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mefenoxam _concentrations.  The  same.
companents determiraion was obiained for
CA method. However, in this method, PCAL
explained 72.747% of sies variance, and
'PCA captured 10.666%. Both using MA and
CA methods, growth factors and pathogens
inhibition raio were grouped in the positive
end of PCAI However, changes were
recorded in PCAL. In fact,for MA method
Phytophthora_species, P. ulimum and P.
vexans were located in the positive end of
PCA2. However, P. aphanidermatum, P.
dissotocum and P, mercuriale were located on
the negalive end of PCA2. I the other hand,
by CA method, all Phyiophthora and
Phytopythium species, in addition with two
Pythium species (P. ulimum, P. dissotocum)
were located on the positive end of PCAL
Grouped on the opposite PCAI end was just

the pathogen P. aphanidermatum (Figure 4).
I comparing the maiix cubensis expression
profiles of MA and CA methods, a diffrence
in Pearson’s comelation indes. (1) among
inhibition rato of Oomyeels species and
arowth factors was noted. In MA method,
using medium the majorty of Pearson’s
correlation index values were between 0273
and 0091, while values this conclaton was
higher i case of CA method. ranged betieen
0091 and 0,091, However, using mefenoxam
difference between the degree of correlation
‘was notd just in case of P. icoranae where

‘was high in case of CA method (0815-1)
han incase of MA method (0273-0.455). In
addition, acconiing 1o evaluation dacs,
difference was oted in case of P vesans wih
higher comeltion using CA method (0.091-
0.273) than using MA method (0.091.0.051)

Fieue 4 Diffcce among Princpal componets ssysis () ssteio beswee e gows s i
iekion o of Ocmycesspeces i MA s CA b (I . icosnse, 2 P crploges. 7. 7
i 74 P aphonderman P dsctocim o sl TP o, Bck ot s v

A scatter plot matrix was generated by
performing the corelaion’ matrix analysis
based on linear rgression depicts the nfluence.

of growih factors on Oomyceles growth in
each method of evaluation. Values with

sttistical significance at the level P > 0.05
5
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interval of variation (0.01 ug/ml — 100 g/ml)
was noted with Pyhium ulimum using both
medum and in case of Pyehium
aphanidermatum using PDA  medium,
However, with Pythium _dissotocum, the
interval of variaton betwean MA/CA methods
was between 001 pg/ml and 10 pg/ml.
Inhibition ratio of 7. ulimum was from 0.123
101 using MA method compared to an nterval
from 0.083 to 0.857 by CA method. Inhibition
ratioof . aphanidermanum was from 0213 to
1 using MA method compared o an inferval
from 0.10010 0.812 by CA method. However,
inbibifion atio of . dissotocum was from 0.
179100.980 using MA method compared o an
interval from 0.050 to 0.910 by CA method

(Figure 2). A high significant difference was
noted in’ ration betwen PDA and CMA
medium, using Pythium_aphanidermatum
(ANOVA, Ratio wuy (Fy= 11,903/ or Ratio e
(P 11478, p<0.001). However, no
differences among  medium used  were
recorded ncither for Pythium ultimum nor
Pythium dissotocum. Furthermore, ‘Medium-
Concentrtions-Day’ _effect  was  highly
significant between Ratio . and Ratio ci,
having p-values of p<00001 in case of P,
ultimun (for Ratio s, F=7235 for Ratio co.

9.470), P.aphanidermatum (for Ratio s,
11715/ for Ratio ca F= 6.121) and P.
dissotocum (for Ratio s, F= 10463/ for Ratio
exF=5267).

Fiure 2 Compron bt clssted s (CA) snd s s (MA) o ki aphoidemarun, . i

313 Case of Phytopythium specles

For Phyiopyiium species, the interval of the
variation between MA and CA methods was.

also variable according to the specics and
depending on used medium. For Phytopythium
mercuriale this interval was from 0,01 pgm
10 100 pg/ml using PDA medium and from

o
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or diameter i tha the third colony density
dimension s not faken into consideration

(Taniwaki et al, 2006 In additon,
interactions  between  fungi  and  their
environment are often _neglected (De.

Ulzurmuna et al, 2017). A difference was also
noted between MA/CA. methods corelation
matrces. Overall, using both methods a
negative correltion was mentioned befuween
pathogens and medium used. However, a
posiive comlation was noted _ betuween
pathogens and mefenoxam and evaluation
dates. Resul classified the degres correlaton
of facors as high in CA method compared to
'MA one. This could be explining by the low
rowth rate obiained in case this method
‘compared to MA one. According to Miyashira
etal. (2010) and Loeck et . (2004) the low
‘growth rate has been considered as 2 limiting
factor  regarding  several  experimental
analyses.

5. Conclusion

‘The present work compares two methods of
evaluation of Oomycetes species mycelium
growth. Resuls of this study showed that
‘method of measured area was mre effcient
then calculted area method to distinguish
differences in fungicide growth inhibition for
‘Oomcetes specis.In fact, measured arca was.
‘more effciency to distinguish sublle changes.
in Oomycetes growth inkibition at low
concentrations of mefenoxam.
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used for cach experiment. Peri dishes were
sealed with parafilm and incubated at 25+1°C
in the dark, for 6 days.

2.4 Methods of growth measurement

Every 2, 4 and 6 days of incubation, solates
‘growth was measured by calculated the colony
diameters area (CA) and measured the surface
area (MA) on PDA/CMA medium with o
without fungicide concentration. Diameter
area of cach isolate was caleulated from the
reverse side of petri dish (90mm) in
millimeters using a ruler. Mean diameter
growth for each isolate was measured by
averaging colony diameler mezsurements and
‘sublacting the plug diameter. For MA iolates
images colony were scanned using CanoScan
8400 F (Canon, Melvile, NY) and the whole
area of the colony was measured using the
Software Sttgraphics Phus 5.

25 Data analysls

For all experiments, three replications. per
isolate-fungicide conceniration’ combination
were camed, and each experiment was
repeated twice in the time. Methods of
‘measurement of Hendricks er . 2017) were
used to defermine if there s  difference in
amlyzed results between CA and MA
‘measurements and whether these differences.
changed the final conclusion made at the
treatment level. Thus,the average diameter of
each colony was converted to area of a circle
using the ollowing formula

‘With: Dy: Diameter converted toarea of circl;
D: average diameter of cach colony.

‘Then, theratio of mycela growth nhibiton of
each isolate by the fungiide were calculaed

according tothe formul:

e oA~ Averge Teesmen e

For the comparison between the two methods
of evaluation, obtained data were subjected to
variance analysis (ANOVA) and multiple
comparisons of means was caried using
Student-Newman-Keuls test (P<0.05) asapost
hoc test (XLSTAT 20I8.1. Software). In
addiion, Principal component analyss (PCA)
at P<005, with a Pearson_comelation
coeffcient at n=1 were used to identiy the
variation in_Oomycetes spesics. inhibition
rato, i each evaluation method, actoss the
‘rowth fuctors (STATISTICA 13.50.17).

3. Results

31 Evaluation of two methods of in-viro
‘growth of Oomycetes species

Results of this sudy proved the growth
suppressive effect of mefenoxam  on
Oomycetes specics and the existence of
difference between two methads of growth
evaluaton of these species. Both, using PDA
‘and CMA medium, The supprassive effect of
mefenoxam  increase  according o the
evaluaton dates, nall Oomycetes species, No
difference between MA/CA methods was
noted at higher mefenoxam concentrations,
because of the complete inhibition  of
Oomycetes myceliom growth. (Ratio= 1)
However, MA method was mre ffcient than
CA method to delermine sublle changes in
Oomycetes mycelia_growth at variables
intervals of lower mefenoxam conceniratons.
Intervls of variation between  MA/CA
methods were influenced by Oomycetes
species growth factors (medium, _dates,
‘concentrations).
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1. Introduction

‘Oomycetes are a group of microorganisms that
shares. microscopic_hyphal morphology of
fungi and conains hrge mumber of
Phytopathogens which cause discase in wide
crop. Differences between Oomycetes and true
fungi is that Oomyeetes call walls are
‘composed of 1,3 and 1.6 glucans, whereas
true fungi cel walls are composed of chitin
(Williams-Woodward and De Mott, 2013).
Fuungi and Oomycetes mycelium grows out,on
a surface of a natural subsirtum, by an
expansion of spore or hypha resuls in @
collecton ofa fungalcolony. Aferan isoiropic
growth phase, hypha _inifites  random
branching, forming fractal tree-ike colonies
(Fricker et . 2007). As for fungi, Oomycetes
Specics growih i not casy to quaniify because
these organisms do not grow assingle cels but
as hyphal filamens that cannot be quanlified
by the usual enumeration technigues Taniwaki
et al, 2006). Colonies shapes and surfoce
textures provide useful information o
determine species or fo monitor growth stale
(Matsuura, 1999). Chemical control isthe most
used strategy to prevent Oomycetes diseases.
Mefenoxam, is the active ingredient of a
partially systemic fungicide largly used in the
‘management of discases caused by various
‘Oomycetes (Olson et al, 2013). Mefenoxam
inbibitribosomal RNA synthesis of Oomycetes
and thus suppressing the mycelial growth and
the sporulation of the pathogen. n vitro
evaluaton of fungicide effect is the standard
bioassay used to determine chemisiris that
influence growth of fungi and Oomycetes
pathogens; i ths assay, ungicide is amended
1nto agar medium, and th response i recorded
after a specifed time interval (Noel et al,
2018). The fungalcolony diameer s governed
by the assumption that colony diametr is @
‘g0od indicator of colony growth (Hendricks et
al.,2017) Thus, measurement of radial growth
is the most frequently method used as
parameters o evaluate Oomyceles growth in
this assay. Matsuura (1999) revealed that
colonis shapes and surface textures provide

useful informaion o detemine the speciesor
o monitor the growth  stae: colonies
pattming looks to-be highly senstve to
environmental factos. however, here might
be underying basic rules of patiem seecton
common for any species. However,
Oomycetes speciesgrowth study e the
helerogeneity of growth enironments. In act
‘morphologicl colonies of Oomycetes species
could have diferent aspects such 25 uniform,
stelate, radite, petalodosete and another
forma according to medium and_growth
conditions. Furhermore, because of emtic
devclopmental changes inthe contntsof such
constitiens such assays are gencrally not
recommendbl for assessing fngal growth
inhiiton (Brockaer r . 1090). Inadion,
due to the increasing avalabily of image-
capturing echniquesFalcone et 2010).an
intresing altemative i th capturing images
use because i's casy and does not roquire
expensive cquipment (De Ulumun o
2015)_Th am of his sty was based an the
fact that Oomycetes species have different
colonics aspects, and {hat. measurement of
dameter colonies could not be the most
suiable method o evaate their growth sae
Thus, the objctives of hs investgaton vere
o' compare between calulated area. (CA)
obiained by perpendicular diameter and
measured arca (MA) recovered from image-
capturing techniques to deect difernce i
colonis growh ofsame omyeeles species.

culture  conditions  and

21 Isolates,
Inoculum preparation

Seven Oomycetes species oltes were
investigated in this study. Two of these
isolates belong o the genus Phyophtiora (.
nictianae,P.cryptosea) three beong 1o the
s Pikiam (P ulimum, .
aphanidermanum, P. dissorocun) and two
were identifed 35 Phvopyihiam pp. (P

2
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001 pgml t0 100pgml using CMA medium,
However, for Phytopythium vexans, the
interval was from 0.0lug/ml to 10yg/mi using
PDA medium and from 001 yg/ml to 316
pgml using CMA medium (Figure 3). A

Signfican ifirenceofiiton o noted
between DA and CMA medium, using
Phtopytium mercurale (ANOVA, Ratio s
(Fy= 22.695/ for Ratio ca (F) 94146,
P05,

Fiure 3 omparion e clled s (CA) s s (MA) o otk il sad . e

Phytopythium vexans revesled a significant
difference between the two-medium used just
in case of CA method (ANOVA, Ratious (Fy=
5362 for Ratio cy (Fy= 7941, p<0.02)
Inhibiton atio of P.vexans was from 0. 146 to
1 using MA method compared to an inerval
from 0.010 o 0.100 by CA method, while
inbibition ratio of P. mercuriale was from 0.
213100.992 using MA method compared o an
interval from 0.106 to 0.887 by CA method.
Also,the effect 'Medium-Concentrations-Day
was highly significant between Ratio s and
Ratio cs, having p-values of p<0.0001 in case
Of Phytopythium mercuriale (for Ratio s,
6251/ for Ratio cn F- 6803) and

Phytopythium vexans (for Ratio s, F= 8773/
for Ratio caF=22.426).

32 Correlation between growth factors and
Inhibition ratio of Qomycetes species.

Regardiessofth clarste separation detected
by the Principal Component Analysis in both
evaluation methods, a markedly differences
were noted. In MA  method, the fir
component (PCAI) explained 72540 of the
sites variances and was mainly determined by
‘medium used. The second companent (PCA2)
captured 10.575 ofvaiance o sie distribution
and was determined by the dates and the
7
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‘were noted moreincase of MA method then in
case of CA method.In fact, with AM method,
P_nicorianae (0.107) and P. aphanidermatum
(0.087) were found o be correlted to medium,
while P mercuriale (0.109) shown to be
positively correlate with dates. However, by
‘CA method, justa ane positive corelation was.
found between dates and P aphanidermatum
(0.100). In addition, Pearson’s correlation
index (1) has values with statstical
signifcatve at the level P >0.01 for both
methods. In MA method, it is evident that
‘medium showed a good positive linear elation
(5= 087) with P. aphanidermarum, a negative
lincar relation with P. nicotianae (.107), P.
enpiogea (.156), P. ulimum (0.133), P.
veans (0.157). However, the corelation
values biained for P. dissotocum (-0.015) and
P mercuriale (-0.076) were insignifican. In
the other hand, using CA method just a
negative linear corelation was made between
‘medium and . crypiogea (0.238) and P.
wltimum (0.164), while insignificant values
were noted with other species. In additon,
‘mefenoxam exhibited anotable positive linear
corelaton with all Oomycetes species using.
both  methods. _ Intercstingly,  cxcept 7.
nicotianae (=0.743), all Oomycetes species
shown a positive linear correlation (P0.818).
Further, as shown, evaluation dats, exhibited
2 moderately linear positive corrlation with
all Oomycetesspecies (r>0.01) in case of MA
‘method. However, a in case of CA method, a
‘moderately lincar positive corrlation with all
Oomycetes species (0.01) were noted from
P nicotianae, P. cryptogea, P. ultimum, P.
dissotocum, P mercuriale; while a low linear
positive correlaton was noted with P. vexans
(0.047)

4. Discusslon

‘The present work compares two methods of
evaluation of Oomycetes species mycelium

growth. Resuls of this study showed t
method of messured aes was more effiint
then caleulstd area method to disingush
differencs in fungiide growth nibiion for
Oomyeetes species. I fat, messured e was
moreeffiieney o disingish suble changes
in Oomycetes growth. inkiiion st low
concenttions of mefenoxam,. Our resls
agre with Hendricks e . (2017)results who
reveald that calelsted rea andior measured
ara was adequse to disinguish sigificant
reatment cffcts of fungicde on funal
growth, however MA ws more senste. In
et in stdy of these authors noted that
ansysis of area calculted from colony
diameter and messurd ares were adequste 0
distingsh sgnificant ifrencs inungicide
srowth nibiton for iy lostict ciicara
lower fungicde concenratons. Difference
between the methods of evalustion found in
this stdy. could be due to that Oomycees
yphae ar not grow compleely st and
produce extent. In fct, funal growih and
distion occurs s the combined result of
various biologcal procsses. such 35 the
ubiquty and ecological mpact (Riuelme <t
L. 1999), environmenal simul (G,
1995). Much reserch vas done on the abilty
of hyphae to change growh dircton
(opisms) in response to- extal simul
(Rigueme t L., 1998). Measurement of the
growth nteautient leel relstion for the
fungalsrain i expected usful o understand
the diversty i the colony patening underhe
change ofohercnironmental ctors, such s
the stiffiiess of the substrate (Matsuura, 1999).
Acconding o Rigueme et al. (1998). hyphse
clongate by spcal growh, polaized and
growing i s the kely plsce where the
srowth dirstionaliy ofa hypha s cablished
in fact the fungabily to generate polarized
el with  variy of shapes reflcts o
{emporal and spatislcontrl over the polrty
axesformation (Riqueme et L. 2011 Angle
s
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at which a new hypha branches reltive o the
existing one depends on the species (Kamel et
al, 2009). Also, by growing and exploing. .
hypha can encounr another hypha and fse
wilh it (anastomoss), as such changing the
fungal network shape and increasing. the
nutrientcyceefcincy (Simoninetal, 2012).
Hyphalapex shape and damete are resuls of
the relative ratesof wall component synhesis
and sigidification (Graham, 1995). Oomycete
col wall is composd of f-13. and L6
ghucans, and not of chitin (Willam e al.
2010). Growing hyplae of fungi e
apprecible actvities of chitinases and other
Iytic emymes (Graham,  1995). The
spitzenkorper  posiion in the _hyphal tip
determines thegrowh diretion (De Ulzuruna
etal, 2017; Lopez- Francoand Bracker, 1996;
Girbardt, 1957). CA method limitations could
be explained by the fac hat chiti content of
hyphac may change with age and growing
conditons (Matcham et al, 1955). Gooday
(1976) noted that difernce in Comyetes
colonis behavior may be explined by the fuct
{hat their hyphae respond chemotropicaly to
nutients such s sugars. In our study, the
composition and the nutrient in the two media
used are different. In fct. for Oomycetes
specis, CMA media have more nutrimet han
PDA media. According to Matsuura (1999).
hyphae were produced densely inside the
colony and oppositly a high nutrient level,
‘while atlow nutrient leels colonies expand to
cover almost entire medium surfce with far
less hyphal densty. Measurement of fungal
srins growih rate-miient level rlaion is
expected useful o understand the diversiy in
the colony patering underthe change of other
environmental fator, such 1 th sifnes of
the subsirte (Olson, 2001). According to
Trin (1969), when comparisons are mode
between speces colony radia growth rae is
nota mesningful parameter of rowth In act,
in his study, Trini (1969) found that if the

environmental _conditions  within _ ths
peripheralgrowth zone became unfavorable o
growth, the colony radial growth rate would
dectease; thus, this author affrm that colony
radial growth ate s ot  elsble parameter of
specific growth rate in submerged cultre in
studies where nufrient concentration i varied.
Resulls of our study showed differences
between colony morphology of Oomycetes
used. Also, Taniwaki et al. (2006) and
Schnirer (1993) noted differences in growth
pattems between different fungal  specis.
Olsson (2001) colony morphology _and
‘medium could change due to fungal acivitics.
‘Mechanism behind this measurments effcient
is probably the ability of MA to distinguish
small changes in fungal growth inhibition. In
additon, one of the main advantages of the
image analysis method presented is tht it is
‘completely automated does not require dirc

interaction with the sampls, allowing to
follow the entirefungi growth (De Ulzurmun et
al, 2015). The image gamma comrection
appled is important to enhance the contrast
between the object of interest and the
background, because the colony area of the is
‘completely isolated from the remaining image
(Da Silva et al. 2017). By using proper masks
o the originalimages, it could be possible to
study local behavior within the colony, such as
the difference in growth behavior and
‘morphology between the central and. the
peripheral region where hyphae avoid contact
and generae less branches and fusions
(Riquelme et al. 2011). However, ths method
of measurement nceds  high conirast picture
ofthe colonie. In the other hand, although CA-
method shown o be an casy and good
measurement  approach, only horizontal
growth is considered in this method. CA
method docsn't take in_consideraton the
pathogen vertical_growth or the densiy
increase in the Peti dish. Also, a drawback of
using two-dimensional measures such as area

0
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3.1 Case of Phytophthora species

Results recorded unequal inerval of variaton
betwoen CA/MA methods using Phyiophthora
specics. For P. icotianae, his interval was
between the concentrations 0.01 g/ml and |
pg/mi for both used medium. At this interval,
inbibitionratio was higher using PDA medium
(Figure 1a) then by CMA medium (Figure 1b)
(ANOVA, for Ratio w (F)= 30.571/for Ratio
s (F)= 8435, p <0.004). Inhibition rato of 7
nicotianae was ranged from 0268 to 0973

using MA method compared fo an interval
from 0,128 10.0.829 by CA method. However,
MAICA interal of variation of P. cryptoge
was largest then P. icorianae one_but
associated 0 used medium. In fac,using PDA
‘medium, this interval was ranged between the
concentrations 001 pgiml and 316 pgiml
(Figure la), while using CMA medium, it was
between 0.01 g/mi and 100 pgiml (Figure |
b). At this interva, no difference was noted
between inhibition ratio of P. crypiosea in
PDA and CMA medium.

Fieie 1 Comparison tween e e (CA) s s s (MA) f Pyipiorsmicoonsc s £
e g P VI i, e i i coneasoaion of el s 8 56 ()

Inhibition ato of . erypiogea was from 0.168
101 using MA method compared to an nterval
from 0.011 10 0.901 by CA method. At these
intervals, ‘Medium Concentration-Day’ effect
was highly significant between Ratio s and
Ratio cs, having p-values of p<0.0001 in case
of P. nicotianae (for Ratio s, F= 5591/ for
Ratio ey F=5.270)and P. rypiogea (for Ratio

su F= 10,040 for Ratio c. F=5.903).

312 Case of Pythium specles

The largest interval of variation between
'MA/CA methods was obtained with Pythium
aphanidermatum grown onto CMA medium
(001 pgml - 1000 pgiml). The second

s
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mercuriale, P. vexans). These isolates were
recovered, between 2012 and 2013, from trunk.
and soi of citrus tres infected by gummosis
and proved as the causative agents of this
disease in Tunisia (Boughalleb-M'Hamdi et
al, 2018; Benfradjetal, 2017). Initial culures
of isolates were prepared by transfering sored

plugs of each one fom conserved culfures in
strile soil solution onto PDA_ (Polato-
Dextrose- Agar) medium plates. Before used.
isolates were cultured for 6 days at 25+1°C, in
darkness until mycelium covered the surfce.
‘The main characterisics of the used isolaes
are listed in Table (1)

22 Preparation of fungleide concentrations

The evaluation of response of Comycetes
species 10 mefenoxam (Ridomil GoldBEC,
962 % active ingredient, Novartis Crop
Protection, Inc.) was assessed using. the
‘method of Pradhan et al. (2017). Thus, esch
fungicide oncentration was prepared via serial
dilutions i steil distilkd wate in amber
glass bottles, mixed on a stiming plate at
‘medium speed for wo minutes and used within
24 h. Minimum application rate (MAR) of
‘mefenaxam (10425 pg/mi) is used according
1o the estimation of Chen er al. (2001) who
‘assuming soil depth and sil bulk density to be
2em and 1.2 glem?, espectively. The firstsix
concentrations of mefenoxam were from MAR.
10" to MAR * 10°, in 10-fod dilutions and
the control (sterileditilled water) were used to
determine the benchmark dose (BMD). BMD
(=100 pg/ml) was calculted using confinuous
Hill model, by default paramelers via
Benchmark Dose Software (BMDS, V.
27.04) (Flores and Garzon, 2013). BMD
values were used fo caleulte the ten
‘mefenoxam concentrations (BMD x 10°, BMD
* 10, BMD * 10°%, BMD, BMD x 10%%,

BMD * 10", BMD » 10°%, BMD * 107,
BMD * 102, BVD * 10°) and prepared as .
10X stock solutons for the assays.

23 In vitro effect of mefenoxam doses on
‘Oomycetes mycellal growth

Myeelil growth of Oomycetes isolaes was
evaluated onto PDA and CMA (Com-Meal-
Aga) (Tulip Diagnostics, Goa, India)
medium, Used medium  was ~ prepared
according to the manufacturers insiructions,
dispensed in number of flsks (250 mi) equal
tothe number of trestments i each assay, and
autoclaved at 120°C, for 20min. The medium
‘was cooled down to 60°C, before adding each
Solution of fungicide concentraton.  Each
‘medium-fungicide combination was sired for
two minutes using magnetic stirers and
‘poured inlo 9 cm-ciam peti dishes containing
20 mi of each medium. Aflr solidification,
agar plugs of each isolate (5 mm in diameter)
e placed on peti dishes center of medium
‘amended with cach fungicide concenlration.
‘Ten fungicide concentrations 1000, 100,31.6,
10,3.16,1,031,0.1,003.and 0,01 ugml) and.
a control without fungicide (0 pg/mi) were
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