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Agronomic performance of naked oat (Avena nuda L.) and faba bean intercropping

Agnieszka Klimek-Kopyra'*, Bogdan Kulig!, Andrzej Oleksy’, and Tadeusz Zajac'

The most common cereals for faba bean (Vicia faba L.) used in intercrops is conventional oat (Avena sativa L.) An alternative
to oat may be naked oat (Avena nuda L.), whose oil content and quality is double. Here, intercropping of naked oat with two
different faba bean cultivars (determinate-high tannin and indeterminate-low tannin) was compared with sole crops of each
species in 2006-2008. The treatments were: sole naked oat at 500 kernels m?, indeterminate sole faba bean at 50 seeds m?,
determinate sole faba bean at 70 seeds m?, and an additive series of 25%, 50%, and 75% of faba bean seeding rate mixed
with the naked oat seeding rate. Our results demonstrated that intercropping increased the Land Equivalent Ratio by +3% to
+9% over sole cropping. Raising the faba bean seeding rate in a mixture from 25% to 75% reduced oat grain yield from 630
(determinate cultivar) to 760 kg ha'! (indeterminate cultivar) but increased faba bean grain yield from 760 kg ha''. Higher
yield and leaf area index (LAI) and photosynthetically active radiation (PAR) values show that the indeterminate cultivar of
faba bean is more suitable in mixture with naked oat. The high value of competition index (CR > 1) indicates domination
and aggressiveness of faba bean towards naked oat. Regardless of cultivar type, mixture of faba bean with naked oat is less

productive than pure sowing.

Key words: Competition index, Vicia faba.

INTRODUCTION

Among various grain legume crops grown in Europe, faba
bean (Vicia faba L.) ranks presently second in area and
production after pea (Baddeley et al., 2013). Cultivated
faba bean is mainly used as human food in developing
countries and as animal feed for pigs, horses, poultry,
and pigeons in industrialized countries (Rubiales, 2010;
Flores et al., 2012). Faba bean is a very promising crop
thanks to its protein value, high stem strength compared
to other legumes and its adaptation to a range of temperate
growing conditions (Strydhorst et al., 2008; Jensen et al.,
2010).

Faba bean is mostly grown as a sole crop but in some
countries intercropping with cereals is a common practice
(Agegnehu et al., 2006; Tosti and Guiducci, 2010; Dordas
and Lithourgidis, 2011; Dhima et al., 2013). A wide use
of faba bean intercropping is used for seed and forage
production (Lithourgidis and Dordas, 2010; Dhima et
al., 2013). One of the factors affecting faba bean yield
and its quality in intercropping system is the selection
of companion crop and the seeding ratios (Dordas and
Lithourgidis, 2011). However, it is not entirely clear which
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faba bean-cereal combinations or which seeding rates
are the best for intercropping. In recent years numerous
cereals-faba bean combinations were observed. The most
common cereals for faba bean used in intercrops are
Avena sativa L., A. byzantina K. Koch, Triticum durum
Desf., Hordeum vulgare L., and studies on xTriticosecale
spp. have also been reported (Agegnehu et al., 2006; Tosti
and Guiducci, 2010; Dordas and Lithourgidis, 2011).
Agegnehu et al. (2008) noticed that intercropping of
wheat with faba bean may increase both total yield and
land-use efficiency (3%-22%). According to the authors,
increasing the faba bean seeding rate in a mixture from
12.5% to 62.5% reduced wheat grain yield but increased
faba bean grain yield. Additionally, the synergistic effect
of intercropping on total productivity was presented. Total
yield and system productivity index of wheat-faba bean
intercropping at the 100:37.5 seeding rate exceeded the
sole yield. Nonetheless, the negative association between
the yields of the two crops indicates some degree of
competition for space and resources between the crops.
Hence, improved productivity in one crop as a component
of the system may result in yield reduction of the other
component. Wheat and faba bean are usually characterized
by similar growth duration, so that when grown together,
both crops can utilize resources at the same time, which
results in competition among the component crops.
Helenius and Jokinen (1994) indicated the potential of
intercropped oats and faba bean. Oats had a greater yield
potential than faba bean, however, yield potential depends
on seeding rates. The authors have demonstrated that 400
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kernels of oats per m? and 40 seeds of faba beans per 1
m? are the most suitable densities determining high seed
yield. Land Equivalent Ratio (LER) of this mixture is 1.10
for seed yield, which indicated a yield advantage. Dhima
et al. (2013) indicated that faba bean-oat (A. sativa subsp.
byzantina (K. Koch) Romero Zarco) intercrops provided
higher total DM than those of faba bean in a sole crop, but
lower or similar yield to oat as a sole crop. According to
Dhima et al. (2013), faba bean with oat (A. sativa subsp.
byzantina) at a 25:75 seeding ratio could be used as an
alternative to faba bean sole crop or faba bean-cereals
intercrops for forage yield.

Until now there was hardly any information on other A.
sativa subspecies yielding in crop mixtures. Naked oat (A.
nuda) is a little known subspecies of Avena spp. cultivated
mostly as fodder crop. However, there are certain
issues that should be taken into consideration to ensure
production of a top quality crop. Unfortunately, the effect
of intercropping on the competitive relationships in crops
and yielding potential of naked oat with both determinate
and indeterminate faba bean cultivars is unknown. We
assumed that naked oat has high yield potential, which
can be demonstrated in intercropping with faba bean.

The objectives of the present study were i) to
evaluate naked oat and two types of faba bean varieties
(determinate-high tannin and indeterminate-low tannin)
cultivated in sole cropping as well as in intercrops at
three seeding ratios (25:75, 50:50, and 75:25) for seed
yield, and ii) to estimate the effect of intercropping on
the parameters of vegetation indices (leaf area index,
LAI; photosynthetically active radiation, PAR), and iii)
to estimate the effect of intercropping (naked oat and
determinate and indeterminate faba bean cultivars) on the
competitive relationships.

MATERIALS AND METHODS

The experiment was carried out on the Experimental Farm
of the University of Agriculture in Krakéw (50°07°10”
N, 20°05°04” E; 150 m a.s.l.) in southern Poland in
the growing seasons of 2006-2008. The experiment
was established in a Chernozem soil (Luvic Phaeozem
according to WRB classification (IUSS Working Group
WRB, 2014) with pH 5.7-6.6, 0.9-1.1% organic C, 13 mg
available P 100 g*! soil, 15.7 mg K 100 g! soil. The total
monthly rainfall and the average temperature for each
growing season are shown in Figure 1. The previous crop
was winter wheat. Naked oat ‘Polar’ (P) and two faba
bean cultivars ‘Olga’ (O; indeterminate-low- tannin) and
‘Optimal’ (OL; determinate-high tannin) were compared
in a sole crop and in a mixture at three seeding ratios
(25:75, 50:50, and 75:25). Six different mixtures were
compared: Mixture 1 (M1) 25% °Olga’, 75% ‘Polar’;
Mixture 2 (M2) 50% ‘Olga’, 50% ‘Polar’; Mixture 3
(M3) 75% Olga’, 25% ‘Polar’; Mixture 4 (M4) 25%
‘Optimal’, 75% ‘Polar’; Mixture 5 (M5) 50% ‘Optimal’,
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Figure 1. Monthly total rainfall and average air temperature during
the three growing seasons of experimentation.

50% ‘Polar’; and Mixture 6 (M6) 75% ‘Optimal’, 25%
‘Polar’. Seeds were sown during the last third of March
(2006) and the second third of April (2007 and 2008). The
crop was fertilized with 80 and 120 kg ha! of P,Os and
K20, respectively. The experiment was established by
means of a randomized complete block design with four
replicates. The size of the experimental plots was 11 m?
and the size of rows for faba bean was 50 cm, for plants
in a mixture and for naked oat it was 14 cm. Crops of
mixed cultures were harvested separately for each crop
from the whole plot. After threshing, seeds were cleaned,
weighed, and adjusted at 12% and 10% moisture levels
for oat and faba bean respectively. Before harvesting,
samples of plants had been collected from 0.25 m? of each
plot to conduct biometric measurements. Yield structure
components were estimated (number of plants per unit
area, number of pods per plant, number of seeds per pod,
and thousand grains weight). Seed moisture content was
measured after harvest.

Calculation of the vegetation indices of canopy, yield
and yield components

In 2006-2008 LAI and PAR were measured at the
main development stages by means of SunScan
Canopy Analysis System (Delta-T Devices,
Cambridge, UK).

The Land Equivalent Ratio (LER) was used as an
index for mixed stand advantage for both legume (faba
bean) and cereal (naked oat). LER values were calculated
as follows:

Land Equivalent Ratio = (Y,/Ya) + (Ys/YB)
where Y, and Y, are the component yields of crops A
(oat) and B (faba bean) in intercropping, and Y4 and Y3
are the yields of sole cultures of A and B on a similar
unit area. A LER of 1.0 indicates equal advantages for
intercropping and sole cropping, values more than 1.0
indicate more advantage for intercropping than for
sole cropping and values less than 1.0 indicate less
advantage for intercropping than for sole cropping
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(Dhimaetal.,2007). The other index used to determine the
competitive relationship between two crops in mixtures is
aggressiveness (A) (Bhatti et al., 2006).

Aggressiveness is formulated by Federer (1993) as
indicated below:

Aggressiveness = [Yob/(YaZob)] - [Ybo/(YbZbo)] Ab =
[Ybo/(YbZbo)] - [Yob/(YoZob)],
where, Zbo and Zob are the seeding rates of faba bean and
oat in a seed mixture. If Aoat = 0 both crops are equally
competitive, if Aoat is positive oat is dominant, if Aoat
is negative oat is dominated by faba bean in the mixture
(Wahla et al., 2009).

Competitive ratio (CR) is another way to assess
competitive ability between different species (Willey and
Rao, 1980). The CR gives more desirable competitive
ability for the crops and also advantages over other
indexes. Then, the CR index was formulated as below:

Competitive ratio = (LERb/LERa) (Zba/Zab)

Statistical analysis

The Statistics (version 10) software (IBM Corporation,
Armonk, New York, USA) was used to conduct the
ANOVA. Fisher’s least significant difference test was
used to identify differences between treatment means.
The level of significance was verified by Tukey’s test,
p=<0.05.

RESULTS AND DISCUSSION

The average seed yield of the morphologically varied
type of faba bean varieties cultivated as a sole crop and
in mixture with naked oat was 1.25 t ha, and it ranged
0.63-1.82 t ha''. The cultivation of faba bean with naked
oat positively influenced yield amount and stabilization.
The mixture with a higher sharing of faba bean (50%;
75% seeding rate) achieved a significantly higher yield
regardless of variety type. Additionally, a considerably
higher yield, comparable to the mixture of 75 seeding
ratio, was obtained by faba bean in a sole crop. Different
results were gained by Dordas and Lithourgidis (2011)
and Dhima et al. (2013), who compared yield of faba

bean and A. sativum and A. bizantinum crop mixture. The
author found that DM yield of faba bean crop in mixture
was significantly higher in 25:75 seeding ratio.

The yielding of faba bean varied and was determined
by weather conditions throughout vegetations seasons
(Table 1). In 2007, which was a favorable season for
growth and development, faba bean had the highest yield,
while a substantial amount of rain in 2006 was beneficial
for oat yielding. Unfavorable weather conditions during
the generative plant development in 2006 and in 2008
contributed to the decrease of thousand-grain weight of
faba bean, hence lower then potentially possible faba
bean yielding (Table 1). A thousand grain weight ranged
315-372 g. The number of pods per plant and the number
of seeds per pod were greatly dependent on the seeding
ratio and variety. The highest number of seeds per pod
was showed (2.94) by the determinate variety (‘Optimal’)
with the highest seeding ratio (75%), while the highest
average number of pods per plant was obtained by the
indeterminate variety in sole cropping (8.79).

Table 2 presents the yield components of naked oat.
Thousand grains weight varied in vegetation seasons.
The lowest plant density and the highest thousand grain
weight were observed in 2007. The opposite situation
was observed in 2006 and 2008. The sharing of faba bean
in mixture with naked oat did not influence the kernel

Table 2. Intercropping effect on thousand-kernel weight (TKW),
kernel per panicle (KPP), kernel per panicle (KPP), stand count (SC)
of naked oat.

Grain
Treatments yield TKW KPP SC
tha' g nr m?
Year
2006 1.86 21.7b  32.06a 357.6b
2007 1.60 272¢c 4027b 195.0a
2008 1.80 18.5a 77.03¢ 205.l1a
Intercropping
Sole naked oat 236d 221 463  378.6¢
Faba bean ‘Olga’/naked oat (25:75) 2.09cd 227 482  274.0b
Faba bean‘Olga’/naked oat (50:50) 1.80bc 223 56.9 252.0b
Faba bean‘Olga’/naked oat (75:25) 133a 225 50.7 145.3a
Faba bean ‘Optimal’/naked oat (25:75) 1.88bc  21.7 499  307.0bc
Faba bean ‘Optimal’/naked oat (50:50) 1.56ab 22.9 47.6 257.1b
Faba bean ‘Optimal’/naked oat (75:25) 1.25a  23.1 48.6 154 0a

Letters in the row indicate significant differences according to Tukey’s test
(P=<0.05).

Table 1. Intercropping effect on thousand-seed weight (TSW), seed per pod (SPP), pods per plant (PPP), and stand count (SC) of faba bean.

Treatments Grain yield TSW SPP PPP SC
tha'! g nr m2
Year
2006 1.19a 3272 2.37b 7.86b 19.9a
2007 1.64b 3523 1.95a 8.30b 32.1b
2008 1.23a 3333 247b 5.25a 31.5b
Intercropping
Sole faba bean ‘Olga’ 1.76¢ 3442 2.14ab 8.79b 38.12d
Sole faba bean ‘Optimal’ 1.82¢ 3154 1.82a 8.20ab 44.03e
Faba bean ‘Olga’/naked oat (25:75) 0.63a 372.7 2.21ab 6.70ab 17.79a
Faba bean ‘Olga’/naked oat (50:50) 1.03ab 3424 2.13ab 6.03a 22.83ab
Faba bean ‘Olga’/naked oat (75:25) 1.57¢ 334.0 2.24ab 6.34ab 26.83bc
Faba bean ‘Optimal’/naked oat (25:75) 0.94ab 3274 2.94b 7.31ab 17.62a
Faba bean ‘Optimal’/naked oat (50:50) 1.36bc 3332 2.11ab 6.89ab 24.33ab
Faba bean ‘Optimal’/naked oat (75:25) 1.70c 3315 2.52ab 6.82ab 31.25¢

Letters in the row indicate significant differences according to Tukey’s test (P < 0.05).
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number in a panicle and the thousand grain weight in any
significant way. It was frequently indicated (Dordas and
Lithourgidis, 2011; Dhima et al., 2013) that plant density
of both oat and faba bean is crucial in yield formation. In
our experiment the average plant density for faba bean
was 26.2 plants m? and was related to the companion
crops interaction. According to Willey and Rao (1980),
changes in the seeding ratios of intercrop species can alter
the competitive dynamics between species. Furthermore,
Bhatt et al. (2010) emphasized that the proportion
of different species in an intercrop can influence
photosynthesis and chlorophyll content, which in turn can
affect the productivity of the intercropping system.

The results of leaf area index (LAI) are presented in
Figure 2a and 2b. Faba bean had better environmental
conditions for growth and development and therefore
gained higher LAI compared to naked oat. Depending on
the time of measurements, the average LAI value in faba
bean ranged 0.81 to 4.5 cm? cm™. The determinate variety
had higher LAI, however, a higher value was observed
in mixture. Except for the first mixture (25 faba bean:
75 naked oat), a low value of LAI (2.60) compared to
pure sowing was observed. Our results were supported
by Eskandari (2011) and Lépez-Bellido et al. (2005),
who claimed that the value of LAI is higher in a mixture
characterized by higher plant density. The maximum LAI
value was observed during the flowering stage, what is
also supported by Lopez-Bellido et al. (2005).
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All mixtures had a higher PAR value compared to a
sole crop (Figure 2c¢ and 2d). Both types of faba bean
varieties in a sole crop had a higher value of PAR only at
the time of maximum leaves development, i.e. the increase
of faba bean seeding ratio in a mixture contributed to the
development of a bigger leaf area. The sharing of PAR
absorption in a canopy ranged 38%-95%. The greatest
advantage of PAR was noticed in the mixture M5 with
50:55 seeding ratio.

The value of PAR depends on the effective light
absorption and its conversion in cropping. According to
Stiitzel and Authammer (1992), very high plant densities
accelerated crop closing and earlier maximization of PAR
value. In our results, both plant density and variety type
significantly modified the value of PAR. Despite higher
density of naked oat in sole cropping, the highest PAR
value was obtained by the indeterminate faba bean.

Mixture with the determinate faba bean variety with
25% seeding rate had the highest PAR. Keating and
Carberry (1993) concluded that as in breeding processes
plants are adapted to absorb light at a maximum level in
a sole crop there is low probability that opposite results
can be gained in a mixture. However, in our research a
higher PAR value was obtained in a mixture with low
seeding rate of faba bean. The competition ability of
species in intercropping indicated crucial correlations
between seeding rate of a companion crop in a mixture.
The increase of faba bean seeding ratio in a mixture from
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O: ‘Olga’, OL: ‘Optimal’, P: ‘Polar’, M1-M6: mixture combinations.

Figure 2. Leaf area index (LAI) and photosynthetically active radiation (PAR) distributions in pure sowing of faba bean or naked oat (a, ¢) and

in mixture (b, d).
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25% to 75% raised plant competition in crop. Dhima et
al. (2013) contradicted our research. According to these
authors, the increase of faba bean in a mixture decreased
naked oat competition. On that basis it can be assumed
that plant density in intercropping can shape biomass
yield and seed yield in a mixture in a different way.
Additionally, light availability as an effect of plant density
in crop mixture can escalate plant competition.

Faba bean turned out be a stronger competitor in
intercropping than naked oat, what was observed in a
higher CR index. The analysis of competition indices
calculated for faba bean and naked oat in mixtures
indicated variability in crop interactions during vegetation
seasons (Table 3). In the compared plant mixtures the value
of CRb was always higher than 1 during rainfall seasons,
which indicated strong competition for water resources
between crop components. In 2007, characterized by the
shortage of rainfall, naked oat was more competitive than
faba bean, which resulted in the lower yield of faba bean.
Raising the faba bean seeding ratio up to 75% increased
competition of this species regardless of faba bean type.
However, by comparison of the competition between
the two types of faba bean varieties it was noticed that
the determinate variety was a stronger competitor. The
value of CRo for naked oat significantly varied plant
density in a mixture. Very low (25%) density of naked
oat in mixture with the indeterminate faba bean variety
was more beneficial for oat. Our results are supported
by Helenius and Jokinen (1994) and Neugschwandtner
and Kaul (2014), who noticed that oats was a stronger
competitor due to its greater yield potential than bean or
pea. The mixture sown in densities of 400 kernels of oats
per square meter and 40 seeds of faba beans per square
meter was the most productive intercrop with respect to
seed yield.

The competition index is closely linked to plant
domination in crops. Our results showed that faba bean
gained a positive value of the aggressiveness index, which
indicated that faba bean established stronger domination
than oats in a mixture. The value of aggressiveness
index was varied in vegetation seasons. The highest faba

bean aggressiveness was obtained during heavy rainfall
conditions (2008). The weakest domination of faba bean
in a mixture was observed during the shortage of rainfall
(2006). The highest density of the determinate faba bean
(75%) was the least advantageous.

The analysis of plant interaction indicated that in
all compared mixtures a partial complementary use of
limited growth factors (e.g. nutrients, water, light) was
noticed because the increase of the yield of a dominating
species did not influence the decrease of the yield of the
dominated species. The highest value of LER, above 1,
was gained in a mixture of 75% seeding ratio with the
indeterminate faba bean. It was frequently indicated
(Dhima et al., 2007; Wahla et al., 2009; Pasynkova and
Zavalin, 2010) that cereals dominated in a crop mixture,
except for wheat. Our results contradicted the above
mentioned and established that naked oat was dominated
by faba bean regardless of the seeding ratio. It was
often concluded that disadvantages depend mainly on
companion crops, mixture ratios, and experimental years
(Lithourgidis et al., 2006).

CONCLUSION

The cultivation of faba bean in two different formations
(determinate and indeterminate varieties) with naked
oat was beneficial to the latter. The sharing of the lowest
(25%) seeding ratio of the indeterminate faba bean caused
an increase of naked oat yielding. The highest (75%)
seeding ratio of the determinate faba bean variety with
naked oat caused an increase of faba bean yield.

The values of leaf area index (LAI) and
photosynthetically active radiation (PAR) indicated plant
competition in a mixture. The highest value of LAI and
PAR was observed in mixtures, which was not reflected in
yield.

Naked oat was a greater competitor during the shortage
of rainfall, while faba bean in heavy rainfall conditions.
The determinate faba bean cultivar in a higher seeding
ratio (up to 75%), gained the strongest domination in
mixture.

Table 3. The effect of intercropping on component grain yield, competitive ratio (CR), land equivalent ratio (LER), aggressiveness (A) of faba

bean and naked oat.

Faba bean Naked oat
Treatments CR LER A CR LER A
Year
2006 1.13a 0.77a 1.06a 1.32a 0.72 -1.06
2007 0.85a 0.48a 0.36a 221b 0.72 -0.36
2008 2.51b 1.44b 2.40b 0.90a 0.66 -2.40
Intercropping
Faba bean ‘Olga’/naked oat (25:75) 0.49a 041la 091 2.75¢ 0.89¢ -091
Faba bean ‘Olga’/naked oat (50:50) 1.00a 0.73ab 1.33 1.36ab 0.77bc -1.33
Faba bean ‘Olga’/naked oat (75:25) 2.03b 1.19b 1.31 0.61a 0.56a -1.31
Faba bean ‘Optimal’/naked oat (25:75) 0.74a 0.56ab 1.10 2.02bc 0.79bc -1.10
Faba bean ‘Optimal’/naked oat (50:50) 1.94b 1.22b 142 1.49ab 0.67ab -142
Faba bean ‘Optimal’/naked oat (75:25) 2.30b 1.28b 1.53 0.66a 0.54a -1.53

Letters in the row indicate significant differences according to Tukey’s test (P < 0.05).
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