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ABSTRACT

AquaCrop model (version 4) was validated using data from two field experiments conducted at North Delta (Sakha
and El-Hamoul Districts) during the summer seasons of 2012 and 2013. Maize cross 321 variety was sown to study
the effect of deficit irrigation, nitrogen fertilization and soil mulching on maize water productivity. After that,
AquaCrop model was validated using such data by different statistical indicators such as coefficient of
determination( R?),normalized root mean square error ( NRMSE),degree of agreement (D )and efficiency (E).
Results indicated that, AquaCrop software was able to smulate well maize water productivity under different
irrigation regimes, nitrogen fertilization levels and mulching application at North Delta. Where, under non saline
soil conditions (Sakha location) values of R>, NRMSE, D and E were 0.88, 0.36, 0.98 and 0.99 % respectively.
While, under saline soil conditions ( El-Hamoul location) values were 0.88, 15.5, 0.12 and 0.77 % for R?, NRMSE,
D and E respectively. Data also, showed that, under non saline soil, the highest value of water productivity was
obtained by irrigation at 36 days after post planting irrigation ,then irrigation at 70 % depletion from soil available
water, non limiting nitrogen fertilization and adding plastic mulching. While, under saline soil conditions, irrigation
at 26 days after post planting irrigation, then irrigation at 50 % depletion from soil available water, near optimal
nitrogen fertilization and plastic mulching gave the best value of water productivity.

Key words: Deficit irrigation, Model, Mulching, Statistical dicators ,Validation

INTRODUCTION

There are an urgent need to increase crop wateluptigity (WP), due to the sharp declining in watesources
allocated to agriculture and continuing populatiocrease [1]. This should include the employmenteghniques
and practices that deliver a more accurate supplyater to crops. Furthermore, there is a needuantify the
impact of the water limitation on crop productivifyherefore, the necessity to develop a crop sitimanodels
was arisen to use the existing knowledge of yiekponses to water supply and quantify that in tfrgield losses.

Nitrogen fertilization plays a key role in plantogrth, yield and hence crop water productivity. Thigtrient
element is recognized in maize production as tts¢ finajor nutrient that begins to limit normal glgnowth. It has
received more study and attention than any oth&iemi. Mulch is usually applied towards the begngnof the
growing season, and is often reapplied as necedsapgrves initially to warm the soil helping é@tain heat which is
lost during the night. This allows early seedlinfjoereal crops and encourages faster growth. Asséason
progress, mulch stabilizes the soil temperatureraodture, and prevents sunlight from germinatiregp@vseeds [2].
Maize is one of the most widely consumed ceregb<igrown worldwide under different environmentahditions.
The growing global population puts more strain iftereased cereal production in the next decaddeetd this
population which greatly drive the global water dewh for different purposes. Meanwhile humankind toasope
with the predicted impacts of future climate chaongewater resources availability especially in &gl and semi-
arid regions. Irrigated agriculture is hence undigh pressure to increase the water use efficighaing these
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conditions. For this purpose several techniquesrandels have been developed to simulate the cuarehfuture
scenarios for future planning and management ofwthater resources. AquaCrop is among such modelshwhi
reliably simulate achievable yields of major cr@ssa function of water consumption under rainfegyptemental,
deficit, and full irrigation conditions, with comgaively less data demaipgl].

The first crop chosen to parameterize and teshéve FAO AquaCrop model was maize [4]. Also, it wased for
growth simulation of cotton [5], sunflower [3], ey, [6], and Teff Eragrogtis tef), under different water regimes.
The results of these experiments showed that the®rpp model can be used to explore managemeinspind
improve water productivity. AquaCrop has been dapetl to provide an easy — to —use modeling toantample
range of users ( farmers, agricultural consultaneter managers and policymakers) interested ainatble crop
biomass and harvestable yield under different stenaf water and nutrient input [3]. The modeldses on water
input as the most limiting factor of crop growtspecially in arid and semi arid regions where wategss varies in
intensity, duration, and time of occurrence [7], BquaCrop has a simple, user friendly structamed employs 33
crop input parameters that can be observed eastlyei field; for example, the percentage of canopyer instead
of leaf area index (LAI) and other biomass -relatgysiological inputs; numerical and/ or descriptiv
characterization of crop water stress tolerancétesdure, and nutrient input. In fact, it is exgped that this simple
structure and reduced number of parameters couilitdée model calibration and utilization for diffent crops and
under different management strategies. Notwithstenthe reduction and simplification of the inputriables, the
model maintains a significant number of main outgata, including the simulation of canopy covegnbass and
soil water components over the whole growing cyelad the final harvestable yield [3] ,[9].Therefpithe
objectives of this study could be summarized ds\id:

(2): Evaluating AquaCrop model (version 4) undey@mn soil conditions; (2): Improving crop wataoguctivity
under different treatments such as, irrigationmegisoil mulching, nitrogen fertilization and ssxllinity.

MATERIALS AND METHODS

2.1. Sites and climate of the experimental field:

The experiments were conducted on 2012 and 201®&aaexperimental fields of North Delta (Egypt), K&l-

Sheikh Governorate ( Sakha and El-Hamoul). The éxperimental field was located in Sakha Distfiobn saline
soil), 31° 03 latitude, and 30° 57 longitude. Whilee second experimental field was conducted uH&houl

District represent saline soil , 31° 18 N and 3 %7 Soil texture was clay in both fields of expsent. Values of
field capacity were 40.8 % and 41.8 % for both saline and saline soil respectively. Also, permaméfing point

percentages were 20.3 and 21.2 % for non salinesalitte soil respectively. The area is charactdrizga typical
Mediterranean climate, with a hot and dry summasse. Weather data, including daily values of eingerature
and humidity, wind speed and sunshine were collectethe agro meteorological station of Sakha afjtice

research station, located about 50 m from Sakhatitot and 3000 m from El-Hamoul location. Data Tralfle 1)
show the climatic data in such locations duringghmmer seasons of 2012 and 2013.

Table 1: Main values of meteorological data duringnaize growing seasons 2012 and 2013

Months Mean temperature, €° Relative humidity, %/ind speed, km d&y| Sunshine, hourk
May 25.7 61.38 240 11.0
June 29.3 68.3 207 12.5
July 29.1 71.19 180 12.3

August 28.0 69.58 170 11.5

September 25.8 66.30 175 10.4

Some properties of the studied soils before cultwaare shown in Table.2.

2.2. Cultural practices and basic treatments:

Pure maizeZea Mays,L.) cross hybrid 321 variety was planted with crogpilensity 5.0 plants perrim May 2012
and 2013 and harvested around september for balth dxperiments. Weeds were controlled by integrateed
management strategies that were standard of thenteghe experiments, set according to a randomidedk

design with three replicates, including the follagitreatments: (1): Withholding in irrigation intats after post
planting irrigation by (15,26 and 36 days), ondy the first irrigate after post planting irrigatig(2): Irrigation at
different levels of depletion from soil availableater by D1 (30 %), D2 (50%) and D3 (70%) throufjlower the

season after previous withholding intervals., @&ur levels of nitrogen fertilization N1 (non litimg), N2 ( near
optimal), N3 (moderate), and N4 (poor)., (4): Tweds of soil mulching i.e (plastic mulching and amig

mulching).
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Table 2: Some physical and chemical properties ohé studied soils before cultivation

Soil properties Normal soil  Saline sqil
o | Sand % 16.9 16.56
£ [Sitw 265 23.64
2 | Clay% 56.5 59.8
S [ Soil texture clay clay
< | Field capacity,% 40.8 41.8
S | Wilting point, % 20.3 21.2
2 | Bulk density,Mg 7 1.24 1.38
e Organic matter, % 1.85 1.55
CaCQ, % 245 4.4
pH* 7.65 8.0
EC *, dS m' 1.88 5.6
@ [ Ca meql 3.72 13.0
= Mg™ meq I 2.08 12.3
S | Na' meq I 12.8 30.1
5 | K"meqt 0.20 0.6
T | .CO: meq I 0.00 0.0
‘€ | HCOs meql 5.4 4.0
2 [ CL megql 8.90 22.7
O [ S04 meq! 4.5 29.3
Available Nitrogen, mgkg 50.6 30.1
Available phosphorusngkg™ 16.3 10.0
Available potassium,mgky 489.5 650

* pH was determined in soil: water suspension (1:2.5).
** EC was determined in soil paste extract.

2.3. Description of AquaCrop model:
AquaCrop is a new water-driven crop growth modgJ[$3 The biomass growth rate is linearly propontl to
transpiration through the following equation: AGBNP x T/ET.

here AGB is the aboveground biomass rate; WP ismfer productivity (biomass per unit of accumutaveater
transpired); Tis the crop transpiration; and E3 the reference evapotranspiration,used to nozend}i

Soil water balance is performed on a daily basitutting the processes of fifiltration, runoff, dgsgrcolation, crop
uptake, evaporation, transpiration, and capillasg.r The model keeps track of the rainfall andgation, and
seperates evaporation from transpiration throughpgércentage of canopy cover as described in deya[9].
AquaCrop does not calculate ETand it is one of the weather inputs in the mottelthis study, ET data were
estimated from the nearby meteorological stationguthe FAO Penman-Monteith approach.

AquaCrop relates its soil-crop- atmosphere compiznémough its soil and its water balance, the aphere
(rainfall, temperature, evapotranspiration, andeardioxide concentration) and crop conditions €rpiogy,crop
cover, root depth, biomass production and harvéstgikeld) and field management (irrigation, fettiliand field
agronomic practices) components [9],[3]

2.4. Methods of model validation and evaluation:

The model validations were based on the compafistween simulated (predicted) and observed (med)sdeda
for all treatments. In particular, the followingogr growth parameters were analyzed: ifipize grain yield, and (11):
maize water productivity. For such aim,severalistiadl indicators are available to evaluate theqrenance of a
model [10]. Each has its own strengths and weakssesshich means that the use of an ensemble ddreift
indicators is necessary to sufficiently assesgpthéormance of the model [11]and[12]. In the equadj Oi and Pi
are the observations and predictions respectiaglg,their averages and n the number of observations

1-Coefficient of determination (F):

The coefficient of determination r2 is defined s squared value of the pearson correlation céenfiticR? signifies
the proportion of the variance in measured datdaigd by the model, or can also be interpretethassquared
ratio between covariance and the multiplied stashdawiations of the observations and predictionsariges from 0
to 1, with values close to 1 indicating a good agrent, and typically values greater than 0.5 amsidered
acceptable in watershed simulations [13]
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A major drawback of r2 is that only the dispersiomigntified, which means that a model which systeally
overestimates (or underestimates) the observatimmstill have a good r2 val[14]. [15] also stated that within the
context of atmospheric ®nces both r and r2 are insufficient and oftenleaiding when used to evaluate ma
performance. Analysis of the residual error (tHéedénce between model predictions and observati@i— Oi) is
judged to contain more appropriate and insightiformation.

2 - Root Mean Square Error (RMSE):

The root mean square error or RMSE is one of thetmidely used statistical indicato[16], and measures the
average magnitude of the difference between piiedikfnd observations. It ranges from (positive infinity, with
the former indicating good and the latter poor nhgoerformance. A big advantage of the RMSE is tit:
summarizes the mean difference in the units of & @n It does however not differentiate between - and
underestimation.

f 2
Rt = 2= =)
n

A disadvantage of RMSE is the fact that the rediduers are calculated as squared values, whishthe resul
that higher values in a time series are given gelaweight compared to lower valu[12] and that the RMSE is
overly sensitive to extreevalues or outlie [13]. This is in fact a weakness of all statisticalidadiors where th
residual variance is squared, including EF andtt’'s d which are discussed bels

3 - Normalized Root Mean Square Error (NRMSE):

Because RMSE is expressed in the units of the exdiudhriable, it does not allow model testing uraevide range
of meteo-climatic conditions [16]herefore, RMSE can be normalized using the méaneoobserved variable -
). The normalized RMSE (NRMS is expressed as a percentage and gives an indiaatitherelative difference
between model and observations.

IS (P -0.)?
) 100

NRMSE = ; |'
0 \ n

A simulation can be considered excellent if NRMSEsmaller than 10%, good if between 10 and 209, iff:
between 20 and 30% and poorafder than 309

4- Nash-Sutcliffe model Eiciency Coefficient (EF):

The NashSutcliffe model efficiency coefficient (EF) detemes the relative magnitude of the residual vari
compared to the variance of the observat[17]. Another way to look at it is to say that EF irates how well th
plot of observed versus simulated data fits thelibd [13]. EF can range from minus infinity to 1.An EF o
indicates a perfect match between the model andlibervations, an EF 0 means that the model predictions
as accurate as the average of the observed data aedative EF occurs when the mean of the obsengais a
better prediction than the model.
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EF:I—Z(P'_%]EI
Z(OE_O)

EF is very commonly used, which means that theeelé&gge number of reported values available erdiure [13].
However, like r2, EF is not very sensitive to sysétic over- or underestimations by the model [14].

5 - Willmott's index of agreement (d) :

The index of agreement was proposed by [15] to oreathe degree to which the observed data are apiped by
the predicted data. It represents the ratio betwleemean square error and the “potential errohictvis defined as
the sum of the squared absolute values of therdistafrom the predicted values to the mean obseraks and
distances from the observed values to the meamadas@alue [11]. It overcomes the insensitivityrdfind EF to
systematic over- or underestimations by the mod2l, [[11]. It ranges between 0 and 1, with O inditg no

agreement and 1 indicating a perfect agreementdagtihe predicted and observed data.

>.(F-0,)

A

TS Ue-0/+/o-0)"

d

A disadvantages of d is that relatively high valmesy be obtained (over 0.65) even when the moddbipes
poorly, and that despite the intentions of][#i5s still not very sensitive to systemic over-umderestimations [14

RESULTS AND DISCUSSION

3.1. Maize yield predictions under non saline sodonditions

As a summary of the outcome of the simulations, dimulated final grain yield of the different tremnts are
compared with the measured values. Data in (Fghayv that, the highest value of maize grain yi@a0tkg acré
was obtained by irrigation after 15 days from pplsinting irrigation, then irrigation at 30 % dejdet from soil
available water through all over the season as asethdding non limiting level from nitrogen fetéir and using
plastic mulching. This may be attributed to moreesh water and enhancing crop growth through inangas
nitrogen doses under such treatments. Values ofargiain yield were decreased with increasing tgod of
irrigation withholding after post planting irrigati to 26 and 36 days under the same other treagnasnindicated
in( Figs.2 and 3). Respecting to AquaCrop validatigth maize grain yield, data in (Table 3) showieat, there are
an excellent agreement between measured and mediatues. Where, values of RNRMSE, EF and D were
0.90, 0.92, 0.99 and 0.99 respectively. Which mibsam there are an excellent agreement between meehand
predicted values of maize grain yield accordinfl&]; [16], [17];and [15].

-1 & . & e .
Grain yield Kg acre  DIrigation after 15 days from post planting invigation
5000

== rganic mulching 4000 -

measured
300

—m— Crganic mulching 000

simulated 2000

: - -

Plastic mulching

measured 1000 -
== Plastic mulching o

Hmylated . MN1|NZ[N3 N4 N1 NZ{N3 N4 N1 N2 | N3 | N4

N levels

3O P LT I T <
Irrigation levels it

Fig.1: Simulated and measured values of maizean yield as affected by different treatments undr non saline soil conditions
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Grain yield Kg acre | Irrigation after 26 days from post planting iimigation

5000

—4=— O rganic mulching 4000
measured

- 00 —
=@ 0rganic mulehing

simulated 2000

Plastic mulching -

migasured 1000
= Plastic mulching o

simulated oo (NI NZNZ NG NT N2 NS NG (N1 NZ NS NG

Irrvigation levels 30 % 50 % TO %

Fig.2: Simulated and measured values of maizeajn yield as affected by different treatments undr non saline soil conditions

Grain yield Kg acre | Irigation after 36 days firrom post planting inrigation

4500
4000
—a— Organic mulching 3500
maasured 3000
- Organic mulching 2500
simulated 2000 -+ ;
Plastic mulching :500 '
measured 000
- . 500
== Plastic mulching o
St N- levels NI{NZIN3 N4 N1 NZ N3 N4 N1 N2 N3 N4
Irvegation levels 30 S 50 % o

Fig.3: Simulated and measured values of maizeajn yield as affected by different treatments undr non saline soil conditions

Table 3: Evaluating AquaCrop model with maize grén yield under different treatments in non salinesoil conditions

Treatments
Elapsed time after post Irrigation at different levels of | Nitrogen fertilization Soll

planting irrigation | depletion from soil available watgr levels mulching

Statistical indicators 15 days 30 % Non limiting Plastic

26 days 50 % Near optimal Organic

36 days 70 % Moderate
Poor

R? 0.90
NRMSE 0.92
EF 0.99
D 0.99

3.2. Maize water productivity prediction under nonsaline soil conditions

As shown in (Figs 4,5 and 6), values of WP weradased with using plastic mulching, level of nomiting

nitrogen fertilizer, and application of deficitigation. Where, the highest predicted value of WRxkg n® was
obtained by irrigation after 36 days from post filagnirrigation then irrigation at 70 % depletiamin soil available
water, as well as adding level of non limiting agen fertilizer and using plastic mulching as coragato other
treatments. Such increase in WP may be due tmtleaving reasons:

1. Water loss through evaporation is reduced dwsittg plastic mulching.
2.The negative effect of drought stress duringcifige phonological stages on biomass partitioningtween

reproductive and vegetative biomass (harvest irii8k [19]and [2Q is avoided, which stabilizes or increases the
number of reproductive organs and/or the individaaks or reproductive organs (filling) [21].
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3. WP for the net assimilation of biomass as follow

Eiomass

ET@

With biomass in the numerator and with £if the denominator is increased as drought stsesstigated or crops
become more hardened. This effect is thought taaltieer limited given the conservative behavior @niass
growth in response to transpiration [22]and[23].

4. WP for the net assimilation of biomass is inseshdue to the synergy between irrigation andlifeation [24].
This includes cases where irrigation is reducddrtflizer levels and native fertility are low [ R5

5. Negative agronomic conditions are avoided dudrap growth, such as pests, diseases, anaerohiitions in
the root zone due to water logging, etc. [26]ark].[2

Data in (Table 4) showed an excellent agreemenvdert measured and predicted values of WP undezrelift
treatments. Where,?Rialue was 0.88 which achieve a good agreementdiogpto [13, NRMSE value was less
than 10 %, values of EF and D were 0.98 and 0.8pedaively. Therefore, AquaCrop model was ableinwukate
maize water productivity under non saline soil dbads.

-3 < g & e ,
WP Kgm Inrigation after 15 days from post planting inrigation
1.8
1.6
—— D rganic mulching 1.4
meaasured 1.2
—m— Organic mulching 1
simulated 0.8
Plastic mulching g‘i’ -

- ed '
measurec 02
—— Plastic mulching o

simulated ri_ Jevels M1|{MNZIN3 (NS N1|N2Z N3 NS N1 N2 N2 NS

Irrization levels 30 % 50 25 TO <%

Fig.4: Simulated and measured values of maize veas productivity as affected by different treatmerts under non saline soil conditions

WP kg m =3 Inrigation after 26 days from post planting inrigation
2.5
—s— Organic mulching 2
measured
; 1.5
- Organic mulching
simulated 1
-+ Plastic mulching
measured 0.3
—— Plastic mulching o - )
simulated . o els N1 N2|N3|N4|N1|[N2|N3|N4|N1|IN2IN3 N4
Irrigation levels 30 9% 50 94 TO %%

Fig.5: Simulated and measured values of maize vea productivity as affected by different treatmerts under non saline soil conditions
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-3
WF kg m
2.5 Inrigation after 36 days froimn post planting inrigation
—— Organic mulching 2
measured
B . 1.5
- Organic mulching
simulated 1
—&— Plastic mulching
measured 0.5
e Plastic mulching o - :
simulated . N1| N2 N3 N4 |N1{NZ[N3|[N4{N1 N2 N3 | Ng
MN— levels
Irrigation levels 30 %% 50 9% TO 9%

Fig.6: Simulated and measured values of maize veas productivity as affected by different treatmerts under non saline soil conditions

Table 4: Evaluating AquaCrop model with maize wagr productivity under different treatments in non saline soil conditions

Treatments
Elapsed time after post Irrigation at different levels of | Nitrogen fertilization Soil
planting irrigation depletion from soil available watgr levels mulching
Statistical indicators 15 days 30 % Non limiting Plastic
26 days 50 % Near optimal Organic
36 days 70 % Moderate
Poor

R? 0.88
NRMSE 0.36
EF 0.98
D 0.99

3.3. Prediction of maize grain yield under salineal conditions

AquaCrop model (version 4) uses the calculatiorc@dare presented in Budget [27], [28],[29]and[8Dkimulate
salt movement and retention in the soil profileeTighest predicted value of maize grain yield urghdinity

conditions 1700 kg acrfewas obtained by irrigation after 15 days from ppknting irrigation followed by
irrigation at 30 % depletion from soil available telmas well as using plastic mulching and levehoh limiting

from nitrogen fertilizer, as shown in (Fig.7). Vakiof maize grain yield were decreased with inéngathe period
of irrigation intervals after post planting irriga as indicated in (Figs.8 and 9).

Grain yield Kg acre DIirigation after 15 days from post planting inrigation

1800
1600
—+—0Organic mulching 1400
measured 1200
—=- Organic mulching 1000
simulated 80O
~ Plastic mulching 600
400
measured
200
—=— Plastic mulching o - . — : . Tam—r
simulated N1 N2/N3 N4|N1 N2/ N3 N4 N1 N2/N3 NG
N- levels
: 30 % 50 % )%
Irrigation levels i St 70 %
LS -

Fig.7: Simulated and measured values of maizeajn yield as affected by different treatments undesaline soil conditions
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-1
Graiu vield Kg acre . . : ogeirpe e .
; 1800 . LTigation after 26 dayvs from post planting inrigation

1800
—+—Organic mulching 1400
measured 1200
—#- Organic mulching 1000
simulated BOD
—+— Plastic mulching £00
400
measured
200
——Plastic mulching 0 A : il
simulated -
N levels N1 N2 N3 N4 N1 N2ZN3N4NLNZN3NS
Irvization levels 50 % 5O % 70 %

Fig.8: Simulated and measured values of maizeajn yield as affected by different treatments undesaline soil conditions

Grain yield Kg acre | Irrigation after 36 days from post planting nrigation

1600
) 1400
—'—zrz:nlcer;ulchlng 1200
easur 1000
== 0Organic mulching 200
simulated &00
-+ Plastic mulching 400
measured 200
—— Plastic mulching o v i L i i :
simulated 'N1/N2 N3 N4|[N1 N2 N3|/NG N1 N2 N3 NG
N- levels
Irrvisation levels ' S0 95 ' S50 S . TO % |
" -

Fig.9: Simulated and measured values of maizeajn yield as affected by different treatments undesaline soil conditions

As mentioned in (Table 5) values of statisticaliGatbrs were 0.88,15.5,0.33 and 0.55 fér RRMSE,EF and D
respectively. Such values indicate a good a greebetween measured and predicted values of grald.yi

Table 5: Evaluating AquaCrop model with maize grainyield under different treatments in saline soil caditions

Treatments
Elapsed time after Irrigation at different levels of | Nitrogen fertilization Soil

post planting irrigation| depletion from soil available water levels mulching

Statistical indicatorg 15 days 30 % Non limiting Plastic

26 days 50 % Near optimal Organic

36 days 70 % Moderate
Poor

R 0.88
NRMSE 155
EF 0.33
D 0.55
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3.4. Prediction of maize water productivity under aline soil conditions

Values of WP were increased due to increasing getnofertilization, proper irrigation management arging
plastic mulching as shown in (Figs.10,11 and 12heW¥, the highest value of WP 0.78 k& mas obtained by
irrigation after 26 days from post planting irriigat followed by irrigation at 50 % depletion fromikavailable
water in addition to using plastic mulching and iaddevel of non limiting from nitrogen fertilizeRespecting to
AquaCrop evaluation under this condition. Data @nésd in (Table 6) report that, there are a goaeeagent
between measured and predicted values of WP. Whahees of R NRMSE,EF and D were 0.88, 15.5, 0.12 and
0.77 respectively. Therefore, AquaCrop model cduddused adequately under these conditions to prerhp
water productivity with different treatments likeigation, fertilization and field practice managem

-

wr kg m > DTigation after 15 days from post planting inrigation
0.8
0.7
—+—Organic mulching o | JJ—
measured ; i —— = .
0.5 1%
—8—Organic mulching o4 - "’_w
simulated o.3
-~ Plastic mulching 0.2
measured 0.1
—=—Plastic mulching o |
simulated . s N1 N2/N3 NS NLINZ N3 NS NL N2 N3 NS
Irrieation levels 0 9% S50 95 T <

Fig.10: Simulated and measured values of maizeater productivity as affected by different treatmerts under saline soil conditions

WP kg m o nrigation after 26 days fi'om post plantng irrigation
0.9
0.8
—+— Organic mulching 0.7
measured 0.6
—m- Organic mulching 0.5
simulated 0.4
0.2
Plastic mulching
0.2
measured
0.1
———Plastic mulching o ’ : : ’ _ . : y - :
simulated |
N_ levels N1(MNZ2Z N3 NS N1N2Z2 N3 NG MNM1LN2 N3 NG
Irrieation levels S0 T 50 9L TO S5

Fig.11: Simulated and measured values of maizeater productivity as affected by different treatmerts under saline soil conditions

Table 6: Evaluating AquaCrop model with maize waterproductivity under different treatments in saline soil conditions

Treatments
Elapsed time after post Irrigation at different levels of | Nitrogen fertilization Soil

planting irrigation depletion from soil available watgr levels mulching

Statistical indicators 15 days 30 % Non limiting Plastic

26 days 50 % Near optimal Organic

36 days 70 % Moderate
Poor

R? 0.88
NRMSE 15.5
EF 0.12
D 0.77
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' Ty
a3 Irrigation after 36 days from post planting ifrigation
WP kg m - * - =
0.8
0.7
—a— Organic mulching 0.6
d .
measure 0.5
8- Organic mulching 0.4
simulated 0.3
Plastic mulching 0.2
measured 0.1
—— Plastic mulching o
simulated
MN_ levels M1NZIN3 NG N1NZN3 NG NI N2 N3 NS
[rrieation levels S0 9% | 50 % T <A
" A

Fig.12: Simulated and measured values of maizeater productivity as affected by different treatmerts under saline soil conditions

CONCLUSION

AquaCrop software (version,4) was able to simulaédl grain yield and water productivity of maizeoprunder
different treatments such as irrigation regimesogen fertilization, soil salinity and soil muletyg at North delta
soils (Egypt). Therefore, this model can be used akecision support tool in increasing water praigitg by

project managers, consultants, irrigation enginaecsfarmers. In other words, this model can bel tsesimulate
the water management effects on yield and handieagements that increase water productivity. Alse,lighest
value of maize water productivity was achieved roigation after 36 days post planting irrigationem irrigation at
70 % depletion from soil available water as well agplying both non limiting nitrogen fertilizer arlastic
mulching, under non saline soil conditions. Whileder saline soil conditions, the highest valuecrmip water
productivity was obtained by irrigation after 26ydeérom post planting irrigation then irrigation 3@ % depletion
from soil available water through season in additmadding moderate nitrogen fertilizer and p&astulching.
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