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Abstract

:

Fava bean (Vicia faba L.) yields are featured by high variability, influenced by the agro-environmental conditions during the growing seasons. These legume crops are sensitive to hydric and heat stresses. The adaptation depends on the efficiency of specific cultivars to use the available resources to produce biomass. This capacity is determined by the genotype and agronomical management practices. The present work aimed to uncover the influence of Baltic agro-environmental conditions (fava bean cultivar, plant density, climate, and soil features) on yield and protein content. For this, field trials were set under Baltic agro-climatic conditions, in Latvia and Estonia with five commercially available fava bean cultivars, representing broad genetic variation (‘Gloria’, ‘Julia’, ‘Jogeva’, ‘Lielplatones’, and ‘Bauska’). The results evidenced ‘Bauska’, ‘Julia’, and ‘Lielplatones’, as the most productive cultivars in terms of seed yield (4.5, 3.7, and 4.6 t ha−1, respectively) and protein yield (1.39, 1.22, and 1.36 t ha−1, respectively) under Estonian and Latvian agro-climatic conditions. Sowing these specific cultivars at densities of 30–40 seeds m−2 constitutes sustainable management for fava bean production in conventional cropping systems in the Baltic region.
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1. Introduction


Increased consumption of legumes in Europe is highly desirable, as a means to improve the sustainability of the agro-food system. Legume crops provide several benefits for soil, the environment, and the overall sustainability of the cropping systems in a crops rotation scheme due to their significant value in improving soil fertility through fixing nitrogen in symbiosis with Rhizobium bacteria [1,2]. Legumes are also featured by high nutritional value and health benefits due to their content of protein of high biological value that, in combination with slowly digested carbohydrates, make them very valuable foods, supplying essential nutrients to humans [2,3].



Besides the dietary benefits associated with legumes, from an agronomical point of view, and specifically concerning fava bean (Vicia faba L.), this has been suggested as a crop with the potential for replacing soybean under the European agro-climatic conditions [1], which nowadays is one of the most challenging issues in Europe [4]. Achieving of this objective would contribute to enhance the competitiveness of the agro-food sector in Europe.



In Europe, fava bean seed and biomass yields are featured by high variability, being influenced by the current changes of the environmental conditions, especially affecting crops during the growing season, closely dependent on the specific characteristics of the diverse cultivars. However, to the present date, the most appropriate growing conditions for fava beans are not fully ascertained, in the diversity of agro-climatic environments, in Europe [2,5]. Thus, the major constraint for fava bean yield identified so far is genotype × environment interaction (G × E), which strongly affects the expression of crucial quantitative and qualitative traits in this legume species [6,7,8]. Another important feature affected by nitrogen and carbon availability is the protein accumulation in seeds [9], which would explain, to some extent, the association of the legume’s quality with environmental conditions. Fava bean is not a sufficiently drought and heat tolerant plant, as it is susceptible to moisture and high-temperature stresses [7]. Taking this into account, fava bean is considered more suitable to be grown under temperate climates [10]. In consequence, the adaptation of fava bean to adverse growing conditions or particular environments depends on the capacity of the species to efficiently use available resources to produce biomass, which is determined by interactions between the genotype and the environmental conditions [6,11].



In Europe, the fava bean of indeterminate type is the grain legume most commonly grown. It displays intensive vegetative growth during the reproductive and pod formation stages, which limits pods/seeds production under unfavorable growing conditions. This fact influences yield variability in diverse environments, especially in drought, since fava bean is considered to be more sensitive to water deficits than some other grain legumes. In this frame, to enhance the current knowledge on the optimal genotypes and environmental conditions for fava bean, additional field trials addressed to assess fava bean cultivars featured by diverse genetic backgrounds and drought tolerance remain essential from the perspective of matching appropriate sowing dates and plants densities, as well as the genotype. This research would help overcome the unfavorable environmental influence on yield and nutritional quality [10,11,12].



Among the diverse factors influencing legume crops’ yield, the sowing rate is critical. The recommended seeding rates span from 36 to 100 germinating seeds per m2, depending on the geographical region and the genotypes used. Interestingly, in the last decade, it has been noticed that plant density has a direct effect on the environmental factors influencing plant growth and yield, especially regarding fava bean [13,14]. This information has allowed retrieving sound evidence on the direct relationship existing between plant density and the crude protein content in the fava bean seeds [15,16]. Sowing rates recommended from research performed in Australia show a broad range of variation—from 70 to 270 kg ha−1, where the optimum number of germinating seeds is determined in the range from 31 to 63 seeds per m2, with an average of 45 germinating seeds per m2 [6]. In trials performed in Jordan seeding rates between 50 and 100 germinating seeds per m2 were tested. The optimum density for the highest yield (1.04 t ha−1) was reported at 100 seeds per m2 [17]. Findings of McVetty et al. in Canada evidenced that no significant difference was found in the yield (2.7 t ha−1) among three seeding rates—75%, 100%, and 125% from the recommended 46 germinating seeds per m2 [18]. Nevertheless, there is a lack of information on local varieties (e.g., of Baltic origin) in comparison to commercial genotypes that merits special attention to contribute to enhancing the sustainability of the agro-food system in Europe.



Accordingly, the present work is aimed at uncovering the best fava bean cultivars and clarifying the influence of plant density on the yield and protein content of five genotypes (‘Gloria’, ‘Julia’, ‘Jogeva’, ‘Lielplatones’, and ‘Bauska’) selected on the base of their genetic diversity. To achieve this objective, field trials were established, under conventional conditions, in two consecutive growing seasons (2015 and 2016), in two locations of northern Europe (Latvia and Estonia).




2. Materials and Methods


2.1. Climatic Conditions


Meteorological conditions during the period of investigations were close to the long-term (30 years period) average observations regarding temperature, but with rather many critical periods of drought. Draught quantification by the Standardized Precipitation Index (SPI) was performed to clarify the severity of drought (Table 1) [19].



The data obtained in SPI calculation support our observation of rather severe drought conditions during both vegetation seasons in both locations. Particularly in Pūre Horticultural Research Centre (PHRC) in Latvia, the 2015 season was characterized by extremely dry conditions with a total of 207.9 mm of precipitation during the growing period, and exceptionally dry June (5 mm precipitation) and the first part of August (5 mm precipitation) (Figure 1). The drought periods overlapped with intensive flowering and seed maturation periods, which influenced negatively the fava bean crops’ yield in 2015. The 2016 season was featured by moderate drought, with 248 mm of precipitation during the growing season, which fluctuated between 0 mm in the beginning and end of May and 51.7 mm in the mid of May. Extreme drought in the seed formation period in August and September also reduced the crops’ yield.



The average air temperature was quite similar in the course of the research, ranging between 13.1 and 14.2 °C, which is considered relatively close to the long-term observations for 30 years period. Periods of drought and hot weather were observed in August (plants at growth stage BBCH 69–89 [20]) of both years of investigation.



In the experimental field of the Estonian Crop Research Institute (ECRI) in Estonia, precipitation in the season 2015 was 266.7 mm (from 3.9 mm in the second decade (10-day period) of August to 48.0 mm in the first decade of September) and 436.3 mm, on average. The SPI also indicated extreme drought in the 2nd and 3rd decades of August, when the seed swelling phase occurs. In the season 2016, the precipitation fitted more closely the needs of fava bean plants according to the yield expectations—exception made of May and the second half of July, when severe drought periods were observed according to the SPI calculations. Physically 0 mm of precipitation was registered in the first decade of May and the second decade of September, while excessive precipitation (123.0 mm) was registered in the second decade of June (Figure 2).



The average air temperature in the season 2015 was 14.0 °C (with a maximum of 17.4 °C in the first decade of August and a minimum of 9.4 °C in the first decade of May). In the vegetation season of 2016, the average air temperature was 15.0 °C (with a maximum of 19.3 °C in the third decade of July and a minimum of 11.4 °C in the second decade of September).



The ranges of temperatures recorded mean that the season 2015, compared to long-term averages, was colder in May and June and warmer in July and August. During the season 2016, temperatures were higher in May, June, and July, while in August was nearly the long-term average. Precipitation in 2015 was lower than the long-term average in May, June, and August, while in July it was nearly the long-term average. Precipitation in 2016 was lower in May and August, while in June it was more and in July almost similar to the long-term average.




2.2. Crop Management, Site Characteristic, and Experimental Design


Five fava bean genotypes of different origin and commercialization level ‘Gloria’ and ‘Julia’ (commercial cultivars of German origin), ‘Jogeva’ (a local cultivar of Estonian origin), ‘Lielplatones’ (an old cultivar of Latvian origin), and ‘Bauska’ (landrace of Latvian origin) were used in both trials at PHRC (Latvia) and ECRI (Estonia). The cultivars selected for the trials represented a broad range of genetic diversity that, to some extent, would allow generalizing results to different types of fava bean—from commercial, intensive cultivars to extensive, local landraces.



Both experimental fields are characterized by a cool-temparate-moist climate. At PHRC, field trials were performed in the geographic location 57°02′ N; 22°55′ E, 57 m altitude during both growing seasons (2015–2016) and at ECRI in the geographical location 58°46′ N; 26°24′ E, 28 m altitude both years.



Soil characteristics and crop management in both trial locations are detailed in Table 2.



Sowing densities in the present work were chosen based on the scientific literature studies on fava bean sowing density [11,15,16], as well as on observations obtained in preliminary research developed in Latvia and Estonia. Accordingly, the plants’ density ranged between 30 and 50 germinating seeds per m2. The trials were arranged with different plants’ densities in each location—40 and 50 plants m−2 in PHRC and 30 and 36 plants m−2 in ECRI adjusted to the agronomic practices used in each country. The trial layout in both locations and both seasons (years) was organized as a randomized complete block design with four blocks. The 10 combinations of the five varieties and the two actual plant densities were randomized to 10 plots within each block, each plot with a size of 10 m2.




2.3. Measurements of Yield and Protein Content


Plant productivity was estimated by dry, mature grain yield, expressed as t ha−1. Fava beans were harvested in the 1st decade of September for both years in both locations. Dry seeds were harvested from all plants in each plot at the stage BBCH 89–93 and weighed. The yield was calculated in t ha−1. Fava bean samples of 10 g weight were analyzed for dry mass and protein content in the four replicates (sample per plot) using the procedure described by the Association of Official Analytical Chemists [21], and by near-infrared spectroscopy (NIR) by using XDS Rapid Analyzer (FOSS, Hillerød, Denmark), where samples were analyzed according to the procedure described in the bibliography [22,23].




2.4. Statistical Analysis


Data from both locations were analyzed separately. For both locations, the response variables yield and protein were modelled separately using a mixed linear model (proc glimmix, SAS 9.4, SAS Institute Inc., Cary, NC, USA). The model included cultivar, plant density, and their interaction as fixed factors, while season, block within a season, and the ordinary error term was included as random factors. The random effects were assumed to be normally and independently distributed random variables with zero expectation. Residual plots were used to check the assumptions of normality and homogeneous variance. These plots were almost perfect and no transformations of the response variables were needed. Satterthwaite approximation was used for the denominator degrees of freedom in the F tests. Tukey’s multiple comparison method, with a significance level of 0.05, was used to compare the least-squares means.





3. Results and Discussion


3.1. Meteorological Conditions and Plant Development


Meteorological conditions shown in Figure 1 and Figure 2 had a very significant influence on the yield parameters monitored in the frame of the field trials performed in both locations, during the seasons 2015 and 2016. In Latvia, the weather conditions during the 2015 and 2016 seasons were extremely dry (208 mm in 2015 and 291 mm in 2016 total precipitation) and hot (average maximal temperature 23.9 °C in 2015 and 25.07 °C in 2016). In ECRI, the total precipitation during the two seasons was 266 mm in 2015 and 444 mm in 2016 and the average maximal air temperature was 23.2 and 24.6 °C, respectively. These precipitation and temperature conditions influenced the fava bean yield, which is in good agreement with previous descriptions available in the literature. Hence, as referred from field trials established in Poland, variability of seed yield due to weather conditions may range from 20 to 40% [24]. The results retrieved from the field trials described in the present work demonstrate the significant influence of insufficient precipitation on the yield, especially in Latvia, where both seasons were characterized by extremely low precipitation in comparison to the long-term record (Figure 1) and the optimal level identified based on previous research (400 mm) [25,26]. There was no significant variation between years for either yield or protein (Table 3). The negative influence of drought on yield formation has also been referred to by the Food and Agriculture Organization and the Organisation for Economic Co-operation and Development (FAO and OECD, respectively). These international organizations have pointed at the reduction in yield potential caused by early summer drought, which cannot be offset by higher precipitation later in the growing season [27].




3.2. Plant Density Influence on Cultivar Yield and Quality Parameters


Despite the effect of the weather conditions during the field trials and their deleterious effect on the crop parameters monitored, the yield results for the five fava bean varieties (Figure 3) are in agreement with the range of fava bean yield indicators for the local area (northern Europe) and worldwide [24,28,29]. Concerning the effect of plant density and genotypes on fava bean yield (Table 4), the results from the field trial suggest a pre- ponderant influence of genotype on both seed production and protein content relative to plant density (Figure 3 and Figure 4). However, it should be noted that regarding yield, an influence of the meteorological conditions was also observed.



However, the statistical analysis of the average yield results, in Latvia and Estonia, for the five studied cultivars (2.86, 3.70, 2.94, 2.97, and 3.45 t ha−1 in Latvia, and 4.20, 3.82, 3.65, 4.29, and 4.54 t ha−1 in Estonia, for the cultivars ‘Gloria’, ‘Julia’, ‘Jogeva’, ‘Lielplatones’, and ‘Bauska’, respectively) indicated an absence of significant interactions between cultivar and plant density. There were also no significant effects of plant density on the yield. Nonetheless, the significant differences found when comparing the yield for the individual cultivars highlighted ‘Bauska’ as the most productive, while the remaining cultivars provided similar lower yields (Figure 3 and Figure 4, and Table 4).



On average for both seasons (2015 and 2016), the highest yield was obtained under Estonian agro-climatic conditions (4.57 t ha−1) for the cultivar ‘Bauska’, whereas in Latvia ‘Julia’ and ‘Bauska’ (3.40 and 3.75 t ha−1, respectively) gave the best yield results. The differences found could be attributed to the significantly different precipitation in Latvia during both vegetation periods (208 and 248 mm in 2015 and 2016, respectively (Figure 1)) in comparison with the Estonian conditions (266.7 and 444 mm in 2015 and 2016, respectively (Figure 2)).



Similarly, analysis of the protein content in fava bean seeds from the trials in Latvia and Estonia provided the average values 31.9, 31.0, 31.1, 32.1, and 30.8% in Latvia, and 33.6, 31.9, 31.2, 31.7, and 30.8% in Estonia, for the cultivars ‘Gloria’, ‘Julia’, ‘Jogeva’, ‘Lielplatones’, and ‘Bauska’, correspondingly. These results, again, indicated a lack of interactions between cultivar and plant density and effects of plant density on the protein content (Figure 3 and Figure 4, and Table 2). The concentrations of protein recorded were equal or higher than the values reported in the literature (31.0% for the local area and 29.0% in the world) [16,28,30,31]. These results did not demonstrate significant differences in protein concentrations between locations. In this regard, the highest protein content in Estonia was obtained from the cultivar ‘Gloria’ (33.6%), followed by ‘Julia’ (32.1%) and ‘Lielplatones’ (31.8%), while in Latvia the best values were obtained from ‘Lielplatones’ (32.1%), followed by ‘Gloria’ (31.9%). The statistical analysis of these results does not demonstrate the influence of sowing density on the protein concentration in fava bean grains (Table 2).



When calculating the protein yield per hectare, the foremost cultivars in Estonia were ‘Gloria’ (1.46 t ha−1), followed by ‘Bauska’ and ‘Lielplatones’ (1.40 t ha−1, on average), at a sowing density of 30 plants m−2. On the other hand, in Latvia, the highest protein yield per ha was obtained for ‘Julia’ (1.15 t ha−1) and ‘Bauska’ (1.07 t ha−1) at the plant density of 40 plants m−2 (Figure 5).



When comparing the results obtained in two locations (featured by specific climatic conditions) the different protein yields recorded suggest that Estonian conditions favored this trait in comparison to Latvian conditions expressed as tons per ha.



According to these results, in summary, the landrace ‘Bauska’ appeared as the most productive cultivar, which provided the highest yields in both locations, and when grown under the range of diverse agro-climatic conditions represented by the different sowing densities and climatic conditions in both years (2015 and 2016). This would indicate high plasticity and stability in the landrace ‘Bauska’, which could be grown under a wide range of climatic conditions without significant variations of the productivity parameters. In this regard, for instance, the precipitation recorded during the vegetation period seems not to influence the yield for this cultivar critically. Accordingly, these results strongly encourage using local cultivars and landraces for the production of fava bean for commercial purposes, since this would contribute to enhancing the sustainability of the agro-food system in northern Europe.




3.3. Plant Density Influence on Yield per Area and Plant Productivity


The results of the two-year trial in two locations indicated that the plant densities applied in these trials (40 and 50 plants m−2 in Latvia and 30 and 36 plants m−2 in Estonia) did not significantly influence yield per ha (Table 3 and Figure 3). However, yield per plant differed significantly between sowing densities for most cultivars—denser plant canopy exhibited lower yield in comparison with plants grown sparser.



These results are in agreement with previous reports, which demonstrated that under lower density conditions, more resources (light, water, and nutrients) are available per plant that, in turn, gives rise to higher yields [28]. Despite this, based on the results obtained in the present work it is not evident that the higher productivity per plant obtained at lower plant density compensates the yield that could be obtained from the lacking plants per area, and thus, no higher yield per area is retrieved.



The results are in agreement also with Matthews et al., who refers that in low-yielding environments there tends to be less response of crops to plant density [32]. As the tested sowing densities were in the range of most often recommended seeding density for fava bean (from 25 to 50 depending on information source and cultivars [6,11,16,18]), the result obtained further approves the validity of this recommendation. Next, this raises the question, which plant density should be used to obtain economically profitable yields?




3.4. Economic Implications of Seeding Rate


Seeding rate is a production parameter closely dependent on the seed size and plants density [25,33,34]. As a result, it is assumed that low sowing density and the use of smaller seeds for fava bean crops are more efficient management alternatives from an economic perspective since less seeding material is then needed per area, while the yield is roughly the same (depending on cultivar and growing conditions). In the field trial described in the present article, the lowest seeding rate was applied for ‘Lielplatones’ in the Estonian research field (150 kg ha−1), whereas for the less productive cultivar, ‘Jogeva’, 322 and 295 kg ha−1 seeds at a plant density of 50 and 36 plants m−2, respectively, in Latvia and Estonia, were used (not shown). This is in good agreement with Graf and Rowland, who defined 38 plants m−2 as the optimal plants’ density that allows obtaining a higher relative yield at the optimal cost/price ratio stated [34]. These conditions should be considered when calculating the economic returns of fava bean crops. Accordingly, and based on the main results obtained from this field trial, 30 and 40 seeds m−2 (Estonia and Latvia, respectively) can be suggested as the most economically feasible to use in fava bean production, in the conventional cropping system, under Baltic agro-climatic conditions.




3.5. Influence of Limited Precipitation on the Fava Bean Yield


Fava bean is recognized as a water shortage-sensitive crop [1] because of its shallow root system which may reach 0.8 m depth, while the majority of the root system (34.2%) is located at 0 to 25 cm depth [35]. The stable differences between yields under Latvian and Estonian agro-climatic conditions (both in the Baltic area) support this statement and points out that extreme drought during the seed formation and the whole vegetation period has a critical influence on yield, as suggested according to the major outcomes from the Latvian field trial. As an exception, the cultivar ‘Bauska’ was less influenced by the critical agro-climatic conditions.



Based on previous reports, the optimum precipitation for the fava bean crops is considered to be 400 mm [25,26]. However, this precipitation level, in Latvia, was not reached during the field trial, as just half of this amount was recorded in 2015 and 3/4 in 2016. Despite this limitation, satisfactory grain yield was obtained from both densities in this location (3.18 t ha−1, on average). On the other hand, also in Estonia, a shortage of precipitation occurred in 2015 when the lowest yield was obtained (2.3 t ha−1 from the cultivar ‘Jogeva’, sowed at 36 plants m−2 density), while the average yield from all cultivars was 3.29 t ha−1. This can be considered as an acceptable yield since it is reported that average fava bean yield under similar agro-ecological conditions ranges between 3 and 4.9 t ha−1 [24,30].





4. Conclusions


This study concluded that plant density has no significant influence on the yield and protein content of fava bean under Baltic agro-climatic conditions, with limited moisture availability during the vegetation period, especially the seed filling stage (BBCH 69–89). A practical formulation of this conclusion is that since it is possible to get the same yield with low plant densities compared to high, production costs can be reduced by choosing lower seeding rates. It can be suggested that sowing density 30 (Estonia)—40 (Latvia) seeds m−2 is economically feasible to use in commercial fava bean production in conventional cropping systems in Baltic agro-climatic conditions. It should be taken into account that the most significant influence on the fava bean yield and protein content is determined by cultivar.
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Figure 1. Meteorological conditions during the growing seasons 2015 and 2016 (per 10 days periods—decades) (precipitation (A) and temperature (B)) in Pūre Horticultural Research Centre—PHRC in comparison with long term records of precipitation and temperature. 
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Figure 2. Meteorological conditions during the growing seasons 2015 and 2016 (per 10 days periods—decades) (precipitation (A) and temperature (B)) in Estonian Crop Research Institute—ECRI in comparison with long-term records of precipitation and temperature. 
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Figure 3. Dry grain yield (t ha−1) of the five fava bean cultivars (‘Gloria’, ‘Julia’, ‘Jogeva’, ‘Lielplatones’, and Bauska’) grown in two locations in Latvia (Pūre Horticultural Research Centre—PHRC) (A) and Estonia (Estonian Crop Research Institute—ECRI) (B), applying two densities (40 and 50 plants m−2 in PHRC and 30 and 36 plants m−2 in ECRI) during the 2015 and 2016 growing seasons. Dot plots representing combinations of plant density, season, and cultivar with different capital letter were significantly different at p < 0.05 according to the analysis of variance (ANOVA) and HSD (honestly significant difference) multiple range test of Tukey. 
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Figure 4. Protein concentration (% of dry matter) of the five fava bean cultivars (‘Gloria’, ‘Julia’, ‘Jogeva’, ‘Lielplatones’, and Bauska’) grown in two locations in Latvia (Pūre Horticultural Research Centre—PHRC) (A) and Estonia (Estonian Crop Research Institute—ECRI) (B), applying two densities (40 and 50 plants m−2 in PHRC and 30 and 36 plants m−2 in ECRI) during the 2015 and 2016 growing seasons. Dot plots representing combinations of plant density, season, and cultivar with different capital letters were significantly different at p < 0.05 according to the analysis of variance (ANOVA) and HSD (honestly significant difference) multiple range test of Tukey. 
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Figure 5. Protein yield (t ha−1) of the five fava bean cultivars (‘Gloria’, ‘Julia’, ‘Jogeva’, ‘Lielplatones’, and Bauska’) grown in two locations, in Latvia (Pūre Horticultural Research Centre—PHRC) (A,B) and Estonia (Estonian Crop Research Institute—ECRI) (C,D), applying two plant densities (40 and 50 plants m−2 in PHRC and 30 and 36 plants m−2 in ECRI) during the 2015 and 2016 growing seasons. Boxes with different capital letters were significantly different at p < 0.05 according to the analysis of the variace (ANOVA) and HSD (honestly significant difference) multiple range test of Tukey. 
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Table 1. Standardized Precipitation Index (SPI) for two vegetation seasons in Pūre Horticultural Research Centre (PHRC) and Estonian Crop Research Institute ECRI (per 10 days periods—decades).
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Month

	
Decade

	
PHRC

	
ECRI




	
2015

	
2016

	
2015

	
2016






	
May

	
I

	
−0.77

	
−1.62

	
2.24

	
−1.72




	
II

	
2.15

	
5.36

	
−1.75

	
−2.34




	
III

	
−1.42

	
−1.97

	
−1.35

	
−2.52




	
June

	
I

	
−1.72

	
−1.72

	
−1.70

	
−0.86




	
II

	
−3.64

	
−0.19

	
−2.67

	
13.24




	
III

	
−3.41

	
−2.09

	
0.33

	
−0.10




	
July

	
I

	
−0.16

	
1.14

	
−0.13

	
4.61




	
II

	
−2.22

	
−0.75

	
1.35

	
−1.85




	
III

	
2.61

	
−0.99

	
−1.01

	
−2.43




	
August

	
I

	
−2.81

	
1.81

	
−3.32

	
5.14




	
II

	
−3.30

	
0.83

	
−3.33

	
6.61




	
III

	
−2.79

	
−3.70

	
−2.15

	
1.14




	
September

	
I

	
−1.73

	
−1.38

	
4.06

	
−1.13
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Table 2. Soil characteristics and crop management systems for field trials established in Estonian Crop Research Institute (ECRI, Estonia) and Pūre Horticultural Research Centre (PHRC, Latvia) in 2015 and 2016.
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Parameter

	
Season




	
2015

	
2016




	
ECRI

	
PHRC

	
ECRI

	
PHRC






	
Soil (plot) preparation before sowing

	
Ploughing autumn 2015.

Cultivation 2 times before sowing.

	
Ploughing autumn 2015.

Cultivation 2 times.

	
Ploughing autumn 2016.

Cultivation 2 times before sowing.

	
Ploughing autumn 2016.

Cultivation 2 times before sowing.




	
Sowing date

	
5 May 2016

	
8 May 2015

	
5 May 2016

	
9 May 2016




	
Sowing depth (cm)

	
4

	
4

	
4

	
4




	
Humus content (g kg−1)

	
30.7

	
31.0

	
34.6

	
34.6




	
Soil type

	
Calcaric cambisoil

	
Soddy-calcarous podzolic




	
Soil texture

	
Sandy loam

	
Sandy loam




	
Plant available P in soil (mg kg−1)

	
67.7

	
127.6

	
59.6

	
127.6




	
Plant available K in soil (mg kg−1)

	
98.7

	
105.9

	
107.4

	
105.9




	
pHKCl

	
6.32

	
6.27

	
6.31

	
6.20




	
Preceding crop

	
Barley

	
Perennial grasses

	
Oat

	
Perennial grasses




	
Fertilization

	
Type

	
N:P:K

(5:10:25)

	
N:P:K

(10:10:20)

	
N:P:K

(7:12:25)

	
N:P:K

(10:10:20)




	
Amount (kg ha−1)

	
300

	
300

	
300

	
300




	
Pest management

	
-

	
Decis Mega (deltametrin 50 g L−1) 150 Ml ha−1 (twice)

	
-

	
Decis Mega (deltametrin 50 g L−1) 150 mL ha−1.

Actara (tiametoksam 250 g kg−1) 0.08 kg ha−1.




	
Weds management

	
Stomp (455 g L−1 pendimathalin) 1.5 L ha−1; Basagran (bentazon 480 g L−1) 1.5 L ha−1.

Hand weeding

	
Hand weeding

	
Activus 330 (pendimethalin 330 g L−1) EC 3 L ha−1 + Basagran 480 (bentazon 480 g L−1) 1.5 L ha−1

	
Hand weeding
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Table 3. Estimates of the variance components in the Estonian Crop Research Institute (ECRI, Estonia) and Pūre Horticultural Research Centre (PHRC, Latvia) in 2015 and 2016.
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Location

	
ECRI

	
PHRC




	
Parameter

	
Estimates of the Variance Components

	
Z Value

	
Pr > Z

	
Estimates of the Variance Components

	
Z Value

	
Pr > Z






	
Yield




	
Year

	
1.2637

	
0.6900

	
0.2466

	
0.0000

	
--- Z

	
---




	
Block (year)

	
0.1304

	
1.4000

	
0.0808

	
0.0000

	
---

	
---




	
Residual

	
0.3066

	
5.6100

	
<0.0001

	
0.1188

	
5.9200

	
<0.0001




	
Protein content




	
Year

	
0.2560

	
0.6200

	
0.2682

	
0.6595

	
0.7000

	
0.2423




	
Block (year)

	
0.1281

	
1.5200

	
0.0642

	
0.0000

	
---

	
---




	
Residual

	
0.1770

	
5.6100

	
<0.0001

	
0.3051

	
5.8700

	
<0.0001








Z—The estimation of the variance was zero.
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Table 4. Main statistical parameters in trials with five cultivars of fava bean at two locations in the Estonian Crop Research Institute (ECRI, Estonia) and Pūre Horticultural Research Centre (PHRC, Latvia) in 2015 and 2016.
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Factor Z

	
Degrees of Freedom

	
Yield

	
Protein Concentration




	
ECRI

	
PHRC

	
ECRI

	
PHRC




	
Effect Y

	
F Value

	
p-Value

	
Effect

	
F Value

	
p-Value

	
Effect

	
F Value

	
p-Value

	
Effect

	
F Value

	
p-Value






	
C

	
4

	
***

	
6.74

	
0.0001

	
***

	
18.19

	
<0.0001

	
***

	
102.65

	
<0.0001

	
***

	
19.53

	
<0.0001




	
D

	
1

	
N.s.

	
0.29

	
0.5894

	
N.s.

	
0.08

	
0.7845

	
N.s.

	
1.65

	
0.2035

	
N.s.

	
0.00

	
0.9759




	
C × D

	
4

	
N.s.

	
1.68

	
0.1646

	
N.s.

	
0.63

	
0.6445

	
N.s.

	
0.86

	
0.4943

	
N.s.

	
2.00

	
0.1049








Z C, cultivar; D, density; C × D, cultivar × density. Y N.s., not significant; *** significant at p < 0.001 according to the analysis of variance and multiple range test of Tukey. The denominator degrees of freedom varied between 63 and 70.
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