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Abstract 
In 2021/2022 – 2022/2023, an experiment with two varieties of winter common wheat was 

conducted at the training and experimental field of the Department of Plant Production at the 
Technical University - Varna. During their spring vegetation, combined mineral and foliar 
fertilization were applied. Soil fertilization was carried out with ammonium nitrate with a fertilizer 
rate of 12 kg/da (active substance) in phase BBCH 23-29. Three fertilizer products were used for 
foliar fertilization. They were applied twice with a dose of 300 ml/da in phases BBCH 29-39 and 
BBCH 51-59. An unfertilized control was also included in the experiment for comparative analysis. 
The response of the studied varieties to the used foliar fertilizers is expressed by the obtained 
yields and the protein content in the grain. Foliar fertilization under favorable weather conditions 
increases the productivity and protein content in the grain of the varieties Marilyn and Nikodim. 
Under these conditions, the effect of the fertilization factor is large. Under unfavorable weather 
conditions, the share of the variety factor is significant. Under favorable conditions of the year the 
average yields obtained in the fertilizer variants compared to the unfertilized controls are higher, 
while for the protein content this dependence is observed in the year with unfavorable conditions. 
The Nikodim variety shows higher average grain yield values in most fertilization variants, which 
suggests that this variety may be more reactive to different types of fertilization. The Marilyn variety 
shows lower variability in the results, which suggests greater resistance, albeit with lower average 
yields under some types of fertilization, but with higher protein content. 
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INTRODUCTION 
A main task of agriculture worldwide is 
solving the food problems of the human 
population. Wheat ranks first in the group 
of cereals. It has been the object of 
enormous-scale scientific researches 
and is one of the most widely distributed 
crops worldwide (Igrejas et al., 2020; 
Erenstein et al., 2022) 
A prerequisite for the expression of the 
genetic potential with regard to the 
quality and quantity indices of each 
variety is the use of suitable agronomy 
practices in combination with the 
meteorological conditions typical for the 
region. Since meteorological conditions 
are not controllable, the main way for 
realization of the cultivars’ production 

potential is improvement of the growing 
conditions through various agronomy 
practices (Woźniak & Rachoń, 2020; 
Rebouh et al., 2023; Gong et al., 2025). 
Increasing yield is associated with the 
depletion of nutrients contained in the 
soil through absorption by plants. The 
restoration of nutrients occurs through 
the use of mineral fertilizers. In order to 
increase the productivity of agricultural 
crops with less fertilizer input, it is 
necessary to develop more effective 
solutions for fertilization systems. Such is 
foliar fertilization, the effectiveness of 
which can be greater than that of soil 
application (Niu et al., 2021; Ishfaq et al., 
2022; Januszkiewicz et al., 2023). 
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Foliar fertilization delivers nutrients 
directly to the leaves of plants and 
serves as a complement to conventional 
soil fertilization methods. It can 
supplement the uptake of macronutrients 
during short or critical growth phases. It 
also compensates for nutrient 
deficiencies that may be caused by soil 
or environmental limitations (Murtaza et 
al., 2022; Bărdaş et al., 2024; 
Balachandra et al., 2025). 
Foliar fertilization during the growing 
season is a necessary element of 
agricultural cultivation to achieve high 
yields and quality. This is an effective 
way to stimulate and realize the potential 
of cultivated crops, optimally respond to 
their nutritional needs and quickly supply 
them with the missing nutrients. The 
effectiveness of foliar fertilization 
depends directly on environmental 
conditions such as application time, 
humidity, air temperature, wind speed 
(Solanki et al., 2020; Ducatti & Tironi, 
2024; Ferrari et al., 2025; Sultonov et al., 
2025). 
The aim of the present study was to 
determine the response of two winter 
common wheat varieties, expressed 
through their yield and grain protein 
content, to foliar fertilization during their 
spring growing season. 
 
MATERIAL AND METHODS 
The study was conducted during the 
period 2021/2022 – 2022/2023 at the 
experimental field of the Department of 
Plant Production at the Technical 
University - Varna. The experiment was 
conducted using the fractional plot 
method in two replications with an 
experimental area of 10 m2. During the 
years of the study, two varieties of winter 
common wheat (Triticum aestivum L.) 
were grown, which were sown at the 
optimal time for the region with a seeding 
rate of 600 germinating seeds/m2. The 
studied varieties are Marilyn and 
Nikodim, selection of the Dobrudzha 
Agricultural Institute - General Toshevo. 
During their spring vegetation, a 

combination of mineral and foliar 
fertilization was applied. Soil fertilization 
was carried out with ammonium nitrate 
with a fertilizer rate of 12 kg/da (active 
substance) in phase BBCH 23-29. Three 
fertilizer products were used for foliar 
feeding: Agroocean Laminactive, Trainer 
and B&B Marine. They were applied 
twice with a dose of 300 ml/da in phases 
BBCH 29-39 and BBCH 51-59. An 
unfertilized control was also included in 
the experiment for comparative analysis. 
The response of the studied varieties to 
the used foliar fertilizers was expressed 
by the obtained yields (t/ha) and the 
protein content in the grain (%). 
Statistical data processing was done 
using Statistica 10 and Microsoft Excel. 
 
RESULTS AND DISCUSSION 
The years in which the study was 
conducted differ in the amounts and 
distribution of precipitation during the 
wheat vegetation (Figure 1). Precipitation 
in autumn (in the germination and 
tillering phases) and in the spring critical 
period are decisive for its growth and 
development. The average annual 
precipitation amounts for October-March, 
forming the autumn-winter soil moisture 
reserve in the first year of the study, are 
higher by 186.50 mm compared to the 
second. Meteorological conditions turned 
out to be better for the simultaneous 
germination and development of plants. 
While in the second studied year, sowing 
was carried out under extremely dry 
conditions. Formation of the wheat crop 
was observed only in December. In the 
months of April, when the plants are in 
the spindle phase and May, when the 
plants move to the next phase of 
development (heading-flowering), the 
measured amounts of precipitation are 
high in both years. The weather 
conditions in the first year (2022) were 
more favorable during this part of the 
vegetation. In June (grain filling), 
precipitation in the first harvest year was 
again higher. 
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Overall, the distribution of precipitation 
during the wheat growing season in the 
years studied was uneven. The total 
amount was 510 mm for 2021-2022 and 
302 mm for 2022-2023. 
The studied years also differ in terms of 
temperature. The average temperature 
for the entire vegetation determines the 
second year as warmer – 10.90C, and for 
the first year it is 9.40C. The largest 
differences are in the winter months of 
December and January, and in March. 
 

 
Figure 1. Meteorological conditions during the 

study. 

 
The main differences between the two 
years of study are in the first half of the 
wheat growing season. Good moisture 
storage and favorable temperatures have 
helped to form much higher yields in the 
first studied year (Figure 2). The 
differences in the yields obtained 
between the two varieties in the control 
variants are not large. They deepen 
when applying foliar fertilization during 
the spring vegetation. The greatest 
variation is observed when applying the 
fertilizer product Trainer, but the 
difference in the average yields obtained 
between the two varieties is the smallest. 
The application of Agroocean 
Laminactive and B&B Marine has led to 
the formation of higher productivity in the 
Nikodim variety. The variation in grain 
yield values is the least in the variants 
with Agroocean Laminactive and close in 
the variants with B&B Marine. Under 
favorable weather conditions in the first 
studied year, foliar fertilization during the 
spring vegetation increases the 

productivity of the Marilyn and Nikodim 
varieties. This increase in the fertilizer 
variants compared to the control is 
higher compared to the following year. 
Their reaction to the fertilizer products 
used is different. For the Marilyn variety, 
a significant improvement in yield values 
was obtained with the use of Trainer, and 
for the Nikodim variety - with Agroocean 
Laminactive. 
 

 
Figure 2. Yield variation (t/ha) in 2021-2022. 

 

Sort 1 – Marilyn, Sort 2 – Nikodim 
Fertilization 1 – Unfertilized control 
Fertilization 2 – Agroocean Laminactive 
Fertilization 3 – Trainer 
Fertilization 4 – B&B Marine 
 
In the second year of the study, the 
formed productivity was much lower 
(Figure 3). The application of foliar 
fertilization led to a smaller increase in 
average yields compared to unfertilized 
controls compared to the previous year. 
The variation in the values of the 
obtained yields was very diverse in both 
varieties. Under unfavorable conditions 
at the beginning of the vegetation of this 
studied year, Nikodim was distinguished 
by higher productivity, both in the 
unfertilized control and in the fertilizer 
variants. Foliar fertilization during the 
spring vegetation with the fertilizer 
product Trainer had the most favorable 
effect on the formation of the productivity 
of both varieties and led to the highest 
average yields from them. Under 
unfavorable weather conditions in the 
second studied year, the productivity of 
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both varieties increased, but much less. 
Their reaction to the applied fertilization 
was similar. Maximum yields were 
obtained with foliar fertilization with 
Trainer, and the weakest effect was the 
combination with Agroocean 
Laminactive. 
 

 
Figure 3. Yield variation (t/ha) in 2022-2023. 

 
Foliar fertilization during the spring 
growing season of wheat increased the 
protein content in the grain in both 
studied varieties (Figure 4). In the first 
year of the study, the protein content in 
the unfertilized controls was close to the 
same values. The use of Agroocean 
Laminactive increased them to the 
maximum extent in the Marilyn variety, 
and B&B Marine in the Nikodim variety. 
Under the favorable conditions of this 
year, the differences in protein content 
between the two varieties were not large, 
except for the variants where the fertilizer 
product B&B Marine was applied. 
In the first year, when the season 
conditions were favorable for obtaining 
high yields, the protein content in the 
grain of Marilyn and Nikodim was lower 
and close in value. Under these 
conditions, its increase in the fertilizer 
variants compared to the control was 
between 10-19%, depending on the 
fertilizer product used for foliar 
fertilization. 
In the second year of the study, in the 
control variants, the protein content of 
the grain of the Marilyn variety 
significantly exceeds that of the Nicodim 
variety. The application of Agroocean 

Laminactive and Trainer had the most 
favorable effect on the Marilyn variety, 
and on B&B Marine it had a similar 
effect. In both varieties, the protein 
content, expressed in percentages, in the 
fertilizer variants compared to the control 
increased more this year. A greater 
percentage increase was reported in the 
Nicodim variety compared to Marilyn. 
Under the unfavorable conditions of this 
year, the differences in protein content 
between the two varieties are large, with 
the exception of the variants where the 
B&B Marine fertilizer product was 
applied. 
In the second year, characterized by 
unfavorable conditions, the protein 
content in the grain of Marilyn and 
Nicodim was higher. Its increase in the 
fertilizer variants compared to the control 
was between 15-27%, depending on the 
fertilizer product used for foliar 
fertilization. 
 

 
Figure 4. Protein content. 

 
CONCLUSIONS 
Foliar fertilization under favorable 
weather conditions increases the 
productivity and protein content in the 
grain of the varieties Marilyn and 
Nicodim. Under these conditions, the 
effect of the fertilization factor is large. 
When applying foliar fertilization under 
unfavorable weather conditions, the 
productivity of both varieties increases, 
but to a much lesser extent. Under these 
conditions, the share of the variety factor 
is significant. 
Under favorable conditions of the year, 
the average yields obtained in the 
fertilizer variants compared to the 
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unfertilized controls were higher, while 
for the protein content this dependence 
was observed in the year with 
unfavorable conditions. 
The Nikodim variety shows higher 
average grain yield values in most 
fertilization variants, suggesting that this 
variety may be more responsive to 
different fertilization types.  
The Marilyn variety shows lower 
variability in results, suggesting greater 
resilience, albeit with lower average 
yields under some fertilization types, but 
with higher protein content. 
 
REFERENCES 
Balachandra, Y., Tej, M., Raju, S., 

Reddy, B. (2025). Foliar fertilization for 
nutrient use efficiency. International 
Journal of Agriculture and Nutrition, 
7(9): 96-101. 
https://www.doi.org/10.33545/266460
64.2025.v7.i9b.293 

Bărdaş, M., Rusu, T., Popa, A., Russu, 
Fl., Șimon, A., Chețan, F., Racz, I., 
Popescu S., Topan, C. (2024). Effect 
of Foliar Fertilization on the 
Physiological Parameters, Yield and 
Quality Indices of the Winter Wheat, 
Agronomy, 14(1), 73; 
https://doi.org/10.3390/agronomy1401
0073 

Ducatti, R. D. B., & Tironi, S. P. (2024). 
Enhancing the efficiency and 
sustainability of foliar fertilization in 
agriculture. Agronomy Science and 
Biotechnology, 10, 1-21 
https://doi.org/10.33158/ASB.r200.v10
.2024  

Erenstein, O., Jaleta, M., Mottaleb, KA, 
Saunder, K., Donovan, J., Brown, HJ. 
(2022). Global Trends in Wheat 
Production, Consumption and Trade. 
In: Reynolds, MP, Brown, HJ. (eds) 
Wheat Improvement. Springer, Cham. 
https://doi.org/10.1007/978-3- 030-
90673-3_4 

Ferrari, M., Bertin, V., Bolla, Pr., Valente, 
Fr., Panozzo, A., Giannelli, G., Visioli, 
G., Vamerali, T. (2025). Application of 
the full nitrogen dose at decreasing 

rates by foliar spraying versus 
conventional soil fertilization in 
common wheat, Journal of Agriculture 
and Food Research 19, 101602 A. 
Panozzo). Contents lists available at 
ScienceDirect Journal of Agriculture 
and Food Research 
https://doi.org/10.1016/j.jafr.2024.101
602 

Gong, K., Rong, L., Zhang, Y., Wang X., 
Duan F., Li X., He Zh., Jiang T., Chen 
Sh., Feng H., Yu Q., Zhou W., He J. 
(2025). Efficient agronomic practices 
narrow yield gaps and alleviate 
climate change impacts on winter 
wheat production in China. 
Communications Earth & Environment 
6, 290. 
https://doi.org/10.1038/s43247-025-
02280-7 

Igrejas, G., Branlard, G. (2020). The 
Importance of Wheat. In: Igrejas, G., 
Ikeda, T., Guzmán, C. (eds) Wheat 
Quality For Improving Processing And 
Human Health. Springer, Cham. 
https://doi.org/10.1007/978-3-030-
34163-3_1 

Ishfaq, M., Kiran, A., ur Rehman, H., 
Farooq, M., Ijaz, N. H., Nadeem, F., 
Azeem, I., Li, X., & Wakeel, A. (2022). 
Foliar nutrition: Potential and 
challenges under multifaceted 
agriculture. Environmental and 
Experimental Botany, 200, Article 
104909. 
https://doi.org/10.1016/j.envexpbot.20
22.104909 

Januszkiewicz, R., Kulczycki, Gr., 
Samoraj, M. (2023). Foliar Fertilization 
of Crop Plants in Polish Agriculture, 
Agriculture, 13, 1715. 
https://doi.org/10.3390/agriculture130
91715 

Murtaza, D., Roșculete, E., Roșculete, 
C., Păunescu, G. (2022). Foliar 
Fertilization - An Integral Part of 
Complex and Integrated Fertilizations 
– A Review, Annals of the University 
of Craiova - Agriculture, Montanology, 
Cadastre Series, Vol. 52/2/2022, 100-
107 

89

https://www.doi.org/10.33545/26646064.2025.v7.i9b.293
https://www.doi.org/10.33545/26646064.2025.v7.i9b.293
https://doi.org/10.3390/agronomy14010073
https://doi.org/10.3390/agronomy14010073
https://doi.org/10.33158/ASB.r200.v10.2024
https://doi.org/10.33158/ASB.r200.v10.2024
https://doi.org/10.1007/978-3-%20030-90673-3_4
https://doi.org/10.1007/978-3-%20030-90673-3_4
https://doi.org/10.1016/j.jafr.2024.101602
https://doi.org/10.1016/j.jafr.2024.101602
https://www.nature.com/commsenv
https://doi.org/10.1038/s43247-025-02280-7
https://doi.org/10.1038/s43247-025-02280-7
https://doi.org/10.1007/978-3-030-34163-3_1
https://doi.org/10.1007/978-3-030-34163-3_1
https://doi.org/10.1016/j.envexpbot.2022.104909
https://doi.org/10.1016/j.envexpbot.2022.104909
https://doi.org/10.3390/agriculture13091715
https://doi.org/10.3390/agriculture13091715


  

AAnnaalleellee  UUnniivveerrssiittăăţţiiii  ddiinn  CCrraaiioovvaa,,  sseerriiaa  AAggrriiccuullttuurrăă  ––  MMoonnttaannoollooggiiee  ––  CCaaddaassttrruu  ((AAnnnnaallss  ooff  tthhee  UUnniivveerrssiittyy  ooff  CCrraaiioovvaa  --  AAggrriiccuullttuurree,,  

MMoonnttaannoollooggyy,,  CCaaddaassttrree  SSeerriieess))  VVooll..  5555//11//22002255  

 
https://doi.org/10.52846/aamc.v52i2.1
395 

Niu, J.; Liu, C.; Huang, M.; Liu, K.; Yan, 
D. (2021) Effects of Foliar Fertilization: 
A Review of Current Status and 
Future Perspectives. Journal of Soil 
Science and Plant Nutrition, 21, 104–
118. https://doi.org/10.1007/s42729-
020-00346-3 

Rebouh, N. Y., Khugaev, C. V., Utkina, 
A. O., Isaev, K. V., Mohamed, E. S., & 
Kucher, D. E. (2023). Contribution of 
Eco-Friendly Agricultural Practices in 
Improving and Stabilizing Wheat Crop 
Yield: A Review. Agronomy, 13(9), 
2400. 
https://doi.org/10.3390/agronomy1309
2400 

Solanki, R., Swami, Pr., Nagar, K. C., 
Dashora, A. K. (2020). Effect of 
Fertilizers and Foliar Application of 
Nutrient on Wheat (Triticum aestivum 
L.) Grain Yield through conduct on 
Farm Trails at Farmers Fields. 
IInternational Journal of Current 
Microbiology and Applied Sciences 
9(07): 1551-1556. doi: 

https://doi.org/10.20546/ijcmas.2020.9
07.179 

Sultonov, K., Kholmurodova, G., 
Eshonkulov, J., Allanov, Kh., 
Sindarov, O., Khayitov, Kh., 
Khaitbaeva, J., Salomov, Sh., Isaev, 
S., Djumanazarova, A., Imyaminova, 
R., Jurayeva, N., Karimova, M., 
Khayrullaeva, L., Yakubjonova, N., 
Durdiev, N., Yuldasheva, R., Khaitov, 
B. (2025). Effect of integrative NPK 
soil and foliar nutrition on winter wheat 
(Triticum aestivum L.) productivity in 
irrigated arid lands, Frontiers in 
Sustainable Food Systems, 
10.3389/fsufs.2024.1508913 

Woźniak, A., & Rachoń, L. (2020). Effect 
of Tillage Systems on the Yield and 
Quality of Winter Wheat Grain and 
Soil Properties. Agriculture, 10(9), 
405. 
https://doi.org/10.3390/agriculture100
90405 

 
 
 

 

90

https://doi.org/10.52846/aamc.v52i2.1395
https://doi.org/10.52846/aamc.v52i2.1395
https://doi.org/10.1007/s42729-020-00346-3
https://doi.org/10.1007/s42729-020-00346-3
https://doi.org/10.3390/agronomy13092400
https://doi.org/10.3390/agronomy13092400
https://doi.org/10.20546/ijcmas.2020.907.179
https://doi.org/10.20546/ijcmas.2020.907.179
https://doi.org/10.3390/agriculture10090405
https://doi.org/10.3390/agriculture10090405

