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Abstract: Global climate change is a major issue affecting the agricultural sector worldwide. Hungary is no
exception to this, gradual warming, decreasing annual precipitation and increasingly frequent extreme meteo-
rological events affected us as well. These effects significantly tested the adaptive capacity of cultivated plants.
In Hungary, two-thirds of the arable land is occupied by cereals. In most cases, there is no crop rotation, and
the pre-crop effect remaining unused. Intercrop is a special plant association where two or more crops are
grown together on the same field, with complementary utilization of the available resources. This cultivation
method enchances weed control, increases resilience against pests and pesticides, and improves soil fertility
and conservation. Our experiments were made in 2020/2021 with three winter wheat varieties (GK Szilárd,
Celulle, GK Csillag) and a winter pea variety (Aviron) in four repetitions on 10-square-meter random layout
plots in Szeged-Öthalom. We tested three different seed densities for each variety in every combination. We
found that a higher seed density of wheat resulted in a higher yield regardless of the presence of pea, except
for GK Csillag at 75% seed density of wheat and pea. When the pea ratio in the mixture was increased, the
wheat yield decreased. However, we observed that GK Szilárd and Cellule achieved higher yield at 75% and
100% mixtures with 75% Aviron. Pure stands showed better values than the combined ones, vice versa for GK
Csillag: every seed density with 50% of Aviron gave the highest wheat yield. Growing wheat and pea together
provides greater financial stability than a single crop, even in extreme weather conditions.
Keywords: intercrop, climate change, yield advantage, crop failure
Received 1 June 2022, Revised 15 January 2024, Accepted 19 January 2024

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 In-
ternational License

Introduction

Today, global climate change affects our
lives in many ways. Over the past century,
the average annual temperature in Hungary
have gradually risen by 1 °C, while precipi-
tation has decreased with unfavorable distri-
bution. These facts indicate that global cli-
mate change is a real phenomenon that af-
fects us directly (Jolankai & Birkás, 2007).
Extreme weather events are now more fre-
quent and intense. Today it can be declared
that every second year is a dry year. Due to

the geographical location of Hungary, con-
tinental climate is mixed with oceanic and
Mediterranean elements, where the different
climatic effects occur simultaneously (Pepó
& Sárvári, 2011). These effects are signifi-
cantly testing the adaptive capacity of cul-
tivated plants. We can mitigate some of the
negative effects of climate change by choos-
ing adaptive varieties and using intensive
cultivation technology, but we cannot elim-
inate them entirely. Future crop production
opportunities will depend on how we can
adapt to these changing climatic conditions
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(Jolankai & Birkás, 2007).

Almost two-thirds of the arable land in Hun-
gary is planted with five main crops: maize,
wheat, barley, sunflower, and rape (Antal,
2005). The high proportion of cereals created
short rotations. Today wheat is sown after
one-third of its own, one-third of maize, and
one-third of other plants (Pepó & Sárvári,
2011). The agricultural development of the
1960s, the extensive use of mechanization,
genetic selection and intensive use of chem-
icals led to oversimplification of the crop-
ping systems and significant loss of biodi-
versity (Pankou et al., 2021). To increase ef-
ficiency and sustainability, it is essential to
redesign the current arable cropping system
(Bedoussac et al., 2015; Naudin et al., 2014;
Pelzer et al., 2012). One solution solution
could be intercropping (Bedoussac & Justes,
2011). It is a special form of plant associa-
tion, where growing two or more species si-
multaneously on the same field at the same
time (Willey, 1990). There is a growing in-
terest in intercropping, because of the in-
creasing awareness of environmental pollu-
tion which comes from the excessive use
of chemical inputs (Naudin et al., 2014)
and the limited availability and high cost
of fertilizers (Thilakarathna et al., 2016).
Legumes have the unique ability to fix bi-
ologically nitrogen and provide inexpensive
and green source of N fertilisers (Voisin et
al., 2014). They also reduce synthetic nitro-
gen fertilizers use (Bedoussac et al., 2015)
and break crop-effect in cereal-rich rota-
tions (Neugschwandtner, Kaul, et al., 2021).
Legumes, such as field pea are valuable
sources of protein, and can be an alterna-
tive to soybean (Neugschwandtner, Bernhu-
ber, et al., 2021). However, there was a con-
tinous decline in field pea cultivation area ex-
plained by a relative low economic competi-
tiveness compared to more profitable crops
(Divéky-Ertsey et al., 2022; Kristó et al.,
2020a), such as susceptibility against pest,
diseases, and weeds, intolerance to water

stress, poor strem strength, and unstable
yield (Bedoussac et al., 2015; Gollner et al.,
2019). These high cultivation risks can al-
most be eliminated by plant associations.

The most obvious advantage of intercrop-
ping is to achieve greater yield on a given
arable land by efficient utilization of avail-
able resources than in pure stands (Kristó
et al., 2020b; Lithourgidis et al., 2011;
Pankou et al., 2021). A yield advantage
occurs when niche overlap is minimal be-
tween the companion plants and interspe-
cific competition for resources is less than
the intraspecific competition. Ideally, inter-
cropping should involve varieties from dif-
ferent families (Pankou et al., 2021), but
the selection of the appropriate crop may be
challenging (Lithourgidis et al., 2011). Most
field crops were bred for sole crop culti-
vation; therefore, these varieties are not al-
ways suitable for intercropping (Nelson et
al., 2021). The typical sowing period for field
pea for east-central Europe is spring, shifting
sowing time from spring to autumn within
plant association could be a field manage-
ment strategy to avoid the critical periods of
development, when there is a high probabil-
ity of drought (Neugschwandtner, Bernhu-
ber, et al., 2021). Winter crops are usually
ready to harvest earlier than spring crops,
therefore their yield are usually higher and
more stable due to their longer growing pe-
riod and lower dependence on water avail-
ability during spring (Naudin et al., 2014).
Moreover, the greater variability of spring
pea yield can be explained primarly by the
amount and distribution of precipitation dur-
ing plant growth. Spring crops are often char-
acterized by a high soil compaction due to
early sowing or lack of water because of
delayed sowing. Both factors have signifi-
cant influence on nitrogen fixation and pea
yield, making it difficult to find an ideal sow-
ing time. Yield stability can be attributed
also the partial restoration of diversity by
intercropping, that is lost under sole crop-
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Figure 1: Monthly precipitation and temperature in the year of 2020/2021 and in long term
mean (2010-2019) in Szeged-Öthalom

Table 1: Sowing density of winter wheat and winter pea.

Number of seed of winter pea
0 seed 0.5 million 0.75 million 1 million
ha�1 seed ha�1 seed ha�1 seed ha�1

0 seed ha-1 - 0:50 0:75 0: 100
Number of seed 2.5 million seed ha-1 50:0 50:50 50:75 50:100
of winter wheat 3.75 million seed ha-1 75:0 75:50 75:75 75:100

5 million seed ha-1 100:0 100:50 100:75 100:100

ping (Lithourgidis et al., 2011). Intercrop-
ping provides high insurance against crop
failure especially in extreme weather condi-
tions such as frost, drought, and flood. When
several crops are grown together, farmers are
less exposed to total crop failure or fluctuat-
ing market demands.
In Hungary only a few studies have been
published about intercropping, and little is
known about the conditions of plant associa-
tions. Therefore, the objectives of the present
study were to determine (1) the crop yield of
winter wheat in mixtures and compare it with
each other and sole crops, (2) the difference
between each winter wheat variety, and (3)

the difference in sowing density.

Materials and Methods

Our investigations were made in the research
station of the Hungarian University of Agri-
culture and Life Sciences in Szeged-Öthalom
in one growing season (2020/2021), with
three winter wheat varieties (GK Szilárd,
Cellule, GK Csillag) and one field pea vari-
ety (Aviron). The experimental design was a
randomized complete block design in a split
plot arrangement in 4 repeats, where the to-
tal size of each plot was 10 square meters.
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The experimental area is located in the north-
ern part of Szeged, next to the junction of the
M5 motorway and the road 5. Our trial field
is easily accessible, the soil type is deep salt
meadow chernozem soil, it is well supplied
with nutrients. The montly precipitation and
temperature characteristics are shown in Fig-
ure 1. We can highlight that the precipita-
tion in June was significantly below than the
10 year average precipitation (2010-2019),
which affected crop development.
We used three different seed densities in ev-
ery species, in every combination. We chose
the most commonly used and ideal sow-
ing density either for winter wheat and pea,
where 100% was 5 million seed ha�1 in case
of wheat, and 1 million seed ha�1 for winter
pea (Table 1). Besides that, 75% sowing den-
sity of winter wheat was 3.75 million seed
ha�1 and 750 thousand seeds of winter pea.
50% sowing density of winter wheat was 2.5
million seed ha�1 and 500 thousand seeds of
winter pea.
GK Szilárd was a medium-ripe winter wheat
variety with a good adaptibility to environ-
mental conditions and high yield productiv-
ity. It has great stem strength, which is suit-
able for pea support. Crop yield: 7.5–9.5 t/ha.
Cellule was a medium-ripe strong tillering
variety with high yield stability and nutri-
ent utilization. It has high yield productivity
even in dry conditions. Crop yield: 9–12 t/ha.
GK Csillag was an early-ripe winter wheat
with high balanced yield, homogen ripening
and easy threshing. It is one of the varieties
which has grown in the largest area in Hun-
gary. Crop yield: 6.5–8 t/ha. Aviron was a
semi-leafless winter pea variety with tendrils.
It is suitable for both feeding and human
consumption. It is characterized by medium
growing and excellent cold resistance. It has
rapid initial development and good disease
resistance. Crop yield: 4.5–5 t/ha.
Preceding crop was winter wheat. All of the
varieties were sown simultaneously on 21st
October 2020. We use process seed without

inoculation in the case of winter pea. Crops
received no fertilizer in the experimental pe-
riod. Single harvest was on 2nd July 2021.
Following the grains were separated with a
grain separator for each parcel. After grain
yield was measured, data from field experi-
ments were analyzed by two-way analysis of
variance.

Results

In our investigation we examined crop yield
of winter wheat. In the case of mixed plots
we added the yield of the two companion
plants, because yield advantage occurs when
we define them together. In Table 2 we can
see, that in many cases the values of the as-
sociated plots surpassed the control plot. All
mixtures of the GK Csillag variety has higher
yield than in pure stands. In the case of GK
Szilárd 2.5 million seed ha�1 and all of the
sowing densities of winter pea gave higher
values than in monoculture, and it was the
same in GK Szilárd 5 million seed ha�1 and
Aviron 0.75 million seed ha�1 combination.
For the Cellule variety we also find high crop
yields, although these only approached the
values of the control plot.
In every case we considered winter pea sow-
ing density as an independent application.
Thus, in the first case we observed whether
there were differences between the number
of seeds of winter wheat and the applica-
tions. At GK Szilárd variety higher seed den-
sity made higher yield regardless of winter
pea (Table 3). There was a statistical differ-
ence between the 2.5 million seed ha�1 and
the 5 million seed ha�1. In pure wheat the
highest value was the sowing density of 3.75
million seed ha�1, so without winter pea it
was more ideal for GK Szilárd variety. The
lowest grain yield has the GK Szilárd 2.5
million seed ha�1and Aviron 1 million seed
ha�1 combination of the mixtures, by com-
parison the best grain yield was in the mix
of GK Szilárd 5 million seed ha�1 and Avi-
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Table 2: The total yield of the plant association (winter wheat and pea together) and yield in
pure stands (t ha�1)

Applications
Pure wheat Aviron 0.5 Aviron 0.75 Aviron 1

million seed ha�1 million seed ha�1 million seed ha�1

GK Szilárd 2.5 million seed ha�1 4.73 5.00 5.06 5.03
3.75 million seed ha�1 5.55 4.98 5.40 5.12
5 million seed ha�1 5.51 5.45 5.85 5.48

Cellule 2.5 million seed ha�1 5.76 5.50 5.63 5.45
3.75 million seed ha�1 6.35 5.88 5.80 5.67
5 million seed ha�1 6.59 6.03 6.21 6.15

GK Csillag 2.5 million seed ha�1 5.25 5.69 5.71 5.47
3.75 million seed ha�1 5.65 6.05 6.00 6.01
5 million seed ha�1 5.47 6.49 5.88 6.08

Table 3: Grain yield of the variety GK Szilárd (t ha�1)

GK Szilárd pure wheat Aviron 0.5 Aviron 0.75 Aviron 1 Average
million seed ha�1 million seed ha�1 million seed ha�1

2.5 million seed ha�1 4.73AB 4.44AB 4.42AB 4.15A 4.43a

3.75 million seed ha�1 5.55B 4.54AB 4.83AB 4.37AB 4.82ab

5 million seed ha�1 5.51B 5.00B 5.42B 4.87AB 5.20b

Average 5.26b 4.66a 4.89ab 4.46a

LSD = 0.67 between the sowing density of winter wheat, LSD = 0.77 between the applica-
tions, LSD = 0.95 between any two. Values marked with different letters are significantly
different at the p = 0.05 significance level. Capital letters indicate significance between any
two.

Table 4: Grain yield of the variety Cellule (t ha�1)

GK Szilárd pure wheat Aviron 0.5 Aviron 0.75 Aviron 1 Average
million seed ha�1 million seed ha�1 million seed ha�1

2.5 million seed ha�1 5.76AB 4.99AB 4.89AB 4.51A 5.04a

3.75 million seed ha�1 6.35B 5.08AB 5.36AB 5.07AB 5.46a

5 million seed ha�1 6.59B 5.66AB 5.69AB 5.43AB 5.84a

Average 6.23b 5.24a 5.31ab 5.00a

LSD = 0.82 between the sowing density of winter wheat, LSD = 0.95 between the applica-
tions, LSD = 1.65 between any two. Values marked with different letters are significantly
different at the p = 0.05 significance level. Capital letters indicate significance between any
two.
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ron 0.75 million seed ha�1. Obviously higher
pea ratio in mixture made less grain yield
for winter wheat, except of the application of
Aviron 0.75 million seed ha�1with the sow-
ing density of winter wheat in 3.75 million
and 5 million respectively. By p = 0.05 there
was significant difference only between the
pure wheat parcel and its combination with
the smallest and the largest sowing density
of winter pea. We observed a significant dif-
ference between any two applications for the
Aviron 1 million seed ha�1 GK Szilárd 2.5
million seed ha�1 mixture and all associa-
tions with 5 million seed ha�1 (without the
highest sowing density of Aviron) and for
pure wheat with 3.75 million seed ha�1.

We observed that for the winter wheat vari-
ety Cellule (Table 4), the yield was higher in
pure wheat than in mixture. By concentrat-
ing the sowing of wheat, a higher yield was
obtained. In contrast, there was no statistical
difference between the sowing densities. We
have noticed two combinations where grain
yield was remarkably high: Cellule seed den-
sity in 3.75 million seed ha�1 and 5 mil-
lion seed ha�1 with Aviron 0.75 million seed
ha�1. In these two cases, grain yield did not
decrease despite the plant density. In terms
of the applications there was a deviation be-
tween the control plot and all of the mixed
parcels with winter pea. This could have hap-
pened because the Cellule variety does not
tolerate overdensity, therefore crop depres-
sion is created. By p = 0.05 there were sig-
nificant differences between Aviron’s 1 mil-
lion ha�1 sowing density with Cellule 2.5
million ha�1 sowing density and the pure
stands with 3.75 and 5 million ha�1 sowing
density.

GK Csillag was a new variety in our inter-
crop experiment. Highlighted in this variety
(Table 5) that in the case of control and Av-
iron 0.75 million seed ha�1 with GK Csil-
lag 3.75 million seed ha�1combination re-
sulted higher grain yield than denser mixed
trial fields. This shows thatthis mixture ra-

tio was more advantageous for winter wheat
than the others. The best yield was in the
mix of GK Csillag in a sowing density of
5 million seed ha�1 and Aviron 0.5 million
seed ha�1. It represents much higher values
than all the others. Although we could not
prove this deviation from the others statis-
tically. The lowest crop yield we got in the
mixture of winter wheat in 2.5 million seed
ha�1 and Aviron 1 million seed ha�1. By in-
creasing the density of winter pea in plant as-
sociation we got lower grain yield, except of
the 5 million seed ha�1GK Csillag and Avi-
ron 1 million seed ha�1 couple. There was no
significant difference between any two treat-
ments.

Our other aspect of this study was whether
there were differences between the varieties
of winter wheat and the applications (Table
6). We could prove statistical difference be-
tween GK Szilárd and GK Csillag. Although
Cellule was better in monoculture than GK
Csillag, this statement no longer applies to
mixture. The highest value in the case of 2.5
million seed ha�1 of winter wheat we can
find the variety of GK Csillag and the Avi-
ron 0.5 million seed ha�1 mix. It was 5.36 t
ha�1, which is 1.21 tones more than the low-
est grain yield in the mix of GK Szilárd and
the Aviron 1 million seed ha�1. There was no
difference in the treatments. As the propor-
tion of winter peas increased, the grain yield
of each winter wheat variety within the mix-
tures decreased. Significant difference was
measured between the mixture of GK Szilárd
with 0.75 and 1 million seed ha�1 of Aviron
and the pure wheat of Cellule.

In table 7 we can see the grain yield of win-
ter wheat in a sowing density of 3.75 mil-
lion seed ha�1. Based on the examination of
the varieties we can make the following find-
ings: (1) there was no difference between the
yield of the mixed winter wheat and pure
plots; (2) there was a significant difference
between GK Szilárd and GK Csillag in terms
of wheat varieties. Although the Cellule vari-
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Table 5: Grain yield of the variety GK Csillag (t ha�1)

GK Szilárd pure wheat Aviron 0.5 Aviron 0.75 Aviron 1 Average
million seed ha�1 million seed ha�1 million seed ha�1

2.5 million seed ha�1 5.26A 5.36A 5.28A 4.89A 5.20a

3.75 million seed ha�1 5.65A 5.79A 5.62A 5.60A 5.66a

5 million seed ha�1 5.47A 6.29A 5.58A 5.67A 5.75a

Average 5.46a 5.81a 5.49a 5.39a

LSD = 0.92 between the sowing density of winter wheat, LSD = 1.06 between the applica-
tions, LSD = 1.84 between any two. Values marked with different letters are significantly
different at the p = 0.05 significance level. Capital letters indicate significance between any
two.

Table 6: Grain yield of winter wheat in a sowing density of 2.5 million seed ha�1 (t ha�1)

2.5 million pure Aviron 0.5 Aviron 0.75 Aviron 1 Average
seed ha�1 wheat million seed ha�1 million seed ha�1 million seed ha�1

GK Szilárd 4.73AB 4.44AB 4.42A 4.15A 4.43a

Cellule 5.76B 4.99AB 4.89AB 4.51AB 5.04AB

GK Csillag 5.26AB 5.36AB 5.28AB 4.89AB 5.20b

Average 5.25a 4.93a 4.86a 4.52a

LSD = 0.66 between the varieties of winter wheat, LSD = 0.76 between the applications,
LSD = 1.32 between any two. Values marked with different letters are significantly different
at the p = 0.05 significance level.
Capital letters indicate significance between any two.

Table 7: Grain yield of winter wheat in a sowing density of 3.75 million seed ha�1 (t ha�1)

3.75 million pure Aviron 0.5 Aviron 0.75 Aviron 1 Average
seed ha�1 wheat million seed ha�1 million seed ha�1 million seed ha�1

GK Szilárd 5.55AB 4.54A 4.83AB 4.37A 4.82a

Cellule 6.35B 5.08AB 5.36AB 5.07AB 5.46ab

GK Csillag 5.65AB 5.79AB 5.62AB 5.60AB 5.66b

Average 5.85a 5.14a 5.27a 5.01a

LSD = 0.8 between the varieties of winter wheat, LSD = 0.93 between the applications, LSD
= 1.6 between any two. Values marked with different letters are significantly different at the
p = 0.05 significance level.
Capital letters indicate significance between any two.
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ety had higher grain yield in the sowing den-
sity of 3.75 million seed ha�1 than the others
in pure stands, it has already achieved less
good results in intercrop. This phenomenon
is still due to the sensitivity of the Cellule va-
riety to density. GK Szilárd variety reached
higher yield in the pea rate of 75% in plant
association than in the other sowing density,
which is also true for the Cellule variety. By
p= 0.05 there were significant difference be-
tween the Aviron 0.5 million and 1 million
sowing density with GK Szilárd and the pure
stand of Cellule winter wheat variety.
Table 8 shows the crop yield of winter wheat
varieties at a sowing density of 5 million
seed ha�1. There was no realized significant
difference between winter wheat varieties.
The GK Csillag variety reached its maxi-
mum yield in this sowing density. It was
6.29 t ha�1, which is 11% higher than the
yield of the Cellule, and 25% higher than the
GK Szilárd variety. In addition Cellule was
achieved the highest yield of the variety in
plant association with a 75% proportion of
winter pea, but we could not prove it statis-
tically. The GK Szilárd variety also reached
the maximum of the variety in this mixture
ratio. Increasing the sowing ratio of both the
companion plants to 100% only resulted in
a higher yield for GK Csillag variety. There
was a significant deviation between only the
1 million seed ha�1 Aviron with GK Szilárd
mixture and the pure stand of Cellule.

Discussion

Global climate change leads to constant ex-
posure of our cultivated plants to the negative
effects of extreme weather events (Jolankai
& Birkás, 2007). Intensive agriculture pro-
vides high yields but the excessive use of
pesticides and fertilizers can cause envi-
ronmental pollution (Pelzer et al., 2012).
Therefore, it is important to seek innova-
tive cropping systems that can exploit tech-
nological advances and prevent the loss of

varietal diversity (Bedoussac et al., 2015).
Cereal-legume intercropping contribute to
the mitigation to climate change, might re-
duce dependence on artificial fertilizers and
the nitrogen fixing ability of legumes im-
proves yield and crop security (Naudin et
al., 2014; Pankou et al., 2021). Due to the
complementer use of available resources, to-
tal yields are often higher compared to the
sole crops, especially when N fertilization is
low (Bedoussac et al., 2015; Justes et al.,
2021; Księżak et al., 2023; Pelzer et al.,
2012). In our investigation, we found sim-
ilar results where the associated plots gen-
erally surpassed the control plots. However,
the winter wheat varieties achieved differ-
ent crop surplus at different sowing densi-
ties and different combinations. Yield ad-
vantage was observed in all mixtures of the
GK Csillag variety, and all pea combinations
with GK Szilárd in the sowing density of 2.5
million seed ha�1. Similarly, the same phe-
nomenon was observed in GK Szilárd 5 mil-
lion seed ha�1associated with Aviron 0.75
million seed ha�1. Different results were re-
ported the Cellule variety, where the control
plots have higher crop yield, and pea mix-
tures were slightly below this. In summary
the yield advantage appears only at the com-
bination of the GK Szilárd and GK Csillag
varieties.

According to Hauggaard-Nielsen et al.
(2006), because of the efficient utilization of
the available growth resources, companion
plants can tolerate much denser stands than
the recommended crop plant density. More-
over, Neumann et al. (2007) experienced
that the highest intercrop advantages were
achieved in mixtures with densities above the
optimal rate of the sole crop. We used the
conventional sowing rates for wheat and pea,
which were considered to be 100% treat-
ment. Additionally, we set mixed parcels at
rates of 75% and 50%. Mixtures with dif-
ferent pea proportions were considered as a
separate application. First we examined the
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Table 8: Grain yield of winter wheat in a sowing density of 5 million seed ha�1 (t ha�1)

5 million pure Aviron 0.5 Aviron 0.75 Aviron 1 Average
seed ha�1 wheat million seed ha�1 million seed ha�1 million seed ha�1

GK Szilárd 5.51AB 5.00AB 5.42AB 4.87A 5.20a

Cellule 6.59B 5.66AB 5.69AB 5.43AB 5.84a

GK Csillag 5.47AB 6.29AB 5.58AB 5.67AB 5.75a

Average 5.86a 5.65a 5.56a 5.32a

LSD = 0.82 between the varieties of winter wheat, LSD = 0.94 between the applications,
LSD = 1.63 between any two. Values marked with different letters are significantly different
at the p = 0.05 significance level.
Capital letters indicate significance between any two.

relationship between sowing density and pea
combination according to winter wheat va-
rieties. Nelson et al. (2021) mentioned that
most arable crops have been bred for sole
cropping, thus not all varieties are suitable
for plant association. The balance between
the companion plants during the growing
season depends on various factors, including
the sowing density, plant architecture, root-
ing patterns, competitive advantages, and the
dynamics of the nitrogen availability Fujita
et al. (1992); Lithourgidis et al. (2011). In
our experiment, we observed differences be-
tween pure sowing and plant association in
winter wheat varieties. GK Szilárd has a
good adaptibility to environmental condi-
tions. In combination with all proportion of
pea, a higher wheat sowing rate resulted in
higher yields. GK Szilárd reached its max-
imum yield by the pea rate in 75% and
wheat rate in 100%. The lowest grain yield
was reached in the mixture of GK Szilárd
2.5 million seed ha�1 and Aviron 1 million
seed ha�1. In our observations, the monocrop
of the Cellule variety produced significantly
higher yields compared to intercrop. By the
higher proportion of winter wheat we ob-
served higher yield. We obtained two out-
standing values in the seed density of 3.75
million seed ha�1and 5 million seed ha�1 in
combination with Aviron 0.75 million seed
ha�1. Cellule has high tillering ability, which

makes it sensitive to overdensity. For this
reason, a 75% combination of winter pea
seems to be the most suitable for this variety.
GK Csillag is a new variety in our exper-
iment. Based on the recommendations, we
did not expect a very high yield from this
winter wheat variety. However we included
it among our experimental varieties because
of its balanced yield and homogen ripening.
In the combination of GK Csillag in a sow-
ing density of 3.75 million seed ha�1and Av-
iron 0.75 million seed ha�1resulted a little
bit higher yield than the denser association.
This variety reached its maximum yield by
the pea rate in 50% and the wheat propor-
tion in 100%, which also gave the highest
value of the mixtures. In all three varieties
we observed that if the peas dominate in the
mixtures, the wheat reaches the lowest yield.
Only the GK Csillag variety can withstand
100% density of both species without yield
loss.
Our second study aspect is the relationship
between the winter wheat vareties and the
applications. At a sowing density of 50% for
winter wheat the GK Csillag clearly achieved
a higher yield than in monocrop. It was the
opposite of the previous one for the Cellule
and the GK Szilárd varieties. At a sowing
density of 3.75 million seed ha�1 there was
only a slight difference between GK Csil-
lag and Cellule varieties, which is smaller
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than the difference between GK Szilárd and
GK Csillag varieties in the pea rate in 50%
and 100%. Similar to the previous sowing
density, the Cellule variety was significantly
higher in monoculture, than in the mixtures.
The GK Csillag variety also reached the
highest values. Finally at the highest sowing
density of 5 million seed ha�1 provides the
best results for all the three winter wheat va-
rieties. For the GK Csillag variety with the
pea rate in 50%, and for GK Szilárd and Cel-
lule with the pea proportion in 75%.
According to Nelson et al. (2021), most
plant breeding programs focus on devel-

oping varieties for monoculture, leaving a
gap in knowledge about how these varieties
perform in plant associations. Plant traits
required for intercropping can maximalize
the yield advantages and avoid competition
(Lithourgidis et al., 2011). The greatest po-
tential to increase the efficiency of inter-
crops lies in experimenting with crop cobi-
nations. Intercropping can be a safer alterna-
tive for farmers than single-crop cultivation
due to the complementary use of resources
(Lithourgidis et al., 2011), and can be a tool
to achieve stable grain yields in a sustainable
and environmentally friendly form.
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Księżak, J., Staniak, M., & Stalenga, J. (2023). Restoring the Importance of Cereal-Grain
Legume Mixtures in Low-Input Farming Systems. Agriculture 13(2), 341. doi: 10.3390/agricul-
ture13020341

Lithourgidis, A., Dordas, C., Damalas, C. A., & Vlachostergios, D. (2011). Annual intercrops:
an alternative pathway for sustainable agriculture. Australian Journal of Crop Science 5(4), 396-410.

Naudin, C., van der Werf, H. M., Jeuffroy, M.-H., & Corre-Hellou, G. (2014). Life cycle
assessment applied to pea-wheat intercrops: A new method for handling the impacts of co-products.
Journal of Cleaner Production 73(1), 80-87. doi: 10.1016/j.jclepro.2013.12.029

Nelson, W., Siebrecht-Schöll, D., Hoffmann, M., Rötter, R., Whitbread, A., & Link, W. (2021).
What determines a productive winter bean-wheat genotype combination for intercropping in central
Germany? European Journal of Agronomy 128(1), 126294. doi: 10.1016/j.eja.2021.126294

Neugschwandtner, R. W., Bernhuber, A., Kammlander, S., Wagentristl, H., Klimek-Kopyra,
A., Lošák, T., . . . Kaul, H.-P. (2021). Nitrogen Yields and Biological Nitrogen Fixation of Winter
Grain Legumes. Agronomy 11(4), 681. doi: 10.3390/agronomy11040681

Neugschwandtner, R. W., Kaul, H.-P., Moitzi, G., Klimek-Kopyra, A., Lošák, T., & Wagen-
tristl, H. (2021). A low nitrogen fertiliser rate in oat–pea intercrops does not impair N2 fixa-
tion. Acta Agriculturae Scandinavica, Section B — Soil & Plant Science 71(3), 182–190. doi:
10.1080/09064710.2020.1869819

Neumann, A., Schmidtke, K., & Rauber, R. (2007). Effects of crop density and tillage system
on grain yield and N uptake from soil and atmosphere of sole and intercropped pea and oat. Field
Crops Research 100(2), 285-293. doi: 10.1016/j.fcr.2006.08.001

Pankou, C., Lithourgidis, A., & Dordas, C. (2021). Effect of Irrigation on Intercropping
Systems of Wheat (Triticum aestivum L.) with Pea (Pisum sativum L.). Agronomy 11(2), 283. doi:
10.3390/agronomy11020283

Pelzer, E., Bazot, M., Makowski, D., Corre-Hellou, G., Naudin, C., Al Rifaï, M., . . . Jeuf-
froy, M.-H. (2012). Pea–wheat intercrops in low-input conditions combine high economic per-
formances and low environmental impacts. European Journal of Agronomy 40(1), 39-53. doi:
10.1016/j.eja.2012.01.010

Pepó, P., & Sárvári, M. (2011). Gabonanövények termesztése. Agrármérnöki MsC szak
tananyagfejlesztése. TÁMOP-4.1.2-08/1/A-2009-0010 Projekt. Debrecen: Debreceni Egyetem.

Thilakarathna, M. S., McElroy, M. S., Chapagain, T., Papadopoulos, Y. A., & Raizada,
M. N. (2016). Belowground nitrogen transfer from legumes to non-legumes under managed
herbaceous cropping systems. A review. Agronomy for Sustainable Development 36(4), 58. doi:
10.1007/s13593-016-0396-4

Voisin, A.-S., Guéguen, J., Huyghe, C., Jeuffroy, M.-H., Magrini, M.-B., Meynard, J.-M.,
. . . Pelzer, E. (2014). Legumes for feed, food, biomaterials and bioenergy in Europe: a review.
Agronomy for Sustainable Development 34(2), 361-380. doi: 10.1007/s13593-013-0189-y

Willey, R. (1990). Resource use in intercropping systems. Agricultural Water Management
17(1), 215-231. doi: 10.1016/0378-3774(90)90069-B

DOI: https://doi.org/10.18380/SZIE.COLUM.2023.10.2.25 35

https://doi.org/10.3390/agriculture13020341
https://doi.org/10.3390/agriculture13020341
https://doi.org/10.1016/j.jclepro.2013.12.029
https://doi.org/10.1016/j.eja.2021.126294
https://doi.org/10.3390/agronomy11040681
https://doi.org/10.1080/09064710.2020.1869819
https://doi.org/10.1016/j.fcr.2006.08.001
https://doi.org/10.3390/agronomy11020283
https://doi.org/10.1016/j.eja.2012.01.010
https://doi.org/10.1007/s13593-016-0396-4
https://doi.org/10.1007/s13593-013-0189-y
https://doi.org/10.1016/0378-3774(90)90069-B
https://doi.org/10.18380/SZIE.COLUM.2023.10.2.25

