani symptoms of root and collar rot have been
observed (Fig. 5). These symptoms were not
found in the roots of the un-inoculated control
peach seedlings. Thus, these isolates revealed
to be pathogens. However, no significant
difference was noted between aggressiveness of
these isolates. In case of F. solani, the average
index of root rot was ranged from 1.5 for F75
isolate to 3.25 for F48 isolate (Table 6).
Concerning the roots weight, all treatments did
not affect this parameter. A reduction of the
height for cv Carnival plants was registered
particularly when inoculated by F48 isolate of F.
solani (30.64%).

For Fusarium oxysporum, a cut at the stem of
Garnem rootstock inoculated by Fusarium
oxysporum isolates exhibited a browning. These
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symptoms were not found in the roots of the un-
inoculated control trees.

In addition, Fo6, Fo10, Fo22, Fo23, Fo5 and
Fo19 isolates induced drying of the apical portion
of the scion on carnival variety. For Royal variety,
only Fo22 isolate induced causing this type of
symptom. The analysis of variance of the
necrosis index on peach plants roots (Garnem)
revealed a significant difference between isolates
(Fig. 6). The value of this index varied from 3
(Fo16) to 5 (Fo24) (Table 7). Concerning the
roots weight, the seedlings inoculated by the
different Fusarium spp. isolates showed no effect
on this parameter. The majority of isolates
reduced the height plants cv carnival except FO5
and FO20 isolates. On cv Royal glory, only the
isolates FO5, FO10, FO15, FO19, FO20 reduced
the plants height. The fungal species were re-
isolated from roots tissues from all of the

inoculated peach seedlings and confirmed the
Koch’s postulates.

Fig. 5. Symptoms of root rot generated by Fusarium solaniisolates on peach plants recorded
six months after inoculation: (a) control, (b) desiccation of the branches of royal glory and (d)
carnival variety inoculated with the isolate F48; Collar canker and browning of the roots and
the stem of the Garnem rootstock caused by the isolates (c) F48, (e) F191 and (f) F171
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Table 6. Disease severity, plants heights, and root fresh weights of peach seedlings after 6
months of inoculation by Fusarium solani

Isolates Parameters evaluated

Roots weights (g) Roots rots Heights of peach varieties (cm)

Carnival Royal

Control 32.32+9.80%* 1.25 +0.5° 86.50 +4.50° 84.50 +12.50°
F75 50.41+11.06° 1.50 +0.58%° 74.80 +3.30*° 99.50 +0.50°
F67 39.49+18.05° 2.25 +0.5% 73.00 +8.00*° 98.00 +4.00°
F92 48.83 +24.41° 2.75 +0.96™ 81.50 +6.76"° 95.50 +2.78°
F191 45.04 +11.45° 2.50 +0.58%° 74.33 +4.51%° 91.00 +3.00°
F149 44 .58 +28.80° 1.75 +0.96™ 73.00 £5.00%° 90.33 +6.01°
F171 32.71 £7.94° 2.75 +0.50%° 69.16 +0.29%° 87.13 +8.80°
F48 33.49+18.13° 3.25 +1.26° 60.00 +11.00° 83.73 £26.12°
F150 27.77 +7.43° 2.50 +0.58%° 81.16 +0.76"° 75.86 +6.80°

(*) means * standard error in the column followed by the same letter are not significantly different according to
SNK test at P < 0.05

Table 7. Disease severity, plants heights, and root fresh weights of peach seedlings after 6

months of inoculation by Fusarium oxysporum

Codes Roots weights (g) Roots rots Heights of peach varieties (cm)
Carnival Royal
Control 32.32+9.80%* 1£0.50° 86.33+4.51 84.33+12.50°°
Fo1 56.41+20.56° 1.25+0.50° 80.23+4.35"¢ 93.50+0.50*°
Fo2 62.57+37.39° 1.25+0.50%° 77.00+7.00%° 89.20+8.70%°
Fo3 53.2+10.54° 2.5+0.58% 84.00+12.53% 100.56+2.11%°
Fo4 53.64+11.88° 2.5+0.58% 72.36+14.46%° 112.6045.92°
Fo5 33.49+2.24° 2.25+0.50%° 86.83+0.29 *° 80.16+4.25%
Fob6 52.24+17.50° 2.25+0.50% 82.00+13.53" 95.33+12.06%°
Fo7 47.48+20.58° 2.00+0.00 *° 72.00+0.00%° 91.83+1.76%°
Fo8 48.06+9.88° 2.00+0.82% 69.33+4.51%° 90.00+2.00%°
Fo9 60.89+26.04° 1.75+0.50%° 76.66+1.53%° 99.43+0.40%°
Fo10 40.50+8.19° 2.00+0.82%° 81.56+5.17°° 74.63+10.96°
Fo11 54.55+24.19° 1.50+0.58° 74.33+11.56%° 103.83+1.76"°
Fo12 33.82+14.76° 2.00+0.82% 70.50+2.29%¢ 84.50+15.76%°
Fo13 45.85+25.88° 2.00+0.82% 63.23+5.65%° 88.30 +14.45%°
Fo14 38.42+18.40° 2.50+0.58% 77.66+3.51%¢ 99.13+15.20%°
Fo15 40.58+6.89° 2.25+0.50% 82.00+4.00"° 76.33+2.52%
Fo16 38.31+ 18.42° 3.00+0.00 ° 69.33+8.50™ 92.46+10.31%°
Fo17 46.75+14.28° 2.25+0.50% 54.60+7.41° 91.16+15.25%°
Fo18 47.01+ 18.63° 2.75+0.50®° 71.33+14.75%° 101.3346.51*°
Fo19 40.67+13.03° 2.50+0.58% 75.00+5.00%° 78.33+14.01%°
Fo20 39.68+5.14° 2.00+0.00 *® 88.63+4.46° 74.16+0.76°
fo21 28.44+16.16° 2.25+0.50®° 73.50+15.31%° 89.00+3.00%°
Fo22 33.78+5.75° 2.25+0.50% 61.83+14.78%° 87.46+0.06%°
Fo23 52.38+17.18° 2.00+0.82%° 65.460.50" 85.33+1.53%°
Fo24 38.57+16.90° 3.00+0.82° 56.7619.15% 94.83+11.50%°
Fo25 55.80+7.91° 1.50+0.58° 81.16 +6.25"¢ 87.00+ 16.00%°
Fo19 40.67+13.03° 2.50+0.58% 75.00+5.00%° 78.33+14.01%
Fo20 39.68+5.14° 2.00£0.00 *° 88.63+4.46° 74.16+0.76°
fo21 28.44+16.16° 2.25+0.50®° 73.50+15.31%° 89.00+3.00%°
Fo22 33.78+5.75° 2.25+0.50% 61.83+14.78%° 87.46+0.06%°
Fo23 52.38+17.18° 2.00+0.82% 65.460.50" 85.33+1.53%°
Fo24 38.57+16.90° 3.00+0.82° 56.7619.15% 94.83+11.50%°
Fo25 55.80+7.91° 1.50+0.58° 81.16 +6.25"¢ 87.00+ 16.007°

(*) means = standard error in the column followed by the same letter are not significantly different according to
SNK test at P < 0.05
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Fig. 6. Browning generated by the isolates Fo24 (a), Fo1 (c) of Fusarium oxysporum on the
peach rootstock Garnem and dryness of the apical part of branch generated by the isolate
Fo22 on the carnival variety (b)

4. DISCUSSION

This study showed that Fusarium solani, F.
oxysporum, F. equiseti, F. proliferatum and F.
chlamydosporum are associated with peach
rootstocks in Tunisian nurseries. These species
were also isolated from peach orchards in
different countries [17,16]. Most of these species,
except F. oxysporum and F. solani, were not
present in all nurseries and consisted of no more
than 9 isolates. Thus, Fusarium oxysporum and
F. solani were found with the highest percent of
the total Fusarium population. This finding is in
agreement with previous investigations [24,15].
Therefore, given that these two species were
more abundant; their role was investigated
further. Our results showed that F. oxysporum
and F. solani were virulent to the rootstock
Garnem and the two Carnival and Royal of
peach varieties grafted on Garnem rootstock.
Indeed, some F. solani isolates reduced
significantly the height of cv Carnival grafted on
Garnem and induced seedlings root rot. Similar
studies showed that these species caused
necrosis of peach feeder roots in greenhouse
tests and decreased shoot growth and plant
height [18]. F. solani has been also reported as
the causal agent of many cankers and wilt
diseases of forest tree nurseries, such as seed
deterioration, damping-off, cankers, and root rot
of both conifers and hardwoods [25]. The
nurseries surveys showed that the rotation crop
was used in all nurseries prospected. This way
could reduce the disease severity. Previous
studies showed that the diversity of root fungal
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flora has been found to be negatively correlated
with disease incidence of crops, because crop
rotation increases the diversity of root soil fungi
and reduces the inoculum of soil-borne
pathogens selected by monoculture [26,27]. The
findings of the present investigation showed that
Fusarium  oxysporum isolates  generated
symptoms of root rot, browning without any effect
on seedling growth. This result could be
explained by the synergism of these species that
could reduce the incidence and their effect on
plant development. This specie is responsible of
necrosis of peach feeder roots in greenhouse
tests and caused a reduction of shoot growth and
plant height [18]. Some of the most abundant
rhizosphere inhabiting Fusarium spp., such as F.
oxysporum and F. compactum, showed
phytotoxicity of culture filtrates suggesting that
this genus may be responsible for plant growth
reduction through a series of toxic metabolites
including fusaric acid, enniatins and equisetin
[28]. The phytotoxicity of this genus may be due
either to an environmentally induced shift
towards a high production of fusaric acid, by
enhancing phytotoxicity through additive effect
with other occurring metabolites [29,30], or to
changes in host susceptibility caused by biotic or
abiotic stress [31]. Although, it will be important
to target Fusarium species in management
strategies against nurseries peach decline in
Tunisia.

For the Fusarium equiseti, Fusarium proliferatum
and Fusarium chlamydosporum found in this
study, there is no previous study about their



pathogenicity on peach seedling. In addition, the
BLAST alignment of rDNA ITS sequences of
some isolates with ITS sequences of Fusarium
isolates from GenBank gave the same similarity
percent with more than one species. Thus, it will
be important to use other loci like translation
elongation factor 1_ (EF-1_), the largest subunit
of RNA polymerase (RPB1), and the second
largest subunit of RNA polymerase (RPB2), to
identify these isolates [32,33]. Then, they should
have been subject to pathogenicity test.

Furthermore, in nurseries, seedlings can be
associated and attacked by more than one soil
borne pathogen [34]. Thus, although, it will be
important to target Fusarium species in
management strategies, the study of other
genera like Phytophthora and Pythium which can
cause the decline of several fruit trees species
like peach, apple and apricot [35,17,36,7,37,13]
should be important. In addition, some other
genera have low virulence such as the genera
Cylindrocarpon [38,39,40], should not be
neglected. These genera may either increase the
severity of damage caused by Fusarium.
Amongst themselves, they cause damage
especially in association with root lesion
nematodes or when plants are under stress [41].
For this reason, the identification and
pathogenicity tests of the Pythium and
Phytophthora species associated to peach
seedling in tunisian nurseries is will be done in
further study.

5. CONCLUSION

This finding showed that Fusarium oxysporum
and F. solani were isolated with the highest
percent of the total Fusarium population. These
two species were virulent to the rootstock
Garnem and the two Carnival and Royal of
peach varieties. The carnival variety was more
susceptible than Royal glory to these species.
Thus, all Fusarium solani isolates induced
symptoms of root and collar rot. A reduction of
the height for cv Carnival plants was registered
particularly when inoculated by F. solani F48
isolate. The majority of Fusarium oxysporum
isolates reduced the height plants and provoked
drying of the apical portion of the scion on
carnival variety. While, some isolates reduced
the plants height and only one isolate induced
this type of symptom on Royal variety. A cut at
the stem of Garnem rootstock inoculated by
Fusarium oxysporum isolates exhibited the
browning symptom. The identification and
pathogenicity tests of other Fusarium species
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and other soil-borne genera will be subjected to
further studies.
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