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ABSTRACT

The date palm is threatened both in Morocco andemédg in Algeria by a vascular fusariose, calleddyud”,
where the causal agent is a fungus; Fusarium oxyspd sp. albedinis (Foa)A variety of dithiocarbamic ester
(P1-P15) has been prepared by the condensatioithidirh dithiocarbamate salt with natural substancésls and
carbohydrates, to test their antifungal activiti@$e in vitro antifungal activity of these new campds against this
fungus was evaluated by the growth inhibitory effacconcentrations of 200, 100, 60, 40, 20 angfit dissolved

in DMSO and placed on PDA plates at 22° C. All lnitidon observations were normalized as percentadpbition

(pl) compared to the control plates using only DM2® 200 ppm most of our products inhibit the gtowt Foa
with percentages of inhibition varying between 246P14) and 64.23 % (P3). The three dithiocarbaesters P3,

P4 and P9exhibited the highest inhibition toward myceliabgith of Foa (39—64%). Based on these results, large
scale testing on date palm of these products isamhed.
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INTRODUCTION

The date palmRhoenix dactyliferpis a cultivated tree representing a major econaralue for several populations
in the arid regions. It is one of the oldest friuées in the world. Furthermore, on a commercialesthe Middle
East and North Africa are the major date palm pcotuareas in the world. Date palm trees are eissééntegral
components of farming systems in dry and semi+agions and can be produced equally well in snaathfunits or
as larger scale commercial plantation units. The gdalm also makes a significant contribution talgathe creation
of equable microclimates within oasis ecosysteniant® exist in an environment rich in pathogenduidiag
bacteria, fungi and viruses at every stage in thiécycle. Although plants have no immune systeke |
mammalians to protect them from invading pathogthesyascular fusariosis commonly nanisd/oud caused by
Fusarium oxysporurhsp. albedinis(Foa) is the most destructive fungal disease af diaite palm (Djerbi M. «l.,
1991). The impact of this disease is most sevefdarth Africa particularly in Morocco where 2/3 p&lm trees
have been destroyed so far (Fernandex.£1997) and recently in Algeria, where data intiidhat fungi affect half
the date plantations in western Algeria. Plantationthe east of Ghardai'a are still unaffected ¢hex 1992; Brac
de la Perriere «il., 1995). Various combinations of techniques wemppsed by integrateBayoudcontrol, based
on more than 20 years of research, essentially anthiNAfrican laboratories (Freeman and Maymon, 3000
Biotechnology tools of tissue culture and genetigieeering can speed up all of the above processd addition
chemical treatment can be used to eradicate thiguiiat large scale (Jasso de Rodriguet. ,€2007). Interestingly,
Foa shows a very low genetic diversity (Bendiablgt1992). Biological control dBayouddisease in date palm has
recently been realized by a selection of microoigyas inhibiting the causal agent and inducing defereactions
(ElI Hadrami efal., 1996; El Hassni «il., 2007). Other techniques make use of new phegolnpounds to stop
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the development of this fungi (Ramosadt, 1996; Daayf etl., 2003) by the synthesis of low-molecular mass
inhibitory compounds such as elanins, tannins gtgatlexins, and the accumulation of some peptidelspaoteins
with ability to inhibit the growth of pathogens {&@iy etal., 2007). Little is known until now about chemicehys

to test the synthesized compounds as antifungitgagainst the Foa (Loginova at., 2006).

The present work evaluates the antifungal actigfynovel synthesizedlithiocarbamic esters, derivatives of
saccharides and itols, against mycelial growthaz By the measurement of the percentages of ifdnibit

EXPERIMENTAL SECTION

Chemicals

A series of sucrodithiocarbamic esters were pegpéren eal., 2000; 2001) to be tested as anti-fungal agdihts.
monosacharides and itols (Su (@QH)ere protected with isopropylidene to obtain ¢beresponding SyPH which
were actived by iodo at the non protected site. yTheere subsequently reacted with a lithiuliN-
dialkyldithiocarbamate salt to obtain the correspemis dithiocarbamic esters Sup-S-CS-I{IR All the esters
were characterized by IH- afC-NMR spectra recorded on a Bruker AM 300 (opetain300.13 MHz fofH and

at 75.47 MHz for°C) spectrometer, and elementary analysis. Thes@@onds are used as listed in Table 1. All
chemical reagents used were grade quality.

Table 1: Listing of the synthesized dithiocarbamic estersand their code

Product code Nomoclature
P1 Methyl dimethyl dithiocarbamate
P2 Methyl morpholine dithiocarbamate
P3 Methyl piperidine dithiocarbamate
P4 Methyl trimethylpipéridine dithiocarbamate
P5 Glycerol dipropyldithiocarbamate
P6 Glycerol morpholine dithiocarbamate
pP7 Glycerol pyrrolidine dithiocarbamate
P8 Glycerol piperidine dithiocarbamate
P9 Diacetone xylitol piperidine dithiocarbamate
P10 Diacetone xylitol diethyl dithiocarbamate
P11 Diacetone xylitol morpholine dithiocarbamate
P12 Solketal pyrrolidine dithiocarbamate
P13 Solketal morpholine dithiocarbamate
P14 Galactose piperidine dithiocarbamate
P15 Galactose pyrrolidine dithiocarbamate

Stock Culture

At stock culture of Foa was obtained from the Bgidal Laboratory of Bechar university center by Bloussaoui
A. The testrun was isolated from a date palm imfédty the vascular fusariose, and was maintaineg@@h at 18°
C in phytotron room. Fungal growth plugs were csihg a 4.5 cm cork borer and transferred from stlakes to
fresh agar biweekly to maintain actively growingdi

Evaluation of Dithiocarbamates Effect on Foa Mycelial Growth

After purification and characterization of dithisbamates series each compound was dissolved with RSO
(Sigma Chemical, France) by stirring for 30 min2& C, and then sterilized by filtration using 0.2 filter
(Whatman, UK).

For incorporation into media and treatment agdiost, synthesized dithiocarbamic esters, at coretionis of 200,
100, 60, 40, 20 and 10 ppm, dissolved in DMSO veelged in sterile potato dextrose agar (PDA) and #ujusted
to pH 7.4 with 2 N NaOH. The sealed Petri dishesewiacubated aerobically at 22° C for 72 hours ihuanid

chamber. The diameter of the colonies was measiadyd (24, 48 and 72 hours) until the leading edfehe

fastest-growing colony had reached the edge oPtte dish. For growth inhibition analysis, colodiameter data
taken after 72 hours were used. The inhibitoryvagtiof each treatment was expressed as the pegremith

inhibition compared to the negative control (0 %ing the following formula, where DC= diameter ohtrol, and

DT = diameter of fungal colony with treatment:
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DC - DT

DC »x 100

growth inhibition (%) = [

The dilutions of the compounds (200-10 ppm) werdertay dispensing the solutions to the remainingsdis

The results were obtained as inhibition zone diamghm) of three measurements, and the data pesséete are
the average of three experiments.

Thermal Stability Deter mination

For thermal stability determination, the synthedidéhiocarbamate esters in medium of Foa growtrevrcubated
at different temperatures (22, 37, 45, 55 and 65f€C0, 10, 20, 30 and 60 min. After cooling theated esters on
ice for 10 min, the residual antifungal activitiesre measured as described (Yangl£2006).

Statistical Analysis
Analysis of variance was used to evaluate the &ffet experiment, carbamic esters concentratiom iBolate
carbamic esters concentratiand Foa isolate interactions on colony diameter. Mealoryy diameters for the Foa

isolate at each carbamic ester concentration aedcthresponding standard errors of the mean (SEkPew
calculated. p<0,05 values were considered as ggnit

RESULTS

Stability of Dithiocarbamic esters

In the first set of experience, the synthesizetiditarbamic esters displayed thermo stability itifangal activity,
retaining 59% activity at 55° C for 1 hour and 7@oactivity at 65° C for 20 min. At 22, 37 and 48&; the
antifungal activity toward all esters was above 85%gure 1).
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Figure 1: Thermal stability of the dithiocarbamic ester P5. Theresidual activity of the P5 was measured after 60 min pre-incubation at
different temperatures
Data are expressed as averages with standard epbduplicate measurement

There was no inhibitory activity in the disc platentaining only DMSO 100% solution used as contisl.shown
in Figure 2, several dithiocarbamic esters, (P5,A34 and P12) showed a minor inhibitory effectirgiaFoa (less
than 25% inhibition), whereas P1, P3, P4, P9 ariidhbwed a strong inhibition (above the 50%) at @M. None
of the tested concentrations of P2, P7, P8, P13,dAtl P15 were able to inhibit above 8% of the gnowut the
highest effect and the most significant growth lirition (64.23%) were observed wilt8 at 200 ppm (Figure 2).
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Figure 2. Colony diameter of isolate of Fusarium oxysporum f. sp. albidinis on media PDA amended with different concentrations of
carbamic esters: (a) P5with pl =19.12% and (b) P3 with pl =64.23%

In order to understand the structure-activity iefahips of the analogue series of dithiocarbarsters, we have
divided them in groups according to their carbohyels: galactose, glycerol, methyl, xylitol and stét. At a
concentration of 200 ppm, compounds P3, and P4derived from methyl, showed the highest myceliavgh

inhibition of the phytopathogenic fungus Foa (PI5.58B, 64.23 and 47.89%, respectively). They havalkgd

substrates, dimethyl, piperidine and trimethylpigiee, respectively. Compound RPI= -3.22 %) differed by
having morpholine as alkyl substituent. This diiece was significantly relative to the fungicideatn (zinc
dimethyldithiocarbamate) (Pl = 21.6%; p< 0.01) uaed reference (Len &k, 1997a).

The nature of a carbohydrate moiety derivativeglg€erol and it protected form by isopropylideniee tsolketal,
and D-galactose in the compounds P5, 6, 7, 8,3,2]14 and P15 was not significant in inhibiting reljal growth
of Foa at 200 ppm, resulting in lower than 25% dtoimhibition, what ever the type of alkyl (Figugg. All these
compounds were as efficient as Ziram. The diisogidpne-xylitol moiety was important as vector omet
antifungal activity of the dithiocarbamates, P9 &1d with piperidine and diethyl as alkyls, respety. They had
a higher activity against Foa mycelium growth (559 and 45.2%, respectively), whereas, the Plivetbfrom
the same vector but with different alkyl, morpheliaxhibited a lower antifungal efficacy (pl= 12.70%his was
also observeih vitro studies conducted with others fungal pathogens étal., 1997b).

These results showed that the type of carbohydnaieties was important for the biological activitince the P1,
P3, P4, P9 and P10 have selective antifungal tieBvat different stages of the fungal growth.
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Figure 3. Mycdlial growth inhibition per centage of Foa on media amended with 200 ppm concentration of each dithiocar bamic ester
Data are expressed as averages with standard eobigplicate measurement

To examine the minimum dithiocarbamic esters cotraéions required for the maximum inhibition of iald
macroscopic growth of the myceliuRoa, dose-response curves were measured for theseifuwvigro disc assays.

As shown in Figure 4, the inhibitory activity of PR3, P4, P9 and PX®mpounds against the tested fungi varied

significantly. The lowest concentration (< 80 ppofi)all compounds showed a moderate inhibition, véts than
25% inhibition.
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Figure 4: Dose-dependent effect of the bioactive dithiocarbamatesin vitro as antifungal compounds against Foa fungal growth
Results were evaluated after incubation for 72 B2at C. Data are expressed as averages with stanelaors of triplicate measurement
* P<0,05 ; ** P<0,001

The inhibition of the Fo#solatein vitro by dithiocarbamate esters was also tested app@0concentration during
five days in order to determine the time to stepdiévelopment. The role of these compounds astar énhibitor
of fungal growth is little documented. A time of Raurs was selected to determine the final infdhitf Foa after
treatment with dithiocarbamate derivatives P1,A28,P9 and P10 (Figure 5).
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Figure5: Time cour se of Foa diameters after treatment with dithiocar bamate derivatives P1, P3, P4, P9 and P10. at concentration of 100
ppm during five days

DISCUSSION

Most antifungal studies of plant extract have beamied out on various plant pathologic fungusesi@ichael

and wink, 2001; Escalante at, 2002; lorizzi etal., 2002). Dithiocarbamates are the most heavilyd umganic

fungicides in terms of tonnages (Corbaz, 1990)yTdre widely used for the treatment of soil, seeds|, foliar and
postharvest diseases affecting several types giscrhittle resistance of these polyvalent fungisideas been
observed due to their multisite mode action (Lepnit989).

The present study developed within this contexdrafits to test the antifungal effects of severalpmmds, such as
dithiocarbamic esters possessing a carbohydratetynderived from D-galactose, glycerol and xylitath N,N-
dimethyl, -dipropyl, -morpholine, -piperidine, -mfidine, or -trimethylpiperidine carbamoyl groupgainst Foa, for
more environmentally and toxicologically safe andreneffective efficacious antifungal. We have corepgathe
antifungal potency of these different esters to mamtial dithiocarbamate compound, Ziram (zinc
dimethyldithiocarbamate) which used as referencepound (Len eal., 2000; 2001)
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To our knowledge, this research study is the fiegtort about the antifungal compounds against gdateogenic
fungi. Further research on the synthetic of thevagirinciple(s) of dithiocarbamic esters is in gmessive process in
our laboratory in order to discover new and pogaifungal compound(s).

The success of a biological control agent in tugron plant defense mechanisms against pathogeresndepf their
ability to establish metabolically active populatsothat could mediate host protection and/or coenpéectly or
indirectly with the pathogens for nutrient resogtc¥et, the use of chemical agents such as olandc esters
with natural subtracts (sugar or itols), which hane toxicity to enhance the plant defense mechaniagainst
pathogens represents an ecologically friendly méteve to ordinary pesticides repeatedly used tatrob plant
diseases.

This strategy has more significance agaBayoudon date palm at large scale. The deployment df strategies
should have an impact taking into account the peatraspect of the crop, the socio-economical acalogical
issues to use these esters on date palm groveheatahg-and large term solution.
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