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Abstract

The Water Quality Index (WQI) simplified concept is a way of integrating complex water quality data into
a single value or statement. The current work is analysis and assessment of water quality downstream of
Diyala River - Iraq in August 2019 using IWQG irrigation water quality guidelines software for irrigation
purposes, using the IWQI model developed in Brazil by Meireles et. the. (2010), this indicator can be
reflected by soil salinity, viscosity hazards, water toxicity to plants, and diverse effects on salt-sensitive
crops. Eight regions along the river were collected, and these samples were analyzed. It has six parameters
which are (EC), (Ca *?), (Mg *?), (Na*1), (HCO3%), and (CI). The results showed that all study sites have
few restrictions for agricultural use except for the site of the old Diyala Bridge and the site of downstream
al-Rustamia, as the water quality index for these two sites has moderate restrictions for agricultural use,
meaning that the quality of the river water is suitable for the irrigated soil on both sides of the river even if
it is clayey. Heavy texture), and soil sodium problem does not occur. The software outputs recommended

using the drip irrigation method for trees and vegetables to avoid direct contact of this water with crop.

The researchers also recommend the IWQG irrigation water quality guidelines software as a good and
efficient tool for evaluating water quality, providing recommendations and solutions for water management,

and facilitating the task of evaluating water systems for agricultural purposes.

Key words: irrigation, water quality index, Diyala River, IWQG software
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Symbol indicator Mathematical equations Unit References
SAR Sodium Adsorption Ratio SAR=—% megq/L Ayers and
VCa+Mg/2
Westcot,1994
adj.SAR Adjusted Sodium adj.SAR=—%— {1+ (8.4 + meq/L Ayers and
VCa+Mg/2
Adsorption Ratio Westcot,1994
PHc}
adjRNa Adjusted Sodium adjRNa=——2 meg/L | Suarez, 1981 and
VCax+Mg/2
Adsorption Ratio Rhoades, 1984
SSP Sodium Soluble ggp= _((Natk)+100) megq/L Todd,1980
(Na+Ca+K+Mg)
Percentage
RSC Residual Sodium RSC=(CO32+HCO3)-(Ca*?>+Mg*?) | meg/L | Richards,1954 and
Carbonate Eton,1950
PS Potential Salinity PS= Cl-+ 0.5%504-2 meg/L Doneen, 1958
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ESP Exchangeable Sodium Espzlfi((_—0003122610021‘;5;11;) % Richards ,1954
Percentage
Pl Permeability index pJ= (Na+VHC03)x100 megq/L Doneen ,1964
(Ca+Mg+Na)
KR Kelly’s ratio KR values of 1 or \1 indicate meq/L Kelly ,1963
suitability, while KR values
of [1 indicate unsuitability for
irrigation purpose.
KR values of 1 or \1 indicate
suitability, while KR values
of [1 indicate unsuitability for
irrigation purpose.
KR values of 1 or \1 indicate
suitability, while KR values
of [1 indicate unsuitability for
irrigation purpose.
KR values of 1 or \1 indicate
suitability, while KR values
of [1 indicate unsuitability for
irrigation purpose.
Na% Percent Sodium Na% = % meq/L Wilcox ,1955
(MH) Magnesium hazard MH=-9_ « 100 meqg/L (Szabolcs and
e Darab 1964)

G sar (5l olse (8 RS 4 sllaall AlaasSH liaall Laliie Y1 bl e laie YU (o)l olsa dye 58 aniis gl ol o 5y
(3) U 8 LS 1994 4ud 20 5433 / FAQ daliia cilial 5o
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4 29 3 54 / FAO 4akiie Cliial so (o say 5l obie (8 45 slhaall dilaSl) cliall 4palie V) cibaall |3 Jan
1994

LABORATORY DETERMINATIONS NEEDED TO EVALUATE COMMON IRRIGATION WATER QUALITY
PROBLEMS

Water parameter Symbol Unit! Usual range in irrigation water
Electrical Conductivity ECw dS/m 0-3 dS/m
Total Dissolved Solids TDS mg/l 0-2000 mg/l
Calcium Ca* me/l 0-20 me/l
Magnesium Mg** me/l 0-5 me/l
Sodium Na* me/l 0-40 me/Il
Carbonate CO 3 me/I 0-.1 me/I|
Bicarbonate HCOs me/l 0-10 me/l
Chloride CI me/l 0-30 me/l
Sulphate S04~ me/l 0-20 me/l
Nitrate-Nitrogen NOs-N mg/l 0-10 mg/l
Ammonium-Nitrogen NH.-N mg/l 0-5 mg/l
Phosphate-Phosphorus PO4-P mg/l 0-2 mg/l
Potassium K* mg/Il 0-2 mg/l
Boron B mg/l 0-2 mg/l
Acid/Basicity pH 1-14 6.0-85

Sodium Adsorption Ratio® SAR (me/1)Y/ 2 0-15

ae il 5558 (meireles et al,2010) J& (e g s 388 gl i) (A paiiad) WQI 5l ole 4 53 il 850 Lol
Al Jualaall Lo 55 il Ao siiall Sllaally & il A slas Winslay slsal) dpans (uSad Ju3 ol 8 (sl ola
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Qi EC(ps/cm) SAR Na* CI HCOs"
(meg/1)

0-35 EC<200 or SAR<2 or Na* < 2or Cl<1lor HCOs <l or

EC=3000 SAR>12 Na*>9 Clr>10 HCO3>8.5
35-60 1500<EC<3000 | 6<SAR<I2 |6<Na*<9 7<CI'<10 4.5< HCO3 <8.5
60-85 | 750<EC<1500 3<SAR<6 |3<Na*<6 4<CI<7 1.5<HCO3 <4.5
85-100 | 200<EC<750 2<SAR<3 | 2<Na"<3 1<CI'<4 I<SHCO3<15
Wi 0.211 0.189 0.204 0.194 0.202

JS Oy vt 5 (Ayers and Westcot,1994) ulaa s Leinl )3 aad Al Ashaiall 8 Ol il gall 2l 85 (Wi) sl <y jat &8
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Meireles et al. 2010 sl o 5 Jalall lea 81 LS Cilalaa Gl 350 5 Jsaall

Parameters wi
EC 0.211
Na 0.204
HCO3 0.202
CL 0.194
SAR 0.189
Total 1 Total 1

A1) (Y5l ¢ Aadaall 3253 (a8 58 Qi ¢ 100 U 0 o sl g a1 e (5l slaaasa s o8 IWQI Cus
IWQI af caud (Meireles , et al., 2010) ." Js¥) dabaall canlall oy 5511 s Wi 5 ¢ o 3S 51405 8 (100 Y 0) e
2(6) a8 dsaall 5 (2) Aalaall aladinly bl D Cilales dusad ) (5l olae 48 dag Da (52

wol = Z QixWi (2)
i=1

Meireles et al. 2010 a8l LS olall o 53 Jolall dulall ailiad § Clisiad 6 Jsaal)

IWQI RESTRICTIONS RECOMMENDATION

PLANT SOIL
(85-100) No Restriction (NR)  No toxicity risk for most plants = May be used for the majority of soils with
low probability of causing salinity and
sodicity problems, being recommended
leaching within irrigation practices, except
for in soils with extremely low permeability
(70-85)  Low Restriction (LR) = Avoid salt sensitive plants Recommended for use in irrigated soils with
light texture or moderate permeability, being
recommended salt leaching. Soil sodicity in
heavy texture soils may occur, being

recommended to avoid its use in soils with

high clay
55-70 Moderate Restriction  Plants with moderate tolerance = May be used in soils with moderate to high
(MR) to salts may be grown permeability  values, being suggested

moderate leaching of salts.
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(40-55) High Restriction (HR) = Should be used for irrigation of
plants with moderate to high
tolerance to salts with special
salinity control practices, except
water with low Na, Cl and HCO3
values

(0- 40) Severe Restriction

(SR) Only plants with high salt
tolerance, except for waters with
extremely low values of Na, Cl
and
HCO:s.

May be used in soils with high permeability
without compact layers. High frequency
irrigation schedule should be adopted for
water with EC above 2000 dS m™ and SAR

above 7.0.

Should avoid its use for irrigation under
normal conditions. In special cases, may be
used occasionally. Water with low salt levels
and high SAR require gypsum application. In
high saline content water soils must have

high permeability, and excess water should

be applied to avoid salt accumulation.
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5 final assessment

Indicators of Water Quality for Irrigation

Electrical conductivity (Ec):
The sodium percentage (Na %):
Chloride (Cl-):

boron (B):

Sodium adsorption ratio (SAR)

Adj. Sodium Adsorption Ratio(SAR adj)
Salinity potential (PS)

Slightly saline
Good
el

No problem
Effect of Crop groups Very Sensitive
Sodium hazard of water is Low

safely used in medium and coarse textured soils

(Total Hardness mg/L) Very hard “Very Hard ground.” Dissolution of soil organic mat
Exchangeable Sodium Percentage (ESP) 0.28 a soil is Non-sodic
The Permeability Index (P1) 33.83 Good
Kelley Index (KI) 0.27 suitable
Residual sodium carbonate(RSC) me/l= 0.00 Low No RSC-associated problems.

Electrical conductivity (Ec) Medium hazard. Salinity may adversely affect plants. Requires selection of salttolerant plants, careful irrigation, good drainage, ai
Options for managing irrigation water to avoid:Dilution,Salt removal from irrigation water.

The sodium percentage (Na %) appreciable sodium hazard in certain fine-textured soils

boron (B): Crop groups very sensitive ( Lemon,Blackberry) E
Sodium adsorption ratio (SAR) SAR Use on sodium sensitive crops such as avocados must be cautioned 5
(Total Hardness) Equipment clogging and foliar staining problems at levels above 150 mg/L. Treatment with water softening but may result in increased sodi
irrigation and farm equipment Calcium salts can form a white encrustation of ime (calcium carbonate). These deposits eventually block irrigation equipment
((Treatment) Reducing hardness is called water softening. Ways to soften water include:

(= ion exchange.)

(- water-softening agents.)

(= desalination processes such as reverse osmosis.)

(* use of lime.)

(= pH adjustment.) -

(IWQG) ki sl il il 12 20

Salinity « Sodium adsorption ratio (SAR) (2 s g=bi_ll J3A (e s AY) slall 33 ga il 50 s a3 LS
The Permeability Index <« Exchangeable Sodium Percentage (ESP) « Total Hardness « potential (SP)
.(3) JS&L ma 5e WS Kelley Index (KI) « (PI)

=
print
ASSESSMENT OF IRRIGATION WATER QUALITY REPORT
source :FAO Ilrrigation and Drainage Paper 29 Rev. 1(1985)
Location :baghdad
City -baghdad
Type of Water River
Latitude :33.12 N
Longitude 44 22 S
Date :2018/10/22
Water Quality Index (WaQl) 70.63 Low restriction
% Error of lon Balance 3.30 Error is aceeptable
Crop ECen ECmax ECe expected yield %
Barley 53 19 1.04 100.00
cotton 51 18 1.04 100.00
Sugarbeet 47 16 1.04 100.00
Date palms 27 21.0 1.04 100.00
Wheat 4.0 13.0 1.04 100.00
Maize 5 1% | 6.7 1.04 100.00
Potato 11 6.7 1.04 100.00
Bean 07 4.2 1.04 90.29
Onions 0.8 50 1.04 94 29
Rice 20 76 1.04 100.00
Citrus(Orange) 1.1 53 1.04 100.00
Groundnut 21 4.4 1.04 100.00
Carrots 0.7 54 1.04 9277
Apriot 1.1 3.8 1.04 100.00
Tomato 157 4 8.4 1.04 100.00
Lettuce 0.9 6.0 1.04 97 26
Broccoli 1.9 9.1 1.04 100.00
Grapes 1.0 79 1.04 99 .42

( IWQG) G‘Uﬁgf\-}}wﬂ\ olrall 33 g il yhige 13 IS
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e IWQG irrigation water quality guidelinesg-bi_» Sla jiae il ol

S WOQI sl de 5 il 1
fae )3 Jpealaad) alinad Lealaain dulle cilaina aa Y 5 AL Cilaaae il g AL 3 58 13 Al ) Bl ge anen
Qa0 3 paian 1 e g sl M e a8 ge £ UL | phall B phall Ao, L Ll 3 Climanl e e
e Janind g Alle A3 o8 3 A 01 3 Lgal a8 (Say il 5 s sia 358 53 (and sl (gl olsall e 3

o i Jut

: Electrical Conductivity (Ec) &bl iduayl 2
e sl L5 el olae 3 SL8 Al o) Al ) e (S / M 1.035) sl s s ia il
U 3 8 51 S Ll 50 910 ol s L Lol s ol 3L i Jpalondl ¢ 3138 i sLal )yl
) el g 5 B L ) s

:(%Na) S o s pall s 3
S ol (b s seall (e 33 ) ClaaS () g At 25 (21.97) s> (ZNQ) S 45 saaall A cilS
A Apal A e NE oo o U 1 el L g Jrmg Lo ¢ Al By o Wl i o %

0f = Nax100
Na% (Ca+Mg+Na+K) (3)

:(SAR) psseall )y daws 4
08 astae g LS5 O ageall SR o I o s (1.04) s seall 35 i o il ¢ gualill g
230 SAR lsial 4 (Ca) psandlSH s (alidily GoNA (AL o s goall sy 5 Siaall 903 seall Fanss
.meg/l s g5 dapall

_ Na
SAR_\/E+Mg/2 Q)

:(adj.SAR ) sl p g3 pall Sl B 5
ol s 4l ¢ (3) e J8 SARad] S 13 4l S5 (50 slae 8 A slall jUadl apiil Ll adlj.SAR pasiud
JSLie el ¢ 9 (e el SAR OIS 1Y) ¢ eld e 5 Me 5 (3-9) G Lo s SAR S 13 3l e JSLia elan
psnpall Hlhalie aa oY g am Al o4 (1.24) CulS A all a8l e (8 (5l slaal Aaaall SAR dad o)) ¢ 5 S
Ayl gl g en b
Al Alaaally Adaeall Yiaal) o523 gacall A oy
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Na

adj.SAR: m

{1+ (8.4 + PHc} (5)

{(TH) 41 5 50l 6
3 yuall A 50 ) a5 5 L = sasall 3 sanll ) sl 38 Al 50l 28 g0 aaand SN 5 pusnll 2 () el ) ool < L
o Aiane o) 3a) Al cealY dgle o Lali | il g LeuleS Al 5 Al V) Slanl I (255 ) 5 138 5 5l
ol (e & 5l 13 (gl il slaia

: (KR) Kelly’s Ratio .7
Can (e gl Al olall 335 o a g geall Sha i ) (Wilcox,1955) 5 (Kelly,1951) ¢ JS Ll
il sl e Lol a5 Kelly daus

_ Na
KR_(Ca+Mg) (6)

Ji Kelly A g 585 A obaall 8 <l Ll 8 2515 a3 5um 253 5 ) 2l 5 0e SISV Kelly dpi s
Kelly 4 ol J sl (Sa ddanlin pe (585 0l 5 e Ledana 3 5 (il sbaall (o cn (8 ¢ (ol Auuilia g sSi3as 5 (4
sl dulia A (0.27) Al oliall cilie

(RSC) Gl oo poall 20 8
138 5 4 il Jslase o seiiaall 5 o s0nllQl aa Jeléii « CO3 s HCO3 (3 833 ) 4 e (g gia Al 5 ) ol
Go 355 Al (ESP) daliiall a s seall 4 el dssail) G ¢ dilal) o) o Riasell Fiaal) o g3 peall anisns
S ¢ n s ngll BB gl ) ¢ Ayl Ay sed Juli ¢ Al il Julis Jie Alall @l aAlSlia g o s peall jlad
Na* (Mgz" «Cap" c Dol 1 Ll c¥obos a cinldl iany Jdm ¢ s ) Loy aal Jalss
(U il e gl Gl e Y eball 258 1= CO3™ s HCOg™
RSC=(CO32+HCO3)-(Ca*2+Mg*?) %)

«.\u)ﬁ’é&‘—o\.}d\ XYY LJ"“‘)‘L‘;L,S\ nﬂL\AMu\ g\ (OOO)L;&,:‘\M\JJ\ Cﬁ\}dul;;‘d\ eﬁij..al\a.a,ﬁiﬁv\s)
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Potential salinity:(P.S) =Ml 32!l 9
Ll sl e A1A 2 DLaY 1 a5 413 =Y (e A0S e La joliaan cllial ) 5 5 )l slae aan (5 sin
liia Hsaxy Ay i) Jslaal (5550 3Y) Jaiacall ady 8 0000 DY) 038 9 a5 1) olaa By 5il Baaadll
(g plasind e ALy gl ) 58 (520 e 4y il

Glua 255 P.) 4l daleall s Doneen 1964:(
PS= Cl-+ 0.5x504? (8)

4aidle & s meql—1 (4.6) el slaall lie & alall sgall 4o CilS 5 Meg/L & Y S )

.,Sandy loam ,Silty loam,Loamy sand,Sand sl 4334l 5 ddaw siall o il & Jlaaia

Ao sl Gl S5l 10
A 5 p2al @l gall slae () 5 g = sansall all e o) ClS D) ol a8l g aren 8 L S slae ) () gali )
g A pall Cilasall JUEI jhad a5 138 5 0 Yl 1 55 54 S dlae Y Gl ddle Claasa <l
iV ) ilasall 228 U1 SIS g olgall (ga & 5ill 13g0 4y 5 pall bl e o325 G sl oball oy (33 5h (e
o3¢ B pdlaall Aunadlall indl HladB Jaduilly (o ) Jaatinly (o o adde 5 Jualaally (ulad e sliall il 1)
Jralaall bl

clatiiiud

) gal Al 5 A al) Sl Y1 30 55 S5 (EC) (SlseS) Ji—a sill 5 (TDS) Al SN # S ad cilS (]
Aol 03 @l 5 lae e (WHO,2008) laasal L 5 ey = sansall 3 sasd) (a4l 5l

A s yaall w8l gall lsa () 5 a7 sansall mill (e Ao il Al )l a8l s paan 8 L Sl Slae ) () el il o jlsl 2
Gl s iU Tadiilly (gl aladinly gealisal) (oo sls 580 LS5 L S dhae Y 4y Ale. iladae <l
Jralaall sludll a3l 3 pileall dosadlall Cuiai]

Ga ST Cialy 385 ) gall e 8 (30,080 5 yasall) Aa o ) cilia 55 g 7 samsall 2 gaal) 400 5 puall i j5las L3
. Aazks 600

Lo oo 0 alasinSU AL 5 o8 <l Al Al a8l s anes Of WQI elsal) dae 53 Jalo () Al el o il o jlsl 4
Al s gl 35 53 (ad sall (el slall A 3 Jala O 3 et Sl de wiga g il (Mo s adse e
(=)
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