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The aim of this study was to analyze the effects of conventional irrigation
(DI) and partial root-zone drying (PRD) treatments using drip-tape irrigation
on the yield of grain maize (hybrid single cross 704), through simulation
with the SALTMED model. The experiment was conducted with six
irrigation treatments (three levels of 100%, 75%, and 55% of crop water
requirement), each replicated three times, at the research farm of the Faculty
of Agricultural Technology, University of Tehran. The field experiment
followed a split-plot design based on a randomized complete block design
and was conducted in Pakdasht City. Results under conventional irrigation
showed measured yields of 11.86, 9.80, and 6.12 t/ha for the 100%, 75%,
and 55% water requirement levels, respectively. The corresponding model-
simulated yields were 11.71, 10.08, and 6.11 t/ha. The statistical indices
NRSME were 8.75%, 11.2%, and 12.34%, RMSE were 0.55, 0.52, and 0.34
t/ha, and R? was 0.99. Under PRD treatments, measured yields were 10.10,
8.34, and 5.73 t/ha, while the simulated yields were 10.65, 8.56, and 5.65
t/ha, respectively. The NRSME values were 14.04%, 10.63%, and 9.48%,
RMSE were 0.74, 0.39, and 0.27 t/ha, and R% was 0.98. No significant
differences were observed between the measured and model-estimated
values. The SALTMED model demonstrated good accuracy in predicting
maize grain yield, optimizing water consumption, and enhancing irrigation
management, particularly for deficit irrigation practices in arid climates.
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Table 1. Some physical and chemical characteristics of the soil in the field

Depth Sand Silt Clay EC. O.C. N Po Porosity

em) ) ) (k) W PH gum) ) ) (griem) (%)
0-20 33 50 17 S.L 7.6 15 0.07 0.11 1.45 40
20-40 33 50 17 S.L 75 14 0.28 0.14 1.44 42
40-60 42 42 15 Loam 75 1.3 0.19 0.12 1.42 47

4&’ %é ) y ol;-" -Y

S 0y93 3 Ll 3yl Ol (a5 blie )3 (goud Joo8 (g dlye (b )3 a5 035 V- o8y (ol S S )
slae S b LB > ¢ islejl (Tabatabaei et al., 2019) coul wlus SUidlod S g lagats pl zgy> < 23S
Sdle > (o) Jad 93 > culS plnl b IS5 4w )3 jleg (a8 b okl Lol slacSsh 4l > oo B
Colue) yio YXY )8 slul o /Y Cidy (59, p oS Alols 1 Glasuin 5 zyb add wlwly NFY-IF-Y
o dwr Jols ¢ pialojl () JS3) s al 20V /D Sl ya alold g yio +/VO Juolgd 4 Cndy dw jd (royeyio 4
bl Slew aw 9 ol ol 5L ( Dlss) doyp> 88 g (Dlzs) o yd YO (Dligg) duoyd Voo zobaw b Gylaie (o)l
o sl olS T L5 (PRDss) duop> B0 o (PRDys) Loys Y8 ((PRDigg) doyd Voo grokaw b (PRD) ity oy

Al o S IA Eaazme)d g 4SO aw )b Hles

_PEJ__ Main [ine
Dl =1 Dl

[o————— e ———— ] | — o= ——————————— |

:h I | d i3 I: 155
L’—M ! Ly t i T
H { t f | }

H & ;
i ! i —ﬁ?ﬁr‘ﬂ——v|
} ! = & i i
H ] } H :
H :L 155 _'W‘ ¥ i o |' .|‘I o B
E_\ S —————— pp— t _I: |L _______________ —

@ Pota PO | |TTTTTTE e = RO
""""""""" N |, e
s ¥ 3 A = i 4 ;
, 3 ; } .
A o i e flash= T 1
s h —Fﬂ_——_w t t
S h H w E E‘ —H : i
| t , f + h
\ ] > i 1]
=1 R —— Lo —
T t v | sl w '
—H S p————— = Bt L #
________________ = ==

R1 R2 R3

Figure 1. Schematic diagram of experimental design, DI and PRD irrigation treatments in field
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Table 2. Initial and Calibrated amount of crop coefficient for conventional irrigation method

Parameter Growth stage Kcb Kc HI PE
Initial 0.2 0.4

Primary amount Intermediate 1 1.15 0.6 2.25
Final 0.9 1.1
Initial 0.2 0.4

Calibrated amount Intermediate 1 1.15 0.47 2.80
Final 0.9 1.1

CUICCTTIRR

Oyl o T gy ) Y LY

3,5das 0153yl 9 005 6 1S 03Il p3lhe dwslie b ey, idu (gyll g Bleie (6yl] (slaodh zuls ¢ bl (slano,lal
2 yd Jpaze 0355w g 3 Slas polie b Suuwls SALTMED  Juo b g duslrs ¢ Jgasms 0dgicuuwj ¢ <)yd 4l
5 xSoill Bleio ()bl oyt ol U zolaw slyless (sl «udlS 51 L 59y WY g AV Y 52 KO (clanloj ot
e (silwand il NRMSE<10% laie (ST.(F Jgio) 13,5 dusloee (8) ¢ (¥) (¥) Laslyy 5l danolo] 0y3,5 duwlco
NRMSE>30% 5 lawgio Jio (sjlodwd NRMSE<20-30% s Jio (sjlodwd NRMSE<10-20% . Jlc
335y 9 0356 S 03l 3 g > ails 3,Shas 3lie (Jamieson et al., 1991) wisb e whums Jdo (¢ 5odunid
sl 03 1)) (V) Jgiz 3 (DI) Blste s)lel (slajloss s (S 2 )

Table 3. Comparison of measured and estimated treatments yield and biomass in Maize (ton. ha®)

Treatments Planting days Grain yield measured Grain yield estimated Biomass measured Biomass estimated

45 0.81 1.16 11.87 9.20
60 3.68 2.73 14.99 14.17
Dligo 73 5.03 4.35 20.91 18.82
87 9.95 9.96 22.92 22.37
113 11.86 11.71 24.33 27.05
45 0.22 1.14 7.23 8.72
60 2.50 271 9.76 11.93
Dlzs 73 4.29 434 12.75 14.20
87 6.78 7.42 13.83 14.40
113 9.80 10.08 14.87 13.10
45 0.14 0.84 7.41 8.08
60 0.69 0.58 8.28 8.17
Dlss 73 2.14 2.01 10.84 9.85
87 4.82 5.07 12.14 11.16

113 6.12 6.11 12.69 12.55
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(Dlioo) ST 3L w03 Voo Taw g S slaio 53T gy U Jovo (oiwn sLiet Y ) LY

IVA s s (639l g 06 pS 0318l 03g5cumm; g 3, das y3lie (Dligo) (2l 5L o ps Voo prdaw b jle p
RMSE 03 Vo [0+ 3§ AIVD i iy NRMSE oo Lol (¥ Joas) wil o )i 5 o3 YV/+0 FE/¥Y 5 VAV
{F Jsi) 25 2910 Jgaeo 0355y g 0,Skae (sl /A0y <A iy R S o (5 Y 9 +/00 iy
@ b ieoh cnl @l a8 2Ll oo g Jlo i fa w0dgicun; 9 3 Sles polie 4l SALTMED Jas
Oyb cayllas (2023) Kamali et al. 4 (2016) Nasrollahi et al. jiag3

Table 4. The statistical parameters for treatments of conventional irrigation method in Maize

Irrigation treatment Parameters RMSE (ton. ha™) NRMSE (%) R
(Dlioo) Yield 0.55 8.75 0.99
100 Biomass 2 10.50 0.95
(Dlzs) Yield 0.52 11.12 0.99
. Biomass 1.58 13.52 0.78
(Dlss) Yield 0.34 12.34 0.98
55, Biomass 0.69 6.75 0.93

(D7) ST 3 w0 58 YO g g S ylio 5T g5 b Joo (oomims jliist Y Y LY

&9l 0 9 0888503l 035 g 3Skos ydlie (Dlis) (al Sl oys VB w5 Bleie ikl (B9, 5
0395 § 0y 3,Shas (slmolol polde (¥ Jous) Asb o JiSa 5 o5 WW/Ve NVFIAY 5 Ve/oA /A s Sy
3,Sdes ly R? )iSa o5 VOA g +/0Y s ids RMSE o yd WW/AY 5 VWY wus s NRMSE 1 4i5)le
9 35es yolie sl SALTMED o (gilodeed (¥ Joio) L8bie o /VA 9+ [AQ ol iy 0dgicunnj 9 &)
5 (2023) Mohammed et al. (iagh wli b (hagh ool @ls 4 b))l w5 Jlo s ia edgican;
)l Jlgen (2024) Nakhjavanimoghaddam et al.

(Dlss) T 3 w033 80 w9 & ylaio 5 )T dgy b Joo (2w st F A LY

83590y 9 0056 S 03l o3g5cimn g by 3, Shae pdlie (Dlss) (ol b Loy VO pdaw g Bylaie (o)lol oo,y
0395 g yd 3,8des glaoylol pdlie (¥ Jodo) Mib o JiSa 5 o5 WYD AY/ER 9 BNV ENY s
3,50es (cly (R?) S p o5 +/5% g +/YF el ity RMSE oy SV ¢ VWYY i jy NRMSE | a5)le
«)d 0dgiCuunj § 3, (gl SALTMED Juo (¥ Jgio) il o +/AY g +/AA cd iy 03g5Cuumnj 5 <)d il
Oyl Slgren (2009) Mashal et al.  yimg zuls b ¢ idgh cpl gl b oLyl ( Jle g 0o e iy

(PRD) 4l 5 iy 50T by Y Y

Table 5. Initial and calibrated amount of crop coefficient for PRD irrigation method

Parameter Growth stage Kb Ke HI PE
Initial 0.2 0.4

Primary amount Intermediate 1 1.15 0.6 2.25
Final 0.9 1.1
Initial 0.1 0.55

Calibrated amount Intermediate 0.8 111 0.47 2.80

Final 0.6 0.97
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Ay i3y (ll cbyles cly (S 5) @3 )5l 5 0B gyl o3 g 3)Slas yolie
Cowl 04 z» (5’) J9..\? 5 (PRD)

Table 6. Comparison of measured and estimated treatment PRD yield and biomass in Maize (ton. h%)

Treatment Planting Grain yield Grain yield Biomass Biomass
irrigation days measured estimated measured estimated
45 0.57 0.74 11.27 12.53
60 2.68 3.07 12.75 14.19
PRD1go 73 473 437 14.56 16.22
87 8.31 6.85 19.11 17.65
113 10.10 10.65 20.74 22.52
45 0.27 0.91 6.57 6.38
60 1.44 1.60 7.31 6.75
PRDs 73 1.82 1.27 9.94 7.53
87 6.39 6.34 12.38 10.94
113 8.34 8.56 12.96 13.31
45 0.23 0.78 6.55 7.98
60 1.05 0.86 7.51 8.40
PRDss 73 212 2.19 9.37 8.40
87 4.89 4.95 11.25 9.76
113 5.73 5.65 12.00 11.05

(PRD100) w0 38 Voo (1T gaw g PRD (g 341 55T b Joho (omiw slist 1) Y .Y
0355y 9 wld 3Slas polie (PRDio) wop> Voo ol gaw lp adyy ie @l iy
polie (5 Jgan) wibse LSa o5 YY/OY Yo/VE g Vo/P0 O e/Ve el (39l g o s S 051l
SIVF oS 5 RMSE s )d A/VY ¢ VF/+¥ s i NRMSE | a5 )le 03¢5 9 )b 3,Slae gloo Lol
Jao (ilodad (Y Jodo) 2blioo AR g 2[5 e 0395 5 Wl 3 Shes (RP) ey o5 V/OY
adllan L ooy ool @l A8 (2l wod 9 b i fa edgicun; 9 3)Sles polde sl SALTMED

2,1y cadyllas (2020) Ahmad et al.

(PRD75) & 38 Y8 (1T gdaw L PRD g 30 5T b Joo (i sList Y .Y ¥
03wy g &l J)i’.o& ).»J‘.su ¢(PRD75) sz )L.: Loy Yo sz cla_w d‘)‘? sy uuou d)L\.’T L)f’?) Jr
3,8dos pdlie gy SALTMED Juso (Y Jgan) cawl </AY 5 +/A% (a5 5y 0395} g 4l 5 Shas (R?) b )l
5 (2024) Wang et al. _iaeh wmls b imgh cpl @b i obs) JsB B 5 0 buws wdgicaw) o

2yl cisllas (2018) Abdelraouf et al.

Table 7. The statistical parameters for treatments of (PRD) irrigation method in Maize

Treatment Parameter RMSE (ton. ha) NRMSE (%) R?
(PRO) Biomas 153 o 089
(PR Biomas L2s 15 087
(PRDss) Yield 0.27 9.48 0.99

Biomass 1.18 12.59 0.83
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(PRD:s) weo 39 88 T glaw g PRD (g 54 ST b Jovo (ooiun sliet Y'Y .Y
o3pcumj g &b 3Sles polis (PRDss) (o jls 2oy 00 (ol gaw sl sy odsu il bgy
slaoylol e (5 Jgan) Mibse iSa p o5 VVD OV/ev o O/FD DIVY iy (6359l g ol gyl
2 8 MYA 5 <YV i gy RMSE o 2V Y/0% 9 UFA i say NRMSE | wijle o095 5 &yd 0)Sles
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Collb g3 Jo 45 3 s (PRDisg) oy 00 Hlass b ozt ylisl ol 15,8 sbijyl osd 5 o ojlordenss
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il 428 1y ) 23590 (5lel slaitgy )3 )less (giltnnds (sl 5>

ST Gy 1YY

2970 595 2 (392) sl )3 oS 5 )9 9 (s3g08 slaygme (5) 2 (aihe) S)lul JS ke g wlig) ude
(Y JSs) el (Dligo) JolS )bl jlos (slp SALTMED Juo (gjludunds 5l Jols a8 ond o2y (jlis adl
VB elbgle @b Tl eSile «cas Sl ailate (S g o5 puldl Lulyd 53 e wlidlen (slaodly Lululy
b olS sady ol ) )bl lds cgylol gyt (St o Sl 0ad (IS e ) canSe i 00
(Y) Jr9e5 4y axg5 L (Nakhjavanimoghaddam et al., 2024) > b5 oul8l 5 S £o5 «m)d Ay 0)9d o cuslS
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Figure 2. Daily and total water consumption (mm) for irrigation treatment (Dl,q) during the grow period
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Figure 3. Amount of water irrigation (mm) in three treatments (100, 75 and 55%) Conventional irrigation method
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Figure 5. Ratio of Actual Evaporation to Potential Evaporation in PRD irrigation method
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