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Abstract: Regenerative farming systems are gaining increasing attention in crop production world-
wide. The challenge of the future is to find and apply farming methods that not only reduce the
carbon footprint of cultivation, but also produce sustainably through an optimal choice of inputs.
We set up our crop rotation experiment in 2019 in order to evaluate the role of common vetch (Vicia
sativa L.) as a green manure crop in a crop rotation system. The results were compared with nitrogen
fertilizer (80 kg ha−1 N) and control (no green manure and no fertilizer) treatments. Based on the
three years of results, it can be concluded that the biomass production capacity of common vetch
sown in August is determined by the amount of precipitation in October under continental climatic
conditions. In an optimum year for corn, common vetch as a forecrop was found to be equivalent
to the effect of fertilizer application at all three applied seed rates, but under stress conditions in
a drought year, significantly higher corn yields were obtained when common vetch green manure
was applied. Our results suggest a justified role for the use of common vetch green manure in crop
rotation systems.
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1. Introduction

Diversified crop rotation (DCR) greatly improves crop production efficiency [1,2]. The
use of crop rotation improves soil conditions and increases the productivity of the crop
production system. Improvements in soil properties, such as increased soil water absorption
and storage capacity, and increased numbers of beneficial soil organisms can ameliorate
the negative effects of drought and other stressful conditions on yields in different crop
rotations [3]. Crop rotation-based management systems can influence the type, rate and
severity of soil degradation by affecting organic carbon stocks, soil structure and water
and nutrient management properties, as well as nitrate leaching [4–7]. The different crops
in a rotation can also reduce the effects of unfavourable weather. Increased yields in crop
rotation are due to the mitigation of negative stressors compared to monoculture cropping
systems [8]. The benefits of crop rotation and the goals of low-input, sustainable agriculture
are similar in most respects. The use of crop rotation is essential for farmers to adopt
low-input, sustainable farming practices. Crop rotation and sustainable agriculture are
long-standing agricultural practices. In the mid-twentieth century, agriculture began a
transition to an intensive monoculture farming system on large areas of land, using high
levels of fossil fuel-based technology. Farmers believed that the benefits of crop rotations
were being replaced by new, rapidly developing technology and monoculture cropping
systems. Changes in agriculture, environmental concerns and analyses based on time-series
experimental results require a new and thorough examination of crop rotation systems [9].

The use of different modifications in plant cultivation is justified in order to diversify
the crop rotations of the production system based mainly on monoculture or a very small
number of plant species, in which the use of different green manure plants can be a
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solution to replace the summer fallow period. The basic purpose of summer fallowing is to
preserve the moisture content of the soil, which is essential for effective crop production;
however, this procedure results in a low utilization efficiency of natural resources. Another
disadvantage of summer fallowing is the weak water storage capacity, depending on the soil
type, and the increased exposure to soil erosion [10–12], which threatens the sustainability
of production in the case of degradation of fertilized soil. The application of green manure
is an alternative method of sustainable management of agro-ecosystems [13].

Several authors recommend the use of green manuring with N-fixing plant species
instead of fallowing as an alternative to improving degraded soils [14–16]. The benefits
of using leguminous green manures include the ability to enrich the soil with N [17],
maintain soil fertility and biological activity [18] and reduce the amount of N fertilizer
that needs to be applied for the subsequent crop [19]. According to [20], green manure
increases soil organic carbon content, aggregate stability, improves infiltration coefficients
and hydraulic conductivity, and can reduce soil compaction. It can affect the distribution of
soil pore sizes, reduce soil erosion susceptibility and slow the formation of surface compact
layers, thereby maintaining optimum infiltration factors and reducing the likelihood of
runoff, thus increasing soil moisture content [21–24]. The root systems of green manures
significantly improve soil structure and biological activity [25]. Studies by the authors
of [26] show that the application of green manures of any type is more effective for recycling
N, maintaining soil fertility and increasing soil organic matter than rotation systems without
green manure application.

In intensively cultivated areas with a high proportion of cereals in crop rotation or
in areas where high amount of N fertilization is applied, the integration of leguminous
crops can reduce energy demand, global warming potential and the ecological footprint
of cultivation. Given that the next crop will have lower N fertilizer requirements, it offers
the possibility of crop rotation diversification, which can reduce the proliferation of certain
weed and pathogen species, thereby reducing the amount of pesticides applied [27]. One of
the limitations of the spread of green manure plants is the limited sowing time interval [28].
For sowing green manure crops, early sowing (August–September) is recommended in
order to achieve higher biomass, N uptake and soil coverage [5]. The biomass weight of
green manure crops is greatly influenced by the time of sowing; for overwintering green
manure crops, late sowing increases the risk of freezing, especially for legumes [29]. A
late sowing time greatly compromises diversity in green manure mixtures [30]. It is not
always possible for the farmer to sow early; this depends on the harvest time of the crop
preceding the green manure crop and the prevailing weather during the sowing period. In
semi-arid conditions, it is common that the time of sowing is linked to the larger amount
of autumn precipitation, but this precipitation can be delayed [31]. The positive effects of
green manure plants on the ecosystem are site-specific, and the effectiveness of these plants
in regions with variable rainfall conditions is not always obvious [32]. Quantitative models
were used to analyse the temporal dynamics of 11 ecosystem services and economic metrics
in a 3-year crop rotation (soybean (Glycine max)—winter wheat (Triticum aestivum)—corn
(Zea mays)), when green manure was applied between different crops in a typical mid-
Atlantic climate. They estimate that green manures can enhance 8 of 11 ecosystem services
without negatively affecting crop yields. When measuring ecosystem services, cumulative
assessments can be misleading due to the in situ nature of some services and the time
sensitivity of treatments. For example, nutrient retention benefits occurred primarily during
the growing season of green manures, weed control benefits occurred during the growing
season of the main crop, and soil carbon dioxide content increased over decades. The
differences in production costs with and without green manures have increased threefold
in the last 10 years, largely due to changes in fertilizer prices, so green manure use becomes
more economical as fertilizer prices increase [33].

Different green manure crops (GM) were investigated in corn–soybean rotations
and researchers found that under appropriate growing conditions, some GM species can
significantly reduce GHG emissions, reduce soil NO3-content and have no negative effect
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on yield [34]. The use of crop rotation and green manures in no-tillage systems increases
corn and soybean yields in most cases compared to winter fallow and no-tillage systems,
respectively. The use of green manures did not reduce yields of dry beans, corn, and
soybean in no-till compared to conventional tillage [35]. Significant yield increases were
also reported for sweetcorn yields when fabaceous green manure crops, including common
vetch, were used [36]. Overwintering poaceae green manure crops had no effect on corn
yield regardless of the amount of N fertilizer applied. Application of fabaceous green
manures increased corn yield even without N fertilizer [37].

Leguminous green manure crops can provide all or most of the N required for the
subsequent crop, if the biomass weight of the green manure is adequate. N is one of the
most important nutrients for corn growth and yield formation, contributing 30–50% to grain
yield increase [38]. The leguminous green manures examined in the experiment (alfalfa and
hairy vetch) were able to fully or largely replace the N-fertilizer required for cultivation
in sweetcorn grown in the following year; the fertilizer replacement value (FRV) was
58–156 kg N ha−1. These leguminous green manures represent a real alternative N source,
greatly reducing or eliminating N fertilizer application [39]. The value of leguminous
green manure is the most effective, given their C:N ratio (10–15), which enables faster
mineralization, and the plant residues turned into the soil contain a larger amount of N
bound by the plant [40]. In the study of Pan et al. [41], the effects of common vetch (Vicia
sativa L.), hairy vetch (Vicia villosa Roth.) and lathyrus (Lathyrus quinquenervius (Miq.) Litv.)
on the physical and chemical properties of the soil were investigated. The authors found
that compared to the soil of the control treatment, the organic carbon content increased
from 1.6% to 6.2%, and the amount of mineral N increased significantly. Ammonium-N was
the dominant form between days 0 and 20, but nitrate-N became dominant between days
30 and 70. The highest potassium and phosphorus content was observed in the treatment
of common vetch.

According to numerous studies, one of the plants that can be used most effectively
among the leguminous green manure plants is the common vetch (Vicia sativa L.), which
is an annual plant, one of the alternative fabaceae forage plants that represent a small
proportion of the domestic sowing structure. By sequestering atmospheric N, common
vetch reduces the use of N-fertilizers, and with its good weed-suppressing ability in mixed
crops, it makes the use of herbicides redundant, so it can be part of environmentally
friendly farming [42]. When grown as a green manure plant, vetch species quickly provide
ground cover in the case of a high seed density, demonstrating their ability to suppress
weeds [43]. Six common vetch cultivars were sown at two seed rates (S1 = 100 kg ha−1

and S2 = 180 kg ha−1) in the study of Tigka et al. They detected the highest biomass
decomposition value (62.6%) after six months of application, when soil N content was
50 kg ha−1 in case of S1 [44]. The use of common vetch as a green manure plant and its
incorporation into the soil significantly influenced the yield of corn, the number of seeds per
cob and the chlorophyll content of the leaf. Compared to the control, common vetch yielded
46.30, 21.95, and 8.52% higher yield, number of seeds per cob, and chlorophyll content.
In order to achieve optimal results, the use of green manures should be supplemented
with N fertilizer [45]. The benefits of green manures (GM) and their use in crop rotations
may be limited by the short period until the next crop is planted. In field experiments in
central Spain, the pre-crop value of different green manure species, among them common
vetch, was assessed in case of irrigated corn (Zea mays L.), and fallowing was used as a
control treatment. In terms of ground cover, the common vetch (Vicia sativa L.) was the
best performing species, along with the yellow sweet clover (Melilotus officinalis L.) and the
perennial ryegrass (Lolium multiflorum L.). None of the tested species reduced corn yield or
quality, but green manure plants reduced the possibility of N leaching. The results confirm
the suitability of the green manure plants used in the summer season for corn, as well as
the additional advantages of using them in crop rotation [46]. Nitrogen (N), phosphorus
(P) and potassium (K) uptake, aboveground biomass weight and soil nutrient content of
47 vetch genotypes were investigated during the early flowering stage of common vetch
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under field conditions [47]. Biomass weight ranged from 21.33 to 47.31 t ha−1, plant N
content from 100.34 to 212.51 kg ha−1, P content from 10.31 to 25.25 kg ha−1 and K content
from 63.89 to 140.41 kg ha−1, supporting the importance of common vetch as a green
manure in replenishing soil nutrients.

In our research, we aimed to determine whether common vetch (Vicia sativa L.) legu-
minous green manure sown at different seed rates can achieve the nutrient replenishment
effect of 80 kg N ha−1 fertilization during the cultivation of corn, and whether the soil
moisture content is affected during the growing season of the main crop by the green
manure treatments.

2. Materials and Methods
2.1. Experimental Site Description

Our experiment was set up in Hungary at the UD IAREF Research Institute of
Nyíregyháza (Figure 1) to investigate the nutrient and forecrop value of common vetch
(Vicia sativa cv. Emma), as a leguminous green manure plant, in a crop rotation system.
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Figure 1. Location of the trial.

The soil type of the experimental area is humic sandy soil with neutral pH (pH 7.4),
with organic matter content ranging between 1.36 and 1.43 [m/m] %. The Arany-type
plasticity index is 31. Sub-samples from the soil were collected from each plot; the results
represented the whole research area. The samples were analysed in an accredited soil
laboratory. The soil has good phosphorus and potassium supply, the soil condition is
favourable and the cultivation techniques can be applied in good quality (Table 1).

Table 1. Soil properties of the experimental area (Nyíregyháza, 2021).

Soil Depth 0–25 cm 25–50 cm

pH (KCl 1:2.5) [-] 7.4 7.4
Arany-type plasticity index [KA] 31 31

Total soluble salt content [m/m%] <0.02 <0.02
Carbonated lime content [m/m%] 1.65 2.90
Organic matter content [m/m%] 1.43 1.30

Nitrogen–nitrite + nitrate (KCl soluble) [mg/kg d.m.] 4.1 4.0
Potassium-oxide (AL-soluble) [mg/kg d.m.] 293 234

Phosphorus-pentoxide (AL-soluble) [mg/kg d.m.] 263 214
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2.2. Characteristics of Precipitation and Temperature during the Research Period

Meteorological data (precipitation, temperature) were measured with µMETOS by
Pessl instruments. Figure 2 demonstrates the precipitation and temperature conditions for
the studied years, with averages over the last 30 years (LTA), and indicates the growing
period of common vetch green manure (GM) and the growing period of corn. The autumn
period of 2020 favoured the vegetative development of the common vetch GM. Although
the August rainfall was below the LTA, the rainfall in October provided optimal conditions
for the development of sufficient biomass, with 197.3 mm of rainfall during the growing
period of common vetch. In 2021, sufficient rainfall was recorded in the region during
the sowing period of corn and during the initial development period, exceeding the
multiannual average by 20.2 mm in April and 36.6 mm in May. On the contrary, the
amount of precipitation in June was low, totalling 14.9 mm, 61.1 mm below the LTA, after
which the rainfall for the rest of the growing period was also below the LTA. The autumn
of 2021 was also characterised by very low rainfall, with 44.5 mm of precipitation during
the growing season of GM, of which only 1.7 mm fell in October. In 2022, corn received
237.7 mm of precipitation during the growing period, but only 81.5 mm precipitation fell
during the sensitive phenophases of corn. These phenophases of corn were characterised
by extreme drought, with rainfall from May to September 180 mm below the LTA. In 2022,
182.8 mm of precipitation fell during the growing period of the GM, but the distribution of
precipitation was very uneven, with 82% of the rainfall falling in September. The year 2023
was considered optimal for corn, with a good distribution of rainfall in the growing season,
7.1 mm different from the LTA. In 2020, the average temperatures of August, September
and October during the GM growing period were all higher than the LTA, a trend that
was observed in all three studied years except October 2021. For the corn growing season,
average monthly temperatures exceeded the multi-year averages in all three studied years
(2021, 2022, 2023) except May 2021. The highest monthly average temperature was recorded
in July 2021 (24.1 ◦C), with 12 average daily temperatures above 25.0 ◦C. The monthly
average temperatures in July and August 2022 were also well above the LTA, with low
precipitation. July and August had 10 and 5 heat days (daily average temperatures above
25 ◦C), respectively. In 2023, the average temperatures in July and August were lower than
in 2022, with 4 and 7 heat days in July and August, respectively.
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2.3. Experimental Design

The experiment was set up in 2019 to study the efficiency of different green manure
treatments in a crop rotation system. In the experiment, we investigated the biomass yield
of common vetch green manure with different seed rates and the forecrop value on corn
over three crop seasons (2021, 2022 and 2023). Common vetch was sown at three different
seed rates, rates (2 million germs ha−1; 2.5 million germs ha−1; 3 million germs ha−1),
and in addition to the green manure treatments, fertilized (80 kg ha−1 N) and control
treatments were applied, where no green manure treatment has been carried out. Control
treatments and fertilized treatments during the GM period resulted in black fallow, without
herbicide spraying. For the green manured treatments, no fertilizer was used at all during
the growing period of either the green manure or the main crop. The treatments were set
up in a randomized block design with 4 replicates (Figure 3).
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Figure 3. Construction of the experiment. CR: Crop Rotation; BFN80: Bare Fallow with fertilizer
application during main crop growing period; BFControl: Bare Fallow without fertilization and green
manuring; GM1: Green Manure, seed dose 2 million germs ha−1; GM2: Green Manure, seed dose
2.5 million germs ha−1; GM3: Green Manure, seed dose 3 million germs ha−1.

The crop rotations (CR) are illustrated in Table 2. For all CR, green manuring was
applied after triticale or oat harvesting; hence, corn yields were evaluated over three years
for the different treatments.

Table 2. Plant order of the crop rotations of the experiment.

Year/Period CR 1 CR 2 CR 3

2020—CCP Triticale Oat Triticale

2020—GMP Green manure—Common vetch Green manure—Common vetch Green manure—Common vetch

2021—CCP Corn Triticale Oat

2021—GMP Fallow Green manure—Common vetch Green manure—Common vetch

2022—CCP Triticale Corn Triticale

2022—GMP Green manure—Common vetch Fallow Green manure—Common vetch

2023—CCP Oat Triticale Corn

CR: Crop Rotation; CCP: Cash Crop Period referring to the growing period of main crops. GMP: Green Manure
Period referring to the vegetation period time of the green manures.

For crop rotation one (CR 1), after triticale and a green manure period, we evaluated
the corn yield as a result of the different treatments in 2021. In the case of the second crop
rotation (CR 2) in 2022, corn yields were analysed after oat and triticale production and two
periods of green manuring. In crop rotation 3 (CR 3), corn yields were evaluated after three
poaceae plants and three green manuring periods. In the experiment, each treatment was
applied at the same location each year, so that treatment effects cumulated year by year.

The size of the experimental plots was gross 1.7 × 10 m, net 1.7 × 9.2 m. The soil
preparation and plant protectional works were carried out in a conventional plant pro-
duction system. The green manure plants were incorporated into the soil at a depth of
30 cm with a plough after the plants had been crushed. The green manure plants were
sown with a Wintersteiger Plot Spider plot seeder (Wintersteiger Seedmech GmbH, Ried
im Innkreis, Austria), and the cash crops were harvested with a Zürn SE 130 plot combine
(Zürn Harvesting GmbH & Co. KG, Waldenburg, Germany).

2.4. Agrotechnical Datas and Measurements

The seed densities used for the common vetch green manure were 2 million germs ha−1,
2.5 million germs ha−1 and 3 million germs ha−1, respectively. The 1000 seed weight of
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the seeds varied between 31.5 and 46.5 g. Green manure treatments were sown between 3
and 12 August each year and terminated after intensive vegetative development, before
flowering, between 27 and 28 October. The green manure was crushed above the soil
surface during termination and then ploughed into the soil.

An assessment of the above-ground biomass yield of the green manures was carried
out before the terminal at the end of October. The determination was carried out using a
50 × 50 cm frame in replicates, during which the above-ground green yield was harvested
from a 0.25 m2 area and its weight was measured.

Soil samples were collected in the growing period of corn in order to determine the
long-term effect of green manuring on soil moisture content. Soil samples were collected in
2021 and 2022 in the middle of May, in a corn growing period in the BBCH 16 stage in 2021
and BBCH 12 stage in 2022. Soil samples were taken with a hammer system soil sampler in
four measurement ranges (0–25 cm, 25–50 cm, 50–75 cm, 75–100 cm), up to 1 m depth with
a 5 cm diameter sampling tube in 3 replicates per treatment. The moisture content of the
soil samples was determined gravimetrically and expressed as a weight percentage.

The corn (Zea mays cv. DKC 4316) was sown following soil preparation between 15 April
and 3 May at a seed density of 65 thousand germs ha−1. The fertilizer (80 kg ha−1 N) was
applied at the time of inter row cultivation between 30 May and 15 June in case of the
fertilized treatments. Corn harvesting was carried out between 5 and 14 October (Table 3).

Table 3. Time of the main field operations during the experimental time.

Operation/Year 2020/2021 2021/2022 2022/2023

Green manure sowing 11 August 12 August 3 August

Green manure sampling 27 October 27 October 26 October

Green manure termination 28 October 28 October 27 October

Corn sowing 15 April 3 May 3 May

Soil sampling 19 May 16 May -

Fertilization (80 kg ha−1 N) 30 May 1 June 15 June

Corn harvest 12 October 14 October 5 October

2.5. Statistical Analysis

SPSS software (ver. 26, IBM, Armonk, NY, USA) was run to compare the means
and analyse the variance among treatments, followed by Tukey’s post hoc analysis to
indicate the significant differences where applicable and for regression analyses. Pearson
correlations among parameters were calculated using SPSS software and were used to
interpret relationships among precipitation, biomass yield and corn grain yield variables.

3. Results
3.1. Effect of Different Seed Densities and Amount of Precipitation on Above-Ground Biomass
Production of Common Vetch

Figure 4 illustrates the above-ground biomass yield of common vetch in the studied
years at different seed rates. In 2020, the highest values of the three years were observed,
with the highest precipitation of 197.3 mm during the growing season of the green manure.
No significant difference was detected between the results of the three different seed rates;
the highest value was observed in case of the highest seed rate of 3 million germs ha−1

(12.82 t ha−1). The values measured in 2021 were significantly lower than the values for
2020. The total rainfall during the growing season of the green manure was 44.5 mm for this
year. No significant difference was observed between the different seed rates; the highest
value in this year was obtained with the lowest seed rate (0.82 t ha−1). In 2022, there was
no significant difference between the measured values. The highest biomass yield was
measured in case of the highest seed rate (3.31 t ha−1), but yields were low in this year, as
in the previous year. The amount of precipitation during the growing period of common
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vetch green manure was 182.8 mm, but after the summer drought period, rainfall was a
limiting factor during the emergence and initial development of the green manure plant.
Although rainfall in September was well above the LTA (149.6 mm), in October it amounted
to 30% of the average (15.4 mm), which hindered the intensive vegetative development of
the plants.
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Figure 4. Above-ground biomass production of common vetch in case of different seed densities
and crop years. Values with different letters are significantly different at the 95% confidence level
obtained using Tukey’s test.

Examining the correlation between the amount of rainfall during the growing season
of the green manure plant and the biomass yield developed, the Pearson’s correlation value
was 0.865; however, the highest correlation value was observed for the amount of rainfall
with the biomass yield in the month of October. In this case, Pearson’s correlation value
was 0.987, which is significant at the 0.01 level. Based on the obtained result, it can be
concluded that the amount of rainfall in October had the greatest effect on the vegetative
biomass yield of common vetch sown for green manure in early August under Hungarian
climatic conditions, with an r2 value of 0.895 (Figure 5).
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Figure 5. Regression analysis of the biomass weight of common vetch and the amount of precipitation
in October in 2020, 2021 and 2022, Nyíregyháza.

3.2. Effect of Green Manuring on Soil Moisture Content in the Growing Period of Corn

In the year 2021, 89.9 mm of precipitation was recorded between the sowing of corn
and the time of soil sampling; thus, drainage was an important factor for the soil. No
significant difference in soil moisture was observed between the 0–25 cm and 25–50 cm
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depths, but at the 50–75 cm depth, the soil moisture of the control area was found to be
significantly lower than that of the green manured treatments. At a depth of 75–100 cm,
the soil moisture content of both the fertilised and control treatments was significantly
lower than the green manured ones. The green manure treatments allowed precipitation to
infiltrate deeper into the soil and reduced the risk of erosion.

The year 2022 was characterised by extreme drought, with 2 mm of precipitation from
the sowing of corn to the time of soil sampling. No significant differences in soil moisture
values were observed in the 0–25 cm soil layer. A tendency towards deeper layers was
observed, where the soil moisture content of the green manured plots was higher than that
of the control treatments. At depths of 50–75 and 75–100 cm, significantly higher moisture
values were measured for the green manure treated plots, while the lowest values were
observed for the fertilized plots (Table 4).

Table 4. Effect of green manuring, fertilization and control treatments on soil moisture content (m/m
%) in corn stand at BBCH 16 stage in 2021 and BBCH 12 stage in 2022.

Crop Year Treatment
Depth (cm)

0–25 25–50 50–75 75–100

2021
GM 19.79 a 19.22 a 18.64 b 18.08 b

N80 20.10 a 19.61 a 18.86 b 15.07 a

Control 20.51 a 20.25 a 16.65 a 15.58 a

2022
GM 15.72 a 15.47 b 16.15 b 14.10 c

N80 14.40 a 16.28 b 13.15 a 8.35 a

Control 15.11 a 13.56 a 13.81 a 12.16 b

GM: Green Manure treatments; N80: Fertilized (80 kg N ha−1) treatments; Control: Treatments without GM and
fertilizer application. Values with different letters are significantly different at the 95% confidence level according
to Tukey’s test.

3.3. Effect of Common Vetch Green Manure on Corn Yield in Different Crop Years
3.3.1. Effect of Common Vetch Green Manure on Corn Yield in 2021

Figure 6 illustrates corn yields in 2021 in case of green manure treatments of common
vetch at different seed densities, compared to the effect of fertilizer and control treatments.
No significant differences were observed between the different green manure doses. All
of these treatments significantly outperformed the results of control treatment. The effect
of the fertilized treatment was non-significantly lower than that of the green manured
treatments at all three seed densities. The effect of both N fertilized and green manured
treatments significantly exceeded the yield results of the control treatment.
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3.3.2. Effect of Common Vetch Green Manure on Corn Yield in 2022

The summer of 2022 was characterised by an extreme drought, with 3.9 mm of precipi-
tation in May following the sowing of corn and a total of 81.5 mm at the critical phenophases
of the crop, resulting in significantly lower yields than average. Under these conditions,
the moisture-holding and providing capacity of the soil, which are decisive factors for the
vegetative and generative development of the plant, have become extremely important.
The results of the green manured treatments significantly outperformed the fertilized and
control treatments (Figure 7) in case of all three seed densities applied. It is important to
note that the green manured plots in the studied crop rotations had not had any fertilizer
application for 3 years, only green manuring. Strong evidence of the long-term impact of
green manuring is that, although a very low biomass yield was achieved in 2021, the posi-
tive effects were realised even under very stressful conditions, thanks to the two periods of
green manuring (2020 and 2021).
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3.3.3. Effect of Common Vetch Green Manure on Corn Yield in 2023

The year 2023 has been considered optimal for corn in terms of precipitation. During
the growing season, the crop received 297.4 mm of precipitation, with a favourable distri-
bution. No significant difference was observed between treatments in corn yield results for
this crop year. The highest yield (12.11 t ha−1) was observed in case of GM treatment at a
seed density of 3 million germs ha−1 (Figure 8). In this case, in CR 3, the green manured
areas had not been fertilized for 4 years and had been treated with common vetch green
manure for 3 consecutive years. The results confirm that green manuring with legumes can
maintain the effect of N fertilization at 80 kg ha−1 in an optimal year and could be more
successful than fertilization under increased stress conditions.

3.4. Correlation between the Examined Parameters

Both triticale and corn yields were influenced by the amount of precipitation during
their growing seasons (r = 0.960 and r = 0.941, p < 0.01) (Table 5). Based on the results of
the three years studied, a strong correlation was also found between the biomass of the
green manure (Biomass GM) and the precipitation during green manure vegetation period
(PGMVP) (r = 0.865, p < 0.01). The crop order of the rotation studied is triticale—green
manure—corn. The amount of precipitation during the growing season of triticale (PTVP)
also shows a positive correlation (r = 0.554, p < 0.01) with Biomass GM. A similarly strong
positive correlation was observed between corn yield and PGMVP (r = 0.870, p < 0.01), and
a strong correlation was also observed between the amount of Biomass GM and Corn Yield
(r = 0.562, p < 0.01).
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Figure 8. Corn yields as a result of green manuring with different seed doses, fertilization and
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Table 5. Pearson correlation coefficients for green manure biomass, corn yield, precipitation during
green manure vegetation period (PGMVP), precipitation during corn vegetation period (PCVP),
triticale yield and precipitation during triticale vegetation period (PTVP) for the field of study
(n = 33).

BiomassGM YieldCORN PGMVP PCVP YieldTRITICALE PTVP

BiomassGM 1

YieldCORN 0.562 ** 1

PGMVP 0.865 ** 0.870 ** 1

PCVP 0.411 * 0.941 ** 0.767 ** 1

YieldTRITICALE 0.383 * −0.430 * −0.001 −0.629 ** 1

PTVP 0.554 ** −0.248 0.195 −0.480 ** 0.960 ** 1
** Correlation is significant at the 0.01 level (2-tailed). * Correlation is significant at the 0.05 level (2-tailed).

4. Discussion
4.1. Effects of Precipitation and Different Seed Densities on the Biomass Weight of Green Manure

The biomass yield of common vetch green manure is largely determined by the
weather conditions in a given year. Our studies show that precipitation during the growing
season is the most important determinant of biomass, which is in agreement with Tal-
gre’s [48] finding that the biomass formation and nutrient uptake of leguminous green
manure plants, including common vetch, in continental climates is highly dependent on
climatic conditions and the length of the growing season. Rainfall during the growing
season not only had a significant effect on the biomass yield of green manure, but also
influenced corn yield in the years studied [49]. Based on the correlation analyses carried out,
it is evident that within the autumn precipitation, the rainfall in October had the greatest
influence on the biomass yield. In addition to the amount of precipitation, the distribution
is also determinant, as the biomass yield is determined by the amount of precipitation in
the second half of the growing season of the green manure. In our studies, the different
green manure seed rates had no significant effect on the biomass yield, but [50] found that
the biomass yield of vetch sown in a mixture with oats was significantly influenced by the
seed density in addition to the crop year, suggesting that in pure seeding, the number of
plants is not a determining factor, but that when vetch is grown in combination with oats,
the number of plants used determines its green manure value.
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4.2. Effects of Green Manuring on Soil Moisture Content during the Main Crop Growing Period

In terms of soil moisture, the moisture content of the soil in the top 0–25 cm and
25–50 cm layers of the green manured plots did not differ significantly from the fertilized
and control plots when tested after sowing corn. However, significantly higher moisture
contents were detected in the deeper soil layers (50–75 and 75–100 cm), suggesting that
the green manure treatments allowed moisture to infiltrate into the deeper soil layers,
indicating a long-term beneficial effect of green manuring. Studies on the cultivation of
vetch (Vicia sativa L.) as a green manure have shown that the deep root system of vetch
GM improves soil porosity due to the root remaining in the soil [51]. In the case of the
use of leguminous GM crops, after harvesting wheat, the moisture content of the soil in
the 0–100 cm layer was replenished to 81%, while in the case of fallow, it was only 68%.
Replacing fallow with legumes increases soil moisture and reduces the risk of nutrient
leaching and erosion [52]. A similar trend was observed by Mikó [53], who found that a
more favourable soil condition developed 2–3 months after the incorporation of GMs, as
the beneficial effects of GMs take longer to develop after incorporation, and therefore the
cultivation of spring-sown crops is recommended after GMs. In terms of the effect of green
manuring on soil moisture, the leguminous GMs used had a neutral effect in the upper
layers of the soil and a positive effect in the deeper layers. Termination and incorporation
at flowering time had a positive effect on soil moisture [54], but other observations have
shown that the gravimetric water content of soil decreased as a result of GM treatment [55].
In the upper cultivated layer of soil, moisture content is mainly influenced by rainfall, and
below the cultivated layer it is mainly influenced by soil porosity.

4.3. Comparison of the Effects of Green Manuring and Fertilization on the Yield of Corn

In our studies, based on the three-year averages, after common vetch GM treatments
sown with different plant numbers, the average yield of corn increased by 43.2% compared
to the yield of the control treatment. A similarly favourable effect on yield is reported
by [55], according to whom the yield of corn increased significantly by 11% as a result of
leguminous GM, but at the same time, the effect of GM on the yield of wheat and potatoes
was not conclusive. Different GM seed densities had no significant effect on the yield
of corn in any of the examined years. The highest green manure effect was observed in
the extreme drought year 2022, when common vetch GM resulted in a 155% increase in
yield compared to the control treatment (1.61 t ha−1). The positive effect of legume GM
on corn yield is due to the N fixed by the leguminous plant, with N fertilizer replacement
values ranging from 70–184 kg ha−1 N active ingredient [56]. Stute and Posner [57] have
a similar opinion; in their experiments with hairy vetch and red clover, they found that
half of the N content of the plants had been released four weeks after incorporation in
the soil, and that ten weeks after incorporation, a great amount of N (about 80%) had
been released, so that corn grown as a main crop had a potential N source from the use
of leguminous GM. The importance of N form is shown by the fact that the application
of N fertilizer at 80 kg ha−1 active ingredient in the extreme drought year resulted in a
50.27% yield reduction compared to the control, indicating the beneficial effect of organic
forms of N fertilization when applied regularly. The N uptake rates of common vetch
and Egyptian clover were 60 and 100 kg N ha−1, respectively, depending on the amount
of precipitation in different years. Weather conditions and soil moisture content were
crucial during germination and early plant development, which may explain the different
N uptake rates [58]. In years with favourable precipitation for corn (2021 and 2023), yield
differences between GM and fertilizer treatments were not significant, but under increased
stress conditions (2022), green manuring with common vetch proved to be significantly
more effective than fertilizer treatments. In studies by Tao et al. [59], common vetch was
found to be the most effective of four different green manuring methods in terms of its
effect on corn yield, increasing yield by 31.3%.
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Based on our results, the common vetch green manuring provided equivalent or more
favourable results than the fertilization with 80 kg ha−1 N active ingredient in all three years
studied; thus, its application in crop rotation systems is justified. An additional advantage
is that the amount of fertiliser replaced by GM in crop rotation systems reduces the input
requirements of production, greenhouse gas emissions and the ecological footprint of
production, especially considering that the largest contribution to the ecological footprint
of production is the use of N fertilizers [60].

5. Conclusions

Our results demonstrated that common vetch green manure (GM) treatments are
equivalent to the application of 80 kg ha−1 of N in terms of their effect on corn yield.
Based on the 3-year results, no significant difference was observed between the effect of the
applied different GM seed densities (2.0, 2.5 and 3.0 million germs ha−1) on the corn yield,
which suggests that the applied doses are the upper part of the effective common vetch
seed dose. The biomass weight of common vetch GM was significantly influenced by the
amount of precipitation in the autumn period, but even more by its distribution. In terms
of the distribution of precipitation during the vegetation period of GM, the amount of
precipitation that fell in October was the most decisive. This trend is valid in the continental
climate of Hungary, which is the location of the study. One of the reasons for the favourable
effect of the investigated GM treatments is that a larger amount of moisture content was
available in the lower layers of the soil (50–100 cm layer) for the subsequent cash crop in the
investigated years. The beneficial effect of the common vetch GM was most pronounced
in the extreme drought year 2022, where the previously mentioned beneficial effects took
effect to a greater extent. The examined years varied widely, so we had the opportunity to
interpret the results from this perspective. In an average year, we observed an equivalent
but not significantly higher GM effect than 80 kg N ha−1 fertilization. In an extreme
drought year, a great and significant yield enhancing effect of GM application was observed
compared to both the control and the 80 kg ha−1 N application. Based on our studies, under
continental climatic conditions, common vetch GM can be an excellent tool with which to
achieve the objectives of regenerative agriculture, can save significant amounts of inputs
and is a potential option for improving soil nutrient supply under ecological conditions.
However, this effect is only achieved if the GM is applied in a crop rotation system.
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