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Table 1. The physical and chemical properties of the soil before the experiment.
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Table 2. Variance analysis for yield components and grain and straw yields of rice (cv. Tarom Hashemi) under the
influence of zinc oxide nanoparticles and irrigation treatments.

aziy dlaxy 7 4l ooy
>y J’b 4 58 595k wlgs 5o .
Sl et 2o D Number of ~ Number of 42,13 03 )
Source of ! panicle fertile tiller  filled grain  1000-grain  ~° >5es ols & ) los
variation df length per hill per panicle weight Grain yield Straw yield
A 2 0.739 1.006 56.494 0.131 75767.646 196163.771
Replication
ol 3 13.402** 19.751** 3207.015* 20.850" 3272508.465" 2788116.465™
Irrigation
2 gls 6 0.088 0.845 16.016 0.461 56317.340 72147.715
Error (a)
592 S 3L 3 1.865" 13.366™ 367.688™ 0.541™  1023087.965" 1010351.854"
Zinc oxide NPs
593 9 0.096™ 0.159m 11.267" 0.043m 16110.984™ 17616.836™
IxN
b sls
24 0.515 1.220 66.489 0.650 106007.667 266137.090
Error (b)
() Sy oty 2.97 6.59 9.64 3.05 9.10 10.67
CV (%)

# NS

Aoy S gl Jlil mala jo s se g o S o Say T g T
" " and **: non-significant and significant at probability levels of 5 and 1%, respectively.
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Table 3. Means comparison for yield components and grain and straw yields of rice (cv. Tarom Hashemi) under the
influence of different levels of irrigation.
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k! Panicle length Fertile tiller number per grain Grain yield Straw yield
Irrigation (cm) number per hill panicle weight (kg.ha) (kg.ha))

L 25.42% 17.70 96.832 27.442 41032 5386*
I 23.32¢ 14.87° 94.28° 27.26* 3600° 4800°
Iz 23.25°¢ 17.112 61.02¢ 26.43% 2860° 4218°
Is 24.64° 17.35% 86.13° 24.56° 37428 49402

55 gl gme M (g Lol Ll S e By 6Tl (sla i Silie (g o s
(&l ol Al e g0 Gﬂpf i ila g 2ol al> e yo Gg-lpf o) I3 o(Syamsy al> e 50 Gg-lpf o) L2 (ol QB2 6)[.:4_" Laals) I f
*Means with similar letters in each column are not significantly different.

11 (control or flood irrigation), I> (water stress at tillering stage), Is (water stress at flowering stage), 14 (water stress at grain
filling stage).
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Table 4. Means comparison for yield components and grain and straw yields of rice (cv. Tarom Hashemi) under the

influence of zinc oxide nanoparticles doses.

SUTIS)
abgs Job 50yl axmig ooy Ho g ail Sl Wl &lo o Slos o5 & ,Slos
G9ydeaSl gl (o L) &5 abgs 1000-  OLS® ;0 p,59kS) (LS 40 p,59Le)
Nano zinc Panicle Number of fertile Number of filled grain Grain yield Straw yield
oxide length (cm) tiller per hill grain per panicle  weight (kg.ha) (kg.ha)
Zni* 23.69° 15.56° 77.65° 26.18* 3255° 4513
Zn; 23.99% 16.23%® 82.70% 26.33* 3416% 4686
Zn;3 24.36° 17.37% 87.91* 26.52% 3745% 4989
Zny4 24.58* 17.882 89.99° 26.67% 38902 5156*
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*Means with similar letters in each column are not significantly different.
tZni (0 or control), Znz (25 mg.I'"), Zn3 (50 mg.1"") and Zn4 (75 mg.1™).
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Fig. 1. Regression changes of grain yield under the influence of different doses of zinc oxide nanoparticles.
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Table 5. Variance analysis for zinc concentration and uptake in grain and straw of rice (cv. Tarom Hashemi) under the
influence of zinc oxide nanoparticles and irrigation treatments.

Q)i als )o ggy il Al yo 59y i ol5 yo ggy LS ol )0 (g9, i
Source of &*l3' Zn concentration Zn uptake in Zn concentration Zn uptake in
variation Olydd @le g in grain grain in straw straw
Replication IS 2 7.489 178.170 6.876 304.045
Irrigation sl 3 86.091*" 4655.438" 205.690™ 13183.892*
Error (a) aglbks 6 1.278 59.767 3.981 140.281
Zinc oxide NPs (59 swSlgil 3 569.740™ 11872.591* 589.757" 20569.526™
IxN 89y Syl x g5l 9 5.025™ 211.136™ 15.535" 636.859™
Error (b) b s 24 8.525 298.976 13.555 580.802
CV (%) ((AX<] pove yorgw: 12.35 19.92 13.38 17.76

Ao,0 S Jleio] e (o jlo Se g o e uf oS Ay g™
" and **: non-significant and significant at probability level of 1%, respectively.
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Table 6. Means comparison for zinc concentration and uptake in grain and straw of rice (cv. Tarom Hashemi) under
the influence of different levels of irrigation.

als )0 (59, halé 4ls 55 59y Ld o5 o (59, wdalé oS o 595 @i
_ (PSS 32 05 o) (LS 49 0,55) (P 5kS 52 o5 o) LS 53 p,5)
k! Zn concentration in grain  Zn uptake in grain  Zn concentration in straw Zn uptake in
Irrigation (mg kg™) (g ha) (mg kg™) straw (g ha)
It 26.432 110.6 33.47* 182.1*
I 25.29* 93.29° 24.23% 117.6%
Is 22.23b 64.59¢ 25.27° 107.1¢
Is 20.64° 78.84b¢ 27.12° 136.1°

IRYARY ‘_g)lo‘s;.m s ‘_g)LaT Sl S e Bg s sl Sl gt o o
(s o Al e 50 DTS Ui e g (BAlS Al e y0 SleS 2) 3 (Siamt Al e y0 SleS L) I (el Bye oLl b sals) I T
*Means with similar letters in each column are not significantly different.

11 (control or flood irrigation), 1> (water stress at tillering stage), Is (water stress at flowering stage), I4 (water stress at grain
filling stage).
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Table 7. Means comparison for zinc concentration and uptake in grain and straw of rice (cv. Tarom Hashemi) under
the influence of zinc oxide nanoparticles doses.

ails 5o (59, wdlalé &l 50 (g9, @i o5 55 (59, cdale o5 )8 59y @i
(PSS 2 p 5 eo) (S 53 %) (PSS 2 p S eo) (S 5 0 ,5)
695 dam1 gl Zn concentration in grain  Zn uptake in grain Zn concentration in Zn uptake in
Nano zinc oxide (mg kg™) (g ha) straw (mg kg!) straw (g ha')
Zn;* 14.93¢ 48.98¢ 18.14¢ 82.33¢
Zn; 21.91° 75.54% 26.95° 128.3°
Zn; 26.77% 101.3% 30.30% 152.0%
Zny 30.98° 121.4* 34.69° 180.12

IRYARY ‘_g)lo‘s;.m s ‘_g)LaT Sl S e Bgy s sl Sl gt o o
Gid oS e VO)Y Zna 5 (5d o o5 Lo 00) Z13 (] o p,5 o YO) Z2 (a2l b La0) Zmy

*Means with similar letters in each column are not significantly different.
Zn1 (0 or control), Znz (25 mg.I""), Zn3 (50 mg.I'") and Zns (75 mg.1'").
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Fig. 2. The relationship between Zn concentration in grain and rice grain yield affected by treatments of

irrigation and zinc oxide nanoparticles.
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Table 8. Means comparison for zinc efficiencies in rice (cv. Tarom Hashemi) under the influence of zinc oxide
nanoparticles rates.
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Nano zinc  Zn Agronomic Zn Utilization Zn Apparent Efficiency Efficiency Efficiency
oxide  Efficiency (kg.g!) Efficiency (kg.g"!) Recovery (%) (kg.gh (g.gh (kg.gh
Zn; - - - - - 24.7
Zn2 0.96 20.4 43.5 2.21 0.45 16.7
Zn3 1.47 11.2 36.5 4.01 0.30 14.7
Zny 1.27 7.78 34.0 3.73 0.24 12.9

i s skes YO) 708 5 (il o S shes D0) 213 (2 3y S e Y0) Z2 (0l by i) Z1
Zn1 (0 or control), Zn2 (25 mg.1""), Zn3 (50 mg.1"") and Zna (75 mg.I'").
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Abstract

Zinc (Zn) plays an important role in reducing the negative effects of drought stress by regulating stomata
and ionic balance in crops. On the other hand, application of Zn to nanoparticles form due to better
uptake and transfer than conventional form can have better impacts on growth and yield in drought stress
conditions. For this purpose, a field experiment was conducted to investigate the effect of foliar
application of ZnO nanoparticles on yield components, yield and Zn efficiency indices in rice (cv. Tarom
Hashemi) under deficit irrigation conditions as split plot in a randomized complete block design with
three replications in Amol in 2016. Irrigation in four levels (I;: control or flood irrigation, I»: water stress
at tillering stage for 15 days, I3: water stress at flowering stage for 15 days, and L4: water stress at grain
filling stage for 15 days) were considered as main plots and foliar application of ZnO nanoparticles in
four levels (Zn;: 0, Zny: 25, Zns: 50 and Zna: 75 mg ZnO 1) as sub-plots. The results showed that yield,
yield components, as well as Zn concentration and uptake in grain and straw of rice were significantly
decreased under water stress, especially at flowering stage. The use of 50 and 75 mg.l' ZnO
nanoparticles resulted in improved the panicle length (2.7 and 3.6%, respectively), number of fertile
tillers per hill (10.4 and 12.9%, respectively), number of filled grains per panicle (11.6 and 13.7%,
respectively), Zn concentration (44.2 and 51.8%, respectively) and uptake (51.6 and 59.6%,
respectively) in grain, and finally the grain yield (13 and 16.3%, respectively) compared with control.
Therefore, the flood irrigation with application of 50 mg.l' ZnO nanoparticles is appropriate for
improving the yield and Zn uptake in rice grains.
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