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Abstract: Fungistatic activity of seed extracts from Heracleum Sosnowskyi, Levisticum officinale and

Aegopodium podagraria was investigated.

The extract from H. Sosnowskyi at concentrations 0.5–1.5 cm3 × 100 cm–3 highly inhibited the growth of

fungi colonies of Fusarium culmorum and Botrytis cinerea while a seed extract from A. podagraria exhibited

no fungistatic activity. The spraying of rose and bean leaves with extracts from H. Sosnowskyi and

A. podagraria substantially reduced necroses caused by Botrytis cinerea. Under field conditions the extracts

from H. Sosnowskyi and A. podagraria effectively decreased the infestation of azalea leaves with Micro-

sphaera penicillata.
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Many plant species contain in its tissues some substances of bacteriostatic and

fungistatic activity [1]. Due to such properties these plants can be potentially the source

of natural fungicides.

Special attention should be paid to umbellifiers (Apiaceae). It was found that

methanol-water extracts from seeds of dill, parsnip and parsley highly inhibited the

growth of colonies of such phytopathological fungi as Fusarium solani, Rhizoctonia

solani and Botrytis cinerea [2] and parsley extract also strongly reduced the germination
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of urediospores of Puccinia tritici [3]. Similar results was obtained for seeds of several

other umbellifiers [4].

The aim of this research is to determine the suitability of seed extracts from

Heracleum Sosnowskyi, Levisticum officinale and Aegopodium podagraria prepared by

using ethyl acetate in plant protection against phytopathological fungi.

Materials and methods

Dried and ground seeds of plants under investigation were extracted with ethyl

acetate in Soxhlet apparatus. The composition of obtained extracts was determined by

employing gas chromatography combined with mass analysis. The GC-MS results were

interpreted basing on chromatograms and spectrograms as well as data from databases

available by Internet (SDBS and NIST).

An effect of extracts on linear growth of the fungi Fusarium culmorum (W.G. Sm.)

Sacc. and Botrytis cinerea Pers. ex. Fries was assessed under laboratory conditions. The

crude extracts or extracts appropriately diluted with ethyl acetate were added to

potato-dextrose agar (PDA Fluka) to obtain concentrations 1.5, 1.0 and 0.5 % (v/v).

Such prepared substrate was poured into 6 cm Petri dishes and inoculated after 24 hours

with 5 mm mycelial disk of appropriate test fungi species cut for a 14-day culture. In

control combination the agar contained 1.5 % of ethyl acetate. To determine an effect of

solvent on the growth of test fungi, the experiments included also a combination with

agar without its addition. The culture was carried out at 20 (±2) oC. The colony diameter

was measured at four days after inoculation. Fungistatic activity was determined from

Abbott’s formula [5] by comparing the fungi growth on the substrates containing

extracts with the controls. The experiments were carried out in five replications.

A replication was considered to be a Petri dish with one inoculum disk. The above

experiments were supplemented with an assessment of activity of furanocoumarin

compounds being important secondary metabolites of selected umbellifiers considered

by some authors [6] to be strongly fungistatic. In these experiments the test fungi were

grown on agars containing 50 mg × dm–3 of xantotoxin and the mixture of angelicin and

pimpinelin.

The efficiency of extracts in reducing plant infestation with the fungus Botrytis

cinerea was derived from laboratory experiments. Healthy and superficially disinfected

rose and bean leaves were injured with silicon carbide, sprayed with water solutions of

extracts at concentrations of 1.5, 1.0 and 0.5 %, and after drying, infected with the

pathogen mycelium-grown agar disk and finally incubated inside a wet chamber. The

diameter of necrosis developing around inoculum was measured after three days.

The results of laboratory experiments were analyzed statistically by using variance

analysis designed for two-factor experiments (extract type, concentration) in in-

dependent array. The significance of differences was estimated based on the multiple

Duncan’s test (a = 0.05).

The extract efficiency in protection of azalea (Rhododendron glomeatum) ‘Glowing

Embels’ cv. against powdery mildew Microsphaera penicullata (Wallr. ex Link) Lev.

was estimated under field conditions. The experiment was carried out at plant nursery in
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Wygielzow (Malopolska province, southern Poland). Once the first disease symptoms

have occurred, azalea shrubs were sprayed trice, every 7 days, with water solutions of

extracts under investigation at concentration 6 % with addition of the adjuvant Superam

10 AL. The health state of the plants was assessed by the extent of leaf surface covering

with disease symptoms on the following scale: 0 – no symptoms; 1 – up to 10 %; 2 –

11–25 %; 3 – 26–50 %; 4 – 51–75 %, 5 – above 75 %. After each treatment its

efficiency was calculated. The experiment was carried out as complete random in three

replications, each of 5 azalea shrubs.

The results were analyzed statistically based on variance analysis. The significance

of differences between combinations was evaluated based on Student’s t-test (a = 0.05).

Results and discussion

The in vitro extracts under investigation differed in fungistatic activity. It was

depending on the plant species used for extract preparation, its concentration in agar and

test fungus species.

The seed extract from H. Sosnowskyi was of particular fungistatic activity. For

F. culmorum the growth inhibition on agars containing this extract was from 86 to

67 %, while in the case of B. cinerea these figures were 40–28 % (Table 1). This

confirms the results obtained in previous studies [4]. The data indicating fungistatic

activity of extracts from Heracleum species are reported also by other authors [7, 8].

Table 1

Fungistatic activity of tested extracts

Extract and concentration in the

medium [%]

Growth inhibition [%]

Fusarium culmorum Botrytis cinerea

Heracleum Sosnowskyi

1.5 86.6 g* 40.8 d

1.0 72.7 f 32.6 c

0.5 66.2 e 28.6 c

Levisticum officinale

1.5 43.3 d 15.6 b

1.0 28.2 c 2.0 a

0.5 23.7 b +1.3 a

Aegopodium podagraria

1.5 0.9 a 0.9 a

1.0 +1.1 a +0.3 a

0.5 +1.7 a +1.5 a

* Means in columns marked by the same letter do not differ significantly according to Duncan (a = 0.05).

Chemical analysis revealed that aliphatic alcohols (octanol), aliphatic esters (octyl

acetate), coumarin and its derivatives as well as furanocoumarins (angelicin, bergapten,
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xantoxin, pimpinelin) are the primary constituents of seed extracts from H. Sosnowskyi.

It follows from the literature that the latter compounds inhibits development of many

fungi [9] but the studies presented above did not confirm their activity to F. culmorum

and B. cinerea. There were no significant differences between the growth of these

pathogens on agars containing xantotoxin and the mixture of angelicin and pimpinelin

and that of the controls.

The extract from L. officinale exhibited significantly weaker activity to test fungi.

This was evident particularly for the fungus B. cinerea. For this pathogen the inhibition

of development was clearly visible in combination with 1.5 % extract (Table 1).

Ligustilid of fungistatic activity is an important constituent of this extract [10]. The

extract contained terpens (b-felandren, a-pinen, a-terpinol), aliphatic acids (for example

9-octadecenoic, lauric, oleic), coumarin derivatives (6-hydroxy-7-metoxycoumarin),

aliphatic esters (citronellol octanate), aliphatic (tetradecane, hexadecane, nonacosane).

The seed extract from A. podagraria had practically no effect on the growth of test

fungi (Table 1).

The spraying of bean and rose leaves with water solutions of seed extracts from the

plants under examination reduced its infestation with Botrytis cinerea. The treatment

effectiveness depended on extract type and its concentration in working liquid. The

distinct protective action was observed for combinations with 1.5 % and 1 % extracts

from H. Sosnowskyi and L. officinale. The extract from A. podagrarianie no effected on

health state of leaves (Table 2).

Table 2

An effect of extracts on infestation of rose and bean leaves by Botrytis cinerea

Extract and concentration

in the medium[%]

Necrosis diameter [mm]

been rose

Control 15.5 c* 16.5 de

Heracleum Sosnowskyi

1.5 3.5 a 8.0 a

1.0 10.0 b 12.7 bc

0.5 13.0 bc 15.7 cd

Levisticum officinale

1.5 6.2 a 10.0 ab

1.0 11.7 b 15.7 cd

0.5 13.2 bc 15.5 cd

Aegopodium podagraria

1.5 14.2 c 16.0 de

1.0 14.0 c 19.5 e

0.5 14.5 c 17.2 de

* Means in columns marked by the same letter do not differ significantly according to Duncan (a = 0.05).

The spraying of azalea shrubs with solutions of examined extracts significantly

inhibited infestation with Microsphaera penicullata but the largest differences were
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recorded only after third treatment. This resulted from constraint of disease symptoms

on young leaves of the treated plants. Also in this case extracts from Heracleum

Sosnowskyi and Levisticum officinale showed high effectiveness (Table 3). The ef-

ficiency of methanol extracts from seeds of these plants was found in previous studies [4].

Table 3

Influence of extracts on the infestation of azalea by Microsphaera penicillata

Extract

Treatment

I II III

Adi* Ef** Adi Ef Adi Ef

Control ***5.0 b*** — 5.0 c — 5.0 d —

Heracleum Sosnowskyi 4.4 ab 12 3.6 a 28 2.6 a 48

Levisticum officinale 4.6 ab 8 4.0 ab 20 3.4 b 32

Aegopodium podagraria 4.8 ab 4 4.6 bc 8 4.2 c 16

* Average degree of infestation; ** Treatment effectiveness [%]; *** Means marked by the same letter do not

differ significantly.

Conclusions

1. Seed extracts in ethyl acetate from Heracleum Sosnowskyi and Levisticum

officinale are of high fungistatic activity on the fungi F. culmorum and Botrytis cinerea.

2. The activity of above-mentioned extracts is not related to the presence of

furanocoumarin derivatives.

3. Seed extracts from Heracleum Sosnowskyi and Levisticum officinale can be

suitable in plant protection against powdery mildews.
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Abstrakt: Badano aktywnoœæ fungistatyczn¹ ekstraktów z nasion roœlin selerowatych: Heracleum Sosnow-

skyi, Levisticum officinale i Aegopodium podagraria.

Wyci¹g z H. Sosnowskyi w stê¿eniach 0,5–1,5 cm3 × 100 cm–3 silnie hamowa³ wzrost kolonii grzybów

Fusarium culmorum i Botrytis cinerea, natomiast wyci¹g z nasion A. podagraria nie wykazywa³ aktywnoœci

fungistatycznej. Opryskanie liœci ró¿y i fasoli wyci¹gami H. Sosnowskyi i A. podagraria znacznie ogranicza³o

powstawanie nekroz powodowanych przez Botrytis cinerea. W warunkach polowych wyci¹gi H. Sosnowskyi

i A. podagraria skutecznie zmniejsza³y pora¿enie azalii wielkokwiatowej przez Microsphaera penicullata.

S³owa kluczowe: roœliny selerowate, ekstrakty z nasion, aktywnoœæ fungistatyczna
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