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Field study on the efficacy of plant activators against Plasmopara viticola
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Abstract: Benzothiadiazole (BTH) and chitosan (CHT)
belong to a class of agrochemicals activating the plant
defense mechanisms against various pathogens. In
this work, their efficacy against downy mildew, one
of the most widespread and destructive diseases of
the grapevine in the world, was evaluated. Open-field
treatments were carried out in a vineyard of Groppello,
a native cultivar of northern Italy, for two consecutive
phytoiatric campaigns. In both years, BTH and CHT
proved to be active, resulting in significantly lower
percentages of disease incidence and disease severity
than those recorded in the control plots. In particular,
the CHT-copper combination was able to decrease the
infection symptoms with values ranging from 60% to
over 90% depending on the environmental conditions
and the disease pressure. Our results suggested that
plant defense inducers could be successfully used in
crop protection as part of integrated pest management
due to their effectiveness, as well as reduced
environmental impact and low fitness costs for the
plant.

Key Words: benzothiadiazole, chitosan, fungal diseases,
grapes, plant defence inducers, downy mildew

INTRODUCTION

More than 10.000 species of Oomycetes and fungi can
be pathogenic and cause diseases in plants worldwide
[Bonaurio et al., 2009]. Downy mildew represents
a major disease able to threaten seriously grapevine
(Vitis vinifera L.) cultivation. The causal agent is the
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Oomycete Plasmopara viticola (Berk. & M.A. Curtis)
Berl. & De Toni that infects all the plant green parts
characterized by the presence of stomata, generally
causing yellow discoloration, necrosis and distortion
(Fig. 1). The bunch infections are responsible for the
yield losses, while leaf damage decreases the carbon
fixation, which negatively affects the grape quality, the
accumulation of carbohydrates and the plant vigor in
the following season [Jermini et al., 2010; Gessler et
al., 2011].

Different strategies can be used to control fungal
diseases and prevent associated yield losses. The
fungicide application is the most effective and widely
used method in case of high pathogen pressure, but
there is an urgent need for alternative approaches to
reduce the risks and impacts on human health and
the environment (Directive 2009/128/EC). In this
view, the stimulation of the plant’s systemic acquired
resistance (SAR) offers the perspective of long-lasting,
broad-spectrum disease control through activation
of the plant own defense machinery. Plant activators
are products employed in crop protection able to
elicit SAR and trigger a number of defense responses
against pathogen attacks, including the biosynthesis of
phytoalexins, plant secondary metabolites with a broad
spectrum biological activity [Iriti et al., 2011]. Two
SAR inducers, chitosan (CHT) and benzothiadiazole
(BTH) deserve particular attention, because of their
efficacy and low toxicity. In particular, CHT (Fig.
2) is a natural, biodegradable and low-cost polymer
obtained from the deacetylation of crustacean chitin.
BTH — benzo-(1,2,3)-thiadiazole-7- carbothioic acid
S-methyl ester (Fig. 3) is a synthetic, photostable
molecule and a functional analogue of salycilic acid,
a plant hormone-like compound deeply involved in
resistance against pathogens. In order to improve the
knowledge on the potential of SAR inducers in crop
protection, the aim of this work was to evaluate the
efficacy of both elicitors in controlling downy mildew
in a native grapevine cultivar of northern Italy growing
in an area predisposed to fungal epidemics.
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Figure 1. Downy mildew symptoms in leaves (upper
and lower surface) and bunches.

MATERIAL AND METHODS

Plant material and treatments. Two phytoiatric
campaigns were planned, in 2015 and 2016, on
Groppello, a red grapevine (Vitis vinifera L.) variety
autochthonous of Lombardy, cultivated in an
experimental vineyard located in Raffa di Puegnago
(Brescia, Italy) (Fig. 4). Open field treatments were: 1)
0.03% (w/v) CHT (76 kDa molecular weight and 85%
deacetylation degree), ii) 0.03% CHT in combination
with 150 g hL"' copper hydroxide (CHT/Cu) and iii)
0.3 mM BTH. Untreated vines were used as negative
controls. In both field surveys, the trial was set up as
a complete randomized block design in 4 replications,
with 10 vines (a plot) per treatment in each block. Plants
were sprayed approximately every 10 days, according
to the meteorological conditions, from the beginning
of grapevine susceptibility to fungal diseases until the
complete veraison (i.e., approximately from the middle
of April to the end of July). To avoid spray drift to
neighbouring plot, treatments were carried out with a
spray lance powered by a walking-type motor pump,
distributing a volume equivalent to 800-1000 L ha'.
Disease symptom assessment. Symptoms were assessed

s

HO NH,

n
Figure 2. Chitosan (CHT) chemical structure.
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Figure 3. Benzothiadiazole (BTH) chemical structure.

weekly on bunches, by visual inspections, and the
following two parameters were recorded: (i) disease
incidence, as the percentage of infected bunches; (ii)
disease severity, evaluated on a scale of 0—5, where 0 =
no symptoms; 1 = 1- 10%; 2 = 10-25%; 3 = 25-50%;
4 =50-75%; and 5 = 75-100% of infected berries per
bunch [Zahavi et al., 2001]. Data regarding disease
severity were processed according to Townsend—
Heuberger formula (Eq. 1), in order to calculate the
percentage of infection (1%):

1% = [S(n - v)/z - N] - 100

where n = number of bunches in each class; v = class
value; z = highest class value; and N = total amount of
assessed bunches.

Statistical analysis. For each time-step and treatment,
the mean and standard deviation values of disease
incidence and disease severity were computed, and
the one-way ANOVA analysis and Turkey's test for
post hoc analysis were carried out on the collected
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Figure 4. Vines treated with plant activators in the study area.

data, determining the significant differences among the
treatments CHT/Cu, CHT and BTH, compared to the
control, at p-value < 0.001%**%*,

RESULTS AND DISCUSSION

The results of the three most representative disease
evaluations, performed on 1, 10 and 25 July in 2015
and 2016, are shown in Tables 1 and 2. In general, in
both years, the treatments were effective, with disease
incidence and severity values significantly different from
those of the controls (p-value = 0.000). Particularly, as a
result of the 2015 phytoiatric campaign, the data obtained
showed that CHT/Cu was able to delay the pathogen
infection (until early July) and reduce it by about 60%,
both in terms of disease incidence and severity after the
last treatment (at the end of July) (Tab. 1). Otherwise,
the CHT and BTH efficacy against downy mildew was
lower. Both inducers provided an intermediate level of
protection against disease decreasing its incidence and
severity by 34% and 46%-51%, respectively, compared
to untreated grapevines (Tab. 1).

Despite the lower pathogen pressure in the study area
during 2016, the plant activator efficacy was confirmed
in the second phytoiatric campaign (Tab. 2). Indeed,
disease incidence and severity were both significantly

affected by CHT/Cu (-92% and -95%, respectively)
followed by BTH (-60% and -74%) and CHT (-64%
and -60%) at last assessment.

The obtained results showed a high performance
of BTH and CHT in open fields, activating the plant
resistance mechanisms and reducing downy mildew
symptoms. In addition, Groppello variety could be a
responsive cultivar able to maximize the efficacy of the
SAR inducers [Banani et al., 2014]. Overall, our data
confirmed the results of previous studies showing the
BTH and CHT ability to provide protection against grape
downy mildew, even when carried out under different
experimental conditions and on different cultivars
[Harm et al., 2011; Farouk et al., 2017]. A number of
defense mechanisms could be elicited by CHT and
BTH, including stomatal closure, oxidative burst,
hypersensitive response, biosynthesis of phytoalexins
and pathogenesis-related proteins.

The high destructive potential of downy mildew has
required the development of strategies that minimize
yield losses. The use of plant protection products with
anti-peronosporic activity has been necessary due to the
ineffectiveness of alternative control methods and the
high susceptibility of the vine to the pathogen, especially
in areas characterized by weather conditions favorable
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Table 1. Disease incidence (expressed as % of infected bunches, 1%) and severity (expressed as %
of infection according to Townsend—Heuberger formula, S%) in the untreated parcels (CTRL) of
Groppello grapevines or in plots treated with chitosan (CHT), chitosan in combination with copper
hydroxide (CHT/Cu), or benzothiadiazole (BTH) during 2015.

1 July 10" July 25" July

Treatments

% Incidence % Severity % Incidence % Severity % Incidence % Severity
CTRL 134+13a 50+08a 178+16a 11.8+13a 570+34a 305+38a
BTH 33+05b 14+£04b 3.4+0.7c¢ 48+04b 37.8+30b 149+12bc
CHT 30+04b 22+03b 6.0+03b 43+£04b 36.8+33b 164=+1.7b
CHT/Cu 0.0+0.0c 0.0+0.0c 51+0.7b 49+0.6b 228+1.6¢ 11.5+16¢
F 272 77 192 84 94 53
p-value 0.000 0.000 0.000 0.000 0.000 0.000

Table 2. Disease incidence (expressed as % of infected bunches) and severity (expressed as % of
infection according to Townsend—Heuberger formula) in the untreated parcels (CTRL) of Groppello
grapevines or in plots treated with chitosan (CHT), chitosan in combination with copper hydroxide

(CHT/Cu), or benzothiadiazole (BTH) during 2016.

1° July 10™ July 25" July

Treatments o - - ; ; - -

% Incidence % Severity % Incidence % Severity % Incidence % Severity
CTRL 16.0£0.8 a 6.1+£06a 22.5+09a 83+0.6a 36.8+1.4a 18.6+23a
BTH 72+00c¢ 24+00c¢ 11.1£0.7b 45+00c¢ 148+ 0.5b 48+0.0c
CHT 8.7+0.6b 30+03b 105+1.2b 58+0.3b 13.3+0.5b 7.5+04b
CHT/Cu 09+0.2d 03+02b 1.2+03¢ 05+03d 28+03¢ 1.0+02d
F 572 202 429 349 1236 165
p-value 0.000 0.000 0.000 0.000 0.000 0.000

Note: Values are mean *+ standard deviation. Different letters indicate statistically significant
differences at p value < 0.001 among treatments.

(warm and wet climates) to the occurrence of epidemics.
The active substance traditionally as anti-peronosporic
agent is copper. However, it can be phytotoxic and the
current provisions regarding its use in conventional
and organic viticulture place considerable limitations
in order to avoid accumulation in the soil [EC, 2018].
In this context, the plant defense inducers could be a
promising alternative because of their efficacy and low
health and environmental impact. Moreover, both BTH
and CHT provide advantages in terms of low fitness
costs to the host plant and avoid resistance phenomena
by pathogens [Iriti et al., 2010; Dufour et al., 2016].
In conclusion, our results suggested that the chitosan-
(low dose) copper combination is promising against
P, viticola in grapevine, as part of an integrated pest

management. This approach could further contribute to
reduce the copper input in crop protection.
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Bitki aktivatorlarinin Plasmopara viticola
aleyhina effektivliyi ils bagh ¢6l tadqiqatlar:

Sara Vitalini
Milan Doviat Universiteti, Kond Tasarriifati va Otraf Miihit Elmlari
Departamenti, via G. Celoria 2 - 20133, Milan, Italiva

Francesca Orlando
Molekulyar va Translational Tibb s6basi (DMMT), Universita degli Studi di
Brescia, Viale Europa, 11, 25123 Brescia BS, Italiya

Marecello Iriti
Kond Tosarriifatt va Otraf Miihit Elmlori Departamenti, Universita degli
Studi di Milano, Via G. Celoria 2, 20133, Milan, Italiya

Benzotiadiazol (BTH) veo xitosan (CHT) bitkilorin
miixtalif ndv patogenlors qars1 miidafio mexanizmlorini
aktivlesdiron aqrokimyovi maddslor sinfine aiddir.
Mogalads onlarmn diinyada on genis yayilmis vo tizlim-
liikar iigiin tohliikali olan yalangi unlu seh xastaliyine
qars1 effektivliyi qiymotlondirilmisdir. Simali Italiyanin
yerli sortu olan Groppello iiziimliiylinds aciq sahado iki
ardicil fitoiatrik todbir kegirilmisdir. Hor iki ildo BTH
vo CHT-nin aktiv olmasi miioyyon edilmis vo nozarat
saholorindo geydo alinanlarla miiqayisoedo ohomiyyatli
doracodo asagi xostolik faizi vo xostolik doracosi ilo
noticolonmisdir. Xiisusilo, CHT-mis birlogsmosi otraf
miihit soraitindon vo xaostolik tozyiqindon asili olaraq
infeksiya simptomlarini1 60%-dan 90%-dok azalda bilib.
Naticolorimiz gostordi ki, effektivliyine, otraf miihito
tosirlorinin az olmasina vo az masrof tolob etdiyine
goro miidafio induktorlar1 bitkilorin miihafizesindo
zorarvericilorin  inteqrasiya olunmus idarsetmasinin
torkib hissosi kimi ugurla tatbiq edils biler.

Acar sozlor: benzothiadiazole, xitosan, gobalak
xastaliklori, iiziimliiklor, bitki miidafio induktorlart,
valang¢t unlu seh

IToneBoe uccienoBanue 3PPeKTUBHOCTH
pPacTUTENbHBIX AKTUBATOPOB MPOTUB
Plasmopara viticola

Capa Buranunu
Henapmamenm cenvckoxossaiicmeenuvix u dxonocuveckux Hayk (DISAA),
Universita degli Studi di Milano, Via G. Celoria 2, 20133, Munan, Umanus

®panyecka Opaango

Jlenapmamenm MonexkyiapHou u mpaHcaayuonHou meouyunst (DMMT),
Universita degli Studi di Brescia, Viale Europa, 11, 25123 Brescia BS,
HUmanua

Mapueno Uputu
Menapmamenm cenvcroxossaiicmeennvlx u sxkonrocuveckux nayx (DISAA),
Universita degli Studi di Milano, Via G. Celoria 2, 20133, Munan, Umanus



VITALINI ET AL.: SAR INDUCERS AGAINST DOWNY MILDEW

Bbenzornannazon (BTH) u xurtozan (CHT) otnocsTes
K KJIacCy arpoXMMHUKATOB, aKTUBUPYIOIIUX MEXaHU3MBI
3alUTHl pACTEHUH OT pa3lIUYHBIX TaTOreHoB. B nanHON
pabote oneHuBanach MX PPEKTUBHOCTH MPOTHUB JIOK-
HOW MYYHHMCTOW POCBHI, OJHOM M3 CaMBIX pacnpocTpa-
HEHHBIX W Pa3pyLIMTENbHBIX OOJe3HEH BWHOTIpaaHON
710361 B Mupe. O0paboTKK B OTKPHITOM TPYHTE MPOBO-
JUTACH Ha BUHOTpaJHMKe [ pomnmenio, MECTHOTO copTa
ceBepHoOil Mtanuu, B TeueHHe AByX MOCJIEA0BATENbHBIX
¢uronarpuueckux kamnaunuid. B o6a rora BTH u CHT
OKa3aJIUCh aKTHUBHBIMH, YTO TPUBENO K 3HAYUTEIb-
HO OoJiee HM3KHMM IMPOLEHTHBIM MOKa3zaTelsiM 3abore-
BAaCMOCTH W THKECTH 3a00JIeBaHUs, YeM Te€, KOTOpHIC
OBUTM 3aperUCTPUPOBAHBl HA KOHTPOJIBHBIX y4acTKax.

B uwactHocTH, KoMOuHanus CHT-mMenps cMmorina ymMeHb-
[IMTh CUMIITOMBI HHPEKIMH CO 3HAYCHUSIMH B TUAIIA30-
He oT 60% mo Gonee 90% B 3aBHCUMOCTH OT YCIIOBHH
OKpYXXarolled cpeibl U TSHKECTH 3aboseBanus. Harmm
pe3yabTaThl MoKa3aliH, YTO WHAYKTOPHI 3alllUThl pac-
TEHUHA MOTYT OBITh YCIEUIHO WCIOJB30BAHbI B 3aIUTE
pacTeHuii B paMKax KOMILJIEKCHOW OOpBOBI ¢ BpeauTe-
nsiMu Oaronaps ux 3QpQeKTUBHOCTH, a TaKKe CHIKe-
HUIO BO3JCHCTBHSI Ha OKPYXKAIOIIYIO Cpelly W HHU3KOH
CTOMMOCTH MPUTOAHBIX PACTEHUH.

Knrouesvle cnosa: benzomuaouaszon, XxumosaH, 2puo-
Hble O0Ne3HU, BUHOZPAObI, UHOYKIMOPbL 3aWuUmsl pac-
MeHUll, T0HCHASL MYUHUCTAS POCA



