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ABSTRACT

In rural and peri-urban areas of most developing countries, the use of sewage and wastewater for irrigation is a
common practice. Wastewater is often the only source of water for irrigation in these areas. Even in areas where
other water sources exist, small farmers often prefer wastewater because its high nutrient content reduces or even
eliminates the need for expensive chemical fertilizers. In order to meet this projection, Field experiments were
carried out in different demonstration fields at North Delta. Maize and cotton crops were cultivated in the growing
season of 2014. A split-plot design was used, where main plots were assigned to the different irrigation water
sources e.g. fresh water, sewage water, drainage water, drainage water alternative with fresh water and sewage
water alternative with fresh. Three methods of irrigation namely; traditional surface irrigation, gated pipes and
surface drip irrigation were laid in sub plots. By summarizing these results in easy readable charts, fiber crop such
as cotton is preferable to be cultivated when treated waste water used in irrigation. Also, drip and gated pipe
irrigation saved water in clay soil and increased irrigation application efficiency and water productivity.
Alternating of low quality water with fresh water can optimize the water unit return due to saving fresh water.
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INTRODUCTION

In the whole world, demand of water has increasgtle the availability of fresh water was boundedvorldwide
and water scarcity affected every continent ofdlebe and about 700 million people in 43 countkése under
water stress [World Bank, 2011].

The available sources of water cannot fulfill thereasing demand of water and hence the scaroitiesmter may
change with the changing patterns of weather.

The scarcity of water is also deeply linked witlodosecurity. Thus, irrigation system can play apantant role to
food security and sustainable income, specificallgleveloping countries. More than 900 million pkofive in
water shortage river basins (closed basins), whiee than 700 million peoples are living in thoseaa, where the
limit to water resources is fastly approaching. Quiéon people were living in those basins whemm@omic
constrained boundary the speed of more requirezstments in water management [Molden et al., 2007].

In Egypt water and land are the main natural ressuthat Egypt relies up on. As far as water caorezbthe River
Nile supplies Egypt with about 55.5 billion cubicetar annually. The agriculture area 5% of the tarala of
Egypt's land. Plants do exist for increasing thieaawhich is estimated to be slightly more thanillion feddans
(one feddan = 4200 T Land does not represent at present a consfi@irtiorizontal expansion, it is rather the
water that is the critical parameter. Therefore, Hgyptian government has some programs and plioielarge
scale use of ground water and non conventionalrwat®urces, drainage water and treated waste .watheut 9
billion cubic meter annually of agriculture draimagater is planned to be reused for irrigation.
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Nile Valley and Delta soils are mainly irrigatedsbd on surface irrigation system which is with gloa efficiency
that ranged of about 47 up to 50%. Due to limitedew resources, arid climate and fast increasirig pbpulation,
more water is required for eliminating the demandilable balance gape. Therefore, developing searfagation
by using gated-pipes technique provides an impbttal to improve its performance. Uniform watesvil may be
regulated by adjusting the size of the outlet opgmhanually with some difficulties, which may belueing water
application. [Osman, 2000] mentioned that goodgiesif gated pipes with precision land -leveling niayprove
the water distribution uniformity and save irrigatiwater by about 12 and 29 % in cotton and wheaf. [El-
Sayed, 1998] found that the required head to efficy. Short flexible sieves may be attached todimets to
dissipate energy and minimize erosion at furrovetsl Operate the GP is 50 cm or less under alluso#!
conditions. [EI-Gindy et al., 2000] found that bging gated pipe, irrigation significantly affectéaiit shape
homogeneity and specific weights of fruit and pemic

Water resources in Egypt are limited to the NilgeRj rainfall and lash loods, deep groundwatehadeserts and
Sinai, and potential desalination of sea and bshckvater. Each resource has its usage limitatidvetier these
limitations are related to quantity, quality, spattme, or exploitation cost. Egypt receives ab®8t of its fresh

water resources from outside its national bord€nss is considered to be the main challenge forewpblicy and

decision makers in the country as the Nile Rivesvjates the country with more than 95% of its vasiomater

requirements.

Conventional Water Resources (BCM) Non-Conventional Water Resources (BCM)

Reuse of Treated Sewage Water (1.4)

Nile River Annual Flow (55.50)

Reuseo of
Agriculture
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Fig.1. Water resources of Egypt

As illustrated in Figure 1, the average annual gudtEgypt from the conventional water is limitedthe Nile River
which is determined as 55.5 BCM according to th69l8greement with Sudan. Another 0.82 BCM per ygar
utilized from groundwater in the Western Desertflie Nubian sandstone aquifer, which extends belmwast
area of the New Valley Governorates and the regmst of Owaynat. Another 1.0 BCM per year is wiliZrom
rainfall along the coastal area and lash loods micey within short-period heavy storms in the Rezh&rea and
Southern Sinai that are directly used to meet parthe water requirements or used to recharge Itadlosv
groundwater aquifers. Desalination of seawatergypdE has been given low priority as a water resel@cause the
cost of treatment is high compared with other sesif@mer et al., 2005].

Desalination is actually practiced in the Red Seastal area to supply tourist villages and reseits adequate
domestic water supply where the economic valudeftater is high enough to cover the treatmenscost

The non-conventional water resources include thewable groundwater aquifer underlying the Nilelexaland

delta, the reuse of agricultural drainage wated, the reuse of treated sewage water. The amouhéaroundwater
in the Nile valley & delta is estimated at 6.1 BGMr year, the reuse of agriculture drainage watexbiout 3.5
BCM per year and the reuse of treated sewage \Wgasdrout 1.4 BCM per year.

These limited quantities of water have to fulfilet Egyptian requirements in the fields of agria@fuvhich is the
largest consumer of water (85%), industry and déimeses. Increased population needs more watestdorestic
use as well as horizontal expansion to maintainpecapita of cultivated land. This reclaimed agither will

increase the agriculture share of water or wiluegthe quantity of water allocated per feddarcéise of fixing the
agricultural share of water) which in return deseéhe crops. yield. Also development of industilf @onsume
more water which will affect the Egyptian waterdrade.

[Oster and Rhoades,1990] worked out a model, Watsaimitting to forecast with a reasonable appr@tion the
effects of a determined kind of water on soil sdgiand salinity and therefore, within limits, alsa crops.
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Selecting the method of water application is imaotrtwhen managing saline water. It is evident detting leaves
with sprinkling irrigation, particularly during déigne, worsens plant conditions; on the oppositeltbst are drip
and furrow methods. With drip irrigation, it haseimedemonstrated long ago that salts concentralte gteriphery of
the moist bulboid, which is formed in the proximdfthe emitter, thus maintaining a relatively betivater quality
inside it. With furrow irrigation, it has been denstrated that the best conditions for plants artaiobd when a
twin plant row is worked out on the ridge top siticis way.

Drip irrigation system is being used in all ovee tworld and the leading countries are France, SAflba and
USA with 90, 37 and 21% area under drip, respelgtiVrip irrigation system is more efficient thather methods
such as surface irrigation methods. Drip irrigatgystem had field level application efficiencies7df - 90%, as
losses of deep percolation and surface runoff aceedised to very low [Ashraf, 2012]. In was fouhndttin maize
crop the 75% of the roots present in top 40cmlagér and similar for drip irrigation system [WandaKang, 2006;
Wang et al., 2007]. Drip irrigation can maintaimglnisoil metric potential in the roots due to itsvglrate and high
frequent application. Thus, reduction in osmotiteptial can also be counter balance by consistierigation water
for maintain the high crop growth. Therefore, drijgation has been regarded as the most advantageethod for
applying irrigation water to crops. Drip irrigatiG@ystem could be used for more crops per unit watée grown
and this system allows crop cultivation in thoseaarwhere water availability is very low to irrigaby surface
method.

Determining the extra amount of water to be applieglond that is required to satisfy plant needsoisa simple
task; the generally suggested equation, accordinghtch leaching requirement LR is directly propamal to EC in
irrigation water and inversely proportional to BHCdrainage water (LR = B/ ECyain) IS Nebulous and incomplete,
since it does not specify the intervals of watepliaption for leaching nor the real threshold vafee EC in
drainage water. Besides it does not explain thatadly EG,, value is that resulting from the weighted arithimet
average of rain water (negligible) and irrigatioatar EC, nor does it take into account the “leaghafficiency” of
rain and leaching water.

Furthermore it can be objected that there is neardo apply water in excess proportionally to watginity, it is
sufficient to apply just the excess water needetfain excess salts, when the need arises

This study therefore aims at demonstrate an apatepon-farm irrigation methods and managementtjzes: for
re-using marginal water for economical productibmaize and cotton crops.

EXPERIMENTAL SECTION

1.1. Location

The field experiments took place during the sumgrewing season of 2014 in different locations afrikd-Sheikh
governorate ( North Delta) as showing in Fig.2. Titet location irrigated by fresh water was cldsebranch from
River Nile (Meet Yazeed Canal), the second locatiogated by sewage water from El-Gharbia mainirdréhe
third location irrigated by sewage and fresh watas in El-Hamoul district, the fourth location gated by
drainage water from drain No.7, and finally thétfifocation irrigated by drainage and fresh wapara20 Km from
Kafr El-Sheikh Governorate. Five fields of approately 800 m each were rented from local farmers and fenced.

The general climatic situation in the experimera@da is summarized in Table.1. The area is chaiaeteby a
typical Mediterranean climate, with a hot and dgmsner season. Weather data, including daily vahfeair
temperature and humidity, wind speed and sunshiee wollected at the agro meteorological statiorSakha
Agriculture Research Station.

1.2. Soil and irrigation water characteristics

Soil texture was clay in all of experimental field&lues of soil field capacity were 39, 40,38, &id 42 % for
locations 1,2,3,4 and 5 respectively. Also, mealues of permanent wilting point were 20,20.5,18z2@ 21%.
Mean chemical analysis of different sources ofyation water in different locations, during sumnseason are
shown in Tables 2 and 3.
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Fig.2. Location map of the experimental fieldsat North Delta soils, Egypt

Table 1: Meteorological data during summer growing season period 2013

Months Mean temp. C>  Relative humidity %  Wind speed Kmday®  Sunshine hours
March 225 65.54 250 10.2
April 245 60.50 248 105
May 25.7 61.38 240 11.0
June 29.3 68.30 207 125
July 29.1 71.19 180 12.3
August 28.0 69.58 170 115
September 25.8 66.30 175 104
October 24.4 60.20 180 10.0

Table 2: Mean chemical analysis of the different sourcesof irrigation water during summer season 2013.

Suspended Dissolved

Water sources ECdSm® SAR CODMgL' BODMgL? NHsNMgL? NOsNMgL™? solidsMgL"  solidsMg L™
Fresh water 0.53 1.45 23 9 1.3 5.5 240 530
Sewage water 1.02 4.65 127 75 17 38 920 1250
Drainage water 1.5 3.95 45 23 12 29 410 15.40

Table 3: Elemental analysisof the different sourcesof irrigation water during summer season 2013

Water sources P Zn Mn Fe Cu Cd Pb Co Ni B Cr

Fresh water 0.31 0.00 0.05 0.02 0.00 0.007 0.032 0.02 0.0 0.06 0.30
Sewage water 085 0.09 094 0.33 0.01 0.055 0.041 0.04 0.0 0.21 0.06
Drainagewater 0.41 0.01 0.02 0.21 0.00 0.001 0.084 0.08 0.0 0.01 0.03

2.3. Cultural practicesand treatment details:

Maize grains Zea Mays,L.) cross hybrid 321 variety was planted with crogpitensity 5.0 plants per?nn May,
2014 and harvested around september,2014. Alsmncoseeds (Gossypium Spp) were sown in March, 2014
harvested around October,2014. Weeds were cordrbifentegrated weed management strategies as needed
in the areaThe experimental area was (4008)for all locations ,where 800 Tfor each location and thus the
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experimental plot area 40°mA split-plot design was used, where main plotsewassigned to the different
irrigation water sources e.g. fresh water, sewag¢eny drainage water from (drain No. 7), drainaggter
alternative with fresh water and sewage water radtiere with fresh. Three methods of irrigation nmeaditional
surface irrigation, gated pipes and surface dripeviead in sub plots

2.4. Water measurements:
Amount of water applied: was measured for surfaw drip irrigation, while for the other modern gation, the
water discharge was measured by flow-meter.

Surface irrigation: amount of irrigation water apglwas measured by cut-throat flume (10 x 90 cm)
Water consumptive use was calculated accordingeddlowing equation:

Cu=Y) '©,-©,/100x Bd x60/100x 4200

Where:
Cu: Water consumptive use {imcre'.)
N : Number of irrigations

O, : Soil moisture % after irrigation

O, : Soil moisture % before the next irrigation
Bd: bulk density (Mg i) [Israelsen and Hansen, 1962].

Water application efficiency (Ea): was calculabgdusing the following formula

water strend in active root zone m®/ acre.
Ea= x100 [Downey, 1970]

amount of water applied m®/acre

Field water use efficiency: is the weight of magd#é crops produced per volume unit of applied wexpressed as
cubic meters of water [Michael, 1978].Crop watee efficiency: It was computed by dividing the yidlof crop
yield per fed. by the actual water consumptivem¥acre [Abd El-Rasool et al., 1971].

RESULTSAND DISCUSSION

1.3. Crop yield as affected by systems and sources of irrigation water:

Egypt is one of the pioneer countries in the reafs@ater. This process started as early as the.$32@l the water
multiplier now stands at 150-200%. All drainage evaif the Upper Egypt returns back to the RiveeNdising its
salinity from about 200 ppm at Aswan to less th@@ Bpm near Cairo. Four more billion cubic metdrdrainage
water generated in the southern part of the De#taraxed with fresh water and reused for diffengatposes. It is
the plan of the country to reuse another threéohiltubic meter per year for the irrigation of Ahl8m Canal
Project (620,000 feddans or 250,000 hectares) anthé feeding of Nubaria Canal (one of the large&iation
canals in the Western Delta which serve an aremag than seven hundred thousand acres of newlimesd
lands.), the canal will be fed with one billion éulmeter of drainage water from Omoum Drain [El @u02005].
At present, treated sewage and industrial effleantsupply about seven million cubic meters peratagbout two
billion cubic meters per year. Plans to use thisew#or the cultivation of special crops (timbeeds, industrial
crops such as cotton, lax, lowers,...etc.) are updsparation.

- Maizeyield (kg acre™):

Data in Fig.3 show that water sources affectedyttlel of maize. The highest yield of maize (369Kgacre")was

achieved with sewage water followed by drainageewadrainage water alternative with fresh water aedage
water alternative with fresh water. The lowestgief maize was achieved under fresh water. It cbeld¢oncluded
that, the maize yield obtained under both sewagedaainage water surpassed the yield obtainedrureth water
by about 21.5 % and 21.3 % respectively. This trevay be attributed to that the salinity of drainaggter in

summer season is relatively low due to rice cultbra Also, sewage water contains high amounts ifiérént

nutrients.

Respecting to irrigation systems and their effectrmize grain yield, data in Fig.2 indicate theigation by gated
pipes gave the highest values of maize vyield foldwby surface traditional irrigation and drip iatgpn
respectively. This may be attributed to good disttion and regular uniform of soil moisture duriinggation in
case of gated pipes. Similar results were obsebydéL-Shafieet al,2009], they found regular uniform water flow
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from gates and regular uniform pressure head frach eutlet was obtained along line at modified ggtipe under
constant pressure as well as increasing crop viedr this method of irrigation.

- Cotton yield (kg acre™):

Results of seed cotton yield ( kg abyas affected by water sources and irrigation e presented in Fig.4.
Drip irrigation achieved the highest yield of cattgield followed by gated pipe and surface irrigatiRespecting to
water sources and its effect on cotton yield, dataw that the highest yield was obtained under gewaater (1305
kg acre") and sewage water alternative with fresh wate2751kg acré). While, the lowest one was detected under
drainage water.

The yields were increased by about 16.66, 16 an®i81% with sewage water under surface irrigatiated pipe

and drip irrigation, respectively. While, it wascdeased by about 6.9, 4 and 13 % with drainage rwatder

surface, gated pipe and drip irrigation system. d&ia also revealed, with sewage water, the gapedgystem was
superior to surface and drip irrigation, while th@ irrigation was the best system with drainagaes.

Irrigation water sources
4000
@ 3500
]
o 3000
e,
< 2300 tiomal curs
E 2000 B Traditional surface
o M Gated pipes
>= 1500 _
ful] surface drip
r
‘T 10040
= 500
a
Fresh Crainage Sewage
Fig.3. Effect of irrigation water sour ces and methodson maize grain yield
Irrigation water sources
1400
E 1200
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E 1000
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E 400 '
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200
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Fresh Crainage Sewage

Fig.4. Effect of irrigation water sources and methodson cotton yield

1.4. Soil salt balance as affected by water quality and irrigation methods:
The chemical analysis of soil paste extractionraftaize and cotton are listed in Table. 4. The datstrated that
after the cotton seasons, the continuous use fadya water (1.3 dS M recorded the highest values of EGnder
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surface drip and gated pipe systems ( 3.42, 2.863a9 dS ri)respectively, followed by sewage water (1.1 dS m
1) or the alternative use of both drainage and freater. The lowest value of E@ere achieved by the continuous
use of fresh water (0.4 dS*nunder the three irrigation systems (2.11, 2.25 83 dS i, respectively.

SAR values approximately take the same trend ofvBldes. The data also revealed that the alternatigmation
alleviated the bad effect of the continuous usérainage and sewage water.

Finally, it is worthy to mention that E@alues achieved with all treatments after two grgvéeasons under the
three irrigation systems are less than the hartefidl ( less than 4 dSH Also, the mean values of SARr all
treatments under both crops with different irrigatsystems are less than the critical values g are less than
10. This trend may be attributed to that this dr@agood tile drainage system.

Table4. Salt balance of cultivated soil under maize and cotton crops

Before exp. Maize Cotton

EC. SAR. EC SAR. EC. SAR
Surfaceirrigation

Water sources

Fresh (F) 149 126 132 356 211 9.23
Sewage (S) 225 919 204 786 284 7.07
Drainage (D) 164 518 3.88 1468 342 881

St+F alternatives 2.14 9.62 201 644 221 6.5
D+F alternatives 2.38 9.81 218 6.31 3.11 9.14

Mean 198 928 229 777 274 815
Dripirrigation

Fresh (F) 265 1156 177 6.75 225 463

Sewage (S) 444 1250 260 925 262 8.29

Drainage (D) 349 791 298 1152 286 9.69

St+F alternatives 257 958 240 7.69 281 9.20
D+F alternatives 3.07 997 270 795 311 7.85

Mean 344 103 229 863 273 793
Gated pipe

Fresh (F) 265 1156 2.0 100 1.83 8.03

Sewage (S) 444 1250 32 55 346 6.92

Drainage (D) 349 791 29 49 329 532

St+F alternatives 3.57 958 2.1 25 214 280
D+F alternatives 3.07 9.97 24 69 267 7.07
Mean 3.44 10.30 252 59 2.67 6.02

1.5. Actual water consumptive use, water applied, water application efficiency and water distribution
efficiency of maize and cotton as affected by water quality and irrigation methods:

- Actual water consumptive use:

Regarding to maize crop water consumptive use (@kXp in Table 5 show that the highest value of(C281.31
m3 acré') were recorded with surface irrigation, this valuas decreased to 1730.5 and 1683.28 m3 acre-1 for
gated pipes and drip irrigation respectively. Retipg to the effect of water sources on maize wed@sumption, it
was noticed the highest values of CU were recordetie treatments which were irrigated by fresh aadiage
under different irrigation systems. On the othenchahe lower values were obtained with treatmeénigated with
drainage water. In general, drip irrigation metltodsumed water less than surface and gated pipessame trend
was observed under cotton cultivation as shownabld.6. It was also found that the results of waser efficiency
in drip irrigation were high due to the high watkstribution efficiency. Maximum amount of water svavailable in
vicinity of the plant and roots because of minimui®ep percolation losses in drip irrigation systen. the
maximum yield and water use efficiency was obtaiimedrip irrigation system. The results of watee wficiency
also have good agreement with the results repdoyeltKhalid et al. (1999), Ahmad et al. (2001), Ipimov et al.
(2007) and Randhawa (2002)].

- Amount of water applied:

Referring amounts of water applied to maize cr@gtadn Table 5 show that, values of water appliedewdiffered
under water sources and irrigation systems. Tlglesit value 2319.29 *vacré' was observed under surface
irrigation. Meanwhile, this value was decrease®®58.3 and 1959.62 facre' under both gated pipes and drip
irrigation respectively. Therefore, it could beinet that irrigation using gated pipes saved abh&25 %, also drip
irrigation saved about 15.5 % as compared to serigigation. The effect of different water souraesthe amount
of irrigation water applied could be arranged ie tiollowing order: S > F > S+F > D > D+F under sud
irrigation; F > S > S+F > D> D+F under irrigationtlvgated pipes; while under drip irrigation systdra sequence
was: S+F>S>D+F>F > D.
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Table (5): Actual water consumptive use, water applied, water application and water distribution efficiency as affected by different water sourcesunder different irrigation methodsfor maize

Actual water consumptive use? mcre' Amount of water applied, fracre’ Water application efficiency, % Water distribution efficiency, 9
Water sources| Gated . Gated Water . Water Gated . Gated )
Surface pipes Drip Surface pipes | saving % Drip saving % Surface pipes Drip Surface pipes Drip
Fresh (F) 2075.64 1800.9 1678.74 | 2334.89| 2120.6 9.17 1925.99) 17.51 83.19 84.92 89.74 91.55 93.6 96.35
Sewage (S) 2028.6 1780.7 1803.06 | 2504.92| 2100.0 16.2 1996.16 20.31 84.81 84.79 | 87.85 90.36 92.5 95.11

S,F alternative|  2026.08 1700.0 1649.34 | 2313.93| 2090.0 9.67 2031.9 12.18 87.16 81.33 87.94 90.40 92.7 94.78
Drainage (D) 1859.34 1680.6 1602.3 2264.97| 2000.4| 11.69 1904.71| 15.90 76.23 84.02 84.88 90.99 95.0 97.32
D,F alternative| 1916.88 1690.3 1682.94 | 2177.74| 1980.7 9.04 1939.33] 10.94 80.92 85.33 84.25 86.46 89.7 92.61
Mean 1981.31 1730.5 1683.28 | 2319.29| 2058.3| 11.25 1959.62| 15.50 82.46 84.07 86.93 89.95 92.7 95.23

Table (6): Actual water consumptive use, water applied, water application and water distribution efficiency as affected by different water sourcesunder different irrigation methodsfor cotton

Actual water consumptive use

R Amount of water applied, facre Water application efficiency, ¢ Water distributiefficiency, %

Water sources m”acre
Surface| Gated pipep Drip Surfage  Gated pipes  Vgaténg % Drip | Water saving % Surfag¢e  Gated pipes ip Or Surface | Gated pipes  Drip

Fresh (F) 2584.3 2561.2 24276  3240.5 2970.p 8.37 | 767D 14.61 79.75 86.24 87.13 90.4 92.4 9B.3
Sewage (S) 2628.9 2517.5 2364.1  3054.8 2842)0 6.98 | 2612.0 14.49 86.05 88.59 90.43 89.9 90.5 9.1
S,F alternative|  2651.0 2533.0 2420.5 3123.3 28520 8.68 2691.0 13.83 84.88 88.81 89.p4 90.1 93.5 9
Drainage (D) 2398.2 2325.5 2304/5 29135 2751.0 455 2592.0 11.00 82.34 84.53 88.91 88.5 95.0 95.5
D,F alternative| 2483.9 2422.6 2373.0 2998.5 2866.0 4.41 2706.0 9.75 82.84 84.52 87.69 89.9 93.3 95.9
Mean 2549.2 2471.9 23775  3065|9 2856.( 6.79 264.0 12.74 83.17 86.53 88.94 89.8 92.9 95.9
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Respecting cotton crop, data in Table 6 clearlycaug that the drip irrigation method saved watedB.7 %, while
gated pipes saved irrigation water by 6.8 % as @wewpto surface irrigation. Also, fresh water reedithe highest
amount of water applied under all irrigation systei@n the other hand, the irrigation by drainag¢éeweeceived
the lowest amount of water applied.

It should be mentioned that, the irrigation by fregater and sewage water alternated with freshrveaieed water
more than the other water sources.

- Water application efficiency:

As shown in Table 5 the water application efficigfior maize crop with drip irrigation exceeded bgtted pipes
and surface irrigation. Also, the highest valuewdter application efficiency was achieved withsfravater under
drip irrigation method. Whereas, the lowest valugswbtained with treatment irrigated by drainagéewander
surface irrigation method. It was noticed from dé#tat the difference between the continuous orrradtéve

irrigation by sewage water under drip irrigationswé clear. Also, the difference between the camdims irrigation
or the alternative irrigation by drainage water wasy small.

While, in case of cotton crop, data tabulated ibl&&® shows that the highest value of water apfidinaefficiency
88.92 % was obtained from drip irrigation followeg gated pipes (86.55%). On the contrary the lowaste
83.15% recorded from surface irrigation. Concerning effect of different water sources, the datdicate that
sewage water or sewage alternative with fresh watbieved the highest value of water applicatidicieficy.
While, the lowest values were with fresh water ursleface irrigation and drainage water under gatpd and drip
irrigation.

- Water distribution efficiency:

The uniformity of water applied is a convenient wayjudge the performance of surface or drip itima It

describes water distribution either of emitterschégge along the individual furrows and betweenftineows. High

values of water distribution efficiency means tHdterent part of the field received similar applion depths. As
shown in Table 5, drip irrigation method recorded highest values of water distribution efficierioy maize crop
compared with gated pipes and surface irrigatidre Righest values were obtained with the continuiggtion by

drainage water under drip irrigation. While, thevést value was obtained with alternative irrigatlpn drainage
water under surface irrigation. Also, the samedneas noticed with cotton crop as indicated in €ahl

1.6. Crop and field water use efficiency of maize crop:

It was noticed that the highest values of crop faeld water use efficiency were achieved with altgive drainage
by fresh water treatment under drip irrigationdaled by drainage water, Table (7). While, irrigathyy fresh water
under surface irrigation recorded the lowest values

Table(7): Crop and field water use efficiency of maize (kg m™) as affected by different water sourcesand irrigation systems

Water sourceq Irrigation system| CWUE kg m® [ WP kg m®

S 1.34 1.19

F G 1.55 1.32
D 1.56 1.36

S 1.72 1.4

S G 2.14 1.79
D 1.69 1.53

S 1.56 1.36

S+F G 2.1 1.7
D 1.91 1.55

S 1.9 1.56

D G 2.01 1.72
D 1.88 1.59

S 1.64 1.45

D+F G 1.98 1.62
D 1.98 1.72

1.7. Crop and field water use efficiency of cotton crop:

Data in Table(8) indicate that the highest valuesrop and field water use efficiency were obtaingdier drip
irrigation and gated pipes with all different wassurces compared to surface irrigation. Irrigatignsewage or
alternative sewage with fresh achieved the highaisies of crop and field water use efficiency undigp irrigation.

On the contrary, irrigation by fresh water undenfae irrigation recorded the lowest value for befficiency are
similar by alternative drainage with fresh watqueasally under drip and gated pipe.
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Table(8): Crop and field water use efficiency of cotton (kg m*) as affected by different water sourcesand irrigation systems

Water sourceq Irrigation system| CWUE kg m® [ WP kg m®

S 0.44 0.35

F G 0.46 0.40
D 0.48 0.42

S 0.50 0.43

S G 0.55 0.48
D 0.58 0.52

S 0.45 0.38

S+F G 0.51 0.45
D 0.55 0.50

S 0.44 0.36

D G 0.49 0.41
D 0.52 0.46

S 0.46 0.38

D+F G 0.49 0.42
D 0.49 0.43

3.6. Socioeconomic analysis:

Several socio-economic and environmental benefitddcbe attained from reusing wastewater if it veethanized
and managed. Reusing wastewater with appropriaggation method could contribute in adding 340-&88D /acre
to the farmer income per year due to the cropimtaData in Tables (9,10 and 11) showed that reusiastewater
compensate about 60 % and 67% of N and P fettdizaespectively. In addition, it sustains and semes the
existing cultivated area, creates job opportunities

Table(9): Expected values(USD) of maize crop could be added to the farmer income due to using marginal water and different irrigation

systems
Irrigation systems
Water Surface WaterGated pipes Drip
sources| Water saved Correspondent Saved Correspondent Water Correspondent
m® acret USD acre-1 i acre USD acré& saved macret USD acré
F 0.0 0.0 120.5 100.3 275.2 147.4
S 442.0 243.8 322.3 243.6 570.0 343.8
S+F 330.6 177.1 412.3 218.2 614.7 3754
D 704.3 432.9 435.7 304.5 640.3 401.1
D+F 475.8 271.8 504.9 412.3 863.7 585.3
Mean 393.3 215.7 359.1 255.8 592.8 362.0

Table(10): Expected values(USD) of cotton crop could be added to the far mer

Irrigation systems
Water Surface Gated pipes Drip
sources| Water saved| Correspondeni Water saved Correspondent Water saved Corresponden
m® acre' USD acre-1 m® acre USD acré m® acre! USD acré
F 0.0 0.0 850.3 412.3 553.2 368.7
S 698.1 476.4 519.8 550.4 1268.5 1046.8
S+F 267.5 161.3 650.3 613.3 1153.1 915.0
D 83.1 47.5 300.3 630.3 8144 594.6
D+F 256.8 154.9 313.2 602.1 618.4 422.0
Mean 262.5 158.3 526.8 561.7 884.8 654.4

income due to using marginal water and different irrigation systems.

Table(11): N and P fertilizersadded to the soil through irrigation by wastewater along the whole season relative to fresh water

Nitrogen Phosphorus
Water sources Increase T, Increase B
Mg T | Kg aci& Contribution % Mg L | Kg acie” Contribution %
Fresh 0.0 0.0 0.0 0.11 0.29 2.0
Drainage 12.15 30.37 43.4 0.0 0.00 0.0
Wastewater 16.71 41.77 59.7 4.04 10.1 67.4
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CONCLUSION

Marginal water reuse in water resources managensgatem reflects the application of complementary
developments in technology health risk understapdimd public health acceptance to mitigate linotagiimposed
by the increasing scarcity of water resources.

To optimize the net benefits from implementationnedrginal water reuse in North Delta in Egypt, foBowing
issues should be considered:

Fiber crops like cotton are preferable to be cattd when treated wastewater used in irrigation.

Drip and gated pipes irrigation saved water by 8@2n clay soil and increased irrigation applicatafficiency.
Alternating of low quality water with fresh wateart optimize the unit return due to saving 48 %reslh water.
Proper irrigation system with low quality water &bincrease farmer income by 340-60 USD /acre yearl
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