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Abstract

:

In limited growing conditions, intercropped field peas and oats can represent a significant source of forage rich in protein. If applied correctly, factors such as nitrogen fertilizer, the mowing phase, and sowing norms can significantly increase the productivity of these mixtures. Field trials were conducted to examine their productivity under different nitrogen levels (0, 40, 80 kg ha−1), different sowing norms/mixtures (field peas: oats—100:15%; 100:30%), and two stages of growth (full flowering, full pod formation). Nitrogen fertilizer and different sowing norms had a significant effect on the biomass, hay, and crude protein yields. On average, the highest hay yields were achieved with 80 kg ha−1 N (4.96 t ha−1), followed by 40 kg ha−1 N (4.27 t ha−1). The highest protein yields were achieved with 40 kg ha−1 N (CP—704.1 kg ha−1), followed by 80 kg ha−1 N (CP—637.6 kg ha−1). Sowing norm 100:30% achieved higher hay yields: 100:30%—4.82 t ha−1; 100:15%—4.44 t ha−1, while 100:15% achieved higher crude protein yields: 100:15%—730.4 kg ha−1; 100:30%—692.7 kg ha−1 on average. The costs were not significantly increased with the nitrogen fertilizer, but the net profits were increased by as much as 163%, depending on the nitrogen level and the mixture. Nitrogen fertilizer also achieves higher economic efficiency for the mixture 100:15% compared to the 100:30% mixture. Mixtures of field peas and oats outperform single-grown crops and provide cost-effective feed for a short time. Using optimal seed ratios and nitrogen fertilizer can significantly increase the productivity and profitability of the feed with minimal impact on the overall production costs.






Keywords:


additive series; cereals; forage; intercropping; legumes; mixture; nitrogen fertilizer; phenophase












1. Introduction


The current situation in the agriculture of Serbia and other European countries shows a decline in quality forage, as some research suggests that many of these countries are dependent on the import of protein feeds [1]. In Serbia, forage feeds are obtained from meadows and pastures (perennial grasses and legumes), field crops (annual legumes and cereals, Brassicaceae), and, to some extent, crop and processing residues. However, most of the forage feeds come from just a few species or groups, such as maize silage, alfalfa hay, and hay from meadows and pastures. These feeds are primarily dominated by carbohydrates and fibers, except in alfalfa crops. Furthermore, soils that are used in agricultural production are often excessively used and not adequately maintained. This approach has a long-lasting negative effect on the environment, the quality of the soil, and the feed produced. In some agricultural regions in Serbia, improper agricultural practice and other anthropogenic factors have led to increased soil degradation and a lack of organic matter in the soil [2]. Decreases in soil quality and biodiversity have been observed across many European countries [3]. This situation requires urgent changes and adaptations to the changing environment and climate since intensive agriculture is a significant contributing factor. One way to handle the negative impacts of modern plant production is the practice of intercropping. Intercropping legumes and grasses or cereals for forage provides a viable and fast solution for on-farm protein production since it increases biodiversity and provides other benefits for animals, soil, and the environment.



The most significant advantages of intercropping legumes and cereals or grasses are the increased yields compared to sole stands [4,5,6,7], and better and more balanced biomass quality regarding proteins and energy [8]. Intercropped species better utilize nitrogen and other nutrients from the soil [9,10], as well as soil moisture and solar radiation, while other research highlights the benefits on the soil microorganisms [11]. The research thus far mentions several other benefits and, in particular, nitrogen transfer from the roots of legumes to the roots of different cereals or grasses [12,13,14]. Nitrogen transfer combined with the nitrogen fixation by the bacteria located on the roots of the legumes can significantly reduce the need for nitrogen fertilizers while also enriching the soil with this element. Combining legumes with grasses or cereals can provide some processing advantages, such as canning, since producing silage from legume species alone is challenging.



Regarding the cultivation of annual legumes and cereals for forage, field peas (Pisum sativum ssp. arvense L.) and oats (Avena sativa L.) mixtures provide decent yields and quality feed with very basic cultivation needs. They are characterized by a short production period (average 2 months) and are reasonably suitable for limited growing conditions. Some research suggests that the best performance of mixtures compared to pure stands is achieved where the soil nitrogen is scarce [15]. In the temperate climate, species whose vegetation period ends before extreme summer temperatures and droughts are more reliable for cultivation, and this includes field peas and oats cultivated for biomass. Field peas mixed with oats or other species also have great potential in weed control compared to sole crops [7,16,17,18]. Field pea and oat can also achieve higher dry matter yields and productivity (LER) when compared to intercrops of field pea with other cereals [4,19,20].



In most cases, intercropped legumes with cereals give better results and have many benefits on the overall production. However, some factors can significantly affect their yield and quality. One such factor is the application of nitrogen fertilizer, which is very specific to field pea and its mixtures due to the possibility of nitrogen fixation in peas. Other factors with significant impact on the yield and quality are the crop development stage and the ratio of two species in the sowing norm. Accordingly, changes in the sowing norm can directly affect changes in chemical composition as well as yield. It is crucial to understand these factors and their impact since oats, like some other cereals, are considered more competitive for the resources compared to field peas [21,22,23]. Cereals also react more strongly to nitrogen fertilizer [21,24] because they do not have the natural ability for its fixation, while legumes provide most of the nitrogen, 30–80%, on their own. Furthermore, increased nitrogen use can reduce plant productivity by inhibiting nitrogen-fixating bacteria [25]. Using fertilizers above the optimal threshold can increase the cereal components in the mixture and alter the chemical composition of the feed, as well as increase the overall inputs. In that regard, is important to understand the economic aspects of nitrogen fertilizer use and the general productivity of these mixtures. Research on this topic seems to be limited, thus, one goal of this research is to examine the profitability of field peas and oat mixtures on-farm. From the production standpoint, the focus of this research was to examine how different sowing norms and nitrogen fertilizer rates affect the biomass and protein yields of field peas and oats when they are intercropped using additive method series. Some basic relations were examined between the two species, and the crops were harvested at two stages of growth to find the most optimal moment for their harvest.




2. Materials and Methods


Field trials were set up on the experimental fields of the Institute of Animal Husbandry in Zemun Polje, Belgrade, Serbia (44°50′18.9″ NW and 20°17′0.6″ E, 66 m a.s.l.). The experiment was performed over three consecutive years (2016, 2017, 2018) as a spring crop in dry farming (no irrigation). The order of each operation is presented in Table 1.



2.1. Trial Design


The three-factorial experiment was set according to the randomized block design with four repetitions. The size of the subplot was 12 m2. The first half of the subplot (6 m2) was used for sampling in the first stage of harvest (full flowering stage). The second half of the subplot was used for the second stage of harvest (full pod formation). Cultivars used in this experiment were cultivar Junior (field peas) and cultivar Dunav (oats). Production capacity and the effect of each factor were measured by examining the biomass and hay yields, the share of two species in the yield, land equivalent ratio (LER), plant height, and the number of internodes of field peas as well as protein yields. Tested factors and their particular levels are presented in Table 2.



The additive method was used for intercropping, and the sowing ratio of the mixture was peas: oats—100%: 15% and 100%: 30% (150:15 kg ha−1 of seed; 150:30 kg ha−1 of seed, respectively). These levels were selected according to previous experiences and research that indicates the high competitiveness of oats and other cereals over field peas [6,21,22,23]. In addition to the mixture, field peas and oats were grown individually as a control (100% of their full sowing norm—150 kg ha−1).



Mowing was performed during two phenophases, the phenophase of full flowering and the phenophase of full pod formation. The stages of development were determined by evaluating the plants on 1 m2 randomly selected in the subplots. The first phase of mowing was conducted when at least 50% of the flowers were fully open (BBCH 65–70). The second phase of mowing was conducted when at least 50% of pods had reached their full length (BBCH 75–76) [26].



Two levels of nitrogen were tested, 40 and 80 kg ha−1, with control, 0 kg ha−1 N. The nitrogen was applied by hand to each subplot and with the dedicated quantities according to the design.




2.2. Plant and Yield Measurements


The biomass yields were established by measuring the mowed biomass from half of the subplot (6 m2) using a digital scale. The dry mass used to calculate the hay yield was obtained by drying 1 kg of fresh biomass in an oven at a temperature of 65 °C. Dried mass was measured on a digital scale. The share of field peas in the yield was measured from biomass sampled on 1 m2 of a randomly selected area in each subplot. Plant height and the number of internodes were measured by taking 10 plants for each species from each subplot. Overall, 40 plants were measured for each treatment. Mowing of plants was performed with a hand mower at a height of 5–7 cm. Protein content was obtained on a TECATOR Kjeltec AutoAnalyzer 1030 (Protein (Crude)) in animal feed and pet food by the Kjeldahl method [27]. The obtained content was translated into protein yield per hectare.




2.3. Soil and Meteorological Conditions


Phosphorus and potassium fertilizers were used as a starting fertilizer to correct the content of these elements in the soil. Based on the chemical analysis of the soil performed for a layer of 0–20 cm (Table 3) and the needs of cultivated crops, the amounts of phosphorus and potassium were calculated and evenly applied over the entire experimental field. In the first and second years, 80 kg ha−1 P2O5 and 50 kg ha−1 K2O were applied. In the third year, phosphorus application was omitted since there were sufficient quantities in the soil, and only 50 kg ha−1 K2O was applied.



During the experiment, meteorological factors were monitored and recorded for the months of importance for these crops. The values of the GRF were calculated from the obtained results (Figure 1). Climate trends portrayed by GRF show climate changes throughout the growing period of crops.




2.4. Statistical Analysis


Gračanin rain factor (GRF) [28] represents a relationship between the sum of monthly precipitations and the mean monthly temperatures for each month. The formula is calculated with GRF = SMP/AMT; SMP—the sum of monthly precipitations; AMT—average monthly temperatures. According to this indicator, months are classified as arid up to 3.3; semiarid 3.3–5.0; semi-humid 5.0–6.6; humid 6.6–13.3; and perhumid above 13.3.



LER (land equivalent ratio) is a standardized index defined as the area required by sole crops to produce the same yield as mixed crops [29]. It is calculated using the following formula:



LER = YPM/YPS + YOM/YOS, where YPM is the yield of field peas in the mixture, YPS—yield of field peas as a single grown crop; YOM—yield of oats in the mixture, YOS—yield of oats as a single grown crop.



Index LER can be greater than 1, less than, or equal to 1. Higher values than one indicate the superiority of intercrops compared to sole crops, while lower values indicate the inferiority of the intercrops.



Recorded values for plant height, number of internodes, the share of field peas in the yield, LER, biomass and hay yield, and protein yield were processed with analysis of variance (ANOVA) for the three-factorial experiment with randomized block design. The test of significance was calculated using the F test (p < 0.05 and p < 0.01).




2.5. Economic Efficiency


The economic efficiency of different treatments was calculated to determine the profitability of mixtures of field peas and oats produced on-farm. Economic inputs included all expenses: seed, fertilizer, machinery services, and labor force. The economic output included the hay yields of field pea and oat mixture evaluated at the current market value. The official price list of mechanical services for 2021 was used to determine the costs of mechanization. This list is issued by the Cooperative Association of Vojvodina and is valid for the whole Serbia, while the prices of raw materials were obtained by market research. Analytical calculation based on variable costs was performed using the following formula [30]:


CM = PV − VC, while PV = (v × p) + s



(1)




where analytical elements represent:



CM—contribution margin (coverage of variable costs);



PV—achieved production value;



VC—gained variable costs;



v—the volume of product per unit of measure;



p—the price of the product per unit measure;



s—subsidies per unit of production area.



Economic efficiency is calculated as [31]:


Net returns = Total output − Total input



(2)






Benefit Cost ratio = Net returns / Total input



(3)









3. Results


The chemical analysis of the soil showed that its quality had high variations on a year-to-year basis. In particular, the nitrogen content was below average in the first and the second year, while it was average in the third experimental year. The analysis further showed low phosphorus content in the first year, high in the second, and very high in the third experimental year. The potassium content was below average in the first experimental year and above average in the second and third experimental years. The values were compared to the standards for top-soils across Europe [32].



The pre-vegetation period in the first and the third experimental year was relatively favorable, while the second year (2017) was arid to semi-arid (Figure 1). The most significant period for the formation of the aboveground mass (April, May) was arid to semi-arid for all three experimental years. This trend coincided with the reference values, and it shows that the period April–May is usually an arid period for this region.



3.1. Field Pea and Oat Yields and Yield Components


In all three years, the plants of field pea were significantly (p < 0.01) taller in the second mowing phase compared to the first mowing phase (Table 4). These differences were recorded equally for single-grown field pea and its mixtures with oats in all three years of research. For the second and the third year, plants were significantly higher in the single-grown field pea compared to its mixtures. Interactions were recorded in the second year between crop and nitrogen (p < 0.01), and phase, crop and nitrogen (p < 0.05).



The higher number of internodes was measured in the second mowing phase compared to the first for all three years; however, these differences were not significant in the third year. The significantly higher number of internodes in the second mowing phase, for both mixtures and sole crops, was measured in the first year only. In the first and the third year (2016, 2018), the higher number of internodes of field pea was measured in the mixture compared to sole field pea. There were no significant interactions for this trait.



In three years of testing, a significant influence of all three factors on the biomass yield was measured for the field pea and oats intercrops (p < 0.01). Interaction between the mowing phase, sowing norm, and nitrogen was found for all three years of testing (p < 0.05, p < 0.01, p < 0.05, respectively). Analysis has also shown first-order interactions between different sowing norms and nitrogen in the second (p < 0.01) and the third year (p < 0.05), as well as phase and nitrogen interaction in the second year (p < 0.01) (Table 4). Significantly higher yields of biomass were achieved in the first mowing phase compared to the second mowing phase. In all three years, this is equally measured for both species and their mixtures. Overall the lowest biomass yields were measured in single-grown field pea. The highest biomass yields were measured in the 100:30% mixture for all three years and oats in the first and second experimental years. Mixture 100:15% achieved the highest yields along with the 100:30% mixture and sole oats only in the first year (average 19.94 t ha−1). Nitrogen fertilizer had a significant effect on all crops. On average, the highest yields were achieved with 80 kg ha−1 N (21.28 t ha−1), followed by 40 kg ha−1 N (19.35 t ha−1), and the lowest without nitrogen fertilizer (17.75 t ha−1). This trend of biomass yield increase from 0 to 80 kg N ha−1 has been observed for all three years and all mixtures and sole crops independently, with only one exception of field pea in the third year. On average, nitrogen had the highest impact on the yield of oats, where the difference between control and the fertilized crop is 5.15 t ha−1 of raw mass. For field peas, these differences are 2.02 t ha−1, for mixtures 100:15%—3.29 t ha−1 and mixture 100:30%—3.67 t ha−1.



Following a similar trend to biomass yields, hay yields were significantly affected by all factors, except for the mowing phase in the first year. No significant interactions have been observed in the first year. In the second year, first-order interactions have been recorded between all tested factors (phase × crop, phase × nitrogen, crop × nitrogen) with high significance (p < 0.01), as well as second-order interaction between all tested factors (p < 0.05). In the third experimental year, first-order interactions have been recorded between the mowing phase and nitrogen (p < 0.05), crop and nitrogen (p < 0.05), as well as second-order interactions between all tested factors (p < 0.01). Mixtures and sole crops had varying yields depending on the time of their harvest and the year. Regarding the crop factor, the highest yields have been recorded for sole oats in the first and the third year (average 4.99 t ha−1) and mixture 100:30% in the second and the third year (average 4.82 t ha−1), followed by a mixture 100:15% (average 4.44 t ha−1), and sole field pea (average 3.17 t ha−1). Nitrogen fertilizer increases the yields of hay for mixtures as well as sole crops (Figure 2). However, some differences within the particular treatments are notably present in the third year (Figure 3). It is important to note that the third year had the highest amount of natural nitrogen in the soil and the best soil quality overall. Consequently, the nitrogen fertilizer in the third year most certainly had a diminishing effect as compared to the second year, which had lower soil quality and nitrogen content. On average, the highest yields were achieved with 80 kg ha−1 N (4.99 t ha−1), lower with 40 kg ha−1 N (4.27 t ha−1), and the lowest with the control treatment, 0 kg ha−1 N (3.82 t ha−1).



A significant effect of all tested factors was observed for crude protein yields. First-order interactions were recorded between phase and mixture (p < 0.01). First and second-order interactions were recorded for all tested factors in the second and the third year (p < 0.01). In the first and the second experimental year, crude protein yields were higher in the first phase compared to the second, while in the third year, yields were higher in the second mowing phase. Values for three years of testing show the highest protein yields for a sowing norm of 100:15% (average 730.4 kg ha−1), followed by the 100:30% mixture (692.7 kg ha−1), field peas (633.5 kg ha−1), while the lowest yields of crude proteins were obtained from pure oats (456.1 kg ha−1). On average, the mixture 100:15% achieved higher protein yields compared to 100:30% in all three years. These differences were not as significant in the second and the third year when we observed only averages. However, when the nitrogen is excluded, mixture 100:15% achieves significantly higher protein yields compared to the 100:30% mixture in all three years (Figure 4, Figure 5 and Figure 6). Only once the nitrogen is applied do the protein yields of the 100:30% mixture achieve similar yields to the 100:15% mixture. Regardless, across mixtures and sole crops, the best results are achieved with the addition of nitrogen compared to the control treatments, 80 kg ha−1 N—average 704.1 kg ha−1, followed by 40 kg ha−1 N—average 637.6 kg ha−1 N, and 0 kg ha−1 N—average 542.9 kg ha−1. In terms of the mowing phase, the yields were highly dependent on the particular mixture or sole crop and the year of testing.




3.2. Field Peas Share in Yield and Land Equivalent Ratio


Significant effects on the field peas’ share of the yield was recorded for all tested factors. The mowing time had significant effects in the second and the third year (p < 0.01). Share in yield was significantly different between mixtures in all three years (p < 0.01), while the nitrogen had a significant effect in the first (p < 0.01) and second experimental years (p < 0.05). Significant interactions (p < 0.05) were recorded in the first year between the mowing phase and nitrogen (p < 0.05), and in the third year between the mowing phase and crop (p < 0.05).



Although the differences between the first and the second mowing phase were significant regarding the share in the yield of field peas, these differences were not consistent on a year-to-year basis. The sowing norm had a significant influence on the share of field pea in the yield (p < 0.01), and the higher share was recorded in the 100:15% mixture for all three years (Table 5). Almost equal yields are observed between field pea and oats in the mixtures, even though field pea has a significantly higher sowing percentage. The average share in the yield for the mixture 100:30% is 50.25%, and for the mixture 100:15%, 60.62%. Nitrogen had a significant effect on the share of field peas in the yield as well, and it tends to decrease as the nitrogen increases. For all three years of testing, the amount of 80 kg ha−1 N decreased the share of field peas by 8.26% and the amount of 40 kg ha−1 N by 4.42%. Regarding the particular mixture and nitrogen levels, for the 100:30% mixture, the difference is mainly observed between no nitrogen application and applied nitrogen, regardless of the applied level, since there were no differences between 40 and 80 kg ha−1 N. For the mixture 100:15%, the lowest field peas share in yield was recorded when 80 kg ha−1 N was applied; however, differences compared to other levels were not significant throughout the years.



Significant effects of the tested factor on the land productivity were observed for the mowing phase in the first year and nitrogen in the second and the third year. No significant differences were observed between the mixtures. Second-order interactions were observed in the second year (p < 0.05) and first-order interactions between phase and nitrogen in the third year (p < 0.01). The productivity of intercropped field peas and oats is higher compared to sole crops. Intercropped field peas and oats almost always utilize the land more productively compared to sole crops. The average LER value within three factors and three years of testing is 1.18. The LER was significantly higher in the second mowing phase compared to the first, only in the first experimental year.




3.3. Economic Contributions of Field Pea and Oats Mixtures


In Table 6, the inputs and output results for field pea and oat mixtures, fertilized by different nitrogen levels, are given. For both mixtures and each treatment, three-year average costs were calculated. The analysis included machinery operation cost with the labor force, raw material costs, output, net return, and benefit–cost ratio. It can be noted that total costs are primarily dominated by raw material costs (63%), 64% for a 100:15% and 100:30% mixture. With a share of as much as 50%, the most significant component of raw material costs is seed costs. However, the costs of machine operations, which include labor costs, account for about 36% of total costs. The economic analysis of the production for both mixtures indicates that a small net profit is realized even without the application of nitrogen fertilizer. For treatments without nitrogen, net returns of EUR 28.4 and EUR 39.4 were found in a mixture of 100:15% and 100:30%, respectively. The net returns were improved by the use of nitrogen fertilizer but with differences between mixtures and fertilization levels. While the net returns are increased by 123.6%, the application of 40 kg ha−1 N for 100:15% mixture burdens the total costs by 4.6%. A significant increase in the net returns was found in this mixture, especially by applying 80 kg ha−1 N. Here, crop fertilization burdens the total production costs by 6.9%, as the net returns are increased by 164.4%. However, it was found that with the increase in oats in the sowing norm, the economic efficiency of the nitrogen decreases. Namely, the costs of applying nitrogen fertilizer to the mixture 100:30% are 4.5% and 6.7% of the total production costs, while the profit increases by 3.6% and 137.3% by applying 40 and 80 kg ha−1 N.



Although the benefit–cost ratio of any treatment is not greater than 1, it can be observed that on the values of the nitrogen-free treatment are the lowest. In the mixture of 100:15%, with the application of 40 kg ha−1 N, the benefit–cost ratio was increased by 100%, while the treatment with 80 kg ha−1 N increased by 133.3%. However, in the mixture of 100:30%, 40 kg ha−1 N did not increase the Benefit–cost Ratio, while the treatment of 80 kg ha−1 N showed an increase of 112.5%.





4. Discussion


Intercropping field peas with oats is a better way of forage production compared to growing sole crops. Understanding some significant moments in their cultivation, such as nitrogen application, sowing ratios, and time of harvest, can increase the cultivation success and give profitable returns.



Soil conditions varied on a year-to-year basis, from below average in the first year to average in the second and the third year. The climate conditions for the period of rapid biomass development were arid to semi-arid in all three years of research; however, the period that coincides with the initial development phases was generally humid. Issues with the growth or damage caused by biotic or abiotic factors were not observed, and crops had normal development. Based on these observations, we have concluded that the crops had favorable conditions for proper development but not such favorable conditions as to reach their full potential, primarily to achieve high yields.



4.1. Plant Height and the Number of Internodes


These results are higher in the second mowing phase. Similar trends have been observed in previous studies of field peas and their mixtures [6]. This increase is caused by the continuation of plant growth after the generative parts (flower buds and flowers) have been formed. Mixing field peas with oats tends to decrease the height of field peas, but in contrast, the number of internodes tends to increase. The number of internodes is significant since they correlate with the number of leaves on the plant, which are the main contributors to the biomass. The increase in this trait is favorable in the mixture, and the results show a positive effect of oats as a supporting crop to the field pea. Nitrogen had a negligible effect on both yield components.




4.2. Biomass and Hay Yields


Biomass yields were significantly higher in the first mowing phase compared to the second for all crops. Similar trends have been observed in other research into field pea, vetch, and oat mixtures as well as sole crops [33]. It is important to note that the mowing phase is not the best indicator of productivity regarding biomass yields. The crops usually retain excess water in their biomass, and changes between phases are highly affected by the factors related to the current humidity, rainfall, wind and aeration of the field, etc. Field peas and oats in the mixture achieved higher yields compared to sole field peas for all three years. This is expected as sole oats provide higher yields compared to sole field peas, and as its share in the sowing norm increases, the yields increase. Thus the 100:30% mixture achieved significantly higher biomass yields compared to the 100:15% mixture. Higher biomass yields of intercropped species compared to sole crops were recorded in previous studies at the same locality and in similar growing conditions [6].



Accordingly, the higher percentage of oats in the sowing norm tends to increase dry weight yields. Similar findings have been noted in other researches [19,34,35]. In one study, the average dry mass yields for different mixtures of field peas and oats are 10.15 t ha−1 (75P:25O), 12.7 t ha−1 (50P:50O), and 13.58 t ha−1 (25P:75O) [34]. Other research reports the range from 9.89 t ha−1 for the mixture 65P:35O and 11.27 t ha−1 for the mixture 55P:45O [19]. The same was observed when field peas were grown with barley. These findings point to the conclusion that oats serve as an important supporting crop that can significantly correct field pea yields. Nitrogen fertilizer increased biomass and hay yields for sole crops and their mixtures. Similar findings have been recorded in other researches [9]. Analysis has shown that nitrogen fertilizer has a pronounced effect on the biomass and hay yield of oats compared to field peas. This can be explained by the higher competitiveness of oats for nitrogen, as some research indicates [21].




4.3. Crude Protein Yields


It is often the case that the crude protein content of sole field peas exceeds the protein content of its mixtures [4,19,34]. However, as shown in the section on yield, field peas achieved lower biomass yields compared to mixtures. For this reason, the total yield of crude protein in sole field peas will likely be lower than the protein yield in its mixtures with cereals, which has been observed in our experiment as well as other studies [4,19,34]. An increase in oats in the sowing norm led to a decrease in protein yields, and the same findings are recorded in other researches [4]. In this research work, the protein content of field peas and oats, and field peas and barley with the sowing norm of 80:20% is 132 g kg−1; 130 g kg−1 (respectively), and this content is significantly higher compared to the mixtures with a ratio of 60:40% (115 g kg−1; 111 g kg−1, respectively). Similar trends have been recorded in other studies as well [19,36]. The highest protein content was achieved in the single-grown field peas, but in terms of protein yield, field peas had the lowest yields due to having the lowest biomass yields.




4.4. Field Peas’ Share in the Yield and LER


Field peas and oat mixtures affected by different sowing norms show a particular pattern. As the oats in the sowing norm increase, the hay and biomass yields increase. However, as the oats in the sowing norm increase, the fiber content increases in the feed, which leads to a decrease in the protein component. The examined results for protein yields show that higher yields were achieved in the 100:15% mixture, compared to the 100:30% mixture for all three years. Only after the nitrogen is added in the cultivation do the protein yields of the 100:30% mixture start to increase and reach the yields of the 100:15% mixture. It has been concluded that mixtures with higher seed ratios of oats, such as 100:30%, need nitrogen fertilizer to correct their protein yields.



Analysis has shown that field peas and oats achieve an almost equal share in the yields, even though oats are present in much smaller sowing percentages. In other research, the average share of field pea in the yield is 50.68% for the mixture of field pea and triticale—75:25% [36]. In that study, triticale, with a much lower share in the sowing norm, achieves the same share in the yield as a field pea cultivar Ürünlü. An even lower share in the yield was observed for a second field pea cultivar (21.71%—Ulubatli). This shows the high competitiveness of oats compared to field peas, and similar findings have been observed in other studies [4,36]. Higher competitiveness has been observed for grasses over legumes in general [37]. As previously discussed, nitrogen fertilizer also tends to favor the oat component. A combined analysis of variance for three years showed a significant interaction between the sowing rates and nitrogen fertilizer. Consequently, the share of field pea in the mixture decreases as the nitrogen fertilization and oat seed ratios are increasing. The field pea and oat mixtures better utilize the soil compared to the sole crops. Higher productivity for the same unit of land has been observed in other studies of intercropped field peas and oats or other cereals [4,19,38].




4.5. Economic Analysis


The results showed that growing a mixture of field peas and oats achieves higher yields compared to individually grown crops. Positive results are further achieved by applying nitrogen fertilizer. The economic analysis showed that the application of nitrogen fertilizers increases the total costs in the range of 4.5 to 6.9%, but the net returns are also increased—by 3.6 to 164.4%, depending on the mixture and fertilizer levels. Additionally, higher economic efficiency of nitrogen fertilizer application was found in the mixture of 100:15% compared to the 100:30% mixture, considering the obtained differences between net returns and Benefit–cost Ratio between treatments. The obtained results lead to the conclusion that as the share of oats in the sowing norm increases, the economic efficiency of the nitrogen fertilizer decreases. Several studies emphasize that the application of nitrogen in mixed crops of legumes and cereals affects competition among crops, their yield, and the nitrogen yield of the individual crops [15].





5. Conclusions


Intercropping field pea and oats is a superior way of forage production compared to growing sole crops. In our experiment, the main reasons for such a conclusion are higher productivity (average LER—1.18), higher crude protein yields, and fresh and dry weight yields. Changing the share of oats in the sowing norm had a significant effect on the yields. Both fresh and dry weight yields were higher when oats in the sowing norm were higher: 100:30—4.82 t ha−1; 100:15—4.44 t ha−1; field pea—3.17 t ha−1, of dry weight. This indicates that oats can significantly correct the yield of field pea. However, as the oats’ sowing norm increases, crude protein decreases, 100:15—730.4 kg ha−1; 100:30—692.7 kg ha−1; field pea—633.5 kg ha−1; oats—456.1 kg ha−1. Nitrogen fertilizer is a significant factor in their production since it significantly increases the yields. Both levels gave positive results compared to the control treatment, but 80 kg ha−1 N gave better results compared to 40 kg ha−1 N. The addition of nitrogen into the production does not increase the overall cost significantly, but the net profits can be increased by as much as 163%. Nitrogen fertilizer also achieves higher economic efficiency for the mixture 100:15% compared to the 100:30% mixture. The effect of the mowing phase was present but not as consistent as the previous two factors. The difference in the crude protein yield was not consistent and depended highly on the year of cultivation. The chemical composition and biomass quality generally tend to decrease when crop matures; however, further chemical analysis is required to understand the full effects of this factor.
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Figure 1. Gračanin’s rain factor (GRF) for growing seasons (2016, 2017, 2018) and referent period (1981–2010). 
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Figure 2. Hay yield of sole crops and their mixture under nitrogen fertilizer (0 kg ha−1, 40 kg ha−1, 80 kg ha−1) and two mowing phases (2017); error bars—standard error; a–j—significant differences between different treatments, a representing the highest value, etc. 
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Figure 3. Hay yield of sole crops and their mixture under nitrogen fertilizer (0 kg ha−1, 40 kg ha−1, 80 kg ha−1) and two mowing phases (2018); error bars—standard error; a–l—significant differences between different treatments, a representing the highest value, etc. 
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Figure 4. Crude protein yield of sole crops and their mixture under nitrogen fertilizer (0 kg ha−1, 40 kg ha−1, 80 kg ha−1) and two mowing phases (2016); error bars—standard error; a–j—significant differences between different treatments, a representing the highest value, etc. 
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Figure 5. Crude protein yield of sole crops and their mixture under nitrogen fertilizer (0 kg ha−1, 40 kg ha−1, 80 kg ha−1) and two mowing phases (2017); error bars—standard error; a–k—significant differences between different treatments, a representing the highest value, etc. 






Figure 5. Crude protein yield of sole crops and their mixture under nitrogen fertilizer (0 kg ha−1, 40 kg ha−1, 80 kg ha−1) and two mowing phases (2017); error bars—standard error; a–k—significant differences between different treatments, a representing the highest value, etc.
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Figure 6. Crude protein yield of sole crops and their mixture under nitrogen fertilizer (0 kg ha−1, 40 kg ha−1, 80 kg ha−1) and two mowing phases (2018); error bars—standard error; a–k—significant differences between different treatments, a representing the highest value, etc. 
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Table 1. Most important cultivation operations.






Table 1. Most important cultivation operations.





	1. Deep plowing was carried out in the fall to a depth of 25 cm.
	2. Phosphorus and potassium fertilizer was applied approximately one month before sowing.
	3. Seedbed preparation was carried out several days before sowing (5 cm depth).



	4. Sowing was performed manually in strips, row spacing 15 cm, in the second half of March.
	5. Seed rates were 150 kg ha−1 for full sowing norms (100%) for both species.
	6. Nitrogen was applied when the first true leaves were formed.



	7. After sowing, the experimental plot was rolled to ensure better contact between the seeds and the soil.
	8. Weed removal was performed manually and when necessary.
	9. Harvest was carried out 70–75 days after the sowing (full flowering and full pod formation stage).
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Table 2. Tested factors and their levels.
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Harvest Period

	
I—Approx. 65–70 Days after the Sowing (Full Flowering Phase, BBCH 65–70)

	
II—Approx. 75 Days after the Sowing (Full Pod Formation Phase, BBCH 75–76)






	
Nitrogen

	
0 kg ha−1 N

	
40 kg ha−1 N

	
80 kg ha−1 N

	
0 kg ha−1 N

	
40 kg ha−1 N

	
80 kg ha−1 N




	
Crops/Mixtures

	
Oats

	
Oats

	
Oats

	
Oats

	
Oats

	
Oats




	
F. pea

	
F. pea

	
F. pea

	
F. pea

	
F. pea

	
F. pea




	
100:15%

	
100:15%

	
100:15%

	
100:15%

	
100:15%

	
100:15%




	
100:30%

	
100:30%

	
100:30%

	
100:30%

	
100:30%

	
100:30%








BBCH—BBCH scale is a system for a uniform coding of phenologically similar growth stages of all mono- and dicotyledonous plant species. Ref. [26], where numbers represent the days after sowing and correspond to the particular stage of plant development; F. pea—field peas.
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Table 3. Soil characteristics in three years, Zemun Polje, Belgrade.
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	Year
	Organic Matter %
	pH Value (KCl)
	pH Value (H2O)
	N %
	P2O5 mg 100 g−1
	K2O mg 100 g−1





	2016
	2.163
	6.32
	7.05
	0.06
	0.2
	12.3



	2017
	3.14
	4.9
	5.91
	0.14
	4.97
	19.84



	2018
	2.77
	6.43
	7.36
	0.2
	42.65
	21.56
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Table 4. Different yield components of field pea and oat sole crops, and their mixtures under three fertilizer levels and two mowing stages.
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Tested Factors

	
Plant Height (cm)

	
Number of Internodes

	
Biomass Yield (t ha−1)

	
Hay Yield t ha−1

	
Crude Protein Yield (kg ha−1)






	
Phase

	
2016

	
2017

	
2018

	
2016

	
2017

	
2018

	
2016

	
2017

	
2018

	
2016

	
2017

	
2018

	
2016

	
2017

	
2018




	
I

	
112 b

	
100.1 b

	
87 b

	
15.2 b

	
14.5 b

	
14.3

	
22.79 a

	
20.57 a

	
18.71 a

	
4.51

	
4.64 a

	
3.41 b

	
572.3 a

	
645.5 a

	
642.4 b




	
II

	
128 a

	
109.3 a

	
99.5 a

	
16.4 a

	
15.6 a

	
14.6

	
19.14 b

	
17.98 b

	
17.58 b

	
4.64

	
4.43 b

	
4.48 a

	
474.3 b

	
612.2 b

	
822.4 a




	
Crop

	




	
Oats

	
-

	
-

	
-

	
-

	
-

	
-

	
22.93 a

	
17.55 d

	
19.34 a

	
5.63 a

	
4.8 b

	
4.53 a

	
408.8 c

	
391.1 c

	
568.3 c




	
F. pea

	
119.6

	
108.4 a

	
96.9 a

	
15.2 b

	
14.6

	
13.7 b

	
17.97 b

	
16.02 c

	
16.13 c

	
3.16 c

	
3.37 c

	
2.98 c

	
523.6 b

	
629.5 b

	
747.5 b




	
100:15

	
121.9

	
104.3 b

	
93.1 a b

	
16.3 a

	
15.2

	
14.8 a

	
21.25 a

	
21.07 b

	
18.17 b

	
4.65 b

	
4.75 b

	
3.93 b

	
611.4 a

	
755.4 a

	
824.4 a




	
100:30

	
118.5

	
101.4 b

	
89.8 b

	
15.8 a b

	
15.4

	
14.8 a

	
21.71 a

	
22.45 a

	
18.96 a b

	
4.88 b

	
5.23 a

	
4.34 a

	
549.4 b

	
739.4 a

	
789.4 a




	
N (kg ha−1)

	




	
0

	
120.5

	
101.9 b

	
92.7

	
15.7

	
14.2

	
14.5

	
19.75 b

	
16.1 c

	
17.4 b

	
4.31 b

	
3.45 c

	
3.71 c

	
468.3 b

	
503.0 c

	
657.4 b




	
40

	
119.8

	
106.5 a

	
93.2

	
15.7

	
15.8

	
14.4

	
20.53 b

	
19.31 b

	
18.22 a

	
4.38 b

	
4.50 b

	
3.93 b

	
534.1 a

	
618.1 b

	
760.5 a




	
80

	
119.5

	
105.7 a

	
93.9

	
15.9

	
15.2

	
14.5

	
22.61 a

	
22.42 a

	
18.83 a

	
5.04 a

	
5.66 a

	
4.19 a

	
567.5 a

	
765.4 a

	
779.4 a




	
F test

	




	
Phase

	
**

	
**

	
**

	
**

	
*

	
ns

	
**

	
**

	
**

	
ns

	
*

	
**

	
**

	
*

	
**




	
Crop

	
ns

	
**

	
**

	
*

	
ns

	
**

	
**

	
**

	
**

	
**

	
**

	
**

	
**

	
**

	
**




	
N

	
ns

	
*

	
ns

	
ns

	
ns

	
ns

	
**

	
**

	
**

	
**

	
**

	
**

	
**

	
**

	
**




	
Phase × Crop

	
ns

	
ns

	
ns

	
ns

	
ns

	
ns

	
ns

	
ns

	
ns

	
ns

	
**

	
ns

	
**

	
**

	
**




	
Phase × N

	
ns

	
ns

	
ns

	
ns

	
ns

	
ns

	
ns

	
**

	
ns

	
ns

	
**

	
*

	
ns

	
**

	
**




	
Crop × N

	
ns

	
**

	
ns

	
ns

	
ns

	
ns

	
ns

	
**

	
*

	
ns

	
**

	
*

	
ns

	
**

	
**




	
Phase × Crop × N

	
ns

	
*

	
ns

	
ns

	
ns

	
ns

	
*

	
**

	
*

	
ns

	
*

	
**

	
ns

	
**

	
**








Mowing phase—harvest period, I—approx. 70 days after sowing, II—approx. 75 days after sowing; ns—non-significant, * p < 0.05, ** p < 0.01.; a–c—significant differences between different treatments, a representing the highest value, etc.
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Table 5. Field peas share in the biomass yield and LER for field peas and oats mixtures under different levels of nitrogen fertilizer in two mowing phases.
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Tested Factors

	
Share in Yield %

	
LER






	
Mowing phase

	
2016

	
2017

	
2018

	
2016

	
2017

	
2018




	
I

	
58.32

	
57.30 a

	
47.89 b

	
1.03 b

	
1.36

	
1.08




	
II

	
61.75

	
51.23 b

	
56.13 a

	
1.27 a

	
1.3

	
1.05




	
Crop

	

	

	

	

	

	




	
100:15

	
66.33 a

	
56.86 a

	
58.67 a

	
1.17

	
1.29

	
1.05




	
100:30

	
53.74 b

	
51.67 b

	
45.35 b

	
1.14

	
1.37

	
1.07




	
N (kg ha−1)

	

	

	

	

	

	




	
0

	
65.88 a

	
57.57 a

	
54.95

	
1.13

	
1.39 a

	
0.98 b




	
40

	
62.33 a

	
53.74 a b

	
50.83

	
1.19

	
1.42 a

	
1.1 a




	
80

	
51.9 b

	
51.48 b

	
50.25

	
1.14

	
1.19 b

	
1.11 a




	
F test

	

	

	

	

	

	




	
Phase

	
ns

	
**

	
**

	
**

	
ns

	
ns




	
Crop

	
**

	
**

	
**

	
ns

	
ns

	
ns




	
N

	
**

	
*

	
ns

	
ns

	
*

	
**




	
Phase × Crop

	
ns

	
ns

	
*

	
ns

	
ns

	
ns




	
Phase × N

	
*

	
ns

	
ns

	
ns

	
ns

	
**




	
Crop × N

	
ns

	
ns

	
ns

	
ns

	
ns

	
ns




	
Phase × Crop × N

	
ns

	
ns

	
ns

	
ns

	
*

	
ns








Mowing phase—harvest period, I—approx. 70 days after sowing, II—approx. 75 days after sowing; ns—non-significant, * 0.01 < p < 0.05, ** p < 0.01.; a, b—significant differences between different treatments, a representing the highest value, etc.
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Table 6. Economic contributions of field pea and oats mixtures under various treatments with nitrogen.
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Mixture 100:15

	
Mixture 100:30






	

	
Item Description

	
Rate of nitrogen (kg ha−1)




	

	

	
0

	
40

	
80

	
0

	
40

	
80




	
A

	

	
Farm machinery operation cost with labor force (EUR h−1)




	
Plowing

	
48.2

	
48.2

	
48.2

	
48.2

	
48.2

	
48.2




	
Application of mineral fertilizers

	
11.9

	
11.9

	
11.9

	
11.9

	
11.9

	
11.9




	
Tilling

	
12.7

	
12.7

	
12.7

	
12.7

	
12.7

	
12.7




	
Harrowing

	
7.6

	
7.6

	
7.6

	
7.6

	
7.6

	
7.6




	
Sowing

	
21.2

	
21.2

	
21.2

	
21.2

	
21.2

	
21.2




	
Rolling

	
5.9

	
6.8

	
6.8

	
6.8

	
6.8

	
6.8




	
Top dressing with N

	
0.0

	
11.9

	
11.9

	
0.0

	
11.9

	
11.9




	
Crop mowing

	
70.0

	
70.0

	
70.0

	
70.0

	
70.0

	
70.0




	
Transport

	
12.3

	
12.3

	
12.3

	
12.3

	
12.3

	
12.3




	
Total

	
189.8

	
201.7

	
201.7

	
189.8

	
201.7

	
201.7




	
B

	

	
Raw materials cost (EUR h−1)




	
Seed pea

	
159.0

	
159.0

	
159.0

	
159.0

	
159.0

	
159.0




	
Sed oats

	
11.5

	
11.5

	
11.5

	
22.90

	
22.90

	
22.90




	
Phosphate (KH2PO4)

	
94.8

	
94.8

	
94.8

	
94.8

	
94.8

	
94.8




	
Potash (K2SO4)

	
61.8

	
61.8

	
61.8

	
61.8

	
61.8

	
61.8




	
Nitrogen (27% N)

	
0.0

	
13.2

	
26.3

	
0.0

	
13.2

	
26.3




	
Total

	
327.0

	
340.2

	
353.4

	
338.49

	
351.1

	
364.8




	
Inputs* (A + B)

	
516.8

	
541.9

	
555.1

	
528.3

	
553.3

	
566.5




	
Subsidies (EUR ha−1)

	
33.9

	
33.9

	
33.9

	
33.9

	
33.9

	
33.9




	
1

	
Total inputs (EUR ha−1)

	
482.9

	
508.0

	
521.2

	
494.4

	
519.4

	
532.6




	
2

	
Yield dry fodder mass (kg ha−1) *

	
4006.9

	
4443.6

	
4871.2

	
4348.8

	
4779.0

	
5321.7




	
3

	
Share of pea in the yield (%) *

	
62.9

	
64.2

	
54.8

	
56.1

	
47.1

	
47.6




	
4

	
Price of dry pea mass (EUR kg−1)

	
0.15

	
0.15

	
0.15

	
0.15

	
0.15

	
0.15




	
5

	
Price of dry pea oats (EUR kg−1)

	
0.08

	
0.08

	
0.08

	
0.08

	
0.08

	
0.08




	
6

	
Total Output (EUR ha−1) *

	
511.3

	
571.5

	
596.3

	
533.8

	
560.2

	
625.1




	
7

	
Net Returns (EUR ha−1)

	
28.4

	
63.5

	
75.1

	
39.4

	
40.8

	
92.5




	
8

	
Benefit–cost Ratio

	
0.06

	
0.13

	
0.14

	
0.08

	
0.08

	
0.17








* Averages of 2016, 2017 and 2018.
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