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ABSTRACT

The fight against weeds in the organic cultivation of herbal plants, both raw and for seeds, is a big challenge
for growers. The paper compares the chemical (bentazon, 960 g-ha' and fluazifop-P-butyl, 150 g-ha™') and
nonchemical (scattering mustard seed meal in two doses 1.5 and 3.0 t-ha™!) control of weeds in the cultivation
of lemon balm for seeds. Additionally, the influence of these factors on the yield of fresh herb and seeds of
lemon balm and the sowing value of seeds was evaluated. The best method to control the weed infestation
was to use mustard seed meal in an amount of 3.0 t-ha'. Scattering of mustard seed meal in that dose reduced
the number and weight of weeds on average from two years of research by 52.1 and 60.2% in relation to
unweeded control. Following methods were slightly less effective: bentazon and application of mustard seed
meal in quantity of 1.5 t-ha™'. The largest yield of fresh lemon balm herb was collected from plots where
mustard seed meal was used in an amount of 3.0 t-ha™'. Seeds harvested from plots, on which mustard seed
meal was used in a larger quantity was characterized by the lowest sowing value determined by the lowest
energy and capacity of germination and the highest share of nongerminated seeds. Lowering the amount of
used mustard seed meal to 1.5 t-ha' significantly improved their sowing value. Although this method was
less effective in counteracting weeds than using larger dose, it provided comparable effects of reducing the

number and weight of weeds in relation to chemical protection.
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INTRODUCTION
In many countries of the world, organic cultivation

of herbal plants is becoming more and more popular
among growers due to higher profitability of produc-
tion compared to conventional cultivation [Carruba
and Militello 2013, Mihajlov et al. 2013]. Herbal raw
material from organic cultivation is sought after on
the market because it is free of pesticides and heavy
metals and is valued due to higher content of biologi-
cally active substances [Kazimierczak et al. 2014, Se-
idler-Lozykowska et al. 2015].

In the organic cultivation of herbal plants, a great
challenge for growers is the fight against weeds [Bar-
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beri 2002, Kalinova 2010]. In cultivation applying
this method, the use of synthetic herbicides is not al-
lowed. The weeds of organic plantations are limited
by the use of appropriate crop rotation, green manures,
mulching, cover crops, balanced fertilization program,
timely tillage and cultivation, mechanical and thermal
weed control [Bond and Grungy 2001, Barberi 2002,
Kalinova 2010]. Sometimes these methods are insuf-
ficient and it is necessary to introduce manual weed-
ing, which increases the production costs and makes
the cultivation less profitable. Weeds cause significant
yield losses and reduce the commercial value of har-
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vested raw material. The average loss of weight of the
crop that occurs when the weeding is given up reaches
up to 30-90% [Carrubba et al. 2015]. Therefore, there
is an urgent need to develop new methods of safe weed
control, possible to use in organic farming.

Research indicates that one of such methods may
be the use of seed meal of plants from the Brassicace-
ae family. In the literature there are available studies
on the use of seed meal in the laboratory and in green-
house conditions, while only a few have been carried
out in field conditions [Rice et al. 2007, Snyder et al.
2009, Boydston et al. 2011].

Seed meal of the Brassicaceae family has a nega-
tive effect on seed germination and weed growth [Bi-
aly et al. 1990, Vaughn et al. 2006, Boydston et al.
2008, 2011]. Their herbicidal action is attributed to the
content of biologically active compounds with allelo-
pathic properties. Substances responsible for the alle-
lopathic potential are glucosinolates contained in seeds
or their breakdown products [Oleszek 1987, Bialy et
al. 1990]. Glucosinolates are organic anions contain-
ing glucose and sulfur located in cell vacuoles. As a
result of the disruption of cell walls, glucosinolates are
hydrolyzed by the enzyme myrosinase. Glycosinolate
degradation products include isothiocyanates, thiocy-
anates, nitriles, epithionitriles and oxazolidinodones.
Many of them are biologically active. Some of them
have lethal properties for living organisms, such as in-
sects, fungi and bacteria. Others may have herbicidal
activity [Vaughn 1999, Vaughn and Berhow 2005]. It
was found that species of Brassicaceae family differ
in their herbicidal properties, which is related to the
content of various glucosinolates and their breakdown
products. A review of available studies indicates that
the most effective ones are Indian mustard (Brassica
juncea (L.) Czem., mustard (Sinapis alba L.), field
pennycress (Thlaspi arvense L.), money plant (Lu-
naria annua L.) [Vaughn et al. 2006, Rice et al. 2007,
Snyder et al. 2009, Handiseni et al. 2011].

Studies have shown that the use of seed meal of the
Brassicaceae family as a soil additive affects the re-
duction in the number and weight of monocotyledonous
and dicotyledonous weeds. Yu and Morishita [2014] as
aresult of the use of mustard seed meal found a decrease
in emergence of kochia (Kochia scoparia L.), common
lamb’s quarters (Chenopodium album L.) and barn-
yardgrass (Echinochloa crus-galli (L.) Beauv.), as well
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as a decrease in the dry matter of aboveground parts of
green foxtail (Setaria viridis (L.) Beauv.) and common
lamb’s quarters. In research carried out by Boydston et
al. [2008], mustard seed meal applied to the soil surface
in the cultivation of container ornamental plants: rose,
phlox and coreopsis, limited the number of annual blue-
grass seedlings (Poa annua L.) and common chickweed
(Stellaria media L.).

Research by Handiseni et al. [2011] showed that
the species used for the control and the dose of used
meal are of great importance for reducing the number
and weight of weeds. The Indian mustard showed sig-
nificantly better herbicidal effectiveness in relation to
monocot weeds than mustard, which was more effec-
tive in controlling the number of dicotyledonous weeds.
In limiting the emergence of wild oat (4vena fatua L.)
seedlings, Italian ryegrass (Lolium perenne L.), prickly
lettuce (Lactuca serriola L.) and redroot pigweed (Am-
aranthus retrolexus L.), a 2000 kg-ha™' dose than 1000
kg-ha™! was more effective. In all cases, the application
of a dose of 1000 kg-ha™! meal of Indian mustard and
mustard showed a greater herbicidal effect than the
rape dose of 2000 kg-ha™'. In the studies of Vaughn et
al. [2006], increased concentration of meal from seeds
of 15 species from the Brassicaceae family from 0.1 to
1.0% in the substrate caused a reduction in germination
of wheat (Triticum L.) and sicklepod (Senna obtusifolia
(L.) H.S.Irwin & Barneby) seeds.

The possibility of using Brassicaceae seed is de-
pendent on its effect on crop plants. The seed meal
with its herbicidal action must not have a destructive
effect on the emergence and yield of crop plants. Re-
search performed by Boydston et al. [2008] showed
that mustard seed meal did not damage the rose, phlox
and coreopsis plants in the container cultivation and
did not affect their growth and flowering.

Effective use of seed meal requires knowledge
of the time and environmental conditions necessary
to reduce the hydrolysis products — glucosinolates
to a non-toxic level. The use of Brassica juncea (L.)
Czern., B. napus (L.) and Sinapis alba L. seed meal
in a dose of 1 and 2 tha™ 36 days before sowing the
carrot seeds did not worsen the emergence of seed-
lings. However, shortening the time from scattering
the meal to sowing the carrot seeds to 15 days signifi-
cantly influenced the reduction of carrot emergence.
As the authors point out, the greater interval between
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the application of seed meal and the sowing of carrot
seeds combined with a higher amount of rain that year
caused losses of compounds responsible for herbicidal
activity of the meal due to volatilization and leaching
from the germination zone [Snyder et al. 2009].

One of the medicinal plants cultivated with organic
methods is lemon balm (Melissa officinalis L.) [Mi-
hajlov et al. 2013, Seidler-Lozykowska et al. 2015].
It is a perennial bushy plant in the family Lamiaceae
and native to southern Europe and the Mediterranean
region. Lemon balm grows to a maximum height of
about 1 m. The leaves with a mild lemon scent are
used as a herb, in teas, and also as a flavouring. Lemon
balm has been traditionally used for different medi-
cal purposes as antispasmodic, carminative, diapho-
retic, sedative, but in modern pharmacology is value
in the management of mild to moderate Alzheimer’s,
against migraine and rheumatism, antiviral and anti-
oxidant activities [Moradkhani et al. 2010, Shakeri et
al. 2016]. Lemon balm is widely cultivated in Europe
and the United States [Moradkhani et al. 2010, Win-
iarczyk et al. 2016]. The species is mainly propagated
by seeds that are very small (1.5 to 2.0 mm long). The
increase in the area of organic farming of herbal plants
entails an increase in the demand for seed material.
According to the principles of organic farming, only
seeds or vegetative propagating material produced us-
ing organic methods may be used to establish organic
plantations [Eu Reg. 2092/91].

Weeds in the cultivation of lemon balm not only
reduce the yield of herb and deteriorate its quality.
Additionally, weeds on seed plantations contribute
to contamination of the reproduced sowing materi-
al of cultivated plant with weed seeds. In the case of
such small seeds, which are lemon balm ones, the oc-
currence of weed seeds that are difficult to separate
causes the necessity of repeating the cleaning process
several times or using expensive devices. This often
leads to large losses of the cleaned plant seeds, it is
time-and cost-intensive. These treatments may cause
an increase in mechanical damage to seeds that impair
their sowing value [Tworkowski 2000]. Therefore, on
lemon balm seed plantations should be counteracted
with weeds.

The aim of presented study was to assess the effect
of soil application of mustard seed meal on the weed
infestation of lemon balm plantation, the yield of fresh
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herb and seed of lemon balm and the sowing value
of seeds. An interesting issue was the comparison of
the effectiveness of this method of weed control with
chemical protection using agents authorized in the cul-
tivation of lemon balm.

MATERIAL AND METHODS

The research was carried out in 20162017 on two-
year lemon balm plantations located in Experimental
Farm Felin — Lublin (51°23°N, 22°56’E). Plantations
were established from sowing the seeds directly to
permanent place in April 2015 and 2016. The exper-
iment was set up on the podzolic soil developed from
loess formations located on Cretaceous marls, con-
taining 2.23% organic matter and pH 7.05. The seed
sowing standard was 5 kg-ha!. In the first year of cul-
tivation, the plants were growing vegetatively. In the
early spring of 2016 and 2017, mechanical soil loos-
ening was carried out.

The experiment was planned as a single-factor, in
three random blocks. The following methods were
used to fight weeds:

— spraying the plantation with bentazon (Basagran
480 SL, BASF) at the dose of 960 g-ha™!, using water
in the amount of 300 I-ha™!,

— spraying the plantation with fluazifop-P-butyl
(Fusilade Forte 150 EC, Syngenta) at the dose of 150
g-ha! using water in the amount of 300 I-ha™!,

— scattering the mustard seed meal (Sinapis alba L.)
on the surface of plots in the amount of 1.5 t-ha™! and
shallow mixing with the soil,

— scattering the mustard seed meal (Sinapis alba L.)
on the surface of plots in the amount of 3.0 t-ha™! and
shallow mixing with the soil.

The mustard seeds of variety ‘Borowska’ from
Matopolska Hodowla Roslin Sp. z o0.0. were used.
The seeds were ground in a universal chopper “Bak”
H-111/1 on sieves with a diameter of 1.5 mm. Chem-
ical protection was carried out using agents autho-
rized in the conventional cultivation of lemon balm
in Poland [IPP 2016]. The aforementioned methods of
combating the weeds were compared with untreated
control. The area of each plot was 8 m?. There were 10
rows of plants 2 m long at 0.4 m spacing.

On April 19, 2016 and on April 21, 2017, mustard
seed meal was sprinkled on randomly selected plots.
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Herbicides (bentazon and fluazifop-P-butyl) were ap-
plied on May 19, 2016 and on May 22, 2017, when the
majority of weeds were in the 2-4 leaf phase. Herbi-
cides were sprayed using a backpack sprayer mount-
ed with XR Teelet® 80° nozzle at 1.5 bars pressure
and 300 1 of water - ha™'. Weed assessment was carried
out on May 31, 2016 and June 2, 2017. For this pur-
pose, two frames with dimensions of 0.2 x 0.5 m were
placed on a randomly separated place on each plot.
This means that the number of weeds, their species
structure and fresh weight were determined on each
plot on the area of 0.2 m?.

At the beginning of flowering period, the lemon
balm herb was collected by hand, from the area of 1
m?of each plot. The yield of fresh herb was estimated.
At the beginning of September, when the plants began
to dry up, 15 measurements of the height of shoots
were made in each plot. When most of the seeds on
plants were ripe, a harvest of seed shoots was carried
out. On September 15, 2016 and on September 18,
2017, seed shoots were cut out from the area of 4 m?
of each plot and placed in a ventilated area for drying.
When the plants were dried, threshing was carried out
using a threshing machine. The seed yield from the
plot was determined. A month after the threshing, the
sowing value of seeds was determined: 1000 seeds
weight, germination energy and capacity, share of ab-
normal seedlings and share of nongerminated seeds
depending on the applied method of weed control.
Seed germination parameters were determined using
a standard germination test [ISTA 2004]. The test
was performed in 4 replicates of 100 seeds. Seeds
germinated on the filter paper in rolls in a thermo-
stat at 20°C in the light for 21 days. Seven days after
planting the seeds on the paper, the energy of germi-
nation was recorded (so-called “first counting”). It is
the percentage of normally germinated seeds 7 days
after planting relative to the total number of seeds
tested. After 21 days, the final number of normal-
ly germinated seeds was measured (so-called “last
counting”). It allowed to determine the germination
capacity [Kubisz et al. 2012]. When evaluating the
germination of seeds, abnormal seedlings and non-
germinated seeds were measured.

In order to determine the weight of 1000 seeds,
8 x 100 seeds from each method of weed control were
counted. Each replicate was weighed on the analyti-
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cal balance with an accuracy of 0.0001 g. The mass
of 1000 seeds was the average mass of 100 seeds from
8 repetitions multiplied by 10.

The results obtained were statistically processed
using the analysis of variance ANOVA (Statistica
ver. 13.1). Confidence intervals were determined by
Tukey’s test at the significance level 0.05.

RESULTS

The results presented indicate that in both years of
research, the use of mustard seed meal and spraying
with herbicide bentazon had a significant effect on
reducing the number of weeds in relation to the un-
weeded control. The number of weeds in plots treated
with fluazifop-P-butyl herbicide was smaller than on
control plots, but the difference was insignificant.

In 2016 and 2017, the largest number of weeds
was collected on unweeded plots (466 and 398 pcs.-
m 2, respectively). The smallest number of weeds was
recorded in plots, where the mustard seed meal was
used in amount of 3.0 t-ha™! (193 and 217 pes.-m?,
respectively). In comparison with the control, signifi-
cantly less weeds were also found on the plots where
bentazon was used (225 and 256 pcs.-m?) and where
the mustard seed meal was spread in quantity of 1.5 t-ha™!
(284 and 278 pcs.-m?) (Tab. 1).

In 2016, no significant effect of the weeding meth-
od on the fresh weed weight was recorded, which was
related to large differences in the weight of weeds
between repetitions. Weeds harvested from untreated
plots had the largest weight (on average 400 g-m™).
The weeds of the lowest weight were collected from
plots where 3 tons of mustard seed meal per 1 ha were
spread. Tt was on average 110 g'm=. In the second year
of research, a significant effect of the weeding method
on the fresh weed weight was found. The largest weight
of weeds was recorded on unweeded plots (303.3 g'm™2).
The use of bentazon and a double dose of mustard seed
meal had significant effect on the reduction in fresh
weight of weeds relative to the control (Tab. 1).

In both experimental years, the most effective
method of combating the weeds was the use of mus-
tard seed meal in the amount of 3.0 t-ha™'. Applying
this method resulted in the reduction of the number of
weeds in 2016 and 2017 by 58.6% and 45.5% respec-
tively, and fresh weed weight by 72.5% and 47.8% in
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Table 1. Effect of weed control method on number and fresh weight of weeds in the lemon balm field trial in 2016-2017

Number of weeds per m?

Fresh weight of weeds (g'm™)

Treatments
2016 2017 2016 2017
Bentazon 960 g-ha™ 225a 256 ab 2083 a 173.0 a
Fluazifop-P-butyl 150 g-ha™ 295 ab 330 be 2033 a 263.3 ab
Mustard seed meal 1.5 t-ha™ 284 a 278 ab 2100 a 216.7 ab
Mustard seed meal 3.0 t-ha 193 a 217 a 110.0 a 1583 a
Control 466 b 398 ¢ 400.0 a 303.3Db

Means followed by the same letter within a column do not differ significantly at P = 0.05

Table 2. Weed infestation in lemon balm cultivation in dependence on mustard seed meal application and spraying with

herbicides in 2016

Weed species

Weed control method

Conirol Bentazog F luazifop-P-Rutyl Mustard see(}l Mustard see(}l
960 g-ha 150 g-ha meal 1.5 tha meal 3.0 tha
no. per m’
Amaranthus retroflexus L. 18 - 10 8 3
Anthemis arvensis L. 2 - 2 - -
Artemisia vulgaris L. - - - 2 -
Capsella bursa-pastoris (L.) Medik. 193 27 112 75 47
Chenopodium album L. 27 5 10 10 -
Echinochloa crus-galli (L.) P. Beauv. 45 75 10 65 83
Elymus repens (L.) Gould - 1 - - 3
Epilobium roseum Schreb. 1 - 2 - -
Erigeron annuus L. 1 - - - -
Conyza canadensis (L.) Crong. 5 - - - -
Galinsoga quadriradiata Ruiz et Pav. 78 18 48 23 18
Gnaphalium uliginosum L. - - - -
Lamium amplexicaule L. 10 - - -
Myosorus minimus L. 1 - - - -
Poa annua L. 75 97 90 95 37
Polygonum aviculare L. - - - 3 -
Polygonum persicaria L. - - 2 - -
Rorippa sylvestris L. 2 - - - -
Senecio vulgaris L. 2 - - - -
Sonchus arvensis L. 1 - - 1 -
Stellaria media (L.) Vill. 2 - 2 - -
Urtica urens L. - - - - 2
Veronica persica Poir. 3 1 - 2 -
Viola arvensis Murr. - 1 - - -
https://czasopisma.up.lublin.pl/index.php/asphc 87
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relation to the control. Slightly less effective methods
of weed control was bentazon spraying and the use of
mustard seed meal in the amount of 1.5 t-ha™' (Tab. 1).

In both years of research, the weeds occurring
on the plots were mainly dicotyledonous (Tab. 2, 3).
Among the monocotyledonous plants, the presence
of annual bluegrass, barnyardgrass and couch grass
(Elymus repens L.) was found. Species composition
of weeds in individual experimental plots was simi-
lar in both years of research. The structure of weeds
on control plots was dominated by: shepherd’s purse
(Capsella bursa-pastoris L.), shaggy soldier (Galin-
soga quadriradiata Ruiz et Pav.), annual bluegrass. On
the plots where bentazon was used, following weeds
were in the highest number: annual bluegrass, barn-
yardgrass. Plots sprayed with fluazifop-P-butyl were
dominated by: shepherd’s purse, annual bluegrass,
shaggy soldier. In plots, where the mustard seed meal
was used in both doses, the following weeds occurred

most severely: barnyardgrass, shepherd’s purse, annu-
al bluegrass (Tabs 2, 3).

Compared to the control, the use of bentazon had
the greatest impact on the reduction of the number
of dicotyledonous weeds: shepherd’s purse (in 2016
and 2017, respectively, 86.0% and 75.0%), common
lamb’s quarters — Chenopodium album L. (81.5%
and 91.9%), shaggy soldier (76.9% and 59.6%). The
application of this herbicide has also contributed to
the elimination or reduction of the number of weeds
present in control plots in lower intensity or indi-
vidually (Tabs 2, 3). On the plots sprayed with this
agent, an increase in the number of plants was noted:
annual bluegrass (in 2016 and 2017 by 29.3% and
63.5%, respectively) and barnyardgrass (by 66.7%
and 118.4%).

The species susceptible to the action of fluazi-
fop-P-butyl are plants of the Poaceae family with the
exception of annual bluegrass. The use of this prepara-

Table 3. Weed infestation in lemon balm cultivation in dependence on mustard seed meal application and spraying with

herbicides in 2017

Weed control method

Weed species

Conirol Bentazo?l Fluazifop-P-Butyl Mustard seeii1 Mustard seet}l
960 g-ha 150 g'ha meal 1.5 tha meal 3.0 tha
no. per m’
Amaranthus retroflexus L. 15 - 22 5 5
Anthemis arvensis L. - - 2 - -
Artemisia vulgaris L. - - - - 2
Capsella bursa-pastoris (L.) Medik. 168 42 83 92 77
Chenopodium album L. 37 3 31 12 4
Echinochloa crus-galli (L.) P. Beauv. 38 83 5 62 55
Elymus repens (L.) Gould 3 - - 1 -
Conyza canadensis (L.) Crong. 5 - - - -
Galinsoga quadriradiata Ruiz et Pav. 57 23 59 38 27
Lamium amplexicaule L. 5 - 3 2 -
Poa annua L. 63 103 113 62 43
Senecio vulgaris L. - - - - 2
Sonchus arvensis L. 2 - - - -
Stellaria media (L.) Vill. 3 2 10 2 -
Urtica urens L. - - 2 2 -
Veronica persica Poir. - - - - 2
Viola arvensis Murr. 2 - - - -
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Table 4. Effect of weed control method on dried herb yield, height of plants before seed harvesting, yield of lemon balm

seeds, and weight of 1000 seeds in 2016—2017

Fresh herb yield Height of plant Yield of seeds Weight of 1000 seeds
Treatments (gm?) (cm) (gha™) (2
2016 2017 2016 2017 2016 2017 2016 2017

Bentazon 1553ab 1374 ab 76.0b 72.6b 116.1a 693 a 0.653a  0.581a
960 g-ha
Fluazifop-P-butyl 1515b 1309 b 79.0ab  74.5ab 11522 737a 0625a  0.57la
150 g'ha
?gifﬁ?ﬁeed meal 1sg7ab  1394ab  772b 7350 1346 a 745a 0623a  0563a
ygifﬁg‘}f%d meal 19764 1474 a 82.1a 78.7a 139.8 77.1a 0.625a  0.566a
Control 1499 b 1321 b 78.5 ab 73.0b 128.0 a 68.6a 0.635a  0.568a

Means followed by the same letter within a column do not differ significantly at P = 0.05

tion reduced the number of barnyardgrass (in 2016 and
2017 by 77.8% and 86.8%, respectively) and increas-
ing the number of annual bluegrass (20.0 and 79.4%).
In 2016, compared to the control, a smaller number of
dicotyledonous weeds were noted: redroot pigweed,
shepherd’s purse, lamb’s quarters, shaggy soldier,
horseweed (Conyza canadensis (L.) Crong.) and hen-
bit dead-nettle (Lamium amplexicaule L.). In 2017, on
the plots sprayed with this herbicide, an increase in the
number of annual bluegrass plants, redroot pigweed
was found (Tabs 2, 3).

The use of mustard seed meal at a dose of 1.5
t-ha™ in comparison to the control resulted in a re-
duction in the number of lamb’s quarters (in 2016 and
2017, respectively by 63.0% and 67.6%), shepherd’s
purse (61.1% and 45.2%), shaggy soldier (70.5% and
33.3%), redroot pigweed (55.6% and 66.7%) and an
increase in the number of barnyardgrass (44.4% and
63.2%). In 2016, an increase in the number of annual
bluegrass was also found (Tabs 2, 3).

The use of a double dose of mustard seed meal
(3 t'ha™") reduced the number of lamb”s quarters (in
2016 and 2017 by 100% and 89.2%, respectively),
redroot pigweed (83.3% and 66.7%), shepherd’s
purse (75.6% and 54.2%), annual bluegrass (50.7%
and 31.7%) and shaggy soldier (76.9% and 52.6%)
and increasing the number of barnyardgrass (84.4%
and 44.7%) (Tabs 2, 3).

https://czasopisma.up.lublin.pl/index.php/asphc

The yield of fresh herb of lemon balm was signifi-
cantly modified by the method of weed control. The
yield of fresh herb from plots, where a double dose
of mustard seed meal was used, was the greatest (on
average 1776 and 1474 g'm? in 2016 and 2017 re-
spectively). It was significantly higher compared to
the control and application of the herbicide fluazi-
fop-P-butyl (Tab. 4).

In both years of the study, a significant effect of
the weed control method on the height of lemon balm
shoots at the time of harvest was found. The longest
shoots were produced by plants growing on plots
where mustard seed meal was used in an amount of 3
t-ha™ (82.1 and 78.7 cm in 2016 and 2017, respective-
ly). In the first year of research, they were significantly
higher than plants from plots weeded with bentazon
and a single dose of mustard seed meal, and in the
second year significantly higher than plants from plots
where bentazon, a single dose of mustard seed meal
was used as well as control (Tab. 4).

No significant influence of the weed control meth-
od on the yield of lemon balm seeds was found. De-
spite the lack of significant differences between the
weed regulation ways in both years, the highest yield
of seeds was harvested from plots where mustard
seed meal was spread at the rate of 3 t-ha™' (139.8 and
77.1 gm? in 2016 and 2017, respectively). The
weight of 1000 seeds was not significantly dependent
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Table 5. Effect of weed control method on sowing value of lemon balm seeds

Germination energy

Germination capacity

Abnormal seedlings Nongerminated seds

Treatments (%) (%) (%) (%)

2016 2017 2016 2017 2016 2017 2016 2017
Bentazon 593 a 53.5ab 94.0 a 90.5a 1.5 ab 1.5 ab 45a 8.0a
960 g-ha
Fluazifop-P-butyl 6132 60.3 a 94.8 a 89.8a 2.5 ab 1.5 ab 282 8.8a
150 g'ha
ll\dgifi;‘iseed meal 6404 595a 925a 87.5 ab 25ab 25b 50a 10.0 ab
ygifﬁg‘}f%d meal 5084 493 b 78.0b 82.3b 3.8b 25b 183b 153b
Control 58.8a 56.8 ab 955a 893 a 0.5a 0.5a 40a 10.3 ab

Means followed by the same letter within a column do not differ significantly at P = 0.05

on the weed control method. In 2016, the weight of
1000 lemon balm seeds was 0.623—0.653 g, while in
2017, it was 0.563—0.581 g (Tab. 4).

Depending on the applied method of weed con-
trol, germination energy of lemon balm seeds was
50.8-64.0% in 2016 and 49.3—60.3% in 2017. In both
years of research, the lowest germination energy was
characteristic for seeds harvested from plots where
mustard seed meal was used at 3.0 t-ha' — 50.8% and
49.3%, respectively. In the first year of the study, no
significant influence of the weed control method on
germination energy of seeds was found. In contrast,
in the second year, germination energy of seeds har-
vested from plots treated with mustard seed meal in an
amount of 3.0 t-ha™! was significantly lower than those
harvested from plots treated with fluazifop-P-butyl
and a single dose of mustard seed meal (Tab. 5).

The method of weed control was a factor signifi-
cantly differentiating the seed germination capacity.
In both study years, the lowest germination capacity
was found in seeds collected from plots, for which
mustard seed meal was spread at 3.0 t-ha™! (in 2016
and 2017, respectively 78.0% and 82.3%). In 2016,
the highest germination capacity characterized the
seeds collected from control plots, and in 2017 from
plots sprayed with bentazon (95.5% and 90.5%, re-
spectively — Tab. 5).

The number of abnormal seedlings depended
significantly on the method of weed control. In both
years, significantly less abnormal seedlings developed
seeds collected from untreated plots. In 2016, signifi-
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cantly the most abnormal seedlings grew out of seeds
obtained from plots using a double dose of mustard
seed meal (3.8%). In 2017, significantly more abnor-
mal seedlings in relation to the control were found for
weed regulation method, where mustard seed meal
was used in both doses (on average 2.5% — Tab. 5).

The proportion of nongerminated seeds was sig-
nificantly related to the method of weed regulation. In
2016, the share of nongerminated seeds in the yield
harvested from plots using mustard seed meal in the
amount of 3.0 t-ha™! was significantly higher than in all
other combinations and amounted to 18.3%. In 2017,
the share of nongerminated seeds in the yield collected
from the plots using mustard seed meal in the amount
of 3.0 t-ha™! was significantly higher than in the plots
sprayed with bentazon and fluzifop-P-butyl and it was
15.3% (Tab. 5).

DISCUSSION

Results of presented work indicate that the use of
mustard seed meal and shallow mixing with the soil
has contributed to reducing the weed infestation on the
lemon balm plantation. During the assessment of weed
infestation carried out 6 weeks after application of the
meal, a reduction in the number and weight of weeds
in relation to the untreated control was found. From
two applied doses: 1.5 and 3.0 t - ha!, the application
of meal in a larger amount proved to be more effective
method of weed control. Scattering of mustard seed
meal in this dose resulted in a reduction in the num-
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ber and weight of weeds on average in two years of
research by 52.1% and 60.2% in comparison to un-
weeded control. The application of mustard seed meal
in an amount by half smaller reduced the number and
weight of weeds by an average of 34.7% and 38.1%,
respectively.

The obtained results confirm the studies of var-
ious authors on beneficial effects of mustard seed
meal and other species from the Brassicaceae fam-
ily on limiting germination of seeds, emergence and
seed weight of various weed [Boydston et al. 2008,
Handiseni et al. 2011, Yu and Morishita 2014]. Re-
search carried out by Boydston et al. [2011] showed a
reduction in the number of weeds in the cultivation of
onions by 48% and 91% in two subsequent years as a
result of the use of mustard seed meal. There was no
effect of the increasing dose on the weed reduction.
In another experiment by Boydston et al. [2008],
mustard seed meal used in the container cultivation
of ornamental plants in the amount of 113, 225, 450
g'm~ reduced the number and fresh weight of annual
bluegrass and chickweed (Stellaria media L.) seed-
lings. The higher the dose, the greater the effect of
reducing the weed infestation. In a greenhouse exper-
iment conducted by Yu and Morishita [2014], the use
of a growing dose of mustard seed meal from 2.240
to 6.720 kg-ha™! resulted in the limitation of redroot
pigweed emergence. Handiseni et al. [2011] points
to the high efficiency of mustard seed meal in con-
trolling dicot weeds — redroot pigweed and prickly
lettuce (Lactuca serriola L.).

In the experiment carried out, the use of mus-
tard seed meal significantly reduced the number of
several weed species found in high intensity on the
control plots. These results are confirmed by studies
of other authors with a negative impact of mustard
seed meal on seed germination and seedlings weight
of redroot pigweed [Rice et al. 2007, Handiseni et
al. 2011, Yu and Morishita 2014], annual bluegrass
[Boydston et al. 2008] and common lamb’s quar-
ters [Rice et al. 2007]. Results of this work also in-
dicate the reducing effect of mustard seed meal on
the number of shaggy soldier and shepherd’s purse
seedlings. The available literature lacks information
on the inhibitory effect of mustard seed meal on the
germination of these species. From these studies,
it appears that mustard seed meal in the amount of

https://czasopisma.up.lublin.pl/index.php/asphc

3.0 t-ha™! are combating both dicotyledonous and
some monocotyledonous weeds.

The results of presented field experiment indicate
that on plots where mustard seed meal was spread,
a larger number of barnyardgrass plants were noted
compared to the control. In this respect, there is some
inconsistency with results of greenhouse research
carried out by Yu and Morishita [2014], where the ef-
fect of this product was to limit the number of barn-
yardgrass plants by 47-94% compared to the control.
Perhaps in own studies, the occurrence of seeds of this
species on plots where the mustard seed meal were ap-
plied was much higher than on the control plots.

In both years of research, the application of mus-
tard seed meal turned out to be a bit more effective than
bentazon chemical fight and definitely more effective
than the fight with weeds using fluazifop-P-butyl. In
our own research, it was found that bentazon in a dose
0f 960 g-ha™! fought on average for both years 80% of
dicotyledonous weeds in relation to the control. These
results are confirmed by the studies by Chmielowiec
and Borowy [2004], in which the same preparation
used in two divided doses of 480 g bentazon per 1 ha
destroyed 57-95% of weeds depending on the year of
research. After applying the first dose, bentazon de-
stroyed 80—93% dicotyledonous weeds. Similarly in
the experiment by Zheljazkov et al. [2006], the use of
trifluralin and bentazon at a dose of 0.84 +0.96 kg-ha™!
in the cultivation of milk thistle resulted in a reduction
in the number of dicotyledonous and monocotyledon-
ous weeds by 70% and 78% in relation to the unweed-
ed control.

In our own studies, the method of weed control sig-
nificantly modified the yield of fresh lemon balm herb.
The largest yield of fresh herb was obtained from plots
on which mustard seed meal was used at the amount of
3.0 t-ha™!. The largest yield of seeds was also collected
from these plots, although no significant differences
were found between the different methods of weed
control. Based on the available studies, it is difficult
to clearly say whether the application of mustard seed
meal has a positive effect on crop yields. Snyder et
al. [2009] and Boydston et al. [2011] show different
results in subsequent years of research regarding the
proper cultivation of carrots and onions. In research by
Boydston et al. [2011], in the first two years, the onion
yield was not modified by the increasing dose of mus-
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tard seed meal. However, in the following year, the
total yield was reduced due to the increase and multi-
plication of the dose of mustard seed meal. In the culti-
vation of carrots, in the first year of research, no effect
of the application of mustard seed meal on the field
emergence and total carrot yield was found. However,
in the following year, it was shown that this product
significantly affected the reduction of the emergence,
but contributed to the increase in total carrot yield
[Snyder et al. 2009]. According to these authors, the
increase in carrot yield was caused by the increasing
dose of meal as a result of the increasing availability
of nitrogen in the soil. In own research, the probable
explanation of the increase in the yield of lemon balm
seeds as a result of using the mustard seed meal in the
amount of 3.0 t-ha! in relation to other methods of
weed control may also be an increase in the amount
of available nutrients as a result of decomposition of
mustard seed meal in soil and stimulation of plant
growth. This thesis is confirmed by measurements
documenting a more intense growth of shoots of these
plants in length.

Results of the conducted research indicate that the
weakest sowing value expressed by the lowest ener-
gy and capacity of germination and the highest share
of non-germinated seeds had lemon balm seeds orig-
inating from plots where mustard seed meal at a dose
of 3.0 t-ha™ was applied. The quality parameters of
seeds harvested from plots weeded by the remaining
methods were comparable. The poorer quality of lem-
on balm seeds collected from plots where larger dose
of mustard seed meal was applied, may result from
the greater amount of nutrients available in the soil.
Some investigations showed that high level of nitro-
gen delayed flowering and seed maturation [George
1999]. For this reason, lemon balm seeds derived from
plots, where a higher dose of mustard seed meal was
used, could be immature bwhat affected lowering their
quality.

Summing up the obtained results, it can be con-
cluded that the best method of weed control, among
tested ones, was the scattering of mustard seed meal
in an amount of 3.0 t-ha”'. On the other hand, this
method adversely affected the sowing value of lem-
on balm seeds. Lowering the amount of used mustard
seed meal to half slightly decreased the seed yield and
significantly improved its sowing value. Although this
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method was less effective in counteracting weeds than
using larger dose, it provided comparable effects of re-
ducing the number and weight of weeds in relation to
chemical protection. It seems, therefore, that it can be
recommended for growing lemon balm for seeds using
ecological methods.

CONCLUSIONS

1. The most effective method of weed control on
the lemon balm plantation was the application of mus-
tard seed meal in the amount of 3.0 t-ha'. It influenced
the reduction in the number and weight of weeds on
average from two years of research by 52.1 and 60.2%
in relation to unweeded control.

2. Compared to other methods of weed control, the
largest yield of fresh lemon balm herb was collected
from plots where a double dose of mustard seed meal
was used.

3. No significant influence of the method of weed
control on the yield of lemon balm seeds was found.

4. Seeds harvested from plots, on which mustard
seed meal was applied in an amount of 3.0 t-ha™! was
characterized by the lowest sowing value determined
by the lowest energy and capacity of germination and
the highest share of non-germinated seeds.
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