Novel Research in Microbiology Journal (2021), 5(6): 1431-1446
Research Article

(RMJ

(Print) (ISSN 2537-0286)
(Online) (ISSN 2537-0294)
https://nrmj.journals.ekb.eqg/
DOI: 10.21608/nrmj.2021.207166

In vitro and in vivo effects of some chemical fungicides against Pythium ultimum and
Phytophthora citrophthora associated with peach seedlings decline

Sabrine Mannai'"; Naima Boughalleb-M’Hamdi'

'Department of Biological Sciences and Plant Protection, High Institute of Agronomy of Chott Mariem, 4042
Sousse, L21AGRO5, University of Sousse, Tunisia

PN
J \a

“Corresponding author E-mail: sabrinemannai@hotmail.com . )

Received: 22 October, 2021; Accepted: 29 November, 2021; Published online: 30 November, 2021

0

Copyright policy

NRMJ allows the
author(s) to hold the
copyright, and to retain
publishing rights without
any restrictions.  This
work is licensed under the
terms and conditions of
the Creative Commons
Attribution (CC BY)
license

(https://creativecommons.

org/licenses/by/4.0/)

Abstract

Peach decline, responsible for seedlings root and collar rot in nurseries, is an important
disease that causes reduction in plant production. Several oomycetes species were associated
with this disease. The aim of this study was to control this serious peach decline disease using
several assays such as; in vitro poisoned food technique and in vivo greenhouse assay. About
six chemical fungicides were evaluated for their in vitro and in vivo inhibitory potentials
against Pythium ultimum and Phytophthora citrophthora associated with this disease,
respectively. The in vitro poisoned food technique demonstrated highly significant difference
in the efficacy of the fungicides used at the five tested doses (10, 25, 50, 100 pg\ | and
application rate). Carbendazim inhibited Pythium ultimum and P. citrophthora by 75.30 % and
100 % at 250 pg\ |. For Mancozeb, the inhibition % achieved by the registered dose was 100
% for Pythium ultimum and 50 % for P. citrophthora at 2000 pg\l. The registered dose (2000
pa\ 1) of Fosetyl-Al inhibited Pythium ultimum and P. citrophthora by 51 % and 100 %,
respectively. The highest rates of inhibition induced by Hymexazol were recorded at 60 ug\ |
(90.55 % for Pythium ultimum and 94.49 % for P. citrophthora). In case of Chinosol,
inhibition percentages of 90.30 % and 90.96 % for P. citrophthora and Pythium ultimum;
respectively, were achieved at the tested concentration of 50 pg\ I, and the same inhibition
values were also recorded for both tested concentrations of 100 and 2000 pg\ I. The highest
inhibition rates for Metalaxyl-M against Pythium ultimum were observed at the dose of 100
Mg\ | (79.70 %), whereas the used dose of 120 pg\ | recorded 86.59 %. The in vivo greenhouse
assays demonstrated the efficacy of the Fosetyl-Al and Metalaxyl-M in reducing the peach
seedling root browning induced by Pythium ultimum by 62.55 %. However, all the tested
chemicals neither improved the growth and health status of the peach seedlings, nor reduced
root browning of the seedlings inoculated with P. citrophthora.
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1. Introduction

The peach tree (Prunus persica) has an important
place in the world; in terms of total fruit yield within
the fruits industry. It represents the 3" position in the
world production of fruit trees after citrus and apple
(Yuan et al., 2018). Development of the peach sector
could be affected by various phytosanitary problems
such as the trees decline. Occurrence of this complex
syndrome could be linked to several biotic factors
including the pathogenic fungi such as the Oomycetes
(Bent et al., 2009).

Previous studies on peach and apple decline
disease have revealed that the Pythiaceae spp. could be
the pathogens responsible of this disease, as they
reduced the seedling growth parameters (Utkhede and
Smith, 2000; Mazzola et al., 2002; Boughalleb et al.,
2006b; Bent et al., 2009; Souli et al., 2011a; Jabiri et
al., 2021). The correlation analyses conducted in
South Africa on concentration of the pathogen DNA
and apple seedlings weight and height; recorded
significant negative correlation between seedlings
weight and P. irregulare DNA concentration
(Tewoldemedhin et al., 2011). Similarly, previous
investigations carried out in California by Bent et al.
(2009) on stunting of peach seedlings caused by a
replant soil; using sequence-selective quantitative PCR
assays, demonstrated that Pythium ultimum was
negatively associated with peach plant top weights. In
Tunisia, several Phytophthora and Pythium spp. were
associated to apple trees decline in orchards
(Boughalleb et al., 2006b; Souli et al., 2011a, b). In
Tunisian nurseries, infected seedlings showed
symptoms of browning of the apical part of the scion
and/or at the collar, which finally resulted in complete
decline (Mannai et al., 2018a). Surveys in the Tunisian
nurseries and diagnosis of the peach seedlings decline;
demonstrated that Fusarium, Phytophthora, Pythium
and Phytopythium spp. were associated with the
decline of peach, and proved that these species were
pathogenic (Mannai et al., 2018a).
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For management measures of the peach decline
disease in the Tunisian nurseries, a previous study was
conducted by Mannai et al., (2018b) to evaluate the in
vitro and in vivo activity of six fungicides against
Fusarium oxysporum and F. solani. Results of this
study showed the efficacy of some chemical products
such as Alliette express (fosetyl-Al); Ridomil Gold
(mancozeb+ metalaxyl-M), Dithane-M45 (mancozeb),
Prodazim (carbendazim) and Beltanol (chinosol).
Besides, previous works carried out in different areas
throughout the world have shown that several species
of Pythium and Phytophthora including Pythium
ultimum, Pythium spiculum, P. cinnamomi, P.
infestans, P. cactorum and P. citrophthora were
sensitive to metalaxyl-M and fosetyl-Al (Boughalleb
et al., 2006a; Weiland et al., 2014; Khadka et al.,
2020; Gonzalez et al., 2020; Molin et al., 2021).

The goal of the present investigation was to
evaluate the in vitro and in vivo effectiveness of the six
fungicides in management of Pythium ultimum and P.
citrophthora pathogens associated with the peach
seedlings decline.

2. Materials and methods

2.1. Isolation of the fungal isolates

The pathogenic fungal isolates were isolated from
samples of peach seedling roots collected from
Tunisian nurseries in 2013. Peach roots samples
collected from surveyed nurseries were washed under
tap water to remove adhering soil; cut into small
pieces of 3 to 5 mm in lengths using a sterile scalpel,
surface disinfected with ethanol (70 %) for 30 s, rinsed
in sterile dist. water and then dried using a sterile
Whatman filter paper. The root segments were placed
aseptically on the surface of petri plates (90 mm in
diameter) containing PARP (pimaricin + ampicillin +
rifampicin + pentachloronitrobenzene [PCNB]) agar
selective medium composed of; 17 g of corn meal agar
(CMA); amended with 10 pg\ | of pimaricin, 200 pg\ |
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of ampicillin, 10 pg\ ml of rifampicin and 25 mg\ ml
of pentachloronitrobenzene (PCNB), in reference to
Jeffers and Martin, (1986). All petri plates were
incubated at 25 °C in the darkness and examined
within 2-3 d. After incubation, recovered oomycete-
like isolates were purified using the hyphal tip method

(Mannai, 2019).

2.2. Morphological and molecular identification of
the recovered oomycete isolates

Two oomycete isolates were recovered, and then
identified based on their morphological criteria;
according to the descriptions of Plaats-Niterink
(1981); Mdller et al., (1992); Mounde et al., (2012).
Both isolates were grown on PDA medium at 25°C in
the darkness to assess their growth rates and colonies
aspects. These isolates were placed on the surface of
V8 agar medium (200 ml of V8 juice, 2 g CaCO3, 20
g agar, 800 ml dist. water), and then incubated at 25°C
for 5 d in the darkness; in order to develop different
growth structures (Erwin and Ribeiro, 1996). After
incubation, a 5 mm-diameter mycelial plug of each
isolate cut using a sterile cork borer was inoculated
individually into 20 ml of sterile soil extract (100 g of
soil, 900 ml of dist. water), and then incubated for 2-3
d at room temperature. The presence or absence of
oogonia; antheridia, oospore, chlamydospores and
sporangia produced by each isolate was observed, and
an average diameter of 25 structures of each diagnostic
character was measured using a compound Leica
microscope (DM 2500, Germany), according to

Mannai, (2019).

Molecular identification of both isolates was made
through genomic DNA extraction of each isolate
according to the method adopted by Modller et al.
(1992). The ITS region was amplified with universal
primers ITS1 (5’-TCCGTAGGTGAACCTGCGG-3’)
and ITS4 (5°-TCCTCCGCTTATTGATATGC-3").
The Polymerase chain reaction (PCR) analysis was
performed in a 50 pl volume reaction mixture
composed of; 2 pl of DNA (50 ng/ pul), 0.5 ul of Taq
polymerase (5U/ ul), 3 ul of MgCI2 (1.25 mM), 5 pl
of PCR buffer (10 x), 5 pl of dNTP (1.25 mM), 5 ul of
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each of 5 uM forward and reverse primers, and 24.5 pl
of sterile dist. water. The PCR product was separated
using electrophoresis in an agarose gel (1 %), purified
and then sequenced. Obtained sequences were
analyzed by BLAST (Basic Local Alignment Search
Tool), compared to several sequences of Pythiaceae
species from GenBank, and then deposited in the
GenBank (Ristaino et al., 1998; Mannai, 2019).

2.3. In vivo pathogenicity assay in the greenhouse

The in vivo pathogenicity was assay carried out in
the greenhouse for each isolate. Peach seedlings of 18-
months-old were used in this essay. These plants were
grown in the greenhouse in plastic pots (23 cm
diameter x 23 cm deep) containing the growth
substrate. The used substrate was composed of 50 %
sterile soil, 25 % peat and 25 % sand, inoculated with
sand-oat inoculum at the rate of 1% (v/v), and then
incubated for 24 h at 25 °C prior to planting. The sand-
oat medium composed of; 200 g of sterile sand, 20 g
of oat, and 30 ml of dist. water, which was added to
500 ml Erlenmeyer's flask, and then autoclaved for 20
min. at 120 °C for 2 consecutive d. After sterilization,
each flask was inoculated with 10 mycelial plugs (6
mm diameter) cut using a sterile cork borer from a 1-
week-old of each oomycete culture grown on PDA.
For the control treatment, the oomycete plugs were
replaced by PDA plugs. The inoculated flasks were
incubated at 25°C for 1 week, and were shaken every 2
d to ensure the uniform colonization (Tewoldemedhin
et al., 2011; Mannai, 2019). The seedlings were grown
in the plastic pots containing the seeded substrate. The
experiment was conducted as a complete randomized
block design, with three replicates per isolate. The
seedlings were harvested 3 months after inoculation.
At harvest, the seedlings roots were washed with dist.
water, and then the disease severity was evaluated
using 2 parameters mainly; (i) the root weight and (ii)
the root browning index (Tewoldemedhin et al., 2011).

2.4. Chemical fungicides

Six chemical fungicides namely; Prodazim 50 wp
(Carbendazim), Dithane M-45 (Mancozeb), Alliette
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Express (Fosetyl-Al), Tachigazol 300 (Hymexazol),
Beltanol-L50 % (Chinosol ) and Ridomil Gold MZ
(Metalaxyl-M+Mancozeb)); were tested for their
inhibitory potentials against Pythium ultimum and P.
citrophthora associated with the peach seedlings

decline in Tunisia (Table 1). These fungicides had
different active ingredients and were tested previously
against Fusarium spp. associated to the same disease
in Tunisian nurseries (Mannai et al., 2018b).

Table 1. Chemical fungicides used to control growth of Pythium ultimum and P. citrophthora associated with peach

decline seedlings in the Tunisian nurseries

Trade Name Chemical name Active concentration Registered dose
Prodazim 50 wp Carbendazim 50 % 50 g/ hl (250 pg\ 1)
Dithane M-45 Mancozeb 80 % 250 g/ hl (2000 pg\ 1)

Alliette Express Fosetyl-Al 80 % 250 g/ hl (2000 pg\ 1)
Tachigazol 300 Hymexazol 30 % 20 ml/ hl (60 pg\ 1)
Beltanol-L50% Chinosol 50 % 4 l/ha

Ridomil Gold MZ Metalaxyl-M % 300 I(\J/lleflgl(ifﬁ)ug\ I

+Mancozeb 64 %

Where; HI: hectoliter

2.5. Evaluation of in vitro effects of the chemical
fungicides on mycelial growth of the pathogens

Using the in vitro poisoned food technique
according to Mannai et al., (2018b); for each chemical
product about 5 doses of the active ingredient were
tested mainly; 10, 25, 50 and 100 pg\ I. The fungicides
concentrations were adjusted using sterile dist. water;
where 10 ml of each fungicide concentration was
added individually to 250 ml flasks of Potato dextrose
agar (PDA), and then poured aseptically into the Petri
plates. After solidification, a plug of 6 mm diameter
was cut individually from 6-days-old cultures of
Pythium ultimum and P. citrophthora using cork borer,
and then placed in the center of the PDA plates (90
mm in diameter). The control plate was maintained by
placing the fungal disc at the center of non-treated
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PDA plate. All plates were incubated in the darkness at
25°C for 4 d. Three plates were used for each
fungicide concentration, and the assay was repeated
twice. After incubation, the diameter of radial mycelial
growth of the fungal pathogen was measured (mm) in
each treated plate using a calibrated ruler; and
compared to the control. The used statistical design
was a completely randomized factorial model with two
factors (The first factor is the fungicides, while the
second one is their doses). The percentage (%) of
growth inhibition of each pathogen was calculated
using the following formula of Mannai et al., (2018b):

Inhibition (%) = {(C - T)/C} x 100

Where; T: mean diameter (mm) of the colonies in presence
of the fungicide; C: average diameter (mm) of the control
colonies
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2.6. In vivo potential of the chemical fungicides on
disease severity of the peach seedlings in the
greenhouse

About 4 weeks-old peach seedlings variety
‘Garnem’ were used in this study. These seedlings
were grown in pots (23 cm diameter x 23 cm deep) in
the greenhouse. Effectiveness of the fungicides on
causing inhibition of the growth of Pythium ultimum
and P. citrophthora were evaluated in vivo using the
method of Utkhede and Smith, (1991) with little
modifications.

The fungal inoculum was prepared by inoculating
10 agar plugs of Pythium ultimum or P. citrophthora
isolates individually into an Erlenmeyer flask (500 ml)
containing sand-oat (200 g of sand, 20 g of oat and 30
ml of dist. water, which had been autoclaved twice at
120 °C for 20 min.). The flasks were then incubated
for one week at 25 °C; shaken every 3 d to ensure
homogenous colonization. After incubation, the sand-
oat inoculum was added individually to the potting
mix (peat and sand in 2:1 v/v) at the rate of 1 % (v/v),
which was then placed in 23 cm diameter plastic pots.
The un-inoculated control treatment contained a
potting mix without the sand-oat inoculum; whereas
the positive control plants were inoculated with the
pathogen inoculum only (Tewoldemedhin et al.,

2011).

After plantation in this prepared potting mix; each
peach seedling was treated with the chemical fungicide
using the registered dose for each product (50 ml/
plant), in reference to Utkhede and Smith, (1991). The
pots were arranged in a completely randomized design
and watered when needed. Three seedlings were used
per each individual treatment and the assay was
repeated twice. Disease severity including root
browning; sanitary state and plant growth parameters
(i.e. plant height and root fresh weight) were recorded
3 months post- inoculation.

The sanitary state of the plants vegetative parts
was scored based on a 0-5 scale according to Santini et
al., (2006); where: 0= no obvious symptoms of peach
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decline; 1= moderate discoloration of plant leaves (<
25 %); 2= moderate discoloration and falling leaves (<
50 %); 3= moderate discoloration of plant collar, stem
and leaves (< 75 %); 4= extensive discoloration of
plant collar and stem with falling leaves (> 75 %); and
5= dead plants.

Root rot was rated onto a 0-5 scale (0= no obvious
symptoms; 1= moderate discoloration of the root
tissue; 2= moderate discoloration of root tissue with
some lesions; 3= extensive discoloration of the root
tissue; 4= extensive discoloration of the tissue with
girdling lesions; and 5= dead plants), in reference to
Tewoldemedhin et al., (2011).

2.7. Statistical analysis

All data were subjected to a one-way analysis of
variance (ANOVA) by using Statistical Package for
the Social Sciences software (SPSS), version 20.0. The
in vitro assay was analyzed according to a completely
randomized factorial model with two factors (tested
fungicides and their doses). The in vivo assays were
analyzed in a completely randomized model. For all
the in vitro and in vivo assays, means were separated
using Student-Newman-Keul’s (SNK) test (p < 0.05).

3. Results

3.1. Isolation, identification and pathogenicity of
the fungal isolates

Isolation of the fungal pathogens from peach
seedling roots led to the recovery of 28 fungal isolates.
About 16 isolates were identified morphologically and
molecularly as Pythium ultimum (GenBank Accession
no. MF993110); whereas 12 isolates were identified as
P. citrophthora. Pathogenicity of both isolates were
confirmed in the greenhouse; recording disease
severity of 100 % for Pythium ultimum and 65 % for
P. citrophthora.

3.2. In vitro effects of the fungicides on radial
mycelial growth of Pythium ultimum and P.
citrophthora
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The mean inhibition percent (%) of the mycelial
growth of Pythium ultiumum and P. citrophthora that
was measured 4 d post- incubation of the plates at 25
°C, varied according to the type and dose of each
fungicide. A highly significant interaction was
observed between both fixed factors (fungicides and
their doses) at p < 0.001. The in vitro assay of the six
fungicides gave highly significant difference (p <
0.001) for efficacies of the 5 tested doses against
Pythium ultimum and P. citrophthora, as presented in
Table (2). For Carbendazim applied at 100 pg\ | and
the registered dose, the inhibition % of Pythium
ultimum mycelial growth was 70.06 % and 75.30 %,
respectively (Table 3 and Fig. 1). However,
carbendazim was recorded to be effective at the lowest
dose (10 pg\ ) against P. citrophthora with a growth
inhibition of 72.42 %, which increased to 100 % for
the registered dose of 250 pg\ I.

Results demonstrated that mancozeb was
ineffective at the low doses (10 and 25 g\ 1), but
effectiveness was positively correlated with the used
doses. The registered dose of 2000 pg\ | was the most
effective recording 100 % inhibition for P. ultimum
and 50 % for P. citrophthora (Table 2 and Fig. 1). It
was also observed that Fosetyl-Al at the 4 first doses
of 10, 25, 50 and 100 pg\ | was unable to reduce the
mycelial growth of P. ultimum and P. citrophthora.
However, on application of the registered dose (2000
Mg\ 1), the recorded percentages of mycelial inhibition
of Pythium ultimum and P. citrophthora were 51 %
and 100 %, respectively (Table 2 and Fig. 1).

For Hymexazol, the highest rates of growth
inhibition were noted (90.55 % for Pythium ultimum
and 94.49 % for P. citrophthora); at the registered
dose of 60 pg\ | (Fig. 1). Chinosol was observed to be
effective against P. citrophthora, with an inhibition
percent greater than 67 % for all the tested doses.
However, this product was ineffective against P.
ultimum at low tested doses of 10 and 25 pg\ I. In fact,
the best inhibition percentages were achieved at the
concentrations of 50 pg\ I, 100 pg\ | and at the
registered dose of 2000 g\ I; with inhibition values of
90.30 % and 90.96 % for P. citrophthora and Pythium
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ultimum, respectively, as obvious in Table (2) and Fig.
(1). The highest inhibition rates for metalaxyl-M
against Pythium ultimum were noted at the
concentration of 100 pg\ | and the registered dose of
120 po\ I, recording inhibition percentages of 79.70
and 86.59 %, respectively (Table 2 and Fig. 1).
Nevertheless, the 5 tested doses of this product were
ineffective against P. citrophthora; with an inhibition
percent lower than 33.46 % (Table 2 and Fig. 1).

3.3. In vivo impacts of the chemical fungicides on
growth of Pythium ultimum and P. citrophthora in
the greenhouse

The variance of analysis (ANOVA) revealed
significant effects (p < 5%) of Fosetyl-Al and
Metalaxyl-M on root browning of the peach seedling
induced by Pythium ultimum. Indeed, these two
fungicides reduced significantly the root browning by
62.55 %, compared to the inoculated control.
However, the different active ingredients tested did not
significantly improve the health status of the plants.
Nevertheless, Carbendazim and Fosetyl-Al fungicides
reduced the plants health status index by 42.92 % and
57.08 %; respectively, compared to the inoculated
control (p > 5 %) (Table 3). Regarding the seedling
growth parameters; the six chemical products did not
improve the height and root weight of the peach
seedlings inoculated with Pythium ultimum. In fact, the
seedling height didn’t exceed 49.33 cm for the peach
seedlings treated with Metalaxyl-M. However, the
highest root weight of 4.40 g was recorded by
treatment with Chinosol (Table 3 and Fig. 2). On the
other hand, in the case of P. citrophthora; the
Mancozeb and the Fosetyl-Al fungicides reduced the
root browning index in the peach seedlings non-
significantly (p > 5 %) by 10.22 and 284 9%
respectively. Hymexazol was the only chemical
product that reduced the health status index non-
significantly (p > 5 %) by 6.18 %. Concerning the
plants growth; Fosetyl-Al fungicide improved the root
weight by 4257 %. Meanwhile, the six tested
chemical fungicides did not improve the heights of the
plants significantly (p > 5 %) (Table 3).
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Table 2. Percent of growth inhibition of Pythium ultimum and P. citrophthora upon treatment with the different
doses of the active ingredients of each tested chemical fungicides; recorded 4 d after incubation at 25°C in the dark

Fungal Active Doses (ug\ 1) )
Pathogens substance Registered P
dose value
10 25 50 100
Pythium Carbendazim  10.45+ 45.76% 67.80+ 70.06+ 75.30 <
ultimum 1.93%¢ 2.92" 2.35% 2.16 1.17%¢ 0.001
Mancozeb 0.80+ 5.65+ 24.01% 43.79+ 100.00+ <
0.00% 0.65%° 2.67%¢ 1.69% 0.00"® 0.001
Fosetyl-Al 0.00+ 0.00+ 0.00+ 0.00+ 51.83% <
0.00% 0.00% 0.00 0.00" 11.37% 0.001
Hymexazol 8.19+ 13.56+ 22.03+ 32.20% 90.55+ <
2.328 3.28% 1.28%¢ 0.77% 6.71°"¢ 0.001
Chinosol 13.84% 27.68+ 90.96+ 90.96 90.96 <
6.35% 2.06%° 0.00% 0.00% 0.00°"* 0.001
Metalaxyl-M ~ 8.66% 21.65+ 43.29+ 79.70+ 86.59+ <
0.26% 0.66"" 1.32% 1.91% 2.63% 0.001
p-value <0.001 <0.001 <0.001 <0.001 <0.001
P. Carbendazim  72.42+ 81.82+ 85.45% 84.85+ 100.00+ <
citrophthora 0.61% 1.71%° 0.995 0.70°° 0.00¢¢ 0.001
Mancozeb 1.44+ 5.15+ 6.36+ 29.70+ 50.00+ <
0.00% 2.69" 5.54° 0.99%° 2.69°° 0.001
Fosetyl-Al 1.21+ 5.45%+ 0.61+ 2.12+ 100.00+ <
1.48% 2.62°° 0.76" 2.29% 0.00% 0.001
Hymexazol 30.00+ 48.48+ 59.70+ 70.91+ 94.49+ <
1.16% 0.70%° 2.86"° 2.62% 2.03% 0.001
Chinosol 67.88+ 74.24+ 90.30+ 90.30+ 90.30+ <
0.70" 1.16%° 0.00% 0.00% 0.00° 0.001
Metalaxyl-M  33.27+ 8.47+ 16.95+ 31.47+ 33.46% <
0.64% 1.63% 3.56% 6.75°° 6.85" 0.001
p-value <0.001 <0.001 <0.001 <0.001 <0.001

(*) Means + standard error in the row followed by the same lower case letter are not significantly different according to SNK
testat p <0.05;

(**) For each pathogen, means + standard error in a column, followed by the same capital letter are not significantly different
according to SNK test at p < 0.05.

The registered dose was 2000 pg\ | for Mancozeb, Chinosol and Fosetyl-al; 250 ug\ | for Carbendazim; 60 ug\ | for
Hymexazol and 120 g\ | for Metalaxyl-M
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Fig.1. Effects of the registered dose of mancozeb (b), fosetyl-Al (c), hymexazol (d), chinozol (e), metalaxyl-M (f) and
carbendazim (g) on mycelial growth of Pythium ultimum (A), and P. citrophthora (B), compared to the control colony (a);
recorded after 4 d of incubation at 25 °C

1438
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Table 3. In vivo effects of the tested fungicides on severity of symptoms of the peach decline disease induced by
Pythium ultimum and P. citrophthora; noted 3 months after inoculation and treatment with the fungicides in the

greenhouse
Fungal Root
Pathogens browning Sanitary state Height Root weight
Treatment (0-5) (0-5) (cm) (9)
Eﬁfmm CNI 1.33+0.58 > 1.67+0.58 62.40+ 2.26 4.79+0.37°
Cl 2.67+0.58°2 2.33+0.58 *° 55.00+ 10.11 ® 4,50+ 0.55 2
Carbendazim 1.67+0.58 % 1.33+0.58 ™ 46.23+ 6.88 4.06+1.80°
Mancozeb 1.67+0.58 *° 2.33+0.58 ** 38.10£9.38 " 3.17+1.36°
Fosetyl-AL 1.00+0.00° 1.00+ 0.00 © 4750+ 5.77® 3.58+0.61°
Metalaxyl-M 1.00+ 0.00° 2.67+1.15 % 49.33+5.13 % 4.29+0.75°
Hymexazol 2.33+0.58 3.00+1.00® 4573+ 4.11°% 3.60+0.94°
Chinosol 2.33+0.58 ® 3.67+0.58° 47.67+252 % 4.40+0.80 °
p-value p<0.05 p<0.05 p<0.05 p>0.05
P. CNI 1.33+0.58° 1.67+0.58°¢ 62.40+2.26 ° 4.79+0.37 °
citrophthora  ClI 1.86 + 1.00% 1.78+0.58 2 51.80+ 14.63 ® 3.50+ 1.04°
Carbendazim 2.67 + 0.58" 3.67£0.58°¢ 41.67+10.02%® 3.02+1.34°
Mancozeb 1.67+0.58° 2.00£1.00 ¢ 37.00+ 16.04 ® 321+211°
Fosetyl-AL 1.33+0.58"° 2.00£1.73°¢ 4527+ 10.65® 4.99+1.24°
Metalaxyl-M 3.67£1.15° 3.33+1.53° 31.53+14.76 ° 1.78+1.43%
Hymexazol 2.33+0.58%® 1.67£0.58°¢ 44,50+ 3.50 ® 2.93+0.33°
Chinosol 2.44+0.58 ® 2.33+0.58° 40.43+ 153 % 3.24+0.22°
p-value p <0.05 p>0.05 p>0.05 p>0.05

(*) For each pathogen, the means + standard deviation, in the same column followed by the same lower case letter are

significantly comparable according to the SNK test at p < 0.05

Where; CNI: Un-inoculated control, Cl: Inoculated positive control

Fig. 2. In vivo impacts of Fosetyl-AL (b) and Metalaxyl-M (c) on root browning of peach root stock ‘Garnem’ after 3 months
of inoculation with Pythium ultimum and treatment with both fungicides, compared to the non-treated control (a)
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4. Discussion

The present investigation demonstrated that
using chemical fungicides to control Pythium
ultimum and P. citrophthora; the pathogenic agents
associated with peach seedlings decline, revealed
significant differences in efficacies between the
active ingredients and the used fungicides doses.

The in vitro assay showed that Carbendazim was
effective against Pythium ultimum at 50 pg\ I. It was
also effective at the lowest tested dose of 10 pg\ |
against P. citrophthora. Similarly, previous studies
reported that this fungicide was very effective in
causing in vitro inhibition of mycelial growth of
Fusarium spp. and Rhizoctonia solani (Gaur and
Chakrabarti, 2009; Igbal et al., 2010; Kumar et al.,
2017; Mannai et al., 2018b; Sameer, 2019).

The test of in vivo efficacy of Carbendazim
showed that this product was ineffective; as it
reduced only the health status index of the peach
plants inoculated by P. ultimum by 42.92 %. This
chemical is a  broad-spectrum  systemic
benzimidazole fungicide, which was commonly used
previously to control leaf and soil borne diseases
caused by fungi (Yu et al., 2009). Carbendazim was
recorded to be significantly effective in reducing the
soil population of F. oxysporum f. sp. dianthi; the
causal agent of wilt in Carnation, and reduced the
wilt incidence under greenhouse conditions (Manasa
et al., 2017), suppressed cashew wilt disease caused
by F. oxysporum, and enhanced cashew recovery
after 120 d of application (Mbasa et al., 2021).
Furthermore, this fungicide also controlled F.
oxysporum in chickpea (Golakiya et al., 2018);
cotton (Rajput et al., 2006), Cumin (Khalequzzaman
et al., 2016), F. solani infection in coriander
(Bhaliya and Jadeja, 2014) and F. graminearum
infection in wheat (lvic et al., 2011). However, the
oomycete pathogens such as P. citrophthora were
insensitive to benzimidazole, because they have
different binding sites known as tubulin compared to
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the true fungi (Johnson et al., 1997). Similarly,
previous field experiments conducted to evaluate the
efficacy of fungicides on management of late blight
caused by P. infestans and on potato yields in the
western plains of Nepal; showed the ineffectiveness
of carbendazim to control this disease (Khadka et

al., 2020).

All the tested doses of Mancozeb have no
inhibitory effects except for the 2000 g\ I, which
has been shown to be effective in vitro against
Pythium ultimum and P. citrophthora. Mancozeb
was previously recorded amongst the best tested
fungicides causing in vitro inhibition of the growth
of Fusarium spp. (Ahmad et al., 2012; Mannai et al.,
2018b).

The greenhouse assay demonstrated that
Mancozeb reduced the root browning index induced
by P. citrophthora in the peach seedlings by 10.22
%. This result is in agreement with a recent study
conducted by Khadka et al., (2020) showing that
Mancozeb effectively reduced the late blight (P.
infestans) severity, and increased the potato yield as
well. Nonetheless, there were no previous studies
about its efficacy against the Pythiaceae species
associated with peach seedlings decline.

The different tested doses of Fosetyl-Al
presented low in vitro inhibitory efficacy except for
the registered dose of 2000 pg\ I. In accordance,
similar results were recorded during the previous
study conducted by Utkhede and Smith, (1991),
which showed that Fosetyl-Al was effective against
P. cactorum, P. cambivora and Pythium ultimum at
high concentrations. Furthermore, a recent study of
Tawil et al., (2020) proved that Fosetyl-Al inhibited
the in vitro mycelial growth of Verticillium dahlia;
the causal agent of olive tree wilt disease by 100 %
and 81.79 % at the tested concentrations of 5000,
2000 po\ I, respectively. Moreover, previous work of
Weiland et al., (2014) revealed that several species




Mannai and Boughalleb-M’Hamdi, 2021

of Pythium were sensitive to this chemical fungicide;
including Pythium ultimum.

Results of in vivo testing's of Fosetyl-Al
demonstrated that it caused significant inhibitory
effects on the peach seedling root browning (62.55
%), and plants health status (57.08 %) induced by
Pythium ultimum. Moreover, this fungicide
improved the root weight of the peach seedlings
inoculated with P. citrophthora by 42.57 %. Fosetyl-
Al is a phosphonate fungicide that had been widely
used in the management of diseases caused by
Peronosporales; including some Phytophthora
diseases of trees (Silva et al., 2016). In fact, Fosetyl-
Al as a phosphonate fungicide; was experimentally
proved to protect cork oaks against root rot caused
by P. cinnamomi and Pythium spiculum in the pots
and in the field experiments, and this fungicide also
exhibited a therapeutic effect on the preexisting
infections (Gonzélez et al., 2017; Gonzalez et al.,
2020).

For Hymexazol, all the used doses were
ineffective against Pythium ultimum; however, the
registered dose of 60 pg\ | was effective against
Pythium ultimum and P. citrophthora. Previous
studies conducted by Ayed et al., (2006); Hibar et
al., (2007) have shown the efficacy of Hymexazol in
reducing the in vitro mycelial development of F.
oxysporum f. sp. radicis-lycopersici and F.
oxysporum f. sp. tuberosis; the causal agents of wilt
in tomato and potato plants, respectively.

The in vivo assay revealed that Hymexazol
fungicide reduced the health status index induced by
P. citrophthora by 6.18 %. In accordance, previous
studies conducted by Ayed et al., (2006); Hibar et
al., (2007) have shown the efficacy of Hymexazol in
reducing the in vivo wilt disease in tomato and
potato plants induced by F. oxysporum f. sp. radicis-
lycopersici and F. oxysporum f. sp. tuberosis,
respectively. Moreover, Daami-Remadi, (2001) also
reported the effectiveness of Hymexazol in
inhibiting potato leak syndrome caused by Pythium
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aphanidermatum. However, several studies
indicated the development of resistance to
Hymexazol among several Fusarium spp. and
Pythium spp.; including Pythium ultimum and
Pythium aphanidermatum, because this chemical
product is widely used in several countries (Ali-
Shtayeh et al., 2003; Al-Sadi et al., 2015; Al-Balushi

et al., 2018).

Chinosol was effective against P. citrophthora
at all the tested doses. However, it was ineffective at
low doses of 10 and 25 pg\ | against Pythium
ultimum. The registered dose of Chinosol reduced
the in vitro mycelial growth of P. citrophthora and
Pythium ultimum. These current results confirm the
earlier results reported by Vaartaja, (1964), who
proved the capacity of this fungicide to manage the
different oomycetes (Pythium spp.). Besides, a
recent study conducted by Mannai et al., (2018b)
revealed that Chinosol was effective at different
doses against F. oxysporum and F. solani; recording
growth inhibition of 88 % at 50 ug\ I, respectively.

The in vivo assay showed that Chinosol
application neither reduced the disease severity, nor
improved the peach plants growth. However, this
fungicide was effective against Pythium spp. and
several fungal spp. including; R. solani, F.
avenaceum; on its application to the soil of different
crops such as; turf, pines and some garden plants. In
addition, Chinosol improved the peach seedling
growth inoculated by F. solani (Mannai et al.,

2018b).

Metalaxyl-M induced reduction in the mycelial
growth of Pythium ultimum. However, the 5 tested
doses of this chemical were ineffective against P.
citrophthora.  Previous works have shown that
several species of Pythium were sensitive to this
fungicide; including Pythium ultimum (Brantner and
Windels, 1998; Mazzola et al., 2002).

The in vivo assay recorded the efficacy of
Metalaxyl-M in reducing the root browning induced
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by Pythium ultimum. Similarly, Thomidis and
Tsipouridis, (2001) reported that application of
Metalaxyl-M as a soil treatment provided effective
control of the stem cankers in 2-year-old peach trees.
They deduced also that Metalaxyl-M was effective
against P. cactorum and P. citrophthora infecting
the peach plant. In addition, Thomidis and Elena,
(2001) reported that application of Metalaxyl-M
through staining the trunk or treating the soil; was
effective in controlling root rot in peach plants
induced by P. cactorum. Furthermore, Mazzola et
al., (2002) found that Pythium species associated
with apple trees were sensitive to Metalaxyl-M.
Several previous studies carried out on apple trees
demonstrated that Metalaxyl-M was effective in
causing in vitro and in vivo control of P. cactorum
associated with the apple trees (Ellis et al., 1982;
Boughalleb et al., 2006a).

A recent study carried out by Kongtragoul et al.,
(2021) in Thailand tested several isolates of P.
palmivora for in vitro mycelium-growth sensitivity
to Metalaxyl-M, and revealed that some isolates of
this pathogen were resistant to Metalaxyl-M with 50
% effective concentration.

Conclusion

The present study demonstrated the efficacies of
the Fosetyl-Al and Metalaxyl-M fungicides on
reducing disease severity of the peach seedlings
decline induced by Pythium ultimum. However, all
the tested chemical products were inefficient in vivo
against P. citrophthora. Thus, in the future; it is
necessary to test the potentials of these fungicides to
control diseases incited by Pythiaceae and Fusarium
spp., because the peach seedlings decline disease is
associated with complex of pathogens.

Acknowledgements
The authors are grateful to the society of plants

production ‘“Mabrouka”; Tunisia, for providing the
peach seedlings used during this study.

Novel Research in Microbiology Journal, 2021

Conflict of interests

The authors declare that there is no conflict of
interests related to this article.

Funding

This study was funded by Plant projects,
‘Institution de la Recherche et de I’Enseignement
Supérieur  Agricoles (IRESA)’; Ministry of
Agriculture, and also by the Research Laboratory
L21AGRO5, University of Sousse, Tunisia.

Ethical approval
Non-applicable.

5. References

Ahmad, Z.; Saifullah, S.; Raziqg, F.; Khan, H. and
Idrees, M. (2012). Chemical and biological control of
Fusarium root rot of okra. Pakistan Journal of Botany.
44(1): 453-457.

Al-Balushi, Z.M.; Agrama, H.; Al-Mahmooli, 1.H.;
Maharachchikumbura, S.S.N. and Al-Sadi, A.M.
(2018). Development of Resistance to Hymexazol
Among Pythium Species in Cucumber Greenhouses in
Oman. Plant Disease. 101: 202-208.
https://doi.org/10.1094/PDIS-11-16-1680-RE

Al-Sadi, A.M.; Al-Masoodi, R.S.; Al-Ismaili, M.
and Al-Mahmooli, 1.H. (2015). Population Structure
and Development of Resistance to Hymexazol Among
Fusarium solani Populations from Date Palm, Citrus
and Cucumber. Journal of Phytopathology. 163: 947-
955. https://doi.org/10.1111/jph.12397

Ali-Shtayeh, M.; Salah A.M.A. and Jamous R.M.
(2003). Ecology of hymexazol-insensitive Pythium
species in field soils. Mycopathologia. 156: 333-342.

Ayed, F.; Daami-Remadi, M.; Jabnoun-
Khiareddine, H.; Hibar, K. and EI Mahjoub, M.

1442


https://apsjournals.apsnet.org/doi/10.1094/PDIS-11-16-1680-RE
https://apsjournals.apsnet.org/doi/10.1094/PDIS-11-16-1680-RE
https://apsjournals.apsnet.org/doi/10.1094/PDIS-11-16-1680-RE
https://apsjournals.apsnet.org/doi/10.1094/PDIS-11-16-1680-RE
https://apsjournals.apsnet.org/doi/10.1094/PDIS-11-16-1680-RE
https://apsjournals.apsnet.org/doi/10.1094/PDIS-11-16-1680-RE
https://doi.org/10.1094/PDIS-11-16-1680-RE
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Al-Sadi%2C+Abdullah+M
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Al-Masoodi%2C+Ruqaya+S
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Al-Ismaili%2C+Majid
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Al-Mahmooli%2C+Issa+H
https://doi.org/10.1111/jph.12397

Mannai and Boughalleb-M’Hamdi, 2021

(2006). Evaluation of fungicides for control
of Fusarium wilt of potato. Plant Pathology Journal. 5:
239-243. https://doi.org/10.3923/ppj.2006.239.243

Bent, E.; Loffredo, A.; Yang, J.I.; McKenry, M.V_;
Becker, J.O. and Borneman, J. (2009).
Investigations into peach seedling stunting caused by a
replant soil. FEMS Microbiology Ecology. 68: 192-
200. https://doi.org/10.1111/j.1574-6941.2009.00668.x

Bhaliya, C. and Jadeja, K. (2014). Efficacy of
different fungicides against Fusarium solani causing
coriander root rot. The Bioscan. 9: 1225-1227.

Boughalleb, N.; Moulahi, A. and EI-Mahjoub, M.
(2006a). Effect of four fungicides on development and
control of Phytophthora on apple trees in vitro and in
vivo. International Journal of Agricultural Research.
1(6): 582-5809.
https://doi.org/10.3923/ijar.2006.582.589

Boughalleb, N.; Moulahi, A. and ElI Mahjoub, M.
(2006b). Variability in Pathogenicity among Tunisian
Isolates of Phytophthora cactorumas Measured by
Their Ability to Cause Crown Rot on Four Apple
Cultivars and MM106 Roostock. Journal of
Agronomy. 5: 321-325.
https://doi.org/10.3923/ja.2006.321.325

Brantner, J.R. and Windels, C.E. (1998). Variability
in sensitivity to metalaxyl in vitro, pathogenicity and
control of Pythium spp. on sugar beet. Plant Disease.
82: 896-899.
https://doi.org/10.1094/PDIS.1998.82.8.896

Daami-Remadi, M. (2001). Chemical control of
watery rot in potato tubers. Annals of INRAT. 74:
151-165.

Ellis, M.A.; Grove, G.G. and Ferree, D.C. (1982).
Effects of metalaxyl on Phytophthora cactorum and
collar rot of apple. Phytopathology. 72: 1431-1434.
https://doi.org/10.1094/Phyto-72-1431

Erwin, D.C. and Ribeiro, O.K. (1996). Phytophthora
Diseases Worldwide. American Phytopathological
Society Press, St. Paul, MN.

Novel Research in Microbiology Journal, 2021

Gaur, V.P. and Chakrabarti, D.K. (2009). Incidence
of malformation in mango (Mangifera indica)
nurseries in eastern Uttar Pradesh. Indian Journal of
Agricultural Sciences. 79(2): 160-162.

Golakiya, B.B.; Bhimani, M.D. and Akbari, L.F.
(2018). Efficacy of different fungicides for the
management of chickpea wilt (Fusarium oxysporum f.
sp. ciceri). International Journal of Chemical Studies.
6(2): 199-205.

Gonzalez, M.; Romero, M.A.; Serrano, M.S. and
Sanchez, M.E. (2020). Fosetyl-aluminium injection
controls root rot disease affecting Quercus suber in
southern Spain. European Journal of Plant Pathology.
156: 101-109. https://doi.org/10.1007/s10658-019-
01865-1

Gonzalez, M.; Caetano, P. and Séanchez, M.E.
(2017). Testing systemic fungicides for control of
Phytophthora oak root disease. Forest Pathology. 47:
12343. https://doi.org/10.1111/efp.12343

Hibar, K.; Daami-Remadi, M. and EI Mahjoub, M.
(2007). Effects of certain synthetic and biological
fungicides on the mycelial growth and aggressiveness
of Fusarium oxysporum f. sp. radicis-lycopersici.
Tropicultura. 25(3): 146-152.

Igbal, Z.; Pervez, M.A.; Ahmad, S.; Iftikhar, Y.
Yasin, M.; Nawaz, A.; Ghazanfar, M.U.; Dasti,
AA. and Saleem, A. (2010). Determination of
minimum inhibitory concentrations of fungicides
against fungus Fusarium mangiferae. Pakistan Journal
of Botany. 42(5): 3525-3532.

lvic, D.; Sever, Z. and Kuzmanovska, B. (2011). In
vitro  sensitivity of Fusariumgraminearum, F.
avenaceum and F. verticillioides to carbendazim,
tebuconazole, flutriafol, metconazole and prochloraz.
Pesticidi | Fitomedicina. 26: 35-42. https://doi.org/
10.2298/PIF1101035I

Jabiri, S.; Bahra, C.; MacLean, D.; Radouane, N.;
Barka, E.A.; Bendriss Amraoui, M. and Lahlali, R.
(2021). Phytopythium vexans Associated with Apple

1443


https://doi.org/10.3923/ppj.2006.239.243
https://doi.org/10.1111/j.1574-6941.2009.00668.x
https://doi.org/10.3923/ijar.2006.582.589
https://doi.org/10.3923/ja.2006.321.325
https://doi.org/10.1094/PDIS.1998.82.8.896
https://doi.org/10.1094/Phyto-72-1431
https://doi.org/10.1007/s10658-019-01865-1
https://doi.org/10.1007/s10658-019-01865-1
https://doi.org/10.1111/efp.12343
http://www.pakbs.org/
http://www.pakbs.org/
https://doi.org/10.2298/pif1101035i
https://doi.org/10.2298/pif1101035i

Mannai and Boughalleb-M’Hamdi, 2021

and Pear Decline in the Saiss Plain of Morocco.
Microorganisms. 9: 1916.
https://doi.org/10.3390/microorganisms9091916

Jeffers, S.N. and Martin, S.B. (1986). Comparison of
two media selective for Phytophthora and Pythium
species. Plant Disease. 70:1038-1043.
https://doi.org/10.1094/PD-70-1038

Johnson, D.A.; Cummings, T.F.; Hamm, P.B;
Rowe, R.C.; Miller, J.S.; Thornton, R.E. and
Sorensen, E.J. (1997). Potato late blight in the
Columbia Basin: An economic analysis of the 1995

Epidemic. Plant Disease. 81: 103-106.
https://doi.org/10.1094/PDIS.1997.81.1.103
Khadka, R.B.; Chaulagain, B.; Subedi, S.;

Marasini, M.; Rawal, R.; Pathak, N.; Gautam, I.P.;
Chapagain, T.R.; Khatri, B.B. and Sharma-
Poudyal, D. (2020). Evaluation of fungicides to
control potato late blight (Phytophthora infestans) in
the plains of Nepal. Journal of Phytopathology. 168:
245-253. https://doi.org/10.1111/jph.12886

Khalequzzaman, K.; Uddin, M.; Hossain, M. and
Hasan, M. (2016). Effect of fungicides in controlling
wilt disease of Cumin. Malaysian Journal of Medical
and Biological Research. 3: 69-74.

Kongtragoul, P.; Ishikawa, K. and Ishii, H. (2021).
Metalaxyl Resistance of Phytophthora palmivora
Causing Durian Diseases in Thailand. Horticulturae 7:
375. https://doi.org/10.3390/horticulturae7100375

Kumar, V.; Chaudhary, V.P.; Kumar, D.; Kumar,
A.; Sagar, S. and Chaudhary, S. (2017). Efficacy of
botanicals and fungicides against Rhizoctonia solani
inciting sheath blight disease on rice (Oryza sativa L.).
Journal of Applied and Natural Science. 9(4): 1916-
1920.http://dx.doi.org/10.31018/jans.v9i4.1463

Manasa, B.G.; Somashekara, Y.M.; Shankara, K.
and Swamy, C. (2017). Efficacy of fungicides in
control of Fusarium oxysporum f. sp. dianthi, the
cause of wilt in carnation. International Journal of
Current Microbiology and Applied Sciences. 6 (10):

Novel Research in Microbiology Journal, 2021

2559-2565.
https://doi.org/10.20546/ijcmas.2017.610.300

Mannai, S. (2019). Apple and peach seedlings dieback
in nurseries: Diagnosis, morphological and molecular
characterization of causative agents and management
methods. High Institute of Agronomy of Chott
Mariem, Tunisia. Doctoral Thesis; Agronomic
Sciences. pp. 226.

Mannai, S.; Benfradj, N.; Horrigue-Raouani, N.
and Boughalleb-M’Hamdi, N. (2018a). Prevalence of
Fusarium Species Associated with Peach Decline in
Tunisian Nurseries. Microbiology Research Journal
International. 23(4): 1-16.
https://doi.org/10.9734/MRJI/2018/40746

Mannai, S.; Horrigue-Raouani, N. and Boughalleb-
M’Hamdi, N. (2018b). Effect of Six Fungicides
against Fusarium oxysporum and F. solani Associated
with Peach Seedlings Decline in Tunisian Nurseries.
Annual Research & Review in Biology. 26(4): 1-11.
https://doi.org/10.9734/ARRB/2018/41295

Mazzola, M.; Andrews, P.K.; Reganold, J.P. and
Lévesque, C.A. (2002). Frequency, virulence, and
metalaxyl sensitivity of Pythium spp. isolated from
apple roots under conventional and organic production
systems. Plant Disease. 86: 669-675.
https://doi.org/10.1094/PDIS.2002.86.6.669

Mbasa, W.V.; Nene, W.A.; Kapinga, F.A.; Lilai,
S.A. and Tibuhwa, D.D. (2021). Characterization and
chemical management of Cashew Fusarium Wilt
Disease caused by Fusarium oxysporum in Tanzania.
Crop Protection. 139: 105379.
https://doi.org/10.1016/j.cropro.2020.105379

Molin, C.; Ribeiro, N.R.; Matusomoto, M.N.;
Bordignon, K.B.; Balbinotti, M.; Barbieri, M.;
Deuner, C.C. and Huzar-Novakowiski, J. (2021).
Increasing the dose of fungicide in the seed treatment
of soybean can reduce root rot caused by two species
of Globisporangium. Crop Protection. 152: 105845.
https://doi.org/10.1016/j.cropro.2021.105845

1444


https://doi.org/10.3390/microorganisms9091916
https://doi.org/10.1094/PD-70-1038
https://doi.org/10.1094/PDIS.1997.81.1.103
https://doi.org/10.1111/jph.12886
https://doi.org/10.3390/horticulturae7100375
http://dx.doi.org/10.31018/jans.v9i4.1463
https://doi.org/10.20546/ijcmas.2017.610.300
https://doi.org/10.9734/MRJI/2018/40746
https://doi.org/10.9734/ARRB/2018/41295
https://doi.org/10.1094/PDIS.2002.86.6.669
https://doi.org/10.1016/j.cropro.2020.105379
https://doi.org/10.1016/j.cropro.2021.105845

Mannai and Boughalleb-M’Hamdi, 2021

Moller, E.M.; Bahnweg, G.; Sandermann, H. and
Geiger, H.H. (1992). A simple and efficient protocol
for isolation of high molecular weight DNA from
filamentous fungi, fruit bodies, and infected plant
tissues. Nucleic Acids Research. 22: 6115-6116.
https://doi.org/10.1093/nar/20.22.6115

Mounde, L.G.; Ateka, E.M.; Kihurani, AW. and
Wasilwa, L. (2012). Morphological characterization
and identification of Phytophthora Sspecies causing
Citrus gunnosis in Kenya. African Journal of Food,
Agriculture, Nutrition and Development.12(7).

Plaats-Niterink, A.J.V.D. (1981). Monograph of the
genus Pythium. Studies in Mycology. 21: 1-242.

Rajput, A.Q.; Arain, M.H.; Pathan, M.A.; Jiskani,
M.M. and Lodhi, A.M. (2006). Efficacy of different
fungicides against Fusarium wilt of cotton caused by
Fusarium oxysporum f. sp. vasinfectum. Pakistan
Journal of Botany. 38: 875-880.

Ristaino, J.B.; Madritch, M.; Trout, C.L. and
Parra, G. (1998). PCR amplification of ribosomal
DNA for species identification in the plant pathogen
genus Phytophthora. Applied and Environmental
Microbiology. 64: 948-954.

Sameer, W.M. (2019). Compatibility of biological
control agents with fungicides against root rot diseases
of wheat. Al-Azhar Journal of Agricultural
Research.44 (2): 147-156.
https://doi.org/10.21608/ajar.2019.102808

Santini, A.; Biancalani, F.; Biancalani, F.; Barzanti,
G.P. and Capretti, P. (2006). Pathogenicity of four
Phytophthora species on wild cherry and Italian alder
seedlings. Journal of Phytopathology.154: 163-167.
https://doi.org/10.1111/j.1439-0434.2006.01077.x

Silva, P.V.; Vélez, M.L.; Hernandez, D.; Nufiez, C.
and Greslebin, A. (2016). Action of fosetyl-al and
metalaxyl against Phytophthora austrocedri. Forest
Pathology. 46: 54-66.
https://doi.org/10.1111/efp.12216

Novel Research in Microbiology Journal, 2021

Souli, M.; Boughalleb, N.; Abad-Campos, P.;
Alvarez, L.A.; Pérez-Sierra, A.; Armengol, J.;
Garcia-Jiménez, J. and Romdhani, M.S. (2011a).
Diversity of the Pythium community infecting crown
and roots apple in Tunisia. Research in Plant Biology.
1(4): 16-22.

Souli, M.; Boughalleb, N.; Abad-Campos, P.;
Alvarez, L.A.; Pérez-Sierra, A.; Armengol, J. and
Garcia-Jiménez, J. (2011b). First Report of Pythium
indigoferae and P. irregulare Associated to Apple
Trees Decline in Tunisia. Journal of Phytopathology.
159: 352-357. https://doi.org/10.1111/j.1439-
0434.2010.01772.x

Tawil, M.; Barhoum, B. and Muhrez K. (2020).
Effect of some fungicides on Verticillium dahlia kleb.
The causal agent of olive tree wilt disease (in vitro).
Tishreen University Journal for Research and
Scientific Studies. 24 (2): 4242.

Tewoldemedhin, Y.T.; Mazzola, M.; Spies, C.F.J.
and McLeod, A. (2011). Characterization of fungi
(Fusarium and Rhizoctonia) and oomycetes
(Phytophthora and Pythium) associated with apple
orchards in South Africa. European Journal of Plant
Pathology.130: 215-229.
https://doi.org/10.1007/s10658-011-9747-9

Thomidis, T. and Elena, K. (2001). Effects of
metalaxyl, fosetyl-Al, dimethomorph and cymoxanil
on Phytophthora cactorum of peach tree. Journal of
Phytopathology. 149: 97-101.
https://doi.org/10.1046/j.1439-0434.2001.00584.x

Thomidis, T. and Tsipouridis, K. (2001).
Effectiveness of metalaxyl, fosetyl-Al, dimethomorph,
and cymoxanil against Phytophthora cactorum and P.
citrophthora of peach tree. Phytopathologia
Mediterranea. 40: 253-259.
https://www.jstor.org/stable/44981207

Utkhede, R.S. and Smith, E.M. (2000). Impact of
chemical, biological and cultural treatments on the
growth and yield of apple in replant-disease soil.
Australasian Plant Pathology. 29: 129-136.

1445


https://doi.org/10.1093/nar/20.22.6115
https://doi.org/10.21608/ajar.2019.102808
https://doi.org/10.1111/j.1439-0434.2006.01077.x
https://doi.org/10.1111/efp.12216
https://doi.org/10.1111/j.1439-0434.2010.01772.x
https://doi.org/10.1111/j.1439-0434.2010.01772.x
https://doi.org/10.1007/s10658-011-9747-9
https://doi.org/10.1046/j.1439-0434.2001.00584.x
https://www.jstor.org/stable/44981207

Mannai and Boughalleb-M’Hamdi, 2021

Utkhede, R.S. and Smith, E.M. (1991). Phytophthora
and Pythium species associated with root rot of young
apple trees and their control. Soil Biology and
Biochemistry. 23: 1059-1063.
https://doi.org/10.1016/0038-0717(91)90044-K

Vaartaja, O. (1964). Chemical treatment of seedbeds
to control nursery diseases. The Botanical Review.
30(1): 20-22.

Weiland, J.E.; Santamaria, L. and Grinwald, N.J.
(2014). Sensitivity of Pythium irregulare, P.
sylvaticum, and P. ultimum from forest nurseries to
mefenoxam and fosetyl-Al, and control of Pythium
damping-off.  Plant  Disease.  98:  937-942.
https://doi.org/10.1094/PDI1S-09-13-0998-RE

Yuan, B.; Zhan, J. and Chen, C. (2018). Evolution
of a Development Model for Fruit Industry against
Background of an Aging Population: Intensive or
Extensive Adjustment?. Sustainability. 10(1): 49.
https://doi.org/10.3390/su10010049

Yu, Y.; Chu, X.; Pang, G.; Xiang, Y. and Fang, H.
(2009). Effects of repeated applications of fungicide
carbendazim on its persistence and microbial
community in soil. Journal of Environmental Sciences.
21(2): 179-185. https://doi.org/10.1016/S1001-
0742(08)62248-2

1446
Novel Research in Microbiology Journal, 2021


https://doi.org/10.1016/0038-0717(91)90044-K
https://doi.org/10.1094/PDIS-09-13-0998-RE
https://doi.org/10.3390/su10010049
https://doi.org/10.1016/S1001-0742(08)62248-2
https://doi.org/10.1016/S1001-0742(08)62248-2

