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[bookmark: _Hlk495475023]Field experiments conducted in 2016–2018 were used to evaluate how five mineral-fertilizer rates affected fruit-bearing shoot development, flower and fruit-set characteristics, cluster morphology, yield, and grape-juice composition of four wine-grape cultivars: Hindogni, Muscat Hungarian, Maisky Chyorny, and Riesling. The experiment comprised four replications with five vines per replication. Across the tested cultivars, the N140P110K80 kg/ha treatment generally produced the most favorable combination of reproductive and yield-related indicators, whereas the highest rate, N160P130K100 kg/ha, frequently reduced these indicators. At N140P110K80 kg/ha, fruit-bearing shoots reached 74.9%, 76.1%, 72.5%, and 72.2% in Hindogni, Muscat Hungarian, Maisky Chyorny, and Riesling, respectively. The same treatment produced the highest cluster number per vine for each cultivar and improved cluster weight relative to the control. The results indicate that fertilizer response was cultivar-dependent and that increasing the fertilizer rate beyond the tested optimum did not provide additional biological or quality benefits. The practical contribution of the study is the comparative identification of a fertilizer rate that balanced reproductive development, yield components, and grape-juice composition under the experimental conditions.
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Introduction
Mineral nutrition is a major component of vineyard management because grapevine growth, reproductive development and fruit composition depend on the availability and timing of essential nutrients. Nitrogen is particularly important for vegetative growth and reproductive development, while the balance among nitrogen, phosphorus and potassium can affect yield components and grape quality. Recent field studies have shown that nitrogen fertilization can alter vine vigor, cluster weight and yield, but that increasing the rate does not necessarily produce proportional improvements in grape quality. For example, field experiments with different nitrogen rates have reported cultivar-dependent responses in yield and must composition, emphasizing the need to define nutrient rates for particular production conditions (Palliotti et al., 2021; Gutiérrez-Gamboa et al., 2021).
Recent work also demonstrates that nutrient management should be considered together with vineyard conditions and cultivar characteristics. Nitrogen status can influence berry composition and must quality, while excessive or poorly targeted fertilization may reduce nutrient-use efficiency and create undesirable changes in the balance of grape constituents (Palliotti et al., 2021; Raffa et al., 2022). Statistical approaches to vine nutrition likewise show that fertilization systems can affect nutritional status, physiological indicators, yield and grape sugar and acidity, with the response depending on the set of nutrients and the production system (Sala et al., 2024).
An earlier publication by Malikov, Abdullayeva and Parmonova reported results concerning fertilization quantities and wine-grape development (Malikov et al., 2021). The present manuscript is therefore explicitly positioned as a broader comparative analysis of four cultivars and multiple response groups, including fruit-bearing shoots, flower and fruit-drop characteristics, cluster mechanical composition, yield components, sugar content and acidity. The purpose is not to present the earlier work as new, but to organize the multi-year experimental dataset into a cultivar-comparative evaluation and to interpret the fertilizer response in relation to current literature.
The research gap addressed here is the lack of a single comparative assessment of these four wine-grape cultivars under the same five NPK treatment levels using reproductive, mechanical and chemical indicators together. The objective was to determine the fertilizer rate associated with the most favorable combination of these indicators and to assess whether increasing the NPK rate beyond that level produced additional benefits.
Instructions: 
Materials and methods
Experimantal site and plant material
The research was conducted in the experimental fields of the “Sharob” Scientific Experimental Enterprise in Qibray district, Uzbekistan. The experiment used 20-year-old vines of four wine-grape cultivars: Hindogni, Muscat Hungarian, Maisky Chyorny and Riesling. The observations covered 2016–2018.
Experimental design and fertilization treatments
The experiment included four replications, with five vines selected for each replication. Mineral fertilizers containing nitrogen, phosphorus and potassium were applied at five rates expressed as kg/ha of pure nutrients: N80P50K30, N100P70K40, N120P90K60, N140P110K80 and N160P130K100. The N120P90K60 treatment was designated as the control in the original experimental tables. The experimental arrangement and statistical processing followed generally accepted field-experiment principles described by Dospekhov (1986).
Recorded response variables
The study evaluated fruit-bearing shoot development using the proportions of single-, double- and triple-fruit shoots and the total proportion of fruit-bearing shoots. The number of grape clusters per fruit-bearing shoot was also recorded. Reproductive performance was assessed using total flowers, dropped buds, fruit drop and mature-cluster proportion. Cluster characteristics included cluster weight, cluster dimensions and the percentage composition of flesh and juice, pulp, skin and seeds.
Yield and grape-juice characteristics
The number of clusters per vine and yield per vine were recorded. Grape-juice sugar content (%) and acidity (g/L) were also determined for each fertilizer treatment and cultivar. These variables were used to compare the productive and compositional response of the four cultivars.
Statistical analysis. 
Statistical processing was performed according to Dospekhov (1986). The original dataset reports LSD05 and coefficient of variation (CV%) values for the principal tables. These statistics were retained in the revised tables rather than introducing additional statistical tests that were not part of the original experiment.
Results
Fruit bearing shoot development 
Across all four cultivars, N140P110K80 kg/ha produced the highest total proportion of fruit-bearing shoots. In Hindogni, single-, double- and triple-fruit shoots were 45.3%, 26.4% and 3.2%, respectively, giving 74.9% total fruit-bearing shoots. In Muscat Hungarian, the corresponding total was 76.1%; in Maisky Chyorny, 72.5%; and in Riesling, 72.2%. The highest fertilizer rate did not improve these indicators: total fruit-bearing shoots fell to 69.0%, 66.4%, 64.7% and 66.2%, respectively, at N160P130K100 kg/ha.
Table 1: Total fruit-bearing shoots (%) under the five fertilizer rates, summarized from the original cultivar-specific dataset.
	Fertilizer rate (kg/ha) 
	Hindogni
	Muscat Hungarian
	Maisky Chyorny
	Riesling

	N80P50K30
	62.3
	64.7
	65.4
	65.0

	N100P70K40
	71.3
	68.6
	68.1
	66.6

	N120P90K60 (control)
	70.3
	69.7
	69.3
	67.7

	N140P110K80
	74.9
	76.1
	72.5
	72.2

	N160P130K100
	69.0
	66.4
	64.7
	66.2



Flowering and fruit-set characteristics
The N140P110K80 kg/ha treatment also produced the most favorable reproductive indicators in all cultivars. For Hindogni, the treatment resulted in 468 flowers, 3.1% dropped buds, 38.6% fruit drop and 58.3% mature clusters. Muscat Hungarian had 326 flowers, 2.9% dropped buds, 53.2% fruit drop and 43.9% mature clusters. Maisky Chyorny had 325 flowers, 3.5% dropped buds, 53.1% fruit drop and 43.4% mature clusters, while Riesling had 341 flowers, 3.2% dropped buds, 39.6% fruit drop and 57.2% mature clusters. Both the lowest and highest fertilizer rates generally produced less favorable reproductive values than N140P110K80 kg/ha.
Cluster morphology and mechanical composition
The response of cluster weight and dimensions was more pronounced than the response of the mechanical composition. At N140P110K80 kg/ha, average cluster weight reached 456 g in Hindogni, 164 g in Muscat Hungarian, 285 g in Maisky Chyorny and 243 g in Riesling. The corresponding cluster sizes were 21×12, 16×10, 22×15 and 21×11 cm. The proportions of flesh and juice, pulp, skin and seeds changed only slightly among fertilizer treatments, indicating that fertilizer rate had a stronger association with cluster size and weight than with the proportional mechanical fractions.
Yield and grape-juice composition
N140P110K80 kg/ha gave the highest number of clusters per vine in all four cultivars. Hindogni reached 44 clusters per vine, Muscat Hungarian 68, Maisky Chyorny 64 and Riesling 52. The original text reports yields of 20.1 kg/vine for Hindogni, 10.0 kg/vine for Muscat Hungarian, 16.5 kg/vine for Maisky Chyorny and 11.6 kg/vine for Riesling at this treatment. Juice sugar content under N140P110K80 kg/ha was 23.1%, 24.5%, 23.4% and 23.6%, respectively, while acidity was 5.7, 5.4, 5.4 and 5.1 g/L. At N160P130K100 kg/ha, sugar content was generally lower than at the optimum treatment.
Discussion
The consistent response observed across the four cultivars suggests that the intermediate NPK treatment, N140P110K80 kg/ha, provided a more favorable nutritional balance than either the lower or the highest tested rate under the experimental conditions. This interpretation is consistent with recent field evidence that nitrogen fertilization can increase yield-related traits but that increasing nitrogen beyond an effective range does not necessarily improve productive performance. In a two-year Mediterranean field trial, nitrogen increased vine vigor and yield mainly through cluster weight, while doubling the nitrogen rate did not generally increase the productive parameters (Palliotti et al., 2021).
The present results also show that fertilizer response was not identical in magnitude among cultivars. This is important because recent work on grapevine nutrition has emphasized cultivar-dependent nutrient requirements and critical nitrogen levels. For Chardonnay and Pinot Noir, for example, nitrogen critical levels and the dose associated with maximum technical efficiency differed between cultivars, while sugar and acidity could respond in opposite directions (Brunetto et al., 2022). Thus, the identification of N140P110K80 kg/ha in the present experiment should be interpreted as a recommendation for the tested production conditions and cultivars rather than as a universal fertilizer prescription.
The observed decrease in several indicators at N160P130K100 kg/ha is also compatible with the broader concept of diminishing returns in vineyard fertilization. Nitrogen can affect vegetative growth and grape composition, but its effect depends on cultivar, environmental conditions and the nutritional status of the vineyard. Recent studies have shown that nitrogen supply can modify berry composition, yield and nitrogen-related metabolites, while the direction and magnitude of the response depend on the fertilization regime and developmental stage (Keller et al., 2022; Wang et al., 2024).
The sugar and acidity results should therefore be interpreted together with yield. In the present dataset, the treatment that maximized cluster number and several reproductive indicators did not produce the highest sugar concentration for every cultivar. This confirms that a fertilizer strategy should balance productivity with compositional quality rather than maximize a single variable. Recent vineyard-management research similarly emphasizes the need to consider yield, nutrient status and must quality together (Raffa et al., 2022; Sala et al., 2024).
The engineering and practical relevance of the work lies in defining a fertilizer-rate window that can be incorporated into vineyard management decisions. Although the experiment is agricultural rather than process-engineering in the narrow sense, the resulting fertilizer-rate information is relevant to the upstream production of wine grapes and, consequently, to the consistency of raw material entering winery operations. Current Chemical Engineering Transactions work on nitrogen addition during wine fermentation likewise demonstrates the importance of nitrogen management for downstream wine-process performance (Beaudeau et al., 2023).
Conclusions
The three-year field dataset showed that fertilizer rate affected reproductive development, cluster characteristics, yield components and grape-juice composition of the four wine-grape cultivars studied. N140P110K80 kg/ha was the most favorable treatment across the evaluated indicators. At this rate, total fruit-bearing shoots reached 74.9% in Hindogni, 76.1% in Muscat Hungarian, 72.5% in Maisky Chyorny and 72.2% in Riesling. The same treatment produced 44, 68, 64 and 52 clusters per vine, respectively. Increasing the fertilizer rate to N160P130K100 kg/ha did not provide additional benefits and was associated with lower values for several reproductive and compositional indicators. Therefore, under the conditions of the present experiment, N140P110K80 kg/ha represents the most balanced of the tested NPK rates. The result should be treated as a cultivar- and site-specific field finding and should be validated under additional soil, climatic and seasonal conditions before wider agronomic recommendation.
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