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THE USE OF BACILLUS SUBTILIS FOR THE PROTECTION OF POTATO AGAINST
PHYTOPHTHORA INFESTANSIN ORGANIC FARMING

Summary

This study includes 1) greenhouse tests to evaBateibtilis used as preventative and interventieatments against P.
infestans on potato plants and 2) field studiesdland Denar cultivars were used. As preventioatireents, the Serenade
ASO (contains Bacillus subtilis) was applied atese of 8 | / ha as 3 and /or 6 treatments at irdéof 7 days. The first
treatment was performed at BBCH 11, symptoms off€stans, A. solani, A. alternata were not obséree the plants. As
a reference, copper-based fungicide (Nordox 75 WEstments were used at a total dose of 3 kg Cluslemson. Over the
season, observations were made concerning the mowe of disease symptoms (potato blight, altem)atthat caused
plants’ drying up. Effectiveness of the treatmerds evaluated by assessing the percentage ofatifasif potato plants,
in relation to the combination of experiments. distbeen found that B. subtilis has the potentigirtitect against P. in-
festans used as preventive application, while efdfconditions the protective effect occurs onlgraé treatments and is
comparable to that of copper.
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WYKORZYSTANIE BACILLUS SUBTILIS DO OCHRONY PRZED PHYTOPHTHORA
INFESTANS W UPRAWACH EKOLOGICZNYCH

Streszczenie

W ramach badawykonano 1) badania szklarniowe w celu oceny zastania prewencyjnego i interwencyjnego B. subtilis
w stosunku do P. infestans nalimach ziemniaka oraz 2) badania polowe. Wykoraystadmiany Lord i Denar, odpo-
wiednio. Jako prewengjzastosowangrodek Serenade ASO w postaci drobnokropelkoweggskpvania nalistnego w
dawkach 8l/ha. Wykonano 3 i/lub 6 zabiegéw w gast7 dni. Pierwszy zabieg wykonano w fazie BBCHALImomencie
rozpoczcia zabiegéw nie zanotowano obeéridP. infestans i A. solani, A. alternata nalinach. Jako referenejzasto-
sowano zabiegi z fungicydem opartym na miedzbhdizabiegow byta adekwatna do momentu wykorzystaiedzi jak
substancji aktywnej w dawce catkowitej do 3 kg @lsthzon. W trakcie catlego sezonu prowadzono obsgrwlatyczce
wyskpowania objawdw choréb (zaraza ziemniaka, alteroza) powodujcych zasychanie sbn. Efektywné¢ zabiegow
oceniano poprzez ocelstopnia procentowego pai@nia przez patogeny fiin ziemniaka w zakmasci od kombinacji do-
swiadczenia. Stwierdzonee B. subtilis wykazuje potencjat ochronny przednRestans w momencie prewencyjnego apli-
kowania, przy czym w warunkach polowych dzialanleezpieczajce wys¢puje jedynie po wykonaniu 6 zabiegow i jest
poréwnywalne z zabiegami z miedz

Stowa kluczowebakterie payteczne, odmiany ziemniaka, prewencyjne zabiegbaok, zaraza ziemniaka

1. Introduction tered in Poland and it is possible to extend ttopsof its
use. In this study the influence Bf subtilison the response

This article discusses the research on the pateméie of a plant defense system after potato infestabipf. in-

of Bacillus bacteria [3] with a wide range of possibilities festanswas evaluated. The aim of this study was to deter-

for crop protection. The use of antagonistic baatéor mine the effectiveness of different strategies mflization

some species of fungi has been common in domestic rwith B.subtilisin order to ensure plants' healthiness.

search for several years [8]. An anthropologicgbact of

Bacillus spp. on many pathogenic fungi and funggho- 2. Material and methods

isms has been described [10]. It has also beerdfthatB.

subtilis may be a growth promoter [4]. The presenc8of Greenhouse tests

sublilis causes the death of pathogenic fungal cells dg-a s

nificant decrease in their growth rate. In additidinrham- Serenade ASO is based 8n subtilis it is registered

pers the pathogen interaction with plant tissuecbypet- and used to reduce potato pests on both tomatakepaa-

ing for rizo- and phyllosphere rats and nutriefise pres- toes crops in Chile, USA, New Zealand, Mexico, Japs:

ence ofB. sublitison the surface of plant organs inducesrael, the Philippines, Guatemala, Honduras, Argentit-

reactions related to acquired plant immunity. liswaund aly, France, Turkey and others. In Europe SereA&i2 is

that B. subtilisshowed higher efficacy in the protection of registered in France, lItaly, Switzerland and Gennfor

tomato against alternaria, less in case of latatpdilight. the limitation of bacterial diseases. Investigationpreven-

The potential of this product can be used to ptateganic  tive and curative applications of Serenade ASO pcbdf-

crops, since it is a plant protection product algeeegis- ter inoculation withP. infestanson potato plants under
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greenhouse conditions were performed, potato pkntise
stage BBCH 15 were placed individually in pots igraen-
house. Inoculation witl. infestansandB. subtilis(benefi-
cial bacterium) were applied at intervals of 3 ddysncen-
tration of P. infestang(isolate 2295) was 1x£01ml (3ml
per plant -in calculation 300l/water per 1 ha.)eTihterval
between applications witR. infestansandB. subtiliswas 3
days, e.g. pathogen as the first, then after 3 Bagsibtilis
in other combination copper fungicide was appliedtlze
first then after 3 dayB. infestansolution was applied, etc.
according to scheme shown in Fig.1. An assessnfehto
infestation was made twice: one week and two wexdies
the first treatment using a percentage infestaifahe plant
according to EPPO recommendations.

Field research

Field trials were conducted at the IPP-NRI at Ehe
periment Station in Winna Goéra (52.2N; 17.4E), vehare
located organic fields and in the private orgaraenf in
Dabrowa. Denar and Lord cv. were used, respectiv@ly.
each experimental field wheat was cultivated asracfop.
The experiment was carried out on plots (size p@f m2
with randomized distribution). As a preventive treants
Serenade ASO was applied as a spray at a dosd 4fa8
and 3 and / or 6 treatments were made at intervfalg
days. The first treatment (planned as preventiva$ per-
formed at stage BBCH 11. Symptoms of disease camged
P. infestans, A. solani, A. alternateere not observed on
the plants in the field at the moment of beginntreat-
ments. As a reference, copper-based fungicidentesats
were used at total dose of 3 kg Cu/ha /season aséwde
product Nordox. Three repetitions were made forheac
combination. Over the season, evaluation was made c
cerning the occurrence of disease symptoms (latatgo
blight, alternaria). Effectiveness of the treatnsewas as-
sessed by assessing the percentage of infestdtipotato
plants, depending on the combination of experimeints
each combination 15 plants were marked and sysieatiat

evaluated. Six rows, 50 m long, were included ie piot,
with four replications. The presence Bf infestansspores

in the field was confirmed in the laboratoheptinotarsa
decemlineatavas controlled by using the insecticide Bio-
spin 120 SC (contains a.i. spinosad). lgbfbwa, the ob-
servations began when symptoms were noted (13.8¥) a
continued at one week intervals until the plantsendry. In
Winna Goéra (WG) the first evaluation was made or079
and the second and the last on 26.07 (becauseediigin
infestation of plant).

The results were subject to analysis of variange b
means of the Statistica 9.1 program. A one-way ANMOV
was carried out to determine effects of the diffiérgtrate-
gies of bacterium application, Tukey's test (p 85).was
performed to compare mean values. The resultsgurefs
are averaged from 15 plants from 2016.

3. Resultsand discussion

Investigation of preventive and interventional apqdtion
of P. infestans on potato plants under greenhousmndi-
tions

It has been found th&. subtilishas a protective poten-
tial when is used as preventive application, ifeaiveness
is similar to that with copper (Fig. 1). Also, tledfect of
water spraying is interesting, in this combinatfgant in-
festation byP. infestanswas comparable to that of copper
and the preventive use Bf subtilis Perhaps water acts as
an elicitor as well as mechanically rinses sporesfplants
without allowing them to penetrate plant cells.

Field trials

In the private farm, research was done on the Dena
variety. The average percentage of pest infestatitime
degree of plant infestation according to EPPO Stadsl- is
shown in Fig. 2.

The results obtained for the Lord variety in Wirtaara
(WG) are shown in Fig. 3.
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Fig. 1. Plant infestation (%) of potato dependimngtiee date of inoculation withR. infestansandB. subtilis(the interval be-
tween applications with pathogen aBdsubtiliswas 3 days), means values * standard errors xpetieent

Rys. 1. Porzenie (%) zaraz ziemniaka rélin ziemniaka w zalmasci od terminu sztucznej infekcji z P. infestanplikacji
B. subtilis (odstp pomiedzy dwoma aplikacjami wynosit 3 dni) —sdéadczenie wazonowsgrednie+ SE
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% infestation/ porazenia rosliny przez P. infestans

Serenade 6 app./ zab.

Cu 3 kg/ha

water/woda

Source: own work Zrodlo: opracowanie wlasne

Fig. 2. Average percentage of plant infestatioDehar cv. depending on strategy and time of obsiervélst assessment —
on 13.07, 2nd assessment on 25.07, 3rd assessm@ataB) means values + standard errors
Rys. 2.Sredni procent zasychania fiim odm. Denar w zalmasci od strategii zabiegoéw i terminu obserwacji (leoa —

13.07, Il ocena 25.07, lll ocena 02.08ednia + SD
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Fig. 3. Average percentage of dryness of Lord (M@gl@hts depending on the strategy of the treatmemmdsthe date of ob-
servation (1st assessment — on 19.07, 2nd assessm26.07) means values + standard errors
Rys. 3.Sredni procent zasychania fin odm. Lord (WG) w zaf@asci od strategii zabiegow i terminu obserwacji (leoa

—19.07, 1l ocena 26.07§rednia £ SD

Treatments withB. subtilis six applications were more
effective than only 3 applications. Effectivene$ssia ap-
plications was similar like for copper treatmentsdl 4 ap-
plications) for both cultivars of potato (Fig. 2, 3
B. subtilis (Ehrenberg), Pseudomonas fluorescer(3re-
visan) andP. aureofaciens(Kluyver) are being applied
against a variety of plant pathogens including,eeigly,
damping-off and soft rots [1B. subtilis a ubiquitous bac-
terium commonly found in various ecological nichbat
does not have any history of pathogenicity fromtachin
the environment, was shown to be a potential bitrobn
agent of harmful phyto-pathogenic fungi and baatemos-
quitoes and nematodes [6, 7].
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A product called Serenade ASO basedBinsubtilis
shows different efficacy against potato blight, ethimay
be due to the varied bacterial survival of thedgtihere [6].
Therefore, there is a need to find a strategy @mte
frequency of treatments) and to determine the ¢immdi of
use ofB. subtilisas a preventive and / or protective agent.
In Chowdappa et al. paper [3] the efficacy Bf subtilis
OTPB1 andTrichoderma harzianun®PB3 was confirmed
to inhibit the development oAlternaria solaniand Phy-
tophthora infestansaand stimulation of growth and resis-
tance of tomato plants. In the detached leaf ass&ys
scribed in the paper Stephan et al. (2005) the cencial
preparations Elot-Vis, Serenade and Trichodex, pladt
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extracts ofRheum rhabarbarunand Solidago canadensis [2]
showed a significant effect on the level of inféista by P.
infestansHowever, none of the treatments was as effective
as copper. In the case of Serenade, the metabglites
duced by its active microorganisB, subtilis were demon-
strated to be the effective component of the foatioim,
and not the microorganism itself. In order to takeative
and protective modes of action into account, tfst seb-
stances were applied 24 h before, or 90 min aftecula-
tion with P. infestans Generally, better effects were ob-
tained when the applications were made 24 h befareu-
lation. The optimum time of application of this bexium is
72 before inoculation wittP. infestanslt is with line with
our results. Our research indicated that the foatmr
Serenade ASO can limit activation of the pathogéfe
recommend continuing studies to confirm the effextess
and usefulness of this bacterium in protection @ in
organic agricultural production.

(3]

(4]

(5]

(6]

(7]

4. Conclusion (8]
It has been found thBt subtilishas the potential to protect
againstP. infestanswhen it was applied as preventive treat-
ments, in field conditions the protective effeaturs only after
6 treatments and is comparable to that with copper.
[9]
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