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Abstract

The objective of this study is to determine the fungal flora present in the air and on the foliar parts of
strawberry plants, varieties Festival and Camarosa, cultivated in the Moulay Bouselham region (North-
ouest Morocco), and to highlight the influence of microclimate on their development. Surveys were
carried out on three farms under irrigated shelter, where microclimatic conditions, such as temperature
and relative humidity, were measured and analysed. The results reveal significant fungal diversity,
influenced by microclimatic conditions. In fact, variations in temperature and relative humidity have a
significant influence on the distribution of fungal species. Botrytis cinerea reached high levels of
contamination, with 8712.7 CFU/m2in MV1 and 8492.6 CFU/m2in GV1. Cladosporium cladosporioides
was also very present, with values reaching 17,802.9 CFU/m2 in SV3 and 10,788.7 CFU/m2 in MV1,
while Fusarium oxysporum showed a more limited presence, with values of 440.3 CFU/m2in GV2 and
377.4 CFU/m? in GV3. Temperatures were ranged from 17.44°C to 28.26°C, and relative humidity
between 50.96% and 61.26%. These climatic conditions favoured fungal contamination. Botrytis
cinerea was very present in the leaves of GV1 (90%) and MV1 (82%), while Podosphaera aphanis was
dominant in MV3 (56%) and GV3 (56%). Cladosporium cladosporioides was strongly present in MV3
(49%) and SV2 (45%). These results highlight the importance of microclimate management and
agricultural practices in reducing losses due to fungal diseases in strawberry cultivation.

Keywords: Fungal Flora, Air, Strawberry Plants, Temperature, Humidity, Diseases, Morocco.

1. INTRODUCTION

Strawberry is a perennial plant native to America and belonging to the rosacea family.
It has been introduced in Morocco since 1930 as part of tests to diversify domestic
production. Its extension has only begun since 1980 mainly in the irrigated areas of
Loukkos and Gharb. The area is currently around 3,300 ha, 80% of which is located
in Loukkos. National production exceeds 130 thousand tons/year (1). Several varieties
were planted in 2013-2014: Festival, San Andrea, Fortuna, Splendor, Benicia,
Camarosa, Sabrina. With a dominance of Camarosa and Festival at the level of both
regions. Two types of seedlings are used by farmers, namely mound seedlings and
bare-root seedlings, which remain the most abundant. In addition, all farmers use fresh
seedlings (2). Strawberry culture, like any culture, can encounter several phytosanitary
problems, it can be attacked by viruses (3, 4), bacteria (5, 6, 7), mites (8, 9),
nematodes (10), pests (11), weeds (12) and fungi (13). Strawberry fungal diseases
cause considerable economic losses in growing areas around the world (14). The main
diseases encountered are oidium, botrytis, anthracnose and mildew. Oidium and
Botrytis remain the two most common and dangerous diseases as they can spoill
production throughout the year if adequate measures are not taken in time. Oidium is
a limiting factor in the production of strawberries (Fragariaxananassa Duch.)
worldwide (15). The disease can be particularly problematic when strawberries are
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produced in greenhouses or polyethylene tunnels, both of which are conducive to
severe epidemics of oidium (16), Botrytis cinerea can also cause losses before and
after harvest. Botrytis cinerea disease is of major economic importance in several
berry crops, including strawberry, raspberry and grape (17). In the Gharb - Loukkos
region, pest management is becoming increasingly complex due to their adaptation to
agricultural practices and climate change. Farmers therefore need to consider many
factors and have more information to make the best decision. Aerial dissemination is
one of the propagation mechanisms used by phytopathogenic fungi to reach
susceptible plants in the same field or in a neighbouring field. This short-range
dispersion proves to be paramount in the development of a large number of diseases
of economic importance. Moreover, it is to control these aerial dispersal diseases that
agricultural producers use the greatest number of fungicide applications. Thus, the
objective of this study is to determine the aerospace and foliar fungal flora of some
strawberry varieties grown in the Gharb- Loukkos region (Morocco) and to
demonstrate the influence of microclimate on the development of this fungal flora.

2. MATERIAL AND METHODS
2.1.Prospecting and data collection

Three visits (V1, V2 and V3) were conducted to three villages in the vicinity of Moulay
Bouselham, located north of the Atlantic coast of Gharb and south of Loukkos (70 km
north of Kenitra and 35 km south of Larache) February 4 (V1), March 3 (V2) and April
24 (V3) 2014 in three strawberry farms under irrigation with the tasting system on
sandy soils:

- Alarge farm (G) of 32 hectares consisting of 9 large greenhouses cultivated by
the Festival variety in Dlalha (in the second year of cultivation).

- An average exploitation (M) of eight hectares under Nantes tunnels cultivated by
the Festival variety in Ait Aguile (in the second year of cultivation).

- A small farm (S) of two hectares under Nantes tunnels cultivated by the
Camarosa variety in Gnafda (in the first year of cultivation).

The collection of data on its three farms was done using a fact sheet containing
different variants (Figure 1). The files were completed on site with the managers of
these farms. Diagonal sampling was carried out for the different parameters and
samples.

2.2.Measurement of temperature and relative humidity

In order to determine the influence of microclimate on the development of aerospace
and leaf fungal flora at the culture level, temperature and relative humidity were
measured within tunnels. These parameters were taken at each visit at the level of the
three farms. These measurements were recorded using a testo 625 thermo-
hygrometer, five repetitions were carried out in each plot.

2.3.Estimation of aerospace mycoflora

In each plot visited, the lids of five Petri dishes containing the PDA medium (40 g
potato dextrose agar, 5 g agar-agar, 1000 ml distilled water) supplemented with 50 mg
chloramphenicol are removed. The bottoms of boxes containing the culture medium
shall be placed on the mulch and exposed to the ambient air of the greenhouse or
tunnel of each holding for 5 minutes. The boxes are then covered with their lids, sealed
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with parafilm, numbered, deposited in a portable cooler and brought back to the
laboratory for analysis. After incubation at 28 °C. And in darkness for 7 days, a
counting of the CFU (colony forming unit) is done by marking a cross on the back of
the Petri dish in a surface of 63.6 cm2and a height of 10 mm. Each colony is purified
by several transplants on PDA medium and identified under an optical microscope
using the determination keys (18, 19, 20, 21, 22).

2.4.Estimate of foliar mycoflora

In each plot visited, samples of healthy-looking strawberry plants are randomly taken
from five points on the diagonal, placed in plastic bags and labelled. They are then
brought back to the laboratory for examination. Samples that cannot be examined
directly are deposited in the cold room for further study. Analysis of mycoflora
associated with the aerial portion of healthy seedlings (leaves, stems and sepals) is
carried out using the modified Buvard method (23). The fragments of the leaves of 1
cm? and the stems of 1 cm in length are washed with tap water, disinfected with sodium
hypochlorite at 1% for five minutes and then rinsed with sterile distilled water.

They are then placed sterilely in Petri dishes containing two washers of filter paper,
previously sterilized and then moistened with sterile distilled water. The dishes are
then incubated at 22 ° C. in continuous light for seven days. The fragments are then
examined under an optical microscope in order to observe the presence of fungal
fructifications. The conidia detected are transferred aseptically under a microscope,
using a stretched glass capillary, previously sterilized with the flame and cooled in the
culture medium. They are subsequently deposited and dispersed on the surface of the
agar medium (15 g of Agar-Agar, 1000 ml of distilled water), then transferred again
with a part of the agar medium using a needle sterilized on the surface of the PDA
medium. Each fragment was placed in a test tube containing 1 ml of sterile distilled
water stirred in the vortex for one minute to detach the conidia from the mycelial
fragments, the conidian suspensions being adjusted with sterile distilled water so as
to obtain a final concentration of 10° spores/ml. Thus, the number of conidia was
determined using a Malassez cell under an optical microscope at magnification x 400
and expressed as the number of conidia/cm2. The identification of the fungal species
is carried out using the determination keys (18, 19, 20, 21, 22). The percentage of
infection and/or contamination by the different fungal species is calculated according
to the Ponchet method (24) which defines the frequency of isolation of the different
fungi from 100 lesions or 100 rots present on the plants studied according to the
equation:

PC = (NFI/ NTF) x 100

Where PC is the percentage of infection and/or contamination; NFI is the number of
fragments infected with a given fungal species and NTF is the total number of healthy
fragments.

The isolation frequency of each fungal species from air is estimated by the number of
colony-forming units (CFU) per square meter.

2.5. Statistical analysis

Data from all measured parameters were analyzed for variance and significant
differences between means were evaluated using the lowest significant difference
method at P < 0.05 (least significant difference (LSD) test), a test to compare averages
is applied to the data.
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3. RESULTS

The analysis of the fact sheets completed by the managers of the three farms yielded
data on the previous crop, fumigation and fungicide treatment, while the measurement
of the climatic conditions was recorded by ourselves. According to the study, the
Festival variety was grown on the large and medium plots for two consecutive years,
while the farmers of the small plot cultivated the Festival variety before replacing it with
the Camarossa variety. All farmers also performed fungicide treatment during the
same study week. On the large plots, six different commercial products were used,
two on the medium plots and one on the small plots. Most of these products belong to
the chemical family of nitrogen heterocycles and are used to control oidium and grey
rot (Table 1).

During the months of February, March and April, temperature measurements were
made in the air of the fields visited. The data collected reveal significant variations in
temperatures between the different stations (Figure 2). In analyzing these data, we
can see that temperatures vary between stations for each month. Station GV2
recorded the highest temperature in March at 28.26 ° C, while Station SV1 recorded
the lowest temperature in February at 17.44 ° C. For April, station MV3 recorded the
highest temperature at 26.14 ° C, while station GV3 recorded the lowest temperature
at 23.62 ° C. As for the relative humidity of the air (Figure 3), in March Station GV2
recorded the highest relative humidity at 50.96%, while in February Station MV1
recorded the lowest relative humidity at 52.46%. In April, station GV3 recorded the
highest rate at 61.26%, while station SV1 recorded the lowest relative humidity at
60.12%.

Microscopic observation of colonies has identified some species such as Botrytis
cinerea, Podosphaera aphanis, Cladosporium cladosporioides, Aspergillus nidulans,
Rhizopus stolonifer, Fusarium oxysporum, Phytophthora spp., Alternaria alternata and
Colletotrichum acutatum (Figure 4). Averages of colony forming units during February,
March, and April in the three plots were calculated (Table 2).

The results show great variability in the distribution and concentration of different
fungal species in the plots studied. Some species, such as Botrytis cinerea,
Cladosporium cladosporioides, and Aspergillus nidulans, have very high levels in
some plots. Botrytis cinerea had significant values of 8712.7 CFU/m2 in MV1 and
8492.6 CFU/m2 in GV1. Cladosporium cladosporioides reached 17802.9 CFU/m2 in
SV3 and 10788.7 CFU/m2in MV1. Aspergillus nidulans have values of 7674.8 CFU/m?
in MV1 and 7517.4 CFU/m2 in GV1, indicating areas potentially favourable to their
development. Other species show a more limited presence. Fusarium oxysporum has
values of 440.3 CFU/m2 in GV2 and 377.4 CFU/m2 in GV3. Phytophthora spp. has
levels of 251.6 CFU/m2in GV3. Alternaria alternata at 62.9 CFU/m2 in MV3 and GV3,
while Colletotrichum acutatum showed a concentration of 157.26 CFU/m? in GV1.

The results given in the tables: leaves (Table 3), stems (Table 4) and sepals (Table 5)
show that the frequency of isolation of the fungal species depends on the source of
isolation. The results show significant variability in fungal contamination of strawberry
leaves in the plots studied (Table 3). Botrytis cinerea is very present in parcels GV1
(90%), MV1 (82%) and GV2 (54%), but weak in MV3 (16%) and SV3 (20%).
Podosphaera aphanis has high levels in MV3 (56%) and GV3 (56%), but remains low
in SV1 (9%) and SV2 (12%). Cladosporium cladosporioides are strongly present in
MV3 (49%) and PS2 (45%), but very low in SV1 (3%) and MV1 (3%). Alternaria
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alternata showed a peak of contamination in SV3 (5%), with low levels uniform
elsewhere (0-2%). Pestalotia longisetula reaches its highest levels in MV2 (5%) and
MS3 (7%), but is absent in SV1, GV1, GS2 and GV3 (0%). Fusarium oxysporum is
high in SV3 (3%) and absent in most plots. Rhizopus stolonifer shows high levels in
GV1 (9%), GV2 (8%) and MV2 (8%), but low levels in SV3 (1%) and MV3 (3%).

The results in Table 4 show significant variability in fungal contamination of strawberry
stems in the plots studied. Botrytis cinerea is particularly present in GV1 (75%) and
MV1 (69%), but weak in MV3 (9%) and SV3 (12%). Podosphaera aphanis has high
levels in MV3 (59%) and SV3 (31%), but remains low in SV1 (8%) and MV2 (6%).
Cladosporium cladosporioides are strongly present in GV3 (46%) and SV3 (37%), but
very low in MV1 (2%) and MV2 (2%). Alternaria alternata shows a uniformly low
contamination rate, with a peak of 2% in GV2. Pestalotia longisetula reaches its
highest level in PS3 (3%), but is absent in most plots. Fusarium oxysporum is present
uniformly at a low rate, reaching 1% in several plots. Rhizopus stolonifer shows
varying levels, reaching a peak of 3% in GV2, but remaining low or absent elsewhere.

The results in Table 5 show significant variability in fungal contamination of strawberry
sepals in the plots studied. Botrytis cinerea is very present in parcels GV1 (80%), MV1
(72%) and SV1 (68%), but weak in MV3 (6%) and SV3 (13%). Podosphaera aphanis
has high levels in GV3 (45%) and MV3 (40%), but remains low in SV1 (9%) and MV1
(12%). Cladosporium cladosporioides are strongly present in GV3 (43%) and SV2
(28%), but absent in MV2 (0%) and GV2 (0%). Alternaria alternata shows a low and
uniform contamination rate, with a peak of 2% in MV3. Pestalotia longisetula reaches
its highest level in MV3 (7%), but is absent in most other plots. Fusarium oxysporum
has low levels, reaching 1% in SV3, MV 3, and GV1. Rhizopus stolonifer shows varying
levels, peaking at 4% in SV1, but remaining low or absent in other plots.

The results in Table 5 also show significant variability in fungal contamination of
strawberry sepals in the plots studied.

In addition, Botrytis cinerea is highly present in parcels GV1 (80%), MV1 (72%) and
SV1 (68%), but shows low levels of contamination in MV3 (6%) and SV3 (13%).
Podosphaera aphanis has high levels in GV3 (45%) and MV3 (40%), but remains low
in SV1 (9%) and MV1 (12%). Cladosporium cladosporioides are strongly present in
GV3 (43%) and PS2 (28%), but are absent in MV2 (0%) and GV2 (0%). Alternaria
alternata shows a low and uniform contamination rate, with a peak of 2% in MV3.
Pestalotia longisetula reaches its highest level in MV3 (7%), but is absent in most other
plots. Fusarium oxysporum has low levels, reaching 1% in SV3, MV3, and GV1.
Rhizopus stolonifer shows varying levels, peaking at 4% in SV1, but remaining low or
absent in other plots.

The number of spores is determined using a Malassez cell under microscope for the
different species encountered (Botrytis cinerea, Podosphaera aphanis, Cladosporium
cladosporioides, Alternaria alternata, Fusarium oxysporum, Pesttigaotia longisetula,
and Rhizopus stolonifer) on the different fragments of the leaves.

Podosphaera aphanis shows high levels in GV1 (2833 x 10° spores/cm?) and SV1
(2028.6 x 10°spores/cm2), but remains low in MV3 (786.2 x 10° spores/cm?) and SV2
(1119.4 x 10° spores/cm?). Cladosporium cladosporioides show high contamination in
SV3 (8406.4 x 10° spores/cm?) and GV3 (7319.8 x 10° spores/cm?), but very low levels
in MV1 (386.4 x 10° spores/cm?) and SV1 (386.6 x 10° spores/cm?). Alternaria
alternata has uniform low levels, with a peak in GV1 (253.2 x 10° spores/cm?2) and low
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levels in MV2 (0 x 10° spores/cm?) and GV2 (19.8 x 10° spores/cm?). Pestalotia
longisetula reaches high levels in MV3 (8706.4 x 10° spores/cm?) and MV2 (5473 x
10° spores/cm?), but is absent in GV1, GV2 and GV3. Fusarium oxysporum is higher
in PS3 (846.6 x 10° spores/cm?), with low or zero levels in the majority of plots.
Rhizopus stolonifer has a strong presence in MV3 (3346.4 x 10° spores/cm?) and GV3
(2373.6 x 10° spores/cm?), but is absent in most other plots.

These results show significant variability in fungal contamination of strawberry stems
across plots and species.

Botrytis cinerea showed high levels of contamination in GV1 (8226.2 x 10° spores/cm?)
and MV1 (1986.2 x 10° spores/cm?), while the lowest levels were observed in GV3
(6.6 x 10° spores/cm?) and MV3 (79.8 x 10° spores/cm?2). Podosphaera aphanis has
high levels in GV1 (2093 x 10° spores/cm?2) and GV2 (1733 x 10° spores/cm2), but the
lowest levels are in SV2 (546.4 x 10° spores/cm2) and MV2 (533 x 10° spores/cm?).
Cladosporium cladosporioides are highly contaminated in GV3 (4373.2 x 10°
spores/cm?) and SV2 (3379.6 x 10° spores/cm?), while the lowest levels are observed
in MV1 (399.6 x 10° spores/cm?) and SV1 (626.4 x 10° spores/cm?). Alternaria
alternata shows uniform low levels, with a peak in GV2 (153 x 10° spores/cm?) and the
lowest levels in MV1 (6.6 x10° spores/cm?) and MV2 (6.6 x 10°spores/cm?). Pestalotia
longisetula reaches its highest level in MV3 (4893 x 10°spores/cm2), while it is
completely absent in several plots (SV2, SV3, GV1, GV2, and GV3). Fusarium
oxysporum shows high levels in SV3 (279.8 x 10° spores/cm?) and GV1 (153.2 x 10°
spores/cm?), but the lowest or zero levels are observed in the majority of the plots.
Rhizopus stolonifer has a low presence only in SV3 (33.2 x 10° spores/cm?) and is
absent in all other plots.

The results of Table 8 also show significant variability in fungal contamination of the
sepals of strawberry flowers grown in the Moulay Bousselham area. This variability is
similar to that observed in stems, with varying levels of fungal contamination across
plots and species. Botrytis cinerea showed high levels of contamination in GV1 (2053
x 10° spores/cm?) and MV1 (1779.8 x 10° spores/cm?), while the lowest levels were
observed in SV3 (26.6 x 10°spores/cm?) and MV3 (106.6 x 10° spores/cm?).
Podosphaera aphanis shows high levels in GV1 (2306.4 x 10° spores/cm?2) and MV2
(1386.4 x 10° spores/cm?), but the lowest levels are in SV3 (133.2 x 10° spores/cm?)
and GV3 (173.2 x 10° spores/cm?). Cladosporium cladosporioides are highly
contaminated in GV3 (4786.4 x 10° spores/cm?) and SV2 (2706.4 x 10° spores/cm?),
while the lowest levels are observed in MV1 (40 x 10° spores/cm?) and SV1 (659.8 x
10° spores/cm?). Alternaria alternata showed uniform low levels with a peak in MV3
and GV3 (40 x 10° spores/cm?), and zero levels in several plots (SV2, MV1, MV2,
GV1, GV2). Pestalotia longisetula reaches its highest level in MV3 (6246.4 x 10°
spores/cm?), while it is completely absent in several plots (SV1, GV1, GV2, GV3).
Fusarium oxysporum shows high levels in GV1 (113.2 x 10° spores/cm?), but the
lowest or zero levels are observed in the majority of plots. Rhizopus stolonifer has a
strong presence only in SV3 (233.2 x 10° spores/cm?) and GV3 (253.2 x 10°
spores/cm?), but is absent in all other plots.
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Release date : ..
Plot {farm): .
What is the previous culture O
Did you fumigate the soil before culture ? Yes [:l No I:I
If yes, what product was used ?................
Did you apply a fungicide treatment ? Yes D No [:I

If yes, SINCE WHEN P e e e e ee e e s e e rrn e e
What products are Used 2. e eeeesees e e e

+ Measuring climatic conditions :

samples | physical support | parameters Max Hold Min

1 Air H.R
T

2 Air H.R

T

3 Air H.R
T

4 Air H.R
T

5 Air H.R
T

FIG. 1. Information sheet

Table 1: List of Fungicides used by farmers in the three plots prior to release.

. Active . . .
Fungicide ingredient Chemical family Mode of action Pathogen | G | M| P
Acts by inhibiting the
Teldor 50 . o elongation of germ tubes Botrytis
WG Fenhexamid Hydroxy- anilides and mycelial hyphae. cinerea X | x X
Contact, Preventive
Acts by inhibition of spore
. germination and elongation
Cyprodinil+ Anilino - of germ tubes and mycelial Botrytis
Switch ypre . pyrimidines+ g amy Oy X | X | X
Fludioxonil hyphae. Systemic, cinerea
Phenyl-pyrroles : .
preventive and curative.
Contact, preventive
Flint 50 Trifloxystrobine Strobilurins Affects respiratory . Poyvdery XX | X | XX
WG processes. Penetrating, mildew
Kresoxim- - preventive, curative and Powdery
Stroby WG méthyl Strobilurins eradicating. mildew X X
Bayfidan Triadiménol Triazoles Acts on the biosynthesis of | Powdery x x
312 SC sterols, without effect on mildew
oomycetes. Systemic,
ngéhége Myclobutanil Triazinones preventive, curative and Prg‘ill\gjeev'\’,y X X X
eradicating
Acts on respiratory
processes by inhibiting
| o ochonara Somple L | ety
Signum Boscalid+ Nicotinamides+ Penetratin reventive. cinerea+ | o -
WG Pyraclostrobine Morpholines 9 P .| Powdery
Acts by inhibiting lipid .
: mildew
synthesis. Contact,
penetrating, preventive,
curative and eradicating
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Table 2: Means of colony forming units per square metre of fungal species
identified in Petri dishes exposed to ambient air from the three plots visited
during the months of February, March and April 2014 (expressed in CFU/m 2).

Fungal Farm / Visit

species Sv1 Sv2 Sv3 MV1l MV2 MV3 GV1 GV2 GV3
g‘r’fé?’;: 1918,6¢ | 5661,7° | 3019,5¢ | 8712,7% | 4214,8° | 1321,1° | 8492,6@ | 1729,9¢ | 2138,8¢
Zgﬁgrfizhaera 912,25 | 440.3° | 3019.5% | 1761.4% | 550.4> | 1761.4% | 9435p | a71.80 | 13925
Cladosporium
cladospori 1950,1¢ | 3742,9¢ | 17802,9¢ | 10788,7" | 3428,5¢ | 4529,4° | 5630,2° | 342,8° | 1100,8
oides
ﬁizzel;%';'us 1918,7¢ | 6416,6" | 6070,6° | 7674,8* | 5410,1¢ | 6416,6° | 7517,42 | 723,4' | 1824,3
RhiZOpUS e b c a d C b f e
stolonifer 2075,9¢ | 8775,6° | 5441,5° | 10694,3% | 3680,19 | 6290,8° | 6982,8° | 660,5' | 2516,2
Fusarium od 188,7¢ | 125,8° od 34595 | 62,9¢ 043¢ | 44032 | 377,42
oxysporum
Eggmphthora od od 157,3" | 157,3° | 157,3° | 62,9 od od 251,6°
Alternaria b b b b b a b b a
termata 0 0 0 0 0 62,9 0 0 62,90
Colletotrich b b b b b b b b
o 0 0 0 0 0 0 157,262 0 0

Two results, read on the same line, differ significantly at the 5% threshold, if they are
not assigned any letters in common.

A
30 , 3 a
a

25 ab b b
)
= 20 c
v ¢
3
E 15
a
£ 10
2

5

0 >

% Sv2 SV3 MVl MV2 MV3 GVl GV2 GV3
Plot/visit

Fig 2: Values of the air temperature of the three farms during the three visits.

SV1, SV2 and SV3: three measurements made separately in February (SV1), March
(SV2) and April (SV3) on the Gnafda plot.

MV1, MV2 and MV3: Measurements carried out in February (MV1), March (MV2) and
April (MV3) on the Dlalha plot.

GV1, GV2et GV3: The measurements carried out in February (GV1), March (GV2)
and April (GV3) on the parcel of Ouled Aguile.

The bars with the same letter show no significant difference at the 5%
probability level by the LSD test.
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Fig 3: Percentage of relative humidity of the air of the three stations during the
three visits.

GV3

SV1, SV2 and SV3: three measurements made separately in February (SV1), March
(SV2) and April (SV3) on the Gnafda plot.

MV1, MV2et MV3: Measurements carried out in February (MV1), March (MV2) and
April (MV3) on the Dlalha plot.

GV1, GV2et GV3: The measurements carried out in February (GV1), March (GV2)
and April (GV3) on the parcel of Ouled Aguile.

The bars with the same letter show no significant difference at the 5% probability
level by the LSD test.

D)

Y, £ T
, ////;Q“
% %////

Fig 4: Microscopic appearance of fungal species isolated from various
vegetative organs of the strawberry plant : Botrytis cinerea (A), Cladosporium
cladosporioides (B), Aspergillus nidulans (C), Rhizopus stolonifer(D),
Fusarium oxysporum (E), Podosphaera aphanis (F), Phytophtora spp (G),
Colletotrichum acutatum (H), Pestalotia longisetula (1), Alternaria alternata (K).
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Table 3: Isolation frequencies of fungal species contaminating leaves of
strawberry plants grown in plots located at the Moulay Bousselham area
during the February to April 2014 study period (expressed as percent
contamination/infection%).

F | , Farm/Visit

ungai species SVl [Sv2 [ sv3 | mvi|Mmv2 [ Mv3]Gvi[Gv2|Gv3
Botrytis cinerea 46° | 259 | 209 | 822 | 43¢ | 169 | 902 | 54b | 219
Podosphaera aphanis 9d 124 | 425 | 159 | 20° | 562 | 19° | 22¢ | 562
Cladosporium cladosporioides 3e 455 | 400 | 3e 18¢ | 492 | 16° 74 | 44b
Alternaria alternata 10 2b 5a 1° Qb 2b 2b 1° 1°
Pestalotia longisetula 0° 3b 3b 1° 5a 72 0° Qc Qc
Fusarium oxysporum ob 10 3a Qb Qb Qb Qb Qb Qb
Rhizopus stolonifer 7b 5b 1c 7b 8 3¢ 9a 8a 2¢

Two results, read on the same line, differ significantly at the 5% threshold, if they are
not assigned any letters in common.

Table 4: Isolation Frequencies of Fungal Species Contaminating Strawberry
Plant Stems Grown in Parcels Located at the Moulay Bousselham Area during
the February to April 2014 Study Period (expressed as percent contamination /

infection %).

. Farm/Visit
Fungal species

SV1 | SV2 | SV3 | MV1 | MV2 | MV3 | GV1 | GV2 | GV3
Botrytis cinerea 57° | 27¢ | 129 | 69> | 38¢ 9d 752 | 49b | 12d
Podosphaera aphanis 8d | 119 | 31k | 15°¢ 64 592 | 19¢ | 26° | 17¢
Cladosporium cladosporioides 6c | 33> | 37° 2¢ 2¢ | 27b 6° 6° 462
Alternaria alternata 1° 1° 1° 1° 1° 1° ob 24 1°
Pestalotia longisetula 1° Qb 3 ob Qb Qb ob op o
Fusarium oxysporum 0b la la 0b la la la 0b Ob
Rhizopus stolonifer 10 22 0° 22 10 10 0c 3 1°

Two results, read on the same line, differ significantly at the 5% threshold, if they are
not assigned any letters in common.

Table 5: Isolation frequencies of fungal species contaminating the sepals of
strawberry plants grown in plots located at the Moulay Bousselham area
during the February to April 2014 study period (expressed as percent
contamination/infection%).

Fungal species Farm/Visit

SV1 | SV2 | SV3 | MV1 | MV2 | MV3 | GV1 | GV2 | GV3
Botrytis cinerea 6820 | 24c | 13¢ | 722 | 34 | 69 | 802 | 45° | 13¢
Podosphaera aphanis of 13 | 29° | 128 | 179 | 40P | 189 | 31c | 452
Cladosporium cladosporioides 69 | 28a | 23¢ | 6d 0e 210 | 11¢ | 0° | 432
Alternaria alternata 1a 1a Qb Qb ob 2a 0P QP 12
Pestalotia longisetula Qb Qb 1° Qb 1° 72 Qb Qb Qb
Fusarium oxysporum Qb Qb 1a Qb ob 1a 1a Qb Qb
Rhizopus stolonifer 42 0° 1c 1c 1c 1c 1 1c 20

Two results, read on the same line, differ significantly at the 5% threshold, if they are
not assigned any letters in common.
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Table 6: Mean spores, counted as 10°conidia/cmz?, from strawberry plant
leaves grown in the Moulay Bousselham area plots were measured during the
study period from February to April 2014.

Fungal species Farm/Visit

SVi | SV2 | SV3 | MVi | Mv2 | MV3 | GVi | GV2 | GV3
Botrytis cinerea | 151320 | 739.6° | 730.8° | 3606.4° | 2026,4° | 579.8° | 4072,6% | 2350.8° | 2733
s:g:gfsh“"’ 2028,6° | 1119,4 | 1339,6° | 1550,6° | 1159,6¢ | 7862¢ | 28332 | 2193 | 189960
g:g;’;g:;f;’;;’es 386,60 | 3453° | 840647 | 386,4° | 18306°| 4433> | 1258 | 379940 | 7319 88
’:g::;:;a 126,4v | 1532b | 146.4° | 332¢ | oo 193 | 25322 | 1980 | 40¢
}Z"fg‘f;g:ﬁ,a 66° | 2693° | 60° | 17866 | 54736 | 870642 | (0° 0 0
gﬁﬁ:;ﬁrmum 0 332° | 8466% | 132 0d 39320 | 59.2¢ 0 00
Rhizopas 0c ¢ | 308 | o o0c | 33464 | o oc | 237360

Two results, read on the same line, differ significantly at the 5% threshold, if they are
not assigned any letters in common.

Table 7: Mean spores, counted as 10°conidia/cm?, from strawberry plant stalks
grown in the Moulay Bousselham area plots were measured during the study
period from February to April 2014.

Fungal species Farm/Visit

SV | SV2 | SV3 | MV1 | Mv2 | MV3 | GV1 | Gv2 | GV3
Botrytis cinerea | 83067 | 2006¢ | 653 | 19862 | 9192¢ | 798¢ | 822622 | 3073 | 6,6¢
s;g:;gham 03320 | 5464° | 064> | 103060 | 533 | 8064° | 2003 | 1733 | 9864
g’:g::g:;ﬂf;’es 626.4° | 3379,6° | 27508 | 399,67 | 275320 | 2586,4° | 118647 | 2072,8¢ | 437322
':;f:;’:ga 466° | 53 | 4645 | 660 | 660 | 932 | 00 | 153 | 266
Eﬁ:ﬁggﬁa 266 | 0 0¢ | 160c | 04 | 4893 | 0f 0 00
gﬁﬁj;’gﬂm o0 | o | 2198 | o 0¢ e | 1532 | o o
stolontfer o o B2 e | 0| 0| 0| e | o

Two results, read on the same line, differ significantly at the 5% threshold, if they are
not assigned any letters in common.
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Table 8: Mean spores, counted as 10°conidia/cm2, from strawberry plant
sepals grown in the Moulay Bousselham area plots were measured during the
study period from February to April 2014.

Fungal species Farm/Visit
V1 SV2 sV3 MV1 Mv2 | MV3 GV1 GV2 GV3
Botrytis cinerea 866,4¢ | 50629 | 266% | 1779.8" | 16196° | 106,65 | 2053% | 1013° | 159 8¢

Podosphaera aphanis | 746.4° | 4006% | 133.2¢ | 859,8° | 1386,4° | 39087 | 230647 | 806,4° | 173,

Cladosporium

cladosporioldes 659,89 | 2706,4> | 2086,4° | 40° | 1646,6° | 566,6° | 7264¢ | 14198 | 4786 42
Alternaria alternata 20° (e 19,8¢ 0¢ (e 402 (e 04 402
Pestalotia longisetula 04 | 41320 | 664 | 266° | 264° | 624642 (¢ 0¢ (d
Fusarium oxysporum 0o ob o oo 0o 200 | 11322 | (b 0

Rhizopus stolonifer oo 00 | 23322 (P oo oo oo b | 25322

Two results, read on the same line, differ significantly at the 5% threshold, if they are
not assigned any letters in common.

4. DISCUSSION

Strawberry cultivation requires precise know-how and careful monitoring. The
strawberry prefers a well-ventilated and drained silty, sandy or sandy soil with a pH of
6 to 6.5. It develops particularly well in the sandy to sandy-sandy soils of the Gharb
and Loukkos regions, with an optimum pH of 6.5 (Institut National de la Recherche
Agronomique, 2022). Belonging to the Rosaceae family, the strawberry needs cold for
floral initiation. The ideal temperature for flowering is 10 to 15°C, and a temperature
of 20°C with a relative humidity of less than 60% is necessary for optimal fertilization
(25).

In this study, strawberry plantations are protected by shelters to gain heat, protect frost
blooms, and protect the crop from weather (26, 27). The use of large tunnels improves
the productivity and quality of the fruit and prolongs the growing period (28), but their
construction is costly. Farmers opt for mini tunnels to reduce costs, reduce losses and
increase off-season productivity (29). The leakproofness of tunnels increases the
accumulation of heat but prevents the renewal of air, thus increasing relative humidity.
Condensation on plastic films improves their ability to withstand heat, but it can also
increase cryptogamic diseases and reduce fruit quality (30, 31).

Strawberry cultivation is frequently affected by plant pathogens, requiring regular
treatments to maintain quality and yield (15, 32). Farmers on the three plots alternate
the use of fungicides against Botrytis cinerea and oidium and use strawberry varieties
resistant to fungal diseases to meet market requirements (33). Prior to cultivation, they
fumigate with metam sodium to control nematodes and soil fungi, which is essential to
optimize fruit yield and quality (34). Saksena showed the ability of soil fungi to resist
fumigants and recolonize treated soils, which explains the presence of spores of
Aspergillus and Phytophthora as early as February, as well as Fusarium and Alternaria
in some plots from March (35).

Bhatti and Kraft showed that soil moisture increases rhizospheric populations
responsible for root wilting and rot (36). Fungal species such as Rhizoctonia solani,
Fusarium oxysporum, Macrophomina phaseolina, and Colletotrichum species can
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survive long as sclerotia or potential inoculum in plant debris and soil (37, 38, 39, 40,
41, 42, 43).

In this study, the farmers of the large and medium plots cultivated the Festival variety,
while those of the small plot chose the Camarosa variety. According to Frang et al.,
studies show that Camarosa cultivar is more susceptible to pathogens, while Festival
cultivar is more resistant (44).

Microscopic observations of colonies have shown that the air contains spores of a few
species such as Botrytis cinerea, Podosphaera aphanis, Cladosporium
cladosporioides, Aspergillus nidulans, Rhizopus stolonifer, Fusarium oxysporum,
Phytophthora spp., Alternaria alternata and Colletotrichum acutatum. These spores
are deposited on the different constituents of the plant and when the conditions
become favorable will germinate by invading the epidermal cells of the plant.

The study showed significant variation in levels of infestation by different fungi
between plots. Medium and large plots have higher infestations for several fungi,
including Botrytis cinerea, Aspergillus nidulans, and Rhizopus stolonifer, suggesting
more favourable microclimatic conditions and possibly less effective management.
The small plot, although less infested with certain fungi such as Botrytis cinerea,
shows high levels for Podosphaera aphanis and Cladosporium cladosporioides.
These variations can be attributed to specific environmental conditions, management
practices and varietal resistance.

This study shows that air temperatures between February and April vary between 17
°C and 28°C in the three plots, with a relative humidity of 44% to 60%. These
conditions promote the infection of strawberries with various pathogens. Botrytis
cinerea, responsible for grey mould, is a global strawberry disease, mainly spread by
dead leaves, sick fruits and weeds (45). It often appears on fruit after prolonged
periods of wetting, and develops especially after harvest. The production of spores is
optimal at temperatures of 15 to 22 °C (46). Spores are released by moisture changes
and vibrations caused by wind, rain and insects (15). Infections can occur before
harvest and remain latent until storage, where high humidity and low temperature
conditions promote their development (47). B. cinerea is dispersed mainly by the
release of macroconidia into dry air streams (48).

Plants infected with oidium, caused by Podosphaera aphanis, are the main sources of
inoculum. When conditions are favourable, the conidia produced on these plants are
dispersed by the wind. The development and spread of oidium is favoured by high
humidity and temperatures between 15 ° C and 27 ° C, while rain, dew and spray
irrigation inhibit its development (49).

Burning of strawberry flowers is mainly caused by Botrytis cinerea, but Cladosporium
cladosporioides has also been identified as one of the responsible agents in some
fields in California (50). Cladosporium species develop optimally at temperatures
between 18°C and 28°C, and some can grow at temperatures below 0°C. Most
Cladosporium species can develop between 30°C and 35°C, but do not survive
beyond 35-37°C (51, 52).

Rhizopus rot, caused primarily by Rhizopus stolonifer, is a serious post-harvest
disease, causing losses during transport and storage of fruit (53). Infected fruit became
soft and watery in two to three days, with abundant mycelial mass on the surface and
mycelial stolons invading adjacent healthy fruit (53, 54). R. stolonifer penetrates
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primarily through injury, but enzymes such as cutinase can allow direct penetration of
undamaged fruit (55). The fungi Rhizopus spp. and Mucor spp. naturally occur in sail,
plant debris and air. They are dispersed by wind, air currents and some invertebrates.
Strawberries close to the ground are more sensitive to soft rot, which is also favored
by rain. This disease is more common on strawberries exposed to rain or grown under
plastic tunnels, especially along the edges (56). The minimum temperature for spore
germination and growth is about 6 °C (15).

Fusarium oxysporum is one of the most virulent telluric pathogens, causing diseases
of the collar and roots of strawberries. Its virulence is influenced by the seasonal
temperature regime and soil pH. In addition, the severity of the disease varies
considerably depending on the fumigated field boards (57) or the type of soil (58). Its
presence on the aerial parts of strawberries can be explained by the transmission of
soil to leaves and stems by splashing of water during irrigation or rains, as well as by
favourable environmental conditions such as moderate temperatures and high
humidity.

Wet conditions impede the survival of conidia and sclerotia of C. acutatum on
strawberry plant debris or in soil (59). At high temperatures of 35 °C with maximum
relative humidity, Colletotrichum fragariae infection is more severe than at 25 °C or 30
°C (60). Madden and Boudreau (1997) noted a decrease in the incidence of strawberry
anthracnosis with increased plant density (61). Aspergillus nidulans is shown to be a
promising antagonist against Fusarium oxysporum and has also shown antagonistic
activity against Colletotrichum gloeosporioides, the agent responsible for anthracnosis
of Vanilla planifolia (62, 63).

The wet chamber method favored the development of Pestalotia longisetula and
Alternaria alternata on plant fragments (leaves, stems, and sepals). Pestalotia
longisetula was detected in small and medium-sized plots in February, March and
April. This species has been reported on strawberries in the United States (64), India
(65), and recently in Morocco (66). More recently, strawberry isolates have been
identified as Neopestalotiopsis spp, root pathogens, and strawberry crowns (67, 68).
Recent studies have shown that isolates formerly identified as Pestalotiopsis
longisetula are now classified as Neopestalotiopsis rosae (69). The fungus is
sometimes isolated with other root and crown pathogens (Macrophomina phaseolina,
Colletotrichum spp., Phytophthora spp.). It has long been considered a secondary
pathogen with little concern for the strawberry industry, until recently (70).

Alternaria alternata is present on the leaves, stems and sepals of strawberries. Its
presence has been reported in Morocco on strawberry (71, 72), olive (73) and banana
(74). Alternaria species can survive for several years in soil and on plant debris thanks
to their melanized mycelium and conidia (75, 76). Chlamydospores also serve as
survival structures (77). Spores can germinate in two hours when air is saturated with
moisture at temperatures between 8 °C and 32 °C (78). Conidia produce germinative
tubes and fibrous mucilage to adhere to the host plant (79). Penetration into plant
tissues is carried out through the cells of the epidermis using non-melanized
appressoria, and through stomata or wounds (80, 81). Lesions become visible 2 to 3
days after infection, and spore production occurs 3 to 5 days later (82).
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5. CONCLUSION

According to this study, a diversified airborne inoculum has been detected, this fungal
complex causes very significant damage to strawberry culture and can therefore have
an impact on yield if there are no targeted interventions during critical periods. This
requires real-time monitoring of aerial inoculum concentrations and well-controlled
meteorological variables such as rainfall, relative humidity, mean, minimum and
maximum temperature, and wind speed.

The survey carried out among farmers of small, medium and large plots of the Loukkos
perimeter revealed that the most worrying symptoms are that of grey rot and oidium,
which is why the phytosanitary measures applied by farmers target the pathogens that
cause these diseases in order to properly control them throughout their development
stages.

To explore the existence of a spatial fungal flora that can colonize cultivated strawberry
plants in the Loukkos perimeter, mycological studies have shown the presence of
diverse fungal communities in the air and on the various vegetative organs (leaves,
stems, and sepals). The isolated fungi belong to five classes: Leotiomycetes,
Dothideomycetes, Mucoromycetes, Sordariomycetes and Oomycetes.

The incidence of grey rot was very high in February due to high humidity (between
45% and 61%) and low temperatures (between 17 °C and 25 °C) and that tunnels
must remain closed to prolong the production season. While the incidence of oidium
was very high in March due to favourable climatic conditions for spore germination:
relative humidity (between 37% and 49.5%), temperatures (between 24 °C and 31 °C)
and leaves are dry due to tunnel opening.

The high contamination of strawberry soils by telluric fungi is a continuous threat over
time and the spore dispersal of these pathogenic fungi occurs through soil, debris from
infected plants, water or wind.

To control these fungal species which can have consequences on the health, survival
and yield of the plants one can use as alternatives: cultivation practices, biological
control, chemical control and use of resistant plants.

Bibliographic Reference

1) Tanji A.,Benicha M., Mamdouh M., juillet 2014, Techniques de production du fraisier (Résultats
d’enquétes au Loukkos). Bultin mensuel d’'information et de liaison. Mapm /Institut Agronomique
et vétérinaire Hassan Il Rabat- Maroc n° 201, 8p.

2) Bamouh A., Ezzahouani A and Chamekh A., 2012. Conduite cultural du fraisier au Maroc.
Agriculture du Maghreb 56 :52-61.

3) LilL.and Yang H., 2011. First report of strawberry necrotic virus in China. Plant Disease 95 (9):
1198.

4) Martin R. R., Tzanetakis I. E., Barnes J. E. and EImhirst J. F., 2004. First report of strawberry
latent ring spot virus in strawberry in United States and Canada. Plant Disease 88 (5): 575.

5) Bull C.T.,Huerta A.l. and Koike S. T., 2009. First report of blossom blight of strawberry (Fragaria
x ananassa) caused by Psendomonas marginalis. Plant Disease 93 (12): 1350.

6) Anonyme 1, 2006. Diagnostic Xanthomonas fragariae. EPPO Bulletin 36 (1): 135-144.

99 AUG Volume 21 Issue 08


http://www.commprac.com/

7

8)

9)

10)

11)

12)

13)
14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

26)

27)

WWw.commprac.com
ISSN 1462 2815

Mdarhri M., 2005. Isolement et identification de I'agent responsable de la maladie bactérienne
des taches angulaires du fraisier (Xanthomonas fragariae). Thése 3éme Cycle Agronomie, Option
Phytiatrie, Complexe Horticole, Institut Agronomique et Vétérinaire Hassan Il, Agadir (Maroc), 38
p.

Lagziri M. and El Amrani A., 2009. Effect of a microbialbased acaricidal product on spotted and
predatory spidermites. African Crop Sciences Journal 17 (3): 111-123.

Zahdali G., 2003. Evaluation des niveaux de résistance de Tetranychus urticae Koch a différents
acaricides d"usage fréquents sur fraisier a Loukkos. Mémoire 3éme Cycle Institut Agronomique et
Vétérinaire Hassan I, Rabat, 125 p.

Lamindia J. A., 2002. Seasonal populations of Pratylenchus penetrans and Meloidogyne hapla in
strawberry roots. Journal of Nematology 34 (4): 409-413.

Nicolov P., 2006. Study on the fauna of the strawberry. V. Survey of the strawberry fauna. Ecology
and Future — Bulgarian Journal of Ecological Science 5 (2): 38-40.

Lansari A., 1985. Chemical weed control and effect of herbicides in strawberry (cv. Tioga)
plantation in Morocco. Revue Horticole 257: 27-30.

Paulus A. O., 1990. Fungal diseases of strawberry. Journal HortScience 25 (8): 885-889.

De Los Santos B., Barrau C. and Romero F., 2003. Strawberry fungal diseases. Food,
Agriculture and Environment 1 (3 and 4): 129-132.

Maas, J.L. 1998. Compendium of strawberry diseases. USDA. Beltsville, MD, USA. 98 p.

Xiao, C.L., Chandler, C.K., Price, J.F., Duval, J.R., Mertely, J.C. et Legard, D.E. 2001.
Comparison of epidemics of Botrytis fruit rot and powdery mildew of strawberry in large plastic
tunnel and field production systems. Plant Disease. 901-909.

Carisse O, Tremblay D. M. and Lefebvre A. 2014. Comparison of Botrytis cinerea airborne
inoculum progress curves from raspberry, strawberry and grape plantings. Plant Pathology 63:
983-993.

Gilman C.J. 1957. A manual of soil fungi, Second Edition. The lowa State college Press-
Ames, lowa, U.S.A. 452 p.

Ellis M.B. 1971. Demataceous Hyphomycetes. Commonwealth Mycological Institute Kew, Surrey,
England, 608 p.

Chidambaram P., Mathur S.B. & Neergaard P. 1974. Identification of seed-borne Drechslera
species. Handbook on Seed Health Testing, series 2 B (3), 165-207.

Domsch K.H., Gams W. & Anderson T.H. 1980. Compendium of soil fungi, Volume 1. Academic
Press, London,859 p.

Champion R. 1997. Identifier les champignons transmis par les semences. INRA, Paris, 398 p.

Benkirane R., 1995. Contribution a I'étude des maladies du riz au Maroc. Cas de la pyriculariose
due a Pyricularia oryzae. These de 3émecycle. Université Ibn Tofail. Faculté des Sciences,
Kénitra, Maroc, 145p.

Ponchet A. 1966. Etude des contaminations mycopéricarpiques du caryopse du blé. Crop Res.
(Hisar), 7, 3, 554-460.

Hlal H., 2008. Stratégie d’amélioration de lacompétitivité des exportations de la fraise. Cas de la
région de Larache. These professionnellesoutenue publiquement. Institut superieur de commerce et
d'administrationdes entreprises-iscae mastere specialise en managementdu commerce internationaHmaci.
112p.

Maughan T, Black B. et Rowley D. 2019. High tunnel strawberry production for Late Fall Harvest.
Extension Utah State University. Department of agriculture,7p.

Freeman, S. et Gnayem, N. 2005. Use of plasticulture for strawberry plant production. Small Fruits
Review 4 (1): 21-32.

100 AUG Volume 21 Issue 08


http://www.commprac.com/

28)

29)

30)

31)

32)

33)

34)

35)

36)

37)

38)

39)

40)

41)
42)

43)

44)

45)

46)

47)

48)

WWw.commprac.com
ISSN 1462 2815

Medina, Y., Gosselin, A., Desjardins, Y., Gauthier, L., Harnois, R. et Khanizadeh, S. 2009.
Effect of plastic mulches on microclimate conditions, growth and yields of strawberry plants grown
under high tunnels in Northern Canadian climate. Acta Hortic. 842: 139-142.

Van Sterthem A., 2013. Influence des minis tunnels sur le développement et la productivité des
fraisiers aphotopériodiques. Maitrise en biologie végétale. Département de phytologie, Faculté des
sciences de l'agriculture et de I'alimentation Université laval Quebec. 67 p.

Feuilloley, P. et Issanchou, G. 1995. Condensations et propriétés thermiques des couvertures
de serre. Ingénieries — EAT 1: 41-46.

Pieters, J.G. et Deltour, J.M. 1997. Influence of condensation and evaporation on the greenhouse
climate and its regulation. Proc. of Clima 2000, Bruxelles, Belgique. 1-20.

Simpson, D.W. (1991) Resistance to Botrytis cinerea in pistillate genotypes of the cultivated
strawberry Fragaria ananassa. J. Hort. Sci. Biotechnol. 66: 719-724.

Anonyme 3, 2003. Directive sur la bonne pratiqgue phytosanitaire: principes de bonne pratique
phytosanitaire. OEPP/EPPO, Bulletin OEPP/EPPO Bulletin 33, 87—-89.

Duniway J.M., 2002. Status of chemical alternatives to methyl bromide for pre-plant fumigation of
soil. Phytopathology 92, 1337-1343.

Saksena SB., 1960. Effect of carbon disulphide fumigation on Trichoderma viride and other soil
fungi. Trans. Brit. Mycol. Soc.; 43:111-116.

Bhatti MA, et Kraft JM., 1992. Influence of soil moisture on root rot and wilt of chickpea. Plant.
Dis.; 76: 1259-1262.

Liu LN, Zhang JZ, Xu T., 2009. Histopathological studies of sclerotia of Rhizoctonia solani
parasitized by the EGGP transformant of Trichoderma virens. Letters in Applied Microbiology.49
(6): 745-750.

Ceja-Torres LF, Mora-Aguilera G, Mora- Aguilera A., 2014. Agronomical management influence
on the spatiotemporal progress of strawberry dry wilt in Michoacan, Mexico. African Journal of
Agricultural Research. 9 (4):513-520.

Pastrana AM, Basallote-Ureba MJ, Aguado A, Akdi K,. 2016. Capote N. Biological control of
strawberry soil-borne pathogens Macrophomina phaseolina and Fusarium solani, using
Trichoderma asperellum and Bacillus spp. Phytopathologia Mediterranea.;55(1):109-120.

Freeman S, Shalev Z, Katan J., 2002. Survival in soil of Colletotrichum acutatum and C.
gloeosporioides pathogenic on strawberry. Plant Dis; 86:965-970.

Champion R., 1997. Identifier les champignons transmis par les semences. INR, Paris.398 p.

Dillard HR,. 1998. Cobb AC. Survival of Colletotrichum coccodes in infected tomato tissue and in
soil. Plant Dis.82: 235- 238.

Norman DJ, Strandberg JO., 1997. Survival of Colletotrichum acutatum in soil and plant debris
of leatherleaf fern. Plant Dis.; 81:1177-1180.

Fang XL, Kuo J, You MP, Finnegan PM, Barbetti MJ (2012). Comparative root colonisation of
strawberry cultivars Camarosa and Festival by Fusarium oxysporum f. sp. fragariae. Plant and Soil
358:75-89.

Sutton (J.C) 1995 - Evaluation of microorganisms for biocontrol: Botrytis cinerea and strawberry,
a case study. - Adv. Plant Pathol, 11: 173-190.

Sosa-Alvarez, M., Madden, L.V. et Ellis, M.A. 1995. Effects of temperature and wetness duration
on sporulation of Botrytis cinerea on strawberry leaf residues. Plant Dis. 79 (6): 609-615.

Jarvis WR, 1977. Botryotinia and Botrytis species: taxonomy, physiology, and pathogenicity.
Winnipeg, Canada: Hignell Printing Limited. Research Branch Canada Department of Agriculture
Monograph,N° 15 : 208p.

Holz G, Coertze S, Williamson B., 2007. The ecology of Botrytis on plant surface. In: Elad Y,
Williamson B, Tudzynski P, Delen N, editors. Botrytis: Biology, Pathology and Control. Heidelberg:
Springer. 9-27.

101 AUG Volume 21 Issue 08


http://www.commprac.com/

49)
50)

51)

52)

53)

54)

55)

56)

57)

58)

59)

60)

61)

62)

63)

64)

65)

66)

67)

68)

WWw.commprac.com
ISSN 1462 2815

Anonyme 2, 2018. https://www.amaroc-agro.com/oidium/loidium-du-fraisier/

Gubler D. W., Feliciano C. J., Bordas A. C., Civerolo E. L., Melvin J. A., and Welch N. C.,
1999. X. fragariae and C. cladosporioides cause strawberry blossom blight. California Agriculture,
Volume 53, N° 4: 26-28.

Kidd S., Halliday C., Alexiou H. And Ellis D., 2016. Descriptions of Medical Fungi The National
Library of Australia Cataloguing-in-Publication entry. Third Edition ISbN: 9780646951294
(paperback), 278 p.

Larone, D H., 1987. Medically important fungi. A guide to identification. New York - Amsterdam -
London, Elsevier Science Publishing Co., Inc.2nd edition, 230 p.

Ogawa JM, 1995. Rhizopus rot. In: Ogawa JM, Zehr El, Bird GW, Ritchie DF, Uriu K, Ueymoto
JK, eds. Compendium of Stone Fruit Diseases. St Paul, MN, USA: American Phytopathology
Society, 16.

Snowdon AL, 1990. A Colour Atlas of Postharvest Diseases and Disorders of Fruit and
Vegetables: General Introduction and Fruits. London, UK: Wolfe Scientific, 302p.

Baggio JS, Goncalves FP, Lourenc SA, Pascholati SF, Tanaka FAO, Amorim L, 2016.
« Rhizopus stolonifer penetrates unwounded peaches and nectarines and causes soft rot”. Plant
Pathology 65, 633-642.

Romanazzi G, Feliziani E, Santini M, Landi L, 2013. Effectiveness of postharvest treatment with
chitosan and other resistance inducers in the control of storage decay of strawberry. Postharvest
Biology and Technology 75 (2013) 24-27.

Subbarao K. V., Kabir Z., Martin F. N. and Koike S. T. 2007. Management of soilborne diseases in
strawberry using vegetable rotations. Plant Dis., 91: 964-972

Wong D. H., Barbetti M. J. and Sivasithamparam K. 1985. Fungi associated with root rots of
subterranean clover in Western Australia. Aust. J. Exp. Agr., 25: 574-579.

Norman D. J. and Strandberg J. O. 1997. Survival of Colletotrichum acutatum in soil and plant
debris of leather leaf fern (Rumohra adian-tiformis). Plant Dis., 81: 1177-1180.

Smith B. and Black L.L. 1987. Resistance of Strawberry Plants to Colletotrichum fragariae
Affected by Environmental Conditions. Plant Disease/ vol.71 N° 9: 834-837.

Madden L.V. and Boudreau M. A. 1997. Effect of strawberry density on the spread of anthracnose
caused by Colletotrichum acutatum. Phytopathology, 87: 828-838.

Sibounnavong P., Soytong K., Divina C. C. and KalawS. P., 2009. In vitro biological activities
of Emericella nidulans, a new fungal antagonist, against Fusarium oxysporum f. sp. lycopersici.
International Journal of Agricultural Technology 5 (1): 75-84.

Talubnak C. and Soytong K., 2010. Biological control of Vanilla anthracnose using Emericella
nidulans. International Journal of Agricultural Technology 6 (1): 47-55.

Howard, C. M., and E. E. Albregts. 1973. “A Strawberry Fruit Rot Caused by Pestalotia
longisetula.” Phytopathology 63:862—863.

Shitole D.M. Patil U. R. et Pawar N. B. 2000. Evaluation in vitro de produits chimiques et
d’antibiotiques contre la pourriture importante des fruits de la fraise. J. Maharashtra Agric. Univ.,
25:179-181.

Mouden N., Benkirane R., Ouazzani Touhami A. and Douira A. 2014. Pathogenic capacity of
Pestalotia longisetula Guba reported for the first time on strawberry (Fragaria ananassa Duch.) in
Morocco. Int. J. Pure App. Biosci., 2 (4): 132-141.

Obregén, V. G., N. G. Meneguzzi, J. M. Ibafiez, E. Lattar, and D. S. Kirschbaum. 2018. First
Report of Neopestalotiopsis clavispora Causing Root and Crown Rot on Strawberry Plants in
Argentina”. Plant Dis. 102:1856.

Chamorro M.C., Aguado A and De los Santos B. 2016. “First Report of Root and Crown Rot
Caused by Pestalotiopsis clavispora (Neopestalotiopsis clavispora) on Strawberry in Spain.” Plant
Dis. 100:1495.

102 AUG Volume 21 Issue 08


http://www.commprac.com/

69)

70)

71)

72)

73)

74)

75)

76)
77)

78)

79)

80)

81)

82)

WWw.commprac.com
ISSN 1462 2815

Baggio, J. S., B. B. Forcelini, N.-Y. Wang, R. G. Ruschel, J. C. Mertely, and N. A. Peres. 2020.
“Outbreak of Leaf Spot and Fruit Rot in Florida Strawberry Caused by Neopestalotiopsis spp.”
Plant Disease, First Look. https://doi.org/10.1094/ PDIS-06-20-1290-RE: 305-315

Baggio, J. S., N. A. Peres. 2020. “Pestalotia Leaf Spot and Fruit Rot of Strawberry”. IFAS,
University of Florida, 1-4.

Al Batnan A, Mouden N, Salim A, Chliyeh M, Ouazzani Touhami A and Douira A., 2018.
Fungal Communities in Roots, Soil Inhabiting Nematodes and Physico-chemical Parameters of
Soils in Three Farms of Commercial Strawberry Production in Moulay Bousselham (Morocco).
Annual Research & Review in Biology. ISSN: 2347-565X, 28(5):1-16.

Mouden N., Benkirane R. Amina Ouazzani Touhami A. et Douira A. 2013. Mycoflore de
quelques variétés du fraisier (Fragaria ananassa L.), cultivées dans la région du Gharb et le
Loukkos (Maroc). Journal of Applied Biosciences, 61: 4490-4514.

Chliyeh M, Rhimini Y , Selmaoui K , Ouazzani Touhami A , Filali-Maltouf A , El Modafar C,
Moukhli A , Oukabli A , Benkirane R and Douira A, 2014. Survey of the Fungal Species
Associated to Olive-tree (Olea europaea L.) in Morocco. International Journal of Recent
Biotechnology 2 (2): 15-32.

Meddah N, Ouazzani Touhami A & Douira A, 2010. Mycoflore associée au bananier (Musa
accuminata L.), variété Grande naine, cultivé sous serre dans la région du Gharb (Maroc). Bulletin
de I'Institut Scientifique, Rabat, section Sciences de la Vie 32 (1) : 1-11.

Linas, MD. Morassin, P. Recco. 1999. Actualités sur Alternaria: écologie, Revue Francaise
d’allergologie. 349- 355.

Sherf, AF. MacNab, AA. 1986. Vegetable diseases and their control. Wiley, New York. 728 pp

Patterson, C. L., 1991. Importance of chlamydospores as primary inoculum for Alternaria solani,
incitant of collar rot and early blight of tomato. Plant Disease. 75: 274-278.

Evans, KJ. Nyquist, WE. Latin, RX. 1992. A model based on temperature and leaf wetness
duration for establishment of Alternaria leaf blight of muskmelon. Phytopathology. 82: 890-895.

Hatzipapas, P. Kalosaka, K. Dara, A. Christias, C. 2002. Spore germination and appresorium
formation in the entomophagic Alternaria alternata. Mycological research. 106: 1349-1359.

Cramer, RA. Lawrence, CB. 2003. Cloning of a gene encoding an Alt a 1 isoallergen differentially
expressed by the necrotrophic fungus Alternaria brassicicola. Appl. Environ.Microbiol. 69: 2361-
2364.

Otani, H. Kohnobe, A. Kodama, M. Kohmoto, K. 1998. Involvement of host factors in the
production of a protein host-specific toxin produced by Alternaria brassicicola. Moleculargenetics
of host specific toxins in plant disease. 13: 63-69.

Blancard D., Laterrot H. Marchoux G. and Candresse T., 2012. A colour Handbook - Tomato
Diseases: identification, biology and control. Manson Publishing Ltd. 688 pp.

103 AUG Volume 21 Issue 08


http://www.commprac.com/

