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Disordered plant zinc (Zn) uptake is a common nutritional stress in calcareous soils. Adopting
modern fertilization techniques is essential to increase plant Zn uptake, fortification and supply
more Zn in the human food chain. This experiment was conducted to evaluate the effectiveness
of seed priming with zinc aminochelates on the zinc concentration in sunflower seeds and to
determine the different chemical forms of zinc in the soil solution. The study was arranged in
a randomized complete block design (RCBD) with three replications during the cultivation
period from winter 2021 to spring 2022 at the research farm of Shahid Chamran University of
Ahvaz. The experimental treatments consisted of seed priming with solutions containing a 2%
zinc concentration from zinc glycine [Zn(Gly):] and zinc methionine [Zn(Met):]
aminochelates (2%), ZnSOa (2%) fertilizer, and a control treatment (without priming). Visual
MINTEQ geochemical software was utilized to determine the dominant Zn species in the soil
solution phase. The results revealed that seed priming with Zn aminochlates, especially
[Zn(Met):], significantly reduced soil pH and significantly increased DOC (41.8%), soil
soluble Zn (46.9%), soil available Zn (30.3%), and Zn concentrations in both leaves (65.7%)
and seeds (8.18%) compared to the ZnSOs treatment. Seed priming with Zn aminochelates and
ZnS0q fertilizer significantly affected the distribution percentage of Zn chemical species in
the soil solution. The highest increase in concentration of free Zn (Zn?*), Zn bound to dissolved
organic matter (Zn-DOM), and ZnSO4 species as the dominant Zn species in the soil solution
phase was obtained by the priming treatment with [Zn (Met)2] aminochelate. The results also
indicated a strong positive correlation between the concentrations of Zn?* and Zn-DOM
species, as Zn -available species, and Zn concentrations in leaves and seeds. Based on the
results of the present study, seed priming with Zn aminochelates, particularly [Zn(Met):], can
be considered an effective strategy for enhancing plant nutrition, seed biofortification, and
ultimately improving the nutritional quality of sunflower crops in calcareous soils.
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EXTENDED ABSTRACT

Background

Zinc (Zn) is a critical micronutrient for plant growth and development. Despite its importance, Zn
availability in calcareous soils is frequently restricted due to high pH levels and elevated carbonate content,
which reduce Zn solubility and hinder plant uptake. Addressing this challenge requires innovative solutions,
such as utilizing Zn aminochelates. These chelated forms of Zn exhibit high bioavailability, enhancing nutrient
absorption and improving plant resilience under adverse soil conditions. Seed priming with Zn aminochelates
represents an effective strategy to increase Zn uptake, boost crop yield, and improve the nutritional quality of
plants. The speciation of Zn in soil plays a pivotal role in its interaction with soil components, affecting its
availability and uptake by plants. Consequently, understanding the chemical forms of Zn under various
conditions is vital. Visual MINTEQ, a geochemical modeling software, offers a robust method for simulating
intricate interactions and predicting the dominant Zn species in the soil solution phase. Such simulations are
instrumental in optimizing Zn fertilizer management under resource-constrained conditions.

Objective(s)

This study evaluated the efficacy of seed priming with Zn aminochelates in influencing the distribution
of Zn chemical species within the soil solution and examined their correlation with Zn concentrations in
various plant organs.

Materials and Methods
This study employed a randomized complete block design (RCBD) with three replications during the
2021-2022 growing season (winter to spring) at the Research Field of Shahid Chamran University of Ahvaz,

using sunflower (Helianthus annuus L. cv. Oscar) as the test crop. The experimental treatments consisted of

seed priming with zinc glycine [Zn(Gly):] and zinc methionine [Zn(Met).] aminochelates (2%), ZnSO4 (2%)
fertilizer, and a control treatment (without priming). Following the cultivation period, key soil chemical
properties were analyzed, including pH, dissolved organic carbon (DOC), cations and anions, and soil-soluble,
Zn soil-available Zn, and Zn concentrations in plant leaves and seeds. The dominant Zn species in the soil
solution phase were predicted using Visual MINTEQ, a geochemical modeling software.

Results and Discussion

The findings demonstrated that Zn aminochelates significantly reduced soil pH. The application of
[Zn(Gly)2] and [Zn(Met):] aminochelates markedly increased DOC, soil-soluble Zn, soil-available Zn, and Zn
concentrations in both leaves and seeds compared to the control treatment. Among the treatments, Zn
aminochelates outperformed ZnSOs fertilizer in enhancing Zn solubility and availability in the soil. Seed
priming with Zn aminochelates and ZnSOs fertilizer significantly influenced the distribution of Zn chemical
species in the soil solution. The concentrations of free Zn ions (Zn**), Zn bound to dissolved organic matter
(Zn-DOM), and ZnSOs species, identified as the dominant Zn species in the soil solution phase, increased
significantly compared to the control. Notably, the priming treatment with [Zn(Met):] aminochelate resulted
in the highest concentration of Zn-DOM. A strong, positive correlation was observed between seed Zn
concentration and the concentrations of Zn** (r = 0.737**) and Zn-DOM (r = 0.788**), recognized as Zn's
bioavailable forms.

Conclusions

Priming with Zn aminochelates effectively mitigates Zn deficiency by improving nutrient acquisition
during critical stages of plant growth. This method addresses Zn deficiency and enhances sustainable
agricultural practices by increasing nutrient use efficiency and crop yield in difficult soil conditions. Visual
MINTEQ for Zn speciation offers a deeper understanding of Zn chemical dynamics, enabling better decision-
making for sustainable resource utilization.
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