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Abstract: The yield and quality of crop mixtures depend on natural and agrotechnical factors and
their relationships. This research aimed to analyze the grain yield, its components and total protein
content of the organically grown oat-vetch mixture on two different soils and depending on the oat
cultivar. The three-year field experiment with two crop rotations was carried out. The experiment
was set up in the southern Poland on two soils: Stagnic Luvisol (S.L.) and Haplic Cambisol (H.C.).
One of four oat cultivars (‘Celer’, ‘Furman’, ‘Grajcar” and ‘Kasztan’) was grown with the common
vetch cv. ‘Hanka’. The results showed that the grain yield of mixtures was affected mainly by weather
conditions. During the dry season, the share of vetch in the grain yield was 46% lower than in the
season of regular rainfall. The share of vetch seeds in the mixture’s yield was ca. 21% higher when
the mixtures were grown on the S.L. than the H.C. soil. The selection of oats” cultivar for the mixture
with vetch affected significantly the thousand seed mass and protein content in the vetch seeds,
46.2-50.4 g and 270280 g kg_l, respectively. The mixture with Kasztan cultivar yielded the best and
this oat cultivar seemed to be the most appropriate for organic conditions; however, in years with
high variability of rainfall distribution its usefulness was less.

Keywords: cereal-legume mixture; oats; common vetch; cultivar; soil quality

1. Introduction

Cereal-legume mixtures are usually cultivated for grain or green fodder, sometimes
as a green manure. Compared to their pure sowing, cereal and legume mixtures are
characterized by a higher total protein yield, more stable yielding, especially in unfavorable
habitats, a better legume health, and higher nutritional value [1,2]. An additional advantage
of the mixture is soil enrichment by legumes with symbiotically fixed nitrogen [3-5]. In the
research mixtures of oats with common vetch were tested.

Oat (Avena sativa L.) is a cereal with phytosanitary properties in the crop rotation
because it is rarely infested by fungal pathogens of stem base and roots [6]. The tolerance
of oats to soil acidification, poor soil conditions, low temperature, and higher soil humidity
make them a frequent component of many crop rotations, especially in mountainous
regions, with a higher share of rainfall [7]. Oats’ grain is an excellent feed for horses and
dairy cattle because of its chemical composition. Depending on the cultivar, grains of oats
contain ca. 100 g kg~! dry matter (d.m.) of total protein, 40-50 g kg~! d.m. of crude fat,
100 g kg~! d.m. of crude fiber, 60 g kg~! d.m. of nitrogen-free extract [8-10]. The biological
value of oat protein is not high, but it contains many valuable amino acids, such as lysine
and arginine [10]. Of all cereals, oats have the most fiber, mainly in their husks, which
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reduces their digestibility and energy value [11,12]. Oat products and grain quality can be
improved by mixing with legumes [13,14].

Common vetch (Vicia sativa L.) contains high amounts of protein in seeds (approx. 33%
of dry matter) and vegetative parts, i.e., in straw (approx. 60-120 g kg~! d.m.) and green
fodder (150-250 g kg~! d.m.) [15]. Vetch seeds can be used as a supplement for animals’
feed in the absence or limited access to soybean or cornmeal [16]. Ceglarek et al. [17]
underline the high content of thiamine acids and methionine in its protein, in comparison
to other legume species. Common vetch is ideal for green forage as it has thin stems rich in
fine leaves. The slender shoots of vetch can reach a length of up to 150 cm, so it can easily
lodge [18]. Common vetch, like oats, is a good forecrop [19]. However, unlike oats, it has
high soil demands. It is also characterized by high water requirements, especially during
flowering due to the pile root system and a high transpiration rate [20].

The oat-vetch mixture for grain or green forage production combines the advantages
of two different species, e.g., reduced fertilization needs due to symbiotic nitrogen fixation.
When mixed with oats, vetch plants are less prone to lodging so that harvesting can be
done in one step with a combine harvester. The oat and vetch mixture improves soil
structure and growth of succeeding crops. In the mixture, the oat protein complements the
vetch’s sulfur amino acids, and the vetch protein has a positive effect on the quality of the
feed [19,20].

The share of vetch seeds in the mixture with oat is variable [20,21], and for that reason,
it is not very popular in cultivation. Moreover, with low rainfall, vetch cannot withstand
competition for water with oat, and its share in the mixture yield is small [22]. Another
important factor influencing the yield of the mixture are different soil requirements of its
components. A proper selection of cultivars for the mixture is essential, especially cereal
cultivars characterized by lower competitiveness toward the legume component [21]. To
date, there are very few reports in the literature on the effect of cultivar choice on the yield
of the cereal and legume mixtures in conditions of organic farming. For this reason, this
study aimed to analyze the yield, its components and protein content of grain of four oat
cultivars grown organically in a mixture with Hanka’s vetch on two different soils.

2. Materials and Methods
2.1. Field Site and Experiment Descriptions

The research was carried out in 2012-2014 in the Experimental Station Mydlniki-
Krakow (50°05" N 19°51" E) in the southern Poland. The experiment was set up in a
randomized block design, with four replications on two types of soils: Stagnic Luvisol (S.L.)
and Haplic Cambisol (H.C.) [23], located about 1 km apart. The area of the experiment
was under organic farming management since 2009. The description of the soils is given in
Table 1. The preceding crop was winter spelt (Triticum spelta cv. ‘Frankenkorn’).

Table 1. Characteristic of the soils.

Parameter Unit Stagnic Luvisol Haplic Cambisol
pH (KCI) - 6.04 5.31
Total organic C gkg! 7.34 6.67
Total N gkg! 0.858 0.61
P mg kg ! 423.0 337.5
K mg kg ! 148.2 1783

The mixtures of oat with common vetch (Vicia sativa, cv. ‘Hanka’; breeder: FN Granum,
Wodzierady, Poland) were cultivated for grain. The common vetch was mixed with one of
the four oats’ cultivars, namely ‘Celer’, ‘Grajcar’, “Kasztan’, or ‘Furman’. A characteristic
of the oats’ cultivars is presented in Table 2. The mixtures were sown on 23 March 2012;
16 April 2013; and 20 March 2014, on plots of 18 m? (3 x 6 m) area, using plot drill (Hege 80)
at row space 13.0 cm. A total of 32 plots were established each year. The planned density
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of crops was 500 plants m~2 of oat and 75 plants m 2 of vetch. Crops were cultivated
organically.

Table 2. Characteristics of oats’ cultivars.

Oats Cultivar

Features
‘Celer’ ‘Grajcar’ ‘Kasztan’ ‘Furman’
Grain color yellow yellow yellow yellow
Grain yield good good medium quite good
Husk share in grain 28.8% (high) 29.5% (very high) 29.4% (very high) 29.0% (high)
Tolerance to soil average avera it 1
acidification g ge average quite sma
Lodging resistance average average average big
Recommended sowing rate 550-600 550-600 500 400-450
of seeds (seeds m™*)
Plant high quite small quite small quite small medium
No. qf days to ripening 198 199 201 206
(since January 1)
Thousand grains weight (g) 40.1 35.3 36.9 37.3
Protein content medium medium medium small to very small
Fat content medium medium very big small to very small
Areas intended for . . lowland and
R mountainous mountainous . lowland
cultivation mountainous
Breeder Matopolska Hodowla Matopolska Hodowla Matopolska Hodowla Hodowla Roélin, Danko,
Roélin, Sp. z 0. 0., Poland  Roélin, Sp. zo. 0., Poland  Roélin, Sp. z o. o., Poland Sp. z o. 0., Poland

‘Hanka’ is a common vetch cultivar of a traditional type of growth, i.e., indeter-
minate. Plants are lush, rich in leaves ending with sticking tendrils; seeds are brown—
thousand seeds weight is 52 g. The cultivar is very fertile, of high total protein content
(320 g kg~! d.m.). Tolerance to soil acidification is quite small. It can be grown for seeds,
green fodder, or green manure. The cultivar is appropriate for mixing with cereals. Breeder:
Firma Nasienna (F.N.) Granum, Poland.

2.2. Measurements

In the early phase of oat growth in BBCH-scale 11-12 (german “Biologische Bunde-
sanstalt, Bundessortenamt und CHemische Industrie”), the number of plants per 1 m?
area was counted to assess mixtures density. Before harvesting, 20 plants were taken for
detailed measurements, i.e., the number and weight of panicles, the number of grains, and
the 1000 grains weight. Combine harvesting was performed with a plot harvester when
oats were fully ripe (BBCH 97-99). After harvesting, grains, and straw of mixtures from
the area 18 m?, were weighed. The final yields of grains per plot were converted into a
notional humidity of 15%. For that reason, samples of grains (ca. 40 g.) and straw (ca.
40 g.) were dried at 105 °C using a forced-air oven until a constant weight was obtained.
Based on the dry mass values, the grain yields were calculated [24]. Protein content (%)
was determined using the InfraXact™ analyzer (Foss, Hillerod, Denmark) based on the
near-infrared spectroscopy. The analysis was conducted in three technical replications
per sample in the 570-1850 nm wavelengths. Each sample was scanned six times and
compared with two internal standards (references) before calculating the mean value.

2.3. Statistical Analysis of the Results

The normality of distribution of the observed traits was tested with Shapiro-Wilk’s
normality test [25]. Next, the effects of the main factors under study (I factor-soil type: S.L.
and H.C,; II factor-oat cultivars: ‘Celer’, ‘Grajcar’, ‘Kasztan’, ‘Furman’; III factor—years:
2012, 2013, 2014) as well as all the interactions between them were estimated with a linear
model for the three-way analysis of variance (ANOVA) for particular traits. The relation-
ships between the traits were assessed based on Pearson’s correlation coefficients and
tested with the Tukey’s test at p < 0.05. The results were also analyzed with multivari-
ate methods. The canonical variate analysis (CVA) was applied to present a multi-trait
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assessment of similarity of the investigated treatments in a lower number of dimensions
with the least possible loss of information [26]. This enabled graphic illustration of the
variation in the traits of all treatments under analysis. The Mahalanobis distance was sug-
gested to measure multi-trait treatments’ similarity [27], whose significance was verified
employing critical value Dcr known as the least significant distance [28]. Pearson’s simple
correlation coefficients were estimated to determine each original trait’s relative share in
the treatments” multivariate variation between values of the first two canonical variates
and original individual traits. The GenStat v. 18 statistical software package was used for
all the analyses.

The variation coefficient (V) was calculated to characterize the diversity of the sum of
rainfall and temperature in the particular months of the growing season (April-August)

2012-2014.

V=2 % 100% )
X

where:

V—the coefficient of variation,
S—a standard deviation,
X—arithmetic mean of the variable value.

2.4. Weather Conditions

The weather data were collected from the meteorological station in the Experimental
Station in MydIniki-Krakéw (50°05’ N 19°51’ E). The weather conditions during the study
period varied (Figures 1-3). The sums of precipitation (Figures 1 and 2) and the average
daily air temperature (Figure 3) in 2012-2014 differed from the average for the long-term
period (1951-2000). According to [29], the required amount of precipitation for oats during
the vegetation period ranges from 270 mm on light (sandy) soils to 400 mm on heavy soils.
The water demand for oats increases as the plant develops, reaching the highest values
in June and then July. The critical period for water demands for oat in our study was in
May 2012, which was very dry, according to the [30] classification. During that month,
the amount of rainfall was only 23% of the long-term period. July 2012 was, according to
the classification, average—76% of the long-term period and August 2012 was dry—67%
of the long-term period. The total rainfall in these months was below the water demand
of oat [29]. Based on the humidity characteristics in 2013, April, July, and August were
very dry, May humid, and June too humid (213.1 mm of rainfall). In 2014, three out of five
months of vegetation were classified as average (April, July and August), May as wet, and
June as very dry (43.4 mm of rainfall).

Common vetch also has a high-water demand, especially during the flowering period.
In the study period, the temperatures from sowing to harvest were higher than the average
for the multi-year period 1951-2000, except for June 2014, when the average temperature
was lower by 0.7 °C from the multi-year period. Based on the air temperature classification
for Krakow [31], the months of January, March, April, and June 2012 were classified as
warm. May, July, and August 2012 were hot. In 2013, January, February, April, and August
were classified as regular. March 2013 was very cold, May and June were warm, and July
was extremely warm. In 2014, May, June, and August were classified as regular months.
April 2014 was warm, and March and July 2014 were extremely warm.

The variation coefficient (V) of the sum of precipitation in individual months of the
vegetation period in 2012 was equal to 26%, proving the average variability of rainfall in
that period. In 2013, the V was equivalent to 107%, which shows a substantial variability. In
2014, the V in individual months was 41%, which denotes a large variability of precipitation.
Temperature variability in the respective months of vegetation period 2012-2014 was
different. The V of temperature for the growing season 2012 was 70%, which denotes
a large variability. In 2013, V = 28%, and in 2014, 25% indicated the average variability
of temperature.
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Figure 2. Sum of precipitation (mm) in the vegetative period (April-August) and the years of study 2012-2014 compared
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Figure 3. Mean temperatures (°C) in the months of 20122014 and in multiyear 1951-2000.

3. Results

In our study, all 13 quantitative traits had a normal distribution. The ANOVA indicated
a statistically significant influence of soil type, years, cultivars, and the year x cultivar and
year X soil type interactions for all 13 traits (Table 3). The soil type and soil type x cultivar
interactions were not significant only for the tiller number. The year X soil type x cultivar
was significant for all traits except panicle number (Table 3).
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Table 3. Mean squares from three-way analysis of variance for observed traits.
Source of Variation d.f. o. Protein v. Protein Grain No. Yield v. Share Panicle No. Tiller no. TWG TSW Panicle g.w. o. Plant No. v. Plant No. o. Height
Replication 3 0.046 0.1701 1.693 0.031 18.1 12,029 0.0003 2.135 2.308 0.0007 22.26 10.19 4.83
ST 1 598.8 *+* 148.9 567.3 *+* 35.02 *+* 10,372 *+* 198,586 ** 0.0113 9.388 * 972.8 ** 0.534 *** 168.01 *+* 177.85* 2889 **+
Residual 1 3 0.044 0.031 0.366 0.058 42.45 3802 0.0023 0.652 6.638 0.003 0.2 17.05 3.258
Cultivar 3 741.4 %+ 421.4 65.76 *** 0.281 *** 234.43 *** 77,537 *** 0.115 *** 203.9 *** 83.8 *** 0.048 *** 4623.3 *** 166.4 *** 135.2 ***
ST x Cultivar 3 160.5 *** 132.4 ** 92.08 *** 0.607 *** 189.93 *** 112,019 *** 0.008 7.271 % 30.5** 0.071 *** 2717.5 *** 32.3* 117.9 *+*
Residual 2 18 0.913 0.59 2458 0.0238 14.58 3267 0.003 1.002 5.82 0.004 36.57 8.82 435
Year 2 20,446.5 *** 446.5 *** 134.6 *** 13.43 *** 19,292 *** 2,113,463 *** 0.140 *** 137.1 *** 931.4 *** 0.199 *** 131,550 *** 682.6 *** 335.4 ***
Year x S.T. 2 20.79 *** 883.3 *** 87.60 *** 1.057 *** 342.1 % 41,734 *** 0.131 *** 42.69 *** 344.2 *** 0.064 *** 10,784 *** 1438.1 *** 183.8 ***
Year x Cultivar 6 308.7 *** 92.9 *** 46.5 *** 0.219 *** 272.67 *** 58,217 *** 0.075 *** 4.169 *** 25.56 * 0.022 *** 45,497 *** 287.3 *** 44.13 ***
Year x ST x Cultivar 6 526.9 *** 255.6 *** 29.87 *** 0.322 *** 208.25 *** 8441 0.038 *** 12.59 *** 52.41 *** 0.025 *** 5523 *** 126.7 *** 42,55 ***
Residual 3 48 1.02 0.468 1.79 0.0336 18.21 4382 0.0029 0.53 8.788 0.003 24.44 7.338 6.19

Abbreviations: ST—soil type; d.f.—degrees of freedom; o. Protein—protein content in oats grain (g-kg~!); v. Protein—protein content in vetch seeds (g-kg~!); Grain No.—number of oats grains (pcs.) per
panicle; Yield—mixtures yield; v. Share—the share of vetch in the mixture’s yield (%); Panicle No.—number of oats panicles per m?; Tiller no.—number of oats’ tillers; TWG—thousand grain mass of oats;
TSW—thousand grain mass of vetch; Panicle g.w.—mass grains (g) per oats panicle; o. Plant No.—density of oats after spring emergence (pcs m?); v. Plant No.—density of common vetch (pcs m?) spring; o.

Height—the height of oats canopy (cm). * p < 0.05; ** p < 0.01; *** p < 0.001; d.f.—the number of degrees of freedom.
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3.1. Selected Biometric Features of the Mixture

The average spring density of oat was similar for both soil types and the majority of
oats” cultivars (Table 4). The cultivar factor as well as weather during emergency of the oat
significantly affected its density.

Table 4. Oats’ density in spring (pieces m~2) in mixture depending on the soil type (factor I), oat cultivar (factor II), and
study years (factor III).

Oat Cultivar
Soil Type Years Mean! £+ SD 3
‘Celer’ ‘Furman’ ‘Grajcar’ ‘Kasztan’
2012 500 460 483 497 485 + 18.5
Stagnic Luvisol 2013 364 493 460 474 448 +57.8
2014 409 405 452 447 428 +25.0
Mean 2 4 SD 3 424 + 69.6 452 +44.8 465 + 16.0 473 + 25.0 454 ns
2012 490 439 441 488 464 + 284
Haplic Cambisol 2013 452 500 498 485 484 +22.2
2014 417 443 399 390 412 + 234
Mean 2 + SD 3 453 +36.3 461 +34.3 446 +49.7 454 + 55.6 453 ns
2012 495 449 462 493 475 + 22.7 x
Mean 2013 408 497 479 479 466 £ 395y
2014 413 424 426 419 420 £ 58z
Mean 2 4 SD 3 438 £489Db 456 + 37.0a 456 +27.3 a 463 +39.5a 453
LSD 05 soil type ns 4
LSD g5 cultivar 8.03
LSD 05 years 5.14
LSD g 05 soil type X cultivar 11.2
LSD g 05 soil type x years 7.27
LSD (5 cultivar x years 10.3

1 Mean for the soil type, regardless of the oat cultivar; 2 Mean for the year 2012-2014; 3 S.D.—standard deviation; * ns—non-significant.
Homogeneous groups were created for the main factors. According to Tukey’s test, mean values marked with the same letters do not
differ significantly (p < 0.05). Small letters (a, b, c) for mean values of the second-factor levels—oats cultivars and x, y and z letters for
the third-factor levels—study years were chosen. The three-factor ANOVA—first-factor, soil type: Stagnic Luvisol and Haplic Cambisol;
second-factor, oat cultivar: ‘Celer’, ‘Furman’, ‘Grajcar’, ‘Kasztan’; third-factor, years: 2012, 2013, 2014.

The number of oat tillers in the mixtures was low and similar, regardless of the soil
types (Table 5). However, the oat cultivars in the mixtures tilled differently, with cv. ‘Celer’,
which developed the highest number of tillers, especially in 2013, and cv. ‘Kasztan’—the
lowest (1.14). The lowest oats’ tillering was noted in 2014; it was 10% lower than in 2013.

Table 5. Number of oats’ tillers in mixtures depending on the soil type (factor I), oat cultivar (factor II), and study years

(factor IIT).
. Oat Cultivar
Soil Type Years Mean ! + SD 3
‘Celer’ ‘Furman’ ‘Grajcar’ ‘Kasztan’
2012 1.22 1.11 1.21 1.09 1.16 + 0.07
Stagnic Luvisol 2013 1.68 1.34 1.17 1.16 1.34+0.24
2014 1.03 1.20 1.10 1.08 1.10 £ 0.07
Mean 2 + SD 3 1.31+0.33 122+ 0.11 1.16 + 0.06 1.11 +0.05 1.20 ns
2012 1.28 1.33 1.32 1.15 1.27 +£0.08
Haplic Cambisol 2013 1.34 121 1.12 1.18 1.21 £0.09
2014 1.25 1.18 1.10 1.20 1.18 + 0.06
Mean 2 + SD 3 1.29 +0.05 1.24 +0.08 1.18 £ 0.12 1.18 £ 0.02 1.22ns
2012 1.25 122 1.26 1.12 121+ 006y
Mean 2013 1.51 1.28 1.14 1.17 1.27 £0.17 x
2014 1.14 1.19 1.10 1.14 114 £0.04z
Mean? £SD3  130+0.19a 123+ 0.04b 1.17 £ 0.09 ¢ 1.14+0.02 ¢ 1.21
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Table 5. Cont.
. Oat Cultivar
Soil Type Years Mean ! + SD 3
‘Celer’ ‘Furman’ ‘Grajcar’ ‘Kasztan’
LSD g 05 soil type ns 4
LSD (g5 cultivar 0.045
LSD 95 years 0.033
LSD g 05 soil type x cultivar ns
LSD 5 soil type x years 0.046
LSD (5 cultivar x years 0.065

1 Mean for the soil type, regardless of the oat cultivar; 2 Mean for the year 2012-2014; 3 S.D.—standard deviation; * ns—non-significant.
Homogeneous groups were created for the main factors. According to Tukey’s test, mean values marked with the same letters do not
differ significantly (p < 0.05). Small letters (a, b, c) for mean values of the second-factor levels—oats cultivars and x, y and z letters for
the third-factor levels—study years were chosen. The three-factor ANOVA—first-factor, soil type: Stagnic Luvisol and Haplic Cambisol;
second-factor, oat cultivar: ‘Celer’, ‘Furman’, ‘Grajcar’, ‘Kasztan’; third-factor, years: 2012, 2013, 2014.

Vetch density in the mixtures, as counted in spring, was ca. 30% lower than the
planned one (Table 6). A higher density was noted on the H.C. soil than the S.L. soil.
The vetch density depended on selected oats cultivar for the mixture and varied between
49.1 for cv. ‘Furman’ to 55.3 pieces m 2 for cv. ‘Celer’. The highest vetch densities in the
mixtures were found in 2013 year whereas the lowest in 2014.

Table 6. Vetch density in spring (pieces m~2) in mixture depending on the soil type (factor I), oat cultivar (factor I), and
study years (factor III).

Oat Cultivar

Soil Type Years Mean ! + SD 3
‘Celer’ ‘Furman’ ‘Grajcar’ ‘Kasztan’
2012 52.0 64.0 56.5 52.0 56.1 £+ 5.66
Stagnic Luvisol 2013 55.0 425 40.0 51.0 47.1 +7.05
2014 51.0 41.0 61.0 49.3 50.6 £+ 8.21
Mean 2 4 SD 3 52.7 £2.08 492 +£129 525+ 11.1 50.8 4+ 1.37 51.3B
2012 58.0 51.0 55.0 46.0 52.5 +£5.20
Haplic Cambisol 2013 69.0 64.0 63.0 65.0 65.3 +2.63
2014 47.0 32.0 46.0 52.0 443 + 8.58
Mean 2 4 SD 3 58.0 £ 11.0 49.0 £ 16.1 54.7 £+ 8.50 543 +£9.71 540 A
2012 55.0 57.5 55.8 49.0 543 £3.70y
Mean 2013 62.0 53.3 51.5 58.0 56.2 £ 4.74 x
2014 49.0 36.5 53.5 50.7 474 +752z
Mean 2 £ SD 3 553 £ 6.51a 49.1+11.1b 53.6 £ 2.15ab 52.6 + 4.78 ab 52.6
LSD 05 soil type 2.68
LSD g5 cultivar 242
LSD 05 years 1.68
LSD 5 soil type x cultivar 343
LSD 5 soil type x years 2.32
LSD g g5 cultivar x years 3.27

1 Mean for the soil type, regardless of the oat cultivar; 2 Mean for the year 2012-2014; 3 S.D.—standard deviation; Homogeneous groups
were created for the main factors. According to Tukey’s test, mean values marked with the same letters do not differ significantly (p < 0.05).
Capital letters (A and B) for mean values of the first factor levels—soil types, small letters (a, b, ¢) for mean values of the second-factor
levels—oats cultivars and x, y and z letters for the third-factor levels—study years were chosen. The three-factor ANOVA—first-factor, soil

type: Stagnic Luvisol and Haplic Cambisol; second-factor, oat cultivar: ‘Celer’, ‘Furman’, ‘Grajcar’, ‘Kasztan’; third-factor, years: 2012,
2013, 2014.

3.2. Yield of Mixtures

On average, the mixture yielded 40% lower on Haplic Cambisol (H.C.), compared to
Stagnic Luvisol (S.L.) (Table 7). The yield of three oat cultivars’ grown with common vetch
on the S.L. soil was 3.06—3.19 t ha™!, except for cv. ‘Grajcar’ that yielded significantly
lower. On the H.C. soil, the yield of cv. “Kasztan” was by 0.2—0.46 t ha~! higher compared
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to other cultivars. The yielding of oat cultivars with vetch varied between years. The
highest yields of the mixtures were in dry 2012, and the lowest, in regular 2014.

Table 7. Seed yield (t ha=!) of the mixture depending on the soil type (factor I), oat cultivar (factor IT), and study years

(factor III).
. Oat Cultivar
Soil Type Years Mean 1+ SD3
‘Celer’ ‘Furman’ ‘Grajcar’ ‘Kasztan’
2012 4.15 3.84 3.61 3.79 3.84 +0.23
Stagnic Luvisol 2013 2.53 243 2.39 222 2.39 +£0.13
2014 2.69 3.30 2.31 3.17 2.87 +£0.46
Mean2 £SD3  3.12+0.89 3.19 £0.71 2.77 £0.73 3.06 &= 0.79 3.03 A
2012 1.78 2.09 2.47 2.81 2.29 +£ 045
Haplic Cambisol 2013 1.07 1.12 1.18 1.24 1.15 +£0.07
2014 2.00 1.99 1.99 2.18 2.04 £ 0.09
Mean 2 + SD 3 1.62 + 0.49 1.73 +0.53 1.88 + 0.65 2.08 +0.79 1.83B
2012 2.96 2.96 3.04 3.30 3.07 £ 0.16 x
Mean 2013 1.80 1.78 1.78 1.73 1.77 £0.03 z
2014 2.35 2.64 2.15 2.68 245+ 025y
Mean? +SD3 237 4+058bc 246 £ 0.61ab 232 £0.65¢ 2574+0.79a 2.43
LSD g 05 soil type 0.157
LSD (g5 cultivar 0.126
LSD (05 years 0.111
LSD g 05 soil type X cultivar 0.178
LSD g o5 soil type x years 0.157
LSD (5 cultivar x years 0.220

1 Mean for the soil type, regardless of the oat cultivar; > Mean for the year 2012-2014; 3 S.D.—standard deviation. Homogeneous groups
were created for the main factors. According to Tukey’s test, mean values marked with the same letters do not differ significantly (p < 0.05).
Capital letters (A and B) for mean values of the first factor levels—soil types, small letters (a, b, c) for mean values of the second-factor
levels—oats cultivars and X, y and z letters for the third-factor levels—study years were chosen. The three-factor ANOVA—first-factor, soil
type: Stagnic Luvisol and Haplic Cambisol; second-factor, oat cultivar: ‘Celer’, ‘Furman’, ‘Grajcar’, ‘Kasztan’; third-factor, years: 2012,

2013, 2014.

The share of vetch seeds in the mixtures was variable. On average, it was 20% higher

on the H.C. soil than the S.L. soil (Table 8). It was also highest in 2013 (65.7%) and the
lowest—in a dry 2012 (19.6%). The vetch seed’s share also depended on the selected oats
cultivar and was the highest for cv. ‘Grajcar’, and the lowest for cv. ‘Kasztan’.

Table 8. Share (%) of common vetch seeds in the mixture depending on the soil type (factor I), oat cultivar (factor II), and

study years (factor III).

Oat Cultivar

Soil Type Years Meanl + SD3
‘Celer’ ‘Furman’ ‘Grajcar’ ‘Kasztan’
2012 22.3 35.1 29.7 20.8 27.0 + 6.67
Stagnic Luvisol 2013 75.4 75.0 76.4 76.0 75.7 £ 0.65
2014 78.1 69.7 65.9 70.7 71.1£5.13
Mean? +SD?3 58.6 + 31.5 59.9 + 21.7 57.3 +24.5 55.8 +30.5 57.9 A
2012 4.8 23.0 12.7 8.5 122 £ 7.86
Haplic Cambisol 2013 61.6 55.1 61.7 447 55.8 4+ 8.00
2014 41.9 31.0 60.2 404 434 +122
Mean 2 + SD 3 36.1 +28.8 36.4 + 16.7 449 + 279 31.24+19.8 37.1B
2012 13.6 29.1 21.2 14.6 19.6 £ 7142z
Mean 2013 68.5 65.0 69.1 60.4 65.7 +4.00 x
2014 60.0 50.4 63.0 55.6 572+ 552y
Mean2 +SD3  4744+296b 482+ 18.1ab 51.1+26.1a 4354+ 251c¢ 475
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Table 8. Cont.
. Oat Cultivar
Soil Type Years Mean! £+ SD 3
‘Celer’ ‘Furman’ ‘Grajcar’ ‘Kasztan’
LSD g5 soil type 4.23
LSD g5 cultivar 3.12
LSD 05 years 2.58
LSD g 05 soil type X cultivar 441
LSD g 05 soil type X years 3.65
LSD (5 cultivar x years 5.16

1 Mean for the soil type, regardless of the oat cultivar; > Mean for the year 2012-2014; 3 S.D.—standard deviation. Homogeneous groups
were created for the main factors. According to Tukey’s test, mean values marked with the same letters do not differ significantly (p < 0.05).
Capital letters (A and B) for mean values of the first factor levels—soil types, small letters (a, b, c) for mean values of the second-factor
levels—oats cultivars and X, y and z letters for the third-factor levels—study years were chosen. The three-factor ANOVA—first-factor, soil
type: Stagnic Luvisol and Haplic Cambisol; second-factor, oat cultivar: ‘Celer’, ‘Furman’, ‘Grajcar’, ‘Kasztan’; third-factor, years: 2012,

2013, 2014.

The oat—vetch mixture’s straw yield was significantly differentiated by the examined

factors and their interaction (Table 9). A substantially higher straw yield was found on
the S.L. soil (4.72 tha~!) than the H.C. s0il (3.72 tha~!). Contrary to the grains’ yield, the
highest straw yield was recorded in 2014 (5.58 t ha~1), and the lowest in 2012 (3.13 t ha™1).

Table 9. Straw yield (t ha~1) for oats-vetch mixtures depending on the soil type (factor I), oat cultivar (factor II), and study

years (factor III).

Oat Cultivar

Soil Type Years Mean ! + SD 3
‘Celer’ ‘Furman’ ‘Grajcar’ ‘Kasztan’
2012 3.99 3.80 3.79 3.30 3.72£0.29
Stagnic Luvisol 2013 5.82 5.14 471 4.59 5.06 + 0.56
2014 5.47 5.99 4.59 5.53 5.39 +0.59
Mean 2 4 SD 3 5.09 + 0.97 498 +1.11 4.36 + 0.50 447 £1.12 472 A
2012 3.00 2.73 2.27 217 2.54 +0.39
Haplic Cambisol 2013 2.69 3.10 2.82 2.84 2.86 +0.17
2014 5.73 6.48 5.62 5.20 5.76 + 0.53
Mean 2 4 SD 3 3.81 £1.67 410 + 2.07 3.57 +1.80 341+ 1.59 372B
2012 3.49 3.26 3.03 2.74 313+0.32z
Mean 2013 4.26 4.12 3.76 3.71 3.96+027y
2014 5.60 6.24 5.10 5.36 5.58 +0.49 x
Mean? £SD3 4454+ 1.07a 454+ 153a 396 +1.05Db 3.94+1.33b 422
LSD g 05 soil type 0.166
LSD (95 cultivar 0.278
LSD 05 years 0.240
LSD 5 soil type x cultivar ns*4
LSD g 05 soil type X years 0.321
LSD g g5 cultivar x years 0.479

1 Mean for the soil type, regardless of the oat cultivar; 2 Mean for the year 2012-2014; 3 §.D.—standard deviation; 4 ns—non-significant.
Homogeneous groups were created for the main factors. According to Tukey’s test, mean values marked with the same letters do not differ
significantly (p < 0.05). Capital letters (A and B) for mean values of the first factor levels—soil types, small letters (a, b, ¢) for mean values
of the second-factor levels—oats cultivars and x, y and z letters for the third-factor levels—study years were chosen. The three-factor
ANOVA—first-factor, soil type: Stagnic Luvisol and Haplic Cambisol; second-factor, oat cultivar: ‘Celer’, ‘Furman’, ‘Grajcar’, ‘Kasztan’;

third-factor, years: 2012, 2013, 2014.

3.3. Selected Components of Yield Structure

A substantially greater number of oats’ panicles was found on H.C. soil

(330 pieces m~2) than the S.L. soil (285 pieces m~2) (Table 10). On average, in the mixtures,
the largest number of panicles developed cv. ‘Celer’ (344 pieces m~2) and the smallest—cv.
‘Grajcar’ (282 pieces m~2). Interestingly, during the dry 2012 year, oat developed almost
twice more panicles than in the regular year 2014. In that year, regardless of the soil type,
cv. ‘Celer’ developed the highest number of panicles (559—535 pieces m~2). The number
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of oat panicles per m~2 decreased in the following years, most probably resulting from a
continuous sequence of cereals in the crop rotation, and lack of fertilization.

Table 10. Number of oat panicles (pieces m~2) in the mixtures depending on the soil type (factor I), oat cultivar (factor II),

and study years (factor III).

Oat Cultivar

Soil Type Years Mean ! + SD 3
‘Celer’ ‘Furman’ ‘Grajcar’ ‘Kasztan’
2012 511 388 455 453 452 + 50.3
Stagnic Luvisol 2013 203 262 219 180 216 £+ 34.6
2014 151 227 201 170 187 +33.7
Mean 2 4 SD 3 288 + 194.6 292 + 84.7 292 +141.8 268 + 160.6 285 B
2012 559 350 415 516 460 + 95.0
Haplic Cambisol 2013 316 223 225 291 264 +47.0
2014 325 283 176 286 268 + 63.9
Mean 2 £ SD 3 400 + 137.7 285 + 63.5 272 +126.2 364 + 131.3 330 A
2012 535 369 435 485 456 + 70.9 x
Mean 2013 260 243 222 236 240 £ 157y
2014 238 255 189 228 227 £ 282y
Mean? £SD3 344 +1656a  289+69.7c 282 +1337 ¢ 316 + 146.0 b 308
LSD g 05 soil type 20.0
LSD (g5 cultivar 23.3
LSD (05 years 20.0
LSD g 05 soil type X cultivar 329
LSD g o5 soil type x years 28.3
LSD (5 cultivar x years 40.0

1 Mean for the soil type, regardless of the oat cultivar; > Mean for the year 2012-2014; 3 S.D.—standard deviation. Homogeneous groups
were created for the main factors. According to Tukey’s test, mean values marked with the same letters do not differ significantly (p < 0.05).
Capital letters (A and B) for mean values of the first factor levels—soil types, small letters (a, b, c) for mean values of the second-factor
levels—oats cultivars and X, y and z letters for the third-factor levels—study years were chosen. The three-factor ANOVA—first-factor, soil
type: Stagnic Luvisol and Haplic Cambisol; second-factor, oat cultivar: ‘Celer’, ‘Furman’, ‘Grajcar’, ‘Kasztan’; third-factor, years: 2012,

2013, 2014.

Significantly more oats’ grains per panicle (GPP), by 32%, were found on the S.L. soil,
compared to the H.C. soil (Table 11). The number of GPP differed significantly for the oats’
cultivars and was in a range of 10.5 for cv. ‘Grajcar” to 14.0 for cv. ‘Kasztan’. Contrary to

the number of panicles per m~2, oat developed 13% more GPP in 2014 than in 2012.

Table 11. Number of grains (pieces) per oat panicle in the mixtures depending on the soil type (factor I), oat cultivar (factor

II), and study years (factor III).

Oat Cultivar

Soil Type Years Meanl + SD3
‘Celer’ ‘Furman’ ‘Grajcar’ ‘Kasztan’
2012 11.9 20.5 13.6 19.7 16.4 + 4.31
Stagnic Luvisol 2013 17.7 17.8 7.7 10.9 13.5 + 5.08
2014 18.6 16.0 12.3 13.8 15.2 +2.75
Mean? +SD?3 16.1 +3.63 18.1 + 2.28 11.2 £ 3.10 14.8 + 4.46 15.0 A
2012 4.6 8.1 12.2 11.1 9.0+ 3.43
Haplic Cambisol 2013 6.7 6.4 7.0 9.9 7.5+ 1.60
2014 12.6 14.7 10.5 18.4 14.0 + 3.37
Mean 2 +SD 3 8.0+ 4.15 9.7 + 4.40 99+ 2.67 13.1 + 4.60 10.2 B
2012 8.2 14.3 12.9 15.4 127 £3.15y
Mean 2013 12.2 12.1 7.3 10.4 10.5+2.28z
2014 15.6 15.4 11.4 16.1 14.6 + 2.18 x
Mean 2 4+ SD 3 12.0 £3.68b 13.9 £1.65 a 10.5 +2.88 ¢ 14.0 £3.12 a 12.6
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Table 11. Cont.
. Oat Cultivar
Soil Type Years Mean! £+ SD 3
‘Celer’ ‘Furman’ ‘Grajcar’ ‘Kasztan’
LSD g5 soil type 0.393
LSD g5 cultivar 1.28
LSD 05 years 0.809
LSD g 05 soil type X cultivar 1.62
LSD g 05 soil type X years 1.01
LSD (5 cultivar x years 1.62

1 Mean for the soil type, regardless of the oat cultivar; > Mean for the year 2012-2014; 3 S.D.—standard deviation. Homogeneous groups
were created for the main factors. According to Tukey’s test, mean values marked with the same letters do not differ significantly (p < 0.05).
Capital letters (A and B) for mean values of the first factor levels—soil types, small letters (a, b, c) for mean values of the second-factor
levels—oats cultivars and X, y and z letters for the third-factor levels—study years were chosen. The three-factor ANOVA—first-factor, soil
type: Stagnic Luvisol and Haplic Cambisol; second-factor, oat cultivar: ‘Celer’, ‘Furman’, ‘Grajcar’, ‘Kasztan’; third-factor, years: 2012,
2013, 2014.

The soil type significantly differentiated the mass of 1000 grains (MTG) of oat in the
mixture with vetch (Table 12). The MTGs of the oats’ cultivars in this experiment was lower
than standard values (Table 2). A greater MTG was found for oats on the H.C. soil than the
S.L. soil. The oat cultivars also differed in the MTG, which was in a range of 31.8-38.7 g
for mixture with cv. ‘Grajcar’ and cv. ‘Celer’, respectively. In 2013, the oat MTG was 16%
higher than in 2012.

Table 12. 1000-grain mass (g) of oat in the mixture with vetch depending on the soil type (factor I), oat cultivar (factor II),
and study years (factor III).

Oat Cultivar

Soil Type Years Mean ! + SD 3
‘Celer’ ‘Furman’ ‘Grajcar’ ‘Kasztan’
2012 36.4 324 28.2 334 32.6 +£3.39
Stagnic Luvisol 2013 41.2 37.0 36.4 37.8 38.1+2.16
2014 36.9 334 29.7 32.6 33.1+2.96
Mean 2 4 SD 3 38.2 +£2.66 34.2 +2.40 31.4 +4.38 34.6 +2.78 346 B
2012 36.8 30.1 33.1 343 33.6 +£2.75
Haplic Cambisol 2013 40.8 34.7 31.1 38.5 36.3 +4.27
2014 40.0 353 321 36.1 359+ 3.24
Mean 2 4 SD 3 39.2+212 33.3 +2.80 321 +1.01 36.3 +2.11 352 A
2012 36.6 31.3 30.7 339 331+271z
Mean 2013 41.0 35.8 33.8 38.1 372 +3.11x
2014 38.4 34.3 30.9 34.3 345+ 3.08y
Mean 2 4 SD 3 387+221a 33.8+2.32c¢ 31.8+1.72d 354 +234Db 34.9
LSD g5 soil type 0.525
LSD g5 cultivar 0.816
LSD (05 years 0.441
LSD g 05 soil type X cultivar 1.13
LSD g 05 soil type x years 0.624
LSD (5 cultivar x years 0.883

1 Mean for the soil type, regardless of the oat cultivar; > Mean for the year 2012-2014; 3 S.D.—standard deviation. Homogeneous groups
were created for the main factors. According to Tukey’s test, mean values marked with the same letters do not differ significantly (p < 0.05).
Capital letters (A and B) for mean values of the first factor levels—soil types, small letters (a, b, c) for mean values of the second-factor
levels—oats cultivars and x, y and z letters for the third-factor levels—study years were chosen. The three-factor ANOVA—first-factor, soil
type: Stagnic Luvisol and Haplic Cambisol; second-factor, oat cultivar: ‘Celer’, ‘Furman’, ‘Grajcar’, ‘Kasztan’; third-factor, years: 2012,

2013, 2014.

The significant relationships of the mass of grains per oats’ panicle were similar to the
relationships presented for the MTG of oats (Table 13).
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Table 13. Mass grains (g) per oat panicle in the oat-vetch mixture depending on the soil type (factor I), oat cultivar (factor

II), and study years (factor III).

Oat Cultivar

Soil Type Years Mean ! + SD 3
‘Celer’ ‘Furman’ ‘Grajcar’ ‘Kasztan’
2012 0.43 0.66 0.41 0.65 0.54 £0.14
Stagnic Luvisol 2013 0.43 0.47 0.25 0.28 0.36 +0.11
2014 0.48 0.47 0.42 0.42 0.45 £+ 0.03
Mean 2 4 SD 3 0.45 £+ 0.03 0.53 £0.11 0.36 £+ 0.09 0.45 +0.18 0.45 A
2012 0.17 0.24 0.40 0.39 0.30 £0.12
Haplic Cambisol 2013 0.17 0.18 0.22 0.25 0.21 £ 0.04
2014 0.31 0.42 0.32 0.50 0.39 + 0.09
Mean? £SD3  0.22+0.08 0.28 & 0.12 0.32 + 0.09 0.38 +0.13 0.30 B
2012 0.30 0.45 0.41 0.52 0.42 +0.09 x
Mean 2013 0.30 0.33 0.24 0.27 0.28 £0.04y
2014 0.40 0.44 0.37 0.46 0.42 £0.04 x
Mean 2 4 SD 3 0.33 £ 0.06 b 0.41 £0.07 a 0.34 £ 0.09Db 042 +0.13a 0.37
LSD g 05 soil type 0.034
LSD (95 cultivar 0.048
LSD 05 years 0.035
LSD g o5 soil type X cultivar 0.068
LSD 5 soil type x years 0.050
0.070

LSD g g5 cultivar x years

1 Mean for the soil type, regardless of the oat cultivar; 2 Mean for the year 2012-2014; 3 S.D.—standard deviation. Homogeneous groups
were created for the main factors. According to Tukey’s test, mean values marked with the same letters do not differ significantly (p < 0.05).
Capital letters (A and B) for mean values of the first factor levels—soil types, small letters (a, b, ¢) for mean values of the second-factor
levels—oats cultivars and X, y and z letters for the third-factor levels—study years were chosen. The three-factor ANOVA—first-factor, soil
type: Stagnic Luvisol and Haplic Cambisol; second-factor, oat cultivar: ‘Celer’, ‘Furman’, ‘Grajcar’, ‘Kasztan’; third-factor, years: 2012,

2013, 2014.

Relative to oats, the mass of 1000 seeds (MTS) of vetch was 12% higher on the S.L.
soil than the H.C. soil (Table 14). The MTS of vetch was also considerably influenced by
the cultivar of oat, as the mixture companion. The highest MTS of vetch was found in
the mixture with oat cv. “Grajcar’, and the lowest in the mixture with oat cv. ‘Kasztan’.
Moreover, the MTS of vetch varied significantly over the years of the study. The highest

MTS of vetch was in a regular 2014, and the lowest in a dry 2012.

Table 14. 1000-seed mass (g) of vetch cv. ‘Hanka’ of the mixture depending on the soil type (factor I), oat cultivar (factor II),

and study years (factor III).

Oat Cultivar
Soil Type Years Mean ! + SD 3
‘Celer’ ‘Furman’ ‘Grajcar’ ‘Kasztan’
2012 48.0 47.3 51.5 49.5 491 +1.85
Stagnic Luvisol 2013 55.6 50.9 58.5 49.2 53.5 + 4.29
2014 51.0 54.8 52.8 52.9 52.9 + 1.55
Mean? +SD 3 51.5 + 3.84 51.0 £ 3.73 543 + 3.74 50.5 + 2.03 51.8 A
2012 38.1 38.8 40.0 27.5 36.1 + 5.80
Haplic Cambisol 2013 51.3 45.9 452 46.6 47.3 +2.75
2014 54.0 52.2 54.6 51.4 53.0 + 1.50
Mean 2 +SD 3 47.8 + 8.46 45.6 + 6.71 46.6 + 7.39 41.8+12.6 455B
2012 43.1 43.1 458 38.5 426 +£3.00z
Mean 2013 53.4 48.4 51.9 47.9 50.4 +2.69y
2014 52.5 53.5 53.7 52.1 53.0 + 0.77 x
Mean? + SD3 497 +574ab 483 +522bc 50.4 +4.17 a 462 + 697 ¢ 48.6
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Table 14. Cont.
. Oat Cultivar
Soil Type Years Mean ! + SD 3
‘Celer’ ‘Furman’ ‘Grajcar’ ‘Kasztan’
LSD g5 soil type 1.67
LSD g5 cultivar 1.97
LSD 05 years 1.97
LSD g 05 soil type X cultivar 2.78
LSD g 05 soil type X years 2.54
LSD (5 cultivar x years 3.52

1 Mean for the soil type, regardless of the oat cultivar; > Mean for the year 2012-2014; 3 S.D.—standard deviation. Homogeneous groups
were created for the main factors. According to Tukey’s test, mean values marked with the same letters do not differ significantly (p < 0.05).
Capital letters (A and B) for mean values of the first factor levels—soil types, small letters (a, b, c) for mean values of the second-factor
levels—oats cultivars and X, y and z letters for the third-factor levels—study years were chosen. The three-factor ANOVA—first-factor, soil
type: Stagnic Luvisol and Haplic Cambisol; second-factor, oat cultivar: ‘Celer’, ‘Furman’, ‘Grajcar’, ‘Kasztan’; third-factor, years: 2012,
2013, 2014.

3.4. Protein Content in Oat Grains and Vetch Seeds

The soil type significantly differentiated the total protein content in oat grains (Table 15).
A 5% higher protein content was found in grains of oats grown in H.C. soil than the S.L.
soil. The protein content differed among the oat cultivars in the mixtures and was in a
range of 94.4 for cv. “Kasztan’ to 107 g kg~! for cv. Furman. On average, a 39% higher
protein content was found in the grains of oats in 2013 than in the dry 2012 year.

Table 15. Total protein content in oat grain (g kg ') grown in the mixtures, depending on the soil type (factor I), oat cultivar
(factor II), and study years (factor III).

Oat Cultivar

Soil Type Years Mean! + SD 3
‘Celer’ ‘Furman’ ‘Grajcar’ ‘Kasztan’
2012 86.7 70.3 70.0 73.0 75.0 £7.95
Stagnic Luvisol 2013 120 141 135 106 125 +15.8
2014 87.6 104 113 90.5 98.5 £ 11.6
Mean 2 4 SD 3 979 +£18.7 105 £ 35.1 106 £+ 33.2 89.8 £ 164 99.6 B
2012 71.4 88.0 80.2 83.6 80.8 +7.04
Haplic Cambisol 2013 144 130 130 121 131 +9.69
2014 103 111 101 93.0 102 +£7.18
Mean 2 £+ SD 3 106 + 36.4 110 +21.1 104 +25.2 99.1 +£19.2 105.0 A
2012 79.1 79.1 75.1 78.3 779 £192z
Mean 2013 132 135 133 113 128.0 +£ 10.2 x
2014 95.0 107 107 91.8 100.0+7.86y
Mean 2 4 SD 3 102 £27.0c¢ 107 £28.1a 105 +289b 944 +175d 102.0
LSD g 05 soil type 0.942
LSD (o5 cultivar 1.65
LSD 95 years 1.13
LSD g 05 soil type X cultivar 2.13
LSD 05 soil type x years 1.43
LSD (5 cultivar x years 2.26

1 Mean for the soil type, regardless of the oat cultivar; 2 Mean for the year 2012-2014; 3 S.D.—standard deviation. Homogeneous groups
were created for the main factors. According to Tukey’s test, mean values marked with the same letters do not differ significantly (p < 0.05).
Capital letters (A and B) for mean values of the first factor levels—soil types, small letters (a, b, c) for mean values of the second-factor
levels—oats cultivars and X, y and z letters for the third-factor levels—study years were chosen. The three-factor ANOVA—first-factor, soil
type: Stagnic Luvisol and Haplic Cambisol; second-factor, oat cultivar: ‘Celer’, ‘Furman’, ‘Grajcar’, ‘Kasztan’; third-factor, years: 2012,

2013, 2014.

The type of soil significantly affected the vetch seeds’ protein content, which was
higher on the S.L. soil (Table 16). High protein content in vetch seeds was found in the
mixture with oats cv. Furman, which was also rich in protein. The same relationship was
found for the lowest protein content in the vetch/oat mixture, which was in the one with
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oat cv. ‘Kasztan’ (Table 15). On average, the highest protein content in vetch seeds was
found in 2013, and the lowest in 2014.

Table 16. Total protein content in vetch seeds (g kg~') grown in the mixtures, depending on the soil type (factor I), oat
cultivar (factor II), and study years (factor III).

Oat Cultivar

Soil Type Years Mean! £+ SD 3
‘Celer’ ‘Furman’ ‘Grajcar’ ‘Kasztan’
2012 273 272 268 274 272 £2.50
Stagnic Luvisol 2013 292 293 285 274 286 + 8.80
2014 286 264 273 272 273 £9.12
Mean 2 4 SD 3 284 +9.59 276 + 154 275 + 8.89 273 +£1.37 277 A
2012 287 290 276 267 280 £10.5
Haplic Cambisol 2013 271 273 276 272 273 £2.40
2014 273 275 275 263 271 £5.50
Mean 2 4 SD 3 277 £8.90 279 £9.07 276 £ 0.95 267 £4.76 275 B
2012 280 281 272 270 276 £540y
Mean 2013 281 283 281 273 280 + 4.39 x
2014 279 269 274 267 272 £524 7
Mean 2 4 SD 3 280 £ 1.15a 278 £7.65b 275 £ 4.66 ¢ 270 £2.99d 276
LSD 5 soil type 0.794
LSD g5 cultivar 1.33
LSD 05 years 0.764
LSD g 05 soil type X cultivar 1.72
LSD g 05 soil type X years 1.01
LSD (5 cultivar x years 1.53

1 Mean for the soil type, regardless of the oat cultivar; > Mean for the year 2012-2014; 3 S.D.—standard deviation. Homogeneous groups
were created for the main factors. According to Tukey’s test, mean values marked with the same letters do not differ significantly (p < 0.05).
Capital letters (A and B) for mean values of the first factor levels—soil types, small letters (a, b, c) for mean values of the second-factor
levels—oats cultivars and X, y and z letters for the third-factor levels—study years were chosen. The three-factor ANOVA—first-factor, soil
type: Stagnic Luvisol and Haplic Cambisol; second-factor, oat cultivar: ‘Celer’, ‘Furman’, ‘Grajcar’, ‘Kasztan’; third-factor, years: 2012,

2013, 2014.

The canonical variate analysis (CVA), which included all the tested traits, was applied
to extract the factor that influenced the overall state of the oat—vetch mixtures the most
(Figure 4). The first two canonical variates explained jointly 81.19% of the total variation
between the treatments. The greatest, significant linear relationship was found for protein
content in oat grains (g kg~!) and a share of common vetch seed in the mixture’s yield
(positive dependency). The significant negative dependencies were found for the mixtures’
yield, the number of oats panicles per m~2, and the mass of grains per oat panicle. The
second canonical variate was significantly positively correlated with the number of oat
panicles per m~2 and the density of oat at spring. The negative correlation was found for
the number of grains per oat panicle, a share of vetch seed in the mixture’s yield, and the
1000-grain mass of oat.

The diversities in all traits, as measured with Mahalanobis distances, are presented in
Table 17.
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Figure 4. Distribution of combinations of treatments in the two first canonical variates. Abbreviations: S.L.—Stagnic
Luvisolor, H.C.—Haplic Cambisol; C.—'Celer’, F—'Furman’, G.—'Grajcar’, K.—'Kasztan’; 12-14—years 2012-2014.

The CVA analysis
factor for the mixture’s

pointed to the year (weather conditions) as a main differentiating
performance. The best for the mixtures turned to be the year 2013,

and the worst—the dry year 2012. Moreover, Haplic Cambisol was better for the tested
mixtures than the Stagnic Luvisol. The analysis also revealed that among the studied
four cultivars of oats, the best for mixing with vetch cv. ‘Hanka” was cv. “Furman’ and

cv. ‘Grajcar’.
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Table 17. Mahalanobis distances between pairs of combinations of three studied factors.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
SL.C.12 1
SL.E 12 2 62.07
SL.G. 12 3 52.52 15.57
S.L.K.12 4 51.55 12.52 13.09
SL.C.13 5 74.73 58.29 61.56 57.87
SL.E13 6 64.92 84.78 81.65 79.04 47.67
SL.G.13 7 65.65 79.34 75.17 74.84 43.55 19.67
S.L.K.13 8 54.44 49.02 45.12 46.52 35.24 45.76 34.66
SL.C.14 9 67.78 28.59 36.68 30.63 39.32 72.16 68.22 42.72

SL.F. 14 10 68.71 54.86 50.72 55.09 49.38 59.18 45.38 24.24 55.55

SL.G. 14 11 59.39 57.19 52.19 55.12 44.35 44.57 31.68 17.36 54.54 19.64

S.L.K. 14 12 55.76 30.51 27.97 30.28 41.73 61.61 52.52 21.11 30.37 28.56 29.55

HC.C.12 13 45.78 53.41 49.69 44.58 76.33 87.73 88.76 69.53 55.71 87.47 80.56 63.36

HC.F 12 14 61.66 32.12 35.01 30.03 44.76 72.9 69.54 47 21.96 61.71 57.66 37.02 43.84

HC.G. 12 15 58.94 18.18 19.3 18.55 48.87 76.41 69.85 40.25 26.43 49.3 49.99 26.24 49.86 22.08

H.C.K.12 16 28.23 45.02 34.01 36.47 65.09 65.62 60.9 38.97 55.23 48.63 43.69 37.06 50.18 50.26 39.95

HC.C.13 17 85.57 101.8 96 98.62 72.08 51.26 40.07 56.48 97.29 56.12 48.11 75.27 11473  98.69 92.27 77.35

H.C.F. 13 18 61.33 88.71 80.96 83.29 67.64 39.77 31.83 45.53 85.42 52.33 38.51 63.4 93.67 84.3 79.66 57.2 28.28

HC.G. 13 19 62.9 81.76 75.09 77.33 58.73 34.73 23.68 37.6 77 43.68 28.34 55.28 91.66 76.72 72.66 55.4 29.34 13.33

H.C.K. 13 20 61.53 69.1 63.64 65.78 48.74 41.88 28.82 25.5 65.86 31.29 20.03 43.58 84.94 67.16 59.51 48.09 33.6 26.95 20.51

HC.C. 14 21 61.11 45.09 4217 439 35.87 55.92 442 15.88 41.73 2411 25.27 22.41 70.72 44.79 34.02 41.66 61.2 54.34 46.69 30.15

H.C.F 14 22 58.91 53.88 49.11 50.69 40.18 46.87 34.82 17.11 49.56 23.02 18.48 28.49 74.89 50.41 42.99 41.07 54.26 45.05 36.32 24.67 16.51

HC.G. 14 23 66.97 41.07 39.81 42.19 35.95 59.91 48.16 20.21 35.44 24.05 26.43 16.49 73.23 41.07 32.14 47.18 69.02 61.79 52.08 38.84 15.54 2213
H.C.K. 14 24 70.26 43.76 41.11 4591 50.75 70.85 58.48 29.34 48.57 20.45 31.58 25.96 80.34 53.81 37.17 46.31 68.47 63.88 56.15 39.82 19.66 27.66  20.89

Abbreviations: S.L.—Stagnic Luvisol, H.C.—Haplic Cambisol; C.—'Celer’, F—Furman’, G—'Grajcar’, K—Kasztan’; 12-14—years 2012-2014.
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4. Discussion

Our results clearly show that the weather course during the vegetation season is a
primary factor affecting the performance of oat-vetch mixtures. Interestingly, oats had
higher yields during the dry season, whereas vetch had higher yields during seasons
classified as regular. Many authors emphasize that oats are more competitive toward
companion species in mixtures during dry seasons [32-37]. In adverse weather conditions,
such as rainfall shortage or inadequate rainfall distribution during vegetation and lack of
radiation, the cereal component determines the cereal-legume mixture’s yield [38].

We also showed that particular components of the mixture preferred different soil
types; oat yielded better on a fertile Stagnic Luvisol. The vetch’s yield parameters were
better on a sandy Haplic Cambisol of a low N content. Moreover, vetch was performing
better than oat in the following years of the experiment, when the rainfall distribution
was variable. The balance between species is a key factor determining productivity of
mixtures [39-41]. One of the management factors that affect intercropped species’ relative
competitiveness and performance is N availability [35-37,42—44]. According to [45], the
yield of cereal-legume mixtures grown on the poorer soils depends mainly on the cereal
component and the species and sowing density of lupine do not have a significant impact
on the yield of mixtures.

On the other hand, [44] showed that the mixtures of oats with yellow lupine and
triticale with lupine yielded the best on the soil intended for rye cultivation. Other au-
thors [42,46,47] underline that the legume component performs better in a situation of N
deficiency, which may happen in the organic crop rotations. Cultivation of mixtures of
oat and legumes is beneficial through the structure-forming action of the legume root sys-
tem [48], increasing soil biodiversity and activating nutrients from compounds inaccessible
to the root system of cereals [49].

In our research, oat cultivars significantly differentiated the yield, total protein content
of oat grains and vetch seeds, as well as the vetch yield parameters, such as the 1000-seed
mass. Similar results were obtained by [50], who found that in the oat—vetch mixture
grown for fodder, the selection of oats cultivars and vetch species affected the crude protein
content in the mixtures” biomass. However, [37] underlines that the N content in pea grain
is lower in the mixture with cereal, compared to the pure sowing. The reverse situation
was noted for the mixture’s cereal component, in which N content in both grain and straw
was higher [37].

Cultivation of crop mixtures, composed of at least two species, is a crucial element
of proper agricultural technology, particularly in conventional farming, but mostly in the
organic one [42,51,52]. The results of our study showed that the yielding and protein
content of interspecies mixtures is the result of many natural and agrotechnical factors [7].
Therefore, the identification of yield variability of legume-cereal mixtures is particularly
important and justified due to climate change, and more frequently occurring water
shortage, as they are considered an important element of agricultural diversification [53].

5. Conclusions

The course of the weather in particular years was the main factor affecting the per-
formance of the organically grown oat-vetch mixture. In warm and dry weather oat
component of the mixture affected the final yield. Among the oat cultivars in a mixture
with common vetch, the ‘Kasztan’ cultivar was characterized by the highest yield, but var-
ied over the years. In a dry and very warm year with low variability of rainfall distribution,
it yielded the highest. On the other hand, warm and average years, with a high variability
of rainfall distribution, presented the lowest yields compared to other cultivars.

Common vetch grown with oat increased the protein content of the oat grain. The
highest content of total protein was measured in grains of cv. Furman. On the other
hand, the highest content of total protein in vetch seeds was in cultivation with ‘Celer’
cultivar. The highest share of vetch seed in the grain yield of the mixture was noted with
cv. ‘Grajcar’.
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The type of soil was also crucial. A higher yield of mixture was found on Stagnic
Luvisol soil whereas total protein content was higher in the mixture grown on Haplic
Cambisol soil. On Stagnic Luvisol, the Furman cultivar performed better whereas ‘Kasztan’
fared better on Haplic Cambisol.

Proper selection of oat cultivar for the mixture with common vetch in conditions of
organic farming is an important measure affecting the grain yield, yield parameters, and
protein content in vetch seeds.
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