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Table 1. Soil physicochemical properties of soil at the experimental site
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spike weight weight
S
2 3768.58" 3.64™ 10.43™ 55.57" 325 20.76 ¢ 4.16™ 576" 9.82™
Block
Drought stress 2 24540835.12"° 35140.43™ 2405.52" 345.00" 26617.33" 76261.94™ 77255.78" 3000.52" 3094.18""
S
agles
4 5044.88 142.07 2.84 8.45 14.91 160.82 56.33 10.34 22.49
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.s;}}l.;
Nano fertilizer 10 432183.47™  6881.49™ 357.00™ 28.40" 1343.37" 5767277 8611.22" 1841.67" 608.54™
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** and ns: significant at 1% probability levels, and non-significant, respectively.
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Figure 1. Soil moisture curve obtained from TDR measurement and volumetric moisture content samples
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Figure 2. Mean comparison of wheat yield as affected by drought stress and fertilizer type and concentration
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Figure 4. Mean comparison of wheat height as affected by drought stress (Means with the same letter are not
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Table 3. Mean comparison of wheat yield and yield components as affected by drought stress and Fe and Mn
nano fertilizers

Sl

= - ~
* - : o = = =
Treatme "%\ 23 ‘% ; 3 g = 3 7 3 ol 3 5 s 2
Sm > 3 E~ 2 £y P ED 4 2o oa 24 4 g 4 EE
RS- - & Q z@@ e & Q pE Yi=
Drought Stress 3 AR =5 2 g5 2 3ZS=m Y Sm 9 Sa \\,} 8 s
& - 2382 3 5T 3 3 302 935
va 3 Y s W 3 7 2 SR =
) G H 7] )
*F; 21630k 32+ 35.18+0.319F 84.67+4.07f  179.66+5.10F  135.54+8.018"  31.26+1.15Km
S F> 2162fhik 3941 fehi 35.32+0.339  88.78+7.29%% 195.89+].11% 184.54+10.4° 32.26+0.62K
(Lol b B 07 F; 257+£17° 46+1% 35.41£1.00° 97.78+4.39%°  235.44+3.00° 206.21+1.61° 51.70:E2.35d‘
F00 = F 237+4% 46+1bd 35.46£1.39* 94.89+5.88%  361.11+2.94° 184.23+7.28°¢ 44.29+1.15¢
(50% F.C.) 4 25811 451 3543+2.15%%  94.00+5.09%  159.01+£2.04"  206.78+1.75° 54.83+2.45¢
Fs 23344 42+1%F  35.49+0.37%F 99.78+4.95%  237.22+3.42° 152.89+8.23% 60.24+1.15°¢
Fe 294+9° 52412 36.97£0.39°  135.11£2.73* 165.44+4.75%  304.17+1.54* 97.10+0.59*
F7 32242 5046 36.87+0.72¢ 117.33£5.09° 212.67+5.46¢ 219.90+7.01° 67.35+0.87°
Fs 268+1° 471 36.83+2.23% 108.21+1.11%*  265.56+1.13° 206.70+1.69° 62.88+1.09°¢
Fo  221+3¢fh 391 fehi 33.96+£2.58¢ 86.57+1.12°%"  197.46+1.75¢  144.01+4.43°%  33.34+].15%
Fio 228+3¢feh 41+1°f% 35.02+£0.49°F  91.11£4.01%f 165.99+5.09%  160.21+7.03¢ 32.98+2.361
Fu
S, Fi 184+3mnep 27+1" 32.2842. 717 40.00+£2.89*  112.56+5.13%  64.88+1.83° 24.23+1.15%
F» 19141"™ 34+18m 32444054 43.90£2.22°  117.00+18.9°"  107.89+3.28* 15.71+0.95
BB R 221+ ¢fehi 40£1%  32.47+1.40™ 63.00+£3.85™ 121.90+4.00°9 137.56+6.97%" 33.1742.37%
F 229+2¢feh 35+18 32.64+6.385™ 60.01£1.91™° 133.34+5.08™P  [28.12+1.78" 32.87+1.15%
(s a0 53 4 214+18%k  38+1fh 32 46+0.56™ 60.01+1.91™° 122.47+8.34%P  117.43+2.231 25.58+1.15™
Fs 199+124m  364hk 32,640,615 69.33+1.92K™ 130.11+5.02™P  119.21+5.621 35.20+0.82"
(0%F.C.at  F6  201x6>  46r1™  3520:2.18% 72.8045.56M 149.32+693M  150.22:4.34%  53.98+141¢
vegetative  F7 252629 AD41%T 35053447 72114.44M  138.6245.00™ 139.5764.58% 53274237
stage) Fs 231:&6f‘g 41£1°%  34.88+2.84K 71.10£1.10M™ 132.98+4.91P™° 139.46+6.98®  37.73+1.15¢
Fo 208+3iK! 33+ km 33.1240.617  46.32+1.92° 95.99+5.09% 80.44+8.88™  27.28+1.15™°
Fio 21241k 37+1ik 32 08+£3.06° 57.78+1.11° 92.12+5.13" 91.02+3.54!™ 20.94+0.63°
Fui
S3 Fi 160+74 12+17 29.33+3.340m 64 461, 12K 138.89+3.58K™  58.44+3.28P 27.90+0.62™
F» 171304 17419 29.43+1.11M  58.56+£3.38" 163.67+5.09%"  97.22+1.80M 28.35+1.15™
L3 B By IB0ST 214N 295345577 77.8045.88%0 142.67+1.765"  95.88+1.830  38.04+1.15%
F 186+£7m° 30£1™ 29.62+1.17"  76.67+1 .921’?‘ 145.32i4.92jk‘1_m 107.12+1 80Jk 39.90+0.82¢
(sl dm o 52 4 1763704 KIES L 29.54+2.35¢"  76.33+3.85"  155.68+3.85MK  114.21+4.277 41.35+1.15¢%
Fs 16744 17419 29.60+4.51% 86.57+2.02°%"  162.34+6.94%"  97.56+1.611 45.47+0.74°
(30% F.C. at Fo 227i3e‘fgh“ 39i1fg_%'i 32.49+3.07% 93.77i5.55de': 178.46i5.19‘fg 139.66i3.09ef’>g 60.01+0.59°¢
reproductive)  F7 219528 361" 322042 66%1 93.7854.01%  170.67:5.008  127.5413.26"  59.28+3.60°
Fs  201+1edm 3542hik 31.97+1.46% 92.89+6.19%f 165.88+7.29%  114.57+1.820 38.56+0.89¢"
Fo 172424 2441 28.77+1.97" 74.01£5.09%  103.11+£5.02""  84.54+7.02"™  28.71x1.15K™"
Fio 174£3"™M 32+1™  29.28+0.868™ 74.89+1.11%% 123.01£9.63"P4  75.78+1.93"  27.82+1.15™%
Fui

(ol o SSls glaels iz 0 303T a0l Aoy 0 Jlazm| gebans 53 513 (gme 9Nt 36 &S 2ks O S5 s sl 1 Kike 0 g 8 )
(Means with the same letter are not significantly different at 5% probability level (Duncan's new multiple

range test (MRT))

o(Fa) 580 oIS 50 5150 53 4w o(F3) 550 O 5L 5 53 o 5 &G o(F2) 0aT S 5L 5m s o oF1) oo T NS 56 i3 55 &S

o5 5 85 () 58 IS 5515 53 a5 AT OIS 56 58 55 & (F5) 580 OIS 56515 53 o 5 &G 5 AT OIS 55158 53 6K

Olgots BLJ glous 39 ((F8) 5850 SN 56 158 53 aw 5 oo T IS 56 5158 55 aw «(F7) o T SIS 56 158 53 4w 5 5500 SIS 56,158 )5
F11) 5 Ko oShaS 558 5 F10) jalls O oL glows (F9) dals

Fi: 1/1000 nano chelated iron, F2: 3/1000 nano chelated iron, F3: 1.5/1000 nano chelated manganese, Fa:
3/1000 nano chelated manganese, Fs: 1/1000 nano chelated iron + 1.5/1000 nano chelated manganese, Fe:
1/1000 nano chelated iron + 3/1000 nano chelated manganese, F7: 1.5/1000 nano chelated manganese + 3/1000
nano chelated iron, Fs: 3/1000 nano chelated iron + 3/1000 nano chelated manganese, Fo: no foliar application
of the nano fertilizers, Fio: foliar application of pure water, F11: micro fertilizer complex.
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Extended Abstract

Alipour, A., Zahedi, H., Effect of foliar application of nano-chelated iron and manganese fertilizers on
yield and yield components of wheat (Triticum aestivum L.) under drought stress
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Introduction: Wheat (7riticum aestivum L.) is one of the most important
and strategic crops in the world. At global level, wheat occupies the largest total
cultivated area (217 million hectares) with a total production of 651.4 million tons
and an average yield of three tons per hectare (Anonymous, 2015). Drought is a
major environmental stressor throughout the world, posing severe constraints to
crop productivity. Drought stress causes nutritional imbalances in crops and restricts
the ability of their roots to take up the required nutrients from soil (Cakmak, 2008).
To overcome the limitations imposed by drought stress, foliar nano-micro nutrients
such as iron (Fe) and manganese (Mn) can be used as complementary foods to feed
plants and improve their nutritional status. Given the limited availability of Fe and
Mn in the soils of Iran and also acute shortage of irrigation water and the frequent
occurrence of drought stress in the country, this experiment was conducted to
investigate the impact of chelated form of Fe and Mn micronutrients on yield and
yield components of wheat under water stress conditions.

Materials and Methods: The experiment was carried out in 2014-2015 at
the Agricultural Research Farm Station of Tarbiat Modarres University, Tehran
as split plot in a completely randomized blocks design with three replications.
The main factor was drought stress consisted of three conditions: no cessation
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of irrigation (S,), cessation of irrigation at vegetative state whenever 70 % of
the field capacity (FC) was depleted (S,), cessation of irrigation at reproductive
stage whenever 70 % of FC was depleted (S,). The sub-factor comprised of 11
foliar fertilizer concentration treatments including 1/1000 chelated nano iron (F)),
3/1000 chelated nano iron (F,), 1.5/1000 chelated nano manganese (F,), 3/1000
chelated nano manganese (F,), 1/1000 nano chelated iron+ 1.5/1000 nano chelated
manganese (F,), 1/1000 nano chelated iron + 3/1000 nano chelated manganese
(F,), 1.5/1000 nano chelated manganese + 3/1000 nano chelated iron (F.), 3/1000
nano chelated iron+ 3/1000 nano chelated manganese (F,), no foliar application of
the nano fertilizers as control (F,), foliar application of pure water (F, ) and micro-
fertilizer complex (F ). The measurements consisted of leaf area, seed yield and
yield components including spike number per square meter and grain number per
spike at physiological maturity, dry weights of leaf, shoot and spike, 1000-kernel
weight as well as plant height.

Results & Discussion: The imposition of drought stress and the application of
nano fertilizers as well as their interaction had a significant impact on wheat seed
yield, spike number, kernel number per spike, leaf area and dry weights of leaf,
shoot and spike at the 1% probability level. The highest spike number (322 spikes/
m?) was obtained from S F, treatment where no water stress was imposed and
iron and manganese were used at 1/1000 concentration. No water stress treatment
and the application of 3/1000 nano iron fertilizer plus 1.5/1000 nano manganese
(S,F.) produced the maximum seed yield (2611 kg/ha) and the greatest number of
grains per spike (52 grains/spike). The main effect of the nano fertilizer application
revealed that the F, treatment gave the highest seed yield (1603.11 kg/ha). The
highest leaf area (97.10 cm*/plant) was achieved with S F._ treatment. It was also
observed that the highest dry weights of leaf, shoot and spike were respectively
135.11,361.11 and 304.17 gr/m* which were respectively obtained from S F_, S F,
and S F, treatments. The interaction of drought stress and nano fertilizers had no
impact on wheat height. Drought stress at reproductive stage limits the transfer of
iron and manganese to grain (Karim et al., 2012). The number of grains per spike
decreased with drought stress and it was found to be more sensitive to stress at the
vegetative than the reproductive stage. Our results showed that the use of nano Fe
fertilizer together with nano Mn could alleviate the negative effects of drought
stress on the wheat.

Conclusion: The study showed that drought stress at vegetative and reproductive
stages decreased the wheat yield by 40 and 26%, respectively. Foliar spraying
of 3/1000 Fe together with 1.5/1000 Mn at vegetative and reproductive stages
respectively increased the wheat yield by 50 and 61% as compared to the foliar
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spray of pure water
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