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IN VITRO STUDY ON THE USE OF QUINOA (Chenopodium quinoa WILLD.) EXTRACTS
FROM TO LIMIT THE DEVELOPMENT OF PHYTOPATHOGENIC FUNGI

Summary

The aim of the study was to search for alternatives to chemical fungicides currently used in plants protection against Botry-
tis cinerea, Rhizoctonia solani, Phoma exiqua var. exiqua, Sclerotinia sclerotiorum, Fusarium poae. Various concentrations
of aqueous extracts of Chenopodium quinoa Willd leaves, stems and inflorescences were tested in the laboratory conditions.
Antifungal activity of the extracts was evaluated based on surface growth and sporulation intensity of the test fungi. The ap-
plied concentrations of aqueous extracts (25.0, 10.0, 1.0 and 0.1 mm>em™) significantly modified the examined parameters
of particular fungi. The strongest fungistatic activity was noted for 25.0 mm*-cm ™ concentration of C. quinoa stems and in-
florescences extracts with respect to B. cinerea. They limited this fungus linear growth by 42.9% and 53.3%, and sporula-
tion by 53.6% and 67.85%, respectively. In turn, a very intense inhibition (53.5—88.3%) in S. sclerotiorum colony growth on
the media with higher concentrations of all analyzed types of extracts was accompanied by stimulation of sporulation. The
lowest concentration of the leaves extract in 43.1% inhibited the growth of mycelium and in 52.1% sporulation of P. exiqua
var. exiqua. Unfortunately, most of the analyzed concentrations to a very little degree inhibited the surface growth of
R. solani and F. poae hyphae.
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BADANIA IN VITRO NAD WYKORZYSTANIEM WYCIAGOW Z KOMOSY RS{ZOWEJ
(Chenopodium quinoa WILLD.) DO OGRANICZANIA ROZWOJU GRZYBOW
FITOPATOGENNYCH

Streszczenie

Celem pracy bylo znalezienie alternatywnych dla chemicznych srodkow grzybobojczych stosowanych obecnie w ochronie
roslin przed Botrytis cinerea, Rhizoctonia solani, Phoma exiqua var. exiqua, Sclerotinia sclerotiorum, Fusarium poae.
W warunkach laboratoryjnych testowano rozne stezenia wodnych wyciqgow z lisci, todyg i kwiatostanow Chenopodium qu-
inoa Willd. Aktywnos¢é przeciwgrzybowq wyciqgow oceniano na podstawie rozrostu powierzchniowego i intensywnosci za-
rodnikowania grzybéw testowych. Zastosowane stezenia wodnych wyciqgow (25,0; 10,0; 1,0 i 0,1 mm’-cm™) istotnie mody-
fikowaly badane parametry poszczegolnych grzybow. Najsilniejszym  dzialaniem fungistatycznym odznaczaly sie
25,0 mm*em™ stezenia wycigwéw z lodyg i kwiatostanéw C. quinoa w odniesieniu do B. cinerea. Ograniczaly one
odpowiednio 0 42,9 i 53,3% rozrost liniowy oraz sporulacje w 53,6 i 67,85% tego grzyba. Z kolei na podtozach z wyzszymi
stezeniami wszystkich analizowanych rodzajéow wyciagoéw obserwowano intensywne hamowanie (53,5-88,3%) rozrostu
kolonii S.sclerotiorum, ktoremu towarzyszyta stymulacja zarodnikowania. Najnizsza koncentracja wyciqgu z lisci w 43,1%
hamowata rozrost mycelium oraz w 52,1% sporulacje P. exiqua var. exiqua. Niestety, wigkszos¢ analizowanych stezen
w bardzo malym stopniu hamowata powierzchniowy rozrost strzepek R. solani oraz F. poae.

Stowa kluczowe: Chenopodium quinoa, aktywnosé grzybobojcza, grzyby patogeniczne korzeni chrzanu

1. Introduction this fungus causes severe losses in the cultivation of eco-

nomically important plant species, including: root vegeta-

Infectious diseases of plants to a high degree reduce the
amount and quality of crops. Globally, it is estimated that
more than 80% of economically important diseases is
caused by pathogenic fungi [32]. Most of them, closely re-
lated to the soil environment, constitute a threat to the
plants starting from seed material placing in the soil.
Among them, the special attention should be paid to poly-
phagous species such as Sclerotinia sclerotiorum, Rhizoc-
tonia solani, Phoma exiqua, Botrytis cinerea and Fusarium
spp. Although the pathogenicity of these fungi is clearly
visible in the growing season, intense destruction of plant
tissues occurs during the storage. These fungi can be trans-
ferred with the seed material. Internationally important
pathogen S. sclerotiorum causes white mold and Sclerotinia
stem rot in about 500 plant species [27]. It is known from
the numerous reports that, especially in temperate climate,
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bles, beans, tomato, pepper, potato, sunflower, soybeans,
Brassicaceae, Malvaceae and numerous ornamental plants
[5, 21, 26, 33, 37]. Similarly, a broad host range is also
noted for worldwide distributed fungus Rhizoctonia solani.
It attacks important cultivated plant species belonging to
the families Solanaceae, Poaceae, Brassicaceae, Asteraceae
and many others [9, 11, 18, 22]. R. solani causes a variety
of disease symptoms, usually their type is related to the
parts of the plant (seedling blight, root and storage organs
rot, leaf spot, carcinoses). Polyphagous fungus Phoma
exiqua var. exiqua reduces the ability of seeds germination,
contributes to seedling blight, root rot and infects stems and
leaves [1, 19, 39]. In Poland, this species is the most com-
monly isolated from soybeans, beans, potatoes, horseradish
and herbs [15, 19, 39]. In turn, neurotrophic pathogenic
Botritis cinerea is responsible for gray mold, and that dis-
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ease belongs to the most important in Europe. This fungus
infects more than 230 plant species, is the cause of post-
harvest rot of mainly perishable vegetable raw materials,
serious losses (over 50%) are noted for strawberries and
grapevines [7, 23, 29]. Quick and efficient limitation of
plant fungal diseases and protection of crops against storage
rots is achieved by the use of synthetic fungicides. Reason-
able, compatible with the label, use of chemical agents re-
sults in the desired effect in the form of improved yield,
quality features, and even an increase in the nutritive value
of plant material [8]. Unfortunately, wrong, too intensive
use of agrochemicals is often observed in practice. It should
be remembered that pesticides are also toxic to non-target
organisms, often eliminating useful ones from the environ-
ment, and also cause pests resistance. Pesticide residues are
found in soil, air, drinking water, and above all in fresh
fruits and vegetables [3, 8, 10, 24]. Osman and Al-
Rehiayam [24] reported that among the pesticides, fungi-
cides are the most carcinogenic. The negative effect on the
environment is partially minimized by successive elimina-
tion from the European market of pesticide active sub-
stances characterized by acute toxicity, long half-life and
dangerous accumulation in the food chain [12]. An alterna-
tive to synthetic fungicides may be constituted by natural
compounds present in plant extracts, which do not exhibit
toxicity to the environment and humans. Numerous global
research confirms high fungicidal activity of extracts from
various species of herbal plants [10]. Fungicidal properties
were demonstrated for flavonoids, phenolic compounds,
unsaturated lactones, sulfur compounds, cyanogenic gly-
cosides, glucosinolates and saponins contained in different
parts of the plant [6, 10]. Quinoa (Chenopodium quinoa
Willd.) is a particularly rich source of saponins and other
bioactive compounds [2, 20, 25, 28, 31]. The seeds of this
plant actively inhibit the growth of Escherichia coli,
Staphylococcus aureus bacteria and Botrytis cinerea fungus
[6, 20,25]. Assuming that particular parts of C. quinoa are
differentiated in terms of bioactive compounds content, the
differentiated effect on fungi should be expected. The aim
of this study was to evaluate antifungal effects of aqueous
extracts of quinoa leaves, stems and inflorescences on eco-
nomically important pathogens: S. sclerotiorum, R. solani,
P. exiqua var. exiqua, B. cinerea and Fusarium poae.

2. Material and methods
2.1. Examined fungi: the following fungi were used in the
experiment: Sclerotinia sclerotiorum (Lib.) de Bary.,
Rhizoctonia solani Kihn., Phoma exigua var. exiqua
Desm., Botrytis cinerea Pers. and Fusarium poae (Peck)
Wollenw., and they were isolated from the roots of horse-
radish grown in private farm located in the province of
Lodz.

To the experiment used a two-week culture of fungi
grown in temp. 23°C on standard PDA medium with the
participation of chloramphenicol.

2.2. Extracts preparation: Chenopodium quinoa was de-
rived from experimental field belonging to the Institute of
Plant Production and located in Prusy near Krakow. Aerial
parts of the plant were collected in the flowering stage.
Leaves, stems and inflorescences were separated in the
laboratory, they were purified with tap water, surface sani-
tized by immersion for 30 seconds in 1% sodium hypochlo-
rite solution, rinsed in sterile distilled water. The plant ma-
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terial was dried at 45°C in an electric dryer and then milled.
The portions of 30 g of powdered plant material were trans-
ferred to a sterile 300 mL flasks and poured with 150 ml of
sterile distilled water. The flask contents were tightly sealed
with aluminum foil and placed for 24 hours in shaking in-
cubator at 40°C. Then, the content of the flask was filtered
through four layers of sterile gauze. The obtained filtrates
were added in an appropriate amount to PDA medium.

2.3. Antifungal activity: a suitable quantity of particular
aqueous extracts of quinoa leaves, stems and inflorescences
in sterile conditions was added to a standard glucose — po-
tato medium (PDA) at a temperature of about 45°C. Pre-
pared media of the following C. quinoa extracts concentra-
tions: 0.1; 1.0; 10,0 and 25.0 mm*cm >, were poured into
Petri dishes of 90 mm diameter. Inoculum of the examined
fungi was placed on the central part of solidified medium in
the form of 5 mm agar disk overgrown with 10-day myce-
lium. The medium in Petri dishes without plant extracts was
the control. The experiment was conducted in five repli-
cates. The diameter of the colonies respective species of
fungi measured until overgrowing surface of the Petri dish
in any combination. Daily measurements of fungal colonies
diameter were used to calculate the coefficient of growth
[T] of examined fungi according to the formula of Kowalik
and Krechniak [17]:

T — linear growth coefficient; A — an average of colony di-
ameter measurements [mm],

D — number of days since experiment beginning to the end;
by, by — increase in colony diameter since the last measure-
ment [mm]; d;, d, — number of days since the last measure-
ment.

An effect of C. quinoa extracts on the linear growth of
fungi was evaluated on the basis of the difference between
the diameter of fungus colony on Petri dishes with given
types and concentrations of the extracts, and the diameter of
colonies on the control plates. The results were presented as
percentage factor of growth inhibition/stimulation accord-
ing to the formula presented in the work of Glen and
Boliglowa [13]:

K=-4
= —_— 0,

H — coefficient of fungus linear growth inhibition; K — col-
ony diameter on the control Petri dish;

A — colony diameter on the plate with known concentration
of plant extract.

After three weeks, the number of spores of the exam-
ined fungi was determined in each plate using a Thoma
hemocytometer placed under a light microscope. For this
purpose, each of the of the Petri dish cork borer having a
diameter of 1 cm was excised of five pucks overgrown by
mycelium. Then they were transferred to a test tube and
poured over 10 ml of sterile distilled water. The tubes were
shaken and then filtered through the triple a gauze, a drop
of the spore suspension was placed in a Thoma
hemocytometer. The coefficient of sporulation inhibi-
tion/stimulation was calculated for the obtained number of
spores in the same way as in case of linear growth evalua-
tion.
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The results were subjected to two-factor analysis of
variance, where the first factor was the kind of aqueous ex-
tract (leaves, stems, inflorescences), the second was its con-
centration. The significance was evaluated using Duncan’s
test with a significance level of a = 0.05.

3. Results and discussion

In vitro study demonstrated that aqueous extracts of
Chenopodium quinoa significantly modified the surface
growth and sporulation process of the examined fungi
(Table 1 and 2).

Table 1. Linear growth coefficient of the tested fungi depending on the examined factors [T]
Tab. 1. Wspotczynnik tempa wzrostu liniowego grzybow testowych w zaleznosci od badanych czynnikow/[T]

Fungi Concentration [mms-cm'3 ] n ﬂoresceﬁ(?;seous ?j::\l]?ss of: Stalks Mean LSD 05
25 33,98 40,40 36,38 36,92
10 40,10 36,00 36,69 37,59
S 1,0 42,68 34,40 40,85 39,31 5,19
% 0,1 49,20 50,08 49,64 49,65
§ Control 52,50 52,50
2 Mean 43,69 | 4267 | 4322
e LSDy o5 r.n. - n.s.
N LSD, s for interaction r.n. —n.s.
25 38,65 45,10 42,61 42,12
10 43,50 47,60 44,65 45,25
. 1,0 43,90 44,50 48,67 45,69 145
s 0,1 47,92 44,20 52,45 48,19 ;
X Control 46,02 46,02
§ Mean 43,99 | 4548 | 4688
S LSDO 05 1,13
e LSDy s for interaction 2,57
25 34,50 32,47 30,52 32,49
o 10 29,65 30,82 30,15 30,20
S 1,0 28,50 28,91 29,30 28,90 299
g 0,1 27,82 11,67 28,00 22,49 ?
= Control 29,80 29,80
S & | Mean 26,73 | 2673 | 2955
§ § [LSDyys . 1,94
S LSD, s for interaction 3,79
25 48,30 48,50 48,38 48,39
- 10 46,40 47,04 46,40 46,61
§ 1,0 47,10 45,41 46,32 46,27 1.91
2 0,1 46,30 36,50 42,31 41,70 ’
2 Control 46,60 46.60
g Mean 46,94 | 4481 | 46,00
§ LSDO 05 n.s.
= LSDy s for interaction n.s.
g 25 25,17 18,17 13,67 19,00
3 10 28,83 20,83 18,83 22,83
‘§ 1,0 29,17 21,33 21,67 24,05 6.15
S 0,1 35,33 37,33 41,50 38,05 ’
3 Control 45,20 45,20
5 Mean 32,74 | 2857 | 2817
% LSDO 05 1,80
E LSD, o5 for interaction 7,90

The results indicate the differentiated reactions of the ex-
amined fungi species on both the type of an extract as well
as its concentration. In general, the inhibitory effect of ex-
tracts was more frequently recorded for the linear growth of
examined fungi colonies than sporulation process. Among
the analyzed fungi, the strongest surface growth inhibition
was noted for S. sclerotiorum. Significantly stronger reduc-
tion in the growth rate of this fungus was found on media
containing higher concentrations of the extract (25, 10,
1 mm’-cm ). Moreover, stems and leaves extracts, as com-
pared to the inflorescences, more strongly inhibited the
growth of S. clerotiorum hyphae, which is reflected in inhi-
bition coefficients presented in Figure 1. Even up to 88.3%
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Source: own work / Zrédto: opracowanie wlasne

lower diameter compared to the control was found on the
media containing 25 mm’® extract from C. quinoa stems,
however, the amount of ascospores was 28.5% higher.
In case of fungi pathogenic for the plants, an increased
sporulation is observed in adverse thallus growth conditions
[14]. According to Hodges [16], this is a defensive reaction
of the fungi ensuring the continuity of the species. Stronger
fungistatic properties of quinoa stems extracts can be ex-
plained by higher content of antimicrobial compounds. The
rationale for such conclusion are the study conducted by
Singh et al. [30], who found that the older plant organs e.g.
outer bark protecting the stems with dying cells, contains
higher amounts of tannins and polyphenols soluble in wa-
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ter. These compounds have proven antimicrobial (Strepto-
coccus pneumonia, Enterobacter aerogenes, Klebsiella
pneumonia) and antifungal activity (Candida albicans).
Their presence is also noted in C. quinoa, however this spe-
cies contains saponins in all its parts [6, 34, 38]. Triterpe-
noid saponins, which constitute up 30% in the outer husks
of quinoa seeds, limit the growth of Candida albicans and
Botrytis cinerea fungi [6, 35, 36]. Quinoa seeds were not
examined in this study, however, the extracts prepared from
leaves, stems and inflorescences equally limited linear
growth of B. cinerea (Table 1, Fig. 2). The factor which
significantly affected this feature was the concentration.
The highest inhibition in mycelium growth, on a level of
53.5% and 53.4%, was noted for the media containing 1.0
mm>-cm > of leaves extract, and 25.0 mm>-cm > of inflores-
cences extracts, respectively (Fig. 2). At the same time, the
rate of B. cinerea growth in the presence of extracts from
inflorescences and stems significantly decreased with an
increasing concentration, and the reverse reaction was ob-
served for the leaves. Rapid spread and infectivity of the
fungus causing gray mold are conditioned by conidia [29].
The process of their production was significantly limited by
higher concentrations (25.0 and 10.0 mm®-cm ) of the ex-
tracts from inflorescences and stems, and lower (1.0 and
0.1 mm*cm™®) from the leaves of C. quinoa (Table 2,
Fig. 2). The strongest inhibition at the level of 67.85% was
recorded on the medium with the highest concentration of
inflorescences extract.

In relation to other species: Phoma exiqua var. exiqua,
Fusarium poae, Rhizoctonia solani, the examined extracts
exhibited significantly weaker activity. In case of Phoma
exiqua var. exiqua, 52.1% colony growth inhibition, ac-
companied by 47.8% reduction in sporulation (Fig. 3) was
found only for the lowest concentration of the leaves ex-
tract. Unlike in previously analyzed fungi, the quinoa ex-
tracts in lower concentrations demonstrated greater effect
on the reduction of sporulation process and surface growth
of mycelium. In turn, the highest concentration, especially
inflorescences extract, generally the most stimulated the
examined features of P. exiqua var. exiqua. In the light of
the study conducted, C. quinoa leaves extract essentially
showed no fungistatic activity with regard to F. poae
(Table 1 and 2, Fig. 4). Generally, the highest concentration
of inflorescences and stems extract inhibited the linear
growth of this species mycelium by 18.22% and 8.47%, re-
spectively, with concurrent stimulation (63% and 16.27%)
of macro-conidia production (Fig. 4). In this study, non-
sporulating R. solani fungus appeared to be the least re-
sponsive species to the aqueous extracts of quinoa. The
kind of applied extract had no significant effect on the
growth of R. solani colonies (Table 1). Very poor fung-
istatic activity was demonstrated for 0.1 mm®cm * aqueous
extract from quinoa leaves. An inhibition in the surface
growth of R. solani colony in this case was only 20.08%

(Fig. 5).

Table 2. Test fungi sporulation depending on the examined factors
Tab. 2. Zarodnikowanie grzybow testowych w zaleznosci od badanych czynnikow

Fungi Concentration [mm3-cm'3] n ﬂoresceﬁgf;eousf:gizts of: Stalks Mean LSDy o5
25 0,90 3,10 1,30 1,8
10 1,20 4,10 1,80 24
S 1,0 3,20 4,20 2,90 3,4 0,28
§ 0,1 3,40 2,00 3,00 2,8
§ Control 2,80 2,8
2 Mean 2,30 | 324 | 236
IS LSDy 05 0,11
S LSD, ¢s for interaction 0,37
25 13,7 13,25 2,30 9,75
10 2,8 12,60 10,50 8,63
. 1,0 23 9,30 535 5,65 530
3 0,1 12,35 8,50 2,30 7,88 ’
; Control 8,40
3 Mean 7,9 | 1041 | 587
§ LSDO 05 i : 1,35
= LSDy s for interaction
25 21,05 19,50 17,80 19,45
10 19,60 11,00 15,90 15,50
1,0 10,90 8,00 12,30 10,40 1.02
g 0,1 8,5 7,80 11,50 9,26 ?
T3 Control 14,95 14,95
s S | Mean 15,00 [ 1225 | 1449
§ Y | LSDyys 1,50
S LSDy s for interaction
AR, = 0.05
g 25 3,60 3,00 1,50 2,70
§ 10 2,60 2,30 1,85 2,25
% 1,0 1,90 2,00 1,70 1,80 0.51
< 0,1 1,60 1,70 1,90 1,73
3 Control 2,10 2,10
§ Mean 2,36 [ 222 ] 181
S LSDy 05 0,40
E LSDy 5 for interaction n.s.
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Fig. 1. Coefficients of Sclerotinia sclerotiorum linear growth and the production of ascospores inhibition [H]

Rys. 1. Wspdtczynniki zahamowania wzrostu liniowego i wytwarzania zarodnikéw workowych Sclerotinia sclerotiorum [H]
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Fig. 2. Coefficients of Botrytis cinerea linear growth and sporulation inhibition [H]
Rys. 2. Wspotczynniki zahamowania wzrostu liniowego i zarodnikowania Botrytis cinerea [H]
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Fig. 3. Coefficients of Phoma exiqua var. exiqua linear growth and sporulation inhibition [H]
Rys. 3. Wspotczynniki zahamowania wzrostu liniowego i zarodnikowania Phoma exiqua var. exiqua [H]
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Fig. 4. Coefficients of Fusarium poae linear growth and sporulation inhibition [H]
Rys. 4. Wspotczynniki zahamowania wzrostu liniowego i zarodnikowania Fusarium poae [H]
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Fig. 5. Coefficients of Rhizoctonia solani linear growth inhibition [H]
Rys. 5. Wspotczynniki zahamowania wzrostu liniowego Rhizoctonia solani [H]

Bokhari et al. [4] reported that the activity of plant extracts
depends not only on the part of the plant which was used for its
preparation and the concentration, but mainly on the type of
solvent used. This study examined aqueous extracts, which
activity is certainly weaker compared to the extracts of organic
solvents, like e.g. n-hexane, chloroform, methanol.

4. Conclusions

The obtained results indicate the differentiated reaction
of particular test fungi on aqueous Chenopodium quinoa
extracts. Fungicidal activity evaluated based on the surface
growth of fungal colonies and sporulation process depends
on both part of the plant which was used for extract prepa-
ration, and its concentration. Aqueous extracts of stems and
inflorescences in the highest concentration (25), the most
limited (42.9-53.35%) the linear growth and sporulation
(53.57-67.85%) of B. cinerea. Very intense inhibition of
Sclerotinia sclerotiorum colonies growth on the media con-
taining higher concentration of all types of extracts, unfor-
tunately, is accompanied by stimulation of the production
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of ascospores. The lowest concentration of C. quinoa leaves
extract demonstrates fungicidal activity on P. exiqua, inhib-
iting colony growth by 43.4%, and sporulation by 52.1%.
R. solani and F. poae demonstrated the highest resistance to
applied aqueous extracts, which is reflected in very low co-
efficients of colonies growth inhibition and stimulation.

5. References

[1] Aveskamp M.M., De Gruyter J., Crous P.W.: Biology and
recent developments in the systematics of Phoma, a complex
genus of major quarantine significance. Fungal Diversity,
2008, 31, 1-18.

[2] Bhargava A., Shukla S., Ohri D.: Chenopodium quinoa-an Indian
perspective. Industrial Crops and Products, 2006, 23, 73-87.

[3] Blankson W. Amoabeng,, Geoff M., Gurr C., Gitau W., Ste-
venson C.: Cost: benefit analysis of botanical insecticide use
in cabbage. Implications for smallholder farmers in develop-
ing countries. Crop Protection, 2014, 57, 71-76.

[4] Bokhari N.A., Siddiqui I., Perveen K., Siddique 1., Soliman
D.W.A.: Mycocidal ability of Toona ciliata against Rhizocto-
nia solani. J. Anim. Plant Sci., 2015, 25(5), 1477-1481.

.Journal of R and Applications in Agricultural Engi

ing” 2016, Vol. 61(3)



[5] Botelho L.S., Zancan W.L.A., Machado J.C., Barrocas E.N.:
Performance of common bean seeds infected by the fungus
Sclerotinia sclerotiorum. Journal of Seed Science, 2013,
35(2), 153-160.

[6] Castillo F., Hernandez D., Gallegos G., Rodriguez R., Aguilar
C.N.: Antifungal Properties of Bioactive Compounds from Plants.
In: Fungicides for Plant and Animal Diseases, 2012, 81-106.

[71 Cheng C.-H., Yang C.-A., Peng K.-C.: Antagonism of Tricho-
derma harzianum ETS 323 on Botrytis cinerea mycelium in cul-
ture conditions. Phytopathology, 2012, 102, 1054-1063.

[8] Damalas C.A., Eleftherohorinos I.G.: Pesticide exposure,
safety issues, and risk assessment indicators. Int J Environ
Res Public Health,, 2011, 8(5), 1402-1419. DOI:
10.3390/ijerph8051402.

[9] Dhingra O.D., Costa M.L.N., Silva JR. G.J, Mizubuti E.S.G.:
Essential oil of mustard to control Rhizoctona solani seedling
damping off and seedling blight in nursery. Fitopatologia bra-
sileira, 2004, 29, 683-686.

[10] Dissanayake M., Jayasinghe J.: Antifungal activity of selected
medicinal plant extracts against plant pathogenic fungi:
Rhizoctonia solani, Colletotrichum musea and Fusarium ox-
ysporum. International Journal of Science Inventions Today,
2013, 2(5), 421-431.

[11] El-Tarabily K.A.: Suppression of Rhizoctonia solani diseases
of sugar beet by antagonistic and plant growth-promoting
yeasts. Journal of Applied Microbiology, 2004, 96, 69-75.
DOI:10.1046/j.1365-2672.2003.02043.x

[12] Gatto M.A., Ippolito A., Linsalata V., Cascarano N.A., Nigro
F., Vanadia S., Di Venere D.: Activity of extracts from wild
edible herbs against postharvest fungal diseases of fruit and
vegetables. Postharvest Biology and Technology, 2011, 61,
72-82.

[13] Glen K., Boligtowa E. Ocena aktywnosci fungistatycznej wy-
ciagow roslinnych w testach in vitro. Journal of Research and
Applications in Agricultural Engineering, 2012, 57(3), 104-
109.

[14] Glen K.: Comparison of Fostar and Wapnovit foliar fertilizers
effect in phytopathogenic fungi of genus Fusarium. Ecologi-
cal Chemistry and Engineering, 2008, 15(1-2), 47-54.

[15] Glen-Karolczyk K.: Fungi settling horseradish roots depend-
ing on the applied protection. Journal of Research and Appli-
cations in Agricultural Engineering, 2015, 60(3), 52-56.

[16] Hodges C.F: Vegetative growth and sporulation of Biopolaris
sorokiniana on sequentially older infected leaves of Poa prat-
ensis exposed to postemergence herbicides. Mycopathologia,
1994, 128 (2), 105-109.

[17] Kowalik R., Krechniak E.: Szczegdtowa metodyka biologic-
znych i laboratoryjnych badan srodkéw grzybobojczych. In:
Materiaty do metodyki badan biologicznej oceny $rodkow
ochrony roslin. IOR, Poznan, 1961.

[18] Lemanczyk G.: Occurrence of sharp eyespot in spring cereals
grown in some regions of Poland. J. Plant Protection Res.,
2010, 50(4), 505-512.

[19] Marcinkowska J., Roze-Katuzny 1., Katuzny W.: Pathogenic-
ity of some Phoma exiqua var. exiqua isolates. Phytopathol.
Pol., 2005, 38, 35-44.

[20] Miranda M., Delatorre-Herrera J., Vega-Galvez A., Jorquera E.,
Quispe-Fuentes 1., Martinez E.A.: Antimicrobial Potential and Phy-
tochemical Content of Six Diverse Sources of Quinoa Seeds
(Chenopodium quinoa Willd.). Agricultural Sciences, 2014, 5,
1015-1024. http:/dx.doi.org/10.4236/as.2014.511110.

[21] Mueller D.S., Dorrance A.E., Derksen R.C., Ozkan E., Kurle
J.E., Grau C R., Gaska J.M., Hartman G.L., Bradley C.A.,
Pedersen W.L.: Efficacy of fungicides on Sclerotinia scle-
rotiorum and their potential for control of Sclerotinia stem rot
on soybean. Plant Dis., 2002, 86, 26-31.

[22] Ogoshi A.: Introduction — the genus Rhizoctonia. In. Rhizoc-
tonia species: taxonomy, molecular biology, ecology, pathol-
ogy and disease control. Eds. Sneh B, Jabaji-Hare S, Neate S,

Dijst G. Kluwer Academic Publishers, The Netherlands,
1996, 1-9.

[23] Oirdi M.E., Bouarab K.: Plant signalling components EDS1
and SGTlenhance disease caused by the necrotrophic patho-
gen Botrytis cinerea. New Phytologist, 2007, 175, 131-139.

[24] Osman K.A., Al-Rehiayam S.: Risk assessment of pesticide
to human and the environment. Saudi J. Biol. Sci., 2003, 10,
81-106.

[25] Pagno C.H., Costa T.M.H., de Menezes E.W., Benvenutti
E.V., Hertz P.F., Matte C.R., Tosati J.V., Monteiro A.R.,
Rios A.O., Flores S.H.: Development of active biofilms of
quinoa (Chenopodium quinoa W.) starch containing gold
nanoparticles and evaluation of antimicrobial activity. Food
Chemistry, 2015, 173, 755-762.

[26] Peltier A.J., Bradley C.A. Chilvers M.I., Malvick D.K., Muel-
ler D.S., Wise K.A., Esker P.D.: Biology, Yield loss and Con-
trol of Sclerotinia Stem Rot of Soybean. Journal of Integrated
Pest Management, 2012, 3(2), 1-7. DOI:
http://dx.doi.org/10.1603/IPM 11033

[27] Perveen K., Haseeb A., Shukla P.K.: Effect of Sclerotinia
sclerotiorum on the disease development, growth, oil yield
and biochemical changes in plants of Mentha arvensis. Saudi
Journal of Biological Sciences, 2010, 17, 291-294.

[28] Quispe-Fuentes I., Vega-Galvez A., Miranda M., Lemus-
Mondaca R., Lozano M., Ah-Hen K.: A kinetic approach to
saponin extraction during washing of quinoa (Chenopodium
quinoa willd.) seeds. Journal of Food Process Engineering,
ISSN 2012, 1745-4530, pp 1-9. DOI:10.1111/j.1745-
4530.2012.00673.

[29] Sesan T.E., Enache E., lacomi B.M., Oprea M., Oancea F.,
lacomi C.: Antifungal activity of some plant extracts against
Botrytis cinerea Pers. in the blackcurrant crop (Ribes nigrum
1.). Acta Sci. Pol., Hortorum Cultus, 2015, 14(1), 29-43.

[30] Singh M., Khatoon S., Singh V., Kumar, A.K.S. Rawat, Me-
hrotra S.: Antimicrobial screening of ethnobotanically impor-
tant stem bark of medicinal plants. Pharmacognosy Res.,
2010, 2(4), 254-257. DOI: 10.4103/0974-8490.69127

[31] Stuardo M, San Martin R. Antifungal properties of quinoa
(Chenopodium quinoa Willd) alkali treated saponins against
Botrytis cinerea. Industrial Crops and Products, 2008, 27( 3),
296-302. ISSN: 0926-6690.

[32] Sun X., Mantri N., Ge J., Du Y., Wang G., Lu J., Jiang W.,
Lu H.: Inhibition of plant pathogens in vitro and in vivo with
essential oil and organic extracts of Torreya grandis ‘Merrilli’
aril. Plant Omics Journal., 2014, 7(5), 337-344.

[33] Tripathi A.N., De R.K., Sharma H.K., Karmakar P.G.:
Emerging threat of Sclerotinia sclerotiorum causing
white/cottony stem rot of mesta in India. New Disease Re-
ports, 2015, 32, 19. http://dx.doi.org/10.5197/j.2044-
0588.2015.032.019.

[34] Vilche C., Gely M., Santalla E.: Physical Properties of Qui-
noa Seeds. Biosystems Engineering, 2003, 86(1), 59-65.
DOI:10.1016/S1537-5110(03)00114-4.

[35] Woldemichael G.M., Wink M.: Identification and biological
activities of triterpenoid saponins from Chenopodium quinoa.
J Agric. Food Chem., 2001, 49, 2327-2332.

[36] Yadev N., Vasudeva N., Singh S., Sharma S.K.: Medicinal
properties of genus Chenopodium Linn. Natural Product Ra-
diance, 2007, 6(2), 131-134.

[37] Zhang J. X., Xue A. G.: Biocontrol of sclerotinia stem rot (Scle-
rotinia sclerotiorum) of soybean using novel Bacillus subtilis strain
SB24 under control conditions. Plant Pathology, 2010, 59, 382—
391. DOI: 10.1111/).1365-3059.2009.02227 x.

[38] Zhu N., Sheng S., Sang S., Jhoo S., Bai S., Karwe M., Rosen R.,
Ho C.: Triterpene saponins from debittered quinoa (Chenopodium
quinoa) seeds. J. Agric. Food Chem., 2002, 50, 865-867.

[39] Zimowska B.: Characteristics and occurrence of Phoma spp.
on herbs from the family Lamiaceae. Acta Sci. Pol., Horto-
rum Cultus, 2011, 10(2), 213-224.

This Research was financed by the Ministry of Science and Higher Education of the Republic of Poland.

Katarzyna GLEN-KAROLCZYK, Robert WITKOWICZ, Elzbieta BOLIGEOWA

wJournal of R

Applications in Agricultural Engi
and ons in Agricultural Eng

ing” 2016, Vol. 61(3)



