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THE IMPACT OF APPLYING BIOLOGICAL TREATMENT ON THE  INFECTION OF
POTATO TUBERS BY THE FUNGUS RHIZOCTONIA SOLANI AND THE BACTERIUM
STREPTOMYCES SCABIEI

Summary

The impact of applying Proradix WP (Pseudomonas bppteria) and FZB24 WG (Bacillus subtilis bactdr biological
treatments — on the infection of potato tubersheyfungus Rhizoctonia solani and the bacteriumpBtrayces scabiei has
been studied in the years 2011-2013. The experimastconducted in a randomized split-block metl@, repetitions.
Infection rate of tubers by Rhizoctonia solanigafipplying the Proradix WP seed treatment, wasif@antly lower than
in case of not treated ones. However, after applyire FZB24 WG seed treatment the infection rate suailar in both
treated and not treated tubers. The infection raftdubers by Streptomyces scabiei did not depentested biological
treatments, the cultivar of the plant, or the weathonditions during the years of research. Howettlee weather condi-
tions in 2012 had a significant impact on the ocence of a higher percentage of tubers with symptofiRhizoctonia so-
lani infection. Three potato cultivars did not diffin terms of infection by Rhizoctonia solanicbntrast, the percentage of
tubers of Finezja cultivar infected by Streptomysesbiei was significantly lower than in case @ @yprian cultivar.

Key words biological treatment, potato, health, R. solaBi,scabiei

WPLYW STOSOWANIA ZAPRAW BIOLOGICZNYCH NA PORA ZENIE BULW
ZIEMNIAKA PRZEZ GRZYB RHIZOCTONIA SOLANI | BAKTERI E
STREPTOMYCES SCABIEI

Streszczenie

W latach 2011-2013 badano wplyw dwoch zapraw biofotych Proradix WP (szczepy bakterii Pseudomonmgs) $
FZB24 WG (szczepy bakterii Bacillus subtilis) naggenie bulw trzech odmian ziemniaka przez grzyb Rton@a solani i
baktere Streptomyces scabiei. Bmiadczenie przeprowadzono metddsowanych podblokéw, w 3 powtdrzeniach. Pora-
zenie bulw przez Rhizoctonia solani po zastosowaaprawy Proradix WP byto istotniezsze nd bulw niezaprawionych.
Natomiast po zastosowaniu zaprawy FZB24 WG jeari@ bulw przez tego patogena byto podobne, jak nigzaprawio-
nych. Poraenie bulw przez Streptomyces scabiei niezabdeod zastosowanych zapraw biologicznych, badamgrhian
oraz warunkéw pogodowych w latach 2011-2013. Warpogodowe w 2012 roku wplty istotnie na wyszy procent
bulw z objawami Rhizoctonia solani. Trzy badane iadgnziemniaka nie byly zidicowane pod wzgtlem poraenia przez
Rhizoctonia solani. Natomiast procent bulw odmi&imezja poraonych przez Streptomyces scabiei byt istotniszgini
odmiany Cyprian.

Stowa kluczowezaprawa biologiczna, ziemniak, zdrowie, R. sql&iscabiei

1. Introduction The sclerotia oR. solaniand S. scabiebacteria over-
winter usually in soil and in the infected seedetsh[6].
Common scab and black scurf are serious potato di¥hese diseases can be limited by planting heakleyg $u-
eases, which result in their lowered market, preiogsand bers, crop rotation and chemical seed treatmeseed po-
seeding values. Black scurRlfizoctoniasolani Kiihn) tatoes. Treating can result in equal rises, lowgtadt den-
symptoms include the rotting of sprouts, decay tefms sity in the field and obtain healthy tubers yielthe success
bases, and presence of dark sclerotia on the sudftu-  of using biological methods in orchards, greenhsusad
bers. The infection oR. solanispreads best in low tem- mushroom-compost houses protection has resulte-in
peratures and high humidity of soil [1]. The comnmmab search of use of these methods in other cultivafields
is caused by eubacter&treptomyces scabiéex Thaxter) [7]. Since 2014, the Directive No. 2009/128/WE [@tat-
Lambert et LoriaS. acidiscabies.ambert et Loria (USA, ing the use of integrated methods, with priority to
Korea, Japan)$. turgidiscabiegKorea, Japan, Finlandy. nonchemical and natural methods, also affects fiedghs.
europaeiscabieifew locations in Europe, Korea), al®l In recent years, the percentage of biological meats us-
stelliscabiei(France) [2, 3]. The species of the biggest sigage has risen in the general pesticide market, \niewtbeir
nificance in potato cultivation iS. scabieil4]. The com- use on large areas is still considered as expensiweuld
mon scab usually occurs in slightly alkaline ortnalsoils, seem, that in order to eliminate disease factos&lirey in
especially during dry years [5]. The size of pemdescabs soil, the use of beneficial, naturally occurringcteaia
is the decisive factor of scab harmfulness. Tubetsich  would be advised — through such environmental nicadif
have stopped their growth and are covered with # wetion, which would result in stimulated growth anctieity
formed periderm are not susceptible to infection. of mentioned bacteria [9]. The bacteria used irdgical
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protection can affect other organisms in an antegion The results of field research have been statifiealalyzed
way through antibiosis, competition for food ancbitet, with the method of variance analysis< 0,005).
parasitism, and inducing systemic immunity in péajdi0].
Extensive research is being conducted in the fiéldo- 3. Results and Discussion
tato protection againd®. solaniandS. scabieilt includes
using the antagonistic bacteri2acillus or Pseudomonas During the years of study, the percentage of potiat
[11-20], conjunctive use oBacillus subtilisbacteria and bers infected byR. solaniwas high. The biggest amount of
Trichoderma virendungi [21, 22], as well as composts [23- tubers with sclerotia symptoms present on the sarfaas
25]. During the petri dish analyses, the inhibitieffects observed in 2012 (70% to 96%). In 2011 and 2013tre
between fungi, actinomycetes or bacteria, isolétech the centage of tubers infected Y. solani was lower and
soil in which the tubers were cultivated, causihg tom- equaled (respectively) 15% to 64%, and 6% to 72%.
mon scab, have been studied [26, 27]. The effectomt Weather conditions in 2012 had a substantial eftecta
pathogenic strains ddtreptomycespp. on lowering of in- lowered percentage of tubers with symptoms of tidec
tensity of common scab is being studied [28, 29]. by R. solani(Table 1.) According to some authors, the year
The aim of this research was to determine theceffef  of cultivation has the most significant influence the rate
using two biological treatments: Proradix WP andBBZ  and harmfulness of black scurf [31].
WG on health condition of three potato cultivaryp@an, During the three years of study, the biggest armaiin
Finezja and Flaming. tubers with symptoms of black scurf was found ansbiige
tubers that were not treated. No significant diatidiffer-
ence has been determined, considering the pereemtag
The research was conducted in the years 2011-2013 tubers infected byR. solanibetween the tubers that were
the agricultural research station in Pawlowicephging to  treated with Proradix WP and FZB24 WG, and nottega
Wroctaw University of Environmental and Life Sciesc tubers (Table 1, Figure 1).
The two-factor experiment has been conducted omibro
earth (grade class Vb of “weak rye complex” cormplec-
cording to the soil grading system formed by théshdn-  Table 1. Percentage of potato tubers infectedRbizocto-
stitute of Soil Science and Plant Cultivation),aimandom- nia solanidepending on the type of seed treatment and the
ized split-plot method, in 3 repetitions. The expental  potato cultivar
factors were: 1) Seed treatments: Control Groupse®ed Tab. 1. Procent bulw potanych przez Rhizoctonia solani
treatment), Proradix WP, and FZB24 WG; 2) Cultivarsw zalenasci od zastosowanych zapraw i odmian ziemniaka
Cyprian, Finezja and Flaming. The potatoes weratédik
with two biological preparations: Proradix WP — &mbi-
ological agent designed agairet solaniand S. scabiei Seedtre-| ~ wiar | 2011 2012 2013 Mean
containing strains oPseudomonaspp. bacteria; FzB24 | atment

2. Materials and Methods

Experiment variables Years

WG - a fungicidal seed treatment containing arstodBa- Cyprian | 58,33 79,17| 42,50 60,00
cillus subtilis naturally occurring in soil, effective against| Control | Finezja | 64,17 90,00 38,33 64,17
Rhizoctoniaspp., Fusarium spp., andPhytophthoraspp. Flaming | 1500 | 84,17| 7167 56,94

(this seed treatment can be used in protectionotdtpes, | Cyprian | 2583 | 9583 583 425
corn, vegetables and lawns [30]). The area of bqrjaaled Proradix ——
12,5 nf, with plant density of 60 tubers per plot. Thedstu WP Finezia | 4000| 86,67] 2004 48,8p

ied cultivars seed tubers were treated directlptgeplant- Flaming | 32,50 | 82,50 7,50 40,8

ing, with a dose of 75 ml of liquid seed treatmpat 100 Cyprian | 55,00 80,00 31,67 55,56
kg of potatoes. The potato yield was collectechim lbegin- FSV%ZA' Finezja | 20,00 78,33 30,83 43,06
ning of September of each research year. Flaming | 25,83 70,00 60,00 51.04

In the years 2011-2013, the percentage of potdters

infected byR. solaniandS. scabiehas been calculated, as LSD p=0.05 — 0
well as health condition of 3 potato cultivars (@gp, Means for variabiles

Finezja, and Flaming) has been studied. Beforénémeest, Control | 45,83 84,44 50,83 60,37a
40 treated and not treated tubers of each cultisae been Proradix

analyzed and graded, in 3 repetitions. The degréefec- Saettrandetnrte WP 32,78 88,33 11111 44078
tion of tubers byR. solaniand S. scabieihas been deter- FZB24

mined according to the gradual, inverted scale ©BORU WG 33,61 76,11 40,83 50.18a
(Polish Research Center for Cultivar Testing), rfiediby LSD p=0,05 19.79

Moszczyiska. In this scale the values have following mear
ings: 1 — sclerotia oR. solanior scabs caused I8/ scabiei
occupied up to 1% of the tuber surface, 2 — from tb%

Cyprian | 3562 | 63,75 20,62 40
Cultivar | Finezja | 37,08| 63,75 24,17 416

I

10%, 3 — from 11% to 25%, 4 — from 26% to 50%, ffom Flaming | 20,26 | 6542] 3479 40,28
51% to 75%, 6 — more than 75% of the tuber surface. LSD p=0,05 r.n.
The infection index has been calculated accordmnghe Years 31,11b| 64,314 26,53b

following formula:

Wp=Z (PxW).n-1
Wp —__mfectlon index, P — the number of |r_1fecte_dr]1)$ of statistically significant
specific infection degree, W — the value of infeatin —the | 1 _ differences not statistically significant

number of graded plants. Source: own work Zrodio: opracowanie washe

LSD p=0,05 13,17
a, b — the differences of values followed by thmedetters are not
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02011
m2012
m2013

Experiment variables Years
- Mean
Seede-| o yivar | 2011 | 2012| 2013
atment
Cyprian 1,58 1,87 1,48 1,64
Source: own work Zrodto: opracowanie wiasne ,yp ! -

_ _ . Control | Finezja 1,64 1,96 1,43 1,67
Flg.dlt. Tr;e efftect ofthusmg Protrad|x \fNP ta?thEB;faW Flaming 115 184 174 157
seed treatments on the percentage of potato tutfecte ,
by R. solani(2011-2013 harvest) Proradix Cypna_m 1,28 2,29 1,07 1,55
Rys. 1. Wplyw zaprawy Proradix i FZB na procentwbul WP Finezja 1,40 1,94 1,23 1,52
ziemniakéw porzonych przez R. solani (zbiér 2011-2013) Flaming | 1,32 1,84 1,07 1,41

Cyprian 1,55 2,21 1,34 1,70
Thg finfectlioon7 itndzeé 9ofthr_lot treateizlh atr;totl] trelatgdeltab F\%VBGZAP Finezja | 1,20 | 1,97 133 1.50
ranged from 1,07 to 2,29; this means thatRhsolaniscle- -
. . Fl 1,26 1,70 1,66 1,54
rotia occupied up to 10% of the tubers surface. ififec- — aming
tion rate of potato tubers . solaniafter the usage of Pro- LSD p=0.05 . r-n.
radix WP seed treatment was significantly lower whe Means for variables
compared to the tubers that were not treated. Heryekie Control 1,46 1,89 1,55 1,633
infection rate of tubers by this pathogen after tkage of Seed Proradix
FZB24 WG was similar to the not treated tubers (@a. ;?ner:f' WP 133 | 202 | 112} 149%
The research area concerning the biological ptiotec
. . FzB24 |
of potatoes hasn’t been studied enough by Polistareh- WG 134 | 196 | 144 1,58a
ers. Internat_lon_ally, experiments pertaining tostmatter LSD p=0,05 012
include Petri dish analyses or greenhouse testhk] fie- Cvori 136 Y 123 148
search is conducted in a lower than presently redui _ ypr@n i i ’ i
amounts. Even though the spread of usage of bimbgi | Cultvar | Finezia | 137 | 172 126 1,45
treatments is quite limited, they can prove to Heient Flaming 1,20 1,66 1,37 1,41
against potato pathogens, especially in case dbgical LSD p=0,05 ron.
cultivations. The Proradix WP is a biological treaht, Years 131b| 1.74a 1,290
based orPseudomonaspp. bacteria. These bacteria secr —

‘ . A . LSD p=0,05 0,13

siderophores, small, high-affinity iron chelatingont-

pounds, important biogenic components of many roicro
ganisms. Thé&seudomonaspp. improve the growth of the
plants by influencing the change of compositiorpopula-
tions of microorganisms populating the rhizosphéireit-
ing the pathogens residing in sdilseudomonastrain Pf5
(producing pyrrolnitrin and pioluteorin) has beewifid to
be an antagonist towarés solani[20]. The results of a re-
search conducted by others prove tRaeudomonaspp.
reduced the growth dR. solanj caused the lyses’ of scle-
rotia, lowered the frequency of occurrence of blsclrf on
tubers, and protected the tubers from infectiorRbgolani
[11, 19]. The field research conducted in Germadtafy,

of Bacillus subtilisandR. solaniisolate of a low virulence
significantly reduced the occurrence of the blackrsand
common scab symptoms on potato tubers [21, 23].

Table 2. Index of th&khizoctonia solaninfection depend-
ing on the type of seed treatment and the potdtivau

Tab. 2. Wskénik poraenia bulw przez Rhizoctonia solani
w zalenasci od zastosowanych zapraw i odmian ziemniaka

a, b — the differences of values followed by thmedetters are not
statistically significant
r. n. — differences not statistically significant

Source: own work Zrodlo: opracowanie wiasne

During the 3 years of study, the percentage oénsiin-
fected byS. scabieiwas low. In the years 2011-2012 the
symptoms (scabs on the surface of tubers) wereprés
up to 10% of analyzed tubers, whereas in 2013 W§}0%6.
The biggest amount of infected tubers was presectse
of tubers from the control group (2% to 12%), wiaer¢he
percentage of tubers with scabs on their surfater #fie

and Poland have shown that usage of Proradix WB seeeed treatment with Proradix WP and FZB24 WG ranged

treatment causes a drop in the occurrence of poudters
infected byR. solani[32, 33]. A significant inhibition of
black scurf has also been observed after the uBsaido-
monas fluorescer42].

from 3% to 6% and from 2% to 9% respectively (Table
Figure 2). The usage of both studied biologicahtiments
and the weather conditions during the 3 years séarch
have not affected the differentiating percentagetubiers

The Bacillus spp. strains or their metabolites can bewith symptoms of the common scab (Table 3, Figyrdr2

considered as potential source of bio-pesticidet raight
be used in the control of phytopathogens, resuiting de-
crease of fungicides usage. Supernatants obtaioed the

the years 2011-2013 the infection index of tubeosnfthe
control group and tubers that were treated withstiuelied
preparations was low and ranged from 1,00 to 1iBH;

Bacillus bacteria cultures growing on brewery waste watemeans the scabs occupied up to 1% of the tubefacsur
and molasses, have shown an inhibitive activityaals The degree of lesions caused $yscabieidid not depend
such fungi asB. cinerea, R. solani, S. sclerotiorum, Pho-on the seed treatment used, the cultivar analyzecdtire

mopsis diacheniiand P. exiqua var. exiqufl7]. The use Wweather conditions (Table 4).
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However, the research conducted by others sugthedts ers, different potato cultivars were not signifitardiffer-
a significant reduction of the infection rate oftqto tubers entiated in terms of infection bg. scabieiand R. solani
by S. scabiecould be achieved by usirBgcillus sp. sun-  [31].
hua. The antibiotics produced by this bacteriumdpoiac-
tin A and iturin) effectively inhibiteds. scabiein a wide
pH range and in high temperature [1Bhcillus amylolig-
uefaciensand nonpathogenic strains Sfreptomycespp.
also showed strong antagonism towasdscabie{16, 29].
Other researchers have proven a beneficial infleei8a-
cillus subtilis, Bacillus thuringiensi|a conjunctive use of
Streptomyces avermitiliend Trichoderma koningji and
Pseudomonas fluoresceos a reduced infection rate of po-
tato tubers bys. scabie[14, 22].

02011
m2012
m2013

Table 3. Percentage of potato tubers infecte&togptomy-
ces scabietlepending on the type of seed treatment and th.
potato cultivar

Tab. 3. Procent bulw potanych przez Streptomyces sca-Fig. 2. The effect of using Proradix WP and FZB2&GW
biei w zaleénasci od zastosowanych zapraw i odmian ziemseed treatments on the percentage of potato timferged
niaka by S. scabie{(2011-2013 harvest)

Rys. 2. Wplyw zaprawy Proradix i FZB na procentwbul

Source: own work Zrodlo: opracowanie wlasne

Experiment variables Years ziemniakow porzonych przez S. scabiei (zbiér 2011-2013)
Seed tre- . Mean
atment Cultivar 2011 2012 2013

Cyprian | 2,50 4,17 | 20,00 8,88  Table 4. Index of theStreptomyces scabiénfection de-
Control | Finezja 0,00 8,33 5,00 4,44 pending on the type of seed treatment and the gotalti-
Flaming | 4,17 500| 10,00 639 var

Cyprian 917 10,00 417 778 Tab. 4. Wskaik poraenia bulw przez Streptomyces sca-

Proradi — biei w zalénaosci od zastosowanych zapraw i odmian ziem-
We | Finezia | 000 | 583 250] 278 yeh zap

niaka

Flaming 0,00 0,00 10,00 3,33 : :
oo Cyprian 3,33 3,33 6.67 4,44 Experiment variables Years "

—— L ean
WG | Finezia | 250 | 750| 833] 611 [SeedUAl cypvar | 2011 | 2012|2013

Flaming 0,83 0,83 11,67 4,44 -

Cyprian 1,03 1,04 1,21 1,09

LSD p=0,05 r.n.

Control Finezja 1,00 1,08 1,05 1,04

Means for variables

Flaming 1,07 1,05 1,10 1,07
Control 2,22 5,83 11,67 6,57 -
P pr ) Cyprian 1,13 1,10 1,04 1,09
seedtre-| PRI\ 306 | 528 | 56| 463 | PO [Tenega [ 100 | 125 102[ 109
atment — Flaming | 100 | 100| 110 108
2,22 3,89 8,89 5,00 -
WG Cyprian 1,04 1,03 1,06 1,04
LSD p=0,05 rn. FZB24 WG Finezja 1,03 1,07 1,08 1,06
Cyprian 13,54 10,21 8,33 10,69 Flaming 1,01 1,01 1,12 1,04
Cultivar | Finezja | 0,62 6,46 5,83 4,314 LSD p=0,05 r.n.
Flaming 7,08 1,46 10,42 6,32ap Means for variables
LSD p=0,05 4,90 Control 1,03 1,06 1,12 1,074
Years 7,08 6,04 8,19 Seg]otla :]rteat- Pr\c/)\;gdlx 1,04 112 1,06 107a
LSD p=0,05 r.n.
a, b — the differences of values followed by theedetters are not FZB24 WG 1,03 1,04 1,09 1,053
statistically significant LSD p=0,05 0,06

r. n. — differences not statistically significant

Cypri 1,14 1,10 1,08 1,11
Source: own work Zrodto: opracowanie wiasne ypran . . . .

Cultivar Finezja 1,01 1,11 1,06 1,06
Flaming 1,10 1,01 1,10 1,07
The 3 studied potato cultivars (Cyprian, Finezad LSD p=0,05 r.n.

Flaming) were not differentiated in terms of petege of Years 1,08 1,08 1,08
tubers infected bR. splani,and the infection degree by this LSD p=0,05 rn
pathogen. However, |n_ case of the com_m_on scaboWes_t a, b — the differences of values followed by thmedetters are not
percentage of tubers infected By scabieiwas present in statistically significant

the Finezja cultivar and it was significantly lowtan in | ', _ giferences not statistically significant

the Cyprian cultivar (Table 3). According to otlesearch- Source: own work Zrédto: opracowanie wiasne
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4, Conclusions

1. The infection rate of tubers WR. solaniafter the use of
Proradix WP seed treatment was significantly lowemntlof
tubers that were not treated.

2. In the future, the Proradix WP seed treatment miggt
used in biological protection against the blackrsaspecially
in ecological cultivations.

3. The infection rate of tubers Hy. solaniafter the use of
FZB24 WG seed treatment was comparable to tubersvira
not treated.

4. In 2012 the weather conditions had a significareafon a
higher percentage of tubers showing symptoms okldaarf.
5. The beneficial effects of use of Proradix WP andBEZ
WG on the infection rate of tubers By scabiewere not ob-
served, what may be the result of a very low infectiate of
tubers by this pathogen during the 3 years of study

6. The percentage of tubers of Finezja cultivar irdddbyS.
scabieiwas lower than of tubers of Cyprian cultivar.

7. The 3 studied potato cultivars (Cyprian, Finezjad &lam-
ing) were not differentiated in terms of infectiop R. solani
andsS. scabiei
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