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Abstract

Background: In organic crop farms, growing crop yields are limited by insufficient nitrogen supply to plants and
crop weediness. In such farms, legume swards are proposed as a service crop to improve nitrogen cycling. However, a
positive effect of nitrogen is not only on cereals but also on weeds. In crop rotation, legume swards can stimulate the
competition of cereals using the above-ground mass of legume to control the spread of weeds.

The effects of the following methods for weeds control were analyzed: (i) forage legumes (Trifolium pratense L. and T.
repens) undersown in cereals, (i) forage legumes (T. pratense L., Medicago sativa L.) and their mixture with festulolium (x
Festuliolium) and their above-ground mass management methods, and (jii) plant-based fertilizers (red clover above-
ground mass fermented and composted).

Results: Oat with red clover undersown reduced weediness more than red clover monocrops, pea, and their mixture
with oats. Incorporated undersown white clover mass increased spring barley competitiveness with weeds. When
growing legume swards for a longer period of time (green fallow), red clover and their mixture with festulolium are
the most suitable for this purpose. The lowest weed dry weight (average 34%, compared with the removal from the
field) was obtained while using the mixed management. The cultivation of cereals after forage legumes and their mix-
tures with festulolium (as a preceding crop) increases its grain yield and competitive ability against weeds. Fermented
red clover and fermented pea and spring wheat mixture mass, as a manure, did not increase weediness.

Conclusions: It was concluded that the effectiveness of the perennial forage legumes is determined by the uses of
the above-ground mass: soil cover, mulching, application of green manure, and intensity of mass mineralization. Type
of activity of forage legumes on weeds were competition for environmental resources, disruption/promotion of ger-
mination, destruction of above-ground mass, reduction of the amount of matured seeds, creation of a physical barrier
(mulch), and increase of competitiveness of cereals. Growing forage legumes in pure crops usually leads to a loss of
marketable production.
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are dominated by a small variety of plants (mostly cere-
als). Grain legume (pea, faba bean, and other) serve as
a source of nitrogen. Lundkvist et al. [23] and Sinchana
et al. [39] indicated that including peas in a crop rotation
increased the risk of weed problems in the long term. The
cultivation and agrotechnics of grain legumes are very
close to those of cereals and are favorable for the spread
of the same weed species [4]. This fact indicates that crop
type modulates weed community composition and diver-
sity [44]. Annual weeds are well adapted to such crops
(cereals, grain legumes), they grow well in partial shade,
have similar growing needs to the crops, and are able to
mature and spread the seeds before harvest [30]; they are
commonly referred to as cereals weeds [19]. Homoge-
neous of crops, low diversity of legume crops and short
crop rotations also result in the problems associated
with plant nutrients supply, disease and pest control, and
declining soil fertility. This weakens crop growth, produc-
tivity, and competitive ability against weeds [17]. Weed
spread represents a major source of inefficiency, diverting
scarce resources (nutrients, water, light, and labor) and
has been reported to result in approximately one-third
of yield losses in major crops [5]. Mechanical control of
weeds is most commonly applied, but it increases energy
and labor costs.

Kolb and Gallandt [17] point out that the main weed
management mechanisms include increasing the compet-
itive advantage of cereals through practices that reduce
weed density and increase interspecies competition.

Rotating crops with different planting dates appears
to be important for reducing the size of seedbanks, pre-
sumably because it changes the timing of field activities
[31] and gives priority to depletion of seedbanks through
interfering with dormancy or germination requirements
[8]. Therefore, the cultivation of plants that differ in
architecture, growth intensity, and duration at the time of
harvest is of great value [21].

Perennial legumes are a good preceding crop, improv-
ing soil properties, ensuring nitrogen supply to crop of
rotation [45]. A better use of resources (especially nitro-
gen) by cultivated plants and growth stimulation are key
conditions for indirect weed control, and ensure plant
competitiveness and productivity [35, 38]. However,
nitrogen also influences germination, emergence, and
competitiveness of weeds [7]. Studies show that the for-
age legume mass incorporated as green manure increases
crop yields and weed biomass, as well as the highest crop
N uptake reduction in the presence of weeds [10, 28].
Various studies have been carried out on the cultivation
of forage legumes in organic crop rotation [25, 43, 47].
Studies show that the use of legume cover crops (grow
for 1 year) generally enhances weed control without
reducing crop yield [43, 45, 47]. However, the conditions
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that determine the benefits should be further explored
to encourage this practice among farmers. Perennial leg-
umes are more effective if they grow more than a year in
crop rotation. The cultivation of perennial legumes for a
longer period of time is limited due to the above-ground
mass utilization of perennial legumes is limited in arable
farms. Melander er al. [25] argue that biennial legumi-
nous green manure crop can mitigate weed problems in
organic annual crops. Forage legumes ground mass can
be used as needed, e.g., change the length of the vegeta-
tion period, suspetion strategy, and competition. This can
be done by mulching [6, 33, 34]. Mulching smothers the
weeds by excluding light and providing a physical bar-
rier to impede their emergence. The properties and func-
tions of perennial legume mulch differ substantially from
grasses swards [1]; herefore, the differences in their use
for weed control are not clear. Combining different agro-
nomic strategies helps to manipulate nutrient cycles,
yield, and weed control [10].

We hypothesized that cultivation of perennial for-
age legumes in crop rotation as a cover crop (legume
swards infestation in cereals) or nitrogen supply and soil
improvement (green fallow) can increase the competition
of cereals, and control the spread of weeds by properly
selecting the practice of using the above-ground mass of
legume swards. The objective of these complex studies
was to evaluate the effects of the cultivation methods of
perennial forage legumes, using the above-ground mass,
for the suppression of dicotyledonous weeds in organic
cropping systems.

Materials and methods

Experimental site and soil

The study was carried out at the Joniskelis Experimental
Station of the Lithuanian Research Centre for Agricul-
ture and Forestry, situated in the northern part of Cen-
tral Lithuania’s lowland region (56°21’ N, 24°10" E) during
the period 2008—2017. The soil of the experimental site is
Endocalcari-Endohypogleyic Cambisol (CMg-n-w-can),
with a clay—loam texture (27% clay, 50% silt, 23% sand).
The topsoil (0-25 cm) pH was close to neutral (6.8), and
had moderate phosphorus (150 mg kg™ of soil) and
humus (2.5%) contents and a high (220 mg kg™ of soil)
potassium content. The annual mean temperature and
total amount of precipitation are 6.1 °C and 547.4 mm,
respectively. The climate of Lithuania’s territory is mod-
erately cold. During the field experiments, the plants
were grown according to organic farming standards.

Experimental treatments and design

Undersown clover (experiment I)

This study was conducted in 2013-2015 to determine
the influence of forage legumes undersown in cereals
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on the weediness and productivity of a crop rotation
sequence compared to granulated cattle manure (GCM).
Crop rotation and experimental design are presented
in Table 1. The main crops included oats (Avena sativa
L.) ‘Migla’ (seed rate 220 kg ha™?), pea (Pisum sativum
L.) ‘Simona’ (320 kg ha™!), spring wheat (Triticum aes-
tivum L.) ‘Vanek’ (250 kg ha™'), red clover (Trifolium
pratense L.) ‘Sadinai’ (12 kg ha™'), an oat—pea mixture
(seed ratio 1:1), and spring barley (Hordeum vulgare L.)
‘Noja' (250 kg ha™'). Red clover (2013) and white clo-
ver (Trifolium repens L.) ‘Nemuniai’ (10 kg ha™') were
undersown in cereals, with a seeding rate reduced by
10%. Acorting to experimental design, GCM was applied
at 2000 kg ha™' (N-55 kg ha™!, P,0,—27 kg ha! and
K,0—109 kg ha™'), above-ground mass of red clo-
ver—2269 kg ha™! (N-76 kg ha™!, P,0,—6 kg ha~'and
K,0—65 kg ha™!), white clover—2023 kg ha™’
(N-54 kg ha™!, P,O,—6 kg ha™! and K,0—75 kg ha™!).
The experimental plots, each of 5 m x 12 m, were laid out
in a complete one-factor randomized block design with
four replicates.

Perennial legumes and above-ground mass mulch
(experiment Il)

The aim of the experiment was to determine the influence
of methods for using forage legumes and their above-
ground mass (as mulch and forage) on the weediness
and productivity of cereal crops. Three analogous field
experiments were established and carried out (in 2007—
2010, in 2008-2011, and in 2009-2012). The experiments
were conducted in the following crop rotation sequence:
barley + undersown perennial grasses (year of introduc-
tion) — perennial grasses — winter wheat — winter triti-
cale. The experimental design is presented in Table 2.
In the starting years of the experiments (2007, 2008 and
2009), spring barley (‘Ula, seed rate 250 kg ha™') was
undersown with perennial grasses in compliance with
the experimental design: intergeneric hybrid festulo-
lium (x Festuliolium) ‘Punia’ (12 kg ha™'), red clover
“Vyliai’ (12 kg ha™?), lucerne (Medicago sativa L.) ‘Biruté’
(8 kg ha™!), and mixtures of forage legumes with festulo-
lium (seed ratio of legume to grass 2:1). The management
methods for the above-ground biomass of perennial
grasses can be explained as follows: (1) cut twice and
removal from the field; (2) mixed management: the herb-
age of the first cut was removed from the field and the
herbage of the second and third cuts was mulched; (3)
mulching: herbage was cut four times and mulched. Per-
ennial grasses were cut for forage at the flowering stage,
and for mulching at the bud formation stage. In the sec-
ond half of August, the plots of all treatments were disked
and 2 weeks later were ploughed to a depth of 25 cm. The
field was cultivated before wheat sowing. In the first year
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(2009, 2010, and 2011) after perennial grasses and their
mulch incorporation, winter wheat (‘Tauras, 250 kg ha™?)
was grown, and in the second year (2010, 2011, and
2012) (winter triticale (Triticum x secale, “Woltario’
250 kg ha™!) was grown. The experimental plots were laid
out in a randomized complete two-factor block design in
four replicates. Individual plot size was 5 m x 16 m.

Plant-based organic manure (experiment Ill)

Field experiments were established and carried out in
2015-2017 to determine the influence of differently
treated (composted, fermented) fertilized forage leg-
ume mass on the weediness and productivity of cereals
(design in Table 3). The experiments were conducted
in the following crop rotation sequence: winter wheat
‘Ada’ (seed rate 250 kg ha~')— spring wheat ‘Vanek’
(250 kg ha™!) — spring barley Noja (250 kg ha™!) with
undersown red clover ‘Vyliai' (12 kg ha™!). Organic
manure was produced in summer of 2015 and applied in
spring of 2016, excluding the treatment when green clo-
vers had been mass cut and ploughed in the autumn of
2015. The fermentation (ensiling) of plant-based organic
manure was produced from red clover mass (cut at the
beginning of flowering stage, on 19 June 2015) and from
pea and spring wheat (mass ratio 1:2) mass (cut at the
beginning of the development of the wheat grain stage,
on 24 July 2015). The fermentation of plant above-
ground mass was performed as follows: the mass was cut,
chopped, piled into a special trench, and then pressed
well to minimize the contact with air as much as possi-
ble. Having completed the piling, the mass was sealed as
hermetically as possible with a special white bale silage
film (standard film thickness, 25 um). The compost was
piled on 22 June 2015 using two main components: the
above-ground mass of red clover (three parts) and win-
ter wheat straw (one part). Aerobic composting was used,
and to stimulate decomposition, the pile was turned five
times. After 9-10 montbhs, in spring, the organic manure
was used. After spreading, the manure was incorporated
into the 0-10 cm soil layer. The amount of manure was
calculated based on the nitrogen content of the manure,
so that 1 ha would receive 50 kg ha=! N (with the excep-
tion of undersown red clover and fermented pea and
wheat mass, which received 76 kg ha~! and 25 kg ha™! N,
respectively). Individual plot size was 5 m x 12 m.

Experimental methods and assessments

The above-ground biomass of legumes and legume—fes-
tulolium mixtures at each cut and belowground biomass
before their ploughing-in were measured. Sampling of
above-ground biomass occurred at four randomly chosen
squares of 0.25 m? in each plot that were cut to ground
level and weighed. After plant biomass determination,
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Table 1 Design of field experiment | and fertilizing
Rotation sequences
2013 2014 2015
Crops Fertilizing Crops Fertilizing Crops Fertilizing
Qats (Control) Spring wheat (SW) Spring barley (SB)
Oats GCM Spring wheat (SW) Spring barley (SB)
Oats GCM Spring wheat and undersown ~ WC mass® Spring barley (SB)
white clover (SW4+WC)
Qats and undersown red clover (O + RC) RC mass® Spring wheat (SW) Spring barley (SB)
Mixture of oats and pea (O +P) Spring wheat (SW) Spring barley (SB)
Pea (P) Spring wheat (SW) Spring barley (SB)
Red clover (RC) RC mass® Spring wheat (SW) Spring barley (SB)

GCM granulated cattle manure
? Incorporated RC or WC mass

the dry matter was determined after drying the samples
to a constant weight at 105 °C, and the above-ground bio-
masses of the legumes and legume—festulolium mixtures
were calculated. All plant samples were dried, milled,
and analyzed for nitrogen (N) content, determined by
the Kjeldahl method. Grain yield was harvested when the
majority of crops had reached hard dough stage (BBCH
87). Each plot of the experiment was harvested with a
small-size combine harvester. After threshing grain yields
were reported at 14% moisture.

Weed incidence in cereals was assessed twice during
the growing period, by measuring the number of weeds
and species during the tillering stage (BBCH 27) and dur-
ing the milk stage (BBCH 75) of cereals, while the dry
biomass was only measured during the milk stage. Weed
incidence in forage legumes was assessed in spring and
after the last mulching (experiment II), or at the grass
growth stage (BBCH 61). Measurements were made in
0.25 m? fixed plots, in four places per plot.

The data of Experiments I and III were statistically pro-
cessed using a one-factor the data of Experiments II, a
two-factor analysis of variance, as well as correlation and
regression methods [36]. The data of the experiment were
analyzed when the factual Fisher criterion (F ) was
higher than the theoretical one (Fy,,,). The significance
of differences between the means (control and individual
treatments) was estimated according to the least signifi-
cant difference (LSD) at the 0.05 and 0.01 probability
levels. The data for the number and mass of weeds were
transformed, according to the formula v/x+ 1, for statis-
tical analysis. Experiment II provided average data for
the factors (perennial grasses and management methods
of above-ground biomass) as it showed significant differ-
ences. Statistical analysis of the experimental data was
performed using the ANOVA version 3.1 software and

STAT_ENG version 1.5 from the programme package
SELEKCIJA [40], Lithuanian University of Agriculture,
Lithuania).

Results and discussion

Undersown clover (experiment ).

Oats and other crops

In experimental plots among annual weeds, Stellaria
media L., Veronica arvemsis L., Sinapis arvensis L.,
Polygonum convolvulus L., and Chenopodium album
L. prevailed. Red clover sown in oats suppressed weeds
significantly (Table 4). During the growing season (from
BBCH 27 to BBCH 75), oats reduced the number of
weeds by 73%, and in the case when they were grown
with undersown RC—by 84%. The number of weeds was
greatest in crops where red clover was grown alone, and
where peas and their mixture with oats. The significantly
higher oat yield was determined by GCM fertilization
compared to non-fertilized one. A strong, significant
negative correlation was found between grain yield and
weed weight (r= — 0.95; p<0.01). The competition of
oats, peas, and pure red clover (without oats) depended
on the ability of these plants to suppress weeds. Oats
have outstanding tillering ability, peculiarities of nutri-
tion: they grow tall and, therefore, their competitive
properties are strong. Semi-leafless peas are classified as
plants with weak weed-suppressing ability [4, 23].

Spring wheat

Cultivating spring wheat as the second crop in a crop
rotation resulted in more germinated weeds compared
to oats. On average, the number of ephemeral weeds
decreased by 51% during the growing season of spring
wheat (compared its content in cereal BBCH 75 with
BBCH 27). At the beginning of spring wheat maturity, a
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Table 2 Crop rotation and design of field experiment Il
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Years Crops

Management methods of
the above-ground mass*

2007, 2008, 2009

2008, 2009, 2010 Festulolium (Fs)

Red clover (RC)

Mixture of red clover and festulolium (RC +Fs)

Lucerne (L)

Mixture of lucerne and festulolium (L +Fs)

2009, 2010, 2011
2010,2011,2012

Winter wheat (WW)
Winter triticale (WT)

Spring barley with undersown (SB)

Removed from the field
Mixed management
Mulching

Removed from the field
Mixed management
Mulching

Removed from the field
Mixed management
Mulching

Removed from the field
Mixed management
Mulching

Removed from the field

Mixed management
Mulching

Note. Forage legumes and their mixture with festulolium mulched mass incorporated in autumn during ploughing, before winter wheat sowing

Table 3 Crop sequence and fertilization of field experiment Il

Years Crops Plant-based organic manure
2015 Winter wheat (2 treatment undersown red No manured
clover)

2016 Spring wheat Control with no manure (C)

Green clovers (undersown in winter wheat) mass cut and ploughed in
the fall of 2015 (RC)

Red clover ground mass fermented under anaerobic conditions (FerRC)
Fermented pea and spring wheat mass manure (FerP +W)
Composted red clover and straw manure, in a ratio of 3: 1 (ComRC+95)
Granulated cattle manure (GCM)

2017 Spring barley No manured

significantly lower density and dry weight of weeds were  Spring barley

observed when the crop was grown together with under-
sown white clover. The presence of white clover in spring
wheat reduced the number of weeds by 72% and weight
by 67% compared to the control plot. The red clover mass
(2269 kg ha—! DM, containing 76 kg ha~! N) that was
incorporated in autumn significantly increased the grain
yield of spring wheat, but it did not reduce weediness.
Spring wheat grain yield increased (11-17%) using grown
legume swards mass as fertilizer, growing grains legume
or their mixtures with cereals fertilizing with organic
fertilizers. When spring wheat was grown, there was
no correlation between grain yield and weight of weeds
(r=0.15; p>0.05).

In spring, the number of weeds was the highest in crop
rotation sequence with peas, peas mixture with oats, and
red clover (without oats) while growing spring barley
as the third crop in rotation. A higher number of weeds
was determined by sowing spring barley in a weedy crop
plot (in crop rotation with red clover, pea, and mixture
of pea and oat). During the growing season (from BBCH
27 to BBCH 75), the number of weeds increased in all
plots (36% on average), except the barley crop after the
incorporation of white clover mass. Contrary to spring
wheat, the incorporated undersown white clover mass
(2023 kg ha™! DM containing 54 kg ha™! N) increased
spring barley competitiveness, and significantly reduced
the number of weeds (44%) at the milk stage of cereals,
compared to the control plot. Spring barley grain yield
was found significantly higher after incorporation of
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white clover mass compared to the control. The lowest
grain yield was in the crop rotation sequence with peas.

Undersown clover establishes in the lower crop level
and competes with weeds. This is especially important
in the second half of summer when an undersown clover
with drying crop leaves covers the soil surface [14, 49].
Plants and weeds compete for light, water, and nutrient
resources [20, 22, 41]. Den Hollander et al. [12] state that
the relative growth rate is determined by the character-
istics of clover, such as light extinction coefficient, light
use efficiency, and specific leaf area. It was determined
that the fastest grow soil surface cover was demonstrated
by annual clover Trifolium resupinatum L. [46]. Gaudin
et al. [14] reported that those forage legume species that
produced a high yield of above-ground mass were consid-
ered to be effective competitors for local resources. The
competitive properties of forage legumes also depend
on the size of their seeds, and the sowing rate and sow-
ing time [12]. Forage legumes undersown in cereals can
both suppress weeds; however, legume can compete with
cereals, too [13, 33, 34]. Verret et al. [43] indicated that
the use of legume companion plants generally seemed to
enhance weed control without reducing crop yield.

Our results provide evidence that the undersowing of
red clover in oats during the growing season reduced the
number of weeds by 63.8%, and white clover undersown
in spring wheat reduced the number of weeds by 72.3%,
compared to the weeds present in the respective cere-
als without undersown. The presence of undersown for-
age legumes was more effective in spring barley that had
lower suppression ability. The incorporation of legumes
in crop rotation as a main or services crop (for one grow-
ing season) improves cereal nutrition and increases grain

yield.

Perennial legumes and above-ground mass mulch
(experiment )

Perennial forage legumes and their mixture with festulolium
In spring, the highest number of weeds was observed in
lucerne crop (Table 5). Among annual weeds, Galium
aparine L., Viola arvensis Murr., Chenopodium album
L., Lamium purpureum L., and Thlapsi arvense L. pre-
vailed. At the end of summer (crops BBCH 61), species
of legume and legume-festulolium mixture and their
above-ground mass (herbage) management methods had
a significant influence on the number of weeds. Lucerne
increased the number of weeds (by 79%) compared to
festulolium. The mixed management of the herbage of
forage legumes and their mixtures with festulolium and
mulching increased the number of weeds (mulching—
significantly) compared to that removed from the field
(by an average of 36% and by 60%, respectively). The
highest number of weeds was observed when lucerne

Page 6 of 13

herbage mass was used for mixed management or mulch-
ing, and the lowest number of weeds was observed when
the whole herbage of red clover and mixture of red clo-
ver and festulolium was removed from the field (data not
shown).

The dry weight of weeds was strongly influenced by
perennial grasses and above-ground mass management.
Both the removal of the herbage mass from the field and
the whole of its mulching on the soil surface demon-
strated the greatest weed dry weights of the forage leg-
umes (Table 5). The conditions for weed growth in terms
of higher light penetration, nutritional conditions, and
lower competition were the most favorable in mulch-
ing treatment. The lowest weed dry weight was obtained
while using the above-ground mass in mixed manage-
ment (the difference was significantly). The species of
forage legumes varied in their weed-suppression ability
[2, 11]. Increased competitive properties were observed
in forage legume and grass mixtures, which is consistent
with previous research [37]. The highest weed mass was
observed in lucerne; however, it depends on weed spe-
cies, too. Meiss et al. [24] noted that lucerne had strong
negative impacts on broad-leaved weeds with an upright
morphology (e.g., Chenopodium album L.) and on spe-
cies which climbed on neighbouring plants (e.g., Galium
aparine L., Polygonum convolvulus L.).

When forage legumes are grown for fodder, they are
harvested in later growth stages, and suppress weeds
well during the growing season. On the contrary, for
mulching, legumes and legume—festulolium mixture
are cut in early stages, meaning that the soil surface is
often uncovered, and the penetrating light causes weeds
to germinate. Additionally, mulch degradation (for-
age legume mass is particularly intensively degrading)
causes nitrogen release, which induces weed germina-
tion and increases their mass, unlike the twice cut grass
for green feed in later stages [3]. The data show that the
mixed management method for use of above-ground
mass increased the legume and legume—festulolium mix-
ture yields. The mulch of forage legumes with festulo-
lium formed a more intensive cover on the soil surface
due to a denser crop, a thicker mulch layer, and its slower
degradation, and served as a physical barrier against
weed growth and development [32]. Campiglia et al. [9]
reported that the different types of organic mulches could
control weeds effectively. In our research, there was no
correlation between the mass of mulch and the weight of
weeds. However, N of mulch directly correlated with the
density and weight of weeds (r=0.66, p<0.05; r=0.59,
p<0.05, respectively). Four time cutting and mulching
can stop inhibited the maturation of weed seeds.
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Winter wheat

The use of lucerne and red clover as preceding crops for
winter wheat created good growth conditions for both
cereals and weeds. Also, this was demonstrated by the
increase of soil mineral N in spring when the vegetation
of wheat was renewed [3]. Following these preceding
crops, the quantity of weeds which germinated in wheat
was higher of 28% and 41% for red clover and lucerne
(significantly) respectively, compared to festulolium
(Table 6). The lowest number of weeds was observed in
the winter wheat grown after festulolium had been used
as a preceding crop. During the growing season (from
cereal growth stages BBCH 27-BBCH 75), the winter
wheat grown after festulolium was used as a preceding
crop and had the lowest weed-suppression capacity: the
number of weeds increased by 18%. Weeds were best
suppressed by the winter wheat grown after red clover.
The highest number of weeds was recorded in the winter
wheat that was cultivated after lucerne. At the BBCH 75
growth stage of winter wheat, no significant influence of
the perennial grasses and above-ground mass used on the
dry weight of weed mass was determined. The herbage of
lucerne and festulolium mixture reduced the dry weight
of weeds (by 19%) compared to festulolium. A lower weed
mass mostly corresponds to a lower number of matured
seeds [26]. All forage legumes and legume—festulolium
mixtures increased wheat grain yield (1220-2028 kg ha™*
or 51-85%) compared to festulolium. Mulching increases
the yield (454 kg ha™! or 23%) compared to the treatment
when herbage was removed from the field.

Winter triticale

Cultivating winter triticale in the second year follow-
ing ploughing of legumes, festulolium, and their mix-
ture resulted in a higher number of germinated seeds in
spring compared to winter wheat. The number of weeds
was significantly reduced (by 13%) by the mulching of
the herbage of legumes and legume—festulolium mix-
ture. During the growing season, the number of weeds
varied marginally. Forage legume and their above-ground
mass management methods did not have any significant
impact on the weed dry weight. A positive effect on the
yield of legumes and their mixtures with festulolium
(except mixture or luceren and festulolium) was also
found in the second year. The yield supplement of win-
ter triticale grain was 395-482 kg ha™* or 15-19%, com-
pared to control.

In our studies, the use of festulolium as a preceding
crop did not increase the competitiveness of cereals. In
contrast, crop residues may encourage weed emergence
in certain circumstances, either when residues maintain
soil moisture at a level suitable for germination during
periods of drought or when germination-stimulating
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compounds such as nitrates are released [22]. Red clover
and lucerne induced the germination of weed seeds at
the beginning of the growing season compared to the fes-
tulolium. In most cases, the above-ground mass of forage
legumes increased cereal competitiveness against weeds,
and the weed number decreased during the growing sea-
son (Table 6). The incorporated plant residues affect soil
temperature, the quality and quantity of light, and bio-
logical activity at various trophic levels in the leaf canopy
and underlying soil [41], with affect weed germination
as well. Mulching of above-ground mass increased grain
yield by 14% compared to non-mulched.

Our results provided the cultivation of perennial for-
age legumes in cereal crop rotation and the technique of
using the above-ground mass for mulching changed the
established life cycle of plants, which adversely affected
the spread of weeds. Forage legumes stimulated weeds to
germinate; after germination, repeated cutting and mulch
spreading on the soil surface were performed, which
prevented seed maturation. This reduced the spread of
weeds via seeds.

Forage legumes and their combinations with festulo-
lium as preceding crops provided favorable conditions
for weed germination in the winter wheat crop. Cereal
cultivation after forage legume cultivation strengthened
the crop and its competitive ability. Winter cereals grown
after festulolium cultivation demonstrated weak weed
suppression.

Plant-based organic manure (experiment Ill)

Winter wheat (data not shown)

Plant-based organic manure was produced to preserve
nitrogen in the plant mass, to reduce the intensity of
mineralization and to extend their duration effect [42]. In
the spring of the first (2015) research year, after the vege-
tative growth of winter wheat resumed, the weed number
recorded was 54—88 plants m~2 On average, at the end
of summer, before wheat harvest, the number of weeds
increased by 32% compared to the number of weeds in
spring. Significantly lower weed dry weight was observed
in cereals with undersown red clover. Among annual
weeds, Veronica arvensis L., Chenopodium album L., and
Lamium purpureum L. prevailed.

Spring wheat
In 2016, when organic manure was used, a significantly
lower number (wheat growth stage BBCH 27 and 75) and
dry weight of weeds (wheat growth stage BBCH 75) were
observed in the plot with undersown red clover mass
incorporated in the autumn (Table 7).

The incorporation of red clover mass improved the
nutrition and weed-competitiveness of cereals. This prac-
tice is widely used in other countries [15]. A significantly
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lower dry weight of weeds (45% lower) was observed in
the experiment that used fermented pea and spring wheat
mass. The literature emphasizes that fermented plant
mass contains phytoncides and acetic acid, which can
inhibit the growth and development of weeds and con-
tribute to a decline of the seed bank [16, 18]. Fermented
red clover mass and composted red clover and straw
manure have a tendency to reduce the weight of weeds
(by 29% and 27%, respectively). The use of fertilizer GCM
resulted in the highest number and dry weight of weeds.
This could have been caused by uneven weed density,
different species composition, and low competition for
nutrients. Mieldazys et al. [27] found that cattle manure
significantly increased the total number of productive
stems per plant, making the crop denser and weed sup-
pression stronger. Having compared the total weediness
of spring wheat (2016) and winter wheat (2015), we found
that the number of weeds (cereal growth stage BBCH 27
and 75) and the dry weight of weeds (cereal growth stage
BBCH 75) decreased marginally after the application of
plant-based manure. The spring wheat yield after the use
of fermented and composted plant-based manure had a
tendency to decrease.

Spring barley

In the second year (2017) of the use of organic manure,
the number and the dry weight of weeds (cereal growth
stage BBCH 75) increased on average by 22%, and by
36%, respectively, compared to spring wheat. A signifi-
cantly higher dry weight of weeds before harvest was
observed when red clover had been undersown. When
using fermented red clover mass and fertilizer GCM, the
grain yield increased by 13% and 17% respectively, com-
pared to control. This had no significant effect on weedi-
ness. The results reported that spring barley grain yields
inversely correlated with the weight of weeds (r=— 0.70,
p<0.05).

The use of compost and manure amendment, cover
crops, and other low-external-input management prac-
tices create a change in the physical, chemical and biolog-
ical properties of soil [29]. Additionally, surface residues
can affect seed germination via physical and chemical
changes to the seed environment [31]. There is a paucity
of research on the effects of plant-based organic manure
on the incidence of weeds in organic farming.

Our results provide that fermented red clover mass
and fermented pea and spring wheat mass low degree of
decomposition and N release (C:N=21 and C:N=35,
respectively) did not increase weed weight (with rela-
tively high crop productivity of 3766-3774 kg ha™?).
These manure did not affect weeds in a less competitive
spring barley.
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Concluding remarks

Studies show that forage legumes are multifunctional
plants, one of the functions of which is to control the
spread of crop weed populations. The undersowing of
red clover in oats during the growing season reduced the
number of weeds by 63.8%, and white clover undersown
in spring wheat reduced the number of weeds by 72.3%,
compared to the weeds present in the respective cereals
without a grass undersown. The presence of undersown
forage legume was more effective in cereals that had
lower suppression ability. White clover is valued for its
ability to compete with cover crop. This type of clover has
a creeping, rooted stem, making it the best ‘carpet-form-
ing’ grass to cover the soil surface. In the case of short
cultivation of legume swards (one vegetation period),
their effect as a pre-sowing on cereal yield depends on
the above-ground mass of legume swards.

The cultivation of perennial forage legumes in cereal
crop rotation (for a longer period) and the technique of
using the above-ground mass for mulching changed the
established life cycle of plants, which adversely affected
the spread of weeds. Forage legumes stimulated weeds
to germinate; after germination, repeated cutting and
mulch spreading on the soil surface were performed,
which prevented seed maturation. This reduced the
spread of weeds via seeds. Forage legumes, and their
combinations with festulolium as preceding crops, pro-
vided favourable conditions for weed germination in
the winter wheat crop. Cereal cultivation after forage
legume (as a source of nitrogen) strengthened the crop
and its competitive ability. The number of weeds in the
winter wheat grown after red clover cultivation during
the growing season decreased by 23% on average (while
applying the above-ground mass in mixed ways and
mulching); and after growing Lucerne, the number of
weeds decreased by 14% (while using the above-ground
mass in mixed ways). Winter cereals grown after fes-
tulolium cultivation demonstrated weak weed suppres-
sion. Red clover grows in almost all soils, competes well
with weeds, and produces large above-ground mass,
especially after harvesting cereals. It regrows quickly
during mulching. During the sowing year, lucerne
grows slowly and does not cover the soil surface as a
rule. However, mixtures with grasses are ideal for grow-
ing for two years or more.

In arable farms, legume sward can be processed into
organic fertilizers. These manure were mainly affected
by the years of fertilizer use. Studies show that the dry
weight of weeds decreased (by 27-45%) when the crops
were fertilized with fermented and composted organic
fertilizers.

The choice of forage legume cultivation method (espe-
cially with the proliferation of weeds) is a trade-off
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Table 7 Influence of plant-based manure on weed density, dry weight, and grain yields of cereals, Experiment Il
Organic manure Spring wheat Spring barley -+ undersowing
Cereal growth stage (BBCH)
27 75 75 Grain yield 27 75 75 Grain yield
number m—2 Weight gm~2DM kg ha™’ % number m~2 Weight kg ha™’ %
gm~2DM
No manure (control) 70 67 232 4015 100 78 77 221 2450 100
RC 48* 47* 9.4* 4237 108 115%* 90 29.0* 2360 96
FerRC 63 66 164 3774 94 97 88 24.0 2777% 13
FerP+W 57 52 12.7% 3766 94 94 79 253 2496 102
ComRC+S 62 67 169 3818 95 95 70 20.2 2665 109
GCM 74 80 24.5 4297 107 86 60 19.7 2863 17
Mean 62 63 17.2 3985 94 77 234 2602
Statistics of ANOVA (p) p<0.05 p<0.05 p<0.05 n.s p<0.01 n.s n.s p<0.05

RC green clovers mass cut and ploughed in the fall, FerRC red clover ground mass fermented under anaerobic conditions, FerP + W fermented pea and spring wheat
mass manure, ComRC+ S composted red clover and straw manure, GCM granulated cattle manure

Values in italic and followed by * or ** are significantly different than the control according to other variant at p < 0.05 and p < 0.01, respectively

between the expected ecosystem services and the possi-
bility to obtain commercial products each year.

Acknowledgements

The paper presents research findings, obtained through the long-term
research programme “Biopotential and quality of plants for multifunctional
use”implemented by Lithuanian Research centre for Agriculture and Forestry.

Authors’ contributions

AA and LS—have drafted the work. VG—the acquisition, analyzed, and inter-
preted the data of Experiment [; LS and MT—the acquisition, analyzed, and
interpreted the data of Experiment Ill; DR and LM—the acquisition, analyzed,
and interpreted the data of Experiment Il; ZK and AA—developed a research
scheme. All authors read and approved the final manuscript.

Funding
This project has received funding from the European Union’s Horizon 2020
research and innovation programme under Grant Agreement No. 727672"

Availability of data and materials
The datasets used and/or analyzed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Lithuanian Research Centre for Agriculture and Forestry, Joniskelis Experi-
mental Station, Pasvalys District, Joniskélis, Lithuania. 2Institute of Agriculture,
Lithuanian Research Centre for Agriculture and Forestry, Kédainiai District,
Akademija, Lithuania.

Received: 7 December 2020 Accepted: 27 April 2021
Published online: 09 June 2021

References

1. Adekiya AO, Agbede TM, Aboyeji CM, Dunsin O. Response of okra (Abel-
moschus esculentus (L) Moench) and soil properties to different mulch
materials in different cropping seasons. Sci Hortic. 2017,217:209-16.

2. Anderson RL. A rotation design to reduce weed density in organic farm-
ing. Renew Agric Food Syst. 2010;25:189-95.

3. Arlauskiene A, Jablonskyte-Rasce D, Slepetiene A. Effect of legume and
legume-festulolium mixture and their mulches on cereal yield and soil
quality in organic farming. Archiv Agron Soil Sci. 2020;66(8):1058-73.

4. Arlauskiené A, Sartnaité L, Deveikyté |, Kadziuliené Z, Maiksténiené S.
Suppression of annual weeds in pea and cereal intercrops as influenced
by different growing conditions. Agron J. 2014;106(5):1765-74.

5. Armengot L, Jose-Maria L, Chamorro L, Sans FX. Weed harrowing in
organically grown cereal crops avoids yield losses without reducing weed
diversity. Agron Sustain Dev. 2013;33(2):405-11.

6. Bahadur S, Verma SK, Prasad SK, Madane AJ, Maurya SP, Gaurav V, Ver-
maand VK, Sihad SK. Eco-friendly weed management for sustainable crop
production-A review. J Crop Weed. 2015;11(1):181-9.

7. Bajwa AA. Sustainable weed management in conservation agriculture.
Crop Prot. 2014;65:105-13.

8. Bastiaans L, Paolini R, Baumann DT (2002) Integrated crop manage-
ment: opportunities and limitations for prevention of weed problems.
In: Proceedings of the 12th symposium of the European Weed Research
Society, Wageningen, p 8-9

9. Campiglia E, Paolini R, Colla G, Mancinelli R. The effects of cover cropping
on yield and weed control of potato in a transitional system. Field Crops
Res. 2009;112(1):16-23.

10. Ciaccia C, Montemurro F, Campanelli G, Diacono M, Fiore A, Canali S.
Legume cover crop management and organic amendments application:
effects on organic zucchini performance and weed competition. Sci
Hortic. 2015;185:48-58.

11. Connolly J, Sebastia MT, Kirwan L, Finn JA, Llurba R, Suter M, Bélanger
G. Weed suppression greatly increased by plant diversity in intensively
managed grasslands: a continental-scale experiment. J Appl Ecol.
2018;55(2):852-62.

12. Den Hollander NG, Bastiaans L, Kropff MJ. Clover as a cover crop for weed
suppression in an intercropping design |. Characteristics of several clover
species. Eur J Agron. 2007;26:92-103.



Arlauskiené et al. Chem. Biol. Technol. Agric. (2021) 8:34

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33

34.

Den Hollander NG, Bastiaans L, Kropff MJ. Clover as a cover crop for weed
suppression in an intercropping design Il. Competitive ability of several
clover species. Eur J Agron. 2007;26:104-12.

Gaudin ACM, Westra S, Loucks CES, Janovicek K, Martin RC, Deen W.
Improving resilience of northern field crop systems using inter-seeded
red clover: a review. Agronomy. 2013;3:148-80.

Gnanavel |. Eco-friendly weed control options for sustainable agriculture.
Scilnt. 2015;3:37-47.

Jebarathnam G, Kathiresan RM. Influence of organic manures on the
weed seed bank in maize. Indian J Weed Sci. 2006;38:247-9.

Kolb LN, Gallandt ER. Weed management in organic cereals: advances
and opportunities. Org Agr. 2012;2:23-42.

Kremer RJ. Management of weed seed banks with microorganisms. Ecol
Appl. 1993;3:42-52.

Lazauskas P. Agronomical practices against weeds. Mekisiute G Ed. Vilnius:
Mokslas; 1990. p 37-50

Liebman M, Davis AS. Integration of soil, crop and weed management in
low external input farming systems. Weed Res. 2000;40:27-47.

Lowry CJ, Smith RG. Weed control through crop plant manipulations. In:
Jabran K, Chauhan BS, editors. Non-chemical weed control. New York:
Academic Press; 2018. p. 73-96.

Lu Y-C, Watkins KB, Abdul-Baki TJR, AA, . Cover crops in sustainable food
production. Food Rev Int. 2000;16:121-57.

Lundkvist A, Salomonsson L, Karlsson L, Gustavsson AMD. Effects of
organic farming on weed flora composition in a long term perspective.
Eur J Agron. 2008,;28(4):570-8.

Meiss H, Médiene S, Waldhardt R, Caneill J, Bretagnolle V, Reboud X,
Munier-Jolain N. Perennial lucerne affects weed community trajectories
in grain crop rotations. Weed Res. 2010;50:331-40.

Melander B, Rasmussen IA, Olesen JE. Legacy effects of leguminous green
manure crops on the weed seed bank in organic crop rotations. Agr
Ecosyst Environ. 2020;302:107078.

Menalled F, Schonbeck M (2018) Manage the weed seed bank—mini-
mize "deposits"and maximize “withdrawals”. https://www.mssoy.org/
uploads/files/weed-seed-bank-ext.pdf. Accessed: July 27, 2018
Mieldazys R, Jotautiene E, Jasinskas A, Aboltins A (2017) Evaluation of
physical mechanical properties of experimental granulated cattle manure
compost fertilizer. In: Proceedings of the international scientific confer-
ence. Latvia University of Agriculture, p 575-580
Mueller T, Thorup-Kristensen K. N-fixation of selected green manure
plants in an organic crop rotation. Biol Agric hortic. 2001;18:345-63.
Ngouajio M, McGiffen ME. Going organic changes weed population
dynamics. HortTechnology. 2002;12(4):590-6.

Nichols V, English L, Carlson S, Gailans S, Liebman M (2020) Effects of
Long-Term Cover Cropping on Weed Seedbanks. Front Agron 2:591091
Nichols V, Verhulst N, Cox R, Govaerts B. Weed dynamics and conserva-
tion agriculture principles: a review. Field Crop Res. 2015;183:56-68.

Patil SS, Kelkar TS, Bhalerao SA. Mulching: a soil and water conservation
practice. Res J Agric Forest Sci. 2013;1:26-9.

Pfeiffer A, Erin S, Colquhoun JC. Living mulch cover crops for weed
control in small-scale applications. Renewable Agric Food Syst.
2016;31(4):309-17.

Pfeiffer A, Silva E, Colquhoun J. Living mulch cover crops for weed control
in small-scale applications. Renew Agric Food Syst. 2016,31:309-17.

Page 13 of 13

35. Rasmussen J, Ngrremark M. Digital image analysis offers new possibilities
in weed harrowing research. Zemdirbyste. 2006;93:155-65.

36. Raudonius S. Application of statistics in plant and crop research: impor-
tant issues. Zemdirbyste. 2017;104(4):377-82.

37. Sanderson MA, Brink G, Ruth L, Stout R. Grass-legume mixtures sup-
press weeds during establishment better than monocultures. Agron J.
2012;104:36-42.

38. SardanaV, Mahajan G, Jabran K, Chauhan BS. Role of competition in man-
aging weeds: an introduction to the special issue. Crop Prot. 2017;95:1-7.

39. Sinchana JK, Raj SK. Weed management in pulses: a review. Legume
Research. 2020. Accessed 09 Nov 2020

40. Tarakanovas P, Raudonius S. The statistical analysis of agronomic research
data using the software programs Anova, Stat, Split-Plot from package
Selekcija and Irristat, Zidoniene, M., ed.; Publisher: Akademija, Kaunas
distr; 2003. p 6-52

41. Teasdale J, Brandsaeter L, Calegari A, Neto FS. In non-chemical weed
management- principles, concepts and technology.In: Upadhyayaln MK,
Blackshaw RE, eds. Oxfordshire: CABI International. 2007, p 49-64

42. Toleikiene M, Arlauskiené A, Saranaite L, Sidlauskaite G, KadZiuliené Z.
The effect of plant-based organic fertilisers on the yield and nitrogen G
utilization of spring cereals in the organic cropping system. Zemdirbyste-
Agriculture. 2020;107(1):17-24.

43. VerretV, Gardarin A, Pelzer E, Médiéne S, Makowski D, Valantin-Morison M.
Can legume companion plants control weeds without decreasing crop
yield? A meta-analysis. Field Crop Res. 2017;204:158-68.

44. Villora RA, Plaza EH, Navarrete L, Sdnchez MJ, Sdnchez AM. Climate and
tillage system drive weed communities' functional diversity in a Mediter-
ranean cereal-legume rotation. Agric Ecosyst Environ. 2019. https://doi.
org/10.1016/j.agee.2019.106574.

45. Vrignon-Brenas S, David C. Biotic and abiotic factors impacting establish-
ment and growth of relay intercropped forage legumes. Eur J Agron.
2016;81:169-77.

46. Wanic M, Mysliwiec M, Jastrzebska M, Michalska M. Interactions between
spring wheat (Triticum aestivum ssp. vulgare L.) and undersown Persian
clover (Trifolium resupinatum L.) depending on growth stage and plant
density. Acta Agrobot. 2016;69(1):1655-69.

47. Wayman S, Cogger D, Benedict C, Burke |, Collins D, Bary A. The influence
of cover crop variety, termination timing and termination method on
mulch, weed cover and soil nitrate in reduced-tillage organic systems.
Renew Agric Food Syst. 2015;30(5):450-60.

48. Weisberger D, Nichols V, Liebman M. Does diversifying crop rotations sup-
press weeds? A meta-analysis. PLOS ONE. 2019;14(7):e0219847. https.//
doi.org/10.1371/journal.pone.0219847.

49. Yeganehpoor F, Salmasi SZ, Abedi G, Samadiyan F, Beyginiya V. Effects of
cover crops and weed management on corn yield. J Saudi Soc Agric Sci.
2015;14:178-218.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com



https://www.mssoy.org/uploads/files/weed-seed-bank-ext.pdf
https://www.mssoy.org/uploads/files/weed-seed-bank-ext.pdf
https://doi.org/10.1016/j.agee.2019.106574
https://doi.org/10.1016/j.agee.2019.106574
https://doi.org/10.1371/journal.pone.0219847
https://doi.org/10.1371/journal.pone.0219847

	Perennial forage legume cultivation and their above-ground mass management methods for weed suppression in arable organic cropping systems
	Abstract 
	Background: 
	Results: 
	Conclusions: 

	Background
	Materials and methods
	Experimental site and soil
	Experimental treatments and design
	Undersown clover (experiment I)
	Perennial legumes and above-ground mass mulch (experiment II)
	Plant-based organic manure (experiment III)

	Experimental methods and assessments

	Results and discussion
	Undersown clover (experiment I).
	Oats and other crops
	Spring wheat
	Spring barley

	Perennial legumes and above-ground mass mulch (experiment II)
	Perennial forage legumes and their mixture with festulolium
	Winter wheat
	Winter triticale

	Plant-based organic manure (experiment III)
	Winter wheat (data not shown)
	Spring wheat
	Spring barley


	Concluding remarks
	Acknowledgements
	References




