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Abstract: Intercropping is an old and commonly used agricultural practice and involves the cultiva-
tion of two or more crops in the same area of land at the same time and may improve yield, the use of
the environmental resources, product quality, and soil health. The objective of the present study was
to study the effect of water availability of wheat-pea intercrops using agronomic and physiological
characteristics. The experiment was conducted at the farm of Aristotle University of Thessaloniki,
Greece during two growing seasons 2017–2018 and 2018–2019 using two different cultivars from pea
(Isard and Olympos) and wheat (Yecora E and Elissavet) and two irrigation regimes. The availability
of water increased grain yield and affected most of the characteristics that were studied. In terms
of total Land Equivalent Ratio (LER) there was a yield advantage of intercrops over monocrops,
which indicates the efficiency of intercropping for using the environmental resources. Both wheat
cultivars, the pea cultivar Olympos and their intercrops indicated high adaptation capacity to rainfed
conditions, whereas Isard and its intercrops performed better under irrigation. Therefore, the inter-
cropping of wheat with pea uses the water resources of the environment more efficiently and can be
used in dry land conditions for higher yield.

Keywords: grain yield; yield components; land equivalent ratio; mixture; cultivar

1. Introduction

Over the last decade, there has been considerable interest in the low-input agricultural
systems across the world and especially in Europe. This is because modern agriculture with
the extensive use of agrochemicals, monocultures, and mechanization led to oversimplifi-
cation of the agricultural systems and to a significant loss of biodiversity. Therefore, it is
important to increase the farm biodiversity through agricultural practices that promote the
ecosystem services and maintain soil fertility, controlling pests and promote sustainability.
The farm biodiversity can be increased using crop rotation, cover crops, intercropping, and
agroforestry [1,2].

Intercropping is a system where two or more crops species or genotypes are grown
at the same space and the same time [3–6]. Further, the different component crops of an
intercropping system do not necessarily have to be sown at the same time nor they have
to be harvested at the same time, but they should be grown simultaneously for a great
part of their growth periods. The plant species in an intercropping system normally are
from different families and is less common when they are different genotypes of the same
crop species. The main advantages of intercropping are higher yield and stability of yield,
better environmental resources utilization, insurance against crop failure, soil conservation,
improvement of soil fertility, improvement of forage quality, lodging resistance to prone
crops, reduction of pest, and disease incidence and promotion of biodiversity. However,
there are significant disadvantages of intercropping such as competition for light, wa-
ter, and nutrients or allelopathic effects, the difficulty for practical management and the
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mechanization since the management practices were developed for only one species per
field [3,4,6].

Intercropping is a system that promotes ecological intensification as it increases biodi-
versity in cropping systems by increasing the number of cultivated species and especially
by increasing the proportion of legumes in cropping systems. The interactions that exists
between species in intercropping systems are quite complex and were proposed that can
be explained by the “four Cs” principles Competition, Complementarity, Cooperation, and
Compensation [7]. Competition exists for resources such as water, light, and nutrients
etc. [7]. The next principle is complementarity in which the mixtures use the environ-
mental resources more efficient compared with sole cropping [7]. The third principle is
cooperation, which happens through facilitation in which there is a modification of the
environment by one species and this is beneficial to the other(s) [7]. Finally, compensation
is the principle were the species in the mixture differ in their sensitivity to abiotic and/or
biotic stress and when one is demised is compensated by the other(s) through release from
competition. An efficient intercropping system is one that provides higher total yield by
utilizing more efficiently the environmental resources than the sole crop system [8]. In
order to find the most efficient intercropping system it is important to take into account the
four Cs principles and utilize them [7].

Water stress is very important for agricultural crops and affects the yield and product
quality in many areas and especially in the Mediterranean region. Moreover, climate
change will affect water availability and will be a limiting factor for many countries the
following years. Therefore, it is important to use water resources more efficiently which
will help us to preserve the valuable water resources. One of the ways to conserve water is
by using the appropriate cropping system and also appropriate crop species and cultivars,
which have low requirements for water [9]. A cropping system that has been reported
that increases soil water conservation is intercropping [9–11]. In addition, intercropping
reduces run-off, can increase the use of available soil water, increased crop yield for the
entire systems and the yield per unit of water applied, and the yield of crops grown the
following year in the rotation. Furthermore, it was reported that intercropping in arid and
semiarid areas can increase water use efficiency (WUE) significantly [11,12]. However, it
was not studied how the different cultivars can contribute to WUE.

There is not enough information about how intercropping can affect the WUE and
whether the use of different cultivars can increase WUE. Therefore, the objective of the
present study was to determine (1) the effect of water availability on intercropping systems
under rainfed conditions, (2) how the different cultivars respond to intercropping systems
and to difference in water availability, and (3) to assess the impact of the intercropping
system on the component species under different water levels.

2. Materials and Methods
2.1. Experimental Site

The experiments were conducted for two successive growing seasons (2017–2018
and 2018–2019) at the Farm of Aristotle University of Thessaloniki at the area of Thermi
(40◦32′9′′ N 22◦59′18′′ E, 0 m). The soil type was a clay loam with organic matter 10 g kg−1,
pH (1:1 H2O) 8.1, electrical conductivity (dS m−1) 0.621, and CaCO3 5%. Weather con-
ditions were recorded daily with an automatic weather station, which was close to the
experimental site and were reported as mean monthly data for both years (Table 1). Both
years showed small differences regarding the weather conditions (Table 1).
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Table 1. The main weather parameters (mean temperature, rainfall, and reference evapotranspiration
ETo) for the two growing seasons 2017–2018 and 2018–2019 of experimentation at Thermi Greece and
its comparison to the 30-year average. The weather data were recorded with an automatic weather
station close to the experimental site.

Month Rainfall (mm) Temperature (◦C) ETo (mm/Month)

2017 2018 30
Years 2017 2018 30

Years 2017 2018 30
Years

December 26.0 36.0 50.8 9.3 6.4 6.5 44.6 23.7 28.1
January 14.2 44.8 29.3 7.1 6.1 5.2 34.1 18.7 20.3
February 69.6 8.4 31.5 9.1 7.9 6.4 50.0 23.7 35.8
March 49.8 14.6 31.5 13.0 12.0 9.6 72.4 62.1 65.4
April 70.0 71.4 38.2 18.9 14.5 13.9 102.3 95.2 98.3
May 25.2 23.0 44.4 23.3 19.5 19.3 177.3 139.5 152.4
June 87.0 52.0 32.4 24.6 26.7 24.5 209.7 148.9 181.7

2.2. Genotypes Used in the Study

Two wheat (Triticum aestivum L.) and two pea (Pisum sativum L.) cultivars as well
as their mixtures of each wheat cultivar with each pea cultivar were used in this study.
The wheat cultivars that were used were Yecora E and Elissavet which were different in
earliness and in plant height as Elissavet was taller than Yecora E. In addition, two different
pea cultivars were used Isard which is an afila type and Olympos fully leaf.

2.3. Crop Management and Experimental Design

Pea and wheat monocrops, as well as mixtures of pea cultivars with each of the wheat
cultivar were sown on the first week of December in both growing seasons. The seeding
ratio was 75:25 (pea:wheat) based on seed weight. The seeding rates for pea and wheat
monocrops were 130 and 150 kg ha−1 respectively, whereas the seeding rates for intercrops
were 98 and 38 kg ha−1 (pea-wheat). Seeds of both species were sown simultaneously. The
seeding ratio was selected as it was found from previous experiments in the area [13–15].

The previous crop was barley (Hordeum vulgare L.) and after harvest, the straw was
baled and removed. The tillage system that was used was the conventional and the soil
was moldboard plowed, harrowed and a cultivator was used. All crops were kept free of
weeds by implementing hand hoeing, where necessary.

The experimental design was a Randomized Complete Block Design (RCBD) in a
split-split plot arrangement, where irrigation levels were the main plots, monocrops and
mixtures were the sub-plots. In addition, we used four replications (blocks) per treatment
combination, each block was divided in two strips, which were the two irrigation, and
within each strip the four monocrops and four mixtures were randomized. Every experi-
mental plot was 4 m in length and 1.25 m in width with five rows 25 cm apart and the total
size of each plot was 5 m2. The plots were separated by a 1.25 m buffer zone.

Two irrigation treatments were used one with no irrigation (rainfed) and all the
water that was needed the crop received it from the rainfall and the other where the
crop evapotranspiration was calculated and provided to cover the plant needs as it was
described before [16]. The water was applied with a drip irrigation system with the
drippers spaced at 50 cm intervals the water supply of the drippers was 4 L h−1. The drip
irrigation lines were placed every other row. The same irrigation system was extensively
used in other experiments [16]. Reference evapotranspiration (ETo) was calculated with
the FAO Penman–Monteith method as described before [16].

2.4. Grain Yield Determination

In order to determine the grain yield all the plants from the three central rows were cut
at ground level manually and the grains were received with a LD 350 laboratory thresher
(Wintersteiger, AG, Ried im Innkreis, Austria) in the first week of June in both years.
Following the grains were separated for the intercropping treatments with a grain separator.
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2.5. Seed Yield Components

The yield components (number of spikes per plant, number of pods per plant, number
of grains per spike, number of grains per pod, length of spike, and length of pod) were
determined by measuring the number of spikes, pods, and seeds from 20 plants per plot at
harvest when the plants had already reached physiological maturity.

2.6. Chlorophyll Fluorescence and Chlorophyll Content

The minimum Chl fluorescence (F0) and the maximum Chl fluorescence (Fm) were
measured also in situ with the portable Z995 FluorPen PAR (Qubit Biology Inc. Kingston,
Ontario, Canada). For each plot 10 young fully expanded leaves were used before each
sampling. The maximum quantum efficiency of photosystem (PS) II was calculated as
Fv/Fm (Fv = Fm − F0) (Zadoks growth stage 60) and full bloom for pea.

Chlorophyll content readings (SPAD units) were taken with a hand-held dual-wavelength
meter (SPAD 502 Plus, Chlorophyll meter, Konica Minolta Optics Inc., Osaka, Japan). For
each plot 10 young fully expanded leaves were used before each sampling. The instrument
stored and automatically averaged these readings to generate one reading per plot (Zadoks
growth stage 60) and full bloom for pea.

2.7. Water Use Efficiency

The WUE for the different treatments was determined by dividing the dry weight
yield by the total water (rainfall and irrigation) that each treatment received [17].

2.8. Land Equivalent Ratio (LER)

The advantage of intercropping and the effect of competition between the two species
used in a mixture was calculated using the land equivalent ratio (LER). In particular, LER
indicates the efficiency of intercropping for using the environmental resources compared
with monocropping. The value of unity is considered the critical value for this index. When
LER is greater than one the intercropping favors the growth and yield of the intercropped
species, whereas when LER is lower than one the intercropping negatively affects the
growth and yield of the species [18,19]. The LER was calculated as

LER = (LERp + LERw),

LERp =
(
Ypi/Yp

)
,

LERw = (Ywi/Yw),

where Yp and Yw are the yields of pea and wheat, respectively, as monocrops and Ypi and
Ywi are the yields of pea and wheat, respectively, as intercrops.

2.9. Statistical Analysis

All data (grain yield, yield components, chlorophyll content, chlorophyll fluorescence,
LER and WUE) were analyzed within the methodological frame of Mixed Linear Models
with the Analysis of Variance (ANOVA) method according to the model that involves
the effects (main and interactions) of three factors: 2 “growing seasons” × 2 “irrigation
levels” × 8 “intercropping treatments”. The experiment was installed according to the
Randomized Complete Block Design (RCBD) in a split-split-plot arrangement, utilizing
data from four blocks per combined treatment. The “growing seasons” were considered
as the main plots, “irrigation levels” were considered as the sub-plots, “intercropping
treatments” were considered as the sub-sub-plots [20]. Within each growing season the
basic experimental design was the RCBD in a split plot arrangement: “irrigation levels”
were the main plots, and “intercropping treatments” were the sub-plots. Following, pair-
wise differences between treatments’ means were tested with the protected Least Significant
Difference (LSD) criterion. The significance level of all hypothesis testing procedures was
preset at a = 0.05 (p ≤ 0.05). For all parameters, the variances were not statistically different



Agronomy 2021, 11, 283 5 of 13

between the growing seasons and a common LSD value (for both years) was calculated
and used for mean comparisons. Since no statistically significant interaction between
growing seasons and treatments was detected the mean values for both growing seasons
are presented. The SPSS software (IBM SPSS Statistics 25, IBM Corp. Released 2017,
Armonk, NY, USA) was used for the statistical analyzes.

3. Results
3.1. Grain Yield

The statistical analysis of the grain yield and the other characteristics that were studied
showed that there was no treatment by growing season interaction, so the treatment means
are presented averaged across growing seasons.

Under irrigated conditions, there were significant differences in grain yield among
treatments (Figure 1). In particular, the mixture Isard-Yecora E had the highest grain
yield (5.22 tn ha−1), followed by the mixture of Isard-Elissavet (4.89 tn ha−1), and the
monocrops of both wheat cultivars. Among the pea monocrops, Isard had the highest grain
yield, while both wheat cultivars had similar grain yields. On the other hand, Olympos
and its mixtures with each of wheat cultivars have the lowest yields. Under water stress
conditions, the highest grain yield was found at the wheat monocrops and followed by the
Elissavet-Isard mixture.

Figure 1. Grain yield of monocrops of wheat and pea and their intercrops that were used under Rainfed and Irrigated
conditions. Data presented are mean values; vertical bar corresponds to the least significant difference (LSD).

The monocrop of the pea cultivar Isard was significantly affected by the irrigation
treatments as the grain yield was reduced by 34% under water stress conditions compared
with the irrigated treatment (Figure 1). Similarly, both mixtures of Isard, e.g., Yecora E-Isard
and Elissavet-Isard were yielded lower by 42 and 28%, respectively, under water stress
compared with the irrigation. In contrast, Olympos monocrop, as well as the mixtures of
Olympos with both wheat cultivars were not affected by the water stress conditions, as the
reduction of grain yield was not statistically significant.

3.2. Yield Components

Most of the yield components were affected by irrigation and also by the intercropping
treatments (Figures 2 and 3, Table 2). In particular, there was a 34, 39, and 43% increase on
the number of spikes per plant with irrigation in the Yecora E-Olympos, Yecora E-Isard,
and Elissavet-Isard mixtures, respectively, compared with the rainfed conditions, whereas
at the both wheat monocrops and the Elissavet-Olympos mixture there was no effect on
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the number of spikes per plant (Figure 2). Similar trend to that of the number of spikes per
plant was also observed for the number of grains per spike (Table 1). In particular, there
was increase in irrigated treatments of the number of grains per spike by 20, 20, and 31%
at the Yecora E-Olympos, Elissavet-Isard, and Yecora E-Isard mixtures, respectively. On
the contrary, wheat monocrops and the Elissavet-Olympos intercrop were not significantly
affected under irrigation conditions. Further, the length of spikes was not significantly
affected by the irrigation treatment.

Figure 2. Number of spikes per plant of monocrops of wheat its intercrops that were used under Rainfed and Irrigated
conditions. Data presented are mean values; vertical bar corresponds to the least significant difference (LSD).

Figure 3. Number of pods per plant of monocrops of pea and its intercrops that there were used under Rainfed and Irrigated
conditions. Data presented are mean values; vertical bar corresponds to the least significant difference (LSD).

The number of pods per plant was also affected by the irrigation treatment and also by
the mixtures (Figure 3). Isard showed a significant increase with irrigation in monocrops
and its intercrops, as it was 29, 30, and 31% at the monocrop, Elissavet-Isard and Yecora
E-Isard intercrops, respectively. In contrast the number of pods for Olympos was reduced
with irrigation and it was not affected by intercropping. Similar trend to that of the number
of pods per plant was also observed for the length of pods, as there was 11 to 14% increase
at the Isard monocrop, and its intercrops, under irrigation (Table 2). On the other hand, the
number of grains per pod was not significantly affected by the irrigation treatment.
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Table 2. Yield components number of grains per pod, number of grains per spike, length of pod and spike of the different
intercropping treatments that there were used under Irrigated and Rainfed conditions. Data presented are mean values
with the least significant difference (LSD).

Treatments Number of Grains per Spike Number of Grains per Pod Length of Spike Length of Pod

Wheat Pea Wheat Pea

Irrigated Rainfed Irrigated Rainfed Irrigated Rainfed Irrigated Rainfed
Yecora E 36.3 30.3 - - 10.35 9.83 - -
Elissavet 46.9 45.5 - - 9.75 10.17 - -

Isard - - 5.43 4.53 - - 5.68 4.87
Olympos - - 4.85 5.00 - - 4.65 4.72

Yecora
E-Isard 43.9 30.5 4.77 4.57 11.98 12.00 5.47 4.75

Yecora
E-Olympos 38.9 31.3 4.92 5.05 11.58 11.55 4.42 4.92

Elissavet-
Isard 53.4 42.6 5.08 4.30 10.27 10.20 5.37 4.75

Elissavet-
Olympos 45.8 43.1 4.65 5.55 9.83 10.27 4.45 4.82

LSD 10.05 0.95 1.01 0.55

3.3. Chlorophyll Content and Chlorophyll Fluorescence

Chlorophyll content readings were not affected by the irrigation treatment but there
were differences between the two species that were tested (Table 3). Similarly, quantum
yield efficiency of photosystem (PS) II was not significantly affected by the intercropping
and irrigation treatments but were observed differences among pea and wheat cultivars.

Table 3. Chlorophyll content and quantum yield efficiency (chlorophyll fluorescence) of the different intercropping
treatments that there were used under Irrigated and Rainfed conditions. Data presented are mean values with the least
significant difference (LSD).

Treatments Chlorophyll Content Quantum Yield (Chlorophyll Fluorescence)

Wheat Pea Wheat Pea

Irrigated Rainfed Irrigated Rainfed Irrigated Rainfed Irrigated Rainfed
Yecora E 46.4 48.4 - - 0.66 0.65 - -
Elissavet 48.6 50.0 - - 0.67 0.65 - -

Isard - - 43.9 45.7 - - 0.64 0.66
Olympos - - 43.1 43.7 - - 0.67 0.66

Yecora
E-Isard 48.9 50.4 44.9 47.2 0.65 0.67 0.61 0.65

Yecora
E-Olympos 49.0 49.9 42.5 44.1 0.65 0.63 0.66 0.63

Elissavet-
Isard 49.6 51.3 43.6 45.6 0.62 0.63 0.64 0.63

Elissavet-
Olympos 48.9 51.1 44.6 44.2 0.65 0.65 0.62 0.63

LSD 2.06 2.48 0.037 0.052

3.4. Land Equivalent Ratio (LER)

In most mixtures, the partial land equivalent ratio of wheat was lower than 0.5 (mean
LERw = 0.37–044), while the LERp was higher than 0.5 (mean LERp = 0.72–0.73), with the
exception of Yecora E-Isard rainfed mixture (0.43) (Table 4). The LERw was 19% higher at
irrigated treatments (0.44) compared with the rainfed treatment (0.37), whereas there was
no significant difference in mean LERp values among irrigation treatments. In addition,
among peas, cultivar Isard intercropped with Yecora E, had the lowest LERp values in both
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irrigation treatments. On the other hand, Yecora E intercropped with pea cultivar Isard
was the most competitive wheat cultivar at both irrigation treatments (LERw = 0.52–0.67).

Table 4. Land equivalent ratio (LER) of the different treatments that there were used under Irrigated and Rainfed conditions.
Data presented are mean values with the least significant difference (LSD).

Treatments Partial Land Equivalent Ratio Land Equivalent Ratio (LER)

Wheat (LERw) Pea (LERp) Total

Irrigated Rainfed Irrigated Rainfed Irrigated Rainfed
Yecora E-Isard 0.67 0.52 0.55 0.43 1.22 0.95

Yecora
E-Olympos 0.35 0.31 0.87 0.88 1.22 1.19

Elissavet-Isard 0.52 0.39 0.68 0.85 1.20 1.24
Elissavet-
Olympos 0.21 0.24 0.79 0.76 1.00 1.00

Mean 0.44 0.37 0.72 0.73 1.16 1.10
LSD 0.06 0.11 0.15

A graphical representation of the interactions between pea and wheat cultivars is
shown in Figure 4, where the left upper quadrant corresponds to situations in which pea
cultivars suppressed wheat cultivars, which was shown in most mixtures, while the reverse
is true in the bottom right quadrant (e.g., Isard-Yecora E mixture under rainfed conditions).
The upper right quadrant corresponds to situation when there is facilitation between the
two species higher growth, and this was shown in the Isard-Elissavet and Isard-Yecora E
mixtures under irrigated conditions.

Figure 4. Partial LER values of the different intercropping systems that were used under rainfed conditions and also
under irrigated.

In all mixtures, total LER was higher or equal to 1 (Table 4). In particular, at the
irrigated treatment most mixtures had total LER significantly higher to 1 (1.20–1.22) with the
exception of Elissavet-Olympos mixture (1.00), whereas under rainfed treatment the highest
total LER had the Elissavet-Isard (1.24) and Yecora E-Olympos (1.19) mixtures. Further, in
Yecora E-Isard irrigated, total LER increased by 28% as compared with rainfed treatment.

3.5. Water Use Efficiency

In most cases, the WUE was not significantly affected by the irrigation, with the
exceptions at the Isard monocrop and Yecora E-Isard intercrop as they were higher by 22
and 28%, respectively, at the irrigated treatment compared with the rainfed treatments
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(Figure 5). In addition, WUE was higher in wheat cultivars as compared to pea cultivars,
whereas pea Olympos had the lowest WUE.

Figure 5. Water use efficiency of the different mixtures, monocrop under rainfed and irrigated conditions. Data presented
are mean values; vertical bar corresponds to the least significant difference (LSD).

4. Discussion
4.1. Grain Yield

Under irrigated conditions, the greatest grain yield was obtained in two intercropping
treatments (the mixtures of Isard with Yecora E and with Elissavet) and in the monocrops
of both wheat cultivars, whereas both mixtures of Olympos with wheat showed the
lowest yields (Figure 1). In other studies, it was reported that yield of intercropping
systems (faba bean-cereal, pea-cereal, common vetch-cereal) was as high as the cereal
monocrops [13,21–24]. In addition, there are several studies which show that mixtures
of grain legumes with cereals produced more forage yield than grain legume and cereal
monocrops because of better utilization of the environmental resources [14,25–27]. There
were significant differences between the two pea cultivars and their mixtures, as well as
the highest grain yield were found at Isard and its mixtures. This is possible because
the cultivar Isard is for grain yield and Olympos is for biomass production and is used
for forage production and animal feed [27,28]. In addition, Olympos has indeterminate
growth whereas Isard has a determinate growth and this means that Olympos continued
to grow and produce more flowers and there was not enough time for the grains to grow
and complete its development [29].

Under rainfed conditions, the highest grain yield was found at the wheat monocrops
and followed by the Elissavet-Isard mixture, indicating better adaptability of wheat culti-
vars to dryland conditions [15]. In addition, Isard monocrop and Isard-wheat intercrops
were affected more by the irrigation treatments as the grain yield were reduced by 28 to
34% under rainfed conditions compared with the irrigated treatments (Figure 2). In con-
trast, grain yield of Olympos monocrop was not significantly affected by the water stress
conditions and this trend was also found in the mixtures of Olympos with the two wheat
cultivars, indicating that it is well adapted in the Mediterranean conditions compared with
Isard which was affected by the irrigation treatment and showed a significant increase
with irrigation. This is probably because Olympos was bred under dry land conditions in a
Mediterranean environment and Isard was bred under a more humid environment.

4.2. Yield Components

Yield components of grain legumes and cereals can be affected by fertilization, plant
density, source-sink relationships, genotype, and environmental factors (e.g., drought,
salinity) [30–32]. In our work, the yield components of wheat monocrops were not affected
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by irrigation (Figure 2; Table 2), although were reported that most of the yield components
(i.e., number of spikes per plant, number of grains per spike, weight of grains per spike,
etc.) were affected by irrigation [26]. On the contrary, in most intercrops, irrigation affected
the number of spikes per plant and the number of grains per spike, as there was an increase
with irrigation compared with the rainfed treatment, probably because of competitive abil-
ity of wheat intercropped under optimum conditions [13–15]. In addition, irrigation could
affect the grain development and the yield components as it could be affected by the photo
assimilates distribution in the plant [26,33–35]. Irrigation affected more the yield compo-
nents of pea cultivar Isard monocrop and its intercrops that seemed to be more responsive
to irrigation and more sensitive to water stress compared with the cultivar Olympos,
probably because of the better adaptability of Olympos in Mediterranean conditions.

4.3. Chlorophyll Content and Chlorophyll Fluorescence

Chlorophyll meters have been used extensively in agriculture to determine the N
status of the crop and also to determine the degree of greenness of the leaves, which
is important for high yield. It was also used from different studies as a good indicator
of green color and the stay green characteristic in several plant species and as a stress
tolerance index [32]. Chlorophyll fluorescence and especially the maximum quantum
efficiency of PSII photochemistry was used as a stress indicator in several species for water
stress [36,37]. In the present study there was no significant effect of irrigation or/and of
the intercropping treatments, but only of the different species, on chlorophyll content and
chlorophyll fluorescence. Similar values for wheat and pea of quantum yield efficiency
were reported by others [14,15,37] but it was not determined under stress conditions and
under intercropping treatments. In other plant species it was found that chlorophyll content
can be used to indicate the tolerant cultivars to water stress [36,37]. However, our results
indicate that chlorophyll meter readings or/and chlorophyll fluorescence cannot be used
as selection criteria for tolerant cultivars to water stress.

4.4. Land Equivalent Ratio (LER)

Land Equivalent ratio was used extensively in intercropping systems to evaluate its
productivity [4,6]. In most mixtures, the partial LER of wheat was lower than 0.5, while the
partial LER of pea was higher than 0.5, which indicates that there was an advantage for
pea in these intercropping systems and a disadvantage for wheat [18]. Similarly, bivariate
diagrams illustrated suppression ability of wheat cultivars (most of partial LERpea values
in left upper quadrant), which confirmed the competitive ability of peas [38,39].

Among peas, cultivar Isard intercropped with Yecora E, had the lowest LERp values in
both irrigation treatments, indicating that pea Isard in this intercrop had lower competitive
ability than peas in other mixtures. On the other hand, the LERw was higher by 19% at
irrigated treatments compared with the rainfed treatments, seemed that wheats to be more
favored under irrigation. The observed decrease of LERp values in some of the mixtures
could be attributed to the stronger competitive nature of one species over the other and
this can be more pronounced under stressful conditions like the rainfed conditions that
existed in the present study [18,39].

The total LER is used to determine the efficiency of intercropping for using the
environmental resources compared with monocrops. In our study, there was a yield
advantage of intercrops over monocrops as total LER was higher or equal to 1 for all
intercrops. More specifically, the greatest LER in the cases of Elissavet-Isard (1.24) and
Yecora E-Olympos (1.19) rainfed, as well as Yecora E-Isard (1.22), Yecora E-Olympos (1.22)
and Elissavet-Isard (1.20) irrigated indicates that up to 19–24% more land area would be
required of monocropping system to equal the yield of intercropping system [14,18,27].
These results suggest that intercropping remains beneficial, both under stressful and non-
stressful contexts concerning moisture availability. In these cases, the significant yield
advantage of intercrops over monocrops can be because of the better land utilization and
the better use of the environmental resources for plant growth because of their better
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arrangement [14,40]. Similarly, intercropping advantages were reported in mixtures with
different grain legumes such as common vetch, faba bean, and pea and different winter
cereals [13,30,40]. On the other hand, in both Elissavet-Olympos intercrops and in Yecora
E-Isard rainfed the LER values were close to unit, which indicates that there was no yield
advantage or disadvantage over monocrops [13,14].

4.5. Water Use Efficiency

The WUE was significantly affected by the irrigation level only at the Isard monocrop
and Yecora E-Isard intercrop as they were higher by 22 and 28%, respectively, at the
irrigated treatment compared with the rainfed treatments. In addition, the WUE that was
found was much higher than in other species such as cotton, maize, and this is because the
higher productivity and better adaptability of the wheat cultivars [9,12].

In most cases, the WUE was not significantly affected by the irrigation. The fact that
under rainfed conditions wheat cultivars and the pea cultivar Olympos did not show
reduction in WUE indicates that these cultivars utilize the available water more efficiently.
This is very important as when there is limited water supply it is better to find tolerant to
water stress cultivars which can efficiently use water and produce a good yield [10,11].

5. Conclusions

Pea-wheat intercropping was used across the world for forage and grain production.
In the present study we showed that intercropping can be affected by water availability
and also by the selection of the appropriate cultivar which can affect the productivity of
the intercropping system and also WUE. The grain yield was higher in Isard-Yecora E and
Isard-Elissavet irrigated intercrops compared with the monocrops and other intercrops. In
terms of total LER there was a yield advantage of most intercrops over monocrops, which
indicates the efficiency of intercropping for using the environmental resources. In addition,
Yecora E-Isard mixtures showed a significant increase in WUE and this can be achieved
by the selection of appropriate cultivars that can be used in intercropping systems and
can be used to conserve water resources, especially in areas with limited water resources
for irrigation. Under rainfed conditions, both wheat cultivars, Olympos pea and their
intercrops indicated high adaptation capacity to less water availability, whereas Isard and
its intercrops performed better under irrigation. These results suggest that intercropping
remains beneficial, both under stressful and non-stressful contexts concerning moisture
availability. Therefore, they can be used by the farmers in Mediterranean areas as they are
the most profitable systems.
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