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Table 1.Soil physicochemical properties of the experimefitdd

EC mg.kg* H %
(ds.m")  Organic carbon CaCQ N P K Fe P Sand Silt  Clay
1.54 0.858 5 0.08 12.2 495 5.1 7.76 31 30

39
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Table 2. Meteorological characteristics of the oegiluring wheat growing season (2016-2017)

Parameter Oct. Nov.Dec. Jan. Feb. Mar. Apr. May June July
Rainfall (mm) 48 403 289 34 352 94 3.3 32.9 24 93
Average min. temperature (°C) 6.1 1.7 46 -5.1 -8.2 -1.4 2.1 7.4 10 12.8
Average max. temperature (°C) 18.4 125 35 5.8 0.2 9.4 14.3 214 24526.1
Average daily temperature (°C) 12.2 7.1 0.6 0.4 -4 4 8.2 14.4 17.3 195
Average moisture (%) 76 75 65 64 82 69 69 62.6 68 .6 60

Total sunny hours

201.3151.4 170.8 210.9 120.9 209.1 202.7 232.6 331.7 328.3

Reference: Meteorological Organization of Ardabil\Fnoe
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Table 3. Analysis of variance the effects of nanoo ioxide and supplementary irrigation on Electrica
conductivity flag leaf of wheat
Sampling stages (day after planting)
194 198 202 206 210 214 218 222 226 230
l1xFe&y 173.20 170.97 189.97 187.57 196.18 198.07 234.63 244.74 27227 2719

Treatment

[2xFe&y 69.70 79.37 77.01 91.48 94.52 99.15 115.68 133.83 139.54 152.64
IsxFey 84.43 108.74 108.38 123.89 128.73 150.76 149.84 1729 183.24 186.64
l1xFe 117.35 130.77 139.14 14449 15240 166.56 170.31 185.19 231.47 245.42
[2xFe 58.67 60.64 66.42 66.93 73.06 77.37 97.53 103.96 111.74 121.61
IsxFe 84.43 92.79 108.38 100.65 103.63 119.86 123.55 130.06 142.04 146.13
l1xFe 100.57 119.63 120.52 12548 128.46 135.72 136.68 151.09 158.16 166.12
I2xFe 51.76 47.84 5481 55.61 63.29 64.95 7556 91.92 97.84 109.11
IsxFe 81.02 7991 95.03 86.76 9591 106.22 114.7 118.2 128.44 136.40
l1xFes 78.62 103.49 107.20 110.02 114.09 115,52 117.85 122.09 127.23 153.31
I2xFes 31.19 37.42 4421 40.46  46.65 53.45 50.62 545 74.46  98.89
IsxFes 7124 69.60 8199 7572 78.09 87 89.7 103.21 107.81 123.90
LSD 9.54 745 1494 18.77 1556 14.58 15.86 8.85 8.36 6.75

' Fa, Fe, Fe and Feare no-application and application of 0.3, 0.6 &r&lg.L.* nano-iron oxide, respectively, and
I, and  are no-irrigation (rainfed) and supplementarygation at booting and heading stages, respectively.

rnd..xf S oole Jl.a.u‘ 9 u’aw?& s_;lA.a).) Gl.:..o.i: Lg)L:.j 9 u‘bi J.:...MS‘ 9JL| ).ul; u“‘l")‘ﬁ 44).25 *f J5A.>
Table 4. Analysis of variance the effect nano ioaide and supplementary irrigation on biochemicaits and
dry matter remobilization of wheat

Mean squares

Source of Contribution of  Dry matter
variations Malondialdehyde Hydrogen Anthocyanin Dry matter remobilization in remobilization
peroxide remobilization L
grain yield from stem
Replication 2 0.0049 0.0096  0.00000%° 60.22¢ 176.03 21718
Irrigation (1) 2 0.041 0.082" 0.0001" 3053.6" 541.04 2405.58
Iron (Fe) 3 0.007 0.022 0.00005 1431.02 150.97 629.62"
Fe x| 6 0.00022 0.00049  0.00002 83.77¢ 4.50° 17.51
Error 22 0.000021 0.00014 0.0000024 71.44 9.01 3.57
CV (%) - 4.05 3.35 9.74 11.10 14.02 3.20

s " and™: Not-significant and significant at 5% and 1% pabllity levels, respectively.

Table 4. Continued dalol - Jgu
Mean squares
Source of Contribution of Contribution of Spike  No. of grain
variations stem reserve in . current photosynthesis, ) . Grain yield
grain yield photosynthesis in grain yield length per spike
Replication 2 137.23 63770.88 176.03 10.25 28.58" 67565.11
Irrigation (1) 2 381.78 48718.96 541.04 247 82.75 28746.77
Iron (Fe) 3 67.71 5000.22 150.97 0.29 10.59 1089.08
Fe x| 6 2.2% 302.54 4.50° 0.01% 0.009° 240.59
Error 22 1.71 94.23 9.01 141 1.61 75.39
CV (%) - 7.84 3.24 3.81 1.7 6.2 2.31

ns " and™: Not-significant and significant at 5% and 1% pablity levels, respectively.
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Table 5. Comparison of means for the effects obriamn oxide and irrigation on some wheat traits

Malondialdehyde Hydrogen Anthocyanin Dry matter Contribution of current Yield
Treatment peroxide remobilization photosynthesis 2
(Hmol.gFW’) (umol.gFWY) (Hmol.gFW’) from stem (g.n%) (g.n?) (@)
l1xFey 0.22 0.48 0.0123 81.7 224 326.5
I2xFey 0.09 0.33 0.0159 57.6 336.16 412.5
IaxFey 0.13 0.4 0.0132 65 260.83 353
l1xFe 0.19 0.44 0.0129 77.5 245.83 342.5
I2xFe 0.06 0.3 0.0163 47.2 357.5 421.57
IaxFe 0.11 0.36 0.0148 64.16 259.33 326.5
l1xFe 0.15 0.43 0.0137 71.33 263 348.7
I2xFe; 0.05 0.26 0.0181 4.66 378.5 440.2
IsxFe 0.1 0.31 0.0156 57.1 281 348.7
l1xFes 0.13 0.38 0.0143 64 271.16 375
I2xFes 0.03 0.2 0.0276 35.96 414 452
IsxFey 0.08 0.28 0.0166 46.36 294.83 375
LSD 0.007 0.02 0.0026 3.2 16.43 14.7

' Fe, Fa, Fe and Feare no-application and application of 0.3, 0.6 @ftlg.L'! nano-iron oxide, respectively, and |
I, and } are no-irrigation (rainfed) and supplementanygation at booting and heading stages, respectively.
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Figure 1. Changing process of electrical condusti{eC) of flag leaf under constant irrigation léaad
different levels of nano-iron oxide conditions
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Table 6. Comparison of means for the effects obriaon oxide and supplementary irrigation on dryttea
remobilization, contribution of remobilization imain yield and contribution of current photosynikées grain
yield of wheat

Dry matter Contribution of contribution of Contribution of current
Treatment remobilization remobilization in  stem reserve in photosynthesis in grain
(g.nm?) grain yield (%) grain yield (%) yield (%)

Fe 90.33 26 19.65 73.99
Nano-iron oxide Fe 81.3 23.19 18.01 76.8
(g.lith) Fe 717 19.88 15.75 80.11
Fes 61 16.54 13.34 83.46
LSD - 8.26 2.93 1.28 2.93
l1 91.92 27.57 22.16 72.42
Irrigation P 60.02 14.25 10.89 85.74
I3 76.3 22.38 17.01 77.62
LSD - 7.15 2.54 11 2.54

' Fe, Fa, Fe and Fe are no-application and application of 0.3, 0.6 @rilg.L'! nano-iron oxide, respectively, and |
I, and  are no-irrigation (rainfed) and supplementarygation at booting and heading stages, respectively.
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Table 7. Comparison of means for the effects obriamn oxide and irrigation levels on humber ofigrper
spike and spike length

Treatment Spike length (cm) No. of grain per spike
Fe 8.25 18.88
Nano-iron oxide Fer 8.36 20.22
(g.lith Fe 8.49 20.77
Fes 8.68 21.44
LSD - 0.14 0.51
l1 8.02 17.66
Irrigation level P 8.91 2291
I3 8.41 20.41
LSD - 0.12 1.07

' Fe, Fa, Fe and Feare no-application and application of 0.3, 0.6 @flg.L'* nano-iron oxide, respectively, and |
I, and } are no-irrigation (rainfed) and supplementangation at booting and heading stages, respectively.
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Abstract

To study the effects of supplementary irrigationl @ano-iron oxide on dry matter remobilization,
yield and some biochemical traits of wheat undénfed conditions, a factorial experiment was
conducted based on randomized complete block destbrihree replications in Agricultural Research
Station of Ardabil, Ardabil, Iran, in 2016. The expnental factors were included irrigation in three
levels (no-irrigation check or rainfed and supplataey irrigation at heading and booting stages) and
foliar application of nano-iron oxide in four leggho-application as check and foliar applicatit.8,
0.6 and 0.9 g.tt nano-iron oxide). The results showed that 0.9'quéino-iron oxide foliar application
and supplementary irrigation at booting stage im®ed current photosynthesis and decreased dryrmatte
remobilization from stem and air parts. Also, fol@pplication of 0.9 g.t nano-iron oxide and
supplementary irrigation at booting stage decreagddogen peroxideontent, malondialdehyde and
electrical conductivity of flag leaf, but grain {dencreased about 38.43% compared to no-applicatio
of nano-iron oxide under rainfed conditions.
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