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Summary

Leaf and flower analysis are important tools for evaluating and managing mineral nutrition in fruit
crops. Leaf analysis reflects the uptake of nutrient elements and the physiological state of plants, with
the most suitable time for sampling being mid-summer. Flower analysis offers the opportunity for early
diagnosis at the beginning of the growing season, allowing for the timely detection of deficiencies in
key elements such as boron, calcium, and iron – critical for pollination and fruit set processes. The
combined application of both methods, in combination with soil analysis and precise technologies,
enables timely correction of nutritional imbalances, optimization of fertilization strategies, and
sustainable fruit production.
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Leaf analysis is a modern and widely used method for monitoring mineral nutrition in fruit crops. It
provides a quantitative assessment of the uptake of nutrient elements by plants and reflects both their
availability in the soil and the effectiveness of physiological and biochemical processes in plants
(Singh, S. & Singh, J., 2022). Scientific research shows that the content of macro- and microelements
in leaf tissue correlates with growth, yield potential, and product quality (Wang D. et al., 2022;
Mertoğlu & Kırca, 2025). Soil analysis alone does not give a complete picture of the nutritional status
of trees, as it does not account for the complex mechanisms of element uptake and redistribution. In
contrast, leaf analysis reflects the current physiological state of the plants. The mineral composition of
leaves is influenced by a number of factors: the developmental stage, climatic conditions, soil
availability of elements, root system activity, irrigation, and water status. As with any other diagnostic
method, leaf diagnostics also have certain limitations. The variation in concentrations for most mineral
nutrient elements is minimal after growth ceases, which is the time for sampling for leaf diagnostics
(end of July - beginning of August). It is obvious that if a certain problem arises, related to
disturbances in the physiological development of fruit plants, as well as the presence of visual
symptoms of a certain deficiency of some elements, leaf diagnostics practically become inapplicable
within the same growing season. Typically, data from leaf diagnostics are used to determine the
fertilization regime for the next growing season. To overcome this limitation, an alternative approach
for assessing the nutritional status of plants is sought. The application of flower diagnostics (flower
analysis) allows for an early assessment of the mineral status of plants, even during the flowering
phase, when physiological processes proceed with high intensity. Samples are taken during full
bloom (>75% open flowers), selecting physiologically active, healthy, and undamaged flowers from
different zones of the tree crown, dried at 65°C, and subjected to homogenization and laboratory
determination of elemental content using ICP-OES, AAS, or spectrophotometric methods. Flower
tissue is less prone to metabolic fluctuations, which ensures high accuracy of the analysis (Reuter &
Robinson, 1997).
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A number of studies show that boron content in apple flowers influences pollination ability and fruit set
formation (Gao et al. 2018; Banday et al., 2020). The elements potassium, magnesium, and iron in
flowers can be used as tools for predicting and early assessing the photosynthetic activity of peach
trees (Staneva et al., 2024). Thus, flower diagnostics allow for early intervention through foliar feeding
or correction of soil fertilization, before the appearance of visible deficiency symptoms.

The combined use of leaf and flower analysis creates an opportunity to establish an annual
diagnostic cycle – early spring diagnosis through flower analysis and subsequent summer diagnosis
through leaf analysis. This achieves higher accuracy in assessing nutritional status and facilitates
timely decision-making.

Modern principles of precision agriculture are increasingly applied in fruit growing through the
implementation of advanced diagnostic approaches, as well as GIS-based systems for managing
fertilizer rates. These technologies allow for optimizing fertilization in accordance with the spatial
variability of plantations and the specific needs of plants. This leads to more efficient use of
resources, minimization of losses, and improvement of the ecological sustainability of production
systems (Zhang et al., 2021; FAO, 2023).

Conclusion

Leaf and flower analysis represent mutually complementary approaches for diagnosing mineral
nutrition in fruit crops. Their combined application enables timely detection of deficiencies, refinement
of fertilization regimes, and improvement of the physiological state of plants. In the context of
precision agriculture, these methods contribute to sustainable resource management and increased
efficiency in modern fruit growing.

Photos: Assoc. Prof. Dr. Irina Staneva, Assoc. Prof. Dr. Vanya Akova
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