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In orderto investigatethe effect of reclaimedwastewate(RWW) on soil chemicalpropertiesand heavy metal

uptakeof selectedorages,an experimentvas carriedout at Dhaid Researctstation,UAE during threegrowing

seasong20142016). Alfalfa, Rhodesand Buffel grasswere irrigated by RWW and grown in a randomized
completeblock designwith four replications.Compositesoil sampleswere collectedfrom the experimentakite

before starting the study and every six months from planting date to test the macro and heavy elements
concentratiorin soil andforagestissues Chemicalanalysisfor soil, cropsandwastewatekere analyzed RWW

irrigation hassignificantly increasedhe soil salinity (1 to 8 dSm®) in 2014 but soonthesevaluesweredeclined
in 2015 and 2016 growing seasongdue to the enhancedrrigation water quality and the use of good water
management.

Resultsrevealedthat UAE (Sharjah)domesticRWW is suitableto be reusedfor irrigate foragesasits quality
matchinternationalstandardgor RWW irrigation exceptits Na and Cl content.The resultsof the plantstissues
analysisduring 2014 seasorindicateda rise in the nutrientsconcentrationparticularlynitrogen,potash,iron and
boron, comparedwith the critical limits. While, the resultshave also showna significantincreaseof zinc (Zn)

andcopper(Cu), especiallyin Buffel grassandAlfalfa tissuesduringthethird seasor(2016)which exceededhe
critical limits.

The highestmeanyearly dry weightyield during the study period were recordedfor Buffel grass(50.5ton ha®)
followed by Rhodes(44.5 ton ha') and Alfalfa (11.1ton ha?). It can be concludedthat regularmonitoring of
recycledwastewatersoil and appropriatemanagemenére neededto mitigate the negativeimpactsof sodium
andsaltsaccumulations.

reclaimedvastewaterheavymetals macroelementsAlfalfa, Rhodes gras®uffel grass

Reclaimedvastewate(RWW) is a valuablesourcefor plant nutrientsand organicmatterneededor maintaining
fertility and productivity of arid soils. However, the reuse of RWW for irrigation may potentially create
environmentalproblemsif not properly treatedand managedMohammad& Mazahreh,2003). Also irrigation
with municipal wastewateris consideredan environmentallysoundwastewaterdisposalpracticethat helpsto
minimize the pollution of the ecosystensubjectedo contaminatiorby directdisposalof wastewateinto surface
or groundwate(ICBA, 2014).RWW irrigation provideswater,N andP aswell asorganicmatterto the soils, but
thereis a concernaboutthe accumulatiorof potentiallytoxic elementssuchasCd, Cu, Fe, Mn, PbandZn from
bothdomesticandindustrial sources.

The main challengefacing agriculturedevelopmenin United Arab Emiratesas the rest of Arabian Peninsula
countriesis the limitation andscarcityof waterresourcesT he yearly waterconsumptiorin UAE is about4.6 x
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10° m® and the agricultural sectoris consideredas the biggestwater consumerwith about67% of the total
available water resourcesRWW is consideredthe most important water resourcethat will reducethe gap
betweenthe water demandand supplyin agriculturesectorand savethe freshwater for humanpriorities. The
main useof domesticRWW in UAE is for irrigation of landscapesindlimited amountare usedfor irrigation of
foragecrops.In 2008about5.6 x 10° m® of tertiary RWW were producedrom the treatmenplantsin AUE, and
it estimatedo increase t@boutl.44x 10° m®in 2030 (ICBA,2010).

With this severdimitations on the availability of waterin UAE, conservativeandefficient useof availablewater
resourcess a major consideratiorfor balancingfuture demandand supply,thereforethe applicationof RWW is

beneficialbecausehis disposalprocessremovessomeof the pollutants,and increasecrop yields by supplying
essentiahutrients,but this disposalrequiresa specialagronomicpracticesand managemenguidelinesto ensure
practical and safe use of RWW in irrigation for the production of forageswith minimum hazardto the

surroundingenvironment.

Nutrientsmake RWW an effective fertilizer, while organicmatterimprovessoil textureand enrichesthe humic
content,which increasesoil humidity, retainsmetals(throughcationic exchangeandthe formationof organe
metalliccompounds), and enhances microbial activity (Mohamé&adadi, 2004).

ICBA (2014)notedthatreclaimedwaterirrigation decreasedoil pH andincreasedoil salinity, soil phosphorus,
potassiumjron, and manganeséevels, but soil organicmatterwasincreasednly in the topsoil. Darwishet al.
(2015) notedthat the uptakeof macroandmicronutrientsby cornincreasedvith RWW irrigation, implying that
secondanyRWW could be a sourceof plant nutrientsand can be reusedfor irrigation to increaseforage crop
production.

Ahmed (2013)conducteda review studyin Qatarusingscientific, economicandtechnicalevidenceto showthat
RWW is a valuableandsaferesourceor crop irrigation, posingminimal risk to the soil, groundwaterandcrops,
andis a key factortowardsQ a t dopdGeacurity.Highlightedwasthe real challengeof usingRWW in Qatarfor
crop productionas being social, but that highly treateddomesticwastewateicould be a real water resourcefor
irrigation. Technicalandeconomiccalculationsshowminimumrisks associatedvith reuse.

In BahrainMapandaet al. (2005) conducteda study acrosssix farms Kingdom irrigated with RWW aimed at

studyingthe effect of irrigation with RWW on the concentratiorof heavymetalsin soil and Alfalfa crop. The

resultsindicatedthat the concentrationof heavy metalsin RWW did not exceedthe internationalstandards,
exceptfor cadmium,which was double the allowable limit. He concludedthat RWW can be usedsafely for

irrigating foddercropswith continuousmonitoringof heavymetalcontentin the soil andthe cropsirrigatedwith

it. Alghobar and Suresha(2016) indicated that the use of wastewaterfor irrigation led to significant

differencesin meanvaluesof pH, EC, N, P, Ca, Mg, Na, Mn, Cu, Zn, Cd, Ni, PbandCr of soil ascompared
to the controlgroundwateirrigatedsoil sample.

Knowledgeaboutthe selectionand managemenbf appropriateforage speciesand managemensystemsthat
maximizethe economicreturnand minimize the environmentahazardsassociatedavith the useof RWW is still
limited and un available. This study will assessthe quantities and qualities of the RWW resources,the
environmental impact, and the proportion suitable for forage production, along with appropriate crop
management practicesiitablefor theuseof RWW irrigation.

This experimenttrail was investigatedat Al-Dhaid Agricultural ResearclStation, Sharjah,UAE (latitude 25.3°
N, longitude 55.9° E). The experimentalsite is located in arid climate with generally light and erratic
precipitation. The soil is classified as sandyand consideredmarginally suitable for various crop production
systemsaunder stricimanagement conditions.

This experimentvasimplementedising RandomizedCompleteBlock Design(RCBD) asseenin Figure1, with
threeforages (Alfalfa Buffel andRhodeggrass)n four replicationsfor eachtreatmeniExperimentalunit areal6
m?).

Planting seedsand transplantsof the forageswas implementedon February2014. Seedlingsof two different
grassBuffel (Cenchrus ciliari3 and Rhode¢Chloris gayang in 0.50m rowsand 0.25m between plants while
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Figurel. Recliamedvastewateexperiment layout at Dhaid ResearcBtation

Alfalfa (Medicagosativg seedswere plantedat seedingrate of 70 kg ha* at Dhaid Researctield experiment,
using drip irrigation systems(0.5 m betweenlateralsand 0.30 m betweeninline drippers(4 L h™ disch rge).
Irrigation using the RWW was scheduledby applying daily 100% of the potential evapotranspiratioETo) of

the referencecrop which estimatedising PenmarMontieth equationbasedon 4 y e ahis®ricalclimatic datain

the Station.

2.3Water,Soiland PlantSamples Collections

Yearly RWW Irrigation water and plant samplesfrom the three forage crops were collectedand the chemical
analysis(EC, Na, Ca,Mg, P andK) andheavymetal(Cu, Pb,Zn, Ni, Cr, Co, Fe,Hg) parametergor soil, crops
andwastewater.

Three soil sampleswere collected and analyzedfrom 25, 50 and 75 cm soil depthsfrom four locationsto
representhe soil propertiesat initial conditionsbeforestartingthe experimentrom eachexperimentaunit. The
soil sampleswere collectedfrom eachcrop site and the samechemicalanalysiswere repeatedevery 6-month
intervalduring thestudyperiod.

Freshanddry matterweightswere collectedfor eachcut (6-8 cuts peryear)for the threeforgesnamelyAlfalfa,
Rhodesand Buffel grass.Nine fiber glassaccessubes(1 m depth)were installedto monitor the soil moisture
usingTRIME soil moistureinstrument.

3. Resultsand Discussion
3.1lIrrigation WaterAnalysis

The wateranalysisfor theirrigation Reclaimedwvastewatereffluent (RWW) usedin this trail showedthat heavy
metalswerebelowthe critical levels whilethe Na andCl concentrations wenmmorethanthe recommendetevels
speciallyduring 2014 which reflectedthe EC value (Table 1). Table 1 showsthat water electrical conductivity
EC decreasediuring 2015 growing seasonput it startedto increaseat the end of 2016 and thesefluctuation
valuesindicatedthe instability of the treatedwater quality, which requiresmonitoring and conductingtestson a
regular basis. The water analysisresults showedthat this water can be usedto irrigate fodder under correct
irrigation managemenb avoidthe saltsaccumulatiorin the soil and crop reduction.
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Tablel. Resultsof waterchemicalanalysisduringthe studyperiod incomparison with recommended value
[rrigationwateranalysigppm)

Element ]
July 2014 Feb.2015 July 2015 March2016  October2016  Critical limits

EC 1626 920 768 889.6 1632 1500

Cu 0.01 0.021 0.020 0.010 0.000 0.2

Fe 0.0125 0.234 0.230 0.170 0.130 5,000

Zn 0.002 0.026 0.030 0.020 0.100 2.00

Mn 0.001 0.083 0.080 0.050 0.010 0.200

Mo 0.009 0.001 0.000 0.010 0.360 0.010

Cd 0.000 0.000 0.000 0.000 0.020 0.010

Cr 0.07 0.029 0.030 0.000 0.160 0.100

Pb 0.000 0.000 0.000 0.000 0.010 2,00

Ni 0.0005 0.014 0.010 0.000 0.010 0.200

Co 0.000 0.01 0.010 0.000 0.000 0.050

Hg 0.000 0.000 0.000 0.000 0.000 0.001

AS 0.0035 0.005 0.010 0.000 0.040 0.100

Cl 591.0 280.75 245.0 251.0 606.2 350.0

SO, 110.98 139.68 139.3 110.0 212.4 500.0
HCOs 384.3 207.4 218.3 1915 244.0 520.0

Na 412.85 236.0 190.1 201.0 433.5 230.0

Ca 65.85 25.0 32.2 42.4 28.0 400.0

Source? Food andAgricutureorganizatiorof UnitedNations(FAO).

3.2 Soil Analysis

Soil sampleswere collectedfrom the experimentatreatmentssitesof 0-75 cm depthin the middle of the s ason
July 2014. The results of the analysisshowedthat there is a slight accumulationof heavy elementswithin

allowablelimits, but thereis an increasein the salinity of the soil from 1 to 8 dS/m (Figure 2). This could be
explainedby as a resultof increasedsodiumand chlorine elementalconcentratiorin irrigation water at higher
thanthe recommendedaluesin 2014 but soonthesevaluesdeclinedin 2015and 2016 growing seasonglueto

theenhancedrrigation waterguality andthe useof good watemanagement.

7 Soil-Buffel site — Soil-Rhodes site ® Soil-Alfalfa site

Soil EC (dS m™?)

2

NI

—uR
before applying 2014 July 2015 Feb 2015 June 2016 March 2016 Oct
RWW

Date

Figure2. Soil salinity beforeplantingandafter differentperiodsof application ofreclaimed wastewatdor the
threeforagecrops cultivatiorsitesincluded inthe study

Irrigation with RWW has increasedthe fertility of the soil phosphorusand potassium,and increased
accumulationof otherelementsuchassodiumandchlorine,asshownin Figures3 and4. The RWW increased
the soil fertility speciallyP andK (Figure3) which suppliedthe plantswith the main nutrientsandimprovedthe
yield. Irrigation with this water quality led to enrich the soils with heavy metalsin the first layer (0-30 cm).
Similar resultswerenoticedby Mapandaet al. (2005).Also manyreportedsimilar increasen the salt content
of soils after wastewateiirrigation led to increasesoil EC (Mallaetal., 2007;Bernaetal.,2007).Fro  the
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resultsit is observedhatthe concentratiorof K, P,Na andCl significantly increasedn the soil irrigated by
RWW.
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Figure3. PhosphorgP) PotassiuniK) accumulationsn theroot zoneat the studiedforagecrops sitesasresults
of irrigation by reclaimedwvastewater

This is due to the contentof high concentrationf nitrogen, like in many investigationsshowedtha  soil
fertility increasedasa consequencef irrigation with wastewate(Galavietal., 2010).Figure4 reveale that
high salt accumulationin the soil after irrigation the studiedcropswith RWW which hashigh concentration
values ofNaandCl as aresultsf using domesticletergentén washing.
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Figure4. Sodium(Na) andchlorine (Cl)accumulationsn therootzoneatthe studied foragerops sites s
resultsof irrigation byReclaimedvastewater

Theseresultsconfirm the previousstudy of Amin (2011)who testedthe effect of municipalwastewateo  soil

and plant. Rusan (2007) studied the effects of municipal wastewatertreatmentson physical and chemical
propertiesof salinesoil, showedan increaseof EC, TN, K, Na, Cl, Fe,Cd andZn but a decreas®f soil pH. In

the similar way, ICBA (2014) found an increaseof soil salinity level due to the wastewateisalt contentwith

along with the reuse of wastewaterfor irrigation becomesthe needto understandpotential environmental
impactsof this practice.

Figure5 Showsthatthe heavymetalsstartedto be accumulatedn the soil profile buttheyd i draaghthetoxic
levelsfor the growing of forages(5-10 ppm). This meansthat the accumulationof theseheavymetalsin long
term especiallyfor Ni, Cr, Zn and Cu shouldbe monitored.Accumulationof micronutrientsand heavymetals

could be causeddirectly by the RWW compositionor indirectly throughincreasingsolubility of insolubl  soil
heavymetalsasa resultof the chelationor acidificationactionof the appliedRWW. Basedon this considertion,
the study showeda significant(P 0 0.05)increaseof concentration®f heavymetalsasNi, Cr, CuandZn in the
soil with the RWW irrigation (Bai et al., 2008;Gadallah,1994).
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Figure5. Heavymetalsaccumulatiorin thesoil profiles fromdifferent soilcropssitesin comparisorto thesoil
before addinghe RWW atthe DhaidResearclstationduring 20142016 growingseasons

3.33 PlantAnalysis

Theresultsof analysisof cropsamplesarepresentedn Figure6 which indicatedthatthe plant content®f T. N%,

K% and Fe were exceededhe critical limits especiallyin Alfalfa crop (legumecrop) Our investigationshowed
thatirrigation with RWW reuseled to a significantincrease(P 00.05) of N, P, Na andMn contentsof thethree
studiedforages.This is in lines with the resultsof Olowoyo (2012)on sunflowercrop and Bai et al. (2008) on

forage crops.
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Figure6. Total Nitrogen%, P%K%, FeandMn from cropdry weight concentration fahe selectedorages
irrigatedwith RWW at Dhaid Research Station during 262816 growing seasons

Irrigation with this waterquality led to enrichthe soils with heavymetalsin the first layer. Similar resultswere
noticedby Amin (2011).For Cd, Pb andNi level, our studywas corroboratedvith theseobtainedby Bai etal.
(2008) on Barely. While the most of heavy metalsconcentratiorstill in the saverangesexceptthe Ni which
reachedhe toxic limits in Alfalfa cropin 2014andZn concentrationsluring 20152016 growing seasondor all
studiedforagecrops(Figure7).
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