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Background and Objectives: Zinc (Zn) is an essential micronutrient for
various physiological and biochemical processes in plants. Zn deficiency
affects plant growth and development and reduces plant yield and
nutritional quality. In calcareous soils, Zn aminocholate is one of the novel
fertilization strategies to address Zn deficiency for plant. This study was
conducted to determine Zn speciation in soil solution and predict Zn
chemical species and their correlation with Zn concentration in sunflower
(Oscar cultivar).

Materials and Methods: This experiment was conducted using a
randomized complete block design with three replications under field
conditions. The experimental treatments consisted of fertigation of
Zn-glycine [Zn (Gly),] and Zn- methionine [Zn (Met),] aminocholates
(4 LY and ZnSO, fertilizer (40 kg ha™) and control treatment (without
fertilizer). Following the cultivation period, soil chemical properties were
analyzed, including pH, dissolved organic carbon (DOC), cations and
anions, soil soluble Zn, soil available Zn and Zn concentration in plant
leaves and seeds. Visual MINTEQ geochemical software was utilized to
determine the dominant Zn species in the soil solution phase.

Results: The results showed that soil pH, soil soluble Zn, soil
available Zn, and DOC were affected by experimental treatments. Zn
aminochelates, especially [Zn (Met),] significantly reduced soil pH.
[Zn (Gly),] and [Zn (Met),] aminochelates significantly increased DOC
(25.6 and 30.4%), soil soluble Zn (25.5 and 26.8%), soil available Zn
(23.9 and 11.2%), and Zn concentration in leaves (32.8 and 34.8%) and
seeds (2.25 and 3.19%), respectively, compared to the ZnSQO, treatment.
The highest amount of Zn bound to dissolved organic matter (Zn-DOM)
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species was obtained by the application of the [Zn (Met),] aminochelate
treatment. [Zn (Gly),] and [Zn (Met),] aminochelates and ZnSO, fertilizer
also significantly increased the concentration of free Zn specie (Zn*)
(43.2-76.1%) compared to the control treatment. The results also indicated
a strong positive correlation between the concentrations of Zn* and
Zn-DOM species and Zn concentration in plant leaves and seeds.

Conclusion: The results of this study demonstrated that the application of
Zn aminochelates can be considered as an effective approach to improve
soil conditions, increase Zn availability and improve the nutritional quality
of sunflower plants under Zn deficiency conditions.
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Table 1. Characteristic of Zinc aminochelates.
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Figure 1. FT-IR spectra of [Zn (Gly),] and [Zn (Met),] aminochelates.
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Table 2. Characteristic of studied soil.

Property Value
Texture Clay Loam
pH 7.7
EC (dSm™) 38
Organic C (%) 0.35
CaCO; (%) 37.5
Total N (7) 0.06
Pave (Mg kg™) 16
Kexc (Mg kg™) 275
DTPA-extractable Zn (mg kg™) 0.44
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Table 3. Analysis of variance of the effect of treatments on pH, DOC, soil soluble Zn and soil available Zn.
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Figure 2. Mean comparisons of the effect of treatments on soil pH.
The same letters indicate non-significant difference according to Tukey's test (P<0.05).
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Figure 3. Mean comparisons of the effect of treatments on soil DOC.
The same letters indicate non-significant difference according to Tukey's test (P<0.05).
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Figure 4. Mean comparisons of the effect of treatments on concentration of soil soluble Zn.
The same letters indicate non-significant difference according to Tukey's test (P<0.05).
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Figure 5. Mean comparisons of the effect of treatments on concentration of soil available Zn.
The same letters indicate non-significant difference according to Tukey's test (P<0.05).
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Table 4. Analysis of variance of the effect of treatments on concentration of Zn dominant chemical species in
the soil solution phase.
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Figure 6. Mean comparisons of the effect of treatments on concentration of Zn?* in soil solution.
The same letters indicate non-significant difference according to Tukey’s test (P<0.05).
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Figure 7. Mean comparisons of the effect of treatments on concentration of Zn-DOM in soil solution.
The same letters indicate non-significant difference according to Tukey's test (P<0.05).
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Figure 8. Mean comparisons of the effect of treatments on concentration of ZnSQO, in soil solution.
The same letters indicate non-significant difference according to Tukey’s test (P<0.05).
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Figure 9. Distribution diagram of the concentration of dominant Zn species in soil solution.
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Table 5. Analysis of variance of the effect of treatments on seed and leaf Zn concentration of sunflower.
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Figure 10. Mean comparisons of the effect of treatments on seed Zn concentration of sunflower.
The same letters indicate non-significant difference according to Tukey's test (P<0.05).
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Figure 11. Mean comparisons of the effect of treatments on leaf Zn concentration of sunflower.
The same letters indicate non-significant difference according to Tukey's test (P<0.05).
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Table 6. Pearson correlation coefficients between concentration of Zn dominant chemical species in soil
solution phase with soil available Zn concentration and seed and leaf Zn concentration of sunflower (P<0.05).

Variables zn? Zn-DOM ZnS0O, Soil available Zn Seed Zn Leaf Zn
zZn? 1
Zn-DOM 0.97" 1
Znso, 0.99" 0.94™ 1
Soil available Zn 0.83" 0.92" 0.80" 1
Seed Zn 0.74™ 0.79™ 0.67" 0.78™ 1
Leaf Zn 0.83" 0.917 0.81" 0.87" 0.69" 1
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** and * significant at 0.01 and 0.05 probability levels, respectively
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Figure 12. Heat map of the hierarchical cluster (double dendrogram) analysis of the studied parameters. The
heatmap plot describes the relative amount of each variable (columns) within each fertilizer treatment (rows).
Dark red and light blue color indicate high and low amount, respectively. The length of the dendrogram branches
represents the distance between variables or clusters of variables calculated from bivariate Pearson correlations.
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