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Obiective: Zinc (Zn) is an essential micronutrient for plants, where it functions
structurally and as a cofactor in numerous enzymes. In calcareous soils, Zn
bioavailability is often reduced, leading to vield losses. One effective approach to
mitigate this problem is to identify and rank pinto bean genotypes with tolerance to Zn
deficiency usina quantitative evaluation indicators under stress conditions.

Method: In this study, multiple zinc-deficiency tolerance indices—including zinc
efficiency (ZE), stress susceptibility (SS), tolerance (TOL), stress tolerance (STI),
oeometric mean productivity (GMP), mean productivity (MP), and membership
function value (MFV)—were used to screen pinto bean genotypes for Zn-deficiency
tolerance. The experiment was conducted at the research farm of the Faculty of
Agriculture, University of Zanjan during the 2019 growing season using an augment
design with 10 blocks. To distinguish among 29 pinto bean genotypes, two Zn regimes
were applied: no foliar Zn application and foliar Zn application at a concentration of
1/1000. Variance analysis was applied to confirm field uniformity using a completely
randomized design. Grain vield data under Zn deficiency and under foliar Zn
application were used to compute the indices, with MFV calculated based on their
standardized performance.

Results: The results showed that both Zn deficiency and foliar Zn spraying had a
significant effect on grain vield (p<0.0001). Across all genotypes, foliar Zn increased
grain vield by an average of 29.84%. Based on the ZE-based classification, the 29
oenotypes were grouped into five categories: one very zinc-efficient genotype
(ZE=99.64), three zinc-efficient genotypes (90.38 < ZE < 99.64), twenty relatively
zinc-efficient genotypes (71.08 < ZE < 90.38), four low zinc-efficient genotypes
(64.51< ZE < 71.08), and one zinc-inefficient aenotype (ZE=56.59). Furthermore, the
correlations among STI, MP, and GMP were numerically close to unity, indicating that
oenotype ranking using these indices produced comparable outcomes. The genotype
KS-21567 showed the highest MP value (367.19 a/m?) together with a relatively zinc-
efficient ZE (85.59%), whereas KBC-22138 had the lowest MP (229.81 g/m?) with a
relatively zinc-efficient ZE (77.32%).

Conclusions: In conclusion, the identification of zinc-efficient and high-vielding
oenotypes can support breeding efforts aimed at developing improved cultivars. The
MFV and MP indices are recommended as useful tools for differentiating and
classifying genotypes under Zn deficiency, and MFV may also be applicable to other
abiotic stress conditions.
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