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Abstract

A field experiment was established with the objective of evaluating the effect of two sowing
systems, three densities and three cultivars on the ecophysiological and numerical traits of the
seed yield of broad bean var. Major. The three broad bean cultivars (amarilla, diamante, monarca)
were sown in plots of three furrows 3 m long and separated at 0.8 m (traditional system: TS) and
0.4 m (alternative system: AS) and in three population densities (5, 10 and 15 seeds m). To
achieve the desired density, two seeds were deposited every 25, 12.5 and 8 cm (TS) and every
50, 25 and 16 cm (AS). The experimental design was a randomized complete block design with
four serial repetitions. The results showed significant effects for sowing systems, density and
cultivar. The AS obtained the highest biomass production and grain yield relative to the TS.
Increasing population density increased seed yield due to a higher number of seeds per unit area
and a higher number of pods m. Showing that the greatest variability in this experiment was
due to the increase in sowing densities, followed by the distances between rows (AS 40 cm) and
(TS 80 cm). The Monarca genotype obtained the highest seed yield, while Amarilla presented an
increase in weight of 100 seeds. It was observed that each cultivar presented a different behavior
for the generation of yield.
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Introduction

Broad bean (Vicia faba L.) is a very important legume due to its high protein content in the
grain and its great diversity of uses (Tamrat et al., 2019). Around 2.5 million ha are currently
sown in the world, with a production of 5.4 million tonnes with an average grain yield of 2.1t
hal. Among the five main producers of broad beans in the world, China stands out with 1.7
million tonnes, followed by Ethiopia with one million tonnes, while the United Kingdom and
Australia produce 547 and 327 thousand tonnes, respectively (FAOSTAT, 2019). In Mexico,
around 20 thousand ha are sown with a production of 30 thousand tonnes with an average yield
of 1.48 t ha! (SIAP, 2019).

In grain crops, yield is closely related to biomass production and harvest index (proportion of total
biomass representing grain) (Al-Suhaibani et al., 2013; Carcova et al., 2015). The biomass
produced by a crop is the result of the genotype (G), the effect of environmental (E) conditions and
those related to production technology, such as mineral nutrition, water availability, population
density and the genotype-environment (GXE) interaction (Kruk et al., 2015). Population density
(PD) as a result of distance between rows and between plants within rows is one of the main
management factors determining biomass production and yield in grain crops (Matthews et al.,
2001; Ciampitti and Vyn, 2011; Zhang et al., 2014).

In broad bean, higher PD reduces biomass production, seed yield and its components (Bakry et
al., 2011; Khalil et al., 2011; Al-Suhaibani et al., 2013). Due to the levels of competition between
plants even under favorable environmental conditions (Tamrat et al., 2019). It also depends on
the botanical variety used (Minor, Equina or Major) (L6pez-Bellido et al., 2005; Thalji, 2010;
Khalil et al., 2011).

Reductions in the spacing between rows negatively affect the number of productive branches and
number of pods per plant, when the distance between rows is shorter, the plant height increases
(Bakry et al., 2011; Al-Suhaibani et al., 2013). Authors such as Marcelos and Consable (1986),
when evaluating densities between 10 and 60 plants m with distances between rows of 18 and 33
cm, observed increases in yield when reducing the distance between rows and increasing the
number of plants m?, concluding that densities of 30 to 35 plants m2. Almeida et al. (1995)
observed the highest yields with a density of 40 plants m, results similar to those obtained by
Coelho (1987) with the (Minor) variety with densities of 10 to 50 plants m™.

Studies such as those of Thalji (2010), when evaluating two, four and six plants per pot, in three
broad bean cultivars, observed increases in seed yield, biomass production and plant height with
the density of 34 plants m, while Al-Suhaibani et al. (2013), when evaluating two broad bean
cultivars, in a drip irrigation system and placing 4, 6, 8, 10 and 12 plants per dripper, giving (15,
26, 34, 42, 52 plants m?), found that seed yield was positively correlated with crop growth and
also observed increases in seed yield up to eight plants per dripper.

52



Rev. Mex. Cienc. Agric. vol.14 num.1l January 01 - February 14, 2023

Gezahegn et al. (2016) evaluated the effect of three spacings between rows (30, 40 and 50 cm)
and three spacings between plants (8, 10 and 12 cm), they found that the 12 x 50 cm
arrangement maximized seed yield, number of branches, number of pods per plant and number
of seeds per pod, while Tamrat et al. (2019), when studying the effect of three broad bean
varieties and six densities, found that seed yield increased with densities of 250 000 plants ha’
Lin the three varieties.

In the High Valleys of Mexico there are few studies in which the behavior of cultivars in different
spatial arrangements is analyzed, recently, Estrada et al. (2017) studied the effect of different
management practices on broad bean forage production; nevertheless, seed yield was not
analyzed in terms of its physiological and numerical components. Based on the above, the present
work was established with the objective of studying the effect of cultivar, the separation between
rows and the density of plants m on the physiological and numerical components of seed yield
in broad beans.

Materials and methods

The experiment was carried out in the winter-spring 2019-2020 cycle at the Faculty of Agricultural
Sciences, dependent on the Autonomous University of the State of Mexico (UAEM, for its acronym
in Spanish), located 18 km north of the city of Toluca, with geographical coordinates of 19° 15’
33” north latitude, 99° 39° 38" west longitude and at an altitude of 2 640 masl. The predominant
climate is temperate subhumid, the most humid of the subhumids, with rains in summer and little
rainfall in winter (5%), little thermal oscillation, average annual temperature of 12.8 °C and average
annual rainfall of 900 mm (Gonzalez et al., 2009).

The experiment was established in a pelic vertisol soil of volcanic origin, which has a low content
of organic matter (1.01 to 2.36%). The color of the dry surface horizon is dark grayish brown or
dark gray with clay contents of 20 to 36.4%. In the soil profile it is possible to distinguish a horizon
with tillage disturbances, presenting compaction due to plow floor (Gil et al., 2014).

Study factors and experimental design

The experiment was established, with two distances between rows of 80 cm and the other with
distance between rows of 40 cm. Three genotypes provided by the Institute of Agricultural,
Agquaculture and Forestry Research and Training (ICAMEX, for its acronym in Spanish):
(Amarilla, Diamante and Monarca) and three densities (5, 10 and 15 plants m2) were evaluated.
The treatments derived from the factorial arrangement of the three cultivars and 3 densities were
established under a randomized complete block design with 4 repetitions.

General conditions of the experiment
The sowing was carried out during the first week of December 2019 in two sowing arrangements,
the first consisting of three beds separated at 80 cm and 3 m in length (7.2 m?) designated as

traditional system (TS), while the second had plots of 3 rows of 3 m in length and separated from
each other at 0.4 m (4.8 m?) alternative system (AS). Three sowing densities were used for each
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arrangement, 5, 10 and 15 seeds m™. To guarantee the desired density, the distance between plants
in the traditional system was 8, 12.5 and 25 cm between plants, while in the alternative system, the
separation was 16, 25 and 50 cm for densities of 5, 10 and 15 plants m, respectively.

The experiment was established under a drip irrigation system

The soil was fertilized with the treatment 150N-60P-30K, using urea, calcium triple
superphosphate and potassium chloride as sources of these elements. Phosphorus, potassium and
half of the nitrogen were applied at sowing, while the second half of the nitrogen was applied a
week before flowering. Weed control was performed manually throughout the cultivation cycle.
Atmospheric conditions were monitored throughout the cycle by an automated weather station
(Davis™, weather monitor 11, USA).

Biomass production, yield and its components

At physiological maturity, the plants in a linear meter of the central furrow of each plot were cut
and they were separated into branches and main stem, removing the pods from each stratum. The
dry matter (stems, leaves and pods) of the sample was determined after drying in a forced-air oven
for 72 h at 60 °C. Those of the sample, the dry weight of the seed and as well as the yield per unit
area were counted.

The harvest index was obtained as the quotient between seed yield and dry matter per unit area.
The number of pods, the number of seeds per pod and the number of seeds per unit area were
determined. The weight of 100 seeds was obtained from the average weight of four samples of 100
seeds from each plot.

Statistical analysis

Each of the variables measured in the experiment was performed an analysis of variance according
to (Aldas and Jiménez, 2007). When the F test of the analyses of variance was significant, the mean
comparison test was performed using the honest minimum significant difference (HMSD) test or
Tukey’s test at a significance level of 5% (Palaniswamy and Palaniswamy, 2006). The computer
program R was used to carry out the statistical analyses (Salas, 2008).

Results and discussion

The climatic conditions during the development of the experiment did not limit the
development and growth of the crop, the temperatures, despite being below 0 °C for some days,
are not lethal for the first stages of development of the crop, with this temperature being the
base temperature of growth (Confalone et al., 2011; Orozco et al., 2013). The emergence
occurred 15 days after sowing, at 50 days 50% of the plants were in the anthesis stage. It is
worth mentioning that both cultivars reached flowering simultaneously, finding favorable
temperature and humidity conditions. At 90 days from the emergence, 50% fruiting or pod set
was achieved. At 140 days, the crop reached physiological maturity with non-restrictive
environmental conditions (Figure 1).
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Figure 1. Agroclimatic conditions occurred during the conduct of experimental work. (S= sowing;
Eme= emergence; BFV= visible flower bud; IF= beginning of flowering; IFr= beginning of
fruiting; MF= physiological maturity) for the interaction between two sowing distances, three
densities and three cultivars established in the winter-spring cycle in Cerrillo Piedras Blancas,
Toluca, Mexico.

The analyses of variance showed significant effects of the sowing system in most of the variables
evaluated, with the exception of biomass production at physiological maturity, weight of 100 seeds,
number of productive branches per plant and number of total pods. Sowing density significantly
affected all traits evaluated, with the exception of HI, SPP, PH, PNP. The analysis of variance also
showed significant differences between varieties for biomass production at physiological maturity,
grain yield, harvest index, number of grains m? and weight of 100 grains, while no significant
effects were observed for the rest of the variables studied.

The interaction of system x density was significant (p< 0.05) for Yld, HI, NS, and SPP, while the
interaction of system x variety was significant for Yld, HI, NS and SPP. On the other hand, the
interaction of density by variety was significant (p< 0.05) for Biom, Yld, HI, NS and SPP. The
interaction of system x density x variety was significant for Biom, HI, NS, W100S and SPP, was
significant. The coefficients of variation ranged from 5.54 to 26.7%, corresponding to plant height
and total number of pods (Table 1).

With the alternative system (distance between furrows 40 cm), the highest seed yield was obtained,
compared to the traditional system (distance between furrows 80 cm), as well as the highest values
of harvest index, number of seeds per unit area, number of pods m2, number of seeds per pod, plant
height and number of productive nodes per plant, in the rest of the variables both sowing systems
were statistically equal.

On the other hand, the increase in sowing density positively affected biomass production (48%),
seed yield (53.6%), number of seeds per unit area (47%), number of pods per unit area (47.7%)
and number of branches per plant 5%, compared to the lowest density. Similar results were found
by Khalil et al. (2011), who, when evaluating four sowing densities (150 000, 300 000, 450 000,
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600 000) plants ha®, found increases in seed yield with the density of 450 000 plants to be
economically profitable. Tamrat et al. (2019), when evaluating densities in the range of 166 666 to
666 666 plants ha™ in broad bean var. Minor, observed increases in grain yield and characteristics
associated with growth, number of pods at the density of 250 000 plants ha™.

Table 1. F values and their statistical significance for variables for three broad bean cultivars
grown in two sowing systems and three population densities in Toluca, State of Mexico.

Source of e Bt vid HI NS W100S NP SPP NBP NPBP PH NPtot PNP
variation
System 1 0.7ns 3022~ 59.4° 9217 29ns 7.3° 7.47° 567 0.01ns31.6” 4.7ns 7.84°
(sys)
Repetiton 6 29" 0.1ns 23" 0.5ns 09° 1ns 1.25ns1.37ns1.35ns 6.4 1.5ns 10.29™
(sys)

Density 2 172.6™ 57.77 1.7ns 98.1™ 3™ 451" 0.05ns 3.23" 4.81" 0.4ns 11.3™ 0.07ns
(Den)
Variety 2 607 10.3™ 87" 7.1 8.1 0.2ns 1.99ns1.08ns1.81ns 2.2ns 0.1ns 0.1ns

Sy(s\;alrj)en 2 08ns 32" 213" 44" 1ns 0.1ns 4.49™ 0.09ns1.15ns 1.2ns 0.3ns 0.81ns
SysxVar 2 3 16.7" 25.4™ 20.3™ 1ns 1.4ns 4.56™ 0.03ns0.01ns 0.6ns 0.9ns 0.42ns
DenxVar 4 8.6 4" 96" 6.3 Ons 02ns 3.617 1.74ns 2.2ns 0.3ns 0.1ns 1.12ns
SysxDenx 4 797 15ns 48" 48" 547 0.5ns 249" 1.51ns1.87ns 1.1ns 0.1ns 1.23ns
Err(:ﬁ:\/IS) 19467.24823.5 0.002 10959 860.9 1404.8 0.101 1.18 098 36.3 437.3 4.46

CV (%) 12.9 194 1377 1766 151 254 244 1852 1901 55 26.7 16.45

Biomass at physiological maturity (Biom); seed yield (YId); harvest index (HI); number of seeds m (NS); weight of
100 seeds (W100S); pods m (NP); seeds per pod (SPP); branches per plant (NBP); productive branches per plant
(NPBP); plant height (PH); total pods (NPtot) and productive nodes per plant (PNP); *= significant at 0.05; "=
significant at 0.01; ns= not significant.

Increases in population density modify the architecture of the plant, so high densities (16 plants
m2 to 42 plants m?) reduce the number of productive branches per broad bean plant, impacting
seed yield (Bakry et al., 2011; Repeal and Mojaddam, 2014; Gezahegn et al., 2016). The results
of the experiment show that the number of productive branches per plant decreased by 15%
compared to the lowest density (Table 2).

The genotypes Amarilla and Monarca had the highest seed yields (24% on average) with respect
to the Diamante cultivar, with both genotypes showing a different strategy for yield generation,
Amarilla achieved it through a higher seed weight, while Monarca did it through a higher number
of seeds m2 (Table 2). Lopez-Bellido et al. (2005) mention that genotypes that have large seed size
produce a lot of dry matter and achieve large leaf area index values, because they are taller and
have larger leaves. It is worth mentioning that the seed weight in the Amarilla genotype differed
from the rest of the genotypes and also achieved high biomass values at maturity.
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Table 2. Average values for variables for three broad bean cultivars grown in two sowing systems
and three population densities, in Toluca, State of Mexico.

f’/gfiﬁ?o?]f ('93'%3) (ngqu) HI NS W(lg)os NP SPP NBP NPBP (m) NPtot PNP
System

Alternative 1100.8a 419.8a 0.4a 215a 200.la 159.2a 1l.4a 5.5a 5.2a 118.9a 85a 15a

Traditional 1052.1a 294.6b 0.27b 159b 188.3a 135b 1.2b 6.2a 5.2a 98.6b 71.5a 10.5b

Density (plants m2)

15 1461a 464.3a 0.32a 253a 185a 196.3a 1.3a 56b 49b 108.2a 65.4b 12.9a

10 10549b 358.4b 0.34a 188b 192a 151.2b 1.2a 56a 5ab 108.4a 75.6b 12.8a

5 7135¢c 248.9c 0.35a 120c 205.6a 93.7c 1.3a 5.3a b5.7a 109.7a 93.7a 12.7a
Cultivar

Amarilla  1323.3a 395.9a 0.31b 188ab 213.7a 148.7a 1.3a 6.1a 5.5a 110.3a 79.2a 12.9a

Monarca 1007.9b 368.7a 0.36a 204a 187b 150.2a 1.3a 5.8a 5.2a 109.4a 79.2a 12.9a

Diamante 898.18c 307b 0.33ab 168b 181.9b 142.4a 1.2a 4.6a 4.9a 106.7a 76.4a 12.6a

Biomass at physiological maturity (Biom), seed yield (YId), harvest index (HI), number of seeds m (NS), weight of
100 seeds (W100S), pods m (NP), seeds per pod (SPP), branches per plant (NBP), productive branches per plant
(NPBP), plant height (PH), total pods (NPtot) and productive nodes per plant (PNP). Means joined by the same letter
do not differ significantly with Tukey’s test at 0.05 probability.

When analyzing the biomass production and harvest index, it was observed that the seed yield was
positively related to the biomass accumulated at maturity (Figure 2a), in both sowing systems,
when increasing the number of plants m, the biomass per unit area increased. Evidence in the
literature reveals that, in grain crops, yield is mainly explained by changes in biomass production

(Lesjak and Calderini, 2017; Woldeselassie and Admasu, 2018).
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Figure 2a. Relationships between grain yield with biomass at maturity (a) and with harvest index (b)
for three broad bean genotypes, grown in two distances between rows and three sowing

densities in Toluca, State of Mexico.
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In most grain crops, yield is strongly related to the number of grains when management practices
(genotype, density, fertilization, etc.) are modified (Echarte et al., 2000; Derogar and Mojaddam,
2014). When considering genotypes, densities and distance between rows, grain yield was mainly
explained by changes in the number of seeds per unit area (r>= 0.9, p< 0.001) since there was no
relationship between yield and individual seed weight.

Increases in plant density manifested themselves in higher seed yield and to a greater extent in the

distance between rows of 40 cm. The Monarca cultivar achieved the highest number of seeds per
unit area and the highest yield when the population density was 15 plants m (Figure 3).
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Figure 3. Relationships between seed yield with number of seeds per m? (a) and with weight of 100
seeds (b) for three broad bean genotypes, grown in two distances between rows and three
sowing densities in Toluca, State of Mexico.

The number of pods per unit area was more sensitive to changes in the distance between rows,
population density and genotype, strongly explaining the changes observed in the number of
seeds m (r?= 0.78, p< 0.01), while the number of seeds per pod slightly explained the changes
in the number of seeds m (r>= 0.32, p< 0.05) (Figure 4). Results by researchers indicate that the
number of pods is more strongly affected by changes in population density than the number of
grains per pod (Derogar and Mojaddam, 2014; Gezahegn et al., 2016). The cultivar with the
highest number of pods was Monarca when it was established at 40 cm between rows and with
15 plants m=.

When jointly analyzing the main physiological and numerical components of yield, two principal
components that group 78.4% of the variability of the data set were defined. In the plane formed
by these two principal components, the variability of the data set corresponds to yield, number of
seeds m and biomass, where biomass correlates with both yield and the number of seeds per unit
area, thus giving a variance of 54.3%. The HI was highly correlated with component 2, with a
remaining variance of 24.1% (Figure 5).
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Figure 5. Multivariate analysis of the principal components for yield generation, for three broad bean

genotypes, grown in two distances between rows and three sowing densities in Toluca, State
of Mexico.

The weight of 100 seeds was correlated with the principal component 3; however, it did not
represent a significant variance. It can also be observed that in quadrants 2 and 3 are the lowest
densities (5 plants m2), which corresponded to low values in the variables evaluated. In the middle
part of the plane is the density of 10 plants m? and in quadrants 1 and 4 are the high densities (15
plants m), which present high values for the variables studied.

59



Rev. Mex. Cienc. Agric. vol.14 num.1l January 01 - February 14, 2023

In the case of low densities, a higher seed weight is observed for both systems, the harvest index
was more related to the reduction in the space between rows, yield and number of seeds is more
related to high densities for both distances between rows, while the biomass correlated mostly with
the traditional sowing system.

Conclusions

With the distance between rows of 40 cm, greater biomass production and seed yield were
obtained, compared to the traditional system (80 cm between rows). Increases in population
density showed positive effects on seed yield and its principal components in both distances
between furrows. It is observed that the greatest variability in this experiment was due to
densities, followed by distances between rows (AS 40 cm) and (TS 80 cm). Similarly, the
genotypes showed a differential behavior, with Monarca being the one that showed high seed
yield through densities and sowing systems. The best density-cultivar combination was
obtained with Monarca and 15 plants m under the traditional system, followed by the Amarilla
cultivar in the same density and for the same system.
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