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Abstract: Cereal-legume intercropping is important in many low-input agricultural systems. In-
teractions between combinations of different plant species vary widely. Field experiments were
conducted to determine yield formation regularities and plant competition effects of oat (Avena sativa
L.)-black medick (Medicago lupulina L.), oat-white clover (Trifolium repens L.), and oat-Egyptian
clover (T. alexandrinum L.) under organic farming conditions. Oats and forage legumes were grown
in mono- and intercrops. Aboveground dry matter (DM) measured at flowering, development
of fruit and ripened grain, productivity indicators, oat grain yield and nutrient content were es-
tablished. The results showed that oats dominated in the intercropping systems. Oat competitive
performance (CP,), which is characterized by forage legumes aboveground mass reduction compared
to monocrops, were 91.4-98.9. As the oats ripened, its competitiveness tendency to declined. In
oat-forage legume intercropping systems, the mass of weeds was significantly lower compared to the
legume monocrops. Oats and forage legumes competed for P, but N and K accumulation in biomass
was not significantly affected. We concluded that, in relay intercrop, under favourable conditions,
the forage legumes easily adapted to the growth rhythm and intensity of oats and does not adverse
effect on their grain yield.

Keywords: aboveground mass; black medick; Egyptian clover; grain yield; nutrients; white clover

1. Introduction

Enhancing crop diversity and growing legumes are increasingly recognised as a
crucial lever for sustainable agroecological development [1]. This is the basis of organic
arable farms. The choice of plant species in a stockless farm is small and the use of forage
legumes is limited. Intercropping is important in many subsistence or low-input/resource-
limited agricultural systems [2]. Intercropping, the simultaneous growth of more than
one crop species or genotype in the same field [3], is the practical application of basic
ecological principles [2]. Intercropping effects consist of competition (niche differentiation,
resource sharing and weed control), diversity (insect and disease control), facilitation
(physical support, nitrogen fixation and excretion of allelochemicals and modification of
the rhizosphere) and associated diversity (habitats for natural predators, litter diversity
and enhanced soil microbial diversity) [4]. Strip, mixed and relay intercropping can
be used to increase crop yields through resource partitioning and facilitation. Relay
intercropping involves the staggered planting of two or more crops together in a way
whereby only parts of their life cycles overlap [5]. Farmers often intercrop forage legumes
into winter or spring cereals as a way to increase crop diversity and increase labile nitrogen
pools [6]. This intercropping system works particularly well because of the different
phenologies of the two crops, which minimises light competition, as well as differences
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in nutrient acquisition [7]. Intercropping can allow better use of subsoil resources, and
thereby decrease the need for resource input and help avoid nutrient losses [8,9]. Moreover,
one crop can provide resources for the other one with a positive interspecific interaction,
which is at the basis of facilitation processes [10]. Intercropping systems improve soil
temperature and moisture regulation; erosion, nutrient run-off and leaching are reduced;
weeds are controlled insect and disease development cycles are interrupted and soil organic
matter content is improved with recycled nutrients being made available to subsequent
crops [11,12].

There is competition between the plants in the intercropping system. It is one of many
ecological processes shaping the composition, dynamics and productivity of the plant
community [1]. Mainly, plants compete for soil resources and light. These interactions
affect plant density and plant development rhythm as well as productivity and fertility [13].
Plant competition in spring cereal-forage legume intercropping systems can be regulated
by proper selection of plant species [8], optimal plant seed rate and sowing time and
methods [14]. Oat is grown in non-fertile soil regions and also in crop production farms
globally. Oats are widely used cereal grains grown for its seed and are increasingly
used every year. The growing population of health-conscious people is forcing oats
manufacturers to increase growing demand. Therefore, the rising demand for oats has
led to improve and increase their research. Relay intercropping systems are an important
cropping strategy for sustainable agriculture in many countries as they create benefits
in terms of better utilisation of soil resources, weed control and yield diversification. In
Lithuania, combinations of legumes and non-legumes are a widely spread practice and
several studies have been published on the subject, e.g., pea—spring cereal intercropping
systems [15,16].

Red (T. pratense L.) and white clover are most often under sown with cereals. In order
to increase the services provided by plants and their applicability in greening technologies
(cover and catch crops, mixer, strip, relay intercropping systems, etc.), other types of forage
legumes have been studied and adapted. Egyptian is a high-yielding, nutritious, cool-
season forage crop that can grow on a wide range of soils, though it prefers fertile [17,18].
Egyptian clover can withstand some drought and short periods of waterlogging [19]. This
type of clover has a short growing season, therefore, there is a wider range for its application
compared to perennial clover.

Black medick is a self-seeding legume that has potential for pasture, green manure,
cover cropping, intercropping, and phytoremediation throughout temperate and subtropi-
cal regions of the world. It is grown both for agronomic and environmental benefits [20].
More recently, black medick has been recognised for its heavy metal tolerance [21]. Its
root leachates provide selective allelopathic suppression of weed growth [22]. The use
of a self-seeding legume may be a solution to avoid the cost of seeding cover crops an-
nually [23]. However, black medick can also spread like a weed [24]. Nitrogen fertiliser
suppresses medick growth, so black medick cover would be beneficial only in low N or
organic farming systems [25]. The aim of this study was to determine yield formation
regularities and the yield and plant competition effects in different relay intercropping
systems, namely, oat-black medic, oat-white clover and oat-Egyptian clover in clay loam
Cambisol under organic farming conditions.

2. Material and Methods
2.1. Experimental Site

Field experiments were conducted at the Joniskélis Experimental Station of the Lithua-
nian Research Centre for Agriculture and Forestry in the northern part of Central Lithua-
nia’s lowland. The soil of the experimental site is Endocalcari Endohypogleyic Cambisol, whose
texture is clay loam on silty clay with deeper lying sandy loam. The topsoil (025 cm) is
close to neutral (pH 6.1), medium in phosphorus (P,Os 146 mg kg~ 1), high in potassium
(K20 276 mg kg’l) and moderate in humus (2.54%).
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Precipitation mm

During plant development and growth in 2018, April was the wettest, however a
similar amount of rainfall fell in May, July and August (Figure 1a). April and May were
quite abundant in humidity, heat and sunlight which led to good plant development in the
first stages of oat growth. In contrast, precipitation was considerably lesser compared to
the standard climate normal (SCN) average data resulted in slower plant development. The
year 2019 was slightly wetter and the monthly distribution of precipitation was significantly
more even than 2018. In 2019, April was distinguished by a very low rainfall (Figure 1b).
The drought, which began in the first 10-day period of April and extended to the end of
May. A more abundant amount of precipitation fell only in the third 10-day period of May
after which more intensive growth of the aboveground mass of plants began. June was
unusually hot, and July was exceptionally wet.
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Figure 1. Distribution of monthly (April-July) precipitation and average temperature over 2018 (a) and 2019 (b) at Jonigkelis
Experimental Station of the Lithuanian Research Centre for Agriculture and Forestry.

2.2. Experimental Design, Plant Sampling and Analysis

Two analogous field experiments were established and carried out in 2018 and 2019
in separate areas of the same field. The following experimental design was used for
monocrops and relay intercropping systems: (1) Oat (O; cultivar ‘Migla DS’); (2) black
medick (BM; cultivar “Arka 133 DS’)); (3) white clover (WC; cultivar ‘Nemuniai’); (4) Egyp-
tian clover (EC; cultivar ‘Cleopatra’); (5) oat-black medick (O+BM); (6) oat—white clover
(O+WCQ); (7) oat-Egyptian clover (O+EC). The oat was sown on 23 April 2018 and 16
April 2019 at a seeding rate of 450 seeds m~2 using a drill at a 3 cm depth. The forage
legume species were intercropped in oats on 25 April 2018 and 16 April 2019 at a seed
rate of 50 seeds m 2. The forage legume seeds were sown at a 2 cm depth using a drill.
The experiment was laid out in a one-factor randomised complete block design in four
replications and individual plot size was 6 x 20 m. Crops were cultivated according to
organic management practices.

At full germination, the oats and forage legumes plants were accounted in 0.25 m?
plots, in four places per plot. In order to evaluate the growth patterns, of plants, the
aboveground mass of oat, forage legumes and weeds were determined when oats reached
the flowering (BBCH 61-63), grain development (BBCH 71-73), and ripened grain (BBCH
87-89) growth stages. Sampling of aboveground biomass occurred at four randomly chosen
squares of 0.25 m? in each plot, which were cut to ground level and weighed on each date.
The aboveground dry matter (DM) mass was determined (dried to a constant weight at
105 °C in a forced-air oven), of oat, forage legumes, weeds and subsample values from
each plot were averaged.
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The oat crop was harvested, at complete maturity stage (plot size 2.3 x 18.0 m) with
a small combine harvester on 2 August 2018, and 4 August 2019. Before combining,
25 oat plants per plot were collected to determine the number of panicles per unit area
(panicle m~2), number of grains per panicle (grain per panicle) and grain weight per
panicle (g) of oats. Grain samples (1 kg) were taken from each plot for the determination of
1000-grain weight (TGW) and grain DM content. Oat grain and straw yield were measured
by weighing. The grain yield was converted to standard moisture (14%) and straw to DM.
Competitive performance (CP) was expressed as the percent reduction in aboveground dry
mass as follows: CP, = [(Pg/s — Payi)/ Paysl x 100; where CPo is the relative competitive
ability of the oat; Py /4 is the dry mass of the forage legume grown alone (control) and Py /;
is the mass of the forage legume grown in intercrop.

Oat grain and forage legume aboveground mass samples collected at the oat ripened
grain stage were dried, milled and analysed for nitrogen (N), phosphorus (P) and potas-
sium (K) content. The concentration was evaluated in the sulphuric acid digestates. Plant
samples for N determination were analysed using the Kjeldahl method with a Kjeltec
system 1002 (Foss Tecator, Hoganas, Sweden). The concentration of P was quantified
spectrophotometrically by a coloured reaction with ammonium molybdate-vanadate at
a wavelength of 430 nm on a Cary 50 UV-Vis spectrophotometer (Varian Inc., Palo Alto,
CA, USA). Respective K concentration was evaluated by atomic absorption spectrom-
etry with an Analyst 200 (Perkin Elmer, Waltham, MA, USA) in accordance with the
manufacturer’s instructions.

2.3. Statistical Analysis

The data were statistically processed using three-factor (year, assessment time and
intercrop) for aboveground mass of oat, perennial legume and weed and two-factor (year
and intercrop) for grain yield and its component of oat, nutrition concentration and content
analysis of variance as well as correlation and regression methods. The data were analysed
when the factual Fisher criterion (F, ) was higher than the theoretical one (Fyor). The
significance of differences among the treatment means was estimated at the 0.05 probability
levels. Interrelationships among aboveground mass of weeds, forage legumes and oats in
monocrops and intercropping systems and among P in oats grain and legume aboveground
mass were estimated. Simple linear regression (SLR) was applied to the data. 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 [26].

3. Results
3.1. Oat and Forage Legume Mass

Statistical analysis showed that the oat aboveground dry mass yield was significantly
(p < 0.01) influenced by interaction of year and assessment time (Table 1). The relay
intercropping systems did not have any significant effect on the yield of the aboveground
oat mass.

The first assessment of the aboveground mass of plants was performed at the begin-
ning of oat flowering and did not differ significantly between the years. The assessment of
the aboveground mass of oats during oat grain development revealed that the intensity of
the aboveground mass increase of oats was as follows: in 2018 to 18.1% and in 2019 to 84.2%,
compared to the first assessment. In general, a significantly higher aboveground mass of
oats was found during grain development in 2019, compared to 2018. The increase in the
aboveground mass of oats in relay intercrop has been less pronounced (grain development
stage) (Table 2). During the fully ripe stage of oats grain, the changes in their aboveground
mass were inconsistent (compared to the grain development stage). In 2019, the DM yield
of oat aboveground mass was less compared to the second assessment; however, it was
significantly greater on average compared to the corresponding data for 2018. In both
years, the yields of oats and oats intercropped with legumes did not differ.
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Table 1. Probability (p) level of factors for aboveground mass of oat, legumes and weeds.

Factor/Treatment Aboveground Mass
Oat Legumes Weeds
Year (Y) <0.01 ** <0.01 ** <0.01 **
Assessment time (Ta) <0.01 ** <0.01 ** <0.01 **
Intercrop (Ic) n.s. <0.01 ** <0.01 **
Interaction Y x Ta <0.01 ** <0.01 ** <0.01 **
Interaction Y x Ic n.s. <0.01 ** <0.01 **
Interaction Ta X Ic n.s. <0.01 ** <0.01 **
Interaction Y x Ta x Ic n.s. <0.01 ** <0.01 **

**—differences significant at 99% probability levels, n.s.—no significant.

Table 2. The variation in the aboveground mass (kg DM ha~!) of oat during oat reproductive periods in 2018 and 2019.

2018 2019
Oat Reproductive Growth Stage (BBCH)

Treatment

Flowering Grain Ripened Grain Flowering Grain Ripened Grain
(61-63) Development (87-89) (61-63) Development (87-89)
(71-73) (71-73)

(@) 4733 5154 5714 6047 10,138 8283
O+BM 4681 5538 5739 5612 10,514 8219
O+WC 4595 5842 5469 5423 9930 8023
O+EC 5096 6023 5729 5076 10,237 8048

I“tfi‘cﬁon 4776 a 5639 ab 5663 b 5540 ab 10,205 ¢ 8143 ¢

O—oat monocrop; intercropping systems: O+BM—oat-black medick, O+ WC—oat-white clover, O+EC—oat-Egyptian clover; means
followed by the same letters are not significantly different at p < 0.05.

The legume aboveground mass yields were influenced by the interaction of all three
factors (year, assessment time and treatment, Table 1). During oat flowering, the legume in
oats—forage legume intercropping systems did not have any negative effect on the yield
of oat aboveground mass in either year (Figure 2). According to the data recorded for
2018, the aboveground mass of legumes was 2.2 times higher on average and that of weeds
was 70.6% lower on average compared to 2019. In both years, the aboveground mass was
significantly higher for EC when grown as a monocrop compared to other legumes.

During oat grain development stage, the aboveground mass of the legume monocrop
increased most in 2018 (4.1 times) compared to 2019 (2.7 times). In both years, the above-
ground mass of legumes grown with oats increased similarly (2.7-2.8 times) compared to
the first assessment. The mass of different legume species grown in the sole crop and to-
gether with oats varied significantly. In terms of the aboveground mass yield, the legumes
grown as monocrops ranked as follows: EC > WC > BM. The variations between the yields
of these species of legumes were significant. The aboveground mass yield of legumes
grown as monocrops was greater both years compared to those grown together with oats.

As plants matured, the assimilated materials accumulated in the aboveground mass
were transported from leaves to seeds. The oat aboveground mass dried up, exposing the
lower crop level. In 2018, during the reproductive period, the mass of perennial legumes
increased both in the monocrop and legumes intercropped with oats, with the exception of
EC. In 2019, the aboveground mass of legumes increased by 4.7 times on average, this was
due to better weather conditions. While assessing different legume species, it was found
that the lowest yield of the aboveground mass was that of BM, and the highest was of WC
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and EC. There was no significant difference between the aboveground mass yields of the
latter species, either as monocrops or intercrop.

M Ripened grain ™ Grain development  ®Flowering

MH 121abc
O+EC H 33abc
I 18ab

= 147abc
I 13ab
| 2a
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Figure 2. Forage legume aboveground mass during oat reproductive periods in 2018 (a) and 2019 (b). BM—black medick,
WC—white clover, EC—Egyptian clover; intercropping systems: O+BM—oat-black medick, O+WC—oat-white clover,
O+EC—oat-Egyptian clover; means followed by the same letters are not significantly different at p < 0.05.

3.2. Oat and Forage Legume Competition

Competitive oat (CP,) results in the oat—forage legume relay intercrop were expressed
as a percentage decrease in the aboveground mass of forage legume (Table 3). The competi-
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tive performance was significantly (p < 0.01) influenced by year. The relay intercropping
systems assessment time did not have any significant effect on this indicator. In all assess-
ment time, a strong decrease (91.4-98.9%) in the aboveground mass of forage legumes was
found. On average, in 2019, the CP value was significantly 2.5 percentage points lower than
in 2018. Plant competition in relay intercrop depended on the influence of meteorological
conditions on the parallel germination and growth of oats and forage legumes.

Table 3. Competitive performance (CPg %) of oats in oat-forage legume relay intercropping (mean =).

2018 2019
Intercrop Oat Reproductive Stage Oat Reproductive Stage
Flowering  Grain Development Ripened Grain Flowering  Grain Development Ripened Grain
O+BM 971 +£1.31 98.9 £0.47 98.0 £ 0.81 96.3 = 2.89 91.4 £3.17 97.7 £0.53
O+WC 97.7 £ 0.67 98.5 &+ 057 98.1+0.28 96.2 +2.98 97.5+2.08 95.7 +2.11
O+EC 97.0 £1.07 98.9 £0.17 98.2 £ 0.34 95.9 £2.33 92.5 £3.95 97.0 £0.65
Mean of year 98.1a 95.6b

Intercropping systems: O+BM—oat-black medick, O+WC—oat-white clover, O+EC—oat-Egyptian clover; means followed by the same
letters are not significantly different at p < 0.01.

The growth intensity of the aboveground mass of forage legumes varied from year to
year (Figure 3). Forage legumes grew most intensively in the following oat growth stages:
in 2018 (BBCH 61-73), and in 2019 (BBCH 71-89). This did not affect the legume yield. The
growth of legumes was influenced not only by oat productivity (competition), but also by
favourable environmental conditions. Under favourable conditions, the legumes easily
adapted to the growth rhythm and intensity of oats. In extensive intercultural systems, the
yield of legumes is low and the main growth takes place after the oats are harvested.

-1 -1
ke ha Oat and forage legumes aboveground mass kg ha
12,000 120
mmmm Oat === TForage legume
10,000 100
8000 80
6000 60
4000 40
2000 20
0 0
BBCH 61-63 BBCH 71-73 BBCH 87-89 BBCH 61-63 BBCH 71-73 BBCH 87-89
2018 2019

Figure 3. Dynamics of oat and forage legume aboveground mass change during the vegetation period in intercropping
systems (average data). Oats growth stages: (BBCH 61-63) flowering, (BBCH 71-73) grain development, (BBCH 87-89)

ripened grain.
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3.3. Weeds Mass

Statistical analysis results showed that the legume aboveground mass yields were
influenced by the interaction of all three factors (year, assessment time and treatment,
Table 1). During oat flowering the greatest weed mass was found in all types of forage
legume sole crops (Figure 4). During grain development, the weed mass increased 4.5
and 1.3 times (in 2018 and 2019, respectively) compared to the flowering stage. In both
years, a significantly greater weed mass was found in legume monocrops, being inversely
proportional to the legume mass. The greatest weed mass was found in the BM monocrop.
In oat-forage legume intercropping systems the mass of weeds was significantly lower

compared to the legume monocrops.

H
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Figure 4. Weed aboveground mass during oat reproductive periods in 2018 (a) and 2019 (b).BM—

black medick, WC—white clover, EC—Egyptian clover; intercropping systems: O+BM—oat-black

medick, O+WC—oat-white clover, O+EC—oat-Egyptian clover; means followed by the same letters

are not significantly different at p < 0.05.
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In 2018, weed mass decreased compared to the second record (ripened grain). Signifi-
cantly higher weed mass was found in legume monocrops and depended on the yield of
aboveground mass of legumes. Meanwhile, the weed mass in 2019 varied less consistently.
The increase in weed mass was greatest in legume monocrops. In both years, the weed
mass decreased most in the oat monocrop and in O+BM and O+WC relay intercropping
systems (compared to the second record). Hereupon, the weed mass tended to increase in
growing oats intercropped with annual EC, compared to the second record. This species
of annual clover matures earliest and exposes the soil surface, thus creating favourable
conditions for weeds to grow.

According to the data from both study years, significant competitive relationships be-
tween the bottom level plants (legumes and weeds) and oat in intercropping systems were
established at the beginning of oat reproduction. A moderate inverse linear relationship
was obtained between the aboveground mass of oats and the mass of lower-level plants
(forage legumes and weeds) (Figure 5). There were no consistent relationships during oat
maturation. In intercropping systems, the correlations of weed aboveground mass with
forage legume mass were weak and nonsignificant at all measurement dates.

S 14,000
a
T 12000
210,000
/7]
T 8000
Gy
o
2 6000
=
5 4000
32 2000
e
> 0
@)
e
<

o o)
o ? %°®
\C -y O .. o
'“'\/'\(“-“!. O
Png TV
? ® ¢ . ?\\l‘ Sa.
o o
o G °
o o O
y = 10567.6 —45.5x, r=-0.56; p <0.01
50 100 150 200
Aboveground mass of forage legumes and weeds kg ha® DM

Figure 5. Dependence of aboveground mass yield of oats (grain development stage) on the total aboveground mass of

forage legumes and weeds in oats—forage legume intercropping systems.

3.4. Oat Grain Yield and Its Components

Our results showed that the yield and its components were most affected by the
meteorological conditions of the years. The influence of the forage legumes was not
significant. Having compared the data for different growth periods it was found that the
number of plants and panicles in 2019 was lower, and the number and weight of grains per
panicle and TGW were higher compared to the data for 2018 (Table 4).
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Table 4. The variation in grain yield components of oat growing with or without forage legumes.

Mono- and C(liglirll\tl ;nllz)e ' N11)1 m!)er of Grain Number Grain Weight TGW Grain Yield
Intercrops anicles per Panicle per Panicle g 8 Kgha1
Forage Legumes  Oats (Panicle m~—2)
2018
(@) 411 418 44.3 1.46 32.3 2889 ab
O+BM 33 408 445 34.3 1.11 329 2900 ab
O+WC 32 413 425 37 1.16 329 2932 ab
O+EC 29 396 451 36 1.15 32.7 3058 b
Mean 3la 407 b 434D 379 a 122 a 32.7 a 2945
2019
(@) 339 371 55 1.99 38.1 4087 b
O+BM 38 334 380 57 2.01 38.5 4075 ab
O+WC 42 328 382 55 2.02 39.2 3974 ab
O+EC 49 329 348 57 2.02 38.9 3892 ab
Mean 43b 333 a 370 a 55.8b 2.01b 38.7b 4007

O—oat, BM—black medick, WC—white clover, EC—Egyptian clover; intercrop systems: O+BM—oat-black medick, O+WC—oat-white
clover, O+EC—oat-Egyptian clover; means followed by the same letters are not significantly different at p < 0.05.

This was due to meteorological conditions in 2019 (Figure 1a). As far as legume and
oat intercropping was concerned, in 2018, the number and weight of grains per oat panicle
were significantly reduced compared to oat monocropping. In 2019, less favourable plant
germination conditions led to a thinner oat crop and less consistent productivity indicators.
Productivity rates of oat panicles were significantly higher in the thinner crop compared to
2018. There was no significant difference between treatments. The change in yield was due
to the different distribution of productivity indicators.

3.5. Nutrient Content in Oat Grain and Legume Biomass

Oat grains were accumulated 15.0~15.80 and 20.79-21.54 g N kg~! DM, 3.29-3.64
and 3.12-3.33 g P kg~! DM in 6.62-7.09 and 3.04-3.30 g K kg~! DM in 2018 and 2019,
respectively. Concentration of nutrients (NK) in grains depended on the year (p < 0.01),
legumes had no significant effect. The amount of nutrients accumulated in the oats grain
was influenced by the yield. Intercropping of forage legumes with oats and annual condi-
tions influenced the content of nutrients accumulated in grain. In 2019, the N concentration
in grain was 38.7% higher on average, and nitrogen content accumulated in the yield was
nearly two times higher compared to 2018. Due to the influence of the year, phosphorus
concentration in oat grain varied slightly. In 2018, significantly more potassium was used
to grow 1 kg of oat grain compared to 2019. These study data indicated a tendency for
annual O+EC intercropping systems to increase competition with oats for nutrients, in
contrast to perennial forage legumes.

More pronounced differences in NPK concentrations were found in the aboveground
mass of forage legumes (Table 5). In 2018, significantly lesser nitrogen concentrations
were found in the EC mass when intercropped with oats compared to other forage legume
species, regardless of their cultivation method (in mono- and intercropping). In 2019, a
significantly higher concentration in the WC aboveground mass was found in the O+WC
relay intercrop compared to the monocrop. The greatest aboveground mass P concen-
tration was measured in EC (2018) and BM (2019), regardless of the cultivation method.
Correlation analysis showed that with increasing P concentration in grain of oat, its value
in aboveground mass of forage legume decreased as well (Figure 6). The most adverse
effects were found for EC. In 2019, favourable for plant growth, this relationship was
nonsignificant (r = —0.49).
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Table 5. Amount of nutrients accumulated in aboveground mass of forage legumes.

Concentration of Nutrients, g kg—1 DM Accumulated Nutrients, kg ha—1 DM

Treatment
N P K N P K
2018

BM 28.10 be 2.84 ab 22.77 ab 65.13 6.58 52.32

WC 28.87 bede 2.95 ab 32.40 cd 117.01 10.22 111.48

EC 28.50 bc 3.29d 30.37 ¢ 100.72 11.65 106.32
O+BM 27.80b 2.99 abed 40.17 def 1.33 0.14 1.60
O+WC 27.83b 2.98 ab 41.27 f 1.75 0.19 2.61
O+EC 2220 a 3.29 cd 33.87 cdef 1.36 0.20 2.06

2019

BM 30.9 bede 2.97 ab 27.93 be 82.51 7.95 74.51

WC 28.87 bede 2.75a 34.13 cdef 96.36 8.84 110.63

EC 29.63 bede 2.88 ab 26.90 abc 115.74 11.25 105.12
O+BM 31.75 cde 3.10 bed 2093 a 2.09 0.20 1.33
O+WC 32.68 e 2.88 ab 31.68 ¢ 4.86 0.43 4.56
O+EC 29.63 bede 2.88 ab 26.90 abc 3.63 0.35 3.31

Mean of I ¢

BM 73.82d 7.26b 63.41b

WC 106.69 ¢ 9.53 ¢ 105.72 ¢

EC 108.23 ¢ 11.45d 111.05 ¢
O+BM 1.71a 0.17 a 147 a
O+WC 33a 0.31a 359 a
O+EC 2.50a 0.28 a 2.69 a

BM—black medick, WC—white clover, EC—Egyptian clover; intercrop systems: O+BM—oat-black medick, O+WC—oat-white clover,
O+EC—oat-Egyptian clover; N—nitrogen, P—phosphorus, K—potassium; means followed by the same letters are not significantly
different at p < 0.05.

P concen. in mass of legume, g kg™

3.6
3.4
3.2

2.8
2.6
2.4
2.2

o

2018
y=4.54-0.42x; r=-0.61; p<0.05
2.9 3.1 3.3 3.5 3.7 3.9 4.1 4.3

P concentration in grain of oats, g kg™

Figure 6. Dependence of P in grain yield of oat (ripened grain stage) on the P of aboveground mass of forage legume in

intercropping systems.
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The highest potassium concentration was found in the WC biomass, regardless of the
year and cultivation method. Black medick grown in monocrop (2018 and intercrop (2019)
also EC (regardless of their cultivation method in 2019) had significantly less concentration
of K in aboveground mass.

The significant influence of forage legume cultivation methods (in mono- and in-
tercrop) on nutrient accumulation in aboveground mass has been identified (p < 0.01).
Having compared different legume monocultures, BM was found to have accumulated the
lowest nitrogen amount in the aboveground mass. Forage legumes intercropped with oats
demonstrated low nitrogen accumulation (1.33-1.75 kg ha~! DM in 2018 on average, and
2.09-4.86 kg ha~! in 2019), there was no significant difference between legume species. A
very low phosphorus amount was accumulated in the legume mass in relay intercropping
systems. WC and EC, grown as monocrops, demonstrated higher phosphorus content in
biomass. Of the forage legumes grown in monoculture, BM accumulated the lowest levels
of potassium (as well as nitrogen and phosphorus), and WC accumulated the highest ones.
Similarly, the potassium content varied in the aboveground mass of other forage legumes
intercropped with oats.

4. Discussion

Oats held the dominant position in oat—forage legume relay intercropping systems.
The regularities of oat yield formation were determined by meteorological conditions and
self-regulatory functions of crop productivity. In 2019, underdeveloped reproductive stems
were compensated by a higher number of grains and their weight compared to a denser
2018 crop. Our studies suggest that the forage legume in relay intercropping systems may
have a negative effect on later-emerging crop components (grain number and weight);
nevertheless, it did not reduce yield. The data are consistent with those of other researchers
who argue that legumes in relay intercropping systems have no significant effect on cereal
yield [8]. According to Gaudin et al. [11] red clover can compete with cereals and even
reduce their yield.

Studies of the dynamics of oat aboveground mass accumulation showed that the accu-
mulation of DM took place most intensively in 2019 and continued even after the flowering
of cereals. This year was characterised by cool weather and sufficient rainfall. The period
from flowering to the beginning of maturity, when there is enough moisture, nutrients
and maximum amount of solar energy, is of great importance for plant productivity [27].
During oat maturation (mid-July to early August), the redistribution of accumulated as-
similated materials in plants resulted in a decrease (2019) or a marginal variation (2018)
in the aboveground mass of oats. A number of researchers have observed a decline in
cereal competition at the end of the plant growth period [7]. During this period, favourable
conditions are created for the plants of the lower crop level to grow. It is argued that the
dominance of cereals over forage legumes is necessary to avoid cereal yield losses [28].

In relay intercrops, the aboveground mass of forage legumes began to form more
intensively after heading of oats. Annual EC developed most intensively, demonstrating
the highest mass. A previous study [7] indicated that the highest competition between
spring wheat and annual Persian clover (Trifolium resupinatum L.) occurs when cereals
are in the stem elongation stage (BBCH 31-32); the mass of annual clover decreases twice
during the entire growth period. Contrary to Barilli et al. [10] and Sharpe et al. [24] the
aboveground mass of BM was the lowest in intercrop. This may have been determined
by the genetic diversity of the species and varietal characteristics. According to other
researchers, BM and red clover competed best with winter wheat, in contrast to BM and
WC [8]. Our studies concur with Bybee-Finley and Ryan [5] that the accumulation of
forage legume mass in a cereal crop is minimal and most of the biomass is formed after
cereal harvest. It is believed that forage legume mass increases six times during the post-
harvest period [29]. Environmental variables such as soil type, precipitation quantity and
distribution during the growing season and day length also have an effect on biomass
accumulation [11]. Fertile clay loam soils have a higher supply of resources and lower
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competition between plants compared to less fertile ones, where oats are usually grown.
Clover is considered to be an under sown crop that poorly competes with cereals [30]. Our
study substantiated this argument. In relay intercrops, WC, BM and EC were dominated
by oats for all growing periods.

Under sown forage legumes establish in the lower crop level and compete with weeds.
This is especially important in the second half of summer when an under sown clover with
drying crop leaves covers the soil surface [11]. Plants and weeds compete for light, water
and nutrient resources [31,32]. Den Hollander et al. [33] state that the relative growth rate
is determined by the characteristics of clover, such as light extinction coefficient, light use
efficiency and specific leaf area. It was determined that the fastest soil surface cover was
demonstrated by Persian clover. [11] reported that forage legume species that produce
a high yield of aboveground mass are considered to be effective competitors for local
resources. The competitive properties of forage legumes also depend on the sowing rate
and sowing time. Forage legumes under sown in cereals can suppress weeds, however,
legumes can compete with cereals too [33]. Verret et al. [34] indicated that the use of legume
companion plants generally seemed to enhance weed control without reducing crop yield.
Our research shows that oat was the most weed suppressive, and the forage legumes in
relay intercropping systems only enhanced their effect as oats matured. Egyptian clover
competed best with weeds, as confirmed by other researchers [35]. The positive effect of
low-mass forage legumes on weed reduction cannot be assessed unequivocally. Many
weed species are adapted to spread in cereal crops. Therefore, as cereals mature and
forage legumes grow intensively, some of the weeds have already matured their seeds and
dried out.

In our studies, forage legumes accumulated low N, which is confirmed by other
researchers [30]. A decrease in light and water resources under the cereal canopy may also
directly reduce nodule formation and N fixation in clover species [36]. On the other hand,
forage legumes that are intercropped with cereal also fix a greater proportion of nitrogen
than legumes grown in monoculture [13]. Nitrogen uptake in under sown crops is affected
by competition with main crops [37]. It is proposed that the competition for N can be
detrimental when cereals and legume catch crops are sown simultaneously in spring [8].
Additionally, catch crops generally seem more suitable as post crops for P [38]. Plant species
with different growth cycles can ensure a more efficient use of environmental resources.
We can say that, in our studies, the drought after sowing postponed the competition for
resources between the intercropped plants and oats. Forage legumes, that produced a small
aboveground mass, accumulated low N levels, which is confirmed by other researchers.
Our research has shown that EC with a growth period similar to oats can compete more
intensively with oat for resources. Meanwhile, the intensity of WC and BM nutrient uptake
increased with maturation of oats and the decrease in nutrient utilisation by the oat. The
high yield of intercropping is connected to better exploitation of soil resources, and deep
rooting of some species is a determinant factor for complementarity in competition for soil
resources [9]. They may also have the ability to absorb different quantities of nutrients and
produce distinct root exudates (organic acids) resulting in benefits both for the soil and
organisms [10]. Finally, one crop can provide resources for the other one with a positive
interspecific interaction, which is at the basis of facilitation processes [10].

5. Conclusions

Oats dominated in oat—forage legume relay intercropping systems. Meteorological
conditions of the year and crop self-regulation functions had a significant impact on the
yield components of oats and the regularities of aboveground mass formation. This deter-
mined the intensity of aboveground mass formation of forage legumes in relay intercrop.
Forage legumes grew most intensively in the following oat growth stages: In 2018 (BBCH
61-73), and in 2019 (BBCH 71-89). Annual EC demonstrated the earliest aboveground
mass formation. Oat competitive performance (CP,), which is characterised by forage
legumes aboveground mass reduction compared to monocrops, were 91.4-98.9%. As the
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oats ripened, its competitiveness tended to decline. In oat-forage legume intercropping
systems, the mass of weeds was significantly lower, compared to the legume monocrops.
The total mass of forage legumes and weeds during their period of intensive growth was
negatively correlated with the aboveground mass yield of oats (BBCH 71-73). Oats and
forage legumes competed for P, but N and K accumulation in biomass was not significantly
affected Legumes in intercrops accumulated a small amount of nutrients (N: 1.33-4.86 kg
ha~! DM; P: 0.14-0.43 kg ha~! DM and K: 1.33-4.56 kg ha—! DM). The yield of forage
legumes, as service crop, and amount of nutrients stored were still insufficient and must be
left to grow in autumn.
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