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Biodegradable scaffolds are the most wanted 
scaffolds for applications such as implants, 
drug delivery, and tissue regeneration. The 
degradation of scaffolds can occur by physical, 
chemical, and/or biological processes. The 
degradation rate is important for adapting the 
number of cells and molecules in order to 
grow and form the tissues. Controllable 
degradation rates should match the rate of 
tissue growth in vitro and in vivo. The 
biodegradation rate of a polymeric scaffold 
depends mainly on the intrinsic properties of 
the polymer, including the chemical structure, 
the presence of hydrolytically unstable bonds, 
the level of hydrophilicity/hydrophobicity, 
crystalline/amorphous morphology, glass 
transition temperatures, the copolymer ratio, 
and the molecular weight. Nonbiodegradable 
scaffolds are also used for replacing parts of 
hard tissue (hip, knee, and tooth), such as 
poly-methyl methacrylate and polyethylene 
(Suri & Schmidt, 2009; Gordon et al., 2004). 
The main goals for improving bioprinting are 
to minimize cell loss, promote cell-cell 
interactions, and to increase the mechanical 
properties and biocompatibility of bioink for 
supporting 3D bioprinted constructs. In the 
future, new materials compatible with 3D 
bioprinting will be developed, this technology 
becoming an important technology for tissue 
engineering and regenerative medicine 
(Iordache, 2019).  
  
CONCLUSIONS  
 
In conclusion, the collagen-hyaluronic acid 
hydrogel allows bioprinting of vascular 
constructs. The parameters of the 3D 
bioprinter have been optimized so that a 
vascular structure similar to the model 
developed in the BioCAD program can be 
created. Furthermore, the bioprinted 
constructs will be characterized regarding 
biocompatibility and interactions between 
cells. 
 
ACKNOWLEDGEMENTS 

 
This work was supported by project “Tissue 
engineering of blood vessels using three-
dimensional bioprinting of endothelial and 
smooth muscle progenitor cells” No. 19/2018, 

PN-III-P1-1.1-PD-2016-1660, financed by the 
Executive Agency for Higher Education, 
Research, Development and Innovation 
Funding (UEFISCDI).  
 
REFERENCES 

 
Chen, Q., Bruyneel, A., Clarke, K., Carr, C., Czernuszka, 

J. (2012). Collagen-based scaf- folds for potential 
application of heart valve tissue engineering. J. 
Tissue Sci. Eng. S11 (003), 1-6. 

Chua, C.K., Yeong, W.Y. (2015). Bioprinting: Principles 
and Applications. World Scientific Publishing Co. 
Singapore. 

Datta, P., Ayan, B., Ozbolat, I.T. (2017). Bioprinting for 
vascular and vascularized tissue biofabrication. Acta 
Biomaterialia 51, 1-20. 

Gordon, T.D., Schloesser, L., Humphries, D.E., Spector, 
M. (2004). Effects of the degradation rate of collagen 
matrices on articular chondrocyte proliferation and 
biosynthesis in vitro. Tissue Eng. 10(7-8), 1287-
1295. 

Gosline, J., Lillie, M., Carrington, E., Guerette, P., 
Ortlepp, C., Savage, K. (2002). Elastic proteins: 
biological roles and mechanical properties. Philos. 
Trans. R. Soc. Lond. B Biol. Sci. 357(1418), 121-
132. 

Iordache, F., 2019. Hydrogels and Polymer-based 
Scaffolds, Chapter 2: Bioprinted scaffolds. Elsevier 
Academic Press, USA. 

Murphy, C.M., O’Brien, F.J. (2010). Understanding the 
effect of mean pore size on cell activity in collagen-
glycosaminoglycan scaffolds. Cell Adh. Migr. 4(3), 
377-381. 

Neacsu, I.A., Ana Melente, E., Holban, A., Ficai, A., 
Ditu, L.M., Kamerzan, C.M., Bianca, Tihăuan, M., 
Nicoara, A.I., Bezirtzoglou, E., Chifiriuc, M.C., 
Pircalabioru, G.G. (2019). Novel hydrogels based on 
collagen and ZnO nanoparticles with antibacterial 
activity for improved wound dressings. Rom 
Biotechnol Lett.; 24(2): 317-323. 

Skardal, A., Mack, D., Kapetanovic, E., Atala, A., 
Jackson, J., Yoo, J. et al. (2012). Bioprinted amniotic 
fluid-derived stem cells accelerate healing of large 
skin wounds. Stem Cells Transl. Med., 792-802. 

Suri, S., Schmidt, C.E. (2009). Photopatterned collagen-
hyaluronic acid interpenetrating polymer network 
hydrogels. Acta Biomater. 5(7), 2385-2397. 

Thomas, J.D. (2016). 3D bioprinted tissues offer future 
hope for microtia treatment. International Journal of 
Surgery, 32, 43-44.  

Tuns, F., Iurcut, A., Chirilean, I., Crivii, C., Damian, A. 
(2013). Comparative bibliographic study regarding 
the collaterals of ascending aorta and aortic cross in 
humans, swine and equine. Scientific Works. Series 
C. Veterinary Medicine, Vol. 19, Issue 3.  

 
 
 

 
 

 
CHICKPEA YIELDS AND WATER USE EFFICIENCY DEPENDING ON 

CULTIVATION TECHNOLOGY ELEMENTS AND IRRIGATION 
 

Sergiy LAVRENKO, Nataliia LAVRENKO, Oleksandr KAZANOK, Gennadiy KARASHCHUK, 
Mykhailo KOZYCHAR, Yevhenii PODAKOV, Alina SAKUN 

 
Kherson State Agrarian University, Kherson, 23 Stritenska Street, 73006, Phone: 0552416216, 

Email: office@ksau.kherson.ua 
 

Corresponding author email: lavrenko.sr@gmail.com 
 
Abstract 
 
The paper presents the results of the field experiments dedicated to investigation of chickpea reaction on cultivation 
technology elements in the South of Ukraine. The study was carried out during 2012-2014 on the dark-chestnut soil in 
the semi-arid climate conditions. The design of the study included research of the crop reaction on the following 
agrotechnological factors: plowing depth (20-22, 28-30 cm), fertilization dose (N0P0; N45P45; N90P90), plants population 
(50, 100, 150 plants per m2), and humidification conditions (sprinkler irrigation applied or not). The study was 
conducted in four replications by the split plot design method with the crop variety Rosanna of Kabuli type. Chickpea 
yielding data were processed by ANOVA procedure, the differences obtained in the experiments are significant and 
reliable at the probability level of 95%. The results of the experiments testify that the best crop productivity could be 
obtained at the irrigated variants with the highest fertilization dosage, the maximum plants population, and plowing at 
the depth of 28-30 cm - 3600 kg per ha. However, the best water resource use efficiency was obtained at the variants 
with plowing at the depth of 20-22 cm - 36.66 kg per mm. Absence of water supply by irrigation also worsened the 
water use efficiency and productivity of the crop. Mineral fertilizers and optimum plants population significantly 
enhanced the crop water use efficiency and productivity both at the irrigated and non-irrigated conditions. 
 
Key words: chickpea, irrigation, mineral fertilizer, plant population, plowing, water use efficiency, yield. 
 
INTRODUCTION 
 
Chickpea (Cicer arietinum L.) is a well-known 
leguminous crop traditionally cultivated in the 
countries of the Asian region, e.g. India, 
Turkey, which nowadays has its value 
increasing throughout the world, and is 
growing in a number of European countries, 
Australia and the USA (Saxena and Singh, 
1987). It is believed to come from south-
eastern Turkey and the neighboring part of 
Syria (Singh, 1997). Later on, the crop spread 
to the modern areas of its cultivation.  
Chickpea together with other pulses is a 
valuable source of plant protein. It is a source 
of high-qualitative protein, vitamins and 
mineral compounds that makes it an 
irreplaceable component of diet for many 
people (Wood and Grusak, 2007). Besides, 
forage cultivars of chickpea could be used for 
obtaining a high-qualitative fodder for non-
ruminant and ruminant animals (Ribeiro and 
Melo, 1990). Chickpea is an important and very 
prospective leguminous crop in combating the 

problem of starving, which is on the table for 
the regions with steep increasing population 
and lack of protein supply like Sub-Saharian 
Africa (Myers and Kent, 2001). The crop is 
prospective for the developing regions of the 
world because of its comparatively low 
cultivation and biological requirements, 
especially, not bad drought (Varshney et al., 
2014) and heat stress (Devasirvatham et al., 
2012) tolerance. 
However, chickpea is an interesting crop not 
only for the developing African countries and 
the Asiatic region. It is an important niche crop 
in Europe and the USA. So, we need a 
scientifically based rational agrotechnology to 
be developed to support efficient chickpea 
production in the above-mentioned regions. 
There is an evident lack of studying chickpea 
cultivation technologies in the European 
region, so, this gap should be filled in the 
nearest future. 
We know from the previously conducted 
studies that chickpea reacts negatively on water 
stress (Behboudian et al., 2001). And this 

AgroLife Scientific Journal - Volume 8, Number 2, 2019
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reaction depends on the cultivation 
peculiarities, environmental conditions and 
variety of the crop (Fukai and Hammer, 1995; 
Gupta et al., 2000; Mafakheri et al., 2010). It is 
also a wide-known fact that modern agriculture, 
especially, in the arid and semi-arid regions of 
the world, suffers from the lack of qualitative 
fresh water (Rijsberman, 2006). Therefore, 
modern cultivation technologies have to be 
water-efficient. The goal of our field study was 
to discover the best agrotechnological options 
for chickpea production (including tillage, 
plants population, fertilization etc.) in the 
European semi-arid climatic zone of southern 
Ukraine to obtain the highest grain yield of the 
crop at the most efficient water use. 
 
MATERIALS AND METHODS 
 
Field trials in regard to the chickpea cultivation 
technology were conducted during 2012-2014 
at the irrigated lands of Cooperative Farm 
“Radianska Zemlia”, which was a basic 
experimental farm of Kherson State Agrarian 
University. The experimental plots were located 
at the latitude 46°43′N, longitude 32°17′E, and 
were elevated to 42 m above the sea level. The 

field experiments were conducted in four 
replications by using the randomized split plot 
design method. The study was dedicated to 
evaluation of the following cultivation 
technology elements:  
- A - plowing depth: A1 - plowing at the depth 
of 20-22 cm; A2 - plowing at the depth of 28-
30 cm; 
- B - mineral fertilizers’ application doses: B1 - 
N0P0; B2 - N45P45; B3 - N90P90; 
- C - plants population: C1 - 50 plants per m2; 
C2 - 100 plants per m2; C3 - 150 plants per m2; 
- D - irrigation management: D1 - no irrigation 
applied (rain-fed conditions); D2 - irrigated 
conditions. 
Climate of the zone of experiments conduction 
is characterized as comparatively dry and hot, 
with the average annual air temperature of 
9.8oC that has a tendency to further increase 
(Lykhovyd, 2018).  
According to the data provided by Kherson 
regional hydrometeorological center, total 
rainfall amounts in the zone average to 441 
mm, while evapotranspiration reaches 1000 
mm. The main meteorological indexes for the 
period of chickpea vegetation in the 
experiments are given in the Table 1. 

 
Table 1. Meteorological indexes during the period of chickpea vegetation in the field experiments 

2012 2013 2014 Months AT, °C PA, mm AT, °C PA, mm AT, °C PA, mm 
2.5 25.6 3.1 38.8 7.4 32.0 March 

13.2 5.9 11.9 3.7 11.5 29.5 April 
20.8 39.6 20.7 0.3 18.0 38.2 May 
23.4 20.1 23.0 79.1 20.8 64.4 June 
26.6 40.2 23.2 44.1 25.1 19.4 July 
23.6 79.2 24.2 12.4 24.5 20.7 August 

Note: AT - air temperature; PA - precipitation amounts. 
 
The soil of the experimental plots was 
represented by the dark-chestnut middle-loamy 
slightly saline soil with the humus content of 
2.5%. The soil pH is neutral in the layer 0-      
50 cm. Bulk density of the soil layer 0-50 cm is 
1.29 g/cm3. The soil has low content of 
available nitrogen, moderately high content of 
mobile phosphorus, and very high content of 
exchangeable potassium. The soil has moderate 
natural fertility, which is limited mainly by 
nitrogen content. 
Chickpea cultivation technology in the 
experiments was based on the generally 
accepted recommendations for the crop 
cultivation in the South of Ukraine. Rosanna 

variety was used in the experimental work. 
This variety belongs to Kabuli type of 
chickpea, has round, yellowish, smooth seeds 
with 1000 seeds weight of 290-310 g. Protein 
content is 25-26%. Rosanna is a middle-
ripening, lodging-resistant variety. 
The previous crop was winter wheat. The soil 
was prepared by carrying out double harrowing 
at the depths of 6-8 and 10-12 cm, which was 
followed by plowing with accordance to the 
experimental design. Mineral fertilizers (in the 
form of ammonium nitrate and super 
phosphate) were applied in pre-plowing period 
by the means of a seed drill with accordance to 
the experimental design. Cultivator tillage at 

the depth of 12-14 cm was also conducted as a 
measure of weed management. An early-spring 
dragging was conducted to level the soil 
surface. Pre-sowing cultivator tillage was 
conducted at a depth of 5-7 cm. Chickpea was 
sown by the means of a seed drill John Deere 
740A on 28th of March in 2012, 4th of April in 
2013 and 23rd of March in 2014. The seeds 
were dressed by the active nitrogen-fixation 
bacteria in advance. The crop was rolled after 
sowing. Gezaguard 500 FW herbicide (the 
active substance is prometryn, 500 g/l) was 
used in the dose of 3.0 l per ha in the pre-
emergence period to control weeds. Nurell D 
insecticide (the active substances include 
chlorpyrifos, 500 g/l and cypermethrin, 50 g/l) 
was used at the beginning of the flowering 
stage to control insects. 
Soil moisture in the 0-50 cm soil layer was kept 
up at the level of 75% of the water-holding 
capacity by the means of Kuban irrigation 
machine. The soil moisture control was 
performed by using the gravimetric method 
(Reynolds, 1970). Irrigation water from the 
Ingulets irrigation system was applied to the 
field in the following amounts: three times at 
the rate of 45 mm in 2012; once at the rate of 
50 mm in 2013; twice at the rate of 50 mm in 
2014. The water of the system is unfavorable 
for irrigation because of high content of 
dissoluble salts (1549.67 ± 69.01 mg/l), sodium 
adsorption ration (5.03 ± 0.75 meq/l), Kelly 
ratio of 0.99 ± 0.16 meq/l, permeability index 
of 1.26 ± 0.05 meq/l, and toxic sodium content 
(49.77 ± 3.61%) (Lykhovyd and Kozlenko, 
2018; Lavrenko et al., 2018). Such type of 
water is limited suitable for irrigation, may lead 
to soil crusting, salinization, alkalinization, 
deterioration of biological properties, etc. 
(Lykhovyd and Lavrenko, 2017). 
Chickpea yield was evaluated by the results of 
entire harvesting of the experimental plots by 
using the self-propelled harvester CLAAS 
Lexion. The yield was recalculated to the basic 
moisture (14%). Harvesting of chickpea was 
carried out on 18th of July in 2012, on 22nd of 
July in 2013, on 13th of July in 2014 under the 
rain-fed conditions; under the irrigated 
conditions: on 3rd of August in 2012, on 6th of 
August in 2013, on 31st of July in 2014. 
Yield data of chickpea were processed by the 
standard procedure of ANOVA within MS 

Excel software. Significance of the differences 
was proved for the reliability level of 95% 
(LSD05). Water use efficiency (WUE) of 
chickpea was determined as a relation of yield 
to the water amounts consumed by the crop 
during the vegetative period in kg/mm (Garcia 
y Garcia et al., 2009). 
 
RESULTS AND DISCUSSIONS 
 
The results of the study are given in the Tables 
2 and 3. It was found out that the highest grain 
productivity was provided by chickpea plants 
cultivated under the irrigated conditions. 
Irrigation increased yield of the crop by more 
than 80%. Also, it was proved that plowing at 
the depth of 28-30 cm is slightly better than at 
the depth of 20-22 cm (by 2.33%). This fact 
could be put upon the better soil water 
consumption by chickpea plants with better 
root distribution through the soil profile. It is 
also evident that chickpea grain yield increase 
with the increase of the crop density from 50 to 
150 plants per m2 both at the rain-fed and 
irrigated variants of the experiment (average 
chickpea grain yield enhancement due to the 
increase of plants population was 24.75%). 
Considerable chickpea productivity 
improvement was connected with application 
of mineral fertilizers that provided 27.68% 
growth of grain yield (while comparing the 
variants with no fertilizers and the maximum 
fertilizers’ application dose). The best yielding 
performance of chickpea was obtained on the 
variants with plowing at the depth of 28-30 cm, 
mineral fertilizers’ application dose N90P90, 
plants population 150 plants/m2, and irrigation 
applied - 3600 kg/ha. 
The similar tendency has been discovered 
while the evaluation of chickpea WUE. It was 
determined that mineral fertilizers, increased 
plants population and irrigation significantly 
increased the index. Irrigation increased WUE 
of chickpea more than two times. However, the 
contrary tendency was discovered in regard to 
the effect of plowing depth on the crop WUE. 
Increased plowing depth led to decrease of 
WUE by 0.56%. This is the fact that made us 
think that the out pay of yield at the variants 
with deeper plowing is not worth that amounts 
of water that are used by the crop on these 
variants.
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MATERIALS AND METHODS 
 
Field trials in regard to the chickpea cultivation 
technology were conducted during 2012-2014 
at the irrigated lands of Cooperative Farm 
“Radianska Zemlia”, which was a basic 
experimental farm of Kherson State Agrarian 
University. The experimental plots were located 
at the latitude 46°43′N, longitude 32°17′E, and 
were elevated to 42 m above the sea level. The 

field experiments were conducted in four 
replications by using the randomized split plot 
design method. The study was dedicated to 
evaluation of the following cultivation 
technology elements:  
- A - plowing depth: A1 - plowing at the depth 
of 20-22 cm; A2 - plowing at the depth of 28-
30 cm; 
- B - mineral fertilizers’ application doses: B1 - 
N0P0; B2 - N45P45; B3 - N90P90; 
- C - plants population: C1 - 50 plants per m2; 
C2 - 100 plants per m2; C3 - 150 plants per m2; 
- D - irrigation management: D1 - no irrigation 
applied (rain-fed conditions); D2 - irrigated 
conditions. 
Climate of the zone of experiments conduction 
is characterized as comparatively dry and hot, 
with the average annual air temperature of 
9.8oC that has a tendency to further increase 
(Lykhovyd, 2018).  
According to the data provided by Kherson 
regional hydrometeorological center, total 
rainfall amounts in the zone average to 441 
mm, while evapotranspiration reaches 1000 
mm. The main meteorological indexes for the 
period of chickpea vegetation in the 
experiments are given in the Table 1. 

 
Table 1. Meteorological indexes during the period of chickpea vegetation in the field experiments 

2012 2013 2014 Months AT, °C PA, mm AT, °C PA, mm AT, °C PA, mm 
2.5 25.6 3.1 38.8 7.4 32.0 March 

13.2 5.9 11.9 3.7 11.5 29.5 April 
20.8 39.6 20.7 0.3 18.0 38.2 May 
23.4 20.1 23.0 79.1 20.8 64.4 June 
26.6 40.2 23.2 44.1 25.1 19.4 July 
23.6 79.2 24.2 12.4 24.5 20.7 August 

Note: AT - air temperature; PA - precipitation amounts. 
 
The soil of the experimental plots was 
represented by the dark-chestnut middle-loamy 
slightly saline soil with the humus content of 
2.5%. The soil pH is neutral in the layer 0-      
50 cm. Bulk density of the soil layer 0-50 cm is 
1.29 g/cm3. The soil has low content of 
available nitrogen, moderately high content of 
mobile phosphorus, and very high content of 
exchangeable potassium. The soil has moderate 
natural fertility, which is limited mainly by 
nitrogen content. 
Chickpea cultivation technology in the 
experiments was based on the generally 
accepted recommendations for the crop 
cultivation in the South of Ukraine. Rosanna 

variety was used in the experimental work. 
This variety belongs to Kabuli type of 
chickpea, has round, yellowish, smooth seeds 
with 1000 seeds weight of 290-310 g. Protein 
content is 25-26%. Rosanna is a middle-
ripening, lodging-resistant variety. 
The previous crop was winter wheat. The soil 
was prepared by carrying out double harrowing 
at the depths of 6-8 and 10-12 cm, which was 
followed by plowing with accordance to the 
experimental design. Mineral fertilizers (in the 
form of ammonium nitrate and super 
phosphate) were applied in pre-plowing period 
by the means of a seed drill with accordance to 
the experimental design. Cultivator tillage at 

the depth of 12-14 cm was also conducted as a 
measure of weed management. An early-spring 
dragging was conducted to level the soil 
surface. Pre-sowing cultivator tillage was 
conducted at a depth of 5-7 cm. Chickpea was 
sown by the means of a seed drill John Deere 
740A on 28th of March in 2012, 4th of April in 
2013 and 23rd of March in 2014. The seeds 
were dressed by the active nitrogen-fixation 
bacteria in advance. The crop was rolled after 
sowing. Gezaguard 500 FW herbicide (the 
active substance is prometryn, 500 g/l) was 
used in the dose of 3.0 l per ha in the pre-
emergence period to control weeds. Nurell D 
insecticide (the active substances include 
chlorpyrifos, 500 g/l and cypermethrin, 50 g/l) 
was used at the beginning of the flowering 
stage to control insects. 
Soil moisture in the 0-50 cm soil layer was kept 
up at the level of 75% of the water-holding 
capacity by the means of Kuban irrigation 
machine. The soil moisture control was 
performed by using the gravimetric method 
(Reynolds, 1970). Irrigation water from the 
Ingulets irrigation system was applied to the 
field in the following amounts: three times at 
the rate of 45 mm in 2012; once at the rate of 
50 mm in 2013; twice at the rate of 50 mm in 
2014. The water of the system is unfavorable 
for irrigation because of high content of 
dissoluble salts (1549.67 ± 69.01 mg/l), sodium 
adsorption ration (5.03 ± 0.75 meq/l), Kelly 
ratio of 0.99 ± 0.16 meq/l, permeability index 
of 1.26 ± 0.05 meq/l, and toxic sodium content 
(49.77 ± 3.61%) (Lykhovyd and Kozlenko, 
2018; Lavrenko et al., 2018). Such type of 
water is limited suitable for irrigation, may lead 
to soil crusting, salinization, alkalinization, 
deterioration of biological properties, etc. 
(Lykhovyd and Lavrenko, 2017). 
Chickpea yield was evaluated by the results of 
entire harvesting of the experimental plots by 
using the self-propelled harvester CLAAS 
Lexion. The yield was recalculated to the basic 
moisture (14%). Harvesting of chickpea was 
carried out on 18th of July in 2012, on 22nd of 
July in 2013, on 13th of July in 2014 under the 
rain-fed conditions; under the irrigated 
conditions: on 3rd of August in 2012, on 6th of 
August in 2013, on 31st of July in 2014. 
Yield data of chickpea were processed by the 
standard procedure of ANOVA within MS 

Excel software. Significance of the differences 
was proved for the reliability level of 95% 
(LSD05). Water use efficiency (WUE) of 
chickpea was determined as a relation of yield 
to the water amounts consumed by the crop 
during the vegetative period in kg/mm (Garcia 
y Garcia et al., 2009). 
 
RESULTS AND DISCUSSIONS 
 
The results of the study are given in the Tables 
2 and 3. It was found out that the highest grain 
productivity was provided by chickpea plants 
cultivated under the irrigated conditions. 
Irrigation increased yield of the crop by more 
than 80%. Also, it was proved that plowing at 
the depth of 28-30 cm is slightly better than at 
the depth of 20-22 cm (by 2.33%). This fact 
could be put upon the better soil water 
consumption by chickpea plants with better 
root distribution through the soil profile. It is 
also evident that chickpea grain yield increase 
with the increase of the crop density from 50 to 
150 plants per m2 both at the rain-fed and 
irrigated variants of the experiment (average 
chickpea grain yield enhancement due to the 
increase of plants population was 24.75%). 
Considerable chickpea productivity 
improvement was connected with application 
of mineral fertilizers that provided 27.68% 
growth of grain yield (while comparing the 
variants with no fertilizers and the maximum 
fertilizers’ application dose). The best yielding 
performance of chickpea was obtained on the 
variants with plowing at the depth of 28-30 cm, 
mineral fertilizers’ application dose N90P90, 
plants population 150 plants/m2, and irrigation 
applied - 3600 kg/ha. 
The similar tendency has been discovered 
while the evaluation of chickpea WUE. It was 
determined that mineral fertilizers, increased 
plants population and irrigation significantly 
increased the index. Irrigation increased WUE 
of chickpea more than two times. However, the 
contrary tendency was discovered in regard to 
the effect of plowing depth on the crop WUE. 
Increased plowing depth led to decrease of 
WUE by 0.56%. This is the fact that made us 
think that the out pay of yield at the variants 
with deeper plowing is not worth that amounts 
of water that are used by the crop on these 
variants.
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Table 2. Chickpea yield depending on cultivation technology elements (kg/ha) (average for the period 2012-2014) 
Plowing depth Mineral fertilizers 

application dose 
Plants population 

50 plants/m2 100 plants/m2 150 plants/m2 

Rain-fed conditions (no irrigation) 
A1 (20-22 cm) B1 1260 1480 1550 

B2 1410 1680 1770 
B3 1520 1800 1900 

A2 (28-30 cm) B1 1280 1500 1600 
B2 1440 1720 1830 
B3 1560 1850 1980 

Irrigation 
A1 (20-22 cm) B1 2180 2480 2700 

B2 2660 3020 3310 
B3 2830 3240 3530 

A2 (28-30 cm) B1 2220 2530 2740 
B2 2710 3100 3380 
B3 2890 3330 3600 

Note: The LSD05 for factors А, D – 0.035-0.048; В, С – 0.043-0.059; interactions АD – 0.050-0.068; ВD, СD, АВ, АС – 0.061-0.083; ВС – 0.075-
0.102; АВD, АСD – 0.086-0.118; ВСD, АВС – 0.106-0.144; АВСD – 0.150-0.204. All the differences between the studied variants are significant. 
 

Table 3. Chickpea WUE depending on cultivation technology elements (kg/mm) (average for the period 2012-2014) 
Plowing depth Mineral fertilizers 

application dose 
Plants population 

50 plants/m2 100 plants/m2 150 plants/m2 
Rain-fed conditions (no irrigation) 

A1 (20-22 cm) B1 8.81 11.24 11.79 
B2 10.48 13.94 14.65 
B3 11.89 15.67 16.31 

A2 (28-30 cm) B1 8.47 10.76 11.83 
B2 10.21 13.75 14.99 
B3 11.74 15.57 17.00 

Irrigation 
A1 (20-22 cm) B1 15.53 19.50 22.28 

B2 22.64 28.46 32.61 
B3 25.16 31.95 36.66 

A2 (28-30 cm) B1 15.57 19.36 22.13 
B2 22.43 28.41 32.41 
B3 24.68 31.96 36.36 

     
Previously conducted studies proved that 
chickpea water use and water use efficiency are 
strongly dependent on the water supply of the 
crop, and on the peculiarities of rainfall 
distribution if we are talking about the rain-fed 
conditions (Zhang et al., 2000). Singh and 
Rama (1989) also reported about the response 
of chickpea to the water stress. This is in strong 

agreement with the results of our study that 
testify about significant WUE improvement of 
chickpea related to irrigation. Bhattarai et al. 
(2008) reported about the effect of the 
irrigation management practice and scheduling 
on the WUE of chickpea. Strong et al. (1997) 
also found out a strong correlation between 
chickpea yield, WUE and water supply. 

However, in some environmental conditions, 
irrigation can result in worse WUE of the crop 
if it is sown in inappropriate time (Oweis et al., 
2004). 
The fact that additional supply with mineral 
nutrition improves chickpea yield and WUE 
was reported by Khan et al. (2003), Singh and 
Bhushan (1980), Parihar (1990). Besides, soil 
nitrogen level together with fertilization, 
cultivar and Rhizobial inoculation of seeds was 
also proved to be a factor of WUE index 
changes (Gan et al., 2010). All these scientific 
results are in agreement with ours. However, 
we think that chickpea reaction on fertilization 
management has not yet sufficiently studied in 
semi-arid climatic conditions both at the 
irrigated and non-irrigated conditions. 
Chickpea response on the tillage practice is 
studied insufficiently. There is a study related 
to investigation of chickpea reaction to three 
tillage practices (no-till, minimum tillage and 
conventional tillage), however, it was 
conducted only in the rain-fed conditions, 
which is not the best option for chickpea 
cultivation in the arid and semi-arid climate 
(Rathore et al., 1998). Another study claimed 
about higher WU of chickpea under the no-till 
option comparatively to conventional tillage 
(Fernandez-Garcia et al., 2013). 
Leach and Beech (1988) reported about slight 
affection of plant density and inter-row spacing 
on chickpea productivity and WUE. They also 
claimed about considerable differences in 
radiation use efficiency by the crop in 
dependence on different sowing patterns. Bahr 
(2007) has also claimed about significant 
differences in yielding patterns and 
productivity of chickpea due to the different 
plants population. And the fact of different crop 
productivity is always closely connected with 
the fact of different WUE of the crop, as it was 
proved by the results of our scientific 
experiments. Plants population effects on the 
crop yield was also studied by Jettner et al. 
(1999), and Gan et al. (2003). 
Besides the studied factors, there are other 
factors that affect WUE of chickpea plants, for 
example, variety, sowing time, etc. (Brown et 
al., 1989). Therefore, further investigations in 
this field are required to provide concerned 
agricultural producers with scientifically 
substantiated comprehensive recommendations 

on chickpea water-saving and efficient 
cultivation technology. 
 
CONCLUSIONS 
 
The best WUE of chickpea in the experiments 
was provided by the variant with the crop 
cultivation by plowing at the depth of  
20-22 cm, fertilization dose N90P90, plants 
population of 150 plants per m2 at the irrigated 
conditions (36.66 kg per mm), while the 
maximum grain yield was obtained under the 
plowing at the depth of 28-30 cm with the same 
other options (3600 kg per ha). Therefore, we 
see that deeper plowing increases yield but has 
a negative effect on WUE. Rain-fed chickpea 
provided less yield under comparatively low 
WUE. Application of mineral fertilizers at the 
optimum plant population significantly 
improved chickpea productivity and WUE. 
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Table 2. Chickpea yield depending on cultivation technology elements (kg/ha) (average for the period 2012-2014) 
Plowing depth Mineral fertilizers 

application dose 
Plants population 

50 plants/m2 100 plants/m2 150 plants/m2 

Rain-fed conditions (no irrigation) 
A1 (20-22 cm) B1 1260 1480 1550 

B2 1410 1680 1770 
B3 1520 1800 1900 

A2 (28-30 cm) B1 1280 1500 1600 
B2 1440 1720 1830 
B3 1560 1850 1980 

Irrigation 
A1 (20-22 cm) B1 2180 2480 2700 

B2 2660 3020 3310 
B3 2830 3240 3530 

A2 (28-30 cm) B1 2220 2530 2740 
B2 2710 3100 3380 
B3 2890 3330 3600 

Note: The LSD05 for factors А, D – 0.035-0.048; В, С – 0.043-0.059; interactions АD – 0.050-0.068; ВD, СD, АВ, АС – 0.061-0.083; ВС – 0.075-
0.102; АВD, АСD – 0.086-0.118; ВСD, АВС – 0.106-0.144; АВСD – 0.150-0.204. All the differences between the studied variants are significant. 
 

Table 3. Chickpea WUE depending on cultivation technology elements (kg/mm) (average for the period 2012-2014) 
Plowing depth Mineral fertilizers 

application dose 
Plants population 

50 plants/m2 100 plants/m2 150 plants/m2 
Rain-fed conditions (no irrigation) 

A1 (20-22 cm) B1 8.81 11.24 11.79 
B2 10.48 13.94 14.65 
B3 11.89 15.67 16.31 

A2 (28-30 cm) B1 8.47 10.76 11.83 
B2 10.21 13.75 14.99 
B3 11.74 15.57 17.00 

Irrigation 
A1 (20-22 cm) B1 15.53 19.50 22.28 

B2 22.64 28.46 32.61 
B3 25.16 31.95 36.66 

A2 (28-30 cm) B1 15.57 19.36 22.13 
B2 22.43 28.41 32.41 
B3 24.68 31.96 36.36 

     
Previously conducted studies proved that 
chickpea water use and water use efficiency are 
strongly dependent on the water supply of the 
crop, and on the peculiarities of rainfall 
distribution if we are talking about the rain-fed 
conditions (Zhang et al., 2000). Singh and 
Rama (1989) also reported about the response 
of chickpea to the water stress. This is in strong 

agreement with the results of our study that 
testify about significant WUE improvement of 
chickpea related to irrigation. Bhattarai et al. 
(2008) reported about the effect of the 
irrigation management practice and scheduling 
on the WUE of chickpea. Strong et al. (1997) 
also found out a strong correlation between 
chickpea yield, WUE and water supply. 

However, in some environmental conditions, 
irrigation can result in worse WUE of the crop 
if it is sown in inappropriate time (Oweis et al., 
2004). 
The fact that additional supply with mineral 
nutrition improves chickpea yield and WUE 
was reported by Khan et al. (2003), Singh and 
Bhushan (1980), Parihar (1990). Besides, soil 
nitrogen level together with fertilization, 
cultivar and Rhizobial inoculation of seeds was 
also proved to be a factor of WUE index 
changes (Gan et al., 2010). All these scientific 
results are in agreement with ours. However, 
we think that chickpea reaction on fertilization 
management has not yet sufficiently studied in 
semi-arid climatic conditions both at the 
irrigated and non-irrigated conditions. 
Chickpea response on the tillage practice is 
studied insufficiently. There is a study related 
to investigation of chickpea reaction to three 
tillage practices (no-till, minimum tillage and 
conventional tillage), however, it was 
conducted only in the rain-fed conditions, 
which is not the best option for chickpea 
cultivation in the arid and semi-arid climate 
(Rathore et al., 1998). Another study claimed 
about higher WU of chickpea under the no-till 
option comparatively to conventional tillage 
(Fernandez-Garcia et al., 2013). 
Leach and Beech (1988) reported about slight 
affection of plant density and inter-row spacing 
on chickpea productivity and WUE. They also 
claimed about considerable differences in 
radiation use efficiency by the crop in 
dependence on different sowing patterns. Bahr 
(2007) has also claimed about significant 
differences in yielding patterns and 
productivity of chickpea due to the different 
plants population. And the fact of different crop 
productivity is always closely connected with 
the fact of different WUE of the crop, as it was 
proved by the results of our scientific 
experiments. Plants population effects on the 
crop yield was also studied by Jettner et al. 
(1999), and Gan et al. (2003). 
Besides the studied factors, there are other 
factors that affect WUE of chickpea plants, for 
example, variety, sowing time, etc. (Brown et 
al., 1989). Therefore, further investigations in 
this field are required to provide concerned 
agricultural producers with scientifically 
substantiated comprehensive recommendations 

on chickpea water-saving and efficient 
cultivation technology. 
 
CONCLUSIONS 
 
The best WUE of chickpea in the experiments 
was provided by the variant with the crop 
cultivation by plowing at the depth of  
20-22 cm, fertilization dose N90P90, plants 
population of 150 plants per m2 at the irrigated 
conditions (36.66 kg per mm), while the 
maximum grain yield was obtained under the 
plowing at the depth of 28-30 cm with the same 
other options (3600 kg per ha). Therefore, we 
see that deeper plowing increases yield but has 
a negative effect on WUE. Rain-fed chickpea 
provided less yield under comparatively low 
WUE. Application of mineral fertilizers at the 
optimum plant population significantly 
improved chickpea productivity and WUE. 
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Abstract  
 
In the samples of alluvial meadow soils (irrigated and non-irrigated) in the Lower Dniester River were determinate the 
Cu, Zn, Co, Ni, Pb, Cd, Cr, Mn contents and their vertical distribution. The results indicated that irrigation has led to 
obvious accumulation of heavy metals in the alluvial soil: in the humiferous, gleyic and carbonatic horizons in different 
concentration. The non-irrigated fallow alluvial soils differ from the arable irrigated soils by a higher content of 
elements in profile, especially in the humiferous horizon, which is related to the specific conditions of their genesis, 
geomorphological characteristics, the hydrological regime etc. Thus, in the alluvial soils, approximately 50% of the 
total reserves of mobile forms of microelements are concentrated in the upper part of the soil profile (0-38 cm). 
 
Key words: alluvial soils, irrigation, heavy metals, Lower Dniester meadow. 
 
INTRODUCTION   
 
Under conditions of soil cover degradation and 
climate change, food security in the Republic 
of Moldova can be ensured by expanding the 
surfaces with irrigated soils. The most suitable 
areas for development of irrigated agriculture 
are the lands in the floodplains with alluvial 
soils. On the territory of the Republic of 
Moldova, within the agricultural land the 
alluvial soils occupy the area of about 120 
thousand hectares and are the main object for 
development of irrigated agriculture, because 
they can be easily provided with irrigation 
water from the neighboring rivers (Kuharuk et 
al., 2017; Leah, 2014). In this case, a major 
interest for the extension of irrigated 
agriculture is represented by the alluvial soils 
of the Lower Dniester meadow. 
The research purpose was to determine the 
geochemical regularity of migration and 
accumulation of heavy metals (Cr, Mn, Co, Ni, 
Cu, Zn, Cd, Pb) in the irrigated and non-
irrigated alluvial soils of the Lower Dniester 
river of Moldova.  
The research objectives:  
1) to determine the total content and mobile 
forms of heavy metals in the irrigated (arable) 

and non-irrigated (fallow) alluvial soils of the 
Lower Dniester river meadow;  
2) to determine the regularity regarding the 
accumulation and vertical distribution of the 
elements in the profiles of alluvial soil under 
the irrigation impact. 
 
MATERIALS AND METHODS  
 
Samples of irrigated and non-irrigated typical 
alluvial soils from the Lower Dniester meadow 
were collected for determination of total 
content and mobile forms of Cr, Mn, Co, Ni, 
Cu, Zn, Cd, Pb. To irrigate the alluvial soils, 
the water from the Dniester River was used. 
For carrying out the works provided by project 
the field pedological research and laboratory 
geochemical analyzes the classical methods 
were used. The determination of heavy metals 
was performed by atomic absorption 
spectrophotometry method.  
 
RESULTS AND DISCUSSIONS 
 
Soils of meadow landscapes are an integral 
component of very complex and productive 
ecosystems. The complexity of soil genesis 
process, its high dynamism, the specifics of 


