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ABSTRACT

Introduction: Nitrogen is a determining element in nutrition, plant growth, and its quantitative and qualitative performance. Considering the high
cultivated area of dryland wheat in the country and the economical importance of this crop in dryland conditions, it is necessary to consider any
solution to optimize the quantity and quality of this product.

Materials and methods: a strip split plot design based on RCBD with three replicates was conducted under rainfed and supplemental irrigation
conditions during two cropping seasons (2016-17 and 2017-18) to evaluate the effect of Nitrogen (urea) applied by different foliar application
treatments and top dressing fertilizer on grain yield, grain protein content, Zeleny number, and gluten index of wheat, Experimental treatments
were: A: control (without application of N), foliar application of urea during booting, booting + grain filling and grain filling stages as the main
plot, B: wheat cultivars as sub-plots, C: top dressing fertilizer including application and non-application (control) in strip factor were considered.
Results: The results of a combined analysis of variance and mean comparison showed that foliar spraying of urea fertilizer in all three growth
stages significantly increased grain yield, nitrogen content, the percentage of grain protein and grain hardness, Zeleny number and grain gluten
index. The application of top dressing fertilizer in both rainfed and supplementary irrigation conditions on grain yield, grain protein and gluten
index was also significant. The highest gluten index in rainfed conditions (24.08%) and supplementary irrigation (16.19%) was related to foliar
application of urea during the grain filling stage. The highest index of gluten, grain hardness and Zeleny number in both rainfed and
supplementary irrigation conditions belonged to Rijaw variety. Rijaw variety had the highest value with 27.3 and Azar-2 variety had the lowest
gluten index value with 18.6. Foliar application of urea during the grain filling stage had the most contribution to the increase of grain protein and
the control treatment had the least contribution. The highest amount of grain yield in rainfed conditions was 2907 and in supplementary irrigation
conditions were 3957 kg, which compared to the control treatment (no application of vinegar fertilizer), increased the grain yield by 19 and 16%
in both rainfed and supplementary irrigation conditions, respectively.

Conclusion: The results of this research showed that foliar application treatments and top dressing fertilizer in both rainfed conditions and
supplementary irrigation were effective in improving quality traits. In this study, supplementary irrigation led to a significant increase in grain
yield compared to rainfed conditions.
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Table 1- Some physical and chemical characteristics of the soil where the experiment was
conducted in the two years of the experiment in the Sararood region of Kermanshah
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Figure 1- Rainfall statistics and average monthly temperature of crop years 1395-1396 and 1396-

1397 of Sararood Agricultural Research Station
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Table 2- Bartlett's test and analysis of variance (mean square) of the effect of foliar spraying treatments of urea fertilizer in different
stages of development and urea fertilizer on traits related to grain quality in four wheat cultivars under rainfed conditions
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5.64™ 11.55™ 16.21™ 0.016™ 0.61™ 226422 12 Top dressing * Foliar spraying sl Jslxe x S u
3.82m 13.09" 20.06™ 0.005"™ 0.18™ 138875"™ 3 Year* Top dressing * Foliar spraying o Jsloee x o o x Jlo
3.40 42.64 19.44 0.01 0.41 400107 3 Error Uas
715.88™ 350.39™ 128.93™ 0.071 27.62" 97124™ 12 Variety o3,
2.73™ 89.74™ 13.53"™ 0.003"™ 0.12™ 87158 "™ 3 Year* Variety 3, x Jlo
11.07™ 73.34" 12.77™ 0.001"™ 055™ 4299.4" 3 Top dressing * Variety 48, x <,
3.86™ 2.64™ 14.59™ 0.001" 0.40ns 70743.1" 3 Year* Top dressing * Variety 3, x < ,u x Jlo
8.53™ 12.90™ 12.98™ 0.016" 0.64" 116137 ™ 3 Foliar spraying* Variety o3, x 30 Jslxe
2.56™ 19.10" 19.20" 0.01" 0.39" 131073 "™ 9 Year* Foliar spraying* Variety o3, x b Jsloe x Jlo
1.94m 8.12™ 13.82™ 0.006™ 0.22" 111436"™ 9 Top dressing * Foliar spraying* Variety o3, x i Jolowe x S s
311 11.04™ 14,817 0.004" 0.15™ 5202831 9 Year* Top dressing * Foliar spray.ing* 08, % ol Jeloee x S s x Jlos
Variety
4.68 20.03 16.68 0.007 0.27 207869 96 Error Uas
10.0 10.1 6.2 4.0 4.0 171 QBCV)(,8) &l oS oy
ns ns ns ns ns ns (Bartlett's test) b 9051

NS & ws

S8 sire e g oy g oy SO Jlisl mhaw jo Gl pixe BT Gl i 4y gt
, “and ™, indicate a significant difference at 1% probability level, 5% probability level and no significant difference, respectively.
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Table 3 - Bartlett's test and analysis of variance (mean square) of the effect foliar application of urea fertilizer treatments in different
growth stages and top dressing fertilizer on traits related to grain quality in four wheat cultivars under supplementary irrigation

conditions
Mean Squares &ls yo (5 Kkeo FESN
: Sl yess b
kS Lo & e wls (e ls ()39 ls (g n alsoSlee (03]
Gluten index Zeleny number Grain hardness Grain nitrogen Grain protein Grain yield df Sources
25.56 " 6979.51™ 520.06™ 0.35" 13.79* 6388400 1 Year Jlo
308.20 4.44 17.14 0.52 1.93 221924 4 Replication*Year Jl s 1,55
17.24"™ 3.28™ 74.50" 0.50 1.89* 14580300 1 Top dressing S ,..
0.41" 2.87™ 44.53" 0.94"™ 0.25™ 13744 1 Year* Top dressing <, x Lo
3.98 17.56 5.25 0.21 0.79 483185 4 Error Uas
117.32™ 703.76™ 294,65 0.19™ 757 6917540 3 Foliar spraying b Jsle
1.35" 55.54" 15.47™ 0.18"™ 0.69™ 160187 3 Year* Foliar spraying sl Jsl>e x Jlo
1.57 38.20 13.72 0.14 0.55 287869 12 Error U
7.28M 72.39™ 40.39" 0.12" 0.49™ 153867™ 3 Top dressing * Foliar spraying b Jsl=e x S o
2.76 "™ 33.69™ 36.56™ 0.37™ 1.47m 483547 3 Year* Top dressing * Foliar spraying il Jslowe x < s x Jlo
8.23 29.74 6.00 0.81 0.32 267027 12 Error Uas
108.71" 149.06™ 228.13" 0.58™ 22.94" 2912040™ 3 Variety 3,
0.68" 240.83" 53.69™ 0.46"™ 0.18™ 443601™ 3 Year* Variety 43, x Jlo
48.58™ 14.77™ 31.92™ 0.19™ 0.76"™ 46250.8" 3 Top dressing * Variety o3, x S
0.74m 1.30m™ 18.70" 0.35™ 0.14" 12388.7™ 3 Year* Top dressing * Variety 45, x S o x Jlo
18.42" 39.90™ 25.21™ 0.37™ 1.38" 122122" 9 Foliar spraying* Variety 3, x &b Jslxs
0.42m 31.45™ 9.51™ 0.56"™ 0.20™ 255589™ 9 Year* Foliar spraying* Variety 3, x b Jsloxe x Jlos
21.64m™ 10.58™ 8.85™ 0.18™ 0.69™ 235586™ 9 Top dressing * Foliar spraying™ Variety o8, x b Jeloe x S
1.00"s 10,32 5437 0.64™ 0.25™ 167639™ 9 Year* Top dressing * Foliar spray.ing* 08y % il Jglore x S yan x Jlo
Variety
13.64 21.13 12.27 0.18 0.69 234823 96 Error Uas
23.9 12.9 5.8 6.8 6.8 13.2 CV) (s )0) iy o po
ns ns ns ns ns ns (Bartlett's test) «ds,b 5051

NS & s

SIS e g oy iy g do 0 S Jleis ] s (o ls gee BT gl s a4 g
.7, “and ™, indicate a significant difference at 1% probability level, 5% probability level and no significant difference, respectively .
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Table 4- Comparison of average simple effects of traits includes year, urea fertilizer, foliar spraying
time and variety related to grain yield and quality in four wheat cultivars under rainfed conditions

] B
B 4 lo (5595 Wb oegn pSekS) als o Slee
el s oae als sBew S
(2o,0) (2o,0) (GLAV-IN
(2o,0)
Gluten Zeleny Grain Grain Grain protein Grain yield Treatment
index (%) number hardness nitrogen (%) (%) (kg/ha)
22.46 44.02 67.40 2.15 13.41 2459.48 STRLLIN
2016-2017 e
Year
20.77 44.79 64.70 2.09 13.08 2884.23 Av-1Yas
2017-2018
177 6.81 2.49 0.06 0.38 257.07 LSD(0.05)
22.02 44.39 65.72 2.14 13.38 2906.69 S
o ‘ S
Top dressing )Ljrej
21.21 44.42 66.38 210 13.11 2437.02 S oo pas fertilizer
Non top dressing
1.18 2.06 217 0.04 0.23 353.86 LSD(0.05)
19.56 39.66 64.26 2.00 12.49 2281.08 (2l ohaals
Control
21.19 44.98 65.06 2956.95 o] dl>
2.13 13.34 ol A b Jgl=e
Booting Stage foliar
21.64 45.02 66.58 2.14 13.39 2643.18 wls Had g (Sl al> e spraying
Booting + Grain filling Stage
24.08 47.98 68.29 2.20 13.76 2806.22 als ol al> e
Grain filling Stage
1.23 2.64 2.31 0.03 0.17 282.07 LSD(0.05)
18.62 41.09 65.83 2.02 12.62 2472.00 Y-8
Azar-2
27.26 47.67 68.42 2.29 14.32 2671.10 oI5,
Rijaw p.5)t
19.83 44.09 64.76 205 12.83 2755.33 oL variey
Baran
20.77 44.76 65.18 211 13.20 2788.99 ol
Paraw

LSD: least significant difference at the 5% level
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Table 5- Comparison of average simple effects of traits includes year, urea fertilizer, foliar spraying
time and variety related to grain yield and quality in four wheat cultivars under supplementary

irrigation conditions

el il g s aily s o o Slas
O s e als s o o 2 5 5kS) BNy
(22,0) (22,9)
(o,0) (s
?r:lcjig? nzuerlrft?gr Grain hardness nitroGgr:;n(% ) p?(;?é?n Gr(eli(lglr)]/;()eld Treatment
(%) (%)
15.79 29.47 62.44 2.00 12.52 3108.56 1Y40
2016 Ju
1506 4153 59.15 1.92 12.00 425501 \Yas vear
2017
0.80 1.68 0.92 0.36 0.50 188.46 LSD(0.05)
15.73 35.63 61.42 1.99 12.41 3957.35 S
Top dressing 09l °9_5_
1513 3537 60.17 1.94 12.11 3406.21 S oo pos Urea fertilizer
Non top dressing
0.80 1.68 0.92 0.47 0.29 278.10 LSD(0.05)
13.29 30.50 57.33 1.86 11.70 3126.82 (ol oaals
Control
1532 3545 61.14 1.97 12.30 3957.55 il b o il dylne
. Foliar spraying
Booting Stage
16.19 36.25 61.55 1.98 12.38 3753.06 Als o 5 el Al o
Booting + Grain filling Stage
16.90 39.79 63.21 2.03 12.66 3889.71 als ol al> e
Grain filling Stage
0.56 2.75 1.65 0.59 0.37 238.63 LSD(0.05)
14.46 33.63 59.15 1.87 11.67 3385.01 Y-,31
Azar-2
17.62 35.54 63.69 2.13 13.34 3589.54 sl i
Rijaw g
1442 3497 59.08 1.88 11.75 3946/12 e variety
Baran
15.21 37.86 61.26 1.96 12.28 3806.46 oln
Paraw
1.50 1.86 1.42 0.47 0.29 196.33 LSD(0.05)

LSD: least significant difference at the 5% level
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Figure 2- Interaction of year and foliar application of urea fertilizer on protein percentage in rainfed
conditions.
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Figure 3 - (a) Interaction effect of cultivar and foliar application of urea fertilizer on protein percentage
and (b) grain nitrogen percentage in rainfed conditions.
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Figure 4 (A) - Interaction effect of foliar spraying of urea fertilizer and variety (B) - Interaction effect of year
and variety on grain hardness number on grain hardness of four wheat cultivars under supplementary

irrigation conditions

LSD: least significant difference at the 5% level

Numbers with the same letter don’t have significant difference
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Figure 5- (A) The interaction effect of year and cultivar and (B) the interaction effect of cultivar and urea
fertilizer on Zeleny number of four wheat cultivars under dry conditions.

LSD: least significant difference at the 5% level

Numbers with the same letter don’t have significant difference
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Figure 6-(a) Interaction effect of year and variety on Zeleny number and (b) interaction effect of variety and
urea fertilizer on gluten number of four wheat cultivars under supplementary irrigation conditions
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LSD: least significant difference at the 5% level
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Numbers with the same letter don’t have significant difference
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Table 5- The triple interaction of year, top dressing urea fertilizer and foliar application of urea
fertilizer on grain hardness in supplementary irrigation conditions

p9o Jlu o als S5 Jol Jlo jo als ew Lo
Grain hardness in Grain h_ardness in the Treatments
the second year first year
53.41h 59.94 de Control sals
61.19 cd 62.25 bc Booting .l S
62.30 bc 63.22 abc Booting + Grain Filling o 5 ¢ sl Top dressing
64.13 ab 64.92a Grain Filling oo 5
56.33¢ 59.65 def Control sals
58.53 ef 62.58 bc Booting ! S o poe
57.53 fg 62.98 abc Booting + Grain Filling ;o , 5 ] Non top dressing
59.79 de 63.99 ab Grain Filling ;yos 5

105 6l e S 6 Lel Ll 51 S i g syl a3
Figures with common letters do not have statistically significant differences.
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