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Abstract: The effect of simultaneous intercropping of winter wheat (Triticum aestivum L.) with different legumes of
faba bean (Vicia faba L.), pea (Pisum sativum L.), and purple clover (Trifolium incarnatum L.) on selected produc-
tion and qualitative parameters of wheat was evaluated in field trials conducted both in organic and conventional
cropping systems, in comparison with pure sown wheat. Wheat intercropped with legumes achieved higher grain
yield compared to pure sown wheat for an average of two years. However, in organic cultivation, the positive effect
of intercropping on wheat yields was more pronounced. In addition, a strong influence of the year was noted. In
2021, in the organic cropping system, the most yielding intercropped wheat (especially with pea and bean) achieved
114-117% higher yields compared to pure sown wheat (in the previous year of 2020, it was usually only about
102-106%). In the conventional cropping system, the effect of intercropping on wheat yield was significantly weaker,
and in 2021, wheat intercropped with legumes reached even lower yields than pure sown wheat in some cases. In
terms of sowing methods (both in organic and conventional cropping systems), mixed sowing with individual legu-
mes significantly exceeded the yields of wheat grown with legumes in separate, alternating rows. As regards quality
parameters, wheat intercropped with legumes reached in comparison with pure sown wheat usually had higher crude
protein content in wheat grain dry matter and higher values of Zeleny sedimentation.

Keywords: available nitrogen; nutrient; competition; mixed cultures; method of sowing; weather conditions

Intercropping is an old practice in which two or
more species are grown simultaneously in the same
field over a significant period but may not be sown
and harvested at the same time (Lithourgidis et al.
2011, Brooker et al. 2015, Vlachostergios et al. 2018).

Intercropping of cereals with legumes is the most
commonly used intercropping system worldwide.
The advantages of this intercropping consist mainly
of the complementary use of nitrogen (N) sources
by the species used in the intercropping (Bedoussac
and Justes 2010, Dhima et al. 2014). In the case of

a simultaneous intercropping strategy, the growing
season of legumes is longer (Bergkvist et al. 2011),
and legumes ensure a natural input of exogenous N
into the system through symbiotic fixation that al-
lows providing a high amount of fixed N, usable for
cereals (Amossé et al. 2014, Neugschwandtner et al.
2021). However, the legumes might also compete with
cereals during their growth (Bergkvist et al. 2011).
A relay intercropping strategy aims to insert the for-
age legume before summer without impairing wheat
yield and protein content (Bergkvist et al. 2011).

Supported by the Ministry of Agriculture of the Czech Republic, Project No. QK1910046.

553



Original Paper

Plant, Soil and Environment, 68, 2022 (12): 553-559

The productivity of intercropping system depends
on factors such as crop species that are used and
their variants, sowing density, sowing ratio, spatial
arrangements/intercropping pattern of the individual
crops, and also the management practices (Hauggard-
Nielsen et al. 2001, Bedoussac et al. 2015, Brooker
et al. 2015).

Intercropping systems of cereal legumes can allow
the optimal use of soil and atmospheric N sources,
improve soil conservation and increase yield and
protein concentration in the cereal grain, especially
under low soil N levels (Gooding et al. 2007, Pelzer et
al. 2012). Moreover, these systems help weed control
and reduce diseases and pest occurrence (Lithourgidis
etal. 2011, Bedoussac et al. 2015, Brooker et al. 2015).

By contrast, some authors have shown that simulta-
neous intercropping might limit or reduce the cereal
yield in case of high growth and/or high density of
the legume and the resulting competition for nutrient
resources and light (Bergkvist et al. 2011, Mysliwiec
etal. 2014). Similarly, according to Lithourgidis and
Dordas (2010), intercropping can reduce the yield of
mixtures compared with pure cereal crops.

The aim of this work was to evaluate the simultaneous
intercropping of winter wheat with selected legumes,
implemented in the organic and conventional farming
system, and to determine wheat yield, yield composi-
tion, and grain quality parameters in relation to legume
species, methods of sowing, and harvest years.

https://doi.org/10.17221/276/2022-PSE

MATERIAL AND METHODS

Experimental conditions. The effects of simul-
taneous intercropping of winter wheat with dif-
ferent legumes on selected production and quality
parameters of wheat were evaluated in field trial
plots (12 m?), carried out during the 2019/2020 and
2020/2021 growing seasons at the experimental base
of the Czech University of Life Sciences in Prague
(central part of Bohemia, 295 m a.s.l., the average
annual temperature of 8.3 °C, and average sum of
precipitation of 584 mm). As for the weather condi-
tions (Table 1), both evaluated years were similar in
average monthly temperatures. As to precipitation,
the year 2019/2020 was generally drier, while the year
2020/2021 was richer in precipitation and exceeded
the long-term standard. Field trials were performed
under both organic and conventional cropping sys-
tems using oilseed rape as a preceding crop for trials.
No additional fertilisers or pesticides were used in
the organically cultivated variants. Nitrogen (40 +
40 kg N/ha using limestone ammonium nitrate) was
applied in the spring in two doses, and a fungicide
was used in the variants cultivated conventionally.

Experimental design and variants. Simultaneous
intercropping consisted of sowing the legumes culti-
vars at the same time as winter wheat at the beginning
of October. Randomised blocks in three replicates
were designed with an average experimental plot area

Table 1. The survey of average monthly temperatures and sums of precipitation during the years 2019/2020
and 2020/2021 in comparison with long-term standard

Average temperature (°C) Y of precipitation (mm)

Month 2019/2020  2020/2021  lone-term 2019/2020  2020/2021  1ons-term
standard standard

IX 14.3 14.4 14.0 36.8 38.6 49.2

X 11.5 10.5 8.6 35.6 32.7 41.8

XI 6.1 4.3 3.2 37.2 35.8 34.0

XII 3.0 2.8 -0.5 13.9 18.8 34.6

I 1.8 0.1 -2.1 12.8 42.2 28.4

II 5.5 -0.1 -0.8 59.2 28.5 27.5

11 5.3 4.5 3.4 63.0 33.6 31.8

v 10.9 7.0 8.2 12.8 23.4 46.9

\' 12.3 11.8 13.4 68.0 100.8 65.0

VI 17.5 20.2 16.3 79.4 102.6 74.1

VII 19.7 19.9 18.2 30.8 87.9 74.3

VIII 18.6 17.5 18.0 46.2 77.6 76.5

Average temperature 10.5 9.4 8.3

Y of precipitation 495.7 622.5 584.1
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of 12 m?. In all variants, winter wheat (cv. Butterfly)
was sown at a rate of 148 kg/ha (400 seeds/m?),
faba bean (cv. Merkur) at a rate of 200 kg/ha
(30 seeds/m?), spring pea (cv. Avatar) and winter pea
(cv. Balltrap) at a rate of 50 seeds/m? (125 kg/ha for
cv. Avatar and 105 kg/ha for cv. Balltrap), purple clover
(cv. Kardinal) at a rate of 14 kg/ha (300 seeds/m?).
A control was also implemented with wheat grown
as a pure crop. The field experiment included both
variants with mixed sowing of wheat and individual
legumes and variants with alternating sowing of
wheat and legume in separate rows.

Wheat production and basic quality parameters
evaluation. Before the wheat harvest, the number
of ears per m? was determined. After the harvest,
the wheat grain yield and TKW (thousand kernels
weight) were determined, and grain samples were
taken for quality evaluation. Crude protein content
according to the Kjeldahl method (Kjeltec KT 200,
FOSS, Hilleréd, Sweden) was determined based upon
N x 5.7 (in dry matter (DM)). According to the ICC
116/1, Zeleny sedimentation was also determined.

Statistical analyses. The data obtained were sta-
tistically analysed using the ANOVA method in the
SAS program (SAS Institute, Cary, USA), version
9.4. The differences between means were evaluated
using Tukey’s HSD (honestly significant difference)
test at a level of significance P < 0.05.

RESULTS AND DISCUSSION

Effects of legumes on wheat yield. There are
contradictory reports related to the effects of leg-
umes in wheat and legumes intercropping on wheat
yields. Legumes in a well-chosen mixed culture can
contribute to a positive balance of available nitrogen
in the soil (Kintl et al. 2015), which is then used by
the main crop. This can lead to higher yields of the
main crop compared to monoculture (Lithourgidis
et al. 2011, Dong et al. 2018). On the other hand,
Bergkvist (2003) suggested that it was difficult to
achieve a higher yield of wheat growing in a mixture
compared to pure sown wheat, and Vrignon-Brenas
et al. (2018) stated on the bases of their results,
there were no significant differences in wheat yield,
intercropped or not. Similarly, Amossé et al. (2013)
found that the presence of legumes had, in general,
no significant effect on wheat grain yield.

Our results showed that in control (pure sown
wheat), the grain yield in the organic cropping system
was the lowest and differed significantly from the

intercropped wheat yields. At the same time, there
were no significant differences in the wheat yields
between the wheat intercropped with peas and beans
(Table 2). In the conventional cropping system, where
the wheat yields were about 1.3—1.8 higher compared
to organic cultivation, was a similar situation — the
grain yield of pure sown wheat was lower compared to
the intercropped wheat yields and differed from them
significantly. It is also evident that the resulting grain
yield depended on a structure of yield composition
(number of ears per m?, TKW) that varied depending
on the year, the cultivation system, and to a lesser
extent, the method of sowing. Vrignon-Brenas et
al. (2018) stated that systems where the individual
components of the mixture (wheat, legumes) are
sown in separate, alternating rows are considered
to be more promising ways of establishing mixed
cultures. With this method of sowing, the auxiliary
crop (for instance, legume crop) does not come in
close proximity to the main crop, which can lead to
the suppression of the main crop (Vandermeer 2012,
Ehrmann and Ritz 2014). However, as can be seen
from our results, this system of alternating sowing
wheat and legumes in separate rows can also lead
to a reduction in wheat yield, probably thanks to
greater interplant and stalk competition in wheat.

Table 3 provides a more detailed view of the results
of individual years. The results show a different effect
of intercropping treatments and cultivation systems
on both wheat yields and the structure of yield ele-
ments in individual years. In 2020, there were, both
in organic and conventional cropping systems, no
significant differences in the wheat yields between
intercropping treatments and pure sown wheat. In
2021, there was no significant difference in wheat
yields between intercropped treatments and pure
sown wheat only in the conventional cropping sys-
tem, alternating sowing in individual rows. In the
case of mixture sowing, the wheat yield of pure sown
wheat differed significantly from the intercropped
treatments with pea and bean; but there was no
significant difference between them.

In the case of the organic cultivation system, the
positive effect of mixed wheat cultivation with leg-
umes on wheat yields was even more pronounced.
The effect of the sowing method on wheat yields was
minimal, but the differences between pure-sown and
intercropped wheat were statistically significant and
relatively high (Table 3).

As mentioned above, year-on-year differences in
the structure of the yield elements were also found.
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Table 3. Evaluated production and quality parameters of winter wheat in individual years and sowing methods
(Tukey’s HSD (honestly significant difference) test at the level of P < 0.05)

Sowing Leguminous Grz(ati?hyi)eld Number 02 ears KW cgi?jrftl;rrlogt:;?n sediileelrellgztion
method variant 2 perm (e) DM (%) (mL)

ECO CONV ECO CONV ECO CONV ECO CONV ECO CONV

W+ WP 7.65° 8.69%  442.0° 490.0° 50.43* 51.03> 11.01*> 11.88¢  43.00° 53.33?

W +SP  7.27% 872%  425.0° 486.0° 50.35° 51.832 10.982b 12.182  42.00*° 52.332

Separate W * FB 7.57%  8.49*  432.0° 480.0* 50.27% 51.09> 11.112> 12.14*" 41.00*" 54.332
rows W +PC  7.43* 8.41°  431.3%° 476.7° 50.37° 51.15> 11.27° 11.98P¢ 41.002> 49.672
control 7.19°  8.29%  420.0° 470.0* 50.01* 50.96> 10.83> 11.62¢  39.00" 51.00°

- HSD,,. 056  0.44 40.3 42.6 0.64  0.34 0.31 0.20 2,94  7.04
§ W+ WP 7.78% 918  451.0° 536.0° 50.23% 49.22> 11.24> 11.79°  43.00®° 54.002
W + SP 7.69%  9.252  453.0° 539.0° 49.83*P 50.20° 11.26> 11.86%  42.00%P 54.002P

‘ W +FB  7.92° 9292  463.0° 542.0° 49.12¢ 49.87%> 11.56% 11.93%  40.00>¢ 54.67°
Mixture W pe 768 008 460.0° 535.0° 49.59b¢ 49.41b 11.22> 11.84%  42.00% 53.67%
control 7.49° 8.88  435.0° 52532 4976 49.07> 11.16> 11.59®  39.00¢ 53.00P

HSD,,. 055 051 46.2 32.8 0.56  0.42 0.32 0.17 240 155

W+ WP  6.81* 8.04%  388.0° 538.0° 52.70° 4295 11.88% 12.78%  48.00° 58.00°
W +SP  6.62% 8.07% 361.0° 548.0° 52.84* 4327% 11.98° 12.65% 46.00>¢ 56.00%
Separate W +FB  671% 8.00*  378.0° 527.0° 52.29% 43.97% 11.42° 12.49%¢ 47.33% 56.00%"
rows W+PC 600> 8.24° 355.0° 544.0° 51.19° 41.96° 11.23> 12.48>¢ 46.00°¢ 58.00%
control ~ 5.80° 8.17%  340.0° 550.0° 51.39>¢ 43.03* 11.25> 12.28¢  44.67¢ 54.00

= HSD,,. 053  0.62 51.3 47.1 1.01 270  0.28 0.29 1.96  2.08
& W+ WP 683 861> 389.0° 580.0°" 52432 40.91* 11.32%8 12.72®  48.00° 57.33?
W+SP 683 879 391.0° 590.0°° 51.58* 42.77° 11.42% 12.28°  47.00% 55.33°

. W +FB  6.67% 8.99%  394.0° 601.7° 52.10*° 4329 11.31* 12.38>  48.00* 57.002
Mixture (g pc 6700 847 376.0° 5790 5149 4247 10.88> 1235> 44.33b 5333
control 581" 8.10°  354.0%° 556.0> 51.14* 40.78° 10.92> 1221> 44.00> 54.00°

HSD,,, 045  0.39 54.1 45.5 148  2.72 0.29 0.24 1.84 1.20

W — wheat; WP — winter pea; SP — spring pea; FB — faba bean; PC — purple clover; DM — dry matter; TKW — thousand

kernels weight; ECO — organic farming; CONV - conventional cropping system

The year 2021 was characterised by a low number
of ears per m? but high TKW in the organic cultiva-
tion system, while in the conventional system, the
evaluated treatments achieved a very high number
of ears per m? — especially when sowing the mixture,
but the TKW was very low. In 2020, the values of
the yield elements were more balanced.

Overall, it can be stated that in 2021 in the or-
ganic cropping system, the effect of used legumes
on wheat yields was obvious and more significant
than in the previous year of 2020 — differences be-
tween the least yielding variants, which were usually
controlled without legumes, and the most yielding
variants, which were mostly the variants with winter

or spring peas, were around 0.6—0.8 t/ha, in some
cases, they reached about 1 t/ha (in the previous year
of 2020 it was usually only about 0.2-0.4 t/ha). In
the conventional cropping system, the effect of us-
ing legumes on yields was significantly weaker, and
in some cases, variants with legumes achieved even
lower yields than the control without legumes (in
the previous year 2020, the differences between the
most yielding and least yielding variants were similar
to the organic system between about 0.2-0.4 t/ha).
We presuppose that the atypical course of spring
vegetation in 2020 may have affected the fact that in
2020, both in the organic and conventional cropping
systems, the effect of intercropping with legumes
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on wheat yields was not very pronounced. There
were two waves of late spring frosts that hit legumes
significantly more than wheat — legumes practically
stopped growing, wheat significantly suppressed
them, and this suppression continued during the
next vegetation. In 2021, on the other hand, the
growth of legumes in the organic cropping system
was relatively intense in the spring; wheat could not
suppress them too much, which probably had a posi-
tive effect on wheat yield. Better illumination and
sun exposure of legumes in organic wheat growth
(compared to "conventional" wheat growth) could
also have a positive effect. In the conventional crop-
ping system, however, the situation was different in
2021 compared to the organic cultivation — wheat
grew very intensively here and strongly suppressed
legumes. The result was a wheat growth with a very
high final density (number of ears per m? at the level
of up to 600 ears or more); in such a dense stand,
the probability that the benefits of legumes could be
more pronounced was no longer high.

Effects of legumes on quality parameters of the
wheat grain. Some previous studies have shown that
intercropping cereals and grain legumes can increase
the nitrogen (or crude protein) concentrations in ce-
real grains (Knudsen et al. 2004, Ghaley et al. 2005).
Our results given in Table 2 are consistent with these
findings and showed that both in organic and con-
ventional cropping systems, the lowest crude protein
content in wheat grain DM was found in control —
pure sown wheat and was significantly different from
the intercropped wheat. The highest crude protein
content in grain DM was usually found in the wheat
intercropped with peas or beans, but the differences
in the protein content in the wheat grain DM between
the individual intercropping treatments were usually
statistically insignificant. A more detailed view of
the results of individual years is provided in Table 3.
The results showed that even in this evaluation, the
control usually achieved the lowest crude protein
content in the wheat grain DM, but the differences
between the sole crop wheat and wheat intercropped
with some legumes were not significant in all cases.
Our findings are in accordance with the conclusions
of Gooding et al. (2007), who evaluated the effect
of intercropping wheat with a faba bean and wheat
with a pea in field experiments during the three
growing seasons and found that intercropping wheat
with grain legumes regularly increased the nitrogen
concentration of the cereal grain. Similarly, Dordas
and Lithourgidis (2011) concluded that nitrogen
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concentration was higher for the cereals when faba
bean was included in the mixture, and Kamalongo
and Cannon (2020) found that the concentration of
nitrogen in a grain of wheat intercropped with bean
was about 17% higher in comparison with pure sown
wheat. Our results also showed, in accordance with
the conclusions of Gooding et al. (2007), that wheat
intercropped with legumes reached higher values
of Zeleny sedimentation and usually significantly
differed from the separately cropped wheat. The
differences in Zeleny sedimentation values between
the sole-cropped wheat and wheat intercropped
with legumes in the organic cultivation system were
mostly higher in comparison with conventional ones.
On the other hand, our results did not confirm the
findings of Gooding et al. (2007) and Kamalongo and
Cannon (2020) that the increase in protein concen-
tration in the wheat grain intercropped with faba
bean was associated with a 25-30% yield reduction
of the wheat, compared to sole cropped wheat. But,
the wheat yield reduction was probably affected by
its lower share in the mixture.

In conclusion, the findings of the present work
indicated that wheat intercropped with legumes
(especially peas and faba bean) reached higher grain
yields in comparison with pure sown wheat. However,
there were significant differences between the ex-
perimental years — in 2021, differences between
the pure sown wheat and wheat intercropped with
legumes were significant and relatively high; in 2020,
they were insignificant. The effect of wheat-legume
intercropping on wheat yields was higher in the
organic cropping system compared to the conven-
tional one. Regarding the sowing method, both in
organic and conventional cropping systems, yields
of wheat grown with legumes in mixed culture ex-
ceeded significantly yields of wheat cultivated with
legumes in separate, alternating rows. Regarding the
quality parameters, wheat intercropped with legumes
reached in comparison with pure sown wheat usually
had higher crude protein content in wheat grain dry
matter and higher values of Zeleny sedimentation.
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