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Abstract: A field study was conducted at the Agricultural Experimental Station in Grabów
in Poland between 2017–2018. This study evaluated seed yield and chemical composition of
chickpeas (Cicer arietinum L.) under organic conditions, either growing as a sole crop, or with barley
(Hordeum vulgare) or oats (Avena sativa L.) as supporting plants. Two chickpea types were included in
experiment scheme: kabuli and desi. The experiment was established as a split-plot design with four
replicates. The study showed that a higher total seed yields of both forms of chickpeas grown in both
pure sowing and with spring cereals was obtained in 2018 than 2017. The higher yield in this study
period was the result of a greater number of pods, seeds, and higher weight of the chickpea seed and
cereal grains on a plant. Higher yields were noted in chickpeas grown with supporting crops than in
sole cropping. Significantly better thousand seed weight of both botanical forms of chickpeas was
observed in chickpeas grown in sole cropping than with supporting plants. Regardless of cropping
method, the desi form was characterized by higher yields than the kabuli type, and its percentage
in seed yields of chickpeas grown with cereals was higher than the kabuli type. The highest seed
yields were obtained in chickpeas grown with oats. Neither chickpea type had a significant effect on
the height of cereal plant, the number of grains on each plant, the number of producing shoots or
thousandgrainweight of the two cereal species. Regardless of cropping method, the highest content
of fiber and fat was determined in desi-type seeds, while the highest protein and phosphorus content
was characterized kabuli-type seeds.
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1. Introduction

The chickpea (Cicer arietinum L.) is one of the oldest and valued crops and provides nutritious food
for an expanding world population and will become increasingly important with climate change [1].
Land area devoted to chickpea has increased in recent 10 years by about 17% and now stands at an
estimated 14.56 million hectares [2]. Its cultivation is popular in countries with small rainfall [3,4].

Chickpea is grown all over the world in about 57 countries under varied environmental conditions,
particularly on the Indian Peninsula, in the Mediterranean, Australia, Africa, South and North America,
the Balkans and Slovakia, Pakistan, Syria, Tunisia [1,5–7]. South and South-East Asia dominates
in chickpea production with 80% of regional contribution. Although developed countries do not
contribute much toward chickpea production, the yield is particularly high in some Eastern European
countries. Worldwide, chickpea ranks third among the pulse crops. An average yield of chickpeas
is 849 kg·ha−1 [2]. There are two distinct types of cultivated chickpea: desi and kabuli. The desi
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types have pink flowers, anthocyanin pigmentation on stems. The kabuli types have white flowers,
lack anthocyanin pigmentation on stems, and have white or beige-colored seeds with a ram’s head
shape [8]. The desi types account for about 80–85% of the total chickpea area and are mostly grown in
Asia and Africa [9]. The kabuli types are largely grown in West Asia, North Africa, North America
and Europe. The seed weight generally ranges from 0.1 to 0.3 g and 0.2 to 0.6 g in the desi and kabuli
types, respectively [10]. Desi chickpeas have a thicker testa, accounting for 150 g·kg−1 dry weight as
compared with 70 g·kg−1 in kabuli chickpeas, which affects the determination of seed composition [11].

Chickpea seeds are large in size, salmon-white in color and contain high levels of carbohydrate
(41.1–47.4%) and protein (21.7–23.4%). The protein content (22.9–24.8%) of chickpeas was much higher
than that of cereals (wheat and maize) and comparable to other legumes [11]. Protein concentration
generally varies by only a small magnitude between desi and kabuli market classes. Chickpea protein
concentration ranges from 160 to 300 g·kg−1 and from 120 to 290 g·kg−1 for desi and kabuli market
classes, respectively [10]. Mineral composition of chickpeas cultivars showed that they contribute
sufficient amount of Ca, P, K, Cu, Zn and Mg in human diets to meet the recommended dietary
allowance [5,12,13]. Chickpea is a good source of carbohydrates and protein, together constituting
about 80% of the total dry seed mass [14] in comparison with other pulses. Starch is the major
carbohydrate fraction, representing about 83.9% of the total carbohydrates [15]. Chickpea is cholesterol
free and is a good source of dietary fiber, vitamins and minerals [11].

Chickpea is consumed as whole seed, dhal (decorticated splitcotyledons) or dhal flour [10].
In organic farms, chickpea plays an extremely important role in crop rotation because it have the ability
to live in symbiosis with rhizobia that fix free atmospheric nitrogen [16]. The use of chickpeas in an
organic farm is justified by its ability to fix atmospheric nitrogen.

Legume is characterized by high susceptibility to lodging, which adversely influenced seed yield
and impedes harvesting with a harvester [17]. Intercropping with supporting plants can effectively
reduce lodging of crops susceptible to it. A condition for using this cropping method is to select
a species of supporting crop and its percentage in the mixture that will help reduce crop lodging.
The aim of the study was to evaluate the effect of cropping method and botanical form on yielding and
chemical composition of seeds of chickpeas grown under organic farming system.

2. Materials and Methods

2.1. Field Experiment and Cultivation Management

The experiment was conducted out in the years 2017–2018, at the Agricultural Experimental
Station in Grabów [51◦21′18” N 21◦40′09” E] (Masovian Voivodeship, Poland). The experimental
factors were as follows: (A) the types of chickpeas: kabuli and desi [5,6,18]; (B) cropping method: sole
cropping (without a supporting crop) and row intercropping with barley (Hordeum vulgare L.– ‘Ella’
cultivar) and oat Avena sativa L. (‘Bingo’ cultivar). The experiment was set up as a split-plot design with
four replicates, on a soil belonging to a very good rye complex, class IIIa. The soil was characterized
by the following nutrient content: (mg·100 kg−1 soil): P 11.1–13.0; K 15.1–20.4 and Mg 4.0–6.2. Soil
pH, as determined in 1-N KCl, was 5.5–6.3. The previous crop of chickpeas was papilionaceous/grass
mixture. The area of a single plot was 35 m2 and for harvest—30 m−2. Each year the total number of
plots in the experiment was 48. The density (plants·m−2) of chickpeas in sole cropping was 100, in row
intercropping—50; oat as supporting plant—250 and barley—150. Row spacing is 20 cm. In both years
of the study the chickpea seeds were sown in the first 10 days of May. Mineral fertilization was not
applied. The plots were harrowed twice to control weeds in the mixtures. Plants were harvested at the
full maturity stage of mixture components in the first 10 days of August. The plant height, the number
of pods and seeds on the plant, the seat height of the first and last pod, the weight of seeds on the plant,
the air dry weight of the stem of one plant and the weight of the pods were determined before harvest.
The number and weight of grain per cereal plant, weight of 1000 grains and number of production
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shoots were also determined. The mixture and chickpea seed yield, component percentage in yield
and 1000-seed weight at 14% humidity were determined after harvest.

2.2. Chemical Analysis of Chickpea Seeds

The following were determined in seed chickpea samples: N, P (determination by the flow
analysis (CFA) and spectrometric detection), K (determination by atomic emission spectroscopy (FES)).
Moreover, total protein (mineralization in sulfuric acid; determination by the Kjeldahl distillation
method), fat content (Soxhlet method) were also determined.

2.3. Statistical Analysis

Assessing the significance of the impact of the considered factors on the features was based on the
variance analysis, indicating Tukey’s confidence half-intervals at a significance level of 0.05. The results
were statistical analysis of variance using Statistica v.10.0 program.

2.4. Weather Conditions

During study period weather conditions varied substantially between the years (Figure 1). At the
end of the second 10 days of April in 2017, there was a strong cool down, which prevented the sowing of
cereal and chickpea. In 2017 the highest amount of rainfall was recorded in April, exceeded by 77% the
multiyear period average. In June and the first 10 days of July, a small amount of rainfall was recorded.
This was lower than the multiyear period average by 54.1% and 65.0%, respectively. Very little rainfall
also occurred at the first 10 days of August, which caused premature plant maturation. The average air
temperature exceeded the long-term average by 1.4 ◦C. In 2018, the amount of rainfall in May and
July exceeded the multiyear average by 70.9% and 41.1%, respectively. During April and June, the
total rainfall was only 65% and 63% of the multiyear period average, respectively. The average air
temperature in this season exceeded the multiyear period average by 2.4◦.

Agronomy 2020, 10, x FOR PEER REVIEW 3 of 10 

chickpea seed yield, component percentage in yield and 1000-seed weight at 14% humidity were 
determined after harvest. 

2.2. Chemical Analysis of Chickpea Seeds 

The following were determined in seed chickpea samples: N, P (determination by the flow 
analysis (CFA) and spectrometric detection), K (determination by atomic emission spectroscopy 
(FES)). Moreover, total protein (mineralization in sulfuric acid; determination by the Kjeldahl 
distillation method), fat content (Soxhlet method) were also determined. 

2.3. Statistical Analysis 

Assessing the significance of the impact of the considered factors on the features was based on 
the variance analysis, indicating Tukey’s confidence half-intervals at a significance level of 0.05. The 
results were statistical analysis of variance using Statistica v.10.0 program. 

2.4. Weather Conditions 

During study period weather conditions varied substantially between the years (Figure 1). At 
the end of the second 10 days of April in 2017, there was a strong cool down, which prevented the 
sowing of cereal and chickpea. In 2017 the highest amount of rainfall was recorded in April, exceeded 
by 77% the multiyear period average. In June and the first 10 days of July, a small amount of rainfall 
was recorded. This was lower than the multiyear period average by 54.1% and 65.0%, respectively. 
Very little rainfall also occurred at the first 10 days of August, which caused premature plant 
maturation. The average air temperature exceeded the long-term average by 1.4 °C. In 2018, the 
amount of rainfall in May and July exceeded the multiyear average by 70.9% and 41.1%, respectively. 
During April and June, the total rainfall was only 65% and 63% of the multiyear period average, 
respectively. The average air temperature in this season exceeded the multiyear period average by 
2.4°. 

a)                                      b) 

 
Figure 1. Course of weather conditions during vegetation season of the years 2017–2018. (a) 
Temperature (a) and (b) precipitation. 

3. Results 

The cropping method, species of supporting crop and the course of weather conditions during 
the growing season significantly affected the yielding of both types of chickpeas (kabuli and desi) 
and their total yield with cereals. During the study period, 2018 had the most favorable weather 
conditions—higher amount of precipitation and its distribution, allowing to obtain higher total yields 
of all crop species tested in the study, compared with 2017 (Table 1). The higher yield obtained in 
2018 was the result of a greater number of pods, number and weight of seeds of both botanical form 

0

5

10

15

20

25

IV V VI VII VIII

°C

2017 2018 Mean for 1871-2000

0

20

40

60

80

100

120

140

III IV V VI VII VIII

mm

2017 2018 Mean for 1871-2000

Figure 1. Course of weather conditions during vegetation season of the years 2017–2018. (a) Temperature
and (b) precipitation.

3. Results

The cropping method, species of supporting crop and the course of weather conditions during
the growing season significantly affected the yielding of both types of chickpeas (kabuli and desi)
and their total yield with cereals. During the study period, 2018 had the most favorable weather
conditions—higher amount of precipitation and its distribution, allowing to obtain higher total yields
of all crop species tested in the study, compared with 2017 (Table 1). The higher yield obtained in 2018
was the result of a greater number of pods, number and weight of seeds of both botanical form of
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chickpeas and grains of barley and oat. In both years of the study, a higher total yield was achieved by
growing chickpea with cereals compared to growing in sole cropping. The higher yield was found in
the treatment where chickpeas were grown with oats as a supporting plant than with barley or in sole
cropping (statistically significant differences). However, significantly better thousand-seed-weights of
both botanical forms of chickpeas allowed growing of chickpeas in sole cropping than with supporting
plants (significant differences) (Table 1). On average, in 2 years of the study, both in sole cropping and
with cereals, desi chickpeas yielded better than the kabuli type, while in the drier year (2017) growing
the kabuli chickpea form allowed obtaining higher yields (Table 2). There are relatively few studies
on chickpeas grown under organic conditions, including agrotechnical factors and especially their
cultivation with supporting crops.

Table 1. Total seed yields of chickpeas and supporting plant (t·ha−1) and 1000 seed weights (g), depending
on cropping method and type (k—kabuli; d—desi; ns—not significant at Tukey’s test P ≤ 0.05).

Cropping Method
Seed Yields Thousand-Seed-Weights

2017 2018 Average 2017 2018 Average

k—sole cropping 0.56 2.20 1.38 231.0 328.6 279.8
k + barley 0.90 2.34 1.62 174.2 268.5 221.3

k + oat 1.40 2.64 2.02 173.8 265.1 219.4
d—sole cropping 0.49 2.51 1.50 124.8 213.2 169.0

d + barley 0.81 2.97 1.89 108.2 176.0 142.1
d + oat 1.34 3.00 2.17 106.4 170.1 138.3

Average 0.91 2.61 – 153.1 236.9 –

LSD (α = 0.05):
Type (A)

Cropping method (B)
B/A
A/B

0.050
0.045

ns
ns

0.098
0.116
0.164
0.140

3.147
8.696

12.298
8.574

9.03
5.19
7.34
9.80

ns
0.04
ns
ns

–

Table 2. Share of chickpeas (%) and seed yields (t·ha−1) depending on cropping method and type
(k—kabuli; d—desi; ns—not significant at Tukey’s test P ≤ 0.05).

Cropping Method
Share of Chickpea Seed Yields of Chickpea

2017 2018 Average 2017 2018 Average

k—sole cropping – – – 0.56 2.20 1.38
k + barley 3.3 32.5 17.9 0.03 0.76 0.39

k + oat 2.3 30.7 16.5 0.03 0.81 0.42
d—sole cropping – – – 0.49 2.51 1.50

d + barley 2.5 36.8 19.6 0.02 1.09 0.56
d + oat 1.8 34.0 17.9 0.02 1.02 0.52

Average 2.47 33.5 – 0.19 1.40 –

LSD (α = 0.05):
Type (A)

Cropping method (B)
B/A
A/B

– – –
ns

0.040
ns
ns

0.087
0.106

ns
ns

–

The percentage of seed yields of type desi grown with supporting crop, regardless cereal species,
was significantly lower than the kabuli type (Table 2). Moreover, oat was more competitive with chickpea
than barley, resulting in a lower percentage of legume seeds in mixture with oat. The percentage in the
seed yields of chickpeas grown with a supporting crop was much lower than when shown as sole crop,
especially chickpeas grown with oat. The chickpeas grown in sole cropping was characterized higher
the 1000 seed weight, number of pods, number and weight of seeds per plant and dry weight stem
and siliques than those grown with supported crop (significant differences) (Tables 1 and 3–5). In the
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kabuli-type chickpeas regardless of the cropping method characterized higher the 1000 seed weight,
seeds weight and number of pods per plant than type desi (Tables 2, 4 and 5).

Table 3. Number of pods per chickpea plant, depending on cropping method and type (k—kabuli;
d—desi; ns—not significant at Tukey’s test P ≤ 0.05).

Cropping Method
Number of Pods Per Plant Chickpea

2017 2018 Average

k—sole cropping 3.11 5.10 4.10
k + barley 1.42 2.45 1.94

k + oat 1.31 1.90 1.60
d—sole cropping 2.80 6.20 4.50

d + barley 1.02 1.68 1.35
d + oat 0.98 1.20 1.09

Average 1.77 3.09 –

LSD (α = 0.05):
Type (A)

Cropping method (B)
B/A
A/B

0.050
0.056

ns
ns

0.025
0.036
0.051
0.041

–

Table 4. Seed weight (g) and number per chickpea plant, depending on cropping method and type
(k—kabuli; d—desi; ns—not significant at Tukey’s test P ≤ 0.05).

Cropping Method
Seeds Number Per Plant Seed Weight Per Plant

2017 2018 Average 2017 2018 Average

k—sole cropping 1.12 3.90 2.51 0.42 1.60 1.01
k + barley 0.61 2.10 1.36 0.31 0.56 0.43

k + oat 0.40 1.48 0.94 0.27 0.40 0.33
d—sole cropping 1.17 5.40 3.28 0.38 1.41 0.89

d + barley 0.54 1.55 1.04 0.22 0.22 0.22
d + oat 0.38 1.03 0.70 0.22 0.19 0.20

Average 0.70 2.58 – 0.30 0.73 –

LSD (α = 0.05):
Type (A)

Cropping method (B)
B/A
A/B

ns
0.780
0.100
0.100

0.099
0.130
0.184
0.151

–

0.008
0.007
0.010
0.010

0.083
0.043
0.060
0.088

–

Table 5. Dry weight stem of one plant (g) and siliques (g), depending on cropping method and type
(k—kabuli; d—desi; ns—not significant at Tukey’s test P ≤ 0.05).

Cropping Method
Stem Dry Matter of One Plant Dry Matter of Siliques

2017 2018 Average 2017 2018 Average

k—sole cropping 0.14 0.43 0.28 0.08 0.26 0.17
k + barley 0.08 0.16 0.12 0.04 0.10 0.07

k + oat 0.08 0.13 0.10 0.04 0.11 0.08
d—sole cropping 0.13 0.39 0.26 0.05 0.16 0.11

d+ barley 0.07 0.07 0.07 0.03 0.45 0.24
d + oat 0.07 0.06 0.06 0.03 0.50 0.26

Average 0.10 0.21 0.05 0.26

LSD (α = 0.05):
Type (A)

Cropping method (B)
B/A
A/B

ns
0.21
ns
ns

0.008
0.015
0.021
0.016

–

ns
0.015

ns
ns

ns
ns
ns
ns

–
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In own study the cropping method of chickpeas have effect on height to the first and the last
pod, but have no effect on plant height (Table 6). Moreover, these properties also did not differentiate
significantly the two assessed species.

Table 6. Height to the first pod, height to the last pod and height to top of chickpeas (cm), depending
cropping method and type (k—kabuli; d—desi).

Cropping Method
Height to the 1st Pod Height to the Last Pod Plant Height

2017 2018 Average 2017 2018 Average 2017 2018 Average

k—sole cropping 35.0 40.2 37.6 36.2 40.5 38.4 38.2 46.0 42.1
k + barley 36.1 42.4 39.3 36.9 43.0 40.0 38.9 47.0 42.9

k + oat 36.9 43.3 40.1 37.4 44.0 40.7 40.0 46.0 43.0
d—sole cropping 33.2 38.4 35.8 34.2 38.9 36.6 36.8 44.1 40.4

d + barley 34.0 39.8 36.9 34.8 40.1 37.4 37.2 45.2 41.2
d + oat 34.8 40.7 37.8 35.3 40.9 38.1 37.7 45.9 41.8

Average 35.0 40.8 – 35.8 41.2 – 38.1 45.7 –

Chemical composition in chickpea seeds depended on weather conditions during vegetation
season of plants. The weather conditions of 2017 had beneficial effects on raising the concentration
of protein, fiber and fat in chickpea seeds and had little effect on potassium and phosphorus content
(Tables 7 and 8). Cropping method and botanical form of chickpeas had effects on protein and fat,
phosphorus, but little on fiber content. The cropping method of chickpeas did not affect potassium and
content (no significant differences) in seeds. Growing chickpeas as sole crops significantly reduced the
seed content of chemical components compared to growing with supporting crops.

The highest content of protein and phosphorus—regardless of the cropping method—was
determined in kabuli-type seeds while, in turn, the desi type was characterized by the highest content
of fiber and fat. Moreover, both botanical forms of chickpea assessed were characterized by similar
content of potassium, regardless of cropping method (Tables 7 and 8).

Table 7. Total protein, crude fiber and fat content (g·kg−1) in chickpea seeds, depending cropping
method and type (k—kabuli; d—desi; ns—not significant at Tukey’s test P ≤ 0.05).

Cropping Method

Chemical Composition

Protein Fat Fiber

2017 2018 Average 2017 2018 Average 2017 2018 Average

k—sole cropping 262.5 251.1 256.8 54.2 53.8 54.0 51.8 42.9 47.4
k + barley 287.5 261.0 274.2 54.8 54.2 54.5 52.7 43.1 47.9

k + oat 287.5 264.2 275.8 55.3 53.8 54.6 52.4 43.9 48.1
d—sole cropping 206.3 198.0 202.2 57.0 56.1 56.6 52.2 43.8 48.0

d + barley 218.8 204.1 211.4 57.4 55.9 56.6 53.1 44.4 48.7
d + oat 237.5 205.0 221.2 56.2 56.4 56.3 53.4 44.9 49.1

Average 250.0 230.6 – 55.8 55.0 – 52.6 43.8 –

LSD (α = 0.05):
Type (A)

Crop method (B)
B/A
A/B

0.54
0.42
0.30
0.28

0.51
0.38
0.28
0.20

–

0.17
0.24
0.34
0.27

0.42
ns

0.29
0.19

–

0.41
0.42
ns
ns

0.29
0.28
ns
ns

–
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Table 8. Concentrations of phosphorus and potassium (g·kg−1) in chickpea seeds, depending on
cropping method and type (k—kabuli; d—desi; ns—not significant at Tukey’s test P ≤ 0.05).

Cropping Method

Chemical Composition

Phosphorus Potassium

2017 2018 Average 2017 2018 Average

k—sole cropping 5.7 5.2 5.4 10.2 10.1 10.1
k + barley 6.3 5.8 6.1 10.3 9.4 9.9

k + oat 6.0 5.8 5.9 10.1 10.2 10.1
d—sole cropping 4.7 4.0 4.4 11.0 10.5 10.8

d + barley 4.4 4.2 4.3 12.1 11.2 11.6
d + oat 4.5 4.2 4.4 11.3 11.1 11.2

Average 5.2 4.9 – 10.8 10.4 –

LSD (α = 0.05):
Type (A)

Cropping method (B)
B/A
A/B

0.25
0.09
0.13
0.09

0.27
0.17
0.24
0.30

–

ns
ns
ns
ns

ns
ns
ns
ns

–

Regardless of form, chickpea relatively weakly affected the height of barley and oats, the number
of grains per plant and the number of producing shoots, 1000 seed weights of both cereal species
included in the experiments (Tables 9 and 10). In addition, both cereal species grown with chickpea
form desi characterized a better weight of grain on the plant.

Table 9. Number, weight of cereal grains per plant (g) and thousand grain weight (g) of cereals
depending on method sowing depending on type (k—kabuli; d—desi; ns—not significant at Tukey’s
test P ≤ 0.05).

Cropping Method
Number of Grain Per

Plant
Weight of Grain Per

Plant
Thousand Grain

Weight

2017 2018 Average 2017 2018 Average 2017 2018 Average

k + barley 32.1 36.9 34.5 1.04 1.49 1.26 36.8 42.4 39.6
d + barley 32.4 38.0 35.2 1.06 1.68 1.37 37.2 43.5 40.3

k + oat 61.0 63.9 62.4 1.08 1.77 1.43 26.4 30.6 28.5
d + oat 60.9 62.9 61.9 1.07 1.97 1.52 27.0 29.9 28.4

Average 46.6 50.4 – 1.06 1.73 – 31.8 36.6 –

LSD (α = 0.05):
Type (A)

Cropping method (B)
B/A
A/B

9.94
ns
ns
ns

0.19
ns

0.36
0.31

–

0.025
ns
ns
ns

0.143
0.086
ns
ns

–

1.74
ns
ns
ns

3.62
ns

0.97
3.67

–

Table 10. Height plant (cm) and number of producing shoots of cereals depending on type (k—kabuli;
d—desi).

Cropping Method
Height Plant Number of Producing Shoots

2017 2018 Average 2017 2018 Average

k + barley 37.4 41.4 39.4 2.68 3.29 2.98
d+ barley 38.1 46.6 42.4 2.93 3.22 3.07

k + oat 53.4 58.0 55.7 2.03 2.09 2.06
d + oat 55.0 62.4 58.7 1.95 2.10 2.03

Average 46.0 52.1 – 2.40 2.67 –
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4. Discussion

The current study showed that the cropping method, species of supporting crop and course
of weather conditions during the growing season significantly affected the yields of both types of
chickpeas and their total yield with cereals.

There are relatively few studies on chickpeas grown under organic conditions—including
agrotechnical factors and especially their cultivation with supporting crops. Kaczmarek-Cichosz [19]
reported that chickpea seed yield is inversely proportional to the sum of precipitation during the growing
season—especially during emergence and ripening of pods. This author [19] and Poniedziałek et al. [20]
also found a relationship between yield and environmental factors, such as precipitation and
temperature. In addition, they also report that—along with the increase in the sum of effective
temperatures during the growing season—they observed a tendency of higher temperatures to increase
yield, while its reduction may be affected by the amount of precipitation during flowering and setting
pods. Frimpong et al. [10] found that kabuli varieties had lower seed yield compared with desi
varieties. For desi varieties, mean seed yield across varieties and environments was 1462 kg·ha−1

and mean thousand-seed weight was 228 g. While Skowera et al. [21] emphasize that the number
of days with precipitation in July and August is important, a large number of such days—when
chickpeas set up pods and reach full maturity—may be a hindrance to the cultivation of this species.
Moreover, according to these authors, with low precipitation, this species may produce high- and
good-quality crops, compared to those recorded by Singh et al. [22] in southern Europe. However,
according to Gunes et al. [23] drought occurring during all development phases of this species is the
main or a key factor that limits its yield the most—which results from the decrease in soil humidity [24].
Skowera et al. [21] observed a positive correlation between seed yield and the sum of precipitation in
the period from emergence to setting pods, as well as a negative correlation between the seed yield
and the amount of precipitation during the maturing period of the pods. Kaczmarek-Cichosz [19]
recorded a similar level of yielding in chickpeas grown on light soil with a granulometric composition
of loamy sand and grown on medium soil with a granulometric composition of light clay. This author
recorded an approximately 75% higher seed yield in the year with more favorable precipitation than
in the year unfavorable for cultivating this species. Özdemir and Karadavut [25] reported that the
average yield of 21 spring chickpeas varied from 1.0 to 2.1 t·ha−1 and winter forms were twice as high.
Księżak and Bojarszczuk [26] recorded a much higher yield of grass peas grown with a supporting crop
(by 11.4%) than in sole cropping. Özdemir and Karadavut [25] indicated that the winter chickpea plants
in Turkey—characterized by higher height than spring forms (56.0–61.1 cm)—formed from 17.0 to
17.7 pods per plant, and the 1000-seed weight ranged from 340 to 369 g. Lykhochvor and Pushchak [27]
noted the beneficial effects of mineral fertilization on the number of pods and weight of seed per plant,
the number of seeds in the pod and the thousand-seed-weights, although the differences were not
statistically significant. However, Kaczmarek-Cichosz [19], did not investigate the effect of type of soil
on thousandseedweight. However, the author found a 3-times increase of thousand-seed-weights in a
year with favorable weather conditions, as compared to a less favorable year.

Maheri-Sis et al. [28] recorded lower protein content and higher fiber content in desi seeds than
kabuli seeds. Lykhchvor and Pushchak [27] reported that mineral fertilization has a positive effect on
the content of protein, fat and fiber and reduces the amount of ash in chickpea seeds. Dziamba et al. [29]
noted a significant diversity of the most important nutrients and some macroelements in several
chickpea varieties cultivated in the Lublin region. In contrast, Skowera et al. [21] observed a negative
correlation between protein content in chickpea seeds with the amount of precipitation during the
flowering and setting of pods and a positive correlation between the amount of precipitation during
the ripening period and protein content. Frimpong et al. [10] found that the kabuli varieties had an
average of 186 g·kg−1 protein, which is slightly lower as compared with desi varieties. Those authors
also found that protein concentration and seed yield were negatively correlated (r = −0.19, P = 0.01)
in desi, but not in kabuli (r = −0.06, ns). Moreover, no correlation was observed between protein
concentration and seed weight in desi (r = 0.04, ns) and kabuli (r = −0.02, ns) chickpeas. They found
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significant positive interaction between the genotype and environment for starch, amylose and protein
(except for kabuli) concentrations, seed yield and seed weight.

5. Conclusions

The highest total seed yields of both forms of chickpeas grown in pure-sowing and with supporting
crops was obtained in the year with more favorable weather conditions (2018). Higher yields in this
year were the result of a greater number of pods, seeds number, seed weight on each plant and the
grain weight of cereals.

Higher total yields were noted in chickpeas grown with supporting crops than in sole cropping.
Significantly better thousand-seed-weights of both botanical forms of chickpeas allowed growing of
chickpeas in sole cropping than with supporting plants.

The type desi grown as sole cropping as with supporting crops characterized by higher yields
than the type kabuli and its percentage in seed yields of chickpeas grown with cereals was higher than
in the kabuli type.

Neither form of chickpea had a significant effect on the cereal plant height, number of grains on
plant and number of producing shoots nor thousand grain weight of barley and oats. Regardless of the
cropping method, the highest content of fiber and fat was determined in desi-type seeds. The highest
protein and phosphorus was characterized kabuli-type seeds.

In summary, one condition for using this cropping method is to select a supporting crop and its
proportion in the mixture that will help reduce crop lodging, while in the case of low chickpea yield,
the supporting component largely decreases the risk of total yield loss.
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