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Summary
Chickpea (Cicer arietinum L.) is a cool-season legume, optimally 
adapted to regions with low to moderate rainfall. In tropical environ- 
ments, where its cultivation remains underexplored, it emerges as a 
potential alternative for winter cropping systems. Proper selection  
of plant population densities can enhance resource use efficiency, 
making it a viable component of sustainable agricultural systems. 
This study aimed to evaluate the agronomic performance of chickpea 
cultivars under different row spacing in the edaphoclimatic conditions 
of Northern Paraná, Brazil (Bandeirantes - PR). The experiment 
followed a randomized complete block design in a 6 × 3 factorial 
arrangement, comprising six chickpea cultivars (BRS Toro, BRS 
Cícero, BRS Aleppo, BRS Cristalino, BRS Kalifa, and CP 1605) and 
three row spacings (40 cm, 50 cm, and 60 cm). Sowing was conducted 
on March 27, 2020. Evaluated parameters included biometric traits, 
grain yield, aboveground biomass production, canopy closure rate, 
and nutritional composition (crude protein and mineral content). 
Results indicated that 40 cm and 50 cm row spacings significantly 
increased biomass production (p < 0.05). The BRS Aleppo cultivar, 
at 40 cm spacing, achieved a mean grain yield of 1055.4 kg ha-¹, 
exceeding the global average, along with high crude protein content 
(24.5%). Additionally, it exhibited efficient canopy closure by the 
end of the vegetative cycle, suggesting reduced weed competition. 
In conclusion, BRS Aleppo demonstrates promising adaptation to 
tropical conditions, with potential for integration into winter cropping 
systems under high-density planting (40 cm row spacing).

Keywords: Cicer arietinum L., Food sovereignty, Legumes, Soil 
management

Introduction
The increase in legume consumption is driven by the growth of the 
world population, which is expected to reach 10 billion people by 
2050 (UN, 2019), the pursuit of a healthier lifestyle, and concerns 
about the nutritional quality of food. Furthermore, dietary shifts, 
such as the rise in vegetarian and vegan consumers, are increasing 
the demand for vegetable proteins like chickpeas, which are used as 
main dishes or ingredients in various recipes, thus making them a  
versatile food source (Kaur and Prasad, 2021; Koul et al., 2022; 
Phiri, Njira, and Chitedze, 2023).
Chickpea (Cicer arietinum L.) is one of the most important legumi-
nous species cultivated in the world, often cited as the third most 
significant among these crops, with an annual production of around 
18 million tons and growing trends. The main world producers are 
India (13.5 M t-1), Australia (1.06 M t-1), Turkey (580 k t-1), Ethiopia 
(492.6 k t-1), and Russia (467.8 k t-1), followed by Myanmar and 
Pakistan. Eighty-four percent of world production is concentrated in 
Asia (FAO, 2022; Kaur and Prasad, 2021; Koul et al., 2022).

Chickpeas are valued for their high protein content and for contain-
ing proteins of high biological value, as well as peptides with bioac-
tive properties beneficial to the immune system. They are also rich in  
minerals, vitamins, and unsaturated fatty acids, which are essential 
for controlling cholesterol. Composed mainly of carbohydrates, par-
ticularly starch (reaching 39.0% of its dry weight), chickpeas have 
a low glycemic index due to the resistant fraction of starch, amy-
lose, and fibers that are not digested in the small intestine (Kaur and 
Prasad, 2021; Koul et al., 2022; Nascimento et al., 2016).
The state of Paraná, in the southern region of Brazil, has more than 
305,000 farms covering 14.7 million hectares, generating employ-
ment for over 846,000 people (IBGE, 2019). Agriculture is an im-
portant sector for the state’s economy, which produces more than  
34.6 million tons of grains annually, highlighting the production of 
corn (15.6 M t-1) and soybeans (13.7 M t-1). In 2022, Paraná was the 
largest producer of beans, rye, barley, and triticale, the second largest 
producer of oats, corn, wheat, and peas, and the third largest producer 
of soybeans. The state also produces significant quantities of rice, 
sorghum, and peanuts (IBGE, 2023). 
The plateaus in the interior of Brazil play a crucial role in grain pro-
duction, hosting two annual harvests locally known as summer and 
winter harvests. These areas experience periods of low rainfall and, 
in parts such as the Central-South Region and the northern region of 
the state of Paraná, cold or mild temperatures. Agriculture in these 
regions is highly technological and mechanized, making chickpeas 
a viable option for the second harvest due to their adaptation to low 
temperatures and dry climates (Avelar et al., 2018; Nascimento  
et al., 2016).
Chickpeas can serve as an alternative to wheat and beans in winter 
cultivation, integrated into crop rotation systems with soybeans and 
corn. It is a drought-resistant crop, fully mechanizable, and offers a 
favorable profit margin for producers. Brazilian research faces sig-
nificant challenges in identifying new options for large-scale cultiva-
tion, including: 1) the species’ ability to adapt to existing cultivation 
systems; 2) achieving balanced production that ensures economic and 
environmental sustainability; and 3) developing cultivars with high 
nutritional value for human consumption and animal feed production 
(Queiroga, Girão, and Albuquerque, 2021). 
New cultivars are frequently developed to withstand abiotic stresses, 
pests, and diseases, as well as to enhance nutritional characteristics. 
Studying the performance of these cultivars in the field is essential 
to ensure food supply (Koul et al., 2022; Mekuanint et al., 2018; 
Nascimento et al., 2016). Agronomic practices also significantly in-
fluence production; among them, planting density is a crucial factor 
for chickpea yield, affecting phytomass and grain production (Loria 
et al., 2022; Singh et al., 2023).
Despite its production potential and domestic demand, chickpeas 
have received less research attention in Brazil compared to soybeans 
and beans (CAPES, 2024), and production data are not included in 
official statistics (IBGE, 2023). To expand production and meet de-
mand, this study evaluated chickpea cultivars at sowing row spacings 
as an alternative winter crop in northern Paraná, Brazil.
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Materials and methods
Characterization of the experiment and experimental area
The experiment was conducted at the Dashen Consultoria e Pesquisa 
Agronômica Station, located in the municipality of Bandeirantes, state 
of Paraná, Brazil (Fig. 1), at geographic coordinates 23º 04’ 26.8’’  
South latitude and 50º 23’ 59.2’’ West longitude, with an altitude 
of 389 m. The soil is classified as a Typical Eutroferric Red Oxisol 
“Ferralsols” (EMBRAPA, 2024). The experiment took place from 
March to September 2020. 
The experimental design used was a randomized block design in a 
6×3 factorial scheme, with four replications. The treatments con-
sisted of 6 chickpea cultivars (BRS Toro, BRS Cícero, BRS Aleppo, 
BRS Cristalino, BRS Kalifa, and CP 1605) at 3 sowing row spacings  
(40 cm, 50 cm, and 60 cm). Each experimental plot contained  
4 sowing rows, each 4 m long. The two lateral rows were considered 
borders, while the two central rows were used for evaluations. To 
standardize the plot sizes, the width of the largest spacing (2.4 m) was 
used, resulting in plots with a total area of 9.6 m². 
Rainfall and temperature data during the experiment (Fig. 2) were 
obtained from the Agrometeorological Station of the State University 
of Northern Paraná (UENP/CLM) and the National Institute of 
Meteorology (INMET), both located in Nova Fátima, Paraná. Com- 
plementary sprinkler irrigations were applied according to the crop’s 
requirements. 
Soil samples were taken one month before sowing for chemical and 
granulometric analysis. Samples were collected at depths of 0-20 cm 
and 20-40 cm, at random points in the experimental area. The ana-
lyzes were conducted at the Soil Laboratory at the Luiz Meneghel 
Campus of UENP/CLM. The particle size distribution found was  

640 g kg-1 (clay), 160 g kg-1 (silt) and 200 g kg-1 (sand). The soil till-
age system for the planting, plowing was carried out followed by two 
harrowing operations (crusher and leveling).

Fertilization management and pest and disease management
According to the soil analysis (Tab. 1), starter fertilization was con-
ducted with 300 kg ha-1 of a 02:20:18 fertilizer blend, equating to 
6 kg of N, 60 kg of P2O5, and 54 kg ha-1 of K2O (NEPAR/SBCS, 
2019). The starter fertilization was manually applied in-furrows at 
a depth of 7 to 8 cm using a manual furrower. Thirty-two days after 

Fig. 1: 	 Geographic location of the experimental area and stages of conducting the experiment. Location of the municipality of Bandeirantes, highlighted in 
orange, in the state of Paraná (A), Location of the state of Paraná, highlighted in orange, in Brazilian territory (B) and sowing of chickpeas in the ex-
perimental area (C).

Fig. 2: 	 Precipitation (P), irrigation (I) and maximum (Tmax), minimum 
(Tmin) and average (Tavg) air temperatures during the experiment 
period (March-September, 2020).
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plant emergence, a side-dressing of 30 kg of N ha-1 was applied using 
urea (46% N), as recommended by NEPAR and SBCS (2019). Due 
to base saturation exceeding 60% (Tab. 1), limestone application was 
deemed unnecessary.
Sowing and fertilization were carried out manually at a depth of  
2 to 3 cm on March 27, 2020, with a seeding density of 15 plants 
per linear meter. A wooden ruler was used to deposit the seeds in the 
furrow, ensuring equal spacing between them for greater uniformity 
during manual sowing. For all cultivars, seedling emergence occurred 
in the first ten-day of April 2020. To standardize the stand in the plots, 
manual thinning was performed when necessary to achieve a density 
of 10 plants per linear meter in the sowing row. 
Weed control was performed using herbicide applications (before 
sowing and pre-emergence after sowing) and manual weeding after 
emergence. Plant diseases and pests were managed with the appli-
cation of agricultural pesticides via a knapsack sprayer (Braga and 
Wutke, 2014; Nascimento et al., 2016). 

Evaluation methods and data collection
The harvest was carried out when 90% of the leaves, pods, and 
branches of the plants had turned yellowish (Nascimento et al., 
2016). Grain yield, aerial biomass, crude protein, and minerals con-
tent in the grains were evaluated. Plant height and stem diameter were 
measured only for correlation analysis. 
To obtain the grains, the threshing process was carried out manually, 
and the grain mass was measured on a digital scale and converted to 
kg ha-1. For the dry phytomass of the aerial parts, the plants were cut 
at ground level with pruning shears and dried in an oven with forced 
air circulation at 65 °C. Crude protein was determined by multi- 
plying the nitrogen content (Kjeldahl method) by the conversion 
factor 6.25 (method 46-13.01) (American Association of Cereal 
Chemists, 2018). 
The minerals phosphorus (P), potassium (K), calcium (Ca), magne-
sium (Mg), iron (Fe), zinc (Zn), and sodium (Na) were evaluated in 
grains dried at 65 ºC and ground. The analysis followed the methodo-
logy proposed by Malavolta, Vitti, and Oliveira (1997). Similar 
to the protein analysis, only grains obtained from plots with a spacing 
of 40 cm between sowing rows were evaluated. 
Canopy closure was assessed using remote sensing with an unmanned 
aerial vehicle (UAV) at a flight altitude of 25 meters. The images were 
utilized to calculate the Green-Red Vegetation Index (GRVI), follow-
ing the methodology described in Sanches et al. (2018). A DJI® 

Phantom 3 Professional UAV equipped with an RGB (red, green, 
blue) camera was employed for image capture. Image processing was 
conducted on the Drone Deploy® platform. GRVI was specifically 
used for graph generation and correlation analysis. 

Statistical analysis
The data were subjected to analysis of variance, and when signifi-
cance was detected by the F Test, they were further analyzed using the 
Tukey mean test (p ≤ 0.05). The software used for these analyses was 
Agrostat (Barbosa and Maldonado Junior, 2015). Pearson corre-

lation, normality, and outlier tests were conducted using Minitab 18® 

software. Principal Component Analysis was performed using Xlstat 
software (Lumivero, 2024). 

Results 
Average yield and statistical analysis of cultivar and spacing effects
Yield averages ranged from 495 kg ha-1 to 1,055 kg ha-1, with sig-
nificant isolated effects observed for cultivar (p<0.0134) and spacing 
(p<0.0001), as well as for the interaction between cultivar and spac-
ing (p<0.0019). Sowing row spacing affected the productivity of the 
BRS Cícero and BRS Aleppo cultivars, with their yield decreasing in 
less dense arrangements (Tab. 2).
At the 40 cm row spacing, the cultivars BRS Aleppo, BRS Toro, and 
CP 1605  exhibited  statistically equivalent grain yields  (p > 0.05). 
(Tab. 2). At a spacing of 50 cm between rows, there were no dif-
ferences in yield among cultivars. While, at a spacing of 60 cm, the 
BRS Cícero cultivar differed only from the BRS Kalifa and CP 1605 
cultivars, which showed higher yield (Tab. 2). 

Dry phytomass production and correlation with agronomic traits
The dry phytomass of the aerial part was not influenced by the in-
teraction between factors (p=0.9160); however, there were isolated 
differences observed for both cultivar (p<0.0001) and sowing row 
spacing (p=0.0003) (CV 17.6%) (Fig. 3). The BRS Kalifa cultivar 
recorded the highest average in the field (6,694 kg ha-1), with no  
statistical difference compared to the BRS Aleppo cultivar (5,776 kg 
ha-1). The lowest averages were observed for the CP 1605 (3,612 kg 
ha-1) and BRS Cícero (3,493 kg ha-1) cultivars (Fig. 3A).
Regarding the sowing row spacings, the highest production of vegeta-
tive dry phytomass was obtained by spacing 40 and 50 cm (Fig. 3B). 
The production of vegetative phytomass was mainly influenced by 
the height and diameter of the plant at harvest, with which it present-
ed significant and positive correlations, phytomass × height (0.631, 
p<0.000) and phytomass × diameter (0.447, p<0.000).

Tab. 1: 	Chemical composition of the soil in the experimental area.

	 K	 Ca	 Mg	 Al	 H+Al	 SB	 CEC	 Depth	 MO	 pH	 P*
	 cm	 g kg-1	 CaCl2	 mg dm-3								        BS %	 	

	
						      cmolc dm-3	 				   	

	

	 0-20	 13.4	 4.6	 10.7	 0.24	 4.0	 1.7	 0.2	 3.52	 5.9	 9.5	 62.8
	 20-40	 14.8	 5.3	 1.4	 0.10	 3.5	 2.0	 0.0	 2.89	 5.6	 8.5	 66.0

*Extractor Mehlich 1; OM: organic matter; SB: base sum; CEC: cation exchange capacity; BS: base saturation.

Tab. 2: 	Average yield (kg ha-1) of chickpea cultivars, at different sowing row 
spacings, in Bandeirantes, PR.

	 Cultivar	 Type		  Sowing row spacing (cm)		
			   40	 50	 60

	 BRS Toro	 Kabuli	 857 AB	 684	 715 AB
	 BRS Cícero	 Kabuli	 729 Ba	 582 ab	 495 Bb
	 BRS Aleppo	 Kabuli	 1055 Aa	 690 b	 546 ABb
	BRS Cristalino	 Kabuli	 784 B	 758	 713 AB
	 BRS Kalifa	 Kabuli	 661 B	 681	 776 A
	 CP 1605 	 Desi	 825 AB	 664	 744 A
	 CV (%)	 		  16,4	

Means followed by different uppercase letters in the columns and lowercase 
letters in the rows differ from each other using the Tukey test (p≤0.05).
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GRVI varies from -1 to +1, with negative values ​​associated with a 
greater presence of soil and positive values ​​with a greater presence of 
vegetation. At 49 DAP (days after planting), the tone that represents 
the vegetation began to stand out in relation to the tone that represents 
the exposed soil. At this time, the BRS Aleppo cultivar presented the 
highest value for the index (Fig. 4). In general, the 40 cm sowing row 
spacing provided greater soil cover (Fig. 5) and GRVI positively cor-
related with plant height (0.500, p<0.000), diameter (0.266, p=0.024), 
vegetative dry phytomass (0.236, p=0.046) and grain yield (0.318, 
p=0.006).

Fig. 3: 	 Vegetative dry phytomass in the aerial part of chickpeas depending on the cultivar or sowing spacing, dry weight. Different letters on the standard devia-
tion bars represent means that differ statistically from each other according to the Tukey test (p ≤ 0.05). 

Fig. 4: 	 Green-Red vegetation index for 40 cm spacing row sowing.
	 DAP: Days after planting.

Nutrient and protein content and correlations with agronomic 
traits
The CP 1605 cultivar had the lowest protein content. The other culti-
vars showed no significant differences among them (Fig. 6). Protein 
content demonstrated a strong correlation with phosphorus content in 
the grain (0.849, p=0.032). 
Most minerals were not influenced by cultivars, except for iron and 
calcium contents (Tab. 3). 
With two components, it was possible to explain 78.5% of the varia-
tion in the data (Fig. 7). The first component correlates mainly with 
the contents of Mg, Na, P, K, and productivity, while the second com-
ponent is mainly related to the values of Fe, Zn, Ca, and protein. 

Fig. 5: 	 Sections of the experimental area, image obtained by an unmanned 
aerial vehicle (UAV). The numbering on the vegetation indicates the 
sowing spacing used.

Fig. 6: 	 Protein content in chickpea cultivars, at 40 cm sowing spacing. 
	 Different letters on the standard deviation bars represent means 

that differ statistically from each other according to the Tukey test  
(p ≤ 0.05). 
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According to the principal component analysis, BRS Aleppo is as-
sociated with higher levels of Mg, P, K, Na, and also with good yield. 
The CP 1605 cultivar is associated with higher levels of Ca, Fe, and 
Zn. 

Discussion
The cultivars BRS Cícero and BRS Aleppo showed higher yields in 
denser arrangements (Tab. 2). Previous studies have also reported  
increased chickpea yields with tighter spacing (Ali, Al-Kikani 
and Al-Mashhadany, 2024; Khan et al., 2010; Shamsi, 2009; 
Shiferaw, Tamado, and Asnake, 2018). In contrast, spacing did not 
affect grain yield for the other cultivars (BRS Toro, BRS Cristalino, 
BRS Kalifa, and CP 1605) (Tab. 2), consistent with findings from 
other studies on chickpea row spacing effects (Felton et al., 1996; 
Mekuanint, Tsehaye, and Egziabher, 2018). These results de- 
monstrate that the genotypes BRS Cícero and BRS Aleppo exhibit 
greater phenotypic plasticity, enabling enhanced adaptation to high 
plant density conditions and more efficient utilization of production 
factors.

In another study conducted across two locations, BRS Aleppo yielded 
3,600 kg ha-1 and 5,000 kg ha-1 in treatments with the highest avera- 
ges at each site (Avelar et al., 2018). Over a four-year evalua-
tion period on plateaus in the Central-West region of Brazil, BRS 
Aleppo averaged a grain yield of 2,994 kg ha-1 (Nascimento et al., 
2014). Yield may have been influenced by the distribution of rain-
fall. While the total amount of rain was sufficient for the crop during 
the experimental period, its distribution was uneven, concentrating 
precipitation during less favorable periods such as grain filling and 
near harvest. In the second ten-day of August, precipitation exceeded 
120 mm, potentially causing crop damage (Fig. 2). Excessive rainfall 
during the reproductive and harvest stages is detrimental to chickpea 
crops (Nascimento et al., 2016; Phiri, Njira, and Chitedze, 2023), 
which is one reason why the crop is included in agricultural climate 
risk zoning (Braga et al., 2023). Avelar et al. (2018) mention that 
the grain yield of the BRS Aleppo cultivar was adversely affected by 
excessive rainfall during the harvest period. 
Nevertheless, brazilian technical bulletins report average grain 
yields ranging from 600-800 kg ha-1 under rainfed crop conditions to 
750-1,200 kg ha-1, and from 1,500-1,852 kg ha-1 to 2,500-2,700 kg  
ha-1 under irrigated crop systems (Braga and Wutke, 2014; 
Nascimento et al., 2016). Brazilian chickpea production is not of-
ficially recorded, complicating comparisons with national production 
realities. However, production statistics are available for neighboring 
countries: 1,254 kg ha-1 (Argentina), 1,978 kg ha-1 (Bolivia), 640 kg  
ha-1 (Chile), 792 kg ha-1 (Colombia), and 1,163 kg ha-1 (Peru) (FAO, 
2022). Thus, except for Bolivia, these countries have grain yields 
similar to or lower than those achieved in this study by the BRS 
Aleppo cultivar. This is noteworthy even in Argentina, a significant 
player in global grain production. 
The higher production of vegetative dry phytomass achieved with 
denser sowing densities (Fig. 3) has also been documented in other 
chickpea studies (Chala, Abera, and Nandeshwar, 2020; Shamsi, 
2009; Shiferaw, Tamado, and Asnake, 2018). In a crop succession 
system or an established no-tillage system, this phytomass, combined 
with canopy closure (Fig. 4; Fig. 5), offers enhanced protection to 
the soil against erosion, excessive evaporation, water infiltration, 
and nutrient cycling. This is particularly attributable to the deep tap-
root of chickpeas, which can reach depths of 1.5 m to 2.0 m (Kaur 
and Prasad, 2022; Lago-Oliveira et al., 2023; Phiri, Njira, and 
Chitedze, 2023). Singh et al. (1999) demonstrated that improving 
light interception and water infiltration during the rainy season could 
lead to higher grain yields for soybeans and chickpeas in crop suc-
cession systems, thereby sustaining rainfed crop development. These 
findings are supported by the positive and significant correlations ob-
served between GRVI and agronomic performance metrics. 

Fig. 7: 	 Principal component analysis for nutrients and plant tissue produc-
tion (vegetative dry phytomass and grain).

Tab. 3: 	Mineral content in grains of chickpea cultivars, dry weight.

Cultivar	 P	 K	 Ca	 Mg	 Fe	 Zn	 Na
					     mg 100g-1

BRS Toro	 358	 837	 131	 117	 12.1 B	 6.89	 6.21 A
BRS Cícero	 345	 944	 106	 120	 9.88 B	 6.26	 6.34 A
BRS Aleppo	 351	 969	 112	 125	 9.25 B	 6.94	 5.78 A
BRS Cristalino	 309	 806	 93.7	 103	 7.67 B	 5.96	 3.12 C
BRS Kalifa	 320	 825	 119	 109	 7.50 B	 6.03	 3.93 BC
CP 1605	 296	 806	 137	 113	 22.3 A	 7.38	 4.50 ABC

Average	 330	 865	 117	 115	 11.5	 6.57	 5.01

CV (%)	13.2	 12.0	 22.0	 10.3	 29.4	 13.5	 19.3 

Means followed by different uppercase letters in the columns differ from each other using the Tukey test (p≤0.05).
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Denser sowing can also aid in suppressing weed growth, which 
competes for nutrients and diminishes the yield of the main crop. 
Australian studies have shown that denser chickpea cultivation effec-
tively suppressed ryegrass, a significant weed, while increasing grain 
yields (Mahajan, McKenzie, and Chauhan, 2019). Environmental 
benefits and greater grain and financial yields have been demonstrat-
ed for the rotational cultivation system between chickpeas and wheat, 
partly due to nitrogen fixation by the crop, which reduces input costs 
and water use efficiency (Hemmat and Eskandari, 2004; Lago-
Oliveira et al., 2023).
Regarding nutritional quality, the average protein content ranged 
from 19.4 g 100g-1 to 24.5 g 100g-1. The cultivar CP 1605 (Desi type) 
had the lowest protein content (Fig. 6). The other cultivars presented 
levels above 22.7 g 100g-1, consistent with the expected range for the 
Kabuli type (21.3 g 100g-1 to 28.9 g 100g-1). Typically, cultivars from 
the Kabuli type have a higher protein content than those from the 
Desi type (Patil et al., 2024). In a study with 11 chickpea genotypes, 
researchers found protein contents of 18.6 g 100g-1 to 23.3 g 100g-1, 
with an overall average of 20.4 g 100g-1 (Vural and Karasu, 2007). 
Regardless of the type, Desi or Kabuli, chickpea protein has high bio-
logical value due to its digestibility, which is greater than that of soy 
and pea protein, for example. Despite the low levels of methionine 
and cysteine, the traditional combination with cereals rich in these 
amino acids and low in lysine, which is abundant in chickpeas, balan- 
ces consumers’ diets (Koul et al., 2022; Patil et al., 2024). 
The mineral content varied according to the cultivars only for the 
iron (Fe) and sodium (Na) contents (Tab. 3). In general, the cultivar 
BRS Aleppo was associated with higher levels of phosphorus (P), 
potassium (K), magnesium (Mg), and sodium (Na), while the cultivar 
CP 1605 had higher levels of iron (Fe), zinc (Zn), and calcium (Ca)  
(Fig. 7). Except for the zinc content, which was higher in this re-
search, the results found were very close to those presented by  
Koul et al. (2022): 250-310 mg 100g-¹ (P), 700-718 mg 100g-¹ (K), 
57-160 mg 100g-¹ (Ca), 79-138 mg 100g-¹ (Mg), 4.0-12.3 mg 100g-¹
(Fe), and 2.76-4.1 mg 100g-¹ (Zn).
Among the analyzed minerals, sodium warrants particular attention
due to its significant implications for human health. Excessive so-
dium intake is strongly associated with hypertension and cardiovas-
cular diseases, prompting global health authorities to recommend
a safe daily limit of 2,000 mg here. (Cappuccio et al., 2022). The
sodium content in foods is mandatory on packaging labels accord-
ing to the Brazilian regulatory agency (Brasil, 2003). Although the
cultivars differed in terms of sodium content, the concentration was
low. According to the results (Tab. 3), the consumption of 100 g of
chickpeas contributes only 0.2% of the recommended daily intake.
Thus, according to Brazilian standards, it can be stated on the labels
as ‘Zero’ or ‘Does not contain’ (Brasil, 2003).
In addition to being consumed as whole grain, chickpeas can be
processed to obtain a gluten-free flour, popular in India, the United
States, and Europe, which can replace wheat in baked products, of-
fering greater nutritional value with high levels of minerals, proteins,
and vitamins (Kaur and Prassad, 2021; Koul et al., 2022; Vinod
et al., 2023). There is a growing increase in the consumption of flours
made from fruits or seeds, which are emerging as an alternative to
wheat. However, many of these flours are deficient in proteins, so
mixing them with other protein sources becomes interesting for nu-
tritional gains (Cândido et al., 2022; Demarinis et al., 2024). These
flours have been added as a source of fibers and bioactives in meat
and dairy products to obtain healthier foods, also contributing to
the reduction of fat in these products. Promising results have been
obtained for chickpea flour, although there is still demand for rheo-
logical improvements (Demarinis et al., 2024; Kaur and Prassad,
2021; Patil et al., 2024).
Given the increasing demand for chickpeas in Brazil and the domestic 
production deficit, the adoption of locally adapted cultivars represents

a strategic advantage for producers. Chickpea cultivars are classified 
into two main types: Desi and Kabuli. The Desi type accounts for ap-
proximately 85% of global production (Koul et al., 2022). However, 
the Brazilian market is primarily supplied by the Kabuli type, which 
better aligns with national consumer preferences.
In this context, the BRS Aleppo cultivar, a Kabuli-type variety, 
emerges as a promising alternative for tropical regions. This culti-
var has demonstrated favorable agronomic performance, including 
high grain yield, dry biomass production, efficient canopy closure, 
and enhanced nutritional composition, positioning it as a viable op-
tion for expanding chickpea production particularly as a winter crop. 
The well-established expertise of Paraná’s grain producers, combined 
with the agronomic resilience of BRS Aleppo, could significantly 
contribute to increasing domestic production and reducing reliance 
on imports.

Conclusions
This study demonstrates that the BRS Aleppo cultivar exhibited  
superior performance under high-density planting arrangements, spe- 
cifically at a 40 cm row spacing, reflecting greater phenotypic  
plasticity and enhanced competitive adaptation. With an average 
yield of 1,055 kg ha-¹, coupled with increased biomass production 
and efficient soil canopy coverage, this cultivar presents a viable 
winter cropping alternative for tropical regions.
The cultivar further distinguishes itself through its nutritional quality, 
with protein and mineral contents meeting market standards - par-
ticularly relevant given the rising domestic demand for Kabuli-type 
chickpeas, which better align with Brazilian consumer preferences. 
Its adaptability to crop rotation systems and potential for diversified 
applications in the food industry (e.g., as gluten-free flour or func-
tional ingredients) further enhance its economic and environmental 
viability. The adoption of BRS Aleppo could significantly contri- 
bute to: Increasing domestic chickpea production; Reducing import 
dependence (some tons/year); Improving farm profitability through 
winter crop diversification; Meeting industrial demand for premium-
quality Kabuli chickpeas.
These findings position BRS Aleppo as a strategic cultivar for tropi-
cal cultivation systems, addressing both agronomic challenges (yield 
gaps in dense planting) and market needs (quality standards and im-
port substitution).

Acknowledgements
This study was financed in part by the Coordenação de 
Aperfeiçoamento de Pessoal de Nível Superior – Brasil (CAPES) – 
Finance Code 001

Conflict of interest
No potential conflict of interest was reported by the authors.

References
Ali, M.A., Al-Kikani, K.I.K., Al-Mashhadany, A.M.A., 2024: Effect of 

some agricultural operations on the growth and yield of chickpea (Cicer 
aritenium L.). Nativa 12(2), 329-338. DOI: 0.31413/nativa.v12i2.17307  

American Association of Cereal Chemists, 2018: Approved methods of 
analysis, methods. 11th. St Paul, MN, USA: AACC.

Avelar, R.I.S., Costa, C.A., Rocha, F.S., Oliveira, N.L.C., Nascimento, 
W.M., 2018: Yield of chickpeas sown at different times. Rev. Caatinga
31(4), 900-906. DOI: 10.1590/1983-21252018v31n412rc

Barbosa, J.C., Maldonado Junior, W., 2015: Experimentação agronômica 
and AgroEstat: Sistemas para analises estatísticas e ensaios agronômicos. 
Jaboticabal, SP, Brasil: Gráfica Multipress Ltda.

Braga, M.B., Macena da Silva, F.A., Fietz, C.F., Comunello, É., Pacheco 

http://dx.doi.org/10.1590/1983-21252018v31n412rc
http://dx.doi.org/0.31413/nativa.v12i2.17307


	 Yield of chickpea genotypes in northern Paraná	 99

Lima, C.E., Fontão de Lima Filho, O., Flumignan, D.L., Costa de 
Carvalho, S.I., de Bem Bianchetti, L., Michereff Filho, M., 2023: 
Zoneamento agrícola de risco climático (Zarc) para a cultura do grão-de-
-bico: sequeiro e irrigado. Brasília, DF, Brasil: Embrapa Hortaliças.

Braga, N.R., Wutke, E.B., 2014: Grão-de-bico: Cicer arietinum L. In: 
Aguiar, A.T.E., Gonçalves, C., Paterniani, M.E.A.G.Z., Tucci, M.L.S., 
Castro, C.E.F. (ed.). Instruções agrícolas para as principais culturas eco-
nômicas. 7th. Campinas, SP, Brasil: Instituto Agronômico de Campinas. 

Agência Nacional de Vigilância Sanitária, 2003: Resolução da Diretoria 
Colegiada - RDC nº 360, de 23 de dezembro de 2003. Aprova regula-
mento técnico sobre rotulagem nutricional de alimentos embalados, tor-
nando obrigatória a rotulagem nutricional. Diário Oficial [da] República 
Federativa do Brasil, Brasília, DF, 23 dez. 2003.

Cândido, H.T., Leonel, M., Leonel, S., Ouros, L.F., Jesus, P.R.R., Izidoro, 
M., Molha, N.Z., Domiciano, V.M., 2022: Green banana and ora- 
pro-nóbis mixed flours: nutritional and technological characteristics. 
Braz. J. Food Technol., 25, e2022081, 2022. 

	 DOI: 10.1590/1981-6723.08122 
CAPES, 2024: Acervo. Retrieved 29th June 2024, from https://www-periodi-

cos-capes-gov-br.ezl.periodicos.capes.gov.br/.
Cappuccio, F.P., Campbell, N.R.C., He, F.J. et al., 2022: Sodium and health: 

old myths and a controversy based on denial. Curr. Nutr. Rep., 11, 172-
184. DOI: 10.1007/s13668-021-00383-z

Chala, B., Abera, T., Nandeshwar, B., 2020: Influence of inter and intra 
row spacing on yield and yield componentes of chikpea (Cicer ariet-
num L.) in Jimma Horro District, Western Ethiopia. Int. J. Plant Soil Sci. 
32(15), 32-42. DOI: 10.9734/ijpss/2020/v32i1530372

Demarinis, C., Verni, M., Koirala, P., Cera, S. Rizzello, C.G., Coda, R., 
2024: Effect of LAB starters on technological and functional properties 
of composite carob and chickpea flour plant-based gurt. Future Foods 9, 
100289, 2024. DOI: 10.1016/j.fufo.2023.100289

EMBRAPA, 2024: Embrapa Soils. Sistema Brasileiro de Classificação de 
Solo. Retrieved 29th June 2024, from https://www.embrapa.br/en/solos/
sibcs/correlacao-com-wrb-fao-e-soil-taxonomy 

FAO, 2022: FAOSTAT Crops. Food and Agriculture Organization of the 
United Nations. Retrieved 29th June 2024, from https://www.fao.org/fao-
stat/en/#data/QCL

Felton, W.L., Marcellos, H., Murison, R.D., 1996: The effect of row spac-
ing and seeding rate on chickpea yield in Northern New South Wales. 
In: Proceedings of the 8th Australian Weeds Conference, 251-253. 
Toowoomba, Qld: Weed Society of Queensland.

Hemmat, A., Eskandari, I., 2004: Tillage system effects upon productivity of 
a dryland winter wheat–chickpea rotation in the northwest region of Iran. 
Soil Tillage Res. 78(1), 69-81. DOI: 10.1016/j.still.2004.02.013

IBGE, 2019: Censo Agropecuário 2017 - Resultados definitivos. Rio de 
Janeiro, RJ, Brasil: IBGE. Retrieved 29th June 2024, from https://cidades.
ibge.gov.br/brasil/pr/pesquisa/24/76693

IBGE, 2023: Produção Agrícola Municipal 2022. Rio de Janeiro, RJ, Brasil: 
IBGE. Retrieved 29th June 2024, from https://cidades.ibge.gov.br/brasil/
pr/pesquisa/14/10193

Kaur, R., Prasad, K., 2021: Technological, processing and nutritional as-
pects of chickpea (Cicer arietinum) - A review. Trends Food Sci. Technol. 
109, 448-463. DOI: 10.1016/j.tifs.2021.01.044

 Khan, E.A., Aslam, M., Ahmad, H.K., Khan, M.A., Hussain, A., 2010: 
Effect of row spacing and seeding rates on growth, yield and yield com-
ponents of chickpea. Sarhad J. Agric. 26(2), 201-211 

Koul, B., Sharma, K., Sehgal, V., Yadav, D., Mishra, M., Bharadwaj, C., 
2022: Chickpea (Cicer arietinum L.) Biology and Biotechnology: From 
Domestication to Biofortification and Biopharming. Plants 11(21), 2926. 
DOI: 10.3390/plants11212926

Lago-Oliveira, S., Rebolledo-Leiva, R., Garofalo, P., Moreira, M.T., 
González-García, S., 2023: Environmental and economic benefits of 
wheat and chickpea crop rotation in the Mediterranean region of Apulia 
(Italy). Science Total Environ 896, 165124. 

	 DOI: 10.1016/j.scitotenv.2023.165124

Loria, K., Kumari, M., Sood, Y., Vikas, Lalita, Rani, S., Himangini, 2022: 
Effect of seed rate and seed spacings on yield attributes of chickpea. 
Agric. Sci. Digest. DOI: 10.18805/ag.D-5565

Mahajan, G., McKenzie, K., Chauhan, B.S., 2019: Influence of row spac-
ing and cultivar selection on annual ryegrass (Lolium rigidum) control 
and grain yield in chickpea (Cicer arietinum). Crop Pasture Sci. 70(2), 
140-146. DOI: 10.1071/CP18436

Malavolta, E., Vitti, G.C., Oliveira, S.A., 1997: Avaliação do estado nu-
tricional das plantas: Princípios e aplicações. 2nd. Piracicaba, SP, Brasil: 
Potafós.

Mekuanint, T., Tsehaye, Y., Egziabher, Y., 2018: Response of two chickpea 
(Cicer arietinum L.) varieties to rates of blended fertilizer and row spac-
ing at Tselemti District, Northern Ethiopia. Adv. Agricult., 2018, 085163. 
DOI: 10.1155/2018/5085163

Nascimento, W.M., Silva, P.P., Artiaga, O.P., Suinaga, F.A., 2016: 
Grão-de-bico. In: Nascimento, W.M. (Ed.), Hortaliças leguminosas. 1st. 
Brasília, DF, Brasil: Embrapa Informação Tecnológica.

Nascimento, W.M. et al., 2014: Grão-de-bico BRS Aleppo. Brasília, DF: 
Embrapa Hortaliças. Retrieved 29th June 2024, from https://ainfo.cnptia.
embrapa.br/digital/bitstream/item/134623/1/digitalizar0025.pdf 

Patil, N.K., Bains, A., Sridhar, K., Rashid, S., Kaur, S., Ali, N. Chawla, 
P., Sharma, M., 2024: Effect of sustainable pretreatments on the nutri-
tional and functionality of chickpea protein: implication for innovative 
food product development. J. Food Biochem. 24(1), 29p. 

	 DOI: 10.1155/2024/5173736 
Phiri, C.K., Njira, K., Chitedze, G., 2023: An insight of chickpea production 

potential, utilization and their challenges among smallholder farmers in 
Malawi – a review. J. Agric. Food Res. 14, 100713. 

	 DOI: 10.1016/j.jafr.2023.100713
Queiroga, V. de P., Girão, Ê.G., Albuquerque, E.M.B de., 2021: Grão 

de bico (Cicer arietinum L.): Tecnologias de plantio e utilização. 1st. 
Campina Grande, PB, Brasil: AREPB.

Sanches, G.M., Duft, D.G., Kölln, O.T., Luciano, A.C.S., De Castro, 
S.G.Q., Okuno, F.M., Franco, H.C.J., 2018: The potential for RGB ima-
ges obtained using unmanned aerial vehicle to assess and predict yield in 
sugarcane Fields. Int. J. Remote Sens. 

	 DOI: 10.1080/01431161.2018.1448484  
Shamsi, K., 2009: Effect of sowing date and row spacing on yield and yield 

componentes of chickpea under rain fed conditions in Iran. Journal of 
Applied Biosciences, Chickpea evaluation, 17, 941-947. Retrieved 29th 
June 2024, from https://elewa.org/JABS/2009/17/7.pdf

Shiferaw, M., Tamado, T., Asnake, F., 2018: Effect of plant density on yield 
components and yield of kabuli chickpea (Cicer arietinum L.) varieties at 
Debre Zeit, central Ethiopia. Int. J. Plant Soil Sci. 21(6), 1-6. 

	 DOI: 10.9734/IJPSS/2018/19120
Singh, A., Umesha, C., Kiran, U., 2023: Effect of spacing and biofertilizers 

on growth and yield of chickpea. Int. J. Environ. Clim. Change 13(10), 
809-814. DOI: 10.9734/IJECC/2023/v13i102720

Singh, P., Alagarswamy, G., Pathak, P., Wani, S.P., Hoogenboom, G., 
Virmani, S.M., 1999: Soybean–chickpea rotation on Vertic Inceptisols:  
I. Effect of soil depth and landform on light interception, water balance 
and crop yields. Field Crops Res. 63(3), 211-214. 

	 DOI: 10.1016/S0378-4290(99)00037-4 
SBCS: Sociedade Brasileira de Ciência do Solo, NEPAR. Núcleo 

Estadual Paraná da Sociedade Brasileira de Ciência do Solo 2019: 
Manual de adubação e calagem para o Estado do Paraná. 2nd. Curitiba, 
PR, Brasil: NEPAR, SBCS.

UN, 2019: População mundial deve chegar a 9,7 bilhões de pessoas em 2050. 
Retrieved 29th June 2024, from https://nacoesunidas.org/populacao-mun-
dial-deve-chegar-a-97-bilhoes-de-pessoas-em-2050-diz-relatorio-da-onu/

Vinod, B.R., Asrey, R., Rudra, S.G., Urhe, S.B., Mishra, S., 2023: 
Chickpea as a promising ingredient substitute in gluten-free bread mak-
ing: an overview of technological and nutritional benefits. Food Chem. 
Adv. 3, 100473. DOI: 10.1016/j.focha.2023.100473 

 Vural, H., Karasu, A., 2007: Variability studies in chickpea (Cicer ari-

http://dx.doi.org/10.1590/1981-6723.08122
http://dx.doi.org/10.1007/s13668-021-00383-z
http://dx.doi.org/10.9734/ijpss/2020/v32i1530372
http://dx.doi.org/10.1016/j.fufo.2023.100289
http://dx.doi.org/10.1016/j.still.2004.02.013
http://dx.doi.org/10.1016/j.tifs.2021.01.044
http://dx.doi.org/10.3390/plants11212926
http://dx.doi.org/10.1016/j.scitotenv.2023.165124
http://dx.doi.org/10.18805/ag.D-556510.18805/ag.D-5565
http://dx.doi.org/10.1071/CP18436
http://dx.doi.org/10.1155/2018/5085163
http://dx.doi.org/10.1155/2024/5173736
http://dx.doi.org/10.1016/j.jafr.2023.100713
http://dx.doi.org/10.1080/01431161.2018.1448484
http://dx.doi.org/10.9734/IJPSS/2018/19120
http://dx.doi.org/10.9734/IJECC/2023/v13i102720
http://dx.doi.org/10.1016/S0378-4290(99)00037-4
http://dx.doi.org/10.1016/j.focha.2023.100473


100	 G.H.T. Alves, H.T. Cândido, S. Bellettini, D.G. Duft, O.T. Kölln

etinum L.) varieties grown in Isparta, Turkey. Revista Científica UDO 
Agrícola 7(1), 35-40. Retrieved 29th June 2024, from https://hdl.handle.
net/1807/45383 

ORCID
Guilherme Henrique Teixeira Alves  https://orcid.org/0009-0005-2185-3146 
Hebert Teixeira Cândido  https://orcid.org/0000-0002-3040-6488
Silvestre Bellettini  https://orcid.org/0000-0001-6769-544X 
Daniel Garbellini Duft  https://orcid.org/0000-0002-9334-9687 
Oriel Tiago Kölln  https://orcid.org/0000-0002-8507-9808 

Address of the corresponding author:
Oriel Tiago Kölln, Roadway BR 369, Km 54, Bandeirantes, PR, 86660-000, 
Brazil
E-mail: oriel.kolln@uenp.edu.br 

© The Author(s) 2025.
	 This is an Open Access article distributed under the terms of  
the Creative Commons Attribution 4.0 International License (https://creative-
commons.org/licenses/by/4.0/deed.en).

https://orcid.org/0009-0005-2185-3146
https://orcid.org/0000-0002-3040-6488
https://orcid.org/0000-0001-6769-544X
https://orcid.org/0000-0002-9334-9687
https://orcid.org/0000-0002-8507-9808



