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1- Cyamopsis tetragonoloba L.
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Table 1. Some chemical and physical properties of soil.
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Figure 1. XRD pattern of zinc oxide nanoparticles.
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Figure 2. FESEM image of zinc oxide nanoparticles.
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Table 2. Variance Analysis of the treatments effect on pH and soil available zinc.
oo o Sils
Mean Square

&5>UT a5y B &
St o ms BB (555 Silao df (Source of Variation)
Soil Available Zinc pH
Lo
0.04** 0.01** 4 Db
Treatment
U
0.0001 0.0001 10
Error
e
1.4 0.13 - T
CV

oy ) Jles| Ck._« BERt S ey .
** is significant at 1%.
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Figure 3. Compare the average effect of treatments on soil pH.
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Same letters mean no statistical difference between treatments at Tukey’s test (P < 0.05).
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Figure 4. Compare the average effect of treatments on soil available Zn.
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Table 3. Variance Analysis of the treatments effect on some characteristics of wheat.

Sl e e
Mean Square esl3l ax s Ol i e
s s olS ¢l Qs s Slas sl s Sl a3 Shas df (Source of Variation)
Chlorophyll Plant height Grain Yield Shoot Yield Root Yield
sled
9.19%* 100.41** 5.96%* 1.61%* 0.05% 4
Treatment
(P
0.19 0.09 0.08 0.13 0.01 10
Error
S
0.97 0.41 2.62 3.62 11.39 - TR
CV

** and * are respectively significant at 1% and 5%.
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Table 4. Compare the average effect of treatments on some characteristics of wheat.

P als > Sas sl s Sles aiyy s Shas
. eL§ Clau)\ B
Spad 2=l sl OIS ;e 9) OIS 68 (S 509 Sl
Spad index Plant height (cmy 070 Yield Shoot Yield Root Yield Treatment
& (g/pot) (g/pot) (g/pot)
42.73° 68.66° 8.98° 8.96° 0.86° Ctrl
46.03° 70.3° 9.94° 9.48" 0.98% ZnSO04
44.56° 80.3° 10.55° 10.13% 1.04™® ZnO NPs)go
46.66 80.3° 12.05° 10.43% 1.09® ZnO0 NPs0
46.96" 79.3° 12.31° 10.78* 1.23° ZnO NPs300

Al o 10 a3 (S5 Oge3l bl sl Sl e pde Sl S e s -
Same letters mean no statistical difference between treatments at Tukey’s test (P < 0.05).

AeS) D3 50 (s, Sl s sloand 35 als lajles Jold 5 54 ZnO NPs3p 5 ZnO NPsygp ZnO NPsjo9 ZnSOy Ctrl

Ates S o SIS e S e Yoo 5 Y00 O s 4 )
Ctrl, ZnSOy4, ZnO NPs;oy, ZnO NPsy9, ZnO NPss3gy include control, chemical fertilizer of zinc sulfate, ZnO
nanoparticles treatments at level of 100, 200 and 300 mg.kg™ of soil, respectively.
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1- Cerium oxide nanoparticles (CeO NPs)
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Table 5. Variance Analysis of the treatments effect on concentration and uptake of zinc in wheat.

Sl e Sle
Mean Square
o ICE JUFL IR
o o e ] et g
o hle Sa hle sy ks ;
Lls ol bl ol alyy ol el (VSOl.lrf.e O)f
- - g | 5L S ariation
Grain Shoot Root w22 N 0 Df
Uptake Uptake Uptake Zn Concentration ~ Zn Concentration ~ Zn Concentration
in Grain in Shoot in Root
sles
0.049°%* 0.024%* 0.0001** 43.99%** 159.24%* 41.27%* 4
Treatment
s
0.0003 0.0007 0.000007 0.26 0.17 0.16 10
Error
Ol s 5
2.63 337 13.11 0.80 1.68 2.05 - S
CV

** is significant at 1%.
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Table 6. Compare the average effect of treatments on concentration and uptake of zinc in wheat.
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(R (OIS, (R Zn Concentration Zn Concentration Zn Concentration Treatment
Grain Uptake ~ Shoot Uptake ~ Root Uptake in Grain in Shoot in Root

0.53° 0.15° 0.013° 59.43¢ 17.06° 15.73° Ctrl
0.61¢ 0.19¢ 0.017% 61.93° 20.1¢ 17.8¢ ZnS0,
0.67° 0.23° 0.02% 63.6 23.33° 19.63¢ ZnO NPsqo
0.77° 0.27° 0.023° 64.63° 26.33° 21.26° ZnO NPsy0
0.85° 0.38" 0.03" 69.70° 36.03° 25.5° ZnO NPs300

Al o 0 o 53 (S5 05T bl laoled (Sl e pde Sy S 2l s >
Same letters mean no statistical difference between treatments at Tukey’s test (P < 0.05).

AeS1 D3 50 (s, Sl s sloand 35 als lajles Jold 5 54 ZnO NPs3 5 ZnO NPsygp ZnO NPsjo9 ZnSOy Ctrl

s S o SIS e S b Yoo 5 Y00 O s w5,

Ctrl, ZnSOy4, ZnO NPs;oy, ZnO NPsy9, ZnO NPss3gy include control, chemical fertilizer of zinc sulfate, ZnO
nanoparticles treatments at level of 100, 200 and 300 mg.kg™ of soil, respectively.
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Abstract

Background and Objectives: Micronutrient deficiency like Zinc is one of the common
problems in worldwide soils especially calcareous soils. Therefore, application of new methods
including Zinc Oxide Nanoparticles is increasing to improve nutritional status of this element in
crops. Many studies showed that ZnO Nanoparticles application lead to increase of plant yield.
Thus, present study was conducted to investigate ZnO Nanoparticles effects on yield,
concentration and uptake of Zn in root, shoot and grain of wheat under greenhouse cultivation in
a calcareous soil.

Materials and Methods: This study was conducted in greenhouse condition as a completely
randomized design with three replications. Treatment consisted of three levels of Zinc
Nanoparticles (100, 200 and 300 mgkg"'), ZnSO4 (40 kg.ha') and Control. During the
experiment, some parameters such as plant height and chlorophyll index were measured. At the
end of cultivation period, dry weight and Zn concentration of root, shoot and grain was
determined using Atomic Absorption Spectroscopy. Moreover, pH and soil available zinc was
measured using pH meter and DTPA.

Results: The amount of soil available Zinc in all levels of ZnO Nanoparticles was significantly
(P<0.01) increased compared to control. The maximum amount of soil available Zn was
observed in level of 300 mgkg' ZnO Nanoparticles with 52.73% increment compared to
control. The sequence of shoot and root yield, concentration and uptake of Zn in treatments was
as follow: ZnSO4 < ZnO NPs;gp < ZnO NPsyy9 < ZnO NPs;o9. The maximum yield of root, shoot
and grain was obtained in level of 300 mg.kg™" of ZnO Nanoparticles with 43.02, 24.91 and
37.08% increment compared to control, respectively. The maximum concentration of Zn was
observed in root and shoot in level of 300 mg.kg" of ZnO Nanoparticles with 62.11 and
111.19% increment compared to control, respectively., maximum concentration and uptake of
Zn of grain was observed in level of 300 mg.kg™' of ZnO Nanoparticles.

Conclusions: The results showed that application of ZnO Nanoparticles increased yield,
concentration and uptake of Zn in root and shoot of Wheat. Therefore, application of
nanoparticles can be considered as one of the new methods for improving yield and quality of
crops and reducing the use of chemical fertilizers.
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