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Abstract. Assessment of irrigation water quality is proposed using the irrigation water quality index
(IWQI) according to Maia and Rodrigues (2012) and Ayers and Westcot (1985), principal component
analysis and agglomerative hierarchical clustering of cations, anions and concentration of Co?*, Cu®*,
Fe?*, Mn?*, Ni%*, and Zn?*, water classification due to EC effect on broad bean yield in pot experiment
were carried out and WQI was determined in Sulaimani Governorate Kurdistan region, Irag. The pot
experiment depended on 16 well waters, the experiment was done at Bakrajo technical institute field.
Water samples were collected in November, 2021 then tested for physicochemical properties and some
heavy metals concentration. In general, the studied water samples had similar classes approximately while
they are differing in class numbers. The studied water was classified in to (4, 2, 4, 4, 4, 4, 4, and 3)
classes according to Maia and Rodrigues (2012) and Ayers and Westcot (1985) PCA, cluster analysis of
physiochemical water properties, PCA, cluster analysis for EC, PCA for yield and, cluster analysis for pot
experiments yields, respectively. The broad bean yield decreased with increase in water EC, it means low
irrigation water conductivity resulted high yield in both pot experiments and vice versa.

Keywords: water classification, IWQi, broad bean, principal component analysis

Introduction

The evaluation of water quality is an essential technique for environmental
sustainability since it offers essential information for irrigation systems. Water supply for
irrigation requires information of both quantity and quality; however, quality is frequently
overlooked, particularly in underdeveloped nations. Water resources are renewable and
important in the water supply of many nations’ urban and sub-urban areas. The growth of
understanding of hydrochemical processes is aided by hydrogeochemical analyses that
alter the chemical characteristics of subsurface water. In turn, establishing correlations
between different hydrogeological characteristics can aid in the effective use and long-
term maintenance of water resources (Awad et al., 2022). Water quality is an important
source of water in lakes and reservoirs that is used for a variety of reasons such as
irrigation and fish culture. Another thing that made water quality a global issue is global
population increase and contamination groundwater has lately become a critical issue
(Sarhat, 2022).

Rajab (2022) studied the irrigation water quality index for 354 water samples, in Erbil
governorate out of which 200 were taken from deep wells, their quality varied between
poor, bad, medium, good and excellent classes depending on Erbil modified irrigation
water quality index values (EM-IWQI**). Since water supply is critical for household and
farming production in the Western desert of Irag due to a shortage of surface and
groundwater resources, the quality of groundwater and its suitability for agricultural use
were assessed (Al-Mussawi, 2014). Also, many investigations on the quality of
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groundwater in the Kurdistan area have been conducted (Ralph, 1955) The first efforts
started in Erbil and Altun kupri plains in the 1950s. The majority of these studies exclude
ionic content and movement; nonetheless, all chemical, physicochemical, and biological
activities that occur inside the ecosystem, in addition to nutrient absorption by plants, are
dependent on ionic activity rather than concentration (Esmail, 1992). The water quality
index represents one of the most efficient values for communicating accurate information
on water to concerned individuals and governments. The water quality index (WQI) is a
rating that reflects the combined effect of many water quality factors. Horton (1965)
pioneered the application of the WQI idea, which was subsequently expanded by Brown
et al. (1970). The Water Quality Index (WQI) is a complex formula that is used to convert
a vast variety of quality information into a single value that indicates the general quality
of water at a particular location and time based on numerous water quality indicators.
Ground water is a crucial valuable natural resource. It can be a sustainable or non -
renewable resource depending on how it is used. It is believed that one-third of the
world’s population drinks from groundwater. Groundwater is in severe condition due to
the increased reliance of agricultural on groundwater resources. Agriculture has both
direct and indirect effects on the chemistry of groundwater (Bohlke, 2002).
Approximately 70 percent of total freshwater supplies were used for agriculture. The
quality of groundwater in rural regions is vulnerable to contamination derived from
agricultural chemicals (Chae et al., 2004). Water sources are widely exploited for
agriculture, and water quality is deteriorating. To manage this rich resource effectively, it
is vital to integrate all linked characteristics correctly rather than concentrating on a single
isolated component (Kumari et al., 2020). The Faba bean or broad bean (Vicia faba L.) is
a vital bean with high nutritive value since it is high in protein, fiber, vitamins, and
minerals. This plant is sensitive to salt areas, and efforts are being done to boost its
production and yields, mostly in marginal desert terrain (Souana et al., 2020), where
salinity has been one of the most serious dangers to plant and agricultural yields for
millennia, and its negative impacts are predicted to worsen as a result of climate change,
particularly in countries with semiarid and arid regions. According to recent studies, and
over 45 thousand hectares of irrigated area worldwide have been influenced by salt
tension, and this number is constantly increasing (Isayenkov and Maathuis, 2019).

The aim of the research is to assess irrigation water quality index and classification
according to Maia, and Rodrigues (2012) and Ayers and Westcot (1985), principal
component analysis and agglomerative hierarchical clustering of cation anions and some
heavy metals (Co*?, Cu*?, Fe*2, Mn*?, Ni*2 and Zn*?) analysis, in addition to water
classification based on electrical conductivity of irrigation water depending on the broad
bean yield of pot experiments which principal component analysis and agglomerative
hierarchical clustering compared with Maia and Rodrigues (2012) and Ayers and Westcot
(1985) classifications.

Materials and methods
Study area

This study was carried out in Sulaimani governorate (province), which is one of the
Kurdistan Region Iraq governorates with the GPS reading of latitude = 35.566864;
longitude = 45.416107 and altitude of 882 m (Fig. 1). Table 1 explains the information
about the applied water resources in pot experiments. Current study used the water
resource of 16 locations: L3 (TakTak), L4 (Gazalan), L6 (Ali Zangana), L7(Sofi
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Hassan), L8 (Kani ShaitanVillage), L11 (Sharawany Allahi), L12 (Kazhzwa Village
shar bazher), L14 (kani sard S1), L20 (Girdjan), L23 (Dolabafra), L33 (Swrdash), L37
(Gokhlan), L40 (Barrawa), L45 (TapiSafay khwarw/1), L52 (Tangisar Village S1), and
L56 (Bakhtiary)).
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Figure 1. Study area locations map

Statistical analysis

XLSTAT 2019.59614 -statistical analysis software was used for statistical data set
analysis. For direct comparison of treatments, principal component analysis with
agglomerative hierarchical clustering and least square means test (LS means) among the
treatment combination of the studied factor levels were used for testing the main effects
of all the variables at statistical significance level of (p < 0.05).

Water sampling for the determination of water quality index

Water sampling for the evaluation of water quality index in this research included the
following steps:

First: Water samples of 100 locations or wells (L1 to L100) were tested for surveying
well waters in the study area, the samples were compared based on EC and pH values.

Second: Out of the 100 wells 57 differed, therefore, the number of the study samples
was reduced to 57 samples for PhD dissertation.

Third step: The water of 57 selected wells were tested for physicochemical and some
heavy metal, then 16 of them were selected for pot experiment using broad bean plant
and for classification according to different methods (Fig. 1; Tables 1 and 4). Each
sample of water was collected in a container of 1.5 L for physiochemical analysis,
which Show from (Appendix 1).
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Water analysis and calculating irrigation water quality index (IWQI)

Sixteen irrigation water quality parameters were analyzed according to APHA (1998)
which included cations (Ca%*, Mg?*, K*and Na*), and anions (HCOs", SO4%, NOs", and
CI). Heavy metal ions (Co?*, Cu?*, Fe?*, Mn?*, Ni?*, and Zn?") were analyzed using
ICP-9820 plasma atomic emission spectrometer, Shimadzu, JAPAN. The pH and
electrical conductivity (EC) were determined using portable pH-meter (Hanna pH h
98107) and EC-meter model (HI1981311), respectively (Fig. 2). The sodium adsorption
ratio (SAR) was calculated according to Ayers and Westcot (1985, 1999). Table 2
shows pH, EC concentration of cations, anions some heavy metals and calculated IWQI.

Table 1. Information on 16 wells and their locations, used in pot experiment

Locations irrigation |GPS UTM | Elevation | Drilling Depth . .
: Geological formation
water sources points (m) date (m)
L3 (TakTak) 519937 726 2010 40 Bai-Hassan and Muqdadeya
3946535 qaadey
518352 .
L4 (Gazalan) 3947459 646 2014 54 Bai-Hassan and Mugdadeya
. 3925659 .
L6 (Ali Zangana) 3924852 680 2009 75 Injana & Fatha
. 490323 .
L7 (Sofi Hassan) 3925264 721 2016 100 Injana & Fatha
o . 500478 .
L8 (Kani ShaitanVillage) 3945133 914 2001 60 Injana & Fatha
. 483690 Kolosh-Khurmala-Sinjar-
L11 (Sharawany Allahi) 3937843 882 1998-2012 100 Gercus-Pilaspi
L12 (Kazhzwa Village | 442901 Kometan-Qamchuga-Agra-
Shar Bazher) 3933460 | L1116 2008 54 Shiranish-Balambo
L14 (Kani Sard S1) 450996 896 2012 100 Bai-Hassan and Muqdadeya
3946263 qaadey
- 518366 Metamorphic Rocks-Thrust
L20 (Girdjan) 4006752 542 2020 60 Mountain
L23 (Dolabafra) 495160 559 2006 102 Alluvial and River Terrasses
4009491
490620 .
L33 (Swrdash) 3968490 1027 2012 100 Injana & Fatha
404897 Metamorphic Rocks-Thrust
L37 (Gokhlan) 3954728 1259 2020 71 Mountain
413262 MetamorphicRocks-Thrust
L40 (Barrawa) 3958718 1231 2015 90 Mountain
L45 (TapiSafay 412231 .
Khwarw/1) 3905443 522 2009 153 Bai-Hassan and Mugdadeya
L52 (Tangisar Village 473726 .
s1) 3920645 860 2015 60 Injana & Fatha
. 591253 . .
L56 (Bakhtiary) 3873500 815 1985 141 Alluvial and River Terrasses
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Table 2. Concentration of cations, anions, some heavy metals and irrigation water quality index for irrigation waters used in pot experiments

EC ca? [ M2 ] Na* | K [ Hco; [ sor [ Nos [ cr | co | cu? | Fe? [ Mn2 | Ni? [ zn® SAR
Study area pH (@sm (Meq.L) Mg. g9 (Meq.L )72 IWQI
L3 77 | 0943 | 5384 [ 360 | 0371 | 0021 | 567 | 1.96 | 057 | 200 | 0.0147 | 00296 | 0.0128 | 0.0395 | 0.0058 | 0.0141 0.175 3.07
L4 79 | 0860 | 5093 | 297 | 0.347 | 0049 | 508 | 218 | 0.74 | 154 | 0.0156 | 0.0337 | 0.0156 | 0.0428 | 0.0050 | 0.0110 0.173 2.89
L6 75| 0798 | 4423 | 211 | 1014 | 0052 | 398 | 279 | 046 | 0.69 | 0.0169 | 00380 | 0.0172 | 0.0418 | 0.0053 | 0.0063 0561 250
L7 71| 1700 | 6750 | 851 | 1.022 | 0692 | 951 | 394 | 041 | 271 | 00093 | 0.1620 | 0.0689 | 0.3600 | 0.0015 | 0.0143 0.370 10.720
L8 78 | 0702 | 4795 | 1.96 | 0100 | 0013 | 321 | 074 | 023 | 283 | 00102 | 00291 | 0.0204 | 0.0404 | 0.0034 | 0.0071 0.054 2746
L11 79 | 0520 | 3523 | 146 | 0127 | 0031 | 452 | 051 | 011 | 054 | 0.0001 | 0.0033 | 0.0017 | 0.0293 | 0.0002 | 0.0010 0.080 0.778
L12 66 | 1125 | 8477 | 0.78 | 0633 | 1.044 | 741 | 157 | 085 | 1.63 | 0.0003 | 00217 | 0.0211 | 0.0551 | 0.0029 | 0.0091 0.294 10.716
L14 79 | 0994 | 5677 | 341 | 0633 | 0088 | 689 | 1.37 | 0.06 | 1.66 | 0.0002 | 0.0022 | 0.0012 | 0.0048 | 0.0067 | 0.0002 0.297 3.374
L20 76 | 082 | 6314 | 156 | 0208 | 0034 | 7.08 | 078 | 052 | 0.63 | 0.0004 | 0.0096 | 0.0056 | 0.0335 | 0.0022 | 0.0043 0.105 1.382
L23 78 | 0412 | 3756 | 023 | 0.082 | 0021 | 354 | 025 | 035 | 029 | 0.0009 | 0.0052 | 0.0075 | 0.0284 | 0.0011 | 0.0104 0.058 0.373
L33 78 | 0743 | 4744 | 202 | 0184 | 0161 | 562 | 095 | 035 | 0.71 | 0.0008 | 0.0078 | 0.0030 | 0.0307 | 0.0025 | 0.0076 0.100 2.054
L37 72| 0393 | 2651 | 042 | 0226 | 0010 | 295 | 028 | 013 | 029 | 0.0006 | 0.0010 | 0.0387 | 0.0251 | 0.0016 | 0.0002 0.183 0.682
L40 76 | 0570 | 3209 | 214 | 0254 | 0017 | 449 | 055 | 0.34 | 0.34 | 0.0008 | 0.0018 | 0.0009 | 0.0241 | 0.0013 | 0.0003 0.155 0.484
L45 73| 0621 | 4744 | 127 | 0145 | 0019 | 564 | 064 | 038 | 0.34 | 00014 | 00018 | 0.0010 | 0.0293 | 0.0014 | 0.0207 0.084 0.566
L52 72| 1290 | 6895 | 474 | 1.064 | 0067 | 7.95 | 205 | 0.6 | 2.80 | 0.0130 | 0.0620 | 0.0437 | 0.0538 | 0.0087 | 0.0209 0.441 5.198
L56 77| 0350 | 3058 | 021 | 0018 | 0016 | 2.85 | 026 | 0.35 | 0.34 | 0.0201 | 00273 | 0.0146 | 0.0391 | 0.0039 | 0.0270 0.014 0611

. |

Figure 2. Analysis of water cations and anions

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 21(3):2397-2416.
http://www.aloki.hu e ISSN 1589 1623 (Print) e ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/2103_23972416
© 2023, ALOKI Kft., Budapest, Hungary



Marif - Esmail: Quality evaluation of water resources for irrigation in Sulaimani Governorate, Iraq

- 2402 -

Soil preparation for pot experiments

For the pot experiments soil was gathered from Kany Panka Agricultural Research
Station (GPS UTM (0565776, 3914591) with cooperation of Sulaimani Agricultural
Research Directorate. The soil was taken from a depth of 0-30 cm, then air dried, lightly
crushed, and sieved using a 4 mm stainless-steel sieve. A piece of the soil was sieved

through 2 mm for physicochemical analysis.
Soil analyses were done as follows:

e Soil EC and pH, were determined in a 1:10 soil/distilled water solution using

glass electrodes and conductance Resistance meter (YSI 34) (Thomas, 1996).
Organic matter was determined using Walkley-Black technique (Walkley and
Black, 1934).

Total calcium carbonate concentration was assessed using the Scheibler
calorimeter method (Loeppert and Suarez, 1996).

Calcium and magnesium were determined by titration method using Na;EDTA
(Karita and Kaneta, 2016).

Sodium and potassium were determined using flame photometer according to
Havre (1961).

HCOs and CO3s? were determined according to Moss et al. (2016).

Chloride was determined by titration with AgNOs (Nishanthiny et al., 2010).
Phosphorus was determined using a spectrophotometer as mentioned by Olsen
et al. (1954).

Soil particle distribution (PSD) was determined according to Bouyoucos
(1936) and Mwendwa (2022), Table 3 explains the physicochemical properties
of the studied soil.

Table 3. Soil physiochemical analysis

Soil properties Kanipanka location
Soil texture type Silty clay
Sand (g/kg) 3.23
Silt (g/kg) 53.91
Clay (g/kg) 42.86
pH 7.64
EC (dS.m™) 0.27
Organic matter 15
Available phosphate (ppm) 11.67
%CaCOs 20
Calcium (Ca*?) 1.42
Magnesium (Mg*?) 1.1
Potassium (K*) 0.16
Sodium exchange (Na*) SOIUbIe((:r?]triT?QIZ;iS)d anions 212.263
Carbonate (CO3” 0.00
Bicarbonate (HCO5%) 2
Chloride (CI") 0.3
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Broad bean (Vicia faba L.) planting

The seeds of broad bean (Vicia faba L.) (Fito variety). The seeds were taken then soaked
in water for about 24 h, then removed from the water and sown in pots of 25 L in size. The
pot experiments were done to study the effect of 16 water qualities on broad bean yield
using complete randomized design (CRD) with 3 replicates for each outdoor and indoor
experiment. The number of experimental units or pots per experiment was 16 x 3 = 48 pots.
After sieving the soil by 4 mm sieves, each pot was filled with 30 kilograms of soil. On
November 14, 2021, broad bean seeds were planted with 3 seeds per pot.

Irrigation

The irrigation was done depending on weight method. The irrigation water was
transferred from the selected 16 wells to the location of the pot experiment using 20-L
containers for each well or water source locations. The amount of irrigation water added to
each pot was 65 and 53 L for indoor and outdoor pot experiments, respectively. The reason
of using two different climatic growing cultivation (indoor and outdoor) was to test the
effects of rainfall on decreasing the risk of salinity on yield and growing of broad bean
(Vicia faba L.) due to dilution effect to the depth of rainfall (precipitations amount) during
the growing season of broad bean was 426.7 mm for outdoor experiment only which was
equivalent to 26.80 L for the pot having radius of 20 cm. The rainfall caused the dilution of
irrigation water by (26.80/53) = 0.50 or 505 dilutions of salinity of irrigation water for
outdoor pot experiment. The average temperature of the experiment was ranged between -
0.4-30°C and 4 to 35°C for outdoor and indoor experiments, respectively. The fertilizers
were not applied due to using fertile soil in the pot experiments (Table 2). The infection of
plants with disease were not noted and plants were healthy.

Harvesting

On April 26, 2022, the plants were harvested. After harvesting the yield and yield
components were determined (Steadman et al., 2004). Appendixes 2 and 3 show growing
and planting of broad bean (Vicia faba L.).

IWQI calculation in 3 equations

The main steps for determining IWQI was summarized as follow:
(1) Calculating the deviation from the reference values for each variable, considering
normal distribution of data, the Z-test was applied for data standardization as follow:

z; =(x;—x) /5D (Eq.1)

where: Zi = Standardized value of the studied parameter. Xi=Value of the property
determined at the water source. X-=Mean value of the variable evaluated from the
reference population. = Standard deviation of the parameter determined from the reference
population.

(2) Calculating the IWQI for the studied parameters such as (Ca?*, Mg?*, Na*, K*, CI,
HCOs™, SO+, and NOs") by using the following equations:

wQI = 3/(z,)?- (Eq.2)
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WQIi = The Index value for the characteristic of the studied water quality. Zi = The
standardized variable value.
(3) Calculating the IWQI as follow:

l n -
IWQI = EZW@IL (Eq.3)

where WQIi = The index Water Quality Index for the characteristic. IWQI = Irrigation
Water Quality Index. Four irrigation water quality classes (1, 2, 3 and 4) were created
(Table 3). The classification was determined based on the range of values from -1.96 to
1.96 for class 1. This indicates a 95% probability that the WQIi value is statistically equal
to the reference population; in other words, the values of the indices contained in the
determined interval do not present any degree of restriction. The other classes were
obtained according to Table 4. The main reason for choosing these parameters is that they
are most relevant of relation of broad bean growth and yield to parameters. The method
(Maia, and Rodrigues, 2012) arithmetic index was applied on the average values of each
parameter in each suburb (Stations) to calculate IWQI. Also, irrigation water was
classified according to this method (Tables 2 and 4).

Table 4. Condition for classification of the water quality index for the characteristic
evaluated (WQIi) and for the irrigation water quality index (IWQI)

IWQi or WQIi Restriction
WQIi or IWQI <1.96 1- (Excellent)
1.96 < WQIi or IWQI <5.88 2- (Good)
5.88 < Wii or IWQI <9.80 3- (Average)
WQIi or IWQI >9.80 4- (Poor)

Results and discussion

Water classification depending on physiochemical properties using PCA and some
global classifications

The selected water for pot experiments were classified depending on physiochemical
analysis (Table 2) using different methods and tools, which were the followings: Maia
and Rodrigues, 2012; Ayeres and Westcot, 1985; PCA, Cluster. PCA depending on EC
only, Cluster analysis depending on EC. PCA depending on broad bean yield, Cluster
analysis depending on broad bean yield. (Table 5). Depending on Maia and Rodrigues
(2012) the irrigation water for (2, 1, 6 and 7) wells had poor. average, good and
excellent classes respectively since the IWQI of the studied water samples ranged
between less than 0.37 to 10.73 (Table 2). According to Ayers and Westcot (1985)
referring to electrical conductivity the water of wells at locations (L8, L11, L23, L33,
L37, L40, L45 and L56) had non-restriction of use class since their EC values ranged
between (0.35 to 0.74) dSm™, while the water at locations (L3, L 4, L 6, L 7, L12, L14,
L20, and 52) had severe to medium restriction of use since their EC values ranged from
0.80 to 7.90 dS m™, while comparison between each method of classification were done
many of them were near in classification and some of them were different due to the
chemical composition and geological formation.
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Table 5. Water classification depending on PCA) and some global classifications

Depending on water Depending on EC Pot experiments
) EC Maia, and | Ayersand properties (dsm?) classes
Locations . | pPH | Rodrigues Westcot
(dsm™) (2012) (1985) PCA Cluster PCA Cluster PCA Cluster
classes classes classes classes classes classes
L3 0.94 1.7 Good S-MR 1 1 1 1 1 1
L4 0.86 7.9 Good S-MR 1 1 1 1 1 1
L6 0.80 75 Good S-MR 1 1 2 1 4 1
L7 1.70 7.1 Poor S-MR 4 2 3 2 2 2
L8 0.70 7.8 Good NR 1 1 1 2 1 1
L11 0.52 7.9 | Excellent NR 2 3 1 1 1 3
L12 1.13 6.6 Poor S-MR 3 2 4 2 2 4
L14 0.99 7.9 Good S-MR 1 1 1 1 1 1
L20 0.82 7.6 | Excellent S-MR 2 4 1 1 1 1
L23 0.41 7.8 | Excellent NR 2 3 1 1 3 3
L33 0.74 7.8 Good NR 2 4 1 1 1 1
L37 0.39 7.2 | Excellent NR 2 3 2 3 4 3
L40 0.57 7.6 Excellent NR 2 3 1 1 3 3
L45 0.62 7.3 Excellent NR 2 3 1 1 4 3
L52 1.29 7.2 Average S-MR 3 5 3 2 2 4
L56 0.35 7.7 | Excellent NR 2 3 2 3 3 3

S-MR = Slight to moderate restriction, NR = no restriction

Classification of water depending on IWQI values and physicochemical properties
using principal component analysis (PCA)

Figure 3 and Table 5 illustrate the principal component analysis which used as a tool
or method in the study for water classification depending on concentration of cations,
anions and some heavy metals (Table 2) The studied water samples were categorized
into 4 classes as follow:

First class (C1) denoted by rectangular shape in Figure 3 which included water
samples from locations or wells (L8, L14, L 3, L4 and L6) and their EC values
ranged between (0.70 and 0.99) dS m* (Ndoye et al., 2018).

Second class (C2 or trapezoid shape) that consisted of (L20, L33, L40, L45,
L23, L37, L11 and L56) with the electrical conductivity value of (0.39 to 0.74)
dSm?.

Third class 3 (C3 or circle shape) represented the water for locations (L12 and
L52) with the EC value of (1.13 and 1.29) dS m™.

Forth class (C4 or trigonal shape) in Figure 3 only represented Location L7
with EC value of 1.70 dS m™. The factors which caused variation among water
classes had an eigenvalue equal or greater than one (Hameed, 2013). When the
loading factor values for the parameters > than selection criterion (SC) value of
factor means there is a significant effect on the current parameter. Similar
results obtained by Sajadi (2020) and Arai et al. (2022). It is appeared from
Figures 3 and 4 that the (F1 and F2) caused 65.24% and 50.68% variation,
respectively in the studied water parameters. These two factors may be
geological formation of the studied location and the amount of rainfall or
climatic factor (Rajab, 2021; Rashidi and Seilsepour, 2008).
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Figure 3. The biplot for the studied (cations, anions, EC, pH and heavy metals (Co?**, Cu?",
Fe?*, Mn?*, Ni** and Zn?*)) of active observation

Table 4 and Figure 4 explain classification of water depending on IWQIi values using
the agglomerative hierarchical clustering tool or method for physiochemical properties
of the studied water samples cations, anions, heavy metals, EC (dS m™) and pH. The
results were as follow:

e First class included the water of five locations (L3, L4, L14, L20 and L52) with
the EC and pH range of 0.82 to 1.29 dS.m™ and 7.20 to 7.90? respectively.

e Second class represented the water for nine locations (L6, L8, L11, L23, L33,
.37, L40, L45, and L56) having EC and pH range of 0.35 to 0.80 dS m™* and
7.20 to 7.90, respectively.

e Third class included only the water for location 7(L7) with the EC and pH
value of 1.70 dS m™* and 7.10, respectively (Adimalla,2019).

e Forth class also included the water for location 12 (L12) only with the EC and
pH values of 1.13 dS m™ and 6.60, respectively (Ezea et al., 2022).

Depending on EC value class four must be a part of third class, but the chemical
composition of the studied water samples also had great effect on water classification
(Esmail, 1992; Kareem, 2022; El-Defan et al., 2016) classification explained from Table
4 and Figure 4.

Figure 5 and Table 6 contain classification depended on EC value only using PCA
method the results of classifications were summarized in Table 7.

Table 6. Classification of the studied water depending on their EC (dS.m™) according to
PCA

Water class | EC (dS.m™) | Shape in Figure 4 No. of locations or wells No. of wells
Class: (C1) 0.52-0.99 Circle L3, L4,L8, 111, L14, 20 and L33 7
Class; (C») 1.13-1.70 Triangle L7,12 and L52 3
Classs (Cs) 0.35-0.57 Diamond L40, L23 and L56 3
Classs (Ca) 0.40-0.80 Rectangular L6, L37 and L45 3
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Figure 4. Dendrogram showing the clustering of (Cations, anions, EC, pH and Heavy metals
(Co**, Cu?*, Fe?*, Mn?*, Ni** and Zn?*) collected from the different regions
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Figure 5. The biplot showing classification of IWQi according to EC (dSm™) and pH collected
from the different regions

The results of classification in Table 6 were summarized in Table 7: The interference
is existing among above water classes depending on PCA tool, for solving this problem
the C1, C2 and C3 will combine together, and the final result of classification will be as
shown in Table 7.

Table 7. Classification of the studied water depending on their EC using PCA method after
solving the interferences in EC values

Water class | EC (dS.m™) | Shape in Figure 4 No. of locations or wells No. of wells
. L3, L4, L8, L11, L14, L20, L33, L40,

Class: (C1) 0.35-0.99 Circle L23. L56 L6, L37 and L45 13

Class; (C») 1.13-1.70 Triangle L7, L2 and L52 3
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The results of water classification depending on cluster analysis using EC (dS m™)
values

Table 8 explains classification of the studied water samples depending on electrical
conductivity. The samples can be divided into four groups or clusters or classes as
follow:

e First class (C1): The EC value ranged between 0.702 to 0.943 dS m™ which
covered L3, 4, 6, 8, 14, 20 and L33 locations (Safiur et al., 2017).

e Second class (C2): This class includes only L7 since its EC value was 1.7 (dS m™).

e Third cluster or class (C3): This class represents (L11, 23, 37, 40, 45, and L56),
since their EC values ranged between (0.62 and 0.350) (dS mY).

e Fourth class (C4): This class covers (L12 and L52) with EC values of 1.290
and 1.125 dS m, respectively (Akoachere et al., 2018; Dhaouadi et al., 2021;
Zaman et al., 2018). The space is excessed between clusters, each cluster
contains water samples having similarity or dissimilarity in the studied
chemical properties of the water samples or the studied variables due to
geological formation or agriculture processes. This result is in line with the
findings of Alsubih et al. (2022) and Rawat et al. (2018).

Table 8. Classification of irrigation water with agglomerative hierarchical clustering
depending on EC (dS.m™) from the different locations

Class EC (dSm™) Class2 | EC (dSm) | Classs | EC (dSm™) | Classs | EC (dSm™)
L3 0.943 L7 1.7 L11 0.520 L12 1.125
L4 0.860 L23 0.412 L52 1.290
L6 0.798 L37 0.393
L8 0.702 L40 0.570
L14 0.994 L45 0.621
L20 0.820 L56 0.350
L33 0.743

Irrigation water quality classification according to broad bean (Vicia faba L.)
productivity (pot experiment classifications)

Figure 6 and both Tables 5 and 9 explain broad bean productivity and irrigation
water classification collected from the different regions which were divided into four
classes depending on PCA as mentioned before.

Table 9. Principal component analysis irrigation water quality classification according to
broad bean (Vicia faba L.) productivity (pot experiment yield)

Water classes Locations EC dSm™ |Mean relative yield % |Relative ratio
Class 1 L3,4,8,11,14,20,23,33,40 and L45|0.994 to 0.412 47 to 82 1.231t0 1.67
Class2 L6,37 and L56 0.798 to 0.350 78 to 100 1t01.09
Class 3 L7 and L52 1.29t01.70 1910 38 1.42t0 1.39
Class 4 L12 1.13 27 1.13
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The results indicated that in general the increase in EC of water caused decrease in the
mean relative broad bean yield for both outdoor and indoor experiment, it means the plant
growth and yield are playing a great role in water classification and its suitability for
irrigation data result shows in Figure 6 and both Tables 5 and 9 explain broad bean
productivity and quality classification of irrigation water collected from the different
regions using principal component analysis. Based on the results four classes were recorded
as explained below:

e Class one (Cl1) circle shape in Figure 6 that covers locations
(L3,4,8,11,14,20,23,33,40, and L45) with EC values between (0.412 and
0.994 dS.m™) (El Sayed, 2014; Zaman et al., 2018).

e Second class (C2) or rectangular shape in Figure 6 which consist of L6,37, and
L56 their EC values ranged between 0.350 and 0.798 dSm™.

e Third class (C3) or triangle shape in Figure 6 which includes L7 and L52 with EC
between (1.290 to 1.7 dSm™?).

e Fourth class (C4) or hexagon in Figure 6 only covers (L12 with EC value 1.125
dS.m™?). Effect of interaction between EC and productivity due to chemical
composition of water for some locations similar in yield and high yield value with
low conductivity and low yield with high conductivity (Akoachere et al., 2018;
Dhaouadi et al., 2021).

Observations (axes F1 and F2: 93.259%%3)

14] 3
5 /\ Lis

C1
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=
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Figure 6. The biplot for the studied broad bean productivity and irrigation water quality
classification collected from the different regions

Classification of irrigation water depending on EC and broad bean relative yield
mean for both experiments (Figure 6 and Table 9)

Numerous plant parameters were studied in pot experiments as shown in Table
10, while the classification depended on the yield which is regarded as the most
important parameter. Figure 7 and Tables 5 and 10 represent agglomerative
hierarchical clustering analysis irrigation water quality classification according to
broad bean (Vicia faba L.) yield. The water of the study area according to
agglomerative hierarchical clustering was classified into three classes Class one (C1)
covers locations (L3, 4, 6, 11, 14, 20, 23, 33, 40, and L45) with EC values between
(0.412 and 0.994 dS.m™) and pH between (7.3 and 7.9) (El Sayed, 2014; Bahadori
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and Sepaskhah, 2022). The second class C2 consists of (L7, 8, 12, and L52) with EC
between (0.702 and 1.7 dS.m™) and pH value between 6.6 to 7.8 (MeiBner et al.,
2021). The third class C3 covers L37 and L56 with EC between (0.350 to 0.393
dS.m™) and pH between (7.2 and 7.7) (Abahri, 2015; Ali et al., 2021). The chemical
composition of water at the same EC values had great effect on yield.
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Figure 7. Dendrogram showing the classification of irrigation water clustering of broad bean
productivity of indoor and outdoor cultivation
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Table 10. Agglomerative hierarchical clustering analysis irrigation water quality
classification according to broad bean (Vicia faba L.) planting

Water classes Locations EC dSm™? |Mean relative yield %|Relative ratio
Class 1 L3,4,6,11,14,20,23,33,40 and L45|0.412 to 0.994 56.6 to 82.0 1.043t0 1.670
Class2 L7,8,12, and L52 0.702to0 1.7 19 to 47 1.13t01.63
Class 3 L37 and L56 0.350 to 0.393 94.4 t0 100 1t01.09

Interaction influences of water quality and outdoor and indoor pot experiments on
growth and yield of broad bean

Table 11 explains that the interaction between irrigation water quality and both pot
experiments affected significantly at p <0.01 growth traits and yield of broad bean. In
general increase in EC of irrigation water in both pot experiments caused decrease in
growth traits and yield of broad bean, with some exceptions due to differing water
chemical composition. Since increase in water salinity or EC value of irrigation means
decrease in their quality for irrigation (Labba et al., 2021; Richards, 1954; Ayers and
Westcot, 1985; Rafdhi et al., 2021; EI Mokh et al., 2022) broad bean parameters,
especially yield can be regarded as an indicator to irrigation water quality. These results
agree with those recorded by Nasrallah et al. (2022) and Bimurzayev et al. (2021).
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Table 11. Effect of the interaction of climate cultivation and irrigation water collected from
different locations on the growth and yield traits of broad bean

Green Green No. of
Dry pods Dry shoots :
Locations (dSEcrr:rl) pods yp shoots y pods Ip_ ggg t(EmO;
Weight (g plant?) plant

Indoor*L37 0.393 321.67° 65.67 2 322.33% | 63.333% | 9.00 P« 21.83%

Indoor*L56 0.350 353.33% | 63.33% | 281.67°¢ 59 b 9.50 b¢ 20.83

Indoor*L11 0.520 228.00" | 42.339" | 288.67°¢ | 57.400° | 10.00° 19.00 e

Indoor*L23 0412 | 255.67% | 46.67f 261.339 | 52.67 df 11502 19.17 bed

Indoor*L40 0.570 | 244.00°% | 35.00 | 225679 | 51.77°9¢ | 9.00 P« 20.00 P

Outdoor*L37 0.393 257.33¢ | 57.00 186.67 " | 54.00 e 633 i 16.80 fonii

Outdoor*L23 0.412 247.33% | 5500% | 184.33" 56.67 b 6.33 Ni 16.10 9niik

Outdoor*L56 0.350 | 260.00% | 60.00 | 186.33" | 54.33°% | 6£.33Mi 17.33¢%fon

Indoor*L33 0.743 191.33m | 31.00™ | 229.337 | 56.33°% 7.67 1 17.80 9t

Indoor*L45 0.621 | 165.33°%® | 2733" 236.33" 46.00 8.33 def 17.17¢fen

Indoor*L6 0.798 269.33 ¢ 61.67° 285.33°¢ 45.00 M 7.67 ©f 17.470%fon

Indoor*L8 0.702 130.009 | 31.33'™ | 301.33° | 55.00¢ | 7.33 7" 18.50 cdef

Outdoor*L40 0.570 | 238.007" | 46.00 ™ 173.331 46.33 1 5.67 kK 16.509nik

Outdoor*L11 0.520 218.331 52.67°¢ 170.67 0 | 41.67 '™ 6.001 16.279Nik

Indoor*L20 0.720 202.67 % | 36.00 Kk 191.67 " 36 P4 8.50 o 17.17¢fen

Indoor*L4 0.860 203.004 | 36.00%k | 254.33¢® 56 bed 6.67 9" 13.67m"P

Indoor*L14 0.994 | 167.67°% | 34.00Km | 185.33" | 38.33"F | 6£.33Mi 16.00 9niik

Outdoor*L33 0.743 229.67 M | 44.67™" | 154.33K | 49.00 9n 4.67M4 15.23iimn

Outdoor*L45 0.621 184.33™ | 41.00M | 164.331 | 44.33Km 4,704 15.20 Jkimn

Indoor*L3 0.943 155.67P | 34.33Km | 232,671 50 fon 5.67 & 14.83 Kimn

Outdoor*L20 0.820 | 231.679 | 42,679 | 157.67 K 38.00 °° 6.00 " 15.67 ik
Outdoor*L14 0.994 192.67Im | 33.33Km | 142.67™ | 41.33™° | 4.33'm 13.93 Imno
Indoor*L12 1.125 91.00 ¢ 27.33" 171.00 1 37.33° 6.17 ni 11.83 P

Outdoor*L8 0.702 156.00 P 47.00° 162.67 % | 42,67 Km 4,674 13.47m"op

Outdoor*L6 0.798 206.67 % | 47.33f 154.334 | 47.00 " 4,674 13.37 "opa

Outdoor*L4 0.860 183.33™ | 43.67 " | 147.33'm | 41.00™° | 4674 12.70 °F4

Indoor*L52 1.290 115.00 " 20.33° 133" 25.33° 7.13 9N 11.83 P9

Outdoor*L3 0.943 191.33I™ | 34.67 KM | 131.67" 37.00°P 4.33m 12.40°p%

Outdoor*L12 1.125 75.67" 16.40° 103.67° 32.00" 2.67" 10.57 "

Indoor*L7 1.7 59.00¢ 13.33 ™ 82.331 15.33" 3.33mn 9.67°

Outdoor*L52 1.290 64.33 1 155079 | 102.33° 32.679 3.33™ 10.73 "%

Outdoor*L7 1.7 60.33 ¢ 12.17¢ 105.33P | 36.000 P 2.67" 11.60%

Pr > F (climate

cultivation*well <0.0001 | <0.0001 | <0.0001 | <0.0001 | <0.0001| <0.0001
name)
Significant Yes Yes Yes Yes Yes Yes

Different letter or letters within each column mean significant differences and vice versa
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Conclusion

The application of (IWQI) water quality index (Maia, and Rodrigues, 2012; Ayers
and Westcot, 1985) also, principal component software and agglomerative hierarchical
clustering (AHC) used for irrigation water quality classifications approaches, also using
broad bean (Vicia faba L.) plant to determine inclined yield and productivity could give
highly valuable and efficient tools for decision makers to summarize and report on
monitoring data.

The results of the irrigation water quality index (IWQI) were similar, according to
the mentioned tools or systems of classification. The chemical composition of irrigation
waters at the same EC value had great effect on yield.

Acknowledgments. The authors wish to acknowledge Prof. Dr. Akram Othman Esmail at Salahaddin
University Department of Soil and Water — Erbil, and corresponding staffs of Soil and Water Science
Department, College of Agricultural Engineering Science, Salahaddin University — Erbil and the staffs of
College of Agriculture Engineering Science, Salahaddin University — Erbil. In addition, a very special
thanks to Bakrajo Technical Institute (BTI), Sulaimani Polytechnic University staffs especially the Dean
and Head and staffs of Garden Design department.

REFERENCES

[1] Abahri, A. S. T. (2015): Effects of nutrients and salinity on yields, growth, and nutrients
distribution of faba beans grown in hydroponics system. — Doctoral dissertation, An-
Najah National University, Nablus.

[2] Adimalla, N. (2019): Groundwater quality for drinking and irrigation purposes and
potential health risks assessment: a case study from semi-arid region of South India. —
Exposure and Health 11(2): 109-123.

[3] Akoachere, R. A., Eyong, T. A., Eduvie, M. O., Egbe, S. E., Yaya, O. O., Nwude, M. O.
(2018): Hydrogeochemical model and water quality of groundwater in the granito-
basaltic fractured rock aquiferous formations in Bafoussam, West Region-Cameroon. —
Journal of Water Resource and Protection 10(11): 1148-1174.

[4] Ali, Z. A, Hassan, D. F., Mohammed, R. J. (2021): Effect of irrigation level and nitrogen
fertilizer on water consumption and faba bean growth. — IOP Conference Series: Earth
and Environmental Science 722(1): 012043.

[5] Al-Kareem, S. A., Rasha, S. A. (2022): Statistical analysis for water quality index for
Shatt-Al-Hilla river in Babel city. — Water Practice & Technology 17(2): 567-586.

[6] Al-Mussawi, W. H. (2014): Assessment of groundwater quality in Umm Er Radhuma
aquifer (Iragi Western Desert) by integration between irrigation water quality index and
GIS. — Journal of University of Babylon 22(1): 201-217.

[7]  Alsubih, M., Mallick, J., Islam, A. R. M. T., Almesfer, M. K., Kahla, N. B., Talukdar, S.,
Ahmed, M. (2022): Assessing Surface water quality for irrigation purposes in some dams
of Asir Region, Saudi Arabia using multi-statistical modeling approaches. — Water 14(9):
1439.

[8] APHA (1998): Standard Methods for the Examination of Water and Wastewater. 20th Ed.
— American Public Health Association, American Water Works Association and Water
Environmental Federation, Washington DC.

[9] Arai, H., Le Toan, T., Takeuchi, W., Oyoshi, K., Fumoto, T., Inubushi, K. (2022):
Evaluating irrigation status in the Mekong Delta through polarimetric L-band SAR data
assimilation. — Remote Sensing of Environment 279: 113139.

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 21(3):2397-2416.
http://www.aloki.hu e ISSN 1589 1623 (Print) ¢ ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/2103_23972416
© 2023, ALOKI Kft., Budapest, Hungary



[10]

[11]
[12]

[13]

[14]

[15]
[16]
[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]
[28]

[29]

Marif - Esmail: Quality evaluation of water resources for irrigation in Sulaimani Governorate, Iraq
- 2413 -

Awad, E. S., Imran, N. S., Albayati, M. M., Snegirev, V., Sabirova, T. M., Tretyakova, N.
A., Majdi, H. S. (2022): Groundwater hydrogeochemical and quality appraisal for
agriculture irrigation in Greenbelt Area, Irag. — Environments 9(4): 43.

Ayers, R. S., Westcot, D. W. (1985): Water quality for agriculture. — FAO Irrigation and
Drainage, Paper 29. Food and Agriculture Organization of the United Nations, Rome.
Ayers, R. S., Westcot, D. W. (1999): A Qualidade da Agua na Agricultura”. Estudos
FAOQ: Irrigacao e Drenagem, 29, 2. ed. — UFPB, Campina Grande.
Bahadori-Ghasroaldashti, M. R., Sepaskhah, A. R. (2022): Physiologic parameters of
faba bean grown under saline condition, deficit irrigation and biochar. — Iran Agricultural
Research 40(2): 61-70.

Bimurzayev, N., Sari, H., Kurunc, A., Doganay, K. H., Asmamaw, M. (2021): Effects of
different salt sources and salinity levels on emergence and seedling growth of faba bean
genotypes. — Scientific Reports 11(1): 1-17.

Bohlke, J. K. (2002): Groundwater recharge and agricultural contamination. — Hydrogeol
J 10: 153-179.

Bouyoucos, G. J. (1936): Directions for making mechanical analyses of soils by the
hydrometer method. — Soil Science 42(3): 225-230.

Brown, R. M., Nina, I., McClelland, R. A., Deininger, Ronald, G. T. (1970): A water
quality index-do we dare. — Water and Sewage Work 117(10).

Chae, G. T., Kim, K., Yun, S. T., Kim, K. H., Kim, S. O., Chio, B. Y., Kim, H. S., Rhee,
C. W. (2004): Hydro geochemistry of alluvial groundwaters in an agricultural area: an
implication for groundwater contamination susceptibility. — Chemosphere 55: 369-378.
Dhaouadi, L., Besser, H., Wassar, F., Alomrane, A. R. (2021): Assessment of natural
resources in Tunisian oases: degradation of irrigation water quality and continued
overexploitation of groundwater. — Euro-Mediterranean Journal for Environmental
Integration 6(1): 1-13.

El Mokh, F., Nagaz, K., Alva, A. K., Masmoudi, M. M., Ben Mechlia, N. (2022): Effect
of irrigation regimes using saline water on faba bean (Vicia faba L.) yield and water
productivity in an arid environment. — Irrigation and Drainage 71(1): 81-93.

El Sayed, H. E. S. A. (2014): Impact of magnetic water irrigation for improve the growth,
chemical composition and yield production of broad bean (Vicia faba L.) plant. —
American Journal of Experimental Agriculture 4(4): 476.

El-Defan, A., El-Raies, S., ElI-Kholy, H., Osman, A. (2016): A summary of water
suitability criteria for irrigation. — Journal of Soil Sciences and Agricultural Engineering
7(12): 981-989.

Esmail, A. O. (1992): Effect of ion composition and ion pair in irrigation water on soil
and plant. — Ph. D. Thesis. Coll. of Agri. Univ. of Baghdad (in Arabic).

Ezea, V. C., lhedioha, J. N., Abugu, H. O., Ekere, N. R. (2022): A multi-criteria approach
to drinking and irrigation water assessment of spring water in Igbo-Etiti, Nigeria. —
Applied Water Science 12(9): 1-20.

Hameed, H. M. (2013): Water harvesting in Erbil Governorate, Kurdistan region, Irag:
detection of suitable sites using geographic information system and remote sensing. —
Student Thesis Series, INES 271.

Havre, G. N. (1961): The flame photometric determination of sodium, potassium and
calcium in plant extracts with special reference to interference effects. — Analytica
Chimica Acta 25(6): 557-566.

Horton, R. K. (1965): An index-number system for rating water quality. — J Water Pollut
Control Fed 37: 300-306.

Isayenkov, S. V., Maathuis, F. J. M. (2019): Plant salinity stress: many unanswered
guestions remain. — Front. Plant. Sci. 10(80). https://doi.org/10.3389/ fpls.2019.00080.
Karita, S., Kaneta, T. (2016): Chelate titrations of Ca2+ and Mg2+ using microfluidic
paper-based analytical devices. — Analytica Chimica Acta 924: 60-67.

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 21(3):2397-2416.
http://www.aloki.hu e ISSN 1589 1623 (Print) ¢ ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/2103_23972416
© 2023, ALOKI Kft., Budapest, Hungary



[30]

[31]

[32]

[33]

[34]

[35]
[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

Marif - Esmail: Quality evaluation of water resources for irrigation in Sulaimani Governorate, Iraq
- 2414 -

Kumari, N. (2020): Evaluation of groundwater quality index for drinking water in tank
cascade landscape. — International Journal in Latest Technology in Engineering,
Management and Applied Sciences 9(8).

Labba, 1. C. M., Frekier, H., Sandberg, A. S. (2021): Nutritional and antinutritional
composition of fava bean (Vicia faba L., var. minor) cultivars. — Food Research
International 140: 110038.

Loeppert, R. H., Suarez, D. L. (1996): Carbonate and Gypsum. — In: Sparks, D. L, Page,
A. L, Helmke, PA, Loeppert, R. H. (eds.) Methods soil Analysis. Soil Science Society of
America Inc, Madison, WI, pp. 437-474.

Maia, C. E., Rodrigues, K. K. R. D. P. (2012): Proposal for an index to classify irrigation
water quality: a case study in northeastern Brazil. — Revista Brasileira de Ciéncia do Solo
36: 823-830.

MeiBner, A., Granzow, S., Wemheuer, F., Pfeiffer, B. (2021): The cropping system
matters—Contrasting responses of winter faba bean (Vicia faba L.) genotypes to drought
stress. — Journal of Plant Physiology 263: 153463.

Moss, J. Q., Kress, M., Childers, A. (2016): Turf Irrigation Water Quality: A Reference
Guide. — Oklahoma Cooperative Extension Service, Oklahoma, OK.

Mwendwa, S. (2022): Revisiting soil texture analysis: practices towards a more accurate
Bouyoucos method. — Heliyon e09395.

Mylavarapu, R., Sikora, F. J., Moore, K. P. (2014): Walkley-Black Method. — In: Sikora,
F. J., Moore, K. P. (eds.) Soil Test Methods from the Southeastern United States.
Southern Cooperative Series Bulletin No. 419. SERA-IEG-6.

Nasrallah, A. K., Kheder, A. A., Kord, M. A., Fouad, A. S., EI-Mogy, M. M., Atia, M. A.
(2022): Mitigation of salinity stress effects on broad bean productivity using calcium
phosphate nanoparticles application. — Horticulture 8(1): 75.

Ndoye, S., Fontaine, C., Gaye, C. B., Razack, M. (2018): Groundwater quality and
suitability for different uses in the Saloum area of Senegal. — Water 10(12): 1837.
Nishanthiny, S. C., Thushyanthy, M., Barathithasan, T., Saravanan, S. (2010): Irrigation
water quality based on hydro chemical analysis, Jaffna, Sri Lanka. — American-Eurasian
J. Agric. & Environ. Sci. 7(1): 100-102.

Olsen, S. R. (1954): Estimation of Available Phosphorus in Soils by Extraction with
Sodium Bicarbonate (No. 939). — US Department of Agriculture, Washington, DC.
Rafdhi, A. A., Nandiyanto, A. B. D., Hirawan, D., Soegoto, E. S., Luckyardi, S., Mega,
R. U. (2021): Smart monitoring of nutrient content, pH condition and temperature in
vegetable leaf grown through deep flow technique. — Moroccan Journal of Chemistry
9(4): 9-4.

Rajab, K. S., Esmail, A. O. (2021): Classification of some spring waters in Erbil
Governorate using different methods. — IOP Conference Series: Earth and Environmental
Science 761(1): 012014.

Rajab, K. S., Esmail, A. O. (2022): Influence of ion pairs and activity on the index of
irrigation water quality relying on some modern terms in Erbil Governorate. — Zanco
Journal of Pure and Applied Sciences 34(2): 118-128.

Ralph, M. (1955): Ground water Resource of Irag. Vols. 4 and 7. — Development Board,
Ministry of Development, Baghdad.

Rashidi, M., Seilsepour, M. (2008): Sodium adsorption ratio pedo transfer function for
calcareous soils of Vamin Region. — International Journal of Agriculture & Biology 10:
715-718.

Rawat, K. S., Singh, S. K., Gautam, S. K. (2018): Assessment of groundwater quality for
irrigation use: a peninsular case study. — Applied Water Science 8(8): 1-24.

Richards, L. A. (1954): Diagnosis and Improvement of Saline and Alkali Soils.
Agriculture, 160, Handbook 60. — US Department of Agriculture, Washington DC.

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 21(3):2397-2416.
http://www.aloki.hu e ISSN 1589 1623 (Print) ¢ ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/2103_23972416
© 2023, ALOKI Kft., Budapest, Hungary



[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

Marif - Esmail: Quality evaluation of water resources for irrigation in Sulaimani Governorate, Iraq
- 2415 -

Safiur, R. M., Saha, N., Islam, A. R. M., Shen, S., Bodrud-Doza, M. (2017): Evaluation
of water quality for sustainable agriculture in Bangladesh. — Water, Air, & Soil Pollution
228(10): 1-16.

Sajadi, M. M., Habibzadeh, P., Vintzileos, A., Shokouhi, S., Miralles-Wilhelm, F.,
Amoroso, A. (2020): Temperature, humidity, and latitude analysis to predict potential
spread and seasonality for COVID-19. — Social Science Research Network.
http://dx.doi.org/10.2139/ssrn.3550308

Sarhat, A. R. (2022): Assessment of water quality index (WQI) in the water distribution
system in Kalar, Sulaymaniyah, Irag. — Journal of Kurdistani for Strategic Studies (1).
Souana, K., Taibi, K., Abderrahim, L. A., Amirat, M., Achir, M., Boussaid, M., Mulet, J.
M. (2020): Salt-tolerance in Vicia faba L. is mitigated by the capacity of salicylic acid to
improve photosynthesis and antioxidant response. — Scientia Horticulture 273: 109641.
Steadman, K. J., Ellery, A. J., Chapman, R., Moore, A., Turner, N. C. (2004): Maturation
temperature and rainfall influence seed dormancy characteristics of annual ryegrass
(Lolium rigidum). — Aust J Agric Res 55: 1047-1057.

Thomas, G. W. (1996): Soil pH and Soil Acidity. — Methods of Soil Analysis: Part 3
Chemical Methods 5: 475-490.

Walkley, A., Black, A. 1. (1934): Organic matter was determined by wet digestion: An
examination of the Degtjareff method for determining soil organic matter, and a proposed
modification of the chromic acid titration method. — Soil Science 37: 29-38.

Zaman, M., Shahid, S. A., Heng, L. (2018): Irrigation Water Quality. — In: Zaman, M. et
al. (eds.) Guideline for Salinity Assessment, Mitigation and Adaptation Using Nuclear
and Related Techniques. — Springer, Cham, pp. 113-131.

APPENDIX

S PN :

- ! B -

o 5 - L . % N, T .
o W - 2 = e =

Appendix 1. Water samples collection location (1)37
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Appendix 3. Indoor growing Vicia faba L.
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