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EFFECT OF PLANT EXTRACTS

against Alternaria tenuissima (Kunze) Wiltshir in vitro

Goal. To investigate the fungistatic
effect of plant extracts on Alternaria
tenuissima in vitro. Methods. The
study was conducted in the Labora-
tory of Phytopathology of the Institute
of Plant Protection of NAAS (IPP
NAAS) and the Laboratory of Ecology
and Pharmacognosy of Research Sta-
tion of Medicinal Plants of the Insti-
tute of Agroecology and Environmental
Management of NAAS (RSMP IAEM
NAAS). Medicinal plant raw mate-
rials used in the research were grown
and selected at the research sites of
RSMP IAEM NAAS. Plant extracts
were made on its basis. Determination
of the activity of plant extracts on the
growth of Alternaria tenuissima cul-
ture was performed in the laboratory
of phytopathology of the IPP NAAS.
Agar-disk diffusion method was used.
The radial growth rate and the per-
centage of growth inhibition of colonies
were determined. Results. On the 5"
day after the start of the experiment,
all studied extracts formed colonies of
significantly smaller size compared to
the control. On the 7" day, extracts
of sage, thyme, annual wormwood,
wormwood, echinacea root, and plume
poppy significantly inhibited the de-
velopment of Alternaria tenuissima
colonies. On the 10" day, a significant
reduction in the growth of colonies of
the pathogen occurred with the use of
extracts of sage, annual wormwood,
echinacea roots and plume poppy. In-
hibition of colony growth was highest
Jfor sage, annual wormwood and plume
poppy and ranged from 84.3—99.5%
on day 5 to 38.1—73.4% on day 10
after inoculation. Conclusions. Ac-
cording to our results, extracts of sage
(Salvia officinalis L.), annual worm-
wood (Artemisia annua L.) and plume
poppy (Macleaya cordata L.) showed
a pronounced fungistatic effect against
Alternaria tenuissima. These data sug-
gest that extracts of these plants can
be used in the future to develop plant
protection products.
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Introduction. Alternaria spp. are
one of the most common pathogens
of plant diseases. They can cause leaf
spots, and on cereals are also patho-
gens of «black point». According to
research conducted in the last de-
cade, Alternaria tenuissima (Kunze)
Wiltshire predominates among the
causative agents of sooty mould on
winter wheat in Ukraine [1—3].

Given the need to apply envi-
ronmental strategies in agriculture,
there is growing interest in studying
the possibilities of plant extracts.
Compounds with fungicidal proper-
ties are widely present in nature, in-
cluding those contained in essential
oils, plant extracts, etc. [4, 5]. Plant-
derived chemicals are structurally
diverse, exhibit a wide range of bio-
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logical activity, have lower environ-
mental risk and toxicity to mammals,
and may therefore play an important
role in the development of botanical
fungicides [6—10].

Studies of Devkota A. and
Sahu A. [11] have shown that Agera-
tum houstonianum Mill leaf extract.
inhibited the linear growth of colonies
of Alternaria brassicae (Berk.) Sacc.,
Botrytis cinerea Pers., Fusarium oxy-
sporum Schltdl., Phytophthora capsici
Leonian and Sclerotium rolfsii Sacc.
from 14 to 100% depending on the
concentration.

Extract of green walnut husk
showed a relatively high efficiency
against the following pathogens: Al-
ternaria alternata (Fries) Keissler,
Fusarium culmorum (Smith) Sac-
cardo, Rhizoctonia solani Kuhn,
Botrytis cinerea, Phytophthora infes-
tans (Mont.) De Bary. Inhibition of
mycelial growth of these fungi in vitro
reached 55—63% [12].

Another investigation showed that
4% aqueous extracts of the following
plants inhibited more than 60% radial
growth of Alfernaria solani Sorauer:
Tephrosia purpurea (L.) Pers (72%),
Capsicum annum L. (70%), Gliri-
cidia sepium (Jacq.) Steud. (70%),
Cleome viscosa L. (69%), Caesalpi-
nia bonduc (L.) Roxb (67%), Cassia
fistula L. (63%), Azadirachta indica
A. Juss (62%), Cassia alata (L.) Roxb
(62%) [13].

The use of aqueous extracts of
Azadirachta indica A. Juss. and Da-
tura stramonium L. against purple
blotch of onion (Alfernaria porri (El-
lis Cif.)) under greenhouse conditions
reduced the disease severity by 70%
and 61%, respectively, and against
Stemphylium blight (Stemphylium
vesicarium (Wallr.) Simmons) — by
89 and 85% [14].

Extracts from the seeds of Che-
nopodium album L. inhibited the
germination of spores of Alternaria
alternata (Fr.) Keissl and Bipolaris
sorokiniana Shoem. by 14—16% and
32—34%, respectively [15].

Also inhibiting effect on the
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growth of mycelium of Alternaria
spp. was observed for essential oils
from tea tree (decrease in colony dia-
meter was 33—62% depending on the
concentration), sage (29—46%) and
eucalyptus (19—36%) [16].

Pal G. K., Kumar B., Shahi S.K.
[17], studied in vitro the effects of
extracts of Achyranthes aspera L.,
Parthenium hysterophorus L., Canna-
bis sativa L., Calotropis gigantean (L.)
W.T. Aiton, Chenopodium album L.,
Phalaris minor Retz., Cynodon dac-
tylon (L.) Pers., Argemone mexicana
L., Ageratum conyzoides L., Lantana
camara L. on the development of
colonies of Alternaria spp. and found
that extracts of Ageratum conyzoides
and Parthenium hysterophorus had the
highest level of inhibition of mycelial
growth of the pathogen.

Chaudhari et al. [18] evaluated
the efficiency of the essential oil of
Origanum majorana L. as a mean for
preventing the accumulation of af-
latoxin in corn grain during storage
and found that the minimum inhibi-
tory concentration for Aspergillus fla-
vus Link is 2.5 pl/ml, and at a con-
centration of 1.5 ul/ml stopped the
production of aflatoxin. In addition,
it showed fungitoxicity against other
pathogens (Cladosporium cladosporoi-
des (Fresen.) G.A. de Vries, Penicil-
lium italicum Wehmer, Penicillium
chrysogenum Thom, Fusarium poae
(Peck) Wollenw., Alternaria alternata
(Fr.) Keissl.) [18]. Also quite effec-
tive (inhibition of mycelial growth
by 65—86%) against Alternaria spp.
were essential oils of Origanum vul-
gare subsp. hirtum (Link) letsw and
Origanum vulgare subsp. vulgare L.
[19].

Essential oil of Thymus vulgaris L.
completely inhibited the growth of
mycelium of Alternaria spp., Botrytis
spp., Colletotrichum spp. for 7 days at
a concentration of 400 pl/1 [20].

Essential oil of Litsea cubeba
(Lour.) Pers. can act as a fungi-
cide against Fusarium moniliforme
J. Sheld., Fusarium solani (Mart.)
Sacc., Alternaria alternata and Asper-
gillus niger Tiegh. damaging their cell
walls and cell membranes [21] .

Extracts of garlic, ginger and
neem have shown high efficacy
against seed infection of Alfernaria
Spp., Bipolaris sorokiniana, Curvu-
laria lunata, Fusarium spp. on wheat
[22]. Ginger and garlic oil was found
to be as effective as the synthetic fun-
gicide against A. solani and P. infes-
tans [23].
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Methanol extract of Eclipta alba
(L.) Hassk. showed good fungicidal
activity against sorghum pathogens
such as Fusarium thapsinum Klittich,
J.F. Leslie, P.E. Nelson & Mara-
sas, Alternaria alternata, Epicoc-
cum sorghinum (Sacc.) Aveskamp,
Gruyter & Verkley, Curvularia lunata
(Wakker) Boedijn. Significant disease
protection of 95% was observed in
greenhouse and 66% disease pro-
tection was noticed in field experi-
ments [24].

Extracts of Acacia nilotica (L.)
Delile, Achillea fragrantissima
(Forssk.) Sch.Bip. and Calotropis
procera (Aiton) W. T. Aiton inhibi-
ted the linear mycelial growth in
1.5—3 times and reduced conidium
germination of A. solani in vitro in
2—6 times. In a plot experiment,
these extracts reduced disease seve-
rity by 55—80%. Tomato fruit yield
was increased by 44—92% [25].

Thus, plant extracts and oils are
able to inhibit the development of
pathogenic fungi, in particular Alter-
naria spp.

Objective: to investigate the fun-
gistatic effect of plant extracts on Al-
ternaria tenuissima in Vvitro.

Methods of investigation. The in-
vestigation was conducted in the
Laboratory of Phytopathology of
the Institute of Plant Protection of
NAAS (IPP NAAS) and the Labora-
tory of Ecology and Pharmacognosy
of Research Station of Medicinal
Plants of the Institute of Agroecology
and Environmental Management of
NAAS (RSMP IAEM NAAS).

Medicinal plant raw materials
(MPRM) used in the research were
grown and selected at the research
plots of RSMP TAEM NAAS. The
following MPRM was used: sage
(Salvia officinalis L.) leaves; plume
poppy (Macleaya cordata (Willd) R.
Br.) leaves; echinacea (Echinacea
purpurea (L.) Moench) roots; echi-
nacea herba; peppermint (Mentha
piperita L.) leaves; thyme (Thymus
vulgaris 1..) herba; chamomile (Mat-
ricaria recutita L.) flowers; jimson-
weed (Datura stramonium L.) seeds;
oregano (Origanum vulgare L.) herba;
hindu datura (Datura metel L.) seeds;
yarrow (Achillea millefolium L.) her-
ba; indian hemp (Apocynum canna-
binum L.) roots; annual wormwood
(Artemisia annua L.) herba; worm-
wood (Artemisia absinthium L.) her-
ba; greater celandine (Chelidonium
majus L.) herba.

Plant extracts were made on the
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basis of the above mentioned raw
materials. The extractant was a wa-
ter-alcohol mixture in a ratio of 1:1
(ethyl alcohol 96° and distilled water,
respectively). The extract was pre-
pared in a ratio of 1:10 — raw mate-
rial: extractant. The raw material had
an average grinding with a particle
size (0.5—0.7) cm. Extraction was
performed with boiling water-alcohol
mixture under constant heating for
30 minutes with the connection of
a cooling system to prevent evapo-
ration of the extractant and loss of
active substances. Separation of the
precipitate from the finished extract
was performed using standard pa-
per filters «red ribbon». The extracts
formed were evaporated 4 times.

Evaluation of the activity of plant
extracts on the growth of Alternaria
tenuissima culture was performed in
the laboratory of phytopathology of
the TPP NAAS. Agar disk-diffusion
method was used for assessing the
sensitivity of fungus. Potato-dec-
strose agar with the addition of the
antibiotic gentamicin at the rate of 10
mg per 1 liter of medium was used.
Monospore isolates were used for the
experiment. Agar plates were inocu-
lated by placing of fungal mycelium
particles [26].

Filter paper discs (10 mm in
diameter) were sterilized in a Pe-
tri dish wrapped in paper in a dry
oven for two hours at 160°C. Sterile
water was used to prepare solutions
with different concentrations. Paper
disks were poured in the solution and
then placed on agar plates directly
on the inoculum particles. Dishes
with inoculum particles covered with
filter paper moistened with sterile
water were used as controls. Three
disks were placed in each Petri dish.
Number of plates for each concen-
tration — three. The experiment was
repeated twice.

Culture of Alternaria tenuissima
was kept in a thermostat at 20°C. As-
sessments were performed on the 5,
7t and 10" day. Linear dimensions
were measured and the area of colo-
nies was determined. The diameter
of the colonies was measured in two
perpendicular directions without
opening the Petri dishes. Inhibition
of fungal colony growth was calcu-
lated by the formula [26]:

S-S,

E= x100,

K

E — the inhibition of colony
growth, %; S, — area of the colony
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in control; S, — area of the colony
in the experiment.

The radial growth rate of colonies
was determined by the formula:

R-R
== o
T

%100,

V — radial growth rate of the colony,
mm/day; R — radius of the colony
at the end, mm; R, — radius of the
colony at the initial time, mm; 7 —
time interval between measurements,
days.

Results. The first assessment of
the size of the colonies of the patho-
gen was performed on the 5" day
after the start of the experiment. At
this time, all studied extracts formed
colonies significantly smaller than
the control (fig. 1, 2). Growth inhi-
bition was higher in the variants with
extracts of sage, annual wormwood
and plume poppy — 84.3—99.5%
(table 1). In other variants, the areca
of the colonies was less than the con-
trol by 18.8—51.8%.

On the 7™ day of the experiment,
the increase in the size of the colonies
occurred in both the control plates
and the experimental ones. In some
cases, there was a loss of inhibitory
effect on the pathogen. In plates with
extracts of peppermint, chamomile,
oregano, yarrow, echinacea, jimson-
weed, hindu datura, indian hemp,
greater celandine an active growth of
mycelium was observed. The radial
growth rate of colonies for the period
from the 5" to the 7™ day of the ex-
periment on these variants exceeded
the control by 0.3—1.3 mm/day. As a
result, during the second assessment
the size of the colonies did not differ
from the control. Only sage, thyme,
annual wormwood, wormwood, echi-
nacea (root) and plume poppy ex-
tracts significantly inhibited the de-
velopment of colonies of Alfernaria
tenuissima (fig. 3, table 1).

On the 10" day, a significant re-
duction in the growth of colonies of
the pathogen occurred when extracts
of sage, annual wormwood, echi-
nacea roots and plume poppy were
used (fig. 4). Only in these variants
the radial growth rate of the myce-
lium was significantly lower than in
control (fig. 5). Inhibition of colony
growth was highest for sage, anual
wormwood and plume poppy (38.1—
73.4%) (table 1).

These results are in agreement
with data of many researches, who
reported that of plant extracts have
inhibitory effect on the growth of my-

celium and the ger-
mination of spores
of pathogenic fun-
gi. In particular, it
was found that sage
extract inhibited
the growth of B. ci-
nerea (40—54%)
[27]. Its essential
oils were also ef-
fective against A.
alternata, A. solani,
Fusarium solani,
F. oxysporum f.sp.
lycopersici, P. in-
festans, Rhizoctonia
solani, B. cinerea,
Colletotrichum coc-
codes (Wallr.) S.
Hughes, Verticillium
albo-atrum Reinke
& Berthold, Colle-
totrichum acutatum
J.H. Simmonds,
Clavibacter michi-
ganensis Smith,
Xanthomonas cam-
pestris (Pammel)
Dowson, Pseudo-
monas savastanoi
Janse, P. syringae
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Fig. 1. Area of colonies of Alternaria

tenuissima on the 5" day of experiment
(bars on diagram are standard errors, LSD,; = 8§0.3)

Indian hemp roots

Greater celandine herba

Plume poppy leaves

Fig. 2. Colonies of Alternaria tenuissima on the 5" day of:
1 — Sage; 2 — Annual wormwood; 3 — Plume poppy;
4 — Control (water)
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Table 1. Inhibition of colony
growth (%)

Extracts ds:; d7 ;; :’g‘yh
Sage leaves 84.3 54.8 38.1
Peppermint leaves 34.2 7.1 2.1
Thyme herba 51.8 15.6 7.6
Chamomile flowers 39.7 8.1 1.8
Oregano herba 18.8 0 0
ﬁgﬂ)‘;"’" wormwood | g7 4 | 733 | 560
Wormwood herba 29.5 13.2 5.8
Yarrow herba 324 8.0 53
Echinacea roots 41.6 18.6 17.7
Echinacea herba 23.1 8.4 3.1
Jimsonweed seeds 184 5.7 0
Hindu datura seeds 11.3 4.1 0
Indian hemp roots 153 14 0
E;fg;er celandine 219 89 78
IF;':\’/‘;‘: poppy 995 | 874 | 734

pv. phaseolicola van Hall [28—38].
Caffeic and rosmarinic acid in the
extracts could be related to the abi-
lity to control the development of
phytopathogens and are reported to
be the most common phenolic com-
pounds in sage extracts [28, 39].

Essential oil of annual worm-
wood inhibited the development of
Fusarium oxysporum, Fusarium solani,
Cylindrocarpon destrutans (Zinssm.)
Scholten, Alternaria solani, Sclero-
tinia sclerotiorum (Lib.) de Bary [40—
45]. Studies with the major compo-
nents present in A. annua essential
oil have shown that artemisia-ketone
and a-terpineol are compounds with
the highest antimicrobial activity
[41, 46].

The essential oil of Macleaya cor-
data has shown an inhibitory effect
on a number of pathogenic microor-
ganisms, including Aspergillus niger,
Aspergillus flavus [46, 47]. Studies
have shown that this effect is due to
the presence of quaternary benzo-
phenanthridine alkaloids (sanguina-
rine and chelerythrin) and protopine
alkaloids (protopine and allocrypto-
pine). They showed fungistatic acti-
vity with EC,, values in the range of
5—11 pg/ml and a minimum inhi-
bitory concentration of 8—32 pg/ml
against Botryosphaeria berengeriana
De Not., Botrytis cinerea, Fusarium
graminearum Schwabe, Fusarium
oxysporum, Magnaporthe oryzae
B.C. Couch, Rhizoctonia solani [47,
48].

CONCLUSION

According to our results, extracts
of sage (Salvia officinalis L.), annual
wormwood (Artemisia annua L.) and
plume poppy (Macleaya cordata L.)
showed a pronounced fungistatic ef-
fect against Alternaria tenuissima.
These data suggest that extracts of
these plants can be used in the future
to develop plant protection products.
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Brnus pocnMHHMX eKCTPAKTiB
Ha Alternaria tenuissima (Kunze)
Wiltshire B ymoBax in vitro

Merta: docnioumu dyneicmamuuny 0ito
pocnunHux ekcmpakmie w000 Alternaria
tenuissima 6 ymoseax in vitro. Meroguka.
Hocniomenns nposedero 6 nabopamopii gi-
monamonoaii Incmumymy 3axucmy pociun
HAAH (I3P HAAH) ma na6opamopii exo-
n02ii i papmaxoenosii Jocnionoi cmanyii mi-
Kapcokux pocaun Incmumymy azpoexonoaii i
npupodoxopucmysanusi HAAH (JJCJIP IAII
HAAH). Jlikapcoka pocnunHa cuposuHa, uyo
BUKOPUCINOBYBANACL Y 00CTIIONEHHAX, 6Yna
supoujera ma idibpana Ha 00ciOHUX OifIsTH-
xax JICJIP IAIl HAAH. Ha ii ocHosi 8uzo-
moeneHo pocnunni excmpaxmu. Busnavenns
AKMUBHOCII POCTIUHHUX eKCIMPAKMi6 1000
pocmy kymomypu Alternaria tenuissima npo-
600unu 6 nabopamopii gimonamonoeii 13P
HAAH. Bukopucmarno memoo0 OuiHKu uym-
nueocmi 2pubi6 3 6UKOPUCAHHAM A2apU30-
8aH020 HUBUNLHO20 Cepedosutya. BusHauanu
padianvHy weudkicme pocmy ma 8i0comox
2anbmMyBanHs  pocmy Konowii. Pesymbra-
. Ha 5-11 OeHv nicns 3axnadanus 00cnidy
6ci 00cnioNHy6ani excmpakmu Hopmysanu
KOJIOHIT iCMOMHO MeHW020 Po3mipy nopis-
HAHO 3 KOHmponem. Ha 7-1i denv icmomHo
npuenivysanu pozsumox konowiti Alternaria
tenuissima ekcmpakmu waenii, uebpeyto, no-
JIUHY 00HOPIUHO20, NOMUHY 2ipK020, KOPEHS
exinauei, maknei. Ha 10-ii Oenv docmosipHe
3HUNCEHHS POCIY KONOHiLi 30y0HuUKa 6i00y8a-
JI0CS 3G 3ACMOCYBAHHSA eKCMPAKMie ulaerii,
nonuHy 00HOPiuHO20, KOPiHHA exinauel ma
maxkznei. TanomyeanHs pocmy KonoHii 6yno
Hatisuuum 0715 Waenii, NOIUHy 00HOPiUHO020
ma maxnei i cmanosuno 6i0 84,3—99,5% na
5-i1 0env 00 38,1—73,4% na 10-1i demv nicas
iHoKynsuiT. BUCHOBKM. 3a danumu nposede-
HUXx 00C7iOHceHb Bupajcery PyHeicmamudmy
0ito npomu 36yoHuka Alternaria tenuissima
NposUNY  eKCMPAKMU Waenii iKapcokol
(Salvia officinalis L.), nonuny o0Hopiutozo
(Artemisia annua L.) ma maknei cepueno0i6-
noi (Macleaya cordata L.). L]i dani ceiouamo
npo me, u{0 eKCpPaKmu OAHUX POCIUH MO-
Hymv Oymu BUKOPUCIAHI 6 HOOATbLULOMY
07151 pO3po6erHs 3ac00i6 3axucmy pociuH 6i0
anvmepHapiosy.
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BnusHue pacTUTETHBIX IKCTPAKTOB
Ha Alternaria tenuissima (Kunze)
Wiltshire B ycnoBusx in vitro

Henb. Jccnedosamv — PyHeucmamue-
ckoe Oeticmeue PACUMENbHbIX SKCHPAKNOs
na Alternaria tenuissima 6 ycnosusx in vitro.
Meropuka. Vccnedosanus nposedervt 6 na-
6opamopuu  pumonamonoeuu Mncmumyma
sauqumot pacmenuit HAAH (3P HAAH) u
nabopamopuy  dKonoeuu U PapmMaxKozHo3uu
OnvimHoti cmanyuy 1eKapcrmeeHHblx pacime-
Huil VIHcmumyma azposxkonozuu u npupooo-
nonvsosarnus HAAH (OCJIP MAII HAAH).
JlexapcmeenHoe pacmumenvHoe Colpve, Ko-
mopoe UCHOMb308al 6 UCCIE008AHUSX, ObLIO
BVIPALYEHO U OMOOPAHO HA UCCTIE008aINeENDb-
ckux yuacmxax OCJIP VIAII HAAH. Ha eeo
0cHOBe ObilU U3201M067IEHbL  PACTUMEbHbLE
axcmpaxmot. Onpedernerue aKmueHoCmMu pac-
MUMeNbHbIX IKCMPAKIMOB HA POCHN KYbIMYPbl
Alternaria tenuissima nposoounu e naéopamo-
puu dumonamonoeuu VI3P HAAH. Vcnono-
306aH Memo0 OueHKU Hy8CrBUmensHoCHU
2pub06 ¢ UCHONL30BAHUEM A2APUIUPOBAHHOL
numamenvHotl cpedvt. Onpedensnu paouans-
HYI0 CKOPOCMb POCIA U NPOUEHIN MOPMOdice-
Hus pocma xononuti. Pesynbrarel. Ha 5-ii
OeHb nocne 3aKnA0KU ONbIMA 6ce U3yudemble
aKcmpakmot  POPMUPOSANU KOOHUU CYUle-
CIMBEHHO MeHbUie20 Pasmepa no cPasHeHUuro ¢
konmponem. Ha 7-ii denv nodasnsnu passu-
mue kononuii Alternaria tenuissima skcmpax-
mol wianges, uabpeuya, nomviHy 00HONEMHe,
NONbIHY 20PbKOLl, KOPHS dXUHAUEU, MAK7eU.
Ha 10-i1 denv docmosepHoe cHuxceHue pocma
KOTIOHULL 8030YOUMENA NPOUCXOOUNIO 6 8apU-
AHMAX NpUMeHeHus IKCMPaKmos uianges,
nonbiHU 00HONeMHetl, KOPHS IXUHAUeu U Ma-
kneu. TopmoceHue pocma KOMOHULL 6bino ca-
MbIM 8bICOKUM 07151 Wiangest, NombiHU 00HOEM -
Hetl, makneu u cocmasnsino om 84,3—99,5% na
5-11 0env 00 38,1—73,4% wa 10-ii deHv nocrne
unokynAuuu. Beioppl. [lo pesynvmamam
nposedeHHbIX  UCCTE008AHULL  6bipasceHHOe
yHeucmamuueckoe Oeiicmeue NPoOMus 603-
6youmens Alternaria tenuissima nposeunu
akcmpaxmol wianges nexapcmeernrozo (Salvia
officinalis L.), nomvinu oononemmeii (Artemisia
annua L.) u maxnu cepoyesuonoti (Macleaya
cordata (Willd) R. Br.). 9mu danmnvie céude-
MeNbCMBYIom 0 Mom, 4mo IKCMpaKmul 0aH-
HOIX pACMEHULl MO2ym UCNONb30BAMbC 6
oanvHeiiuiem 0715 paspabomxu cpedcms 3auu-
Mbl pacmeHuti om anbmeprapuo3a.

pacTutensHble 3KCTpaKkThl; Alternaria

tenuissima; MHIMOUpPOBaHME POCTa;
papuanbHag CKOPOCTh PocTa; 6Momo-
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