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Abstract. There were tested and screenedjtro andin vivo, for the first time in Romania,
nine respectively six plant extracts manufacturedHbfigal S.A. againsAlternaria alter-
nata (strain Aa 20) isolated from blackcurraRtlgesnigrumL.). The highesin vitro activ-

ity (efficacy between 70% and 100%) was recorded®&iureja hortensiandValeriana of-
ficinalis extracts at 20 and 10% concentratioAsgood inhibitory activity on mycelial
growth (efficacy between 54.3 and 88.6%) has beticed forAllium sativumMenthasp.
Rosmarinus officinalisTagetes patul&xtracts (at 10 and 20%). No efficacy was notfced
Artemisiadracunculussativa’. The extract obtained froktlyssopus officinali;hibited the
mycelial growth ofA. alternataonly at 20%, with 57.1% efficacy. In field trialgaleriana
officinalis andSaturejahortensisextracts have been very effective in limiting Aftaria dis-
ease severity in blackcurrant applied at 10%, coetbto untreated control. This data con-
firmed their strong antifungal potential, bathvitro andin vivo. Based on our results, plant
extracts with highly efficacy could be an altermatin the protection of blackcurrant as me-
dicinal crop against Alternaria leaf spot and frattespecially in organic horticulture system.
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INTRODUCTION

Black currant Ribes nigruml.) is a commercially important soft fruit croptivian
annual turn over of 160,000 tonnes in Europe argJQ® tonnes worldwide [Hedley et
al. 2010]. In recent years there has been an isedescientific interest toward this crop,
due to alimentary and therapeutic value of itstéiuyoung leaves and buds. Black cur-
rant fruits are known for their desired flavouree thigh content of tasty juice and as
a source of bioactive compounds (vitamin C, polypatg) with potential health promot-
ing properties. Buds and leaves are also a valustlece of phenolic compounds.
The leaf and bud extracts are of relevance as ratenal for the food and health indus-
try thereby making black currant a lucrative pradiec use as functional food ingredi-
ent [Vagiri 2012].

Since the quality of these products may be impabgdiarious pathogens, espe-
cially fungi, the establishment of biocontrol me@suto protect such a medicinal crop is
necessary. In addition, a rapid increase in orgdlyigrown black currants was ob-
served [Anttonen and Karjalainen 2006].

Alternaria genusis ubiquitous, with cosmopolitan species found @sr@phytes on
different substrates and pathogenic on a wide rasfgerops, including vegetables,
fruits, ornamentals and cereafdternaria alternata(Fr.) Keissl is responsible for leaf
spot and fruit rot in blackcurrant. In additiondausing economic losses, this pathogen
is known as the most important mycotoxin producapgcies (e.g. alternariol, alter-
nariol monomethyl ether) amordternaria species.

To overrun the widespread public concern for lomgnt health, environmental ef-
fects of pesticides and also to comply with foofbsastandards, there is a worldwide
trend to explore new alternative to fungicides.uMalt compounds as plant extracts have
been shown to be effective against many plant pgths, considered to be safe for
humans and environment. Also, they have selectibitydegradable action and a great
variety of chemical composition, with a large véyief secondary metabolites, most of
them not yet studied in correlation with their figide action.

This study was focused on the efficacy of differplant extracts againgt. alter-
nata, responsible for leaf spot and fruit rot in blamkrant in vitro andin vivo. The
objectiveof the present study was to test and screen thedidal activity of some plant
extracts manufactured by Hofigal S.A. Bucharestraga\. alternatain black currant
bothin vitro andin vivotrials.

MATERIAL AND METHODS

In vitro tests were conducted using one straiAltdérnaria alternata(Aa20) isolated
at Research-Development Institute for Plant Pradec{RDIPP) Bucharest from in-
fected blackcurrant leave®ipes nigrumL.) from production field of Hofigal S.A.
The isolate was identified according to the cultymaperties, morphological and mi-
croscopical characteristics, tested for pathoggnmn leaves and maintained on PDA
for further studies.
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The biological action of nine plants extracts wasleatedin vitro on mycelial
growth of Aa 20 isolate through poisoned food téghe. The plants screened in this
study wereAchillea millefolium(yarrow), Allium sativum(garlic), Artemisia dracuncu-
lus ‘sativa’ (french tarragon)Hyssopus officinalighyssop),Menthasp. (mint, variety
not mentioned by producer, Hofigal S.ABpsmarinus officinaligrosemary) Satureja
hortensis(summer savory)Tagetes patuldmarigold) andvaleriana officinalis(vale-
rian). These plants were selected based on i) mmadlicalue and reported antimicrobial
action; ii) capacity to synthesize fungicide analeg; iii) amount of obtained biomass
and iv) availability in Romania and reduced ecoreahtcosts. The hydroalcoholic ex-
tracts were manufactured by Hofigal S.A. from stetesves, flowers, sprouts and
bulbs, harvested at recommended time (tab. 1) kStolutions were prepared for each
plant extract. Aliquots of stock solutions weredrmorated to PDA medium to provide
final concentrations of 20, 10 and 5%.

Table 1. Plant species as source of extracts

Plant species Part used Harvesting Invitrotest  In vivotest

Achillea millefoliumL. flowers VI-VII v

Allium sativurL. bulbs X=XI v v
Artemisia dracunculusativa’ L. stems, leaves VI-VIl v

Hyssopus officinalit. stems, leaves VI-ViI v v
Menthasp. leaves VI-Vill v v
Rosmarinus officinalis. stems, leaves V-VI v

Satureja hortensik. stems, leaves VIV v v
Tagetes patula flowers VI-ViI v v
Valeriana officinalisL. stems, leaves VI-IX v v

Mycelial disks of pathogens (8 mm in diameter) reew from the margins of
a 7 days old culture were transferred to PDA meadieended with the plant extracts at
tested concentrations. Three replicates were usedrgatment. For each plant extract
and concentration, inhibition of radial growth camgd with the untreated control was
calculated after 7 days of incubation at 24°Chim dark.

Results were expressed as efficacy of the plamaex{inhibition rate of mycelial
growth compared to untreated control) and as effectoncentrations EC50 and EC90
(the concentration which reduced mycelial growth38y or 90%) determined by re-
gressing the inhibition of radial growth values (¥ntrol) against the values of the
fungicide concentrations.

In vivo tests.The efficacy of six most effective plant extractmastA. alternatain
vitro was tested in the production and experimental si@lfiHofigal S.A. and RDIPP
Bucharest, during 2009-2012. Extracts Af sativum H. officinalis, Mentha sp.,

S hortensis T. patula and V. officinalis were used. Three treatments were applied, at
10% concentration: (i) after flowering, (ii) at ftsetting, (iii) at the beginning of fruit

ripening. The degree of attack on leaves was catledlbased on frequency and disease
severity, in natural infections conditions. Theiadty of treatments has been calculated
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using Abbot formula: Efficacy % = 100 — Z; Z = aftadegree of variant x100/attack
degree of control.

RESULTS

In vitro antifungal activity of plant extracts. The antifungal activity of nine plant
extracts was investigated against the linear grafth. alternataAa20 isolate, at dif-
ferent concentrations (5, 10, and 20%). The efficaicthese extracts is shown in Ta-
ble 2. The highest efficacy (100%) in inhibition mf/celial growth ofAlternaria alter-
nata isolate was recorded f@atureja hortensis and Valeriana officinabstracts, at
20% concentration (fig. 1).

Table 2. Biological action of plant extracts on mialegrowth of Alternaria alternata

) EC50 values
Plant extract Concentration (%) Color%g;?meter Efficacy (%) _for mycelial growth (%)
EC 50 EC90

20 30 57.1

Achillea millefolium 10 a7 32.8 16.9 38.9
5 48 31.4
20 19 72.8

Allium sativum 10 30 57.1 2.8 33.9
5 32 54.3

Artemisia dracunculus 20 0 0

i 10 70 0 >20 >20

sativa
5 70 0
20 30 57.1

Hyssopus officinalis 10 70 0 19.2 29.1
5 70 0
20 16 77.1

Menthasp. 10 24 72.8 2.3 24.8
5 22 68.5
20 8 88.6

Rosmarinus officinalis 10 25 64.3 7.8 21.2
5 45 35.7
20 0 100

Satureja hortensis 10 24 72.8 5.7 16.6
5 40 42.8
20 15 78.5

Tagetes patula 10 20 71.4 1.8 14.8
5 22 68.5
20 0 100

Valeriana officinalis 10 24 72.8 5.6 16.6
5 40 42.8

Control (untreated) - 70
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A high level of efficacy (88.6%) was obtained with officinalis extract, at 20%
also. A good inhibitory effect on mycelial growtéfficacy between 70 and 78.5%) was
observed foA. sativumMenthasp.,T. patulaextracts, at 20% as well as f®r horten-
sis T. patulaandV. officinalisextracts at 10%.

20% 10% 5%

Fig. 1.In vitro biological activity of some plant extracts agaidetelopment oAlternaria alter-
nata (Aa 20) from blackcurrant. A — control; BSatureja officinalisextract; C —Valeri-
ana officinalisextract

No inhibitory effect was registered fértemisia dracunculussativa’ extracts at all
tested concentrations. The extracthyfssopus officinalidad no inhibitory activity on
A. alternatamycelial growth at 5 and 10% concentrations. Abe2tbncentrations, an inhi-
bition in linear growth was recorded, with a modeetficacy of 57.1%. At a concentration
of 20%, the same moderate efficacy was registaved\f millefolium extract (57.1%).
However, in the presence of this extract, eveatrid 5% concentrations, it was recorded
an inhibition of mycelial growth, with lower efficg (32.8 and 31.4% respectively).
The level of sensitivity ofA. alternatawas expressed as EC50 and EC90 concentrations
(tab. 2).Alternaria alternataAa20 isolate appeared to be the most sensitive fmatula
(EC50 value 1.8; EC90 value 14.8) followed Mgnthasp. (EC50 value 2.3A. sativum
(EC50 value 2.8). officinalis(EC50 value 5.6) an. hortensi¢EC50 value 5.7).
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In vivo antifungal activity of plant extracts. The efficacy of six plant extracts to
limit Alternaria disease in blackcurrant was evétdain the production and experimen-
tal fields of Hofigal S.A. and ICDPP Bucharest (262012). These plant extracts were
selected subsequentlyitovitro bioassay.

Table 3. Biological action of plant extracts Alternaria alternata— field assay

Attack degree (%)
| I 1]

Plant exract

Allium sativum 8.20 11.60 12.50
Hyssopus officinalis 7.80 10.60 11.90
Menthasp. 9.80 11.00 13.50
Satureja hortensis 0.80 1.20 1.40
Tagetes patula 10.20 12.00 14.20
Valeriana officinalis 0.40 0.80 0.85
Control (untreated) 6.50 12.50 14.90
Limits 0.80-10.20 0.80-12.00 0.85-14.20
Average 6.2 7.86 9.05

| — after flowering; Il — at fruit setting; Ill —dginning of fruit ripening

Plant extracts efficacy (%) in limiting Alternariisease in field

Control

\
i
>
©

Valeriana officinalis ] 93,95
] 09
4,6
Tagetes patula 142
) ) ] 90,6
Satureja hortensis !
) 1,4

Mentha sp. %313 5

S 20,1
Hyssopus officinalis 119
. . 16,1
Allium sativum 125

DEfficacy (%) mAttack degree (%)

Fig. 2. Plant extracts efficacy in Alternaria dise@ontrol
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Three treatments (after flowering, at fruit settamd at the beginning of fruit ripen-
ing) were applied witi\. sativum H. officinalis, Menthasp.,S. hortensisT. patulaand
V. officinalis extracts, at 10% concentration. The efficacy ehtments has been calcu-
lated, based on the degree attack on leaves, umah@bnditions of infection.

Typical symptoms of Alternaria leaf spot were olisdrin the field immediately af-
ter blooming. The level of attack was variablergated variants compared to untreated
control, depending on plant extract (tab. 3, fig. 2

In field trials, Valeriana officinalisand Satureja hortensigxtracts showed the high-
est efficacy (e.g. 94.3 and 90.6%, recorded ab#ggnning of fruit ripening) in control-
ling Alternaria disease. A reduced efficacy was recorded for theraested extracts
(values between 4.6 and 20.1%), despite ftineiitro efficacy in inhibition of mycelial
growth.

A comparison ofin vivo andin vitro efficacy of plant extracts is presented in Ta-
ble 4. The results from both tests permitted tegifgt the tested plant extracts into three
main categories: extracts with vitro andin vivo strong biological activity (mainly at
20% and 10% but some at 598 hortensis V. officinalis), with in vitro good activity
(R. officinalis, T. patula, A. sativum Menthasp.), and extracts with no biological activ-
ity (Artemisia dracunculussativa’,H. officinalis a.0).

Table 4.In vitro andin vivo efficacy (%) of plant extracts oNternaria alternatain blackcurrant

In vitro activity In vivo activity
Strong activit Satureja hortensi§l00-72.8) Satureja hortensi§90.6)
g y Valeriana officinalis(100-72.8) Valeriana officinalis(93.9)

Rosmarinus officinali$88.6—-64.3)
Tagetepatula (78.5-68.5)

Allium sativum(72.8-54.3)
Mentha sp(77.1-68.5)

Good activity

Hyssopus officinali$20.1)
Allium sativum(16.1)
Menthasp. (9.3)
Tagetepatula (4.6)

No activity/Reduced activity Artemisia dracunculussativa’(0)

DISCUSSION

The efficacy of various herbal extracts in contngllpathogenic species of the genus
Alternaria has been reported [Mesta et al. 2009, Raja 20Hlavalle et al. 2011,
Chetana et al. 2012, Nashwa and Abo-Elyousr 20h2jeGet al. 2013, Sobhy Il et al.
2013, Waghmare 2014, Yazgi et al. 2015].

Previous reports have shown that several plangetgtrmay inhibit the mycelial
growth ofAlternaria alternata[Begum et al. 2010, Dellavalle et al. 2011, Rarajegh
et al. 2011, Stangarlin et al. 2011, Swami and Al2813, Kantwa et al. 2014, Rodino
et al. 2014, Singh et al. 2014, Rama Devi et @520
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Achillea millefolium extract. In our tests this extract has a low inhibitoryidty
on A. alternatain blackcurrant, botim vitro andin vivo. The lowest efficacy in inhibi-
tion of A. alternataof A. millefoliumextract was previous reported [Rizatti et al. 2000
Itako et al. 2008].

Allium spp. extract. Our results on the efficacy @&f. sativumextract in the growth
inhibition of A. alternataof blackcurrant, confirmed previous results. Faidgl prop-
erties of garlic extracts has been reported agéinsiternatastrain obtained from po-
tato [Chaudhary et al. 2003], different vegetabj€askeen-Un-Nisa et al. 2010],
Phaseolus aureufSwami and Alane 2013], from senn@assia angustifolip[Rama
Devi et al. 2015], groundnut [Kantwa et al. 2014 asoybean [Bhosale et al. 2014].
Different concentrations of aqueous extracts obdubf onion A. cepa and garlic
(A. sativur were evaluated for their effect on the spore geation ofA. alternataand
Rhizopus stoloniferwell known post-harvest pathogens in variousibgltural crops.
The extract ofA. sativumwas the most effective in reducing the spore geation of
these two important postharvest pathogens [TaskkeNisa et al. 2010].

Garlic extract has been reported as having higltaef§ in inhibiting mycelial
growth and spore germination of differeAtternaria species:Alternaria brassicae
[Khurana et al. 2005, Neeraj and Verma 20K]solani[Hagag and El-Khair 2007,
Nashwa and Abo-Elyousr 2012, carthami[Ranaware et al. 20104. porri [Chetana
et al 2012],A. helianthi[Mesta et al 2009]A. tenuissimaRaja 2010],A. zinniae
[Waghmare 2014].

Artemisia dracunculus Sativa’ extract. Our results highlight a lack of efficacy of
Artemisia dracunculussativa’ (french tarragon) extract in mycelial grt inhibition of
A. alternataisolated from blackcurrant. In Romania, recendigsl on extracts from
spontaneougrtemisiaspecies A. absinthium A. annug A. vulgaris) underlined their
antimicrobial activity [Iinescu 2010]. A moderate inhibitoAy annuaextract on my-
celial growth ofA. alternatain Murcott tangor fruit and nn vivo antifungal activity,
when applied to fruits was reported [Carvalho et2@11]. Also, mycelial growth of
A. solanicausing early blight of potato was inhibitedvitro by A. absinthiumextract,
with a good efficacy [Ganie et al. 2013]. No sted@ A. dracunculussativa’ and its
antimicrobial activity were found oflternaria alternata

Mentha spp. extract. A goodin vitro activity of Menthaspp. extract was recorded in
our study (68.5 to 78.1%). Our findings are in agnent with those of Taskeen-Un-Nisa
et al. [2010] and Ramjegathesh et al. [2011Poalternata Similar results were reported
by Khurana et al. [2005] and Neeraj and Vef&@&10] and orAlternaria brassicae

Hyssopus officinalisextract. Our study reports a moderate inhibitory actiafythis
extract on mycelial growth dk. alternataisolate, only at 20% concentration. No inhibi-
tory effect on mycelial growth was recorded forak@ 5% concentrations.

Satureja hortensisextract. In our study this extract was very actgainstA. alter-
nata mycelial growth in high concentrations (20 and 10%00% and, respectively
72.8% and had a moderate efficacy (42.8%) at 5%ield trials, three treatments with
S hortensisextract, at 10% concentration, had limited Alteimalisease with very high
efficacy (90.6%). These results confirmed the reggbantifungal potential of this plant
extract against plant pathogens, includiiternaria species [Sadeghi-Nejad et al. 2010,
Sesan et al. 2015].
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Tagetegpatula extracthad a goodn vitro efficacy (78.5% at 20%, 71.4 at 10% and
68.5 at 5%). Our results complete previous studiediological action ofl. patula
extracts against othédternaria species a#. solaniandA. tenuis[Begum et al. 2010,
Pattnaik et al. 2012, Saha et al. 2012]. A comparatudy of the antifungal activity of
essential oils/extracts from different parts of Trageteaminutaplant showed moderate
to high antifungal activity against a number ofl dmrne and foliar plant pathogens,
includingA. alternata from tomato.

Valeriana officinalis extract. Our study reports a very high efficacy\afofficinalis
extract againsA. alternata no mycelial growth being recorded at 20% concian.
At 10%, thein vitro efficacy was still high (72.8%). The antifungal eotial recordedh
vitro was confirmed in field trials, where the efficaoylimiting Alternaria disease was
93.9%, the highest value compared to other treasnéie did not find any data in
literature to compare our results regarding theatfbf this extract againglternaria
species.

CONCLUSIONS

1. Our results are the first ones in Romania ontpdxtracts efficacy in controlling
Alternaria disease in blackcurrant, as medicinal and hotticail crop. All tested plant
extracts had different degrees of antifungal asstiggainstAlternaria alternata

2. The present study highlights the effectivene$sValeriana officinalis and
Satureja hortensiextracts in limitingA. alternata bothin vitro andin vivo. These
extracts could be exploited for eco-friendly mamaget of Alternaria leaf spot and
fruit rot in black currant and other nutraceuticedps. The availability of these plants
makes them an attractive potential candidate ferdévelopment of natural plant pro-
tection products, which will be an extension ofitipgesent medical use.

3. These results represent new and important taibhs onAlternaria alternata
control in blackcurrant, completing those which éalternaria species as target patho-
gens.
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PRZECIWGRZYBICZE DZIALANIE NIEKTORYCH WYCI AGOW
ROSLINNYCH PRZECIWKO Alternaria alternata (Fr.) Keissl.
U CZARNEJ PORZECZKI (Ribes nigrumL.)

Streszczenie Po raz pierwszy w Rumunii przetestowano i zbadangtro i in vivo od-
powiednio dziewj¢ i szes¢ wyciagdw wyprodukowanych przez Hofigal S.A. w ich dzia-
taniu przeciwkoAlternaria alternata(szczep Aa 20) wyizolowanego z czarnej porzeczki
(RibesnigrumL.). Najlepsze dziataniim vivo (skuteczné¢ migdzy 70-100%) zanotowa-
no dlaSatureja hortensigValeriana officinalis.Dobre dziatanie inhibicyjne wobec wzro-
stu grzybni (skuteczréé miedzy 54,3-88,6%) zaobserwowano dlium sativum Men-
tha sp. Rosmarinus officinalisTagetes patuld10 i 20%). Nie stwierdzongadnej sku-
teczndci dla Artemisiadracunculus'sativa’. Wyciag otrzymany zHyssopus officinalis
hamowat wzrost grzybrA. alternatatylko przy 20% ze skuteczéecia 57.1%. W probach
polowych wycigi z Valeriana officinalisi Saturejahortensisbyty bardzo skuteczne,
ograniczajc chorole Alternaria u czarnej porzeczki przy 10% w porowinan kontroh
bez zabiegéw. Dane te potwierdzity ich silny pojehprzeciwgrzybiczy zaréwnmm vi-
tro, jak i in vivo. Opierajc sk na niniejszych wynikach, nioa powiedzié, ze wycigi
roslinne o wysokiej skuteczgoi mog by¢ alternatyvd w ochronie czarnej porzeczki ja-
ko rasliny leczniczej przed plamisgoia lisci i zgnilizna owocow spowodowanych przez
Alternaria, zwlaszcza w ekologicznym systemie upognodniczych.

Stowa kluczowe:czarna porzeczkalternaria alternata wyciagi roslinne, ogrodnictwo
ekologiczne,Rumunia
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