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Abstract

The research covered Polish low-tannin Faba bean ‘Albus’, and its yielding depending on the row spacing and
plant density under very different humidity conditions across the research years. The mean multi-year faba bean
seed yield was 4.01 t ha™' and it was most correlated with the total rainfall in August and in June-August. Due to a
considerable variation in the total rainfall and air temperature, the faba bean seed yield ranged from 0.69-2.14 t ha™
in dry years (2018-2019) with high air temperature, from 6.64 to 6.59 ha" in humid years (2016-2017) with a
considerably higher total rainfall and lower air temperature in June-August. There was no significant effect of the
row spacing and plant density on the faba bean yielding, except for a significantly lower seed yield in 2019
following the application of the lowest plant density. Out of all the yield structure components, only the number of
pods per plant for 60-75 plants per m* was significantly lower than for 45 plants. The other yield structure
components did not differ significantly due to the factors studied either, except for the LAI, the value of which for
a narrow row spacing was significantly higher. There was found a significant correlation between all the plant
traits and with the faba bean yield.
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1. Introduction

Introducing legumes to the crop rotations of cereals and oil plants enhances agriculture’s a sustainable
development as part of the EU from-farm-to-fork strategy (Costa et al., 2021). Faba bean acreage covers 2.5 m
ha and comes 5" in the legume sowings, after beans, pea, chickpea and lentil, with its annual production of 4.5 m
tonnes allocated to the production of food, animal feed and green manure production almost across the country
(Muktadir et al., 2020, Duc et al., 2015). With Europe’s high demand for protein, the Fabaceae sowings account
for only 1.5%, and 14.5% globally; hence a deficit of high-protein feeds in Europe accounting for 70% (Watson
etal., 2017).

Faba bean is a species preferred for cultivation, e.g., in European countries, especially in the north (O’Donovan
& Dunne, 2021), as well as in Egypt (Amany, 2014), Africa (Gezhagen & Tesfaye, 2017), in Asia (Silim &
Saxena, 2008), and also in Canada (Khazaei et al., 2021). Its distribution across the world shows a good basic
capacity for adaptation to various climates (Duc et al., 2015). The primary cultivation objective today, next to the
seed yield, is an adaptation of cultivars to drought (Abdellatif et al., 2012; Cernay, 2015; Khazaei et al., 2021) to
decrease their yielding variation (Nadeem et al., 2019). Drought contributes to morphological, physiological and
biochemical changes at the successive development stages in plants (Abid et al., 2017; Muktadir et al., 2020),
which triggers a considerable yield variation in faba bean (Cernay et al., 2015). A high faba bean yielding is
accompanied by a high interaction between the cultivar and the environmental conditions (Skovbjerg et al.,
2020).

Depending on the pattern of environmental factors, faba bean often changes its structure and plant distribution in
the field (Al-Suhaibani et al., 2013). As for agronomic practices, it is important to adjust the adequate row
spacing and plant density as well as weed, pest and disease control which are of key importance in limiting the
quantitative and qualitative production of legumes (Karkanis et al., 2019). Depending on the plantation site, the
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optimal row spacing for faba bean yielding ranges from 20 cm (Bakry et al., 2011) to 25 cm (El-Karamity, 2017)
in Egypt and from 30 cm (Gezahegn et al., 2016; Singh at al., 2013) to 40 cm (Gezahegn & Tasfaye, 2017) in
Ethiopia. Thalji (2006) found a higher seed yield in faba bean grown with a wider row spacing (50-70 cm) in the
Mediterranean region. According to Raymond et al. (2016), in Australia the 25-50 cm row spacing facilitates a
higher faba bean yield than 75 cm and it has a greater effect on yielding than the plant density.

In Egypt, Amany (2014) recorded higher yields in faba bean with a lower plant density, 25 plants per m?, which
was due to a higher number of branches and pods and the seed weight per plant, as well as the seed yield and
protein content than for the plant density of 33 plants per m*. El-Karamity et al. (2017) found the highest seed
and protein yield in faba bean for the plant density of 33 plants per m”, however, Bakry et al. (2011) reported a
considerably higher seed and protein yield, as well as a higher 1000 seed weight after increasing the plant
density from 16 to 42 plants per m*. According to Lopez-Bellido et al. (2005), under optimal humidity, a high
faba bean yield can be recorded for 20 plants per m?, however under non-optimal conditions, the plant density
can increase up to more than 60 plants per m?, which points to a considerable plasticity of faba bean plants.

The aim of the study has been to evaluate the effect of row spacing and plant density on faba bean yielding in the
central part of Poland, especially under high humidity and slightly less varied temperature conditions during
vegetation period.

The working hypothesis assumes that applying a lower plant density and sowing plants in narrower rows limiting
the weed pressure enhance the plant growth, development and yielding.

2. Materials and Methods
2.1 Experimental Site and Design

A carefully-controlled two-factor field experiment was performed in 2016-2019 at the Experiment Station at
Mochetek (53°18'33"N and 18°06'67"E) in Poland, in split-plot in 4 replications and under the soil conditions
favourable for faba bean. The soil type, classified according to the WRB, as Haplic Luvissols (Cutanic), was a
typical lessive soil formed with light loamy sand, deposited in a shallow layer on light loam (IUSS WRB 2015).
The content of phosphorus was very high (90 mg kg' of soil), potassium—high (134 g kg of soil), and
magnesium—Ilow (28.7 g kg of soil). The contents of the available forms of potassium and phosphorus were
assayed with the Enger-Rhiem DL method, and magnesium—with the Schachtschabel method. The
concentration of nitrate and ammonium nitrate ions was colorimetrically assayed applying the reaction of
Behelot and Griess-Ilosvay. The soil pH was potentiometrically measured in 1 mol L™ KCL. In all the research
years, soil pH was also adequate to faba bean optimal growth (Table 1).

Table 1. Chemical properties of soil measured before sowing faba bean in 2016-2019

Years mg per 100 g of soil mg per kg of soil pH in KCI
P,0s K,0 Mg N-NO; N-NH,4
2016 109.0 127 30.0 9.53 5.73 6.3
2017 92.0 149 31.0 5.90 7.96 6.3
2018 82.0 112 27.0 6.12 6.97 6.8
2019 77.0 149 27.0 8.69 2.27 6.5
‘Mean 9.0 134 287 756 573 65

2.2 Land Preparation and Planting

The research involved a low-tannin non-self-completing “Albus” with the average thousand seed weight of 560 g
and the seed protein content accounting for 29%. Two row spacings (16 and 32 cm) and three plant densities (40,
60 and 75 plants per m?) were applied. In the successive years, spring wheat was the previous crop. N-30, P-70 and
K-80 kg ha™ fertilisation was applied pre-sowing. The seeds were treated with Vitavax 200 FS seed dressing and
Sepiret 3280 Red (polymer). Compliant the producer’s guidelines, Nitragina® was used. During development
over 4 research years, standard chemical treatments were made to combat dicotyledonous and monocotyledonous
weeds, i.e., Linuron and Clomazone in 2016-2018 and Pendimetalina in 2019 (pre-emergence and topdressing) as
well as pests, i.e., Thiacloprid + Deltamethin to combat leaf weevils, pod weevils and aphids.

The research years recorded very variable humidity conditions and slightly less variable temperature conditions
(Table 2). The most favourable humidity conditions were reported in 2016 and 2017, when the seeds were sown
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on 29 and 23 of March and vegetation period covered 132 and 147 days, respectively. In the two successive
years (6 April and 28 March) with a considerably higher air temperature and a lower total rainfall, the vegetation
period was similar, 136 and 135 day-long, respectively.

Table 2. Pattern of weather conditions reported in the 2016-2019 research years
Month

Temperature, °C - Mean
April May June July August
2016 8.3 14.7 17.7 18.3 16.4 15.1
2017 6.8 13.4 16.8 17.7 17.7 14.5
2018 12.0 16.9 18.4 20.5 19.9 17.5
2019 9.3 12.1 21.9 18.6 19.7 16.3
Rainfall, mm April May June July August Total
2016 28.7 51.4 98.1 133.8 55.3 367.3
2017 40.8 56.3 54.3 118.9 126.1 396.4
2018 40.4 14.2 26.4 86.0 23.7 190.7
2019 1.5 89.2 17.7 22.4 37.7 168.5

At the full flowering stage (BBCH 65), the SunScan Canopy Analysis System (AT Devices Ltd., UK) was used
to determine the LAI (Leaf Area Index) whereas the N-tester—the content of chlorophyll in leaves. Right before
harvest, the number of pods per plant, the number of seeds per pod, the weight of seeds per pod and 1000 seed
weight were evaluated. Also, the yield of the dry weight of straw from each plot was assessed to calculate the HI
(Harvest Index) as well as SPAD (Soil Plant Analysis Development) to measure the crop nitrogen status. At the
end, the content and the yield of protein was measured.

2.3 Statistical Analysis

The experiment was a 2-factorial analysis fitted into completely randomized block design with four replications.
The data was processed with ANOVA using STATISTICA version 10 (StatSoft, Tulsa, OK, U.S.). The p < 0.05
and p <0.01 and p < 0.001 were set as the level of significance. The Tuckey’s HDS test at p < 0.05 was used for
the difference between parameter means. Pearson’s correlation coefficients were applied for the relationship
between the parameters. The means in tables and charts provided with the same letters did not differ
significantly.

3. Results and Discussion

In general, legumes show a high sensitivity to water stress, which leads to a lower germinability and plant
emergence, growth inhibition, a serious damage to photosynthetic apparatus, a decreased photosynthesis net and
nutrient absorption. In many countries, the faba bean adaptation to drought is the key breeding objective
(Abdellatif et al., 2012; Cernay, 2015; Khazaei et al., 2021). Another way to produce high and stable
across-the-years yields in faba bean is irrigation, which, however, can increase the cultivation costs essentially
(Thalji, 2003). A variation in faba bean yielding is one of the reasons for abandoning or limiting the cultivation of
legumes in general, including faba bean, in Europe, which means a limited possibility of using atmospheric N, or
limiting the costs of growing successive crops and an increase in their yielding with lower rates of mineral N
(Zander et al., 2016). Under favourable humidity conditions the faba bean yields in Ireland reach up to 8 t ha™
(O’Donovan & Dunne, 2021). In the present research there has been a significant impact of the weather pattern
on faba bean yielding. In 2016 and 2017, with a high and well-distributed total rainfall the seed yield was very high,
above 6 t per ha, while in the dry years of 2018 and 2019—0.69 and 2.14 t ha™', respectively. Nadeem et al. (2019)
claim that stress triggered by drought is, indeed, a challenge for agricultural crops and it has been considered a
cause of a very serious limitation to plant productivity in general and, at the same time, it is considered to be even
more intensive and severe in the nearest future. In the present research with vary variable humidity conditions
across the research years, there was found, similarly to Gezahegn et al. (2019), a significant impact of the total
rainfall in June, as well as a high impact in July and August on faba bean yielding (Table 3). Also, Sobko et al.
(2020) found a positive correlation between the seed yield and the rainfall total and distribution during
flowering—seed filling and ripening, when the Fabaceae plants are especially sensitive to water deficit.
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Table 3. Pearson correlation coefficient for the total rainfall across the months and the seed yield in 2016-2019

Month

March 0.427 ™
April 0.256 ™
May 0.232"™
June 0.832 *
July 0.726 ™
August 0.767 ™
June-August 0.915 *

According to Vadez et al. (2012), an increase in the air temperature accelerates the beginning of flowering and
shortens the vegetation period by increasing evapotranspiration, which does not give an opportunity for increasing
the seed yield either. In the present research a high air temperature mean in June and in July 2018 (18.4 °C and 20.5
°C) and 2019 (21.9°C and 18.6 °C), next to lower total rainfall, decreased the faba bean yielding considerably. The
applicable literature provides a series of optimal yet country-and-geographic-location-specific row spacings for
faba bean growing; from 20 cm to 40 cm closer to the Equator (Bakry et al., 2011; El-Karamity, 2017; Gezahgen &
Tasfaye, 2017), to as much as 25/50 cm in Australia (Raymond et al., 2016). In Jordan, in the Mediterranean
region, Thalji (2006) recorded a higher faba bean yield due to a higher weight of the seeds when produced with a
increased row spacing (50-70 cm).

In the present research, on the other hand, the row spacing applied in Poland, 16 and 32 cm, in none of the 4
research years significantly differentiated the yield of faba bean which was quite high and 4.01 t ha™ on average
(Table 4). With a lower row spacing, one can expect a lower pressure of weeds in rows, which can make the
application of herbicides less necessary. With the above dependencies, one can assume a hypothesis that the
optimal row spacing for faba bean growing will depend on the latitude of geographical latitude of established
plantations, however, surely also on the rainfall total and distribution as well as on the air temperature during plant
development and growth. It is seen from a higher yield of faba bean grown with lower row spacing and with a
higher plant density in the season with a limited rainfall total and distribution (Simil & Saxena, 2008).

According to Al-Suhaibani et al. (2013), the optimal plant density has a significant effect on the yielding and the
structural yield components in faba bean, however, again, depending on the growing location and the date of
sowing, in autumn or in spring, it varies considerably (Lopez-Bellido et al., 2005). Most observations show that
the optimal plant density ranges from 25-33 plants per m” in the regions closer to the Equator (Singh et al., 2013;
Amany, 2014; El-Karamity et al., 2017)—to up to 42 plants per m* (Bakry et al., 2011), although, e.g., in Syria,
in the season with limited rainfall, the highest yields were harvested not only as a result of a lower row spacing
but also a higher sowing rate, which made the water uptake, evapotranspiration and water use more effective
(Silim & Saxena, 2008). In Spain, under favourable humidity and autumn sowing, a high faba bean yield can be
recorded for the plant density of 20 plants (Lopez-Bellido et al., 2005), and even 15 plants per m” in Iran (Fakhr
et al., 2020). However, as for the spring date of faba bean sowing typical for the temperate climate conditions, the
optimal plant density is higher due to a shorter vegetation period (Lopez-Bellido et al., 2020). Increasing the plant
density from 49 to 67 plants per m” guaranteed a significant increase in the faba bean seed yield, especially under
non-optimal humidity conditions (Prusinski, 2003). In the present research only in 2019 and on average in the
multi-year period, a higher plant density (60 and 75 plants per m?) ensured similar yet significantly higher faba
bean seed yields than the plant density of 45 plants per m* (Table 4).
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Table 4. Average 4-year faba bean seed yield (t ha™) depending on row spacing and plant density

Year
Factors Mean
2016 2017 2018 2019

Row spacing cm (R) 16 6.60 6.65 0.67 2.13 4.01

32 6.69 6.52 0.71 2.14 4.02
”””””””””””””””” 45 650 645 065  197b 389b
Plant density (D) 60 6.65 6.69 0.71 2.16 a 4.05a

75 6.78 6.62 0.70 2.28a 4.10 a
‘Mean  664A 659A  069C 2.14B - 401
"""""""""""""""" R  ns  ns ns  nms ms

D ns ns ns * *

RxD * ns ns ns ns

Note. Values of a parameter followed by the same letter did not differ significantly for the year, row spacing and
density (ANOVA followed by Tuckey’s HDS test, p < 0.05). ANOVA results: *** p <0.001; ** p <0.01; * p <
0.05; ns, non-significant.

Under favourable conditions in terms of rainfall total and distribution in 2016 and 2017, in addition to the seed
yield, the values of the structural yield components were also significantly higher than in the dry years of 2018 and
2019 (Table 5). According to Lopez-Bellido et al. (2000), the number of pods per plant is one of the most
sensitive and variable legume seed yield components. The average number of pods per plant was 6.52, and the
row spacing did not differentiate the values significantly. A significantly higher number of pods was recorded
when the lowest plant density was used, 15.8% and 21.4% higher, respectively, compared with the density of pods
per plant growing with the average and the highest density. No such dependencies, however, were found for the
other yielding components. The average number of seeds per pod in faba bean was 2.86, and the seed weight per
pod—1.46 g, while the 1000 seed weight—>507 g. The values did not depend significantly on any of the factors
applied in the experiment. However, Esho and Salih (2021) reported a direct positive effect on faba bean yielding
being the number of pods per plant and 1000 seed weight, and according to Singh et al. (2021), also the weight of
pods per plant. Yucel et al. (2013) have found that all the above faba bean components determining the seed yield
depend on the total rainfall, which coincides with the results of the present research, however only for June and a
period of June-August.

Table 5. Average 4-year faba bean yielding components depending on row spacing and plant density in 2016-2019

Factors Number of pods per plant  Number of seeds per pod ~ Weight of seeds per pod, g Thousand seed yield, g
2016 104 a 3.05a 1.63b 533b
Year (Y) 2017 7.01b 3.16a 1.85a 585a
2018 3.45d 247c 1.19¢ 479 ¢
2019 520¢ 2.77b 1.19¢ 432d
. 16 6.24 2.86 1.47 513
Row spacing (em) (R) 32 6.83 2.87 1.46 502
s 7442 200 149 s
Plant density (D) 60 6.26b 2.82 1.43 504
75 585b 2.86 1.47 510
- Mem 652 286 146 1
Y skkok sk sk skk sk skksk
R ** ns ns ns
D HAk ns ns ns
Y xR ns ns ns ns
Y xD Hk ns ns ns
R xD ** ns ns ns
YxRxD * ns ns ns

Note. Values of a parameter followed by the same letter did not differ significantly for the year, row spacing and
density (ANOVA followed by Tuckey’s HDS test, p < 0.05). ANOVA results: *** p <0.001; ** p <0.01; * p <
0.05; ns, non-significant.
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The weather pattern across the years was also significant for the values of the HI, LAI, SPAD, protein content
and protein yield (Table 6). As for the share of the seed yield and straw in faba bean, the HI (Harvest Index)
accounted for 56.8% and it was significantly highest in the most humid vegetation periods in 2016 and 2017. The
row spacing and plant density in faba bean did not differentiate the value of the HI index. Fakhr et al. (2020) report
on the significantly highest HI value recorded for the density of 15 plants per m?, which was not observed in the
present research.

In the present research the Leaf Area Index (LAI) value was low and only 2.06 on average, however, in humid
years with well-distributed rainfall, 2016 and 2017, it was significantly, on average about 3-fold higher than in
2018 and 2019 with high water deficit. Kulig et al. (2007) found that decreasing the plant density in faba bean
makes the plants unable to compensate for the LAI value. However, in the present research the plant density did
not differentiate the LAI value, however, the value was significantly higher, by 22.7%, when faba bean was
grown in narrow rows. According to Gezahegn et al. (2016), a greater row width (50 cm) resulted in a decrease
in the LAI value. The average, evaluated with the chlorophyll meter, leaf greenness index in faba bean in 4
research years was 44.5 SPAD units. The significantly highest value was recorded in the dry year 2018, however,
none of the two factors applied, row spacing and plant density, did not differentiate it significantly. Due to the
ability to fix atmospheric N, faba bean seeds demonstrate a high protein content and they are a source of
nutrients, vitamins and many bioactive compounds (Karkanis et al., 2019). In Europe the average protein content
in faba bean seeds accounts for about 30% (Skovbjerg et al., 2020), similarly as, e.g., in Canada; 24-35% of dry
weight (Khazaei et al., 2021). In the present research the protein content in faba bean seeds was 29.2% on average,
and the protein yield was 1248 kg per ha on average, from 200-600 kg in extremely dry years to over 2000 kg ha™
in humid years.

Table 6. HI, LAI, SPAD, protein content and protein yield in faba bean depending on row spacing and plant density
in 2016, 2017, 2018 and 2019

Factors HI LAI SPAD Protein content%  Protein yield, kg ha™
2016 63.7 a 3.13a 40.2b 314a 2093 a
2017 655a 3.13a 41.1b 314a 2098 a

Year (Y)
2018 46.4 ¢ 0.67b 56.4a 26.3b 204 ¢
2019 51.7b 133 ¢ 40.3b 275b 599 b

. 16 56.6 233 a 44 .4 29.0 1238

Row spacing cm (R)
32 56.1 1.80 b 44.7 29.3 1259
45 56.8 2.13 453 29.4 1228

Plant density (D) 60 56.0 1.88 445 29.3 1263
75 57.7 2.18 43.7 28.7 1255
Mean 56.8 2.06 44.5 29.2 1248

"""""""""""""""""" v T e T e e T T

R ns Hkok ns ns ns
D ns ns ns ns ns
Y xR ns ns ns ns ns
Y xD *kx ns ns ns ns
RxD ns ns ns ns ns
YXRxD Aok ns ns ns ns

Note. Values of a parameter followed by the same letter did not differ significantly for the year, row spacing and
density (ANOVA followed by Tuckey’s HDS test, p < 0.05). ANOVA results: *** p <0.001; ** p <0.01; * p <
0.05; ns, non-significant.

Abid et al. (2017) claim that even though drought stress and water deficit in soil limits the plant growth, it can
increase the content of protein in faba bean seeds significantly. In the contrary, in the present study, in more
favourable-in-terms-of-rainfall years, 2016-2017, the protein content was significantly higher than in years with
essential rainfall deficit (2018 and 2019). According to El-Karamity et al. (2017), 20 cm row spacing guaranteed
the highest protein yield, which was, however, considerably lower (550-550 kg ha™") than in the present research,
while increasing the plant density resulted in its decrease, which was not confirmed in the present research either.
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Considerable highly-significant dependencies expressed with a positive value of the Pearson coefficient were
found between the seed yield and, respectively, the number of pods, the number and weight of seeds per pod and
thousand seed weight (Table 7). The number of pods per plant was negatively significantly correlated with the
plant density prior to harvest and significantly with the other faba bean yield structure components. Kumar et al.
(2017) have demonstrated that all the characteristics showed a positively significant value of the coefficient of
correlation with the seed yield; hence 1000 seed weight, the number of pods and seeds per pod and 1000 seed
weight per plant have an immediate effect on faba bean yielding. The results reported by Gidey (2016) also point
to a significant importance of the number of seeds per pod and the number of pods per plant for faba bean
yielding. As reported, the 1000 seed weight was negatively correlated with the number of pods per plant, which,
however, has not been recorded in the present research.

Table 7. Correlation matrix (Pearson) between the parameters studied (n = 192)

Seed yield Pods per plant Seeds per pod Seed weight per pod  Weight of 1000 seeds

Pods per plant 0.737 "

Seeds per pod 0.758 0573

Seed weight per pod 0.840 ™ 0.555 " 0.847 "

Weight of 1000 seeds 0.699 0410 ™ 0.505 " 0.884 ™

Density prior to harvest ~ -0.034™  -0.389 " 0.025 ™ 0.098 ™ 0.133™

Note. ** p <0.01; * p <0.05; ns, non-significant.

The results of the analysis of regression (Table 8) show that the essential components which determine the faba
bean yielding are, in the following order: seed weight per pod (70.5%), the number of seeds per pod (54.5%), the
number of pods per plant (54.3%) and 1000 seed weight (48.9%), which coincides with the results of the
research reported by Esho and Salih (2021) and by Singh et al. (2021). According to Tivari and Singh (2019), the
faba bean seed yield points to a significant value of the correlation with all the components, except for 1000
seeds. There is, therefore, a wide scope for improvement of the efficiency and seed yield structure components,
especially the number of pods per plant or the number and the width of pods. The components should be used for
selecting new, elite genotypes of faba bean.

Table 8. Regression analysis for the parameters under study (n = 192)

Parameter Regression Equation R’ R

Seed yield

Pod per plant y=3.1874 +0.8306 x x 0.543 0.737 "
Seed per pod y=2.4711+0.0974 x x 0.545 0.758
Seed weight per pod y =1.0606 + 0.1004 x x 0,705 0.840 ™
1000 seed weight y=436.4171 + 17.6614 x x 0.489 0.699
Plant density prior to harvest y =57.4757-0.1924 x x 0.001 -0.034 ™

Note. ** p <0.01; * p <0.05; ns, non-significant.

4. Conclusions

The success of faba bean growing was mostly determined by the total rainfall during growth and generative
development in successive years. The results of the present research and the research cited from various parts of
Europe and the world point to the application of various row spacings and plant densities for growing faba bean
sown in autumn and in spring. The faba bean seed yield did not depend on any of the studied factors significantly,
which can point to a possibility of using the lowest, of all the studied ones, plant density per m” and a narrow row
spacing. Both features are important in terms of a lower sowing material consumption and a faster and more
effective weed control in a faba bean field. Due to very different water and temperature conditions, also the
structural yield components varied a lot, and partially differed from those reported in other countries and on
other continents. Finally, the research hypothesis was not confirmed. Plant density and row spacing (except for
one year) did not significantly differentiate the faba bean seed yield over the years.
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