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Effect of the timing of nitrogen fertilizer application on grain yield and quality
of bread wheat (Triticum aestivum L.) cultivars under terminal drought
stress conditions
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Tablel. Meteorological information at the experiment site (2013-14 and 2014-15)

\YaY-qy \TAr-QF
2013-2014 2014-2015
s Sk P Sk s ke e Sk
Mean Temprature  Evaporation  Precipitation Mean Temprature  Evaporation  Precipitation
Months obe (°C) (mm) (mm) (°C) (mm) (mm)
October e 15.2 119.5 4.9 15.2 83.2 4.4
November oLt 54 38.9 47.5 7.4 19.6 325
December 55T -0.2 0 14 4.6 0 52.7
January ©> 25 0 135 2.7 0 4.2
February Koos 1.0 0 8.4 4.9 0 34.5
March Al 21 0 20.0 0.6 0 13.7
April RSTY 10.9 65.9 41.2 10.9 77 25.4
May Sty 16.6 155.9 233 15.7 156.7 28.5
June sls = 21.1 208.2 2.7 21.8 246.8 0.4
July I 23.9 276.9 4.6 26.3 307.1 1
August sls e 26.0 316.5 0 26.9 379.1 0
September D8 AS 23.0 301.2 2.1 24.1 3213 0
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Table 2. Nitrogen fertilizer treatments (kg.ha?)

\YaY-qy \YAF-QF
2013-2014 2014-2015
r,\;f,\.:)‘),lf e fu b O e g b
Wheat growth stages Application date Ni N2 N3 Ng Application date Ni N2 Nz Ng
Planting o Oct. 12 ¥ 20 20 20 20 Oct. 11 %' 20 20 20 20
Tillering Sie  Aprild sy 100 0 50 50 April 6 -,5,5 5 100 0 50 50
Stem elongation sl oas kb APril 29 czgus,ia 0 100 50 O May 1 cozgusyi VY 0 100 50 0
Spike emergence  din b May 10 cigs,i Y- 0 0 0 50 May 13 c.gos,l Yy 0 0 0 50
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Table 3. Agronomic characteristics of wheat cultivars

Sredl Bl O i 5b 655 i 554655, Sdnsd S5, ala 2055 als > Shes
a5 ¢ year of Ay Sosle Days to stem Days to Days to 1000 grain weight ~ Grain yield

Wheat cultivars  release Growth habit elongation spike emergence  physiological maturity Q) (kg.hat)
Zarrin - .,,;  1996wvs  Facultative .k, 201 212 270 40 6500
Pishgam &z, 2008\wav  Winter st.; 203 211 260 40 8100
Orum ., 2010was  Facultative ..t 200 209 265 43 7300
Zareh 5,5  2010WwAs  WINtEr st 203 211 260 40 7500
Mihan g 2010'vAd  Winter b 203 211 260 43 7800
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Table 4. Physical and chemical properties of the soil at the experiment site

Sl il SN S 0ia de M Sl Ml Sl B 08T Gl B s
Soail 4 Al EC Total N P K Fe Zn
texture pH (dS.m™) (%) ymg.kg(
Silt oL 8 0.81 0.12 11.2 250 6.24 0.74
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Fig. 1. Mean of grain yield of wheat cultivars in interaction effect of irrigationxcultivar treatments
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Wheat cultivars; G;: Zarrin, G,: Pishgam, Gs: Orum, G4: Zareh and Gs: Mihan
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Fig. 2. Mean of grain protein content of wheat cultivars in interaction effect of irrigationxnitrogen treatments
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11: Full irrigation, I,: Irrigation withhold after ear emergence, I3= Irrigation withhold after flowering
Nitrogen Ni: 20 kg at planting+100Kkg at tillering, N.:20 kg at planting+100 kg at stem elongation, N3: 20 kg at planting+50 kg at tillering+50
kg at stem elongation, N4: 20 kg at planting+50 kg at tillering+50 kg at ear emergence
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Fig. 3. Mean of grain nitrogen concentration of wheat cultivars in interaction effect of irrigationxcultivar treatments
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Nitrogen N;: 20 kg at planting+100Kkg at tillering, N,:20 kg at planting+100 kg at stem elongation, N3: 20 kg at planting+50 kg at tillering+50
kg at stem elongation, N4: 20 kg at planting+50 kg at tillering+50 kg at ear emergence
Wheat cultivars; G;: Zarrin, G,: Pishgam, Gz: Orum, Gg4: Zareh and Gs: Mihan
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kg at stem elongation, N,: 20 kg at planting+50 kg at tillering+50 kg at ear emergence
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Nitrogen N;: 20 kg at planting+100Kkg at tillering, N,:20 kg at planting+100 kg at stem elongation, Ns: 20 kg at planting+50 kg at tillering+50
kg at stem elongation, N4: 20 kg at planting+50 kg at tillering+50 kg at ear emergence
Wheat cultivars; G;: Zarrin, G,: Pishgam, Gz: Orum, G,4: Zareh and Gs: Mihan
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Fig. 7. Mean of grain phosphorous concentration of wheat cultivars in interaction effect of irrigationxcultivar treatments
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Fig. 8. Mean of grain Fe concentration of wheat cultivars in interaction effect of irrigationxnitrogen treatments
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11: Full irrigation, I,: Irrigation withhold after ear emergence, I3= Irrigation withhold after flowering
Nitrogen N;: 20 kg at planting+100Kkg at tillering, N,:20 kg at planting+100 kg at stem elongation, N3: 20 kg at planting+50 kg at tillering+50
kg at stem elongation, N4: 20 kg at planting+50 kg at tillering+50 kg at ear emergence
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Nitrogen Ni: 20 kg at planting+100Kkg at tillering, N.:20 kg at planting+100 kg at stem elongation, N3: 20 kg at planting+50 kg at tillering+50
kg at stem elongation, N4: 20 kg at planting+50 kg at tillering+50 kg at ear emergence
Wheat cultivars; G;: Zarrin, G,: Pishgam, Gz: Orum, Gg4: Zareh and Gs: Mihan
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I1: Full irrigation, I,: Irrigation withhold after ear emergence, I3= Irrigation withhold after flowering
Nitrogen N;: 20 kg at planting+100Kkg at tillering, N,:20 kg at planting+100 kg at stem elongation, Ns: 20 kg at planting+50 kg at tillering+50
kg at stem elongation, N,: 20 kg at planting+50 kg at tillering+50 kg at ear emergence
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Fig. 11. Mean of grain Mg concentration of wheat cultivars in interaction effect of nitrogenxcultivar treatments
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Nitrogen N;: 20 kg at planting+100Kkg at tillering, N,:20 kg at planting+100 kg at stem elongation, N3: 20 kg at planting+50 kg at tillering+50
kg at stem elongation, N4: 20 kg at planting+50 kg at tillering+50 kg at ear emergence
Wheat cultivars; G;: Zarrin, G,: Pishgam, Gz: Orum, Gg4: Zareh and Gs: Mihan
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Fig. 12. Mean of grain Zn concentration of wheat cultivars in interaction effect of irrigationxcultivar treatments
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11: Full irrigation, I,: Irrigation withhold after ear emergence, I3= Irrigation withhold after flowering
Wheat cultivars; G;: Zarrin, G,: Pishgam, Gz: Orum, Gg4: Zareh and Gs: Mihan
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Fig. 13. Mean of grain Zn concentration of wheat cultivars in interaction effect of nitrogenxcultivar treatments
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Nitrogen Ni: 20 kg at planting+100Kkg at tillering, N.:20 kg at planting+100 kg at stem elongation, N3: 20 kg at planting+50 kg at tillering+50
kg at stem elongation, N4: 20 kg at planting+50 kg at tillering+50 kg at ear emergence
Wheat cultivars; G;: Zarrin, G,: Pishgam, Gz: Orum, Gg4: Zareh and Gs: Mihan
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Table 5. Mean of grain nutrient concentration of wheat cultivars in interaction effect of

yearxirrigationxcultivar treatments

b = S5 4ls 5 Slas
Ju ekt NEN P K Zn Grain yield
Year Irrigation Wheat cultivars (mg.gh) (mg.gh) (mg.kg?) (kg.hat)
Zarrin 3.85a 3.59b 29.2a 7418a
Pishgham 3.65a 4.39a 23.2a 8201a
Orum 3.68a 5.00a 27.3a 7715a
h Zareh 3.97a 3.68b 29.9a 7601a
Mihan 1.14b 5.40a 26.5a 8533a
Zarrin 3.92d 3.12b 29.7b 3558b
Pishgham 4.59b 3.63b 29.9b 5919a
) O’I;';;L . Orum 4.42b 3.77b 38.4a 32220
Zareh 4.16¢ 3.69b 30.4b 5635a
Mihan 4.85a 5.42a 31.6ab 5904a
Zarrin 4.24a 3.92b 31.6a 6549a
Pishgham 4.43a 3.93b 35.1a 6833a
s Orum 4.08b 4.03b 29.4a 6360a
Zareh 4.36a 4.50ab 29.5a 6719
Mihan 4.35a 5.73a 34.7a 6878a
Zarrin 3.97b 4.76bc 26.5b 6258b
Pishgham 3.76b 4.47c 26.3b 8444a
L Orum 3.79b 5.49ab 34.1a 5903b
Zareh 4.09ab 4.21c 31.4a 6557b
Mihan 4.27a 6.51a 29.4a 8925a
Zarrin 5.70d 4.16b 33.9a 5313c
Pishgham 6.66b 4.34b 33.1a 7366a
2(;;2:;;5 b Orum 6.42b 4.28b 36.7a 6629b
Zareh 6.04c 4.81ab 31.5a 7018b
Mihan 7.04a 5.22a 38.7a 7799
Zarrin 4.80ab 4.40b 34.4a 5628c
Pishgham 5.02a 6.71a 32.3a 7609a
I3 Orum 4.62b 4.35b 36.9a 6465b
Zareh 4.86a 5.04b 30.5a 7250ab
Mihan 4.92a 5.93a 34.6a 7600a

L5 (Sl sne g o ys gy Sl e 53 (S5 0g3T plel kit &S 2he Uop e ST & e Sl D a5
Means in each column followed by similar letter(s) are not significantly different at 5% probability level, using Tukey's Test
da..\.lf‘tbf)‘l 5)L:3T845:|3_9417.'.~))4£ a0 3l 5)l:{Td=5:|2 nglféJ\.ﬁT:h
1:: Full irrigation, I,: Irrigation withhold after ear emergence, 5= Irrigation withhold after flowering
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Table 6. Mean of grain nutrient concentration of vvheat cultivars in interaction effect of |rr|gat|on nitrogen cultivar treatments

bt 059, Nty 6 l als 5, S g
Irrigation Nitrogen ~ Wheat cultivars P(mg.g'l) Fe (mg.kg’l) Mg(mg.kg'l) Grain protein content (%)

N1 Zarrin 3.16k 32.6f 1.56f 10.0k
N1 Pishgham 3.16k 42.9a-f 1.77¢f 11.13i
N1 Orum 3.62ghi 37.5d-f 1.77ef 10.4j
N1 Zareh 3.27jk 48.9b-c 2.18de 12.7¢f
N1 Mihan 3.93ef 45.9a-e 2.08def 14.7b
N2 Zarrin 3.62ghi 43.5a-f 2.29cde 12.4f
N2 Pishgham 3.51hij 42.7b-f 2.79bc 12.0g
N2 Orum 3.39ihk 50.2ab 2.18de 11.8h
N2 Zareh 3.74fgh 36.8ef 2.49bcd 13.1d

| N2 Mihan 3.85fg 49.8a-c 2.49bcd 15.3a

! N3 Zarrin 3.97ef 39.0c-f 2.29cde 12.9de
N3 Pishgham 3.85fg 50.7ab 4.69%a 12.9de
N3 Orum 3.74 fgh 41.2b-f 2.60bcd 11.8h
N3 Zareh 3.74 fgh 41.3b-f 4.93a 14.0c
N3 Mihan 3.74fgh 48.1a-d 2.39cd 15.6a
N4 Zarrin 4.90c 35.6ef 2.60bcd 12.3fg
N4 Pishgham 4.32d 48.5a-d 2.49bcd 11.8h
N4 Orum 4.20de 42.0b-f 3.01b 12.2g
N4 Zareh 5.36b 39.8b-f 2.60bcd 13.1d
N4 Mihan 5.83a 53.9a 2.39cd 15.6a
N1 Zarrin 4.17i 41.6a-f 0.62i 14.91
N1 Pishgham 5.57de 36.3d-f 0.93ghi 16.1g
N1 Orum 4.40hi 36.7c-f 1.14f-i 17.1efg
N1 Zareh 4.29i 48.2ab 1.25e-h 16.2ij
N1 Mihan 4.87fg 47 .4a-c 0.73hi 20.1ab
N2 Zarrin 5.33d 42.8a-f 1.35d-g 15.6k
N2 Pishgham 4.98ef 37.6b-f 1.46¢c-9 16.5hi
N2 Orum 4.64gh 35.8ef 1.56b-f 17.1efg
N2 Zareh 4.29i 45.4a-e 1.66b-f 17.4e

| N2 Mihan 6.03b 47.1a-d 1.66b-f 19.8b

2 N3 Zarrin 3.60j 32.4f 1.97abc 16.2ij
N3 Pishgham 3.80j 43.7a-e 2.08ab 18.9c
N3 Orum 6.61a 39.4a-f 2.29 17.2ef
N3 Zareh 6.14b 35.4ef 1.97abc 17.9d
N3 Mihan 6.72a 47.1a-d 1.87a-d 20.4a
N4 Zarrin 6.14b 35.3ef 1.66b-e 20.4a
N4 Pishgham 6.14b 42 4a-f 1.87a-d 16.9fg
N4 Orum 6.03b 40.3a-f 1.87a-d 16.8gh
N4 Zareh 5.68¢c 36.5¢-f 1.87a-d 17.9d
N4 Mihan 6.14b 50.5a 1.77b-e 22.1jj
N1 Zarrin 4.49cde 41.0b-h 2.29cde 13.2ghi
N1 Pishgham 4.98a 43.6b-h 3.55b 12.9ij
N1 Orum 4.52cde 36.6e-h 2.60cd 12.9ij
N1 Zareh 4.40def 39.4c-h 2.39cde 12.9ij
N1 Mihan 4.40def 47.9a-d 1.87ef 15.9¢c
N2 Zarrin 4.40def 32.6h 2.08def 13.1hij
N2 Pishgham 4.87ab 42.9b-h 1.87ef 13.1hij
N2 Orum 4.17f 50.4a-c 4.38a 12.8j
N2 Zareh 4.75abc 46.2a-f 1.87ef 14.1de

I3 N2 Mihan 4.75abc 46.7a-f 1.97ef 16.5b
N3 Zarrin 4.52cde 37.2d-g 2.60cd 14.0e
N3 Pishgham 4.40def 51.4ab 2.08def 14.4d
N3 Orum 4.29¢f 47.3a-e 3.84ab 13.1hij
N3 Zareh 4.87ab 36.0fg 2.08def 13.2dhi
N3 Mihan 4.52cde 56.7a 2.18c-f 16.2bc
N4 Zarrin 4.75abc 34.4gh 2.29cde 13.2dhi
N4 Pishgham 4.64bcd 42.6b-h 2.70c 13.4gh
N4 Orum 4.40def 41.1b-h 1.87ef 13.5fg
N4 Zareh 4.29¢f 36.1f-h 2.29cde 13.8ef
N4 Mihan 4.29¢f 44.8b-g 1.66f 17.9a

JJ'A;&)‘A@#U)LDMJ}@J\Q}' 33 S5 0531 bl ks oS ke LAJSJLAQ}...«]A);

Means in each column followed by similar Ietter(s) are not significant different at the 5% probablllty level, using Tukeys 'I%
_ga.urd,,ﬁ,lé)u s 3 g alow ,Gba,f)nsju ks a8 o,WT 2l

o +wl§¢b,,:r;},lf¥ N3LMLNU~LAJJ}L41>]&)JC;}15\ -+w\§qb)ﬁ ,15 Nzgsuwabfﬁr;)lf\ +wl§gb)ﬁp§,\SY N1 ojs

)_’gla«b-f)z ;_,Lfb-v— Saoy Al a 530 S S B0 4B Ol Ny slo s Sty dl a3 0 8 LS
izull |rr|gat|on I Irrlgatfon withhold after ear gmergence I3= Imgatlon wnﬁholdéfter flowerln f

Nitrogen Ni: 20 kg at plantlng+100kg at tillering, N»:20 kg at planting+100 kg at stem elongation, N: 20 kg at plantlng+50 kg at tillering+50
kg at stem elongation, N4: 20 kg at planting+50 kg at tillering+50 kg at ear emergence
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Effect of the timing of nitrogen fertilizer application on grain yield and quality of
bread wheat (Triticum aestivum L.) cultivars under terminal drought stress
conditions

Rezaei Moradala, M.}, A.R. Eivazi?, S. Mohammadi® and F. Ghani Shayesteh*

ABSTRACT

Rezaei Moradala, M., A.R. Eivazi, S. Mohammadi and F. Ghani Shayesteh. 2022. Effect of the timing of nitrogen fertilizer
application on grain yield and quality of bread wheat (Triticum aestivum L.) cultivars under terminal drought stress conditions.
Iranian Journal of Crop Sciences. 23(4): 320-340. (In Persian).

To investigate the effect of the timing of nitrogen fertilizer application on grain yield and quality of bread
wheat cultivars under terminal drought stress conditions, two field experiments were conducted at Agricultural
Research Station of Miandoab in West Azerbaijan, Iran, in 2013-2014 and 2014-2015 cropping seasons.
Experimental treatments were arranged as split plot factorial in randomized complete block design with three
replications. Irrigation levels 11 = full irrigation, I, - irrigation withholding from heading, Is = irrigation witholding
from anthesis stage) were assigned to main plots, 120 kg.ha nitrogen at four application times (N;=20 kg.ha* at
planting and 100 kg.ha* at the tillerign stage, N> = 20 kg.ha* at the planting and 100 kg.ha* at stem elongation
stage, N3 = 20 kg.ha* at the planting, 50 kg.ha! at the tillering stage with 50 kg.ha* at stem elongation stage, N4 =
20 kg.hat at planting, 50 kg.ha™! at tillering stage with 50 kg.ha* at heading stage) and five bread wheat cultivars
(G1 = Zarrin, G, = Pishgam, Gz = Orum, G, = Zareh and Gs = Mihan) as factorial were randomized in subplots.
Results showd that under terminal drought stress conditions (I.), concentrations of N, P and Zn of grain increased
by 23%, 37% and 18%, respectively, however severe water shortage also reduced the concentrations of potassium
(11%) and magnesium (45%). The timing of N3 and N fertilizer application times increased N, P, Fe and Mg
concentrations of grain, while in the Ny fertilizer application time, only K concentration of grain increased. The
highest amounts of N, P, Fe, Zn and Mg in severe water stress conditions (1) were observed in the N3 fertilizer
application time with drought tolerant cultivars cv. Mihan and cv. Pishgam, however under full irrigation
conditions the distribution of nitrogen at spike emergence stage (N4) increased N, P and Mg contents of grain.
The highest grain yield (7026 kg.ha') obtained under N3 nitrogen fertilizer application time. The results of this
experiment showed that with integrating of appropriate timing of nitrogen fertilizer application under terminal
drought stress conditions and planting of new improved cultivars such as cv. Pishgam and cv. Mihan, bread wheat
grain yield and its quality can be improved, in areas with similar environmental conditions.

Key words: Irrigation withholding, Nitrogen split application, Stem elongation, Tillering and Wheat
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