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Productivity is one of the key agronomic and biological traits of apple cultivars,
serving as a fundamental indicator of their value and economic feasibility. A
comprehensive evaluation of apple cultivars of various ecological and geographical
origins-encompassing the assessment of all constituent parameters-enabled the
determination of their productive potential and allowed for the identification of
consistently fruiting and high-yielding genotypes. All components of productivity
were characterized by specific quantitative and qualitative parameters, which varied
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depending on the biological characteristics of the cultivar and the environmental 
conditions of the year. 

Photosynthetic activity of the leaf surface plays a pivotal role in the formation of 
potential productivity in apple trees. Chlorophyll is the main plant pigment with the 
ability to fluoresce [0]. The method of “chlorophyll fluorescence induction” (CFI) 
has gained wide application in photosynthesis studies due to its high sensitivity to 
changes in CFI parameters [2], which occur in the photosynthetic apparatus during 
adaptation to various environmental conditions [3]. The theoretical basis of this 
method has been extensively described in numerous reviews and monographs [4]. 
The intensity of chlorophyll fluorescence varies depending on the state of the 
photosynthetic apparatus. A correlation between native chlorophyll fluorescence 
intensity and photosynthetic reactions has been established, making this method 
applicable for determining the potential productivity of plants. 

Radiation absorbed by the pigment complex during primary photophysiological 
processes is mostly converted into chemical energy, while the remainder is dissipated 
as heat or emitted as fluorescence. The more efficiently the photosynthetic apparatus 
functions, the lower the fluorescence intensity [6]. 

In the columnar apple cultivars ‘Dyuymovochka’ and ‘Bilosnizhka’, the 
background fluorescence level (F) of the leaves was lower compared to the control 
cultivar ‘Bolero’; in other cultivars, it was at the control level, indicating an increased 
presence of chlorophyll that does not participate in energy transfer to reaction centers 
in photosynthesis. He Fmax parameter reflects the maximum level of chlorophyll a 
fluorescence and is represented as the peak on the induction curve. According to 
long-term research conducted by the Plant Physiology Laboratory of the Institute of 
Horticulture NAAS, the optimal background fluorescence level (F) for apple leaves is 
no more than 20–25% of the Fmax value. In all studied columnar apple cultivars, the 
pigment complex functioned actively, although the F / Fmax ratio was slightly 
elevated (26–28%), likely due to drought stress in unirrigated conditions. 

To diagnose the potential productivity of the cultivars, the chlorophyll 
fluorescence induction coefficient (Ki) was used as an informative indicator. Ki 
reflects the functional activity of leaves and serves as a marker for the impact of 
exogenous factors. The higher the Ki, the better the CO2 uptake and the higher the 
photosynthetic intensity. A decrease in Ki indicates inhibition of PS II and a reduced 
proportion of its active reaction centers [2]. According to our results, Ki values in the 
third decade of July ranged between 0.720–0.740, indicating a high efficiency of 
photophysical processes near PS II reaction centers [5]. 

Given that Ki characterizes leaf functional activity and can be used to diagnose 
the potential productivity of fruiting organs, we found that all cultivars demonstrated 
high potential productivity. The highest potential productivity at the end of July 
(based on Ki) was observed in the ‘Bilosnizhka’ cultivar. No significant differences 
were found in the efficiency of the light phase of photosynthesis among the studied 
cultivars compared to the control (‘Bolero’). 
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The adaptation coefficient or “vitality index” (Rfd) reflects the efficiency of
photosynthetic processes, and was used to evaluate the impact of environmental
conditions on plant performance. A decline in Rfd to 1.47–1.91 indicates negative
environmental effects or the presence of stressors impacting Calvin cycle efficiency.
In the third decade of July, columnar apple cultivars exhibited Rfd values ranging
from 1.78 to 2.19. In particular, the cultivar ‘Dyuymovochka’ showed low
photosynthetic efficiency based on Rfd at that time. Detailed analysis of the results
revealed that different trunk age zones of the trees formed varying levels of potential
productivity.
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