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Table 1. Composition of hydroponic nutrient

solutions
Compound Concentration (mg L?)
Ca(NO3), 521
K2S04 291
MgS04.7H.0 203
KNO; 180
NHsH2PO4 120
Fe-EDTA 23
MnCl; 2.83
H3BOs 1.67
Cu(NOs3)2.6H,0 0.33
Na;M00,.2H,0 0.17
ZnS04.H,0 2
Zn-EDTA 2
Zn-NCDs1 2
Zn-NCDs2 4
Zn-NCDs3 8
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Table 2; Characteristics of the experiment's soil

sample
Properties Unit
EC* (dS m?) 0.7
pH 7.8
Sand (%) 76
Clay (%) 12
Silt (%) 12
CaCOs (%) 14
DTPA-Zn (mg kgl) 0.65
DTPA-Fe (mg kg™) 11
Organic carbon (%) 2.1
Total nitrogen (%) 0.06
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Table 2: CHN and ICP results for Zn-NCDs samples

(CA: UR: Zn) C%  H% N% Zn%
(1:2: 1) 1659  5.94 13.59 5.75
(1: 2: 1.5) 643  6.79 16.32 7.82
(1: 2: 2) 493 551 13.41 8.23
(1: 2: 2.5) 462 435 12.69 8.87
(1: 2: 3) 375 455 11.21 9.74

Note: CA: citric acid and UR: urea
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Table 4. Comparison of the mean of root and shoot dry weight and length in wheat plants grown in a hydroponic
medium after 30 days

Tissue Treatment Length (cm) Dry weight (g pot?)
Control 26.50+1.50°¢ 0.12+0.02°
ZnS0q 38.00+3.60° 0.17 £0.022
Root Zn-EDTA 35.40 + 1.01° 0.16 £0.022
Zn-NCDs1 37.33 +1.53° 0.17+£0.022
Zn-NCDs2 41.33+1.06% 0.19+0.042
Zn-NCDs3 42.17+0.76 2 0.20+0.012
Control 36.00 +1.00 ¢ 0.35+0.11°
ZnS0Oq, 46.10+1.01% 0.53 +0.032
Zn-EDTA 41.33+2.08°¢ 0.49+0.092
Shoot Zn-NCDs1 46.00 + 0.502 0.52+0.052
Zn-NCDs2 43.67 +1.76% 0.50+0.072
Zn-NCDs3 4750+1.32° 0.56 +0.042
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Figure 8. Comparison of the mean of shoot Zn concentration (mg kg dry weight) in a hydroponic method after
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Table 5. The effect of different zinc fertilizers on the concentration of nitrogen and protein in shoot of wheat

plants grown in a hydroponic medium after 30 days

Treatment % Nitrogen % Protein

Control 3.00+£0.12° 18.77£0.34°
ZnS0O4 3.27+0.53°¢ 20.44 £3.34°¢
Zn-EDTA 5.22+0.53°2 32.63+3.34°
Zn-NCDs1 491 +0.61° 30.68 + 3.87%®
Zn-NCDs2 4,55+0.22% 28.43+1.4%
Zn-NCDs3 4,17 +1.02 *¢ 26.08 + 3.37%
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Figure 9. Zinc release patterns from different zinc fertilizers during 30 days of soil incubation
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The Effect of a New Carbon Nanocarrier as a Slow Release Fertilizer on the
Absorption of Zinc in Wheat Plant
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Abstract

In recent years, carbon-based nanomaterials have been widely applied in agriculture due to their higher
biocompatibility, cheapness, and important effects on the growth and production of plants. In this
research work, a new fertilizer based on carbon nanomaterials (Zn-NCDs) was synthesized using citric
acid, urea, and zinc chloride as the precursors via a one-pot simple hydrothermal method and
characterized by FT-IR, CHN, EDS, DLS, PL, UV-Vis, FESEM, TEM, ICP-OES, and zeta potential.
Then, the effects of the Zn-NCDs as a zinc source were evaluated on the growth and the improvement
of zinc uptake in the shoot of wheat (Triticum aestivum, Sirvan) under a hydroponic condition using a
completely randomized design, with three replications and three concentrations of 2, 4, and 8 mg L*
compared to ZnSO,, and Zn-EDTA (with a concentration of 2 mg L™). Instrumental analysis showed
that Zn-NCDs nanocarriers have uniform dispersion, no apparent aggregation, and an average particle
size of less than 5 nm. Also, the presence of carbon, nitrogen, oxygen, and zinc in the structure of Zn-
NCDs was confirmed. The hydroponic culture revealed that Zn-NCDs was as effective as two
commercial fertilizers, ZnSO, and Zn-EDTA, in providing zinc in the shoot of wheat plants. Also, Zn-
NCDs significantly increased the percentage of nitrogen and protein in shoot compared to ZnSQO4. The
results of the soil incubation demonstrated that the zinc release from NCDs nanocarrier continued for
30 days.
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