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Effect of Foliar Application of Some Drought Stress Mitigators on Phenological
Characteristics, Yield Components and Yield of Two Grain Maize Hybrids
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Table 1. Monthly mean air temperature and total precipitation during the experimental

period in 2024 and 2025 growing seasons in Karaj in Iran

(1,5 5l) by 5 Kle (Gregshs) G20k
Mean temperature (°C) Precipitation (mm)

Month ole 2024 2025 2024 2025
June sls gz 247 245 14 2
July s 217 27.8 4 0
August sla,e 284 30.1 0 0
September  ,, 5 255 25.0 2 0
October e 187 19.5 30 0
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Table 2. Bartlett’s test results for assessing the homogeneity of experimental error

variances of the traits across two years

Trait <4 Chi-Square Pr > ChiSq
Day to tasseling 3B ) 0.00182 0.966
Day to anthesis Sl S655, 000216 0963
Day to silking HSE L S 0.01790  0.894
Anthesis-silking interval = >S5 & Slzdles 5 dolé 0.20760  0.649
Day to maturity S35 011900 0.730
Grain filling period Gls Oul 5 e)s0 0.21230 0.645
Grain yield sbsSes 000009 0992
Kernel no. row? a3y o &ils sl 0.00004 0.995
Row no. ear? I s sy sl 4.98500 0.026
Kernel no. ear?! I 53 ails sl 0.02250 0.881
Thousand kernel weight als 558 055 0.97700 0.323
Ear no. m2 g o> I sl 3.36920 0.066
w  (Eldshme % (LT S o g @l

535 6sladles S 6 5a, b S 556k b 5,
oseb b Slisles §al ol (SIS 4k
S5 Sy B gy sl ( JS'IS
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T SaiSan i Hls gae S 506l 6
(JSIE seb b Glzdles 8 al ol 03,
Gl 31 (il 3 Shes (&ils O oy Jsb
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S 1 A s e e e 53 D sl
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Aol (SIS H5gb 5 SL2dles S ¢« U
OAs 0595 b (JSIS 5 54l b Slidles S
Sl (a5 adls sldas cails 3 Shee cails
Cils I3 g 51 &l5 158 055 5 OB s 4l
F 5V slad gus)



094+ (VF+d OlSan 5 (has! e(glals Cyd s e 55 s 5 o (S5 P55 Dl geast Sast (25 GlaoliS fooas 51 5 5L sloee I

VEF 5V sladle s cialeT slasles 8 o 3 (slady on (S50 Dlio 6l oS je il 425 ¥ s
Table 3. Combined analysis of variance for phenological traits of maize hybrids as affected by experimental treatments in 2024 and 2025

Mean Squares Sas o Sl
bl ey s Ty, s Sy, s SEL Glidles £ ol (S5 ss Sy b s, G5 04 0585 Jsb

35T amys Day to Day to Day to Anthesis-silking Day to Grain
S.O.V. N d.f. tasseling anthesis silking interval physiological maturity ~ filling period duration
Year (Y) Ju 1 4.69 4.70 9.00 0.70" 3117 1467
Block/Y J/eS o 4 1.27 1.44 1.88 0.06 1.70 1.29
Irrigation (1) kT 2 193.02™ 324.2™ 815.10™ 112.5™ 533.40™ 664.09"
Y x| LT x b 2 0.36 0.88 0.08 0.71 0.67 1.46
Error 1 )l 8 1.90 341 4.75 0.87 2.12 3.75
Foliar spraying (F) L s 3 28.9" 40.30" 78.90™ 7.05" 541 27.09"
Y xF b sl x L 3 1.93 1.58 2,01 0.37 1.03 0.15
Cultivar (C) g} 1 100.01 103.3 148.02 4.00 14.06 16.00
Y xC 03, Jle 1 2.77 3.36 1.00 0.69 0.17 0.25
FxC @%b shome 3 390" 3.00" 6.89" 1.24 1.80 3.24
YxFxC 055 % Ebd gl x 3 0.24 0.32 0.46 0.15 7.80 6.12
Error 2 Y ol 28 2.79 3.75 5.38 0.79 2.36 2.87
IxF b e x (LT 6 5.19" 6.90" 15.20™ 2.15" 15.94™ 5.07"
Y x1IxF o3 e x (6, x JL 6 0.93 121 1.46 0.28 1.72 0.62
IxC W% kT 2 19.70 19.50 53.80 877" 8.31 40.6
Y xIxC 5% 5okl X Jl 2 7.69" 8.42 7.75 0.13 1.17 0.89
IxFxC @y % i s x (5 T 6 0.49 0.88 1.92 0.45 2.19 2.23
YxIxFxC 0% gl dos x (6, X Jl 6 121 1.99 3.24 0.37 1.78 0.90
Error 3 ¥ ol 56 2.02 2.90 3.61 0.53 2.79 2.19

C.V. (%) (Ao y3) S o o - 3.30 3.70 3.80 9.90 3.50 5.00
* and **: Significant at the 5% and 1% probability levels, respectively. Ao y3 G 5 s e el e )3 ls as 5wt g

4%
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Table 4. Combined analysis of variance for grain yield and yield components of maize hybrids as affected by experimental treatments in
2024 and 2025

Mean Squares Slay e 5 Kle
33T a3 6ls 5 Sles a3y s Al slias I s ails sl 4l )l 05 e > I sl

S.0.V. Sl ok e d.f. Grain yield  Kernel no. row?® Kernel no. ear? Thousand kernel weight Ear no. m?
Year (Y) Jle 1 1.38" 22.40™ 8388™ 2244 4.17"
Block/Y Jl/es 5l 4 0.16 0.52 117 464" 0.08
Irrigation (1) T 2 113.3" 350.09™ 72100™ 51447 7.08
Y x| ST x Ju 2 0.01 1.01 228 17 0.45
Error 1 ) ol 8 0.25 161 540 296 0.19
Foliar spraying (F) b sl 3 1.01" 11.32" 2940 1370~ 0.09
Y xF b sl x JLo 3 0.06 0.76 73 145 0.08
Cultivar (C) o) 1 0.01 1.91 1702 103 2.59
Y xC o5 x Jl 1 0.03 1.87 253 9.0 0.02
FxC 055X b sl 3 0.05 0.83 109 165 0.07
YxFxC 05X ALl x Jlo 3 0.02 0.34 82 27 0.01
Error 2 Y sles 28 0.04 1.80 720 576 0.23
IxF b gl x (LT 6 0.44™ 0.81™ 183™ 467" 0.08
Y xIxF b o X (5, T % L 6 0.02 0.07 20 58 0.02
IxC oo x T 2 1.42™ 38.98™ 8323™ 1579" 3.00™
Y xIxC 0% @obTx 2 0.01 0.03 18 60 0.01
IxFxC s % 3l goa x (6,LT 6 0.317 0.79 163 14 0.10
YxIxFxC 05 % ol gl x 65l T X Lo 6 0.04 0.20 49 4 0.06
Error 3 v ol 56 0.13 1.65 514 172 0.22
C.V. (%) (4 )3) S ok o - 8.70 6.10 7.50 8.30 6.40

* and **: Significant at the 5% and 1% probability levels, respectively.
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Table 5. Mean comparison of the main effects of experimental factors on phenological traits of maize hybrids

P36 6 s, Sdles S 5, UG, A S Ll 8 Al S S b ) 4l Ol 0y9 I b
Day to tasseling Day to anthesis Day to silking  Anthesis-silking interval Day to physiological maturity  Grain filling period
Year Ju
2024 \FY 59.8 63.1 70.5 7.43a 114.5a 29.3b
2025 VFoF 59.5 62.8 70.1 7.29b 113.6b 30.0a
Irrigation @bt
Full irrigation o8 LT 58.0c 60.6¢ 66.4c 5.83c 117.4 33.4a
Moderate stress L g St i 59.1b 62.5b 69.9b 7.35b 114.1 29.6b
Severe stress Ll Sas i 61.9a 65.7a 74.6a 8.89%a 110.7 26.0c
Spraying (e o
Control als 61.0a 64.5a 72.4a 7.91a 114.6 28.5¢c
L-Arginine s T-dl 59.4b 62.7b 70.1b 7.36ab 114.1 29.7b
Salicylic acid Sl el 59.3b 62.5b 69.8b 7.33ab 114.0 29.8b
Glycine betaine B DS 59.0b 62.1b 68.9b 6.83b 113.6 30.6a
Cultivar )
TWC.647 PV ol S sy 58.8 62.1 69.3 7.19 113.8 30.0
SC.704 VP S S 60.5 63.8 71.3 7.53 114.4 29.4

...Ujl.,\.}ks)\sg'm;;jl}:..\..;J;c:.;dl.«.:;»lc\a,»);u’fjsQ}U'TJLNIJ.IAJ.‘.&Qdadf,".i.a;bféi.:Jé\b5l)l:4§¢dﬁbﬁ6|jjdﬁuﬁ):c$hﬁl?ﬂ
Means, in each column and for each factor, with at least one letter in common are not significantly different at the 5% probability level using Tukey test.
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Table 6. Mean comparison of the irrigation x foliar spraying interaction effect on phenological traits of maize hybrids

N TS Sles 56 55, PIE s, 3T lsles & Al S S b s, @l 0 093 sk
Spraying SLJd~ Daytotasseling Day to anthesis  Day tosilking  Anthesis-silking interval  Day to physiological maturity  Grain filling period
Full irrigation oS LT
Control dals 58.4e(A) 61.1ef(A) 67.0e(A) 5.9d(A) 116.9ab(A) 32.7a(A)
L-Arginine o iT=dl 58.0e(A) 60.6ef(A) 66.4e(A) 5.8d(A) 117.7a(A) 33.8a(A)
Salicylic acid Sl dul 57.8e(A) 60.3f(A) 66.1e(A) 5.8d(A) 117.2a(A) 33.4a(A)
Glycine betaine -5t ™8 57.9¢e(A) 60.6ef(A) 66.3e(A) 5.8d(A) 117.8a(A) 33.9a(A)
Moderate drought stress L g Sis a5
Control dals 60.4bcd(A) 64.2bcd(A) 72.1bc(A) 7.9bc(A) 114.4bc(A) 28.7¢(B)
L-Arginine os1-dl 58.9cde(B) 62.5cde(AB) 69.8cd(AB) 7.3c(B) 114.0c(A) 29.5bc(B)
Salicylic acid Sbadle 58.6de(B) 62.2def(AB) 69.4d(B) 7.3c(B) 113.4cd(A) 29.3c(B)
Glycine betaine sk 5 58.4e(B) 61.4ef(B) 68.4de(B) 7.0c(B) 114.6bc(A) 31.0b(A)
Severe drought stress s S i

Control dals 64.2a(A) 68.3a(A) 78.3a(A) 9.9a(A) 112.3cde(A) 24.3e(B)
L-Arginine o1l 61.3b(B) 65.2b(B) 74.2b(B) 9.0a(AB) 110.6ef(AB) 25.9d(A)
Salicylic acid Sndlo il 61.5b(B) 65.2b(B) 74.1b(B) 8.9ab(AB) 111.4de(A) 26.8d(A)
Glycine betaine st 5 60.7bc(B) 64.4bc(C) 72.2b(B) 7.8¢(B) 108.5f(B) 27.1d(A)

36T w3 Sa5 P34 b a5 D L Sl gae D5 A3 gty Sl o 53 (S5 O 505T el il (0 &5 e O OS5 il (5115 o g 2 53 (gl KoL

el 3l S S S0 a0 Ly 0 S5 S 5 >
Means followed by at least one common letter are not significantly different at the 5% probability level using Tukey test. Uppercase letters refer to
comparisons sliced by irrigation regime, and lowercase letters refer to the comparison of all treatment combinations.
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Table 7. Mean comparison of the irrigation x cultivar interaction effect on phenological traits and grain yield components of maize hybrids

G135 O 0593 Jsb (6,5 <5 5m 055
IS Slisles § Aol Grain filling period (Sl js o) s s Slae Casy s 4l slhaw I s als slas Thousand kernel e 0> sl
Cultivar «5, Anthesis-silking interval duration Grainyield (tha')  Kernel no. row?® Kernel no. ear?! weight (g) Ear no. m?
Full irrigation oS LT
TWC.647 9V . Ss65 6.1d(A) 32.8a(A) 6.79b(B) 21.5d(B) 306.9¢(B) 270.8a(A) 8.22a(A)
SC.704 Vel S K 5.6d(A) 34.1a(A) 7.16a(A) 23.8a(A) 343.8a(A) 284.0a(A) 7.39b(B)
Moderate drought stress Lo Sis i
TWC.B47 5%V il S sy 7.2¢(A) 30.1b(A) 5.70c(A) 22.6b(A) 322.0b(A) 248.0b(A) 7.15hc(A)
SC.704 Vel S K 7.5hbc(A) 29.1bc(B) 5.58¢(A) 22.1c(B) 318.4b(A) 249.6b(A) 7.04¢(B)
Severe drought stress s Sas i
TWC.647  $FV L S5, 8.3b(B) 27.2¢(A) 4.06d(A) 18.4e(A) 262.1d(A) 216.9¢(A) 7.14bc(A)
SC.704 VeF S e 9.5a(A) 24.9d(B) 3.76e(B) 17.3f(B) 249.5¢(B) 207.2¢(B) 7.27bc(A)

Cam 5 6T 235 S5 A3 in 4 b 55 Uos o L (6ol a5 oy iy Jlosnl o 53 (S35 05051 bl ksl (o 857 2 tie 3 OS5 il (51l o 052 2 3 (g la o SiLee
ool oo Sl S Sl mlie 4y by 0 S 58
Means followed by at least one common letter are not significantly different at the 5% probability level using Tukey test. Uppercase letters refer to comparisons
sliced by irrigation regime, and lowercase letters refer to the comparison of all treatment combinations
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Table 8. Mean comparison of the foliar spraying x cultivar interaction effect on

phenological traits of maize hybrids

Jeb s b 5 SLsles FU 55, SIS, 5b b s,

Cultivar ~5, Daytotasseling Day to anthesis Day to silking
Control Al
TWC.647 ¥V Ll SGss s 59.7bc(B) 63.3b(B) 70.8b(B)
SC.704 VPl S S 62.3a(A) 65.7a(A) 74.1a(A)
L-Arginine cpsT=dI
TWC.647 ¥V S css s 58.8cd(B) 62.1cd(B) 69.3cd(B)
SC.704 Ve S 60.0b(A) 63.4b(A) 70.9b(A)
Salicylic acid Sl Al
TWC.647  #¥v L S sy 58.7cd(A) 61.9cd(A) 69.3cd(A)
SC.704 VoF S 59.9b(A) 63.1bc(A) 70.4bc(A)
Glycine betaine o5 eSS

TWC.647  $¥V il S sss 58.1d(B) 61.2d(B) 67.9d(B)
SC.704 VoF S K 59.9b(A) 63.1bc(A) 70.0bc(A)

Solsiine gl oy gy el s 53 (S5 03057 pll il o 65 ke B o 0S5 Jild (gl o D a3 ol S0l

Ll (55lad S 5 S S anglie 4 Lgy e 6 o s 5 5T ESRCISRLEI-SE e 6 Cos I
Means followed by at least one common letter are not significantly different at the 5% probability level
using Tukey test. Uppercase letters refer to comparisons sliced by irrigation regime, and lowercase letters
refer to the comparison of all treatment combinations.
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Table 9. Mean comparison of the main effect of experimental factors on grain yield and yield components of maize hybrids

OS5 ) il 5 Shas Ly s 4l sldas I s als sl <CJf) &ls 58 05 CJAJ:A)QJ)\J‘}‘M
Grain yield (tha') Kernel no. row? Kernels no. ear! Thousand kernel weight (g) Ear no. m?
Year Ju
2024 VP 5.41b 20.5b 292.8b 242.1 7.54a
2025 VEeF 5.60a 21.3a 308.1a 250.0 7.20b
Irrigation ¢ LT
Full irrigation Sl LT 6.97a 22.7a 325.3a 277.3a 7.81
Moderate stress Lo g Kot i 5.64b 22.3a 320.2a 248.8b 7.09
Severe stress s Sas s 3.91c 17.8b 255.8b 212.0c 7.20
Spraying ibJ sl
Control dals 5.29b 20.2b 289.4c 238.7b 7.55
L-Arginine s T=dI 5.51ab 20.9ab 298.8bc 247.5ab 7.40
Salicylic acid LSl ol 5.51ab 21.0ab 302.1ab 245.4ab 7.34
Glycine betaine 8 DS 5.70a 21.6a 311.3a 252.6a 7.18
Cultivar o5
TWC.647 PPV ol S sas 5 5.52 20.8 297.0 245.2 7.50
SC.704 VeF S e 5.50 21.1 303.9 246.9 7.23

.-U)‘JJ'&)‘}@AAQ)LEM‘)}@dl.g.:’-‘C}don)}‘;‘}:o‘}ﬂ).—“wu‘ﬁLu\;:;:\;.‘sﬂg‘ifﬂmg_'}f&s_giJB‘J"_;‘)‘}SAJALGJAAS‘J{}O}hﬁ)}‘&h&i}l:ﬁ

Means, in each column and for each factor, with at least one letter in common are not significantly different at the 5% probability level using Tukey test
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Table 10. Mean comparison of the irrigation x foliar spraying interaction effect on grain yield and yield components of maize hybrids

OS5 ) 4ils 5 Slas Gy @l sl I s als sl (CJf) &ls 58 05

Spraying S Grainvyield (tha?) Kernels no. row? Kernel no. ear! Thousand kernel weight (g)
Full irrigation Sl T
Control dals 6.80c(B) 21.9¢f(B) 313.6de(B) 271.4c(A)
L-Arginine oesT=d! 6.99b(AB) 22.5cd(AB) 323.9bc(AB) 280.0ab(A)
Salicylic acid Sl el 6.99b(AB) 22.9bc(AB) 329.3ab(AB) 276.2b(A)
Glycine betaine st 8 7.11a(A) 23.4a(A) 334.6a(A) 281.8a(A)
Moderate drought stress L g S i3
Control Aals 5.42f(B) 21.6f(C) 307.9¢(C) 242.0f(C)
L-Arginine e51-dl 5.61e(AB) 22.3de(B) 317.7cd(B) 250.4e(B)
Salicylic acid Sl sl 5.61e(AB) 22.2de(B) 317.9cd(B) 246.5¢(B)
Glycine betaine st -8 5.93d(A) 23.3ab(A) 337.2a(A) 256.4d(A)
Severe drought stress  wus Ses o

Control Aals 3.66i(B) 17.3h(B) 246.89(B) 203.0i(C)
L-Arginine oesT=d! 3.95h(A) 17.99(A) 254.9fg(AB) 212.0h(B)
Salicylic acid Sl Al 3.95h(A) 18.1g(A) 259.3f(A) 213.7h(B)
Glycine betaine sty 8 4.07g(A) 18.1g(A) 262.2f(A) 219.5g(A)

)5 Cop sl (5l e sl ooy oy il e 3 (S5 0n3T el il (o 05 ke O3 G Bl (611 ST (g 2 5 o Sle

ol (5l SlaeS 5 S o Kibe alie 4y Logy o 885 S G5 5 5T eds S5 B3 hR 4 bspe
Means followed by at least one common letter are not significantly different at the 5% probability level using Tukey test.
Uppercase letters refer to comparisons sliced by irrigation regime, and lowercase letters refer to the comparison of all treatment
combinations.
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Fig. 1. Mean comparison of the irrigation x foliar spraying x cultivar interaction effect

on grain yield of maize hybrids (sliced by irrigation regime). Error bars represent the

standard error of the mean. L-Arg: L-Arginine, SA: Salicylic acid, GB: Glycine betaine
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ABSTRACT
Ahmadi, H., Ahmadi, A., Golzardi, F .and Sabokdast Noudehi, M. 2026. Effect of foliar application of
some drought stress mitigators on phenological characteristics, yield components and yield of two grain
maize hybrids. Seed and Plant, 42, pp.59-90 (in Persian).

To investigate the effect of different levels of water deficit and foliar application of
some drought stress mitigators on phenological characteristics, yield components and
yield of two grain maize hybrids a field experiment was conducted as strip-plot factorial
arrangements in randomized complete block design with three replications at the research
field of the Seed and Plant Improvement Institute, Karaj, Iran in 2024 and 2025. The
vertical factor consisted of three irrigation regimes (full irrigation, moderate stress and
severe stress, supplying 100, 75 and 50% of crop water requirement) and the horizontal
factor comprised the combination of four foliar treatments (control, L-arginine, salicylic
acid and glycine betaine) and two grain maize hybrids, TWC.647 and SC.704. Under
moderate and severe stress, grain yield decreased by 19.1% and 43.9%, respectively.
Drought stress increased anthesis-silking interval, shortened grain filling period duration,
reduced kernels ear?, and decreased thousand kernel weight. The highest grain yield
under full irrigation (7.26 t ha™) obtained from SC.704 with application of glycine
betaine, whereas under moderate and severe stress conditions the highest grain yield (6.01
and 4.17 t hal, respectively) obtained from TWC.647with application of the same
treatment. Overall, the grain yield response to foliar application depended on both stress
level and hybrid. Glycine betaine was superior under all conditions and its effect was
more pronounced as stress intensified, however the superior maize hybrid changed with
increasing stress level. Therefore, selection suitable maize hybrid for different stress
levels together with application of glycine betaine is an appropriate management strategy
for grain maize production under limited water conditions in Karaj and similar semi-arid
regions.

Keywords: Maize, irrigation regime, drought tolerance, glycine betaine, grain filling
period duration.
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Introduction

Maize (Zea mays L.) is sensitive to water deficit around flowering stage, when kernel
set and grain yield are most vulnerable (Sah et al., 2020). Drought commonly delays silk
emergence more than pollen shedding, thereby widening the anthesis—silking interval and
restricting kernel formation (Fuad-Hassan et al., 2008). Foliar application of stress-
mitigator compounds can play a potential role in reducing drought stress adverse effects.

Glycine betaine acts as a compatible osmolyte that contributes to osmotic adjustment
and protection of the photosynthetic apparatus, whereas salicylic acid participates in stress
signaling and antioxidant defense and L-arginine is a precursor of nitric oxide and
polyamines (Chen and Murata, 2011). However, direct field comparisons of L-arginine,
salicylic acid and glycine betaine across different water-deficit levels and maize hybrids
remain limited.

Therefore, this study aimed to evaluate the effects of these compounds on phenological
traits, grain yield and yield components of two maize hybrids under three irrigation regimes.

Materials and Methods

A two-year field experiment was carried out in 2024 and 2025 growing seasons at the
research field of the Seed and Plant Improvement Institute, Karaj, Iran (35°47'54"N,
50°56'10"E, 1279 m a.s.l.). The experiment was conducted as strip-plot factorial
arrangements in randomized complete block design with three replications.

Three irrigation regimes supplying 100, 75 and 50% of crop water requirement were
assigned to vertical plots. The factorial combinations of four foliar treatments (control, L-
arginine, salicylic acid and glycine betaine) and two grain maize hybrids (TWC.647 and
SC.704) were assigned to horizontal plots. Spraying was applied three times at ten-day
intervals from the six- to eight-leaf to flowering stages.

Phenological stages were recorded when 50% of plants reached each stage. Phenological
traits, ears per square meter, kernel no. ear?, kernel no. row, thousand-kernel weight and
grain yield, adjusted to 14% moisture, were measured. Homogeneity of error variances was
examined using Bartlett’s test before combined analysis of variance, and means were
compared using the Tukey test at the 5% probability level.

Results and Discussion

Water deficit delayed reproductive development, but the magnitude of delay depended
on foliar treatment. Under severe stress conditions, glycine betaine reduced days to
tasseling, anthesis and silking from 64.2, 68.3 and 78.3 days in the control to 60.7, 64.4 and
72.2 days, respectively. It also reduced the anthesis—silking interval from 9.9 to 7.8 days
and increased grain filling period duration from 24.3 to 27.1 days. These responses agree
with the greater drought sensitivity of silk expansion than male flowering reported by Fuad-
Hassan et al. (2008).

All foliar treatments partially alleviated grain yield loss, although the magnitude of their
effect depended on irrigation regime and maize hybrid. Under full irrigation conditions, the
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highest grain yield was obtained from glycine betaine-treated SC.704 (7.26 t ha'!), whereas
under moderate and severe stress conditions, the highest grain yield obtained from glycine
betaine-treated TWC.647 (6.01 and 4.17 t hal, respectively).

Glycine betaine also increased kernels no. ear? and thousand-kernel weight under water
deficit conditions. The superior performance of glycine betaine may be associated with its
established roles in osmotic adjustment and protection of membranes and the
photosynthetic machinery (Chen and Murata, 2011), which can help maintaining assimilate
supply to developing kernels and is consistent with the improved growth and yield of
drought-stressed maize reported by Shafiq et al. (2021).

Overall, application of glycine betaine before flowering stage, combined with a suitable
hybrid adapted to the expected stress level, are recommended for grain maize production
under limited water conditions in Karaj and similar semi-arid regions.
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