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1. Introduction

The growing interest in the production of legumes, including soy-
bean, is partly caused by integrated crop protection principles introduced
into Polish agriculture, an important element of which is the rational suc-
cession of cultivated species, limiting the occurrence of harmful organisms
(Ehler 2006). Legumes plants are considered a valuable link in crop rota-
tion, not only because of nitrogen enrichment (Bagayoko 2000) but also
their structure- building effect. Some varieties of legumes, including soy-
bean, can be included in crop rotation to suppress pathogens, e.g. patho-
genic root nematodes (Rodriguez-Kébana et al. 1988). The promotion
of non-chemical methods in plant protection has led to the search for new,
environmentally safe natural substances, referred to as biopesticides or
biopreparations (Chandler et al. 2011, Kocira et al. 2017a-b, Prochazka et
al. 2017, Kocira et al. 2018a-b, Czerwinska & Szparaga 2015). Some of
them can also be used in organic farming. One of the most important prob-
lems of organic farming is the shortage of natural seed treatments that are
permissible for practical application (Rochalska et al. 2010). Lack of suffi-
cient protection of seeds in the initial stages of development results in an
incidence increase of seedlings for soil diseases. This leads to the weaken-
ing of seed sowing value and yield reduction (Shafique et al. 2016). Insuf-
ficient quality and organic seed salubrity encourages to search for alterna-
tive and natural substances used as seed treatments (Orzeszko- Rywka et
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al. 2011). The aim of the conducted research was to show the influence of
natural water extracts prepared on the basis of Aesculus hippocastanum L.
on the shooting and germination of three varieties of soybean depending
on the method of their application.

2. Material and methods
2.2. The greenhouse experiment

The seeds of three varieties of soybean (Glycine max L.) were
used in the experiment: Abelina, Augusta and Merlin. The seeds were
treated with aqueous extracts prepared from flowers Aesculus
hippocastanum L. in dried from. Three types of aqueous herbal extracts
were prepared: macerate, infusion, decoction, according to the procedure
used by Sas-Piotrowska et al. (2005), Sas-Piotrowska and Piotrowski
(2011). Decoction — 7 g of each dried plant was weighted and poured
with 750 mm of distilled water. The suspension was thoroughly stirred
and left for 24 hours and then boiled for 15 minutes. Macerate — 17,5 g of
dried plant were poured with 350 ml of cold water and left for 24 h in
temperature of 20°C, and afterwards were filtered. Infusion — 7 g of plant
were weighed and poured with 350 ml of boiling water and left under
cover for 30 minutes, when cold filtered. The three- factorial experiment
was carried out in summer, in a greenhouse (dimensions: 6.0 m x 2.8 x
2.5 m — at the highest roof point) belonging to the Experimental Station
of Varieties Testing in Karzniczka (¢ = 54°29', A = 17°14', H = 80 m
above sea level). The soil used in the experiment came from a farm fol-
lowing the principles of organic farming. It was taken for experiment in
July from the arable layer (0-20 cm) from the oat stand. Soil represented
a granulometric group- sand, a subgroup - loose sand with an acidic value
(pH in KCI = 5.3) and low content of bioavailable components. The soil
was dried, sieved through 4 and 2 mm mesh and then mixed with peat
(pH 6.5) in a 1:2 ratio (peat: ecological soil). The soil mixture with peat
was wetted, mixed and then dried again.

The seeds were sown into plastic tray-fillers with 110 holes
(depth 5.5 cm, width 4 cm). 50 seeds were used as a single experimental
combination. Due to the requirements of statistical inference, the green-
house experiment, carried out only in one environment, was planned in a
completely random arrangement. A single series of experiments was
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adopted in triplicates (Madry 2007). Tray-fillers with seeds were placed
in a greenhouse in a complete randomization system. Before starting the
experiment, 400 ml of water was applied to each pot. To compare the
effectiveness of water extracts on soybean germination, depending on the
method of their application, two combinations of seed treatment were
used: a) 24. hour soaking of seeds in extracts, drying in room conditions
and then seeding into the soil to a 3 cm depth were performed. The aque-
ous extracts were prepared according to the procedure used in the Ist
stage of testing. b) 24 hour soaking of seeds in distilled water, drying in
room conditions, and then seeding into tray-fillers with spot application
of the soil extracts (about 3 ml per hole) using a pipette at a depth of
3 cm were performed. Control samples were untreated seeds soaked for
24 hours in distilled water before sowing. Throughout the test, the plants
were watered with tap water once a day.

In order to determine the course and pace of soybean growth,
for 15 days (assuming the first day after sowing as the first), germinating
seedlings were counted. During the experiment, microclimate conditions
were controlled. The air temperature in the greenhouse fluctuated be-
tween 20°C (night) — 26°C (day), the temperature of the soil was about
22°C and the air humidity was approx. 50%. On the basis of the meas-
urements carried out in the greenhouse test, the indicators indicating the
vigor and the seed seeding quality were calculated: Pieper (1) and
Maguire (2). Pieper's index (Jakubowski 2015) is defined as the average
number of days required to germinate one seed, the Maguire’s index de-
termines the relative germination rate (Maguiere 1962):

Pieper’s index (Wpj) =

(x1%S1 4 x2%S2 + ...... + xnsn)

S1+ 52+ ... +sn) (1)
Maguire’s index (Wwagu) =
e A = )
x1l x2 xn

where:

X — subsequent germination days,

s — number of seeds that normally germinated on a given day,
n — last day of the experiment.
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2.2. Statistical analysis

Corrected means of the replicates of the examined plant character-
istics were calculated based on data from a single series of two-factor
experiments carried out in triplicate (for each variety separately, the fac-
tors tested are the form of the preparation and the method of application).
Means comparisons were performed on two-way ANOVA for each varie-
ty separately and multiple comparisons (Tukey test) based on NIR
(LSD). For all analyzes, the level of significance was set at P < 0,05.
The analyzes were carried out using the Statistica 13 program.

3. Results and discussion

During the experiment, microclimate conditions were being moni-
tored. These were optimal conditions for soybean germination (Tyagi &
Tripathi 1983). Analysis of variance showed a significant impact of the
method of application of aqueous extracts on the number of emerged
plants of all soybean varieties (Table 1). Seed sowing with simultaneous
dosing of preparations had a positive effect on germination and emer-
gence, whereas the reaction of the Merlin cultivar for the technique of
application was the largest (average number of plants raised 17.1- "per
seeds"; 44.1 — "per soil". The results of tests carried out by other authors
confirm the results from the discussed experiment. The germination rate
of beet seeds (Czerwinska et al. 2016a) yellow lupine and pea
(Czerwinska et al. 2016b) is better when applying extracts- infusions
directly to soils than soaking in these preparations prior to seed. The ben-
eficial effect of soil application is due to the fact that active substances
contained in extracts may act, among others, as natural biopesticides and
show efficacy against pathogens transmitted by seeds and soil (Perello
2013, Sengupta et al. 2008). Vegetable oils are known to be used in bio-
logical soil fumigation (Dhingra et al. 2013).
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The use of aqueous extracts in a "per seed" combination, i.e. with
24 hour wetting of seeds, generally limited the germination and emer-
gence of all soybean cultivars. Only Abelina variety soaked for 24 hours
in the decoction, an improvement in germination and emergence com-
pared to the control was observed. Phytotoxic effect of natural substances
may occur due to their high concentration in the prepared extracts. In the
studies of Orzeszko-Rywka and Rochalska (2007) the suitability of natu-
ral preparations for the seed treatment of sugar beets was tested. It has
been shown that soaking seeds in undiluted thyme oil worsens the field's
ability to germinate. Undiluted oil of Zhumeria majdae leaves - Iranian
aromatic and medicinal plant, inhibit germination of seeds and emer-
gence of tomato and wheat seedlings (Soltanipoor et al. 2006). Treatment
of seeds of other cultivated varieties, eg: Allium cepa, Lactuca sativa
with an aqueous extract from Zhumeria majdae inhibited germination of
the tested plants (Soltanipoor et al. 2007). The water extract of Brassica
nigra leaves inhibits germination and emergency of lentil (Munir et al.
2002), wild oats (Turk & Tawaha 2002) and wild barley (Tawaha & Turk
2003) and the inhibitory effect increases with extract concentration.

The greenhouse test also showed a significant impact of the prep-
aration form on the number of emerged plants of all varieties, however,
different forms of preparations improved the value of the discussed vari-
able. Irrespective of the treatment technique, the best results were ob-
tained using infusions — an average of 35.5 plants of the Abelina variety,
and macerate — an average of 37.3 plants of the Merlin variety. In con-
trast, the Augusta variety in which the seed treatment was present was
average not statistically significant. However, the interaction of factors
was statistically significant. Comparing the experimental results to con-
trol group, the greatest improvement in soybean germination was ob-
served using the following forms in soil: macerate (+28.57%), decoction
(+35.71), infusion (+41.67) as a seed treatment of Abelina cultivar, infu-
sion (+16,67%) in combination with the Augusta variety, decoction
(+3.79%) for Merlin variety. Soaking seeds of the Merlin variety in the
decoction (-78.79%) and infusion (-78.03%) from A. hypocastanum in-
hibited the germination and emergence of plants to the greatest extent.

The values of germination and emergence indicators, i.e. Maguire
and Pieper (Table 1) of all varieties were significantly dependent on the
method of application of plant extracts. For the Merlin variety, the form
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of the extract used had a significant effect on the relative germination
rate. The values of the above indicators determined for the Abelina varie-
ty were also significantly dependent on the type of extract used
as a treatment. The interaction of factors was also statistically significant.
The soil application of extracts based on chestnut flowers improved the
dynamics of soybean emergence, i.e. the acceleration of emergence by
shortening the average germination time of a single seed was observed.
The soil application method improved the vigor of seeds and seedlings.
Prolonged and most unbalanced germination and emergence (low
Maguire's index, high Pieper's index) was observed in the Merlin cultivar
after 24 hours in the soaking of seeds in decoctions and infusions.
Abelina and Augusta also germinated slower, but the values of the calcu-
lated coefficients were not so unfavorable. The method of application of
natural plant preparations can influence the speed and uniformity of the
emergence of different species belonging to the same botanical family
and varieties. In research by Czerwinska et al. (2016 b) daily treatment of
seeds with infusions of Allium sativum increased the germination rate and
emergence of yellow lupine. For pea seeds, the reverse effect was ob-
tained, similar to the observed in the independent experiment, i.e. the
application of the extract from Verbascum thapsiforme (flowers) during
seeding in the ecological soil determined the higher speed and shortening
the time of emergence. The synergism in the action of the active sub-
stances contained in the various preparations used together means that
the emergence of plants can proceed much faster than for each compo-
nent separately. Powdered mixture of garlic and basil used for seed
treatment by Rochalska & Orzeszko-Rywka (2009) significantly acceler-
ated the field emergence of parsley. It was noted that sugar beet seeds,
dinkel wheat, radishes, carrots and parsley reacted differently to active
ingredients contained in all applications, but their utilization did not de-
lay field emergence.



384 Magdalena Piekutowska, Agnieszka Szparaga

50

Number of seedlings

1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16
Next day after sowing

----4--- macerate per seeds ----a-- infusion per seeds
---®--- decoction per seeds —— macerate per soil
—=— infusion per soil —=— decoction per soil
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Fig. 1. Number of seeds of the Abelina, which germinated in the following days
from sowing

Rys. 1. Liczba nasion odmiany Abelina, ktore skietkowaly w kolejnych dniach
od siewu
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Fig. 2. Number of seeds of the Augusta, which germinated in the following
days from sowing

Rys. 2. Liczba nasion odmiany Augusta, ktore skietkowaty w kolejnych dniach
od siewu
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Fig. 3. Number of seeds of the Merlin, which germinated in the following days
from sowing

Rys. 3. Liczba nasion odmiany Merlin, ktore skietkowaly w kolejnych dniach
od siewu

Seeds of all varieties of soybean treated during seeding, germinat-
ed on the 3rd day of study (Figure 1-3). The first seedlings of control
combinations appeared much later — one week after sowing. The seeds
soaked in the extracts delayed soybean rising by 1-2 days compared to
the control. Seedlings appeared very late and the emergence was the most
monotonous. Extending the pre-sowing time of seed soaking in treatment
solutions may lead to the weakening of their vigor. In a study conducted
by Kaniewska et al. (2012) it was experimentally confirmed that with
increasing concentration and prolongation of time of radish seeds storage
in aqueous solutions of acetic acid, the vitality of seeds deteriorated sig-
nificantly. The emerging seedlings were characterized by abnormal
growth and their germination energy was low. Seeds soaked for a long
time can undergo quicker damage and putrefaction.

The rapid increase in the number of emerging seedlings took
place from 4 to 7 (soil application) and from 9 to 11 day of the experi-
ment (seed soaking) (Figure 1-3). The reaction of the Augusta cultivar on
seed soaking in macerate was quite unusual. For a long time after sow-
ing, the seeds did not germinate, but after a week the seedlings began to
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penetrate intensely through the soil layer. The worst emergence was ob-
served in the Merlin variety after. soaking of seeds in infusion and decoc-
tion. The emerging seedlings were low and weak.

4. Conclusions

1. Soil application of water extracts improved the germination effec-
tiveness, quality and vigor of seeds and soybean seedlings. This is
evidenced by the favorable development of the calculated coeffi-
cients: Pieper and Maguire's.

2. 24 h soaking of seeds in prepared extracts limited germination and
soybean emergence. The exception was the Abelina variety, for
which the seeds treated with decoction had a positive effect on the
number of emerged seedlings and the speed of their emergence.

3. The form of water extract in which the seed treatment is put may
have a significant effect on germination and soybean emergence,
however, this relationship was not confirmed in all tested varieties.

4. The application of extracts directly to the soil may increase the effec-
tiveness of treatment as a result of decontamination of not only the
surface of the seed, but also its surroundings.

The authors of the following work would like thank
MSc. Eng. Ewa Deszcz for her technical support
and the possibility of using the developed seed
treatment technology in the experiment.
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Ocena kielkowania nasion soi potraktowanych
naturalnymi ekstraktami wodnymi
w zaleznosci od metody ich stosowania

Streszczenie

Soja (Glycine max L.) jest waznym surowcem do produkcji pasz prze-
mystowych zaré6wno w Polsce, jak i w catej Unii Europejskiej. Niestety warunki
klimatyczne, dostgpne odmiany soi oraz mata podaz preparatow zarejestrowa-
nych w tej uprawie to gtdéwna przyczyna niewielkiej produkcji w krajach UE.
Przedmiotem niniejszych badan byla reakcja trzech odmian soi (Glycine max
L.): Abelina, Augusta, Merlin na naturalne, wodne zaprawy nasienne sporza-
dzone w formie maceratu, wywaru i naparu na bazie suszu z kwiatow kaszta-
nowca zwyczajnego (desculus hippocastanum L.). Do§wiadczenie zostalo zalo-
zone latem w obiekcie szklarniowym nalezacym do Centralnego Os$rodka Ba-
dania Odmian Ro$lin Uprawnych, Stacji Doswiadczalnej Oceny Odmian
w Karzniczce (¢ = 54°29', A = 17°14', H = 80 m n.p.m), zlokalizowanej w wo-
jewddztwie pomorskim. W tescie szklarniowym przez 16 dni okreslono $rednig
liczbg wzesztych roslin po uzyciu wyciaggéw wodnych. Na podstawie uzyska-
nych wynikow obliczono dwa wspotczynniki: Piepera i Maguiera. Zastosowano
dwie kombinacje aplikacji ekstraktow: dobowe zaprawianie w maceratach, wy-
warach 1 naparach, a nastepnie wysiew do gleby oraz wysiew moczonych
w wodzie destylowanej ale niezaprawionych nasion przy jednoczesnym, recz-
nym dozowaniu ziolowego wyciagu. Kombinacj¢ kontrolng stanowily nasiona
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nie traktowane preparatami, moczone przed dobg w wodzie destylowanej. Wy-
korzystang w eksperymencie glebe pobrano w czerwcu z warstwy ornej
(0-20 cm) spod uprawy owsa ekologicznego. Przedplonem dla owsa byt ekolo-
giczny tubin waskolistny. Podczas 16 dni eksperymentu kontrolowano warunki
temperatury i wilgotnosci. Wyniki eksperymentu szklarniowego wykazaty, ze
nasiona wybranych odmian soi kietkowaty lepiej i szybciej, gdy zaprawiano je
bezposrednio podczas siewu (aplikacja doglebowa). Stosowanie ekstraktow ,,na
nasiona” ograniczylo kietkowanie i wschody soi. Dla dwdch testowanych od-
mian- Abeliny i Merlina, wykazano takze istotny wplyw formy zaprawy na
uzyskane wyniki w dos$wiadczeniu. Najlepsze wschody zaobserwowano u od-
miany Merlin, gdy jej nasiona moczono w wodzie destylowanej a ekstrakty
aplikowano punktowo do gleby. Hamowanie kietkowania i wschoddéw soi zaob-
serwowano po dobowym moczeniu nasion w ekstraktach w wiekszosci kombi-
nacji doswiadczalnych. Konieczne sg dalsze badania w celu zidentyfikowania
zwiazkow bioaktywnych zawartych w wodnych ekstraktach i ocena skuteczno-
sci aplikacji doglebowej preparatow w warunkach polowych. Przedstawione
badania sg niezwykle wazne z punktu widzenia praktyki rolniczej i ochrony
srodowiska. Poszukiwanie naturalnych metod zaprawiania nasion jest doskona-
Ia okazja dla rolnictwa ekologicznego, gdzie nie dopuszcza si¢ do stosowania
zapraw syntetycznych.

Abstract

Soybean (Glycine max L.) is one of the most popular crop species in the
world, which supplies raw material for the production of commercial fodder in
Poland, as well as throughout the European Union. Unfortunately, climatic condi-
tions and available varieties of soybeans and few preparations registered in plant
protection are the main reason for low production in EU countries. The subject of
the following study is examining the reaction of three varieties of soybeans (Gly-
cine max L.): Abelina, Augusta, Merlin on natural seed treatments in the form of
macerates, decoctions and infusions of Aesculus hippocastanum L. flowers. The
experiment was carried out in a greenhouse facility belonging to Research Centre
for Cultivar Testing, Experimental Station of Varieties Testing in Karzniczka
(p =54°29', L = 17°14', H = 80 m above sea level) in Pomeranian voivodship. In
the greenhouse test, lasting 16 days the average number of sprouted plants were
determined after applying water extracts and coefficients: Pieper and Maguire's.
Two combinations of extracts were used: 24 h treatment in macerates, decoctions
and infusions, followed by soil seeding and distilled water seeding using un-
treated seeds, while simultaneously dispensing herbal extracts. The control com-
bination were seeds untreated with preparations. The soil used in the experiment
was collected in June from the arable layer (0-20 cm) of organic oat field. The
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forecrop was organic narrow-leafed lupine. During the 16 days of the experiment,
the temperature and humidity conditions were controlled. The results of the
greenhouse experiment showed that the seeds of selected soybean varieties
sprouted better and faster when treated directly during seeding (soil application).
The use of extracts "per seeds" limited emergence of soybean. For the two tested
varieties- Abelina and Merlin, a significant effect of the seed treatment form on
the obtained results in the experiment was also demonstrated. The best emergence
was observed in the Merlin variety, when its seeds soaked in distilled water and
the extracts were applied directly to the soil. Further research is needed to identify
the bioactive compounds contained in the aqueous extracts and assess the effec-
tiveness of the soil application of the extracts under field conditions. The con-
ducted research is extremely important from the point of view of agricultural
practice and environmental protection.

Stowa kluczowe:
Aesculus hippocastanum L., ekstrakty wodne, kietkowanie, wschody, soja

Keywords:
Aesculus hippocastanum L., natural plant extracts, germination, emergence,
soybean
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