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Abstract

Agricultural practices must adapt to address new climatic conditions and the rising global demand for
food. Among these practices, cultivating crops resilient to various stresses while maintaining productivicy—
such as annual legume crops—is essential. This study aims to assess the competitive interactions between
legume crops and weeds. Field experiments were conducted using a Randomized Complete Block design with
three replicates. Six weed treatments, representing the presence and absence of weeds (utilizing natural weed
communities) were applied as the main plots for each of three-grain legumes: pea (Pisum sativum), faba bean
(Vicia faba), and vetch (Vicia sativa), under semi-arid Mediterranean conditions. To evaluate the crops'
competitive abilities, weed and crop biomass were collected at 3, 6, and 9 weeks after sowing (WAS).
Additionally, pod yield was measured for each species to determine crop yield. The results indicated that faba
bean exhibited the strongest growth competition, sowing: a) the smallest difference in final (9WAS) biomass
between weedy and weed-free treatments compared to peas and vetch (30, 55, 57% reduction, respectively),
and b) significant benefits in continuous removal of weeds in peas, vetch as compared to the no-benefits in such
treatment in faba beans. In terms of yield tolerance to weed competition, peas demonstrated the greatest
resilience, followed by faba beans and vetch (24, 38, 76% reduction, respectively). The timing of the
manifestation of the crops' suppressive abilities varied: in peas and vetch, there was no measurable effect on
growth due to the weed competition at the early and medium stages (at 3 and 6WAS) of crop development but
only at the late stage (9WAS). Given the importance of grain legumes and the limited research on their
competitive interactions with weeds, further studies are needed to promote more sustainable agricultural
practices.
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Introduction

As the effects of climate change intensify and the global human population is estimated to surpass 9
billion by 2050, agricultural practices must be found to face the groundbreaking rise in demand for food
(National Research Council, 2015). There is an urgent need to select crops that can adapt properly to new
climatical conditions and identify their farming practices (Papastylianou ez 4/, 2021). In this aspect, the
appropriate crops must be resilient to various stresses and withhold productivity, food security, quality, and
agricultural sustainability (Lammerts et al., 2018). Annual grain legumes can arise as a suitable group of crops
assuring environment-friendly agricultural practices and food security (Duc ez 4/., 2015). European Union
(EU) has recently underlined the significance of grain legume crops by including them in most greening policy
measures (Cernay et al., 2015; Watson et al., 2017).

Grain legumes are frequently characterized as climate-smart crops as they are adapted to a wide range of
environmental conditions. Due to their cultivation mostly in marginal environments, they can experience a
variety and intensity of biotic and abiotic stresses (Bahl, 2015). Moreover, they also play an important role in
ecosystem services as they improve physical soil properties and enrich the soil with N reducing the
overdependence on fertilizers (Naudin ez al. 2010; Vélyi-Nag ez al., 2021). These low-input crops are also a
storchouse of protein, vitamins, and other nutritional components with a high dietary value for both human
and animals’ diet (Wang ez 4/, 2009; Burstin ez al., 2011; Marposa and Jideani, 2017). In the last ten years,
legume production has been globally rising (FAOSTAT, 2020).

Among grain legumes, pea (Pisum sativum L.), faba bean (Vicia faba), and vetch (Vicia sativa) belong to
the Fabaceae family (Foyer ez 4/, 2016) and are also cultivated across Europe. Pea is the second most important
grain legume and one major green vegetable in the world. At present, it is mostly a spring crop in temperate
regions, while in Mediterranean-type environments pea is sown in autumn (Rubiales ¢z 4/, 2009). Thanks to
its flexibility, early ripening, and cold resistance, pea crop comes with a great distribution range (Zotikov and
Borovlev, 2008). Faba bean (Vicia faba), the fourth most cultivated cool-season legume worldwide, is grown as
a grain and green-manure legume (Fouad ez 4/, 2013). In addition to the high nutritional value of faba bean
seeds, the crop is related to a reduced need for fertilizer input due to its significant efficiency in biological
nitrogen fixation (Jensen ez al., 2010). It is characterized by an adaptive capacity to several climatic and soil
conditions (Singh ez 4/, 2013), while it is more tolerant to frost than most other legume crops (Murray ¢z al.,
1988). Vetch (Vicia sativa L.), another cool-season member of the Leguminosae family, has a climbing growth
habit and contains high protein levels (Hadjichristodoulou, 1978). It is cultivated for biomass and seed
production (Enneking, 1995).

Appropriate farming practices should also be investigated to successfully adapt grain legumes in low-
input or organic cropping systems. Among them, weed management should be considered an essential
agronomic practice, as weed infestation in grain legumes can provoke a yield reduction of more than 50 %
(Frenda ez al., 2013; Abdallah ez al., 2021). A literature review highlights weed control's significant impact on
agronomic and yield characteristics in these crops (Frenda ez a/., 2013; Abdallah ez 4/., 2021; Juhasz ez al., 2023).
In most legumes, it is well established that they have a weak competitive ability towards weeds (Wall ez al,
1991; Townley-Smith and Wright, 1994; Mcdonald, 2003), and weed presence in legume organic systems limit
the N nutrition and grain yields (Corre-Hellou and Crozat, 2005). Since grain legume crops generally compete
weakly against weeds, herbicide applications (mostly pre-emergent ones) could be used (Kopke and Nemecek,
2010). However, there is an urgent need to reduce the amounts and risks of herbicides in the EU and support
organic farming systems thanks to their ecosystem services and the rising demand for organic food products
(Place ez al., 2009).

In this context, searching for alternative non-chemical weeding solutions is very important (Melander
et al., 2005; Pannacci ez al., 2017). To identify these methods, it is essential to identify all necessary competitive
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dimensions between grain legume crops and weeds. In general, competition between crops and weeds depends
on site-specific factors, such as climatic conditions, management strategies, the composition of weed flora, weed
density, and weed emergence time (Rajcan and Swanton, 2001). It is well established that a number of factors
could modify the crop: weed interactions as follows: tillering capacity, crop height (Korres and Froud-Williams,
2002), leaf area (Seavers and Wright, 1999), type of growth such as upright, long stem, high biomass (Ross ez
al.,2001), shading ability (Lemerle ¢# al., 2001), allelopathy (Seavers and Wright, 1999; Khanh ez ., 2005).

For major arable crops (i.e. cereals, soybeans), a large number of studies exist to measure the competitive
ability of crop species and the association of crop competitive ability with specific morphological and crop-
growth traits (Sardana ez a/., 2017). However, few studies have reported the competitive ability of grain legumes
under Mediterranean conditions and even fewer have examined more than one species. Additionally, most of
the legume species are sown in late autumn or early winter to utilize the long growing period and the winter
rainfall. However, in Greece, there are three farming scenarios that would benefit from a short-term legume
crop sown in early spring and harvested in late June as follows: a) in areas whereas severe environmental
conditions (mainly due to heavy and continuous rain) preventing optimum sowing dates like in western parts
of the country (i.e. Ilia region); b) in the very northern parts of the country and some Aegean sea islands (i.c.
Limnos) where legume spring sowing is common; and ¢) prolonged cultivation period in summer crops (i.e. in
cotton) that eliminate the optimum window for autumn sowing.

The objectives of this study for the three-grain legumes were as follows: a) to measure their growth
competitive ability, and b) to measure the yield tolerance to competition. Field trials were performed utilizing
natural weed communities under semi-arid Mediterranean conditions.

Materials and Methods

Experimental site

A field study was conducted on the Agricultural University of Athens's experimental farm in the Spata
region (southern Greece: latitude 37°58" N, longitude 23°54" E, altitude 123 m above sea level) from
November 2018 to July 2019. The soil was sandy clay loam (sand 50%, clay 26%, and loam 24%) with a pH
value of 7.9, organic matter 1.43 %, P-Olsen 59 mg kg, and CaCO; 3.9. Weather data were recorded daily
from the meteorological station within 0.5 km of the experimental area. The climate in the site is characterized
as typical semi-arid Mediterranean with cold winters, and hot summers, and historical mean rainfall during the
crop-growing season is 346 mm. Rainfall, average, minimum, and maximum air temperature were reported as
mean monthly data to highlight the conditions in whole year from November to July that includes the specific
growing period of legume trials (Figure 1).
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Figure 1. Monthly means of average air temperatures and total rainfall for the growing season from
November 2018 to July 2019

Plant material and experimental design

Three different species of forage legumes, pea (Pisum sativums; cv. ‘Olympus’), faba bean (Vicia faba; cv.
‘Tanagra’), and vetch (Vicia sativa; cv.’ Evinos’) that are widely grown in Greece were selected based on their
wide adaptability and the high forage yield potential. The specific characteristics of the grain legume cultivars
are as follows: cv. ‘Olympos’ is an early cultivar (Institute of Industrial and Fodder Plants, Larissa, Greece), cv.
“Tanagra’ is a mid-late cultivar (Institute of Industrial and Fodder Plants, Larissa, Greece) and cv. ‘Evinos’ is an
carly cultivar (Agroland SA Company, Karditsa, Greece). They were evaluated in a Randomised Complete
Block (RCB) design in a split-plot arrangement with three replications. For each species, the two weed
treatments (presence and absence of weeds) were defined as the main plots, each divided into three subplots.
The weed-free plots were kept by hand weeding, while the rest were subjected to the below treatments on a
case-by-case basis and full description of the treatments are provided in Table 1. Every subplot was 2.5 m in
length and 4 m in width with 0.25 m between rows. The total size of each plot was 90 m?. The seed rate of vetch
crop was 160 kg per ha.

Table 1. The weed treatments applied in each subplot are 3, 6, and 9 weeks after sowing (WAS)

Weed treatments 3WAS 6WAS IWAS
CP1 weeds weeds weeds
P2 weeds no weeds no weeds
P3 weeds weeds no weeds
CAl no weeds no weeds no weeds
A2 no weeds weeds weeds
A3 no weeds no weeds weeds

CP1 and CALl indicate the control plots for weeds' presence (continuous presence of weeds; P) and absence
(continuous absence of weeds; A) during the whole cropping period. Regarding the presence treatments, for 3 WAS
(P2), and 6WAS (P3), after that specific timing presence, weeds were removed (hand-hoeing) every 15 days up until
the end of the cropping period. Regarding the absence treatments for 3WAS (A2) and 6WAS (A3), continuous
removal (hand hoeing) for the specific timing and then weeds were left to grow until the end of the growing period.

Crop management
Seedbed preparation was conducted by plowing at a depth of 20 cm and followed by shallow tillage.
Seeds of three species were sown separately by hand at a depth of 3 cm on the 4th of April to achieve the
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recommended seed rate of 160 kg ha™ for faba bean, and 112 kg ha™ for pea and vetch. No basal fertilization or
any disease and pest control practices were followed. Plants were rain-fed without any supplemental irrigation
during the growing period. Several annual and perennial, grasses and broad-leaf weed species emerged, due to
the available soil seed bank, a few days after plowing. Weeds were removed by hand hoeing, both at the corridors
and the plots, depending on the WAS described above, according to the experiment’s treatments (Table 1).

Sampling and measurements

For the determination of weed biomass, all above-ground weeds within the plots were cut to ground
level with manual shears, at 3, 6, and 9 wecks after sowing (WAS). Then weeds were dried for 48 hours at 70
°C until their weight remained stable, and the weed dry weight was measured. As for the crop plants, three
plants from each plot were collected each time that the weeds were removed (3, 6, and 9 WAS), and then
overdried at 70 °C to record their dry weight. When crops reached the maturity stage BBCH: 99, on 2nd of
July, the experimental subplots were hand-harvested. The harvested area was 10 m* per subplot. The pod yield
was also estimated for each plant species for both the presence and absence of weed treatments.

Statistical analysis

All measured and derived data were subjected to Analysis of Variance (ANOVA), using the statistical
software package Statgraphics Centurion XVI Version (Statgraphics Technologies, Inc., The Plains, Virginia).
The estimation of the significance of differences among treatments was carried out by using Tukey’s test at
a=5% (p=0.05). The tests of correlation coefficients and linear regression were calculated by the Statgraphics
software to establish relationships between parameters.

Results

Weed flora composition

The weed flora associated with pea, faba bean, and vetch in the experimental field were identified. A
total of 12 annual and perennial, grasses, and broadleaves weed species were recorded. Most of the weed species
were annual broadleaved. It included, the major winter species such as: Avena sterilis, Sonchus oleraceus, Papaver
rhoeas; spring species such as Convolvulus arvensis and Malva sylvestris. The above species were present in
greater density (approximately 85% presence based on a visual scoring). Weed species identification also
revealed the presence of Sinapis alba, Glebionis coronoria, Calendula officinalis, Capsella bursa-pastoris, Stellaria

media, Matricaria chamomilla, and Solanum elacagnifolium in much lower densities (less than 15% presence).

Dry weed biomass

A significant increase in weed biomass was observed from 3 to 9 weeks after sowing (WAS) for all three
legume crops. In general, the lowest biomass values were recorded during the early period (3 WAS), and in peas
compared to faba beans and vetch during the whole period (from 6 to 9WAS). At the early period (3WAS),
the lowest weed biomass was measured in faba beans (18.5 g m™; followed in peas (43.5 g m?) and the highest
in vetch (121,9 g m?). In peas and vetch, there was no weed biomass increase from 6 to 9 WAS; however, in
faba beans there was a continuous weed biomass increase that exceeded 300 g m™ (Figure 2).
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Figure 2. Weed dry biomass within the plots of pea, faba bean, and vetch plant crops at 3, 6, and 9 weeks
after sowing (3, 6, and 9 WAS) for the 2019 growing season
Values represent the total above-ground weed biomass, collected at the specific timings using the 0.5 x 0.5 m grid.

Dry biomass of plant species

Pea (Pisum sativum)

According to the analysis of variance, the dry biomass of the above-ground part of the pea plants was
affected by the weed treatments (Figure 3). At three weeks after sowing (3WAS), similar crop biomass was
measured in all treatments (values ranged from 21.2 and 29.6 g m?). At 6 WAS, an approximately 6% increase
was recorded in pea biomass, while insignificant values were measured (from 34.8 to 56.4 g m™) between all
treatments. Finally, significant differences between plots with short term presence or absence of weeds were
observed at 9 WAS. The maximum biomass value of 273.2 g m™ was measured in the prolonged weed absence
treatment (CAl). All other treatments either representing the timing of weed presence or absence measured
insignificant values (from 121.2 gm™to 166 gm™).
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Figure 3. Dry biomass of pea plants after weed treatments at 3, 6, and 9 weeks after sowing (3,6,and 9
WAS) for the 2019 growing season

Vertical bars indicate the standard errors of the means. Values without a common letter are statistically significant
according to LSD (0.05)
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The weed flora affected negatively the yield of pea pods, which was not statistically significant in any of
the six applied treatments. It was measured that continuous weed presence (CP1) reduced pod yields by 8%
compared to the prolonged weed absence treatment (CA1). The highest pea pod yield of 481.63 kg per ha was
recorded in the treatment of two period weed absence (A3), while insignificant values were measured (from
351.10 to 481.63 kg) between all treatments
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Figure 4. The effects of the experimental factors on the pea pod yield in the 2019 growing season
Vertical bars indicate the standard errors of the means
All values are having a common letter showing that they are not statistically significant according to LSD (0.05).
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According to the analysis of variance, the dry biomass of the above-ground part of the faba bean plants
was affected by the weed absence/presence treatments across the specific periods (3, 6, and 9 WAS) but not
within each specific period (p<0.05) (Figure 5). At 3WAS, all treatments related to weed presence (CP1, P2,
P3) reduced the crop biomass by 63% as compared to the ones with weed absence (CA1, A2, A3), although
values were not statistically significant. At 6WAS, a similar trend as in 3WAS, in crop biomass was measured
related to the weed presence/absence treatments. At 9WAS, the continuous weed presence (CP1) caused a
biomass reduction of 27% compared to the weed-free control (CA1)
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Figure 5. Dry biomass of faba bean plants after weed treatments at 3, 6, and 9 weeks after sowing (3, 6, and
9 WAS) for the 2019 growing season

Vertical bars indicate the standard errors of the means. Values without a common letter are statistically significant
according to LSD (0.05).
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The weed flora reduced the pod yields of faba bean depending on the type of the treatment (Figure 6).
As such, the continuous weed absence (CA1) resulted in the highest values (73.6 kg), whereas the continuous
presence caused a decline in pod yields (45.4 Kg). All other treatments related to weed presence (P2, P3) and
weed absence (A2, A3) had mostly similar values in pod yields.
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Figure 6. The effects of the experimental factors on the faba bean pod yield in the 2019 growing season
Vertical bars indicate the standard errors of the means. Values without a common letter are statistically significant
according to LSD (0.05)
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Vetch (Vicia sativa)

According to the analysis of variance, the dry biomass of the above-ground part of the faba bean plants
was affected by the weed absence/presence treatments across the specific periods (3, 6, and 9 WAS) but mostly
was similar within each specific period (p < 0.01) (Figure 7). At 3WAS, similar biomass values were measured
regardless of the specific weed presence (CP1, P2, P3) or absence (CA1, A2, A3) values. At 6WAS, a similar
trend as in 3WAS, in crop biomass was measured related to the weed presence/absence treatments; the lowest
value was measured at the continuous weed presence (16.9 g m?) (CP1). At 9WAS, the maximum plant
biomass value of 62.6 g m™ was recorded in the continuous weed absence treatment (CAl), whereas the
continuous weed presence (CP1), P3 caused the lowest value (up to 26,3 g m-?. All other treatments related
to weed absence (A2, A3) or weed presence (P2) had similar effect on crop biomass.
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Figure 7. Dry biomass of vetch plants after weed treatments at 3, 6, and 9 weeks after sowing (3, 6, and 9
WAS) for the 2019 growing season

Vertical bars indicate the standard errors of the means. Values without a common letter are statistically significant
according to LSD (0.05)

Regarding the vetch pod yield, the weed flora reduced the pod yields of faba bean depending on the type
of the treatment (Figure 8). As such, the continuous weed absence treatments (CAl, A2, A3) resulted in
similarly high values (up to 170.2 kg), whereas the continuous presence treatments (CP1, P2, P3) caused a
decline in pod yields (39.3 Kg).
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Figure 8. The effects of the experimental factors on the vetch pod yield in the 2019 growing season

Vertical bars indicate the standard errors of the means. Values without a common letter are statistically significant
according to LSD (0.05).

Discussion

The competitive ability of crops under natural occurring weeds refers mostly to the following two pillars,
based on standard approaches as follows: a) the crop suppressive ability on weeds, which refers to low weed
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growth and high crop growth during development, and b) the crop tolerance to weed competition refers to the
ability of high yields under weed pressure.

For best results, crops (or even cultivars within each species) ideally manifest both the above attributes
(i.e. being suppressive and tolerant at the same time); however, it is difficult to identify genotypes that possess
both these attributes. Differences between suppressive ability and tolerance were reported in most crop cases
such as: in wheat against L. rigidum Coleman ez al. (2001); in soyabeans against a range of weed species Bussan
et al. (1997); in faba beans (Ghaouti e a/. 2016); in vetch (Bilalis ez 4/ 2009); in peas (Corre-Hellou et al.
2011).

Growth competitive ability

Regarding the growth competitive ability, the total growth suppressive ability is best visualized at the
late stage of crop development (9WAS); differences at this crop development timing measures the relative
growth competitive ability of the grain legume species. In this context, the faba bean was the most growth-
competitive crop since it had the smallest difference in crop biomass between the weedy (CP1) and the weed-
free (CA1) treatment; only a 30% reduction was recorded due to the weed presence (Figure 5). This result was
further supported by the low benefit of removing the weeds from the plots (see A2 and A3 vs. CAI treatments;
Figure 5). Our results agree with previous reports showing the highly competitive ability of faba beans in
Mediterranean conditions (Frenda ez /., 2013). As for pea and vetch crops, they showed a lower growth
competitive ability than faba bean. An approximately 55% reduction was measured in crop biomass between
the weedy (CP1) and the weed-free (CA1) treatments (Figure 3, Figure 7). Also, there was a significant benefit
in removing the weeds even at a very early stage of crop development (see A2 and A3 vs. CA1 treatments; Figure
3, Figure 7). In peas, our results agree with previous reports showing low competitive ability against weeds,
particularly at the beginning of the crop cycle (Hauggaard Nielsen ez al., 2001). Additionally, our results, are in
agreement with a latest report regarding the high vulnerability of vetch to early weed competition (Juhasz ez al.,

2023);

Yield tolerance to competition

Concerning the yield tolerance to competition, the presence of weeds (mostly regardless of their relative
timing of presence) had a detrimental effect on yields as compared to the weed-free controls. More specifically,
the presence of weeds (CP1) resulted in a reduction of 23.7%, 38.2%, and 75.8% in pea, faba bean, and vetch
pod yield respectively compared to the weed-free control (CA1). Frenda et 4/. (2013) reported a mean yield
reduction of 60% in faba bean when it was left to compete with wild mustard and Italian ryegrass as artificial
weed species. In peas, various levels of yield losses due to weed competition were reported in the literature. In
this context, Gargouri and Seely (1972) reported a 51% yield loss in a moderate wild oat presence; Wall ez /.
(1991) reported a 2 to 35% yield loss due to wild mustard; and Blackshaw and O’Donovan (1993) 2 30 to 85%
yield loss due to volunteer barley. In peas, our results are in agreement with a previous report indicating a high
weed pressure affecting its growth due to slow crop establishment (shoot and root growth); however, from the
flowering stage onwards the crop had a highly competitive ability mainly for light and therefore suffering from
lower yield declines (Corre-Hellou 2011).

The grain legume species responded differently in terms of yields in the weed competition, as revealed
by the rate of weedy (CP1) and the weed-free (CA1) treatments. The higher the rate of yield, the better
competitor was the crop. The order was as follows: peas (0.76 g)>faba beans (0.38 g)>vetch (0.25 g). It is
interesting to note that the most growth competitive species (i.e. faba beans) did not measure the same high
yield tolerance to competition with weeds. In contrast, the other two low-growth competitive species showed
a dichotomy characteristic; peas had the highest yield tolerance whereas vetch had the lowest yield tolerance.
In the literature, it is documented that in yield tolerance to weed competition, all three (no/positive/negative)
relationships exist. In faba beans, Ghaouti ez a/. (2016), reported a negative correlation whereas in other studies
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a positive correlation was measured (Aqgtbouz ez al., 2018). In peas, a variable yield decline was measured by

weed competition up to 64% yield decline in the weedy control (Harker ez /., 2001).

Timing of the suppressive ability

Regarding the timing of the manifestation of the suppressive ability, it was interesting to note that in
peas and vetch, there was no measurable effect on growth due to the weed competition at the early and medium
stages (at 3 and 6WAS) of crop development but only at the late stage (YWAS), (see Figure 3, Figure 7). Peas
are particularly vulnerable to lodging, highlighting that increased weed growth toward the end of the crop cycle
may indeed be linked to the crop's sensitivity to lodging (Corre-Hellou et al. 2011). In previous reports, weed
infestation poses a substantial challenge to faba bean cultivation, especially between 25 and 75 days after
sowing, leading to potential yield reductions of up to 50% (Frenda ez 4/., 2013; Tawaha ez al., 2001). In peas,
previous reports have documented a critical period of 40-60 days after sowing as the most important period for
high susceptibility to weeds (Rana ez 4/., 2015). The timing is also related to the specific growth attributes of
the field weed population; weeds with a high growth rate at early stages can gain an initial advantage, and small
competitive advantages during growth early in the season can translate into large differences in size and light-
interception ability later in the season (Corre-Hellou ez al, 2011). Understanding how soil conditions,
particularly nitrogen (N) availability, influence the early growth of legumes and weeds is crucial for determining
their competitive dynamics. Early growth phases are often a critical period for establishing dominance in
competitive interactions, and differences in soil conditions can affect how crops and weeds grow and compete
for resources.

Crop attributes related to weed competitive ability

Crop biomass is indeed a crucial factor in determining the competitive ability of crops against weeds.
Our results that showed the highest weed competitive ability in faba beans, as compared with peas and vetch,
agree with previous reports showing that differences in competitive ability between species are often linked to
differences in biomass production (Mohler and Liebman, 1987; Poggio, 2005). It is logic to assume that crops
that develop dense canopies and have rapid growth rates are often more successful in outcompeting weeds.
Conversely, crops with lower biomass may struggle to compete, allowing weeds to thrive.

Another factor that is positively linked to weed competitive ability is the seed size (Storkey ez /., 2011).
Vetch seeds are smaller (6-10 g/100 seeds) as compared to the larger seed species such as peas and faba beans
(ie. 18-25 g/100 seeds, 35-90 g/100 seeds, respectively; Abbo ez 4., 2014) that generally agrees with our results.

Additionally, crop height was also positively linked to weed competitive ability; together with leaf
characteristics such as leaf area and its vertical distribution in the plant shoot could affect competition for light
(Caton et al.,2001; Storkey ez al., 2011); that generally agrees with our results (higher weed competitive in faba
beans).

Further studies should include a range of environments to capture how different conditions (e.g., soil
type, climate, crop management practices) influence the competitive ability of the minor legume crops. This
approach would not only help identify the most competitive varieties but also ensure that findings are reliable
and applicable across a wide range of agricultural settings, enhancing the generalizability of the results. Such
comprehensive research is essential for improving weed management strategies and optimizing crop
production.

Conclusions

Field trials were performed to measure the competitive ability of three-grain legume species (i.c. peas,
faba beans, and vetch) against natural weed communities. The main weed species were Avena sterilis, Sonchus
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oleraceus, and Papaver rhoeas, Convolvulus arvensis and Malva sylvestris (about 85% presence). Faba beans were
the most growth competitive crop since they had the smallest difference in crop biomass between the weedy
and the weed-free treatment as compared to peas and vetch. Regarding yield tolerance to weed competition,
the following descending order was measured: pea>faba bean>vetch. The timing of the manifestation of the
suppressive crop ability was variable in the three-grain legume crops, starting from the early timings in faba
beans but only later on in peas and vetch. Grain legumes represent a valuable group of crops with limited
research in all aspects of crop competition against the weeds, and to achieve greener agriculture further research
should be a key priority. The study of competitive ability in plants is indeed complex, as natural weed
populations vary across different locations and times. The main drivers of yield tolerance to competition,
beyond the legume crop characteristics per se, are the following: a) the synchronous or asynchronous time of
weed against the crop establishment, and b) the relative growth of the weeds against the crop plants.
Additionally, the interaction between weeds and crops is not just a simple one-to-one relationship but is
influenced by many factors, including the specific weed species, environmental conditions, and the crop variety
itself.

When it comes to minor legumes (such as faba beans, peas, and vetch), there exist a number of local
landraces, traditional varieties that would exhibit different competitive abilities when compared to more
commercial cultivars of the main legumes (such as Phaseolus spp.) that have been bred for specific traits. To
better understand these interactions, it would be important to investigate the competitive ability of those
genotypes in various environments.
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