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ABSTRACT  Article History 

The study evaluates a newly developed granular organo-mineral fertilizer (OMF) for cultivated 

lingonberry (Vaccinium vitis-idaea L.) of Russian breeding—‘Kostromichka’, ‘Kostromskaya 

Rozovaya’, ‘Rossiyanochka’, and ‘Rubin’. The OMF contains NPK 8–8–8 with micronutrients (Cu 

0.4%, Fe 0.5%, Zn 0.2%) and vermicompost inoculated with spore-forming bacteria of high 

biological activity. Experiments were conducted on a high-moor peat substrate (pH 2.9–3.4) 

under the agroclimatic conditions of Moscow (Non-Chernozem Zone of Russia). The factorial 

design comprised four cultivars × four fertilizer treatments, with three replicates and 10 plants 

per replicate. Data were analyzed by one- and two-way ANOVA (α = 0.05). Application of the 

developed granulated OMF improved the peat substrate’s agrochemical status and produced 

the highest fruit yields (412.3–988.5gm⁻²), exceeding alternative fertilizers— a complex 

mineral product (“Rastvorin for Ericaceae”) and a commercial organo-mineral product 

(“Gumi Omi – Acid-Loving Shrubs”)—by 1.7–9.0%. The most favorable morphophysiological 

traits were recorded in September under OMF, including photosynthetic productivity 

(4.85mg CO₂ dm⁻²h⁻¹), leaf area (2.50dm² plant⁻¹), total root surface area (73.5m²), effective 

absorptive root surface (60.2m²), root biomass (35.8g), and leaf biomass (51.4g). Relative to 

comparators, OMF increased lingonberry yield by 1.6–9.0% and enhanced fruit quality, 

raising dry matter by 1.6–2.0%, soluble sugars by 0.8–1.5%, and vitamin C by 1.3–2.2mg 

100g⁻¹ fresh weight. Overall, the developed OMF ensured an adequate and season-long 

supply of macro- and micronutrients to V. vitis-idaea, thereby improving plant performance 

and productivity on peat substrates in the Non-Chernozem region. 
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INTRODUCTION 
 

 At present, many countries across the world are facing 

severe degradation of agricultural lands, extensive soil 

contamination by pesticides and industrial wastes, and a 

progressive decline in natural soil fertility. These adverse 

processes collectively reduce crop quality and productivity, 

ultimately triggering large-scale economic and 

environmental crises (Maximillian et al., 2019; Hossain et 

al., 2020; Cheryatova & Yembaturova, 2022; Landa-Acuña 

et al., 2022). Therefore, a new form of agriculture is needed 

to ensure food and biosecurity. An effective solution to the 

current agricultural crisis is the revival of organic farming, 

the essence of which is to use the potential of natural 

living systems, in particular microorganisms (Ajeng et al., 

2020). The development of scientifically based fertilization 

systems is crucial for a comprehensive increase in the yield 

of berry crops. The use of chemical fertilizers is certainly a 

guarantee of high yields, but their irrational use has a 

number of negative consequences for the environment, 

including pollution of groundwater and the atmosphere 

due to the accumulation of compounds in the soil that are 

not typical for the natural environment and changes in the 

natural soil microbiome (Balakrishnan et al., 2020; Brevik et 

al., 2020; Cardarelli et al., 2020; Phour et al., 2020; Ukaogo 

et al., 2020; Ateş & Kivan, 2021; Minuț et al., 2023; Alori et 

al., 2024). The growing need to provide the population 

with environmentally friendly food products from fruit and 

berry crops has led to the need to develop alternative 

fertilizer technologies. Thus, organo-mineral fertilizers have 
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recently attracted attention due to their high role in 

sustainable agriculture, despite the slow release of 

nutrients. Organo-mineral fertilizers mainly contain 

microorganisms that have a positive effect on the 

microbiome of agricultural soils, thereby increasing their 

natural fertility, and also protect plants from biotic and 

abiotic stresses (Jacoby et al., 2017; Mącik et al., 2020; Bhat 

et al., 2022; Chan et al., 2022). 

 It has been established that the use of organo-mineral 

fertilizers plays an important role in improving the soil and 

the quality of fruit crops (Xiong et al., 2021; Kumawat et al., 

2022; Wilhelm et al., 2022; Ye et al., 2022; Sadvakasova et 

al., 2023; Vincze et al., 2024). Organo-mineral fertilizer 

application has been shown to alter soil nutrient profiles 

and soil microbial activities (Zhong & Cai, 2007; Bacon 

et al., 2015; Loeppmann et al., 2016; Jansson & Hofmockel, 

2020; Seleiman et al., 2023; Alenazi et al., 2024). Many 

researchers have reported changes in soil microbial 

diversity and increases in microbial abundance after 

fertilizer application (Bhardwaj et al., 2014; Wagg et al., 

2014). For example, long-term fertilizer application alters 

soil microbial diversity and community composition, 

which significantly affects soil enzymatic activity 

(Sinsabaugh et al., 2008; Su et al., 2015). Studies have 

shown that the application of organo-mineral fertilizers 

increases the input of organic carbon (OC) into the soil, 

which strongly stimulates the growth of heterotrophic 

microbes. The application of organo-mineral fertilizers 

provides readily available nutrients for both plants and 

microbes and stimulates the overall microbial population 

in the soil (Sabir et al., 2021). 

 Today, there is a growing interest of consumers in 

berry crops of the genus Vaccinium all over the world. 

Lingonberry (Vaccinium vitis-idaea L.) from the Ericaceae 

family is valued for the high nutritional and medicinal 

properties of berries, which contain a wide range of 

biologically active substances beneficial to human health. 

Numerous scientific studies in vivo and in vitro have 

shown the anti-inflammatory, antimicrobial, antidiabetic, 

antioxidant and anticancer effects of lingonberry berries 

on the human body (Vilkickyte et al., 2020; Ilesanmi et al., 

2023). It is also important to note that lingonberry extract 

induced apoptosis of human leukemia cells in laboratory 

experiments (Wang et al., 2005). It has been 

experimentally established that regular consumption of 

lingonberry berries helps treat and prevent brain aging 

and neurodegenerative diseases in humans (Hossain et 

al., 2016; Kelly et al., 2017; Reichert et al., 2018; Vilkickyte 

et al., 2022). 

 In the conditions of the Central zone of Russia, where 

the lingonberry crop is gaining increasing economic 

importance due to the insufficient supply of the fruit 

market due to the unstable yield of wild berries, the 

reduction of berry reserves due to the negative impact of 

anthropogenic factors and the imperfection of the 

organization of berry collection and processing (Uskov, 

2015; Tyak et al., 2016; Makarov et al., 2019; Nabieva, 2019; 

Timoshok & Skorokhodov, 2019; Martynyuk et al., 2023). 

The possibility of growing lingonberries on peat soils 

(Holloway et al., 1982; Holloway, 1984; Yakovlev & 

Vogulkin, 2003; Turtiainen et al., 2007; Morozov, 2008; 

Chudetsky et al., 2022a; Tyak et al., 2022; Chudetsky et al., 

2023a) allows rational use of depleted peat deposits and 

drained swamps. At the same time, for the harsher climatic 

conditions of the European part of Russia, it is important to 

grow locally bred cultivars (Chudetsky et al., 2023b; 

Makarov et al., 2023b), which have greater winter hardiness 

compared to well-known cultivars of European selection. In 

this regard, for the cultivation of lingonberries on an 

industrial scale, it is necessary to develop and improve 

agricultural technologies for cultivation. It is known that 

the cultivation of lingonberries using a scientifically based 

system of complex fertilizers will not only reduce the 

duration of growing planting material, but also increase 

the yield of commercial products and improve the quality 

of fruits. In connection with the above, studies to identify 

the effect of a fertilizer complex on the biometric 

indicators of V. vitis-idaea in the conditions of central 

Russia are relevant. Currently, both in the world and in the 

Russian fertilizer market, there are very few complex 

fertilizers for increasing the productivity of lingonberries, 

taking into account the characteristics of the species. The 

development and testing of a new type of organo-mineral 

fertilizer for plantation cultivation of lingonberries is an 

urgent task of modern organic farming for the conditions 

of the Non-Black Earth Zone of Russia. 

 We have developed a new type of organo-mineral 

fertilizer (OMF) with the composition NPK 8:8:8, Cu 0.4%, 

Fe 0.5%, Zn 0.2%. A distinctive feature of this fertilizer 

composition is that, in addition to the necessary of macro- 

and microelements, it contains specific microbial 

consortium with spore forms of bacteria that have a high 

biological activity in processes of mineralization of 

complex substances, conversion of organic and mineral 

phosphates into a form accessible to plants and fixation of 

atmospheric nitrogen. A trial batch of the product was 

manufactured at Buyskiy Himicheskiy Zavod (Russia), 

where microorganisms are grown independently, and 

submitted for testing for conducting real research. This 

composition was first tested on lowbush blueberry 

(Vaccinium angustifolium Ait.) crops and showed 

effectiveness in growing on acidic high-moor peat on a 

plantation scale (Makarov et al., 2024). The purpose of the 

research is to study the effect of a new developed organo-

mineral fertilizer on the agrochemical characteristics of 

peat substrate and the biological characteristics of 

Vaccinium vitis-idaea plants in the conditions of the Non-

Chernozem Zone of Russia. 

 

MATERIALS & METHODS 

 

 The research was carried out on the territory of the 

Arboretum named after R.I. Schroeder, of the Russian State 

Agrarian University – Moscow Timiryazev Agricultural 

Academy (northwestern part of Moscow, Russian 

Federation) in 2022-2025. The climate is moderately 

continental. The variety testing plot of berry crops is 

located on a total area of 0.2ha (N 55.82908°, E 37.54562°), 

with a flat relief. The parent material is moraine loam, 

overlain by a light silty–sandy loam (40–50 cm thick). The 

soil cover is predominantly sod-podzolic soil, typical of the 

mixed-forest zone of the European part of Russia, formed 
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under natural pedogenic processes and influenced by land 

use. The sod horizon is 5–40 cm thick, with pHKCl 5.0–5.5 

(Makarov et al., 2023a). The objects of the study are 

lingonberry (Vaccinium vitis-idaea L.) plants of 4 cultivars 

of Russian selection (Kostromichka, Kostromskaya 

Rozovaya, Rossiyanochka, Rubin). The planting material 

was obtained by clonal micropropagation and adapted to 

non-sterile conditions (ex vitro) (Makarov et al., 2021 & 

2022; Chudetsky et al., 2022b). Plants aged 3 years, 15-

20cm high for each cultivar, were planted in 2nd ten-day 

period of April 2022 in an amount of 10pcs. for each 

experimental variant (cultivar × fertilizer variation) in 

3 replications in trenches (50cm wide and 40cm deep) 

filled with high-moor peat (pH 2.9-3.4). The distance 

between rows is 1.5m, the distance between plants in a 

row is 0.3m. A drip irrigation system was used; additional 

watering in the first year of vegetation was done as the 

peat dried out, and every 3 days in the first 14 days after 

planting. To combat weeds, the spaces between the rows 

were mulched with wood chips and pine sawdust, and the 

rows with plantings were weeded by hand (Fig. 1). 

 

 

 
Fig. 1: Fragment of Vaccinium vitis-idaea plantings on a peat substrate in 

the Arboretum named after R.I. Schroeder (Moscow, Russia). 

 

 Weather conditions during the planting period were 

favorable. For the period 2023–2024, the average long-term 

data (for 1961–1990) (Kobysheva et al., 2001) were exceeded 

by 2.4°C in average monthly temperature and by 248 mm in 

precipitation during the active growing season (Table 1). A 

feature of the winter periods of 2022–2023 and 2023–2024 

was the large amount of precipitation, which exceeded the 

average long-term value by 177.7mm and 163.4mm, 

respectively. Spring in 2024 was characterized by a sharp 

change in weather, from temperatures above +20°C in the 

2nd–3rd ten-day periods of April to a sharp cold snap to –

7°C in the 1st ten-day period of May; July was consistently 

hot, with daytime temperatures of at least +28°C. 

Table 1: Meteorological conditions on the territory of the Arboretum 

named after R.I. Schroeder (Moscow, Russia) during the study period 

Month Average monthly air 

temperature, °C 

Average monthly precipitation, 

mm 

2022 2023 2024 Average 

perennial 

2022 2023 2024 Average 

perennial 

January –5.4 –4.7 –10 –9.3 67.7 35.7 49.9 11.0 

February –0.8 –4.1 –4.4 –7.7 39.7 42.7 60.7 8.0 

March –0.5 1.4 2.0 –2.2 18.3 64.9 9.4 8.0 

April 5.8 9.9 11.0 –5.8 77.3 37.7 46.5 9.0 

May 10.6 12.8 12.9 13.1 75.1 33.3 36.0 8.0 

June 18.8 16.9 20.1 16.6 48.9 78.2 166.3 11.0 

July 20.6 18.5 22.4 18.2 90.7 151.2 92.2 12.0 

August 22.2 19.8 19.2 16.4 3.1 39.7 34.4 10.0 

September 10.1 15.3 18.0 11.0 79 10.4 10.6 11.0 

October 7.2 5.4 7.9 5.1 59 114.9 77.3 10.0 

November –0.8 0.7 1.6 –1.2 40.1 87.9 74.6 12.0 

December –4.1 –4.4 –2.1 –6.1 130.3 83.8 54.9 12.0 

 

 Fertilizers were applied to the soil at a dose of 

55.6gm−2 (5g per 30×30cm landing spot) in the 3rd ten-

day period of April using the “Pottiputki” planting pipe. 

Plant placement is randomized. The characteristics of 

fertilizes used in the experiment are given in Table 2. The 

option without applying fertilizer was considered as a 

control. 

 For each treatment, the total content of mobile 

forms of nitrogen (N), phosphorus (P2O5), and 

potassium (K2O) was measured. Studies of the chemical 

composition of fruits were carried out using generally 

accepted methods in plant biochemistry (Ermakov, 

1987; Sedov & Ogoltsova, 1999). To determine the 

microelement composition of fruits, samples weighing 

250g were ground to a paste-like state using a blender 

Waring 800S (Waring, USA) and homogenized by 

stirring for 30mins. To determine the microelement 

composition of the solid phase of the samples, part of 

the resulting ground mass was centrifuged in a 

laboratory centrifuge Eppendorf Centrifuge 5804 

(Eppendorf, Germany) for 10mins at a rotor speed of 

3000rpm. The crushed mass of samples and the solid 

phase samples were laid out in a layer 3mm thick on a 

steel baking sheet covered with polyethylene film, 

frozen in a freezer Indesit SFR 100 (Indesit Company 

SpA, Italy) for 20h at −24°C and dried for 24h in a food 

sublimator Pharm 1 (Lyomachines, Russia) at +40°C, a 

chamber pressure of 100Pa, and a condenser 

temperature of −40°C. The resulting dry samples were 

ground to a powder in a porcelain mortar and sifted 

through a nylon sieve with a mesh size of 1mm. 

Samples weighing 0.1g were placed in autoclaves 

Wein 2 (Hanhi, Russia) and dissolved in 10mL of 7% 

HNO3 at +180°C using a microwave sample preparation 

system. The resulting solutions were diluted 100 times 

with deionized water. The content of macro-elements 

(Ca, K, Mg, P) and microelements (B, Cu, Fe, I, Mn) was 

determined by Zeeman atomic absorption method, a 

flame technique (Skurikhin & Tutelyan, 1998), in 

prepared samples of substrate, plants, and fruits and its 

solid phase using atomic absorption spectrometer 

Shimadzu AA-7000F/AAC (Shimadzu Corp., Japan) 

(wavelength in the range from 248.3 to 766.5nm; 

detection limits in the range of 0.000004 to 0.02mg L−1). 
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Table 2: Characteristics of the fertilizer-application options 

Fertilizer name Manufacturer Composition Additional 

components 

pH 

Ratio of 

mobile forms 

Contents of elements, % 

N P K Cu Fe S Zn B Mn Mo   

Complex mineral fertilizer “Rastvorin 

for Ericaceae” (Ericaceae fertilizers) 

Buyskiy 

Himicheskiy 

Zavod, Russia 

20 16 10 0.01 - 5.5 0.01 0.01 0.1 0.001 - 3.0 

Complex organo-mineral fertilizer 

“Gumi Omi – Acid-loving Shrubs” 

(Gumi Omi) 

Bashinkom, 

Russia 

3 7 6 0.01 - 25 0.03 0.01 - - Soil microorganisms; fermented chicken manure; 

potassium humates – 0.4-0.6%; fulvic acids – 0.08-

0.11% 

3.1 

Developed organo-mineral fertilizer 

(OMF) for lingonberry 

Author’s 

development 

8 8 8 0.4 0.5 - 0.2 - - - Vermicompost containing spore forms of bacteria 

Bacillus subtillis Ch- 13, B. mucilaginosus, and 

Azotobakter chroococcum 

2.8 

 

 The study of the processes of growth, development, 

and formation of the harvest of lingonberry when using 

fertilizers was carried out in the conditions of vegetative 

experience in accordance with generally accepted 

methods (Dospekhov, 2011). Morphometric indicators, 

physiological and biochemical factors, and 

photosynthesis productivity of plants were studied using 

the Tyurin–Lukashek method: the carbon content of the 

leaf sample was determined; the leaves were then kept in 

the light for at least 2–3h; the carbon content was then 

determined again; the amount of organic matter formed 

was determined as the difference between the second 

and first determinations, expressed per unit of leaf 

surface per unit of time (Tretyakov et al., 1990; 

Vinogradova & Smirnova, 2014). The surface of plant 

roots was measured using the Sabinin–Kolosov method 

based on the concept of the adsorption nature of roots 

at the initial stage: a solution of methylene blue was used 

as the adsorbed substance; the absorption of the solution 

was determined by the change in the concentration of 

the experimental solution when the root system was 

immersed in a methylene blue solution 3 times for 90 

seconds; the absorption surface of the roots was 

determined based on the amount of methylene blue 

absorbed by the roots (1mg of methylene blue solution 

covers 1.1m² of the adsorbent surface) (Vinogradova & 

Smirnova, 2014). The number of the main physiological 

groups of microorganisms was taken into account in 

accordance with the recommendations set out in 

E. Szegi’s manual (Szegi, 1979) on solid nutrient media: 

ammonifiers – meat-peptone agar (MPA); micromycetes – 

Chapek medium; solvent phosphate – glucose-aspartic 

agar (GAA); nitrogen fixators – Ashby medium. 

 Statistical analyses were performed in Statistica 

v10.0.1011 (StatSoft) and Microsoft Excel 2021. Two-way 

ANOVA was applied with the following fixed factors: for 

morphological and physiological traits—A: fertilizer 

treatment; B: observation period (month); for yield and 

mean fruit mass—A: fertilizer treatment; B: cultivar. Where 

applicable, models included main effects and the A × B 

interaction. Pairwise differences among treatment means 

were evaluated using Fisher’s least significant difference at 

α = 0.05 (LSD05). 

 

RESULTS 

 

 An agrochemical and microbiological analysis of 

substrates, an assessment of the morphological and 

physiological parameters, yield, and fruit quality of V. vitis-

idaea plants on the site, an analysis of the content of 

useful elements in the substrate, plants, and fruits using 

fertilizers were carried out. 

 

Agrochemical and Microbiological Characteristics of 

Substrates 

 Agrochemical analysis of substrates with the 

introduction of various types of fertilizers for growing 

lingonberries confirmed a greater accumulation of 

mobile compounds of N, P and K in the variant using a 

developed composition of organo-mineral fertilizer 

(Table 3). Therefore, the phosphorus content increased by 

4.4–9.7mg, potassium by 31.2–35.0mg, and nitrogen by 

15.5–21.3mg. 

 
Table 3: Agrochemical indicators of the soil when using various types of 

fertilizers for growing Vaccinium vitis-idaea on peat in the conditions of the 

Arboretum named after R.I. Schroeder (Moscow, Russia) 

Variation pH Content of mobile forms, mg kg⁻¹ 

Nitrogen 

total 

Phosphorus Potassium 

Control (peat) 2.9-3.4 <2.4 15.20±1.18 48.50±2.54 

Peat + Rastvorin for Ericaceae 3.5 8.20±0.75 20.50±1.75 51.30±3.59 

Peat + Gumi Omi 3.2 7.00±0.65 19.30±1.41 47.50±0.46 

Peat + Developed OMF for 

lingonberry 

3.7 23.70±1.98 24.90±2.02 82.50±5.62 

LSD05 - 0.204 0.362 0.586 

 

 The dynamics of the number of the main 

physiologically valuable groups of soil microorganisms in 

the substrate was also determined when using different 

fertilizer compositions (Fig. 2). 

 

  
 

Fig. 2: Dynamics of the number of the main physiologically valuable 

groups of soil microorganisms when using different types of fertilizers 

on peat in the conditions of the Arboretum named after R.I.  Schroeder 

(Moscow, Russia). 

 

 In treatments receiving complex mineral fertilizers 

(“Rastvorin for Ericaceae” and “Gumi Omi”), the substrate 
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microbiota was dominated by micromycetes (320–352 

×10³CFUg⁻¹). Heterotrophic ammonifying bacteria 

numbered 36–45 ×10³CFUg⁻¹, while nitrogen-fixing and 

phosphate-solubilizing bacteria were comparatively low 

(23–28 ×10³CFUg⁻¹). Application of the developed 

organo-mineral fertilizer (OMF) shifted the bacterial–

fungal balance: ammonifying bacteria increased to 150 

×10³CFUg⁻¹ (3.3–4.2-fold higher than with the other 

fertilizers), fungal counts declined modestly to 205 

×10³CFUg⁻¹, and micromycete activity remained above 

the control. Together, these changes indicate a more 

favorable rhizosphere environment for lingonberry 

growth under OMF. 

 

Morphophysiological Parameters of Plants 

 As a result of the research, the development of a 

powerful root system with high indicators of the working 

adsorbing surface of lingonberry plants on a substrate with 

the introduction of the developed composition of organo-

mineral fertilizer was noted (Table 4). 

 In the variant with the developed composition of 

organo-mineral fertilizer, lingonberry plants developed an 

active working adsorbing root surface during the growing 

season, which reliably exceeded the indicators of the 

variant with the organo-mineral fertilizer Gumi Omi by 

10.0–14.7% and the mineral fertilizer Rastvorin for 

Ericaceae by 22.8–30.1%. At the same time, the root mass 

increased by 10.54% and 8.61%, respectively. Root system 

performance underpinned the functioning of the shoot. 

With complex fertilizers, lingonberry exhibited a significant 

increase in photosynthetic productivity—by 1.99mg CO₂ 

dm⁻² h⁻¹ with “Gumi Omi” and by 1.98mg CO₂ dm⁻²h⁻¹ 

with “Rastvorin for Ericaceae”—accompanied by only a 

minor increase in leaf area per plant. The developed 

organo-mineral fertilizer (OMF) produced the highest 

photosynthetic rates across the growing season (3.15–

4.85mg CO₂ dm⁻²h⁻¹). By contrast, control plants grown on 

unfertilized peat showed consistently lower values than all 

fertilizer treatments. 

 The reliability of the obtained data on the main 

morphological and physiological parameters of V. vitis-

idaea plants (photosynthesis productivity, leaf area of the 

plant, total and working adsorbent surfaces of roots, root 

weight) when using fertilizers is confirmed by the results of 

the ANOVA analysis (F statistic value > F critical value; p-

value < 0.05) (Table 5). 

 
Table 4: Morphological and physiological parameters of Vaccinium vitis-idaea plants when using fertilizers on peat in the conditions of the Arboretum named 

after R.I. Schroeder (Moscow, Russia) (for all cultivars in average for 3 years) 

Fertilizing variation (factor A) Month (factor B) 

June July August September 

Photosynthesis productivity, mg CO₂ dm⁻² h⁻¹ 

Peat (control) 2.61±0.24 3.12±0.30 3.25±0.31 4.02±0.38 

Peat + Rastvorin for Ericaceae 2.73±0.25 3.35±0.32 3.61±0.34 4.71±0.45 

Peat + Gumi Omi 2.54±0.22 3.28±0.31 3.40±0.32 4.53±0.44 

Peat + Developed OMF for lingonberry 3.15±0.29 3.77±0.35 3.82±0.35 4.85±0.47 

LSD05, mg CO₂ dm⁻²h⁻¹: A = 0.38; B = 1.06; AB = 0.40 

Leaf area of the plant, dm² 

Peat (control) 1.02±0.16 1.06±0.11 1.58±0.14 1.95±0.17 

Peat + Rastvorin for Ericaceae 1.07±0.16 1.15±0.12 2.13±0.20 2.72±0.25 

Peat + Gumi Omi 1.15±0.18 1.18±0.12 1.85±0.16 2.35±0.21 

Peat + Developed OMF for lingonberry 1.28±0.23 1.81±0.17 2.32±0.21 2.50±0.23 

LSD05, dm²: A = 0.83; B = 1.44; AB = 1.20 

Total surface of roots, m² 

Peat (control) 37.80±2.41 42.70±4.40 46.20±4.05 50.40±4.78 

Peat + Rastvorin for Ericaceae 46.20±3.68 53.40±4.52 58.70±5.16 62.20±5.75 

Peat + Gumi Omi 41.90±3.75 45.20±4.43 51.30±4.65 56.10±5.22 

Peat + Developed OMF for lingonberry 50.30±4.52 60.10±5.58 68.50±6.12 73.50±6.70 

LSD05, m²: A = 0.94 ; B = 1.35; AB = 1.27 

Working adsorbent surface of roots, m² 

Peat (control) 28.50±2.06 32.80±2.80 36.50±3.04 39.10±3.60 

Peat + Rastvorin for Ericaceae 37.90±2.74 44.80±3.73 48.20±4.40 52.50±4.48 

Peat + Gumi Omi 32.50±2.38 40.30±3.51 42.20±4.12 48.70±4.35 

Peat + Developed OMF for lingonberry 41.70±3.65 49.50±4.26 54.90±5.02 60.20±5.62 

LSD05, m²: A = 0.90; B = 1.56; AB = 1.40 

Root weight, g 

Peat (control) 9.50±0.79 12.10±1.10 19.50±1.55 21.90±1.90 

Peat + Rastvorin for Ericaceae 15.30±1.12 20.20±1.58 26.30±2.40 30.70±2.85 

Peat + Gumi Omi 12.40±1.10 16.50±1.44 21.70±2.06 28.10±2.56 

Peat + Developed OMF for lingonberry 20.40±1.29 24.80±2.12 30.50±2.82 35.80±3.20 

LSD05, g: A = 0.79; B = 1.34; AB = 1.06 

Stem weight, g 

Peat (control) 49.50±3.62 55.20±5.12 61.30±5.45 70.10±6.72 

Peat + Rastvorin for Ericaceae 58.20±5.22 62.40±5.60 70.80±6.68 79.50±7.67 

Peat + Gumi Omi 52.30±4.48 60.10±5.68 67.50±6.34 76.20±7.35 

Peat + Developed OMF for lingonberry 61.50±5.87 67.30±6.44 72.40±7.04 81.30±7.88 

LSD05, g: A = 0.88; B = 0.52; AB = 0.47 

Leaf weight, g 

Peat (control) 12.50±1.11 20.30±1.19 25.10±2.10 30.90±2.70 

Peat + Rastvorin for Ericaceae 18.30±1.45 26.50±1.54 32.80±2.92 40.70±3.56 

Peat + Gumi Omi 15.40±1.31 23.80±1.42 30.60±2.80 37.30±3.44 

Peat + Developed OMF for lingonberry 20.70±1.76 30.20±2.58 41.30±3.78 51.40±4.78 

LSD05, g: A = 0.66; B = 0.87; AB = 0.56 
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Table 5: ANOVA results for morphological and physiological parameters of 

Vaccinium vitis-idaea plants when using fertilizers on peat in the conditions of 

the Arboretum named after R.I. Schroeder (Moscow, Russia) (n = 30; α = 0.05) 

Source SS df MS F p-value F critical 

Photosynthesis productivity, mg CO₂ dm⁻² h⁻¹ 

Factor A 2.710275 3 0.903425 17.79490336 5.63E-07 2.90112 

Factor B 19.35968 3 6.453225 127.110181 7.41E-18 2.90112 

Factors A×B 0.393975 9 0.043775 0.862243014 0.567232 2.188766 

Inside 1.6246 32 0.050769    

Total 24.08853 47     

Leaf area of the plant, dm² 

Factor A 2.0943 3 0.6981 38.37032 1.03E-10 2.90112 

Factor B 12.2412 3 4.0804 224.2748 1.47E-21 2.90112 

Factors A×B 0.9765 9 0.1085 5.963586 7.03E-05 2.188766 

Inside 0.5822 32 0.018194    

Total 15.8942 47     

Total surface of roots, m² 

Factor A 2419.206 3 806.4019 72.34064 2.39E-14 2.90112 

Factor B 1848.201 3 616.0669 55.26608 9.36E-13 2.90112 

Factors A×B 135.5269 9 15.05854 1.35087 0.251016 2.188766 

Inside 356.7132 32 11.14729    

Total 4759.646 47     

Working adsorbent surface of roots, m² 

Factor A 1954.521 3 651.5069 60.59891372 2.72E-13 2.90112 

Factor B 1435.566 3 478.5219 44.508979 1.59E-11 2.90112 

Factors A×B 59.97187 9 6.663542 0.619799118 0.771243 2.188766 

Inside 344.0362 32 10.75113    

Total 3794.094 47     

Root weight, g 

Factor A 955.5506 3 318.5169 149.9476 6.4E-19 2.90112 

Factor B 1525.386 3 508.4619 239.3677 5.45E-22 2.90112 

Factors A×B 18.51188 9 2.056875 0.968311 0.483517 2.188766 

Inside 67.974 32 2.124188    

Total 2567.422 47     

Stem weight, g 

Factor A 902.73 3 300.91 15.64287 1.94E-06 2.90112 

Factor B 3046.365 3 1015.455 52.78863 1.72E-12 2.90112 

Factors A×B 28.605 9 3.178333 0.165226 0.996265 2.188766 

Inside 615.5598 32 19.23624    

Total 4593.26 47     

Leaf weight, g 

Factor A 1182.368 3 394.1225 89.70199 1.16E-15 2.90112 

Factor B 3588.878 3 1196.293 272.2753 7.55E-23 2.90112 

Factors A×B 158.5275 9 17.61417 4.008971 0.001649 2.188766 

Inside 140.598 32 4.393688    

Total 5070.371 47     

 

Yield and Quality of Fruits 

 Granulated organo-mineral fertilizers have a 

prolonged (slow) effect and do not require additional 

feeding during the vegetation period of plants. The main 

elements are released from the granule with the 

participation of microflora gradually, are not washed out 

or evaporated, as is the case with mineral forms of 

fertilizers. The constant supply of macro- and 

microelements to plants contributes to increased yields 

and improved quality indicators of fruits. These indicators 

of lingonberry fruits when using different types of 

fertilizers are presented in Table 6, 7. 

 The use of a developed composition of granular 

organo-mineral fertilizer made it possible to reliably obtain 

the highest yield of lingonberry fruits (Kostromskaya 

Rozovaya – 412.3gm⁻², Kostromichka – 578.5gm⁻², Rubin – 

988.5gm⁻², Rossiyanochka – 589.7gm⁻²), which is 

significantly higher than in the variants with other 

fertilizers by 25.8–33.9gm⁻² (or 6.8–9.0%), 14.4–26.3gm⁻² 

(or 2.6–4.8%), 16.3–27.1gm⁻² (or 1.7–2.8%), and 11.5–

22.2gm⁻² (or 2.0–3.9%), respectively. The content of dry 

matter and sugar in fruits increased by 1.6–2.0% and 0.8–

1.5%, accordingly and amounted to 10.9–13.2% and 9.8–

11.6%. The content of vitamin C in the fruits changed 

slightly and was only 0.4–1.5mg 100 g⁻¹ FW lower in the 

variant without fertilizers than in the variants with other 

studied fertilizers. 

 The reliability of the obtained data on the yield and 

quality of V. vitis-idaea products after growing on peat is 

confirmed by the results of the ANOVA analysis (F statistic 

value > F critical value; p-value < 0.05) (Table 8). 

 

Nutrient Content in the “Substrate–Plant–Product” 

System 

 The dynamics of accumulation of nutrients in the 

“substrate–plant–product” system when using a 

developed organo-mineral fertilizer for lingonberry is 

presented in Table 9. 

 The content of phosphorus and potassium 

macronutrients both in the substrate and in V. vitis-idaea 

plants (especially in fruits) when using the developed 

composition of organo-mineral fertilizer reliably exceeded 

similar indicators in the variants with Rastvorin for 

Ericaceae and Gumi Omi, which in turn led to an increase 

in fruit productivity by 3.4–10.3% and 6.6–13.6%, 

respectively. Higher content of such important 

microelements as Ca, Fe, Mg and Mn (118.4, 197.5, 135.2 

and 52.7 mg kg⁻¹, respectively) was also noted in fruits. The 

content of toxic elements in lingonberry fruits under the 

conditions of our studies after using the developed OMF 

did not exceed the maximum permissible concentration 

(MPC) levels in accordance with the Technical Regulations 

of the Customs Union of the Russian Federation 

(TR CU 021/2011) “On the safety of food products” 

(approved by the Decision of the Commission of the 

Customs Union of the Russian Federation dated December 

9, 2011 N 880): As < 0.2mg kg⁻¹; Cd < 0.03mg kg⁻¹; Hg < 

0.02mg kg⁻¹; Pb < 0.4mg kg⁻¹. 

 
Table 6: Fruiting characteristics of Vaccinium vitis-idaea plants after growing on peat in the conditions of the Arboretum named after R.I. Schroeder (Moscow, Russia) 

Fertilizing variation (factor A) Cultivar (factor B) 

Kostromskaya Rozovaya Kostromichka Rubin Rossiyanochka 

Yield, g m⁻² 

Peat (control) 369.20±22.10 545.30±42.10 940.50±80.12 554.20±41.60 

Peat + Rastvorin for Ericaceae 386.50±24.82 564.10±43.74 972.20±84.35 578.20±44.28 

Peat + Gumi Omi 378.40±23.50 552.20±42.80 961.40±83.80 567.50±43.64 

Peat + Developed OMF for lingonberry 412.30±29.65 578.50±44.75 988.50±85.65 589.70±45.35 

LSD05, gm⁻²: A = 4.52; B = 1.20; AB = 5,42 

Average fruit weight, g 

Peat (control) 0.45±0.04 0.26±0.02 0.41±0.03 0.41±0.03 

Peat + Rastvorin for Ericaceae 0.47±0.04 0.28±0.02 0.43±0.04 0.42±0.04 

Peat + Gumi Omi 0.46±0.04 0.27±0.02 0.42±0.04 0.42±0.04 

Peat + Developed OMF for lingonberry 0.49±0.05 0.29±0.03 0.44±0.04 0.43±0.04 

LSD05, g: A = 0.93; B = 1.66; AB = 1.54 
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Table 7: Biochemical composition of Vaccinium vitis-idaea fruits after growing on peat in the conditions of the Arboretum named after R.I. Schroeder 

(Moscow, Russia) 

Cultivar Fertilizing 

variation 

Sugar% Total acidity % Dry matter % Vitamin C mg 100 g⁻¹ FW 

Kostromskaya Rozovaya Peat (control) 10.6 1.7 10.6 16.0 

Peat + Rastvorin for Ericaceae 11.0 1.6 11.9 17.5 

Peat + Gumi Omi 10.8 1.6 11.2 16.9 

Peat + Developed OMF for lingonberry 11.5 1.5 12.5 18.2 

Kostromichka Peat (control) 9.1 1.8 9.3 13.7 

Peat + Rastvorin for Ericaceae 9.5 1.7 10.3 14.3 

Peat + Gumi Omi 9.2 1.7 9.7 14.1 

Peat + Developed OMF for lingonberry 9.8 1.6 10.9 15.0 

Rubin Peat (control) 10.1 1.7 11.2 10.6 

Peat + Rastvorin for Ericaceae 10.8 1.6 12.7 11.3 

Peat + Gumi Omi 10.5 1.6 12.4 11.0 

Peat + Developed OMF for lingonberry 11.3 1.5 13.2 12.1 

Rossiyanochka Peat (control) 10.1 1.6 10.7 16.0 

Peat + Rastvorin for Ericaceae 11.2 1.6 11.8 17.5 

Peat + Gumi Omi 10.7 1.6 11.1 16.9 

Peat + Developed OMF for lingonberry 11.6 1.5 12.5 18.2 

 

Table 8: ANOVA results for yield and quality of Vaccinium vitis-idaea products after growing on peat in the conditions of the Arboretum named after 

R.I. Schroeder (Moscow, Russia) (n = 30; α = 0.05) 

Source SS df MS F p-value F critical 

Yield, gm⁻² 

Factor A 10280.6 3 3426.867 4.03857219 0.128174 2.90112 

Factor B 2157681 3 719227.1 427.8533285 6.86E-26 2.90112 

Factors A×B 430.2319 9 47.80354 0.028437338 0.999997 2.188766 

Inside 53792.42 32 1681.013    

Total 2222185 47     

Average fruit weight, g 

Factor A 0.005756 3 0.001919 3.790909 0.056291 2.90112 

Factor B 0.254006 3 0.084669 123.1545 1.18E-17 2.90112 

Factors A×B 0.000469 9 5.21E-05 0.075758 0.999833 2.188766 

Inside 0.022 32 0.000688    

Total 0.282231 47     

 

Table 9: The content of macro- and microelements in the substrate, plants, and fruits of V. vitis-idaea after growing on peat in the conditions of the 

Arboretum named after R.I. Schroeder (Moscow, Russia) 

Elements, mg kg⁻¹ Variation 

Peat (control) Peat + Rastvorin for Ericaceae Peat + Gumi Omi Peat + Developed OMF for lingonberry 

In the substrate 

B 1.45±0.13 2.54±0.18 2.37±0.17 2.81±0.18 

Ca 2923.00±90.42 3204.00±119.21 3163.00±124.15 3382.00±131.42 

Cu 0.52±0.04 1.28±0.09 1.15±0.11 1.35±0.14 

Fe 35.70±2.71 44.25±3.16 39.70±3.16 61.50±5.95 

I 1.35±0.15 1.18±0.13 2.15±0.12 2.53±0.12 

K 703.00±52.92 456.00±39.82 425.00±31.67 842.00±60.45 

Mg 696.00±61.53 634.00±57.12 589.00±49.13 713.00±49.57 

Mn 73.00±6.92 194.00±14.97 137.00±8.92 325.00±17.05 

P 226.00±13.47 328.00±27.73 195.00±10.55 403.00±28.13 

In plants (on average by cultivars) 

B 55.20±3.85 75.10±5.23 68.40±6.05 90.80±7.83 

Ca 4 103.00±122.13 6 135.00±241.18 5 896.00±195.67 7 225.0±257.15 

Cu 5.41±0.27 6.85±0.32 6.24±0.33 8.35±0.56 

Fe 32.90±2.25 50.20±3.49 43.10±3.19 51.40±3.18 

I 1.15±0.08 2.01±0.12 1.68±0.13 2.15±0.11 

K 15 332.00±650.18 17 450.0±697.55 16 674.0±621.25 18 457.0±723.15 

Mg 2 185.00±67.42 4 123.0±153.12 3 574.0±136.23 4 635.0±157.83 

Mn 1 543.00±81.24 1 985.0±85.25 1 963.0±91.73 2 164.0±106.67 

P 2 125.00±93.34 2 923.0±97.39 2 632.0±108.15 3 625.0±115.43 

In fruits (on average by cultivars) 

B 0.15±0.01 0.19±0.02 0.17±0.01 0.20±0.02 

Ca 96.30±7.35 112.50±9.95 109.10±5.77 118.40±6.12 

Cu 17.52±1.06 21.26±1.17 20.50±2.97 22.70±2.35 

Fe 185.10±12.55 193.80±15.12 190.30±13.48 197.50±14.85 

I 0.95±0.02 1.12±0.07 1.18±0.07 1.30±0.08 

K 610.50±53.17 704.60±65.75 650.70±49.14 693.50±58.42 

Mg 22.40±1.14 38.55±2.61 30.06±2.19 52.70±3.25 

Mn 83.70±4.85 116.31±8.73 98.50±6.64 135.20±11.42 

P 44.15±3.95 50.12±4.05 47.90±3.78 52.81±4.69 

 

DISCUSSION 
 

 Ongoing field trials aim to refine open-field cultivation 

of lingonberry by optimizing fertilizer regimes, improving 

other technological elements, and ensuring timely crop 

care. Our findings are comparable in effectiveness to 

established mineral-fertilizer approaches for enhancing 

nutrition in V. vitis-idaea (Chester & McGraw, 1983; Scibisz 
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& Pliszka, 1985; Eriksson & Raunistola, 1993; Levula et al., 

2000; Taulavuori et al., 2001; Makhovik, 2005; Saario, 2005), 

underscoring the promise of their application for 

lingonberry cultivation across current production regions, 

including Western Europe and Belarus. The results of some 

studies on the use of only mineral fertilizers in Russia (the 

European part, the Urals, Siberia) (Zaparanyuk, 1984; Tyak 

et al., 1998; Gorbunov, 2016) show a positive effect of their 

use on the yield of lingonberries, while the instability of 

this indicator can be explained by the fact that a complex 

of other factors (agrochemical parameters of the soil, the 

formation of a favorable microbiome, the accumulation of 

nutrients in plants) is not taken into account (Karlsons et 

al., 2021). 

 In turn, complex organo-mineral fertilizers when 

growing berry plants are able to adsorb and retain 

nutrients by increasing the total surface area. The porous 

structure of organo-mineral fertilizers helps to increase 

their contact interaction with the root system of plants. The 

high absorption capacity of peat granules and moisture 

retention prevent the possibility of washing out important 

nutrients. The use of organo-mineral fertilizers also helps 

to reduce soil salinization, unjustified mineralization of 

organic matter, increase plant productivity and improve 

the biological environment as a whole. At the same time, 

mineral and organo-mineral fertilizers available on the 

Russian market for growing plants from the Ericaceae 

family can often be species specific and are not suitable for 

providing nutrition to specific species, including 

lingonberry (Sharifi et al., 2024). 

 Today there are very few studies on the use of 

complex organo-mineral fertilizers in the cultivation of 

lingonberries (Bozhiday, 2019; Karlsons et al., 2021; Sharifi 

et al., 2024). Studies on the use of complex organo-mineral 

fertilizer of prolonged action Basacote 6M Plus (COMPO 

GmbH & Co, Germany) in growing lingonberries (Bozhiday, 

2019) showed positive results, but the effect of fertilizer 

application has so far been studied only in closed ground 

conditions, during micro plant adaptation under ex vitro 

conditions. However, the conditions of closed ground can 

differ greatly from the conditions of open ground, taking 

into account the specific agroclimatic characteristics of the 

Central part of the Non-Chernozem zone of Russia, and do 

not allow for a full comparison with the results we 

obtained. 

 Experience with the use of the complex fertilizer 

NovaTec® Classic 12-8-16(+3+TE) (COMPO GmbH & Co, 

Germany) with microelements on peat soils (pH 3.47) in 

the conditions of Latvia showed its ability to stimulate the 

growth reaction of lingonberry (Runo Bielawskie cultivar) 

plants, increase the volume of formed rhizomes, and 

additional 3-fold foliar feeding with Omex Bio 20 fertilizer 

chelate (Omex Agrifluids Ltd., UK) ensures adequate 

concentrations of microelements in plant leaves (Karlsons 

et al., 2021). In a study using the universal growing 

medium PRO-MIX BX, which includes Sphagnum L. moss, 

perlite, limestone, vermiculite, a wetting agent, and 

mycorrhizal fungi (Glomus intraradices) (Sharifi et al., 2024), 

the authors noted an improvement in the agrochemical 

characteristics of the soil, morphometric and physiological 

parameters of lingonberry plants, but this substrate was 

used in the soil and climatic conditions of Canada (North 

America). 

 Thus, the proposed researches demonstrate 

improvement of soil characteristics and increase in yield of 

lingonberry when using complex organo-mineral fertilizers 

compared to classic mineral fertilizers (NPK), which is 

consistent with the results of our research. At the same 

time, strong differences in agroclimatic conditions and 

peat soils typical for the Non-Chernozem zone of Russia 

contain mycorrhiza, organic matter, have natural acidity 

and active mobile forms of N, P, K, which are optimal 

conditions for lingonberry cultivation. In this regard, it is 

unacceptable to use fertilization systems used in Western 

Europe and North America, where lingonberry is grown on 

mineral soils using artificial acidification and high 

concentrations of mineral fertilizers. In turn, the developed 

organo-mineral fertilizer for lingonberry on single site in 

the agroclimatic conditions of Moscow as a part of the 

Non-Chernozem zone of Russia allows for improved 

agrochemical characteristics of the soil, morphological and 

physiological parameters of lingonberry plants for Russian 

selection cultivars, high yields, optimal composition of 

micro- and macroelements in the soil, in lingonberry plants 

and fruits, while avoiding additional fertilizing and the 

costs of its implementation. 

 At the same time, reported benefits of developed 

composition OMF combines mineral NPK+TE with a 

vermicompost bacterial consortium could arise from: 1) 

improved peat pH/CEC and moisture retention; 2) added 

organic matter; 3) micronutrients (notably Cu 0.4%, and Fe 

0.5%); and/or 4) microbial activity. Current results of the 

dependence of features based on the results of correlation 

analysis do not yet disentangle these effects. In this regard, 

further research is needed. However, this does not detract 

from the apparent practical effectiveness of the 

development. 

 Also it is necessary to remember about compliance 

with safety standards and regulatory requirements for 

concentrations of microelements and any restrictions when 

growing berry crops using fertilizers. 

 

Conclusion 

 In summary, the use of a developed composition of 

organo-mineral fertilizer in the cultivation of Vaccinium 

vitis-idaea contributed to the improvement of the 

agrochemical and microbiological properties of the soil, 

and, as a consequence, the root nutrition of plants due to 

the provision of the necessary macro- and microelements. 

At the same time, an improvement in the biometric and 

physiological characteristics of lingonberry plants, as well 

as an increase in the yield and quality of the resulting berry 

products, was noted. The results obtained allow us to 

recommend the use of this organo-mineral fertilizer with 

composition (NPK 8:8:8, Cu 0.4%, Fe 0.5%, Zn 0.2% + 

vermicompost containing spore forms of bacteria with 

high biological activity) in the dose of 55.6 g m-2 on high-

moor peat substrate in the cultivation of lingonberries of 

Russian in the conditions of Moscow region as a part of 

Non-Chernozem Zone of Russia. 
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 However, further research is needed to test this 

fertilizer at multiple sites (include factorial designs, and 

microbial vs. chemical disentanglement) for more large-

scale recommendations for the territory of the Non-

Chernozem Zone of Russia, including industrial scale on 

plantations. In the future, it is also necessary to test this 

composition or create a new modified composition of the 

fertilizer for the cultivation of other cultivars of lingonberry 

and other berry crops capable of growing on peat 

substrates (cranberries, blueberries, arctic bramble, 

cloudberry, etc.). 

 

DECLARATIONS 

 

Funding:  The work was carried out in accordance with the 

subsidy agreement with the Ministry of Science and Higher 

Education dated April 17, 2025, No. 075-15-2025-182. 

 

Conflict of Interest: The authors of the article declare that 

there is no conflict of interest. 

 

Data Availability: All the data is available in the article. 

 

Ethics Statement: This article was prepared in accordance 

with the ethical guidelines suggested by the International 

Journal of Agriculture and Biosciences (IJAB). All listed 

authors agree with the content and structure of the article 

and take responsibility for the validity and originality of the 

data presented. 

 

Author’s Contribution: All authors contributed equally to 

the conception, execution, data collection, data analysis, 

and writing of the manuscript and critically revised the 

manuscript and approved the final version. 

 

Generative AI Statement: The authors declare that no 

Gen AI/DeepSeek was used in the writing/creation of this 

manuscript. 

 

Publisher’s Note: All claims stated in this article are 

exclusively those of the authors and do not necessarily 

represent those of their affiliated organizations or those of 

the publisher, the editors, and the reviewers. Any product 

that may be evaluated/assessed in this article or claimed 

by its manufacturer is not guaranteed or endorsed by the 

publisher/editors. 

 

REFERENCES 

 
Ajeng, A.A., Abdullah, R., Malek, M.A., Chew, K.W., Ho, Y.C., Ling, T.C., Lau, 

B.F., & Show, P.L. (2020). The effects of biofertilizers on growth, soil 

fertility, and nutrients uptake of oil palm (Elaeis guineensis) under 

greenhouse conditions. Processes, 8(12), 1681. 

https://doi.org/10.3390/pr8121681. 

Alenazi, M.M., El-Ebidy, A.M., El-Shehaby, O.A., Seleiman, M.F., Aldhuwaib, 

K.J., & Abdel-Aziz, H.M. (2024). Chitosan and chitosan nanoparticles 

differentially alleviate salinity stress in Phaseolus vulgaris L. plants. 

Plants, 13(3), 398. https://doi.org/10.3390/plants13030398. 

Alori, E.T., Osemwegie, O.O., Ibaba, A.L., Daramola, F.Y., Olaniyan, F.T., Lewu, 

F.B., & Babalola, O.O. (2024). The importance of soil microorganisms 

in regulating soil health. Communications in Soil Science and Plant 

Analysis, 55(17), 2636–2650. 

http://doi.org/10.1080/00103624.2024.2367246. 

Ateş, O., & Kivan, M. (2021). Effects of Arthrobacter arilaitensis and 

Pseudomonas putida on salt stress tolerance in wheat. Environment 

Engineering Management Journal, 20, 2025-2032. 

Bacon, C.W., Palencia, E.R., & Hinton, D.M. (2015). Abiotic and biotic plant 

stress-tolerant and beneficial secondary metabolites produced by 

endophytic Bacillus species. In: Arora, N. K (ed.). Plant microbes 

symbiosis: applied facets. Berlin, Germany: Springer, 163–177. 

https://doi.org/10.1007/978-81-322-2068-8_8. 

Balakrishnan, K., Thirumalairaj, J., Radhakrishnan, M., Gopikrishnan, V., & 

Balagurunathan, R. (2020). Phosphate solubilization and plant growth 

promoting actinobacteria from rhizosphere soil. Indian Journal 

Agriculture Research, 55(1), 87–92. https://doi.org/10.18805/IJARe.A-

5328. 

Bhardwaj, D., Ansari, M.W., Sahoo, R.K., & Tuteja, N. (2014). Biofertilizers 

function as key player in sustainable agriculture by improving soil 

fertility, plant tolerance and crop productivity. Microbial Cell Factories, 

13, 66. https://doi.org/10.1186/1475-2859-13-66. 

Bhat, B., Tariq, L., Nissar, S., Islam, S., Islam, S., Mangral, Z., Ilyas, N., Sayyed, 

R., Muthusamy, G., Kim, W., & Hassan, T. (2022). Unraveling the role of 

plant-associated rhizobacteria in plant growth, biocontrol, and abiotic 

stress management. Journal Applied Microbiology, 133(5): 2717–2741. 

https://doi.org/10.1111/jam.15796. 

Bozhiday, T.N. (2019). Vliyanie udobreniya Basacote na rost i razvitie 

Vaccinium vitis-idaea L. [Effect of Basacote fertilizer on the growth 

and development of Vaccinium vitis-idaea L.]. Scientific Works of the 

North Caucasian Federal Scientific Center for Horticulture, Viticulture, 

and Winemaking, 26, 110–113. 

Brevik, E.C., Slaughter, L., Singh, B.R., Steffan, J.J., Collier, D., Barnhart, P., & 

Pereira, P. (2020). Soil and human health: current status and future 

needs. Air, Soil and Water Research, 13, 11786. 

https://doi.org/10.1177/1178622120934441. 

Cardarelli, M., Rouphael, Y., Kyriacou, M.C., Colla, G., & Pane, C. (2020). 

Augmenting the sustainability of vegetable cropping systems by 

configuring rootstock-dependent rhizomicrobiomes that support 

plant protection. Agronomy, 10(8), 1185. 

https://doi.org/10.3390/agronomy10081185. 

Chan, S.S., Low, S.S., Chew, K.W., Ling, T.C., Rinklebe, J., Juan, J.C., Ng, E.P., & 

Show, P.L. (2022). Prospects and environmental sustainability of 

phyconanotechnology: a review on algae-mediated metal 

nanoparticles synthesis and mechanism. Environment Research, 212, 

113140. https://doi.org/10.1016/j.envres.2022.113140. 

Cheryatova, Y.S., & Yembaturova, E.Y. (2022). Transgenic plants – a threat to 

local flora? Ecological Genetics, 20, 54–55. 

https://doi.org/10.17816/ecogen112372. 

Chester, A.L., & McGraw, J.B. (1983). Effects of nitrogen addition on the 

growth of Vaccinium uliginosum and Vaccinium vitis-idaea. Canadian 

Journal of Botany, 61, 2316–2322. 

Chudetsky, A.I., Babich, N.A., Melekhov, V.I., Makarov, S.S., Tyak, G.V., & 

Feklistov, P.A. (2023a). Perspektivy promyshlennogo vyrashchivaniya i 

biotekhnologicheskie metody razmnozheniya lesnykh yagodnykh 

rasteniy roda Vaccinium (brusnika obyknovennaya, krasnika) 

[Prospects for industrial cultivation and biotechnological methods of 

reproduction of forest berry plants of the genus Vaccinium 

(lingonberry, Kamchatka bilberry)] [Monograph]. Moscow, Russia: 

Kolos-S. 

Chudetsky, A.I., Makarov, S.S., & Rodin, S.A. (2022a). Metodicheskie 

rekomendatssii po vyrashchivaniyu posadochnogo materiala brusniki i 

krasniki in vitro i ex vitro [Methodical recommendations for growing 

planting material of lingonberry and Kamchatka bilberry in vitro and 

ex vitro]. Pushkino, Russia: All-Russian Research Institute of Forestry 

and Forestry Mechanization Publ. 

Chudetsky, A.I., Makarov, S.S., Rodin, S.A., Kuznetsova, I.B., Makarova, T.A., & 

Zarubina, L.V. (2023b). Ukorenenie in vitro i adaptatsiya k nesteril'nym 

usloviyam rossiyskikh sortov brusniki obyknovennoy [Rooting in vitro 

and adaptation to non-sterile conditions of Russian selection cultivars 

of lingonberry]. Forestry Information, 2, 102–114. 

https://doi.org/10.24419/LHI.2304-3083.2023.2.08. 

Chudetsky, A.I., Rodin, S.A., Zarubina, L.V., Kuznetsova, I.B., & Tyak, G.V. 

(2022b). Mikroklonal'noe razmnozhenie i osobennosti adaptatsii k 

usloviyam ex vitro lesnykh yagodnykh rasteniy roda Vaccinium [Clonal 

micropropagation and peculiarities of adaptation to ex vitro 

conditions of forest berry plants of the genus Vaccinium]. Food 

Processing: Techniques Technology, 52(3), 570–581. 

http://doi.org/10.21603/2074-9414-2022-3-2386. 

Dospekhov, B.A. (2011). Metodika polevogo opyta (s osnovami 

statisticheskoy obrabotki rezul'tatov issledovaniy) [Methodology of 

field experience (with the basics of statistical processing of research 

results)] [Textbook]. Moscow, Russia: Alliance. 

https://doi.org/10.3390/pr8121681
https://doi.org/10.3390/plants13030398
http://doi.org/10.1080/00103624.2024.2367246
https://doi.org/10.1007/978-81-322-2068-8_8
https://doi.org/10.18805/IJARe.A-5328
https://doi.org/10.18805/IJARe.A-5328
https://doi.org/10.1186/1475-2859-13-66
https://doi.org/10.1111/jam.15796
https://doi.org/10.1177/1178622120934441
https://doi.org/10.3390/agronomy10081185
https://doi.org/10.1016/j.envres.2022.113140
https://doi.org/10.17816/ecogen112372
https://doi.org/10.24419/LHI.2304-3083.2023.2.08
http://doi.org/10.21603/2074-9414-2022-3-2386


Int J Agri Biosci, 2025, xx(x): xxx-xxx. 
 

10 

Eriksson, O., & Raunistola, T. (1993). Impact of forest fertilizers on winter 

pastures of semi-domesticated reindeer. Rangifer, 13(4), 203–214. 

https://doi.org/10.7557/2.13.4.1116. 

Ermakov, A.I. (1987). Metody biokhimicheskogo issledovaniya rasteniy 

[Methods of biochemical research of plants] [Textbook]. Leningrad, 

USSR: Agropromizdat. 

Gorbunov, A.B. (2016). Vnekornevaya podkormka brusnichnykh na yuge 

Zapadnoy Sibiri [Foliar feeding of lingonberry in the south of Western 

Siberia]. Contemporary Horticulture, 2, 12–18. 

Holloway, P.S. (1984). Lingonberry cultivation. Agroborealis, 16(2), 15–20. 

Holloway, P.S., van Veldhuizen, R.M., Stushnoff, C., & Wildung, D.K. (1982). 

Vegetative growth and nutrient levels of lingonberries grown in four 

Alaskan substrates. Canadian Journal Plant Science, 62, 969–977. 

Hossain, A., Krupnik, T.J., Timsina, J., Golam Mahboob, M., Chaki, A.K., 

Farooq, M., Bhatt, R., Fahad, S., & Hasanuzzaman, M. (2020). 

Agricultural land degradation: processes and problems undermining 

future food security. In: Fahad, S., Hasanuzzaman, M., Alam, M., Ullah, 

H., Saeed, M., & Ali Khan, I. M. (eds.). Environment, climate, plant and 

vegetation growth. NY, USA: Springer, Cham. 

https://doi.org/10.1007/978-3-030-49732-3_2. 

Hossain, M.Z., Shea, E., Daneshtalab, M., & Weber, J.T. (2016). Chemical 

analysis of extracts from Newfoundland berries and potential 

neuroprotective effects. Antioxidants, 5(4), 36. 

https://doi.org/10.3390/antiox5040036. 

Ilesanmi, A., Dairo, G., Salimat, S., Bodun, D.S., Awoyale, B., & Balogun, T.A. 

(2023). Identification of bioactive compounds from Vaccinium vitis-

idaea L. (lingonberry) as inhibitors for treating KRAS-associated 

cancer: a computational approach. In Silico Pharmacol, 11, 32. 

https://doi.org/10.1007/s40203-023-00165-1. 

Jacoby, R., Peukert, M., Succurro, A., Koprivova, A., & Kopriva, S. (2017). The 

role of soil microorganisms in plant mineral nutrition – current 

knowledge and future directions. Frontiers in Plant Science, 8, 1617. 

https://doi.org/10.3389/fpls.2017.01617. 

Jansson, J.K., & Hofmockel, K.S. (2020). Soil microbiomes and climate 

change. Nature Reviews Microbiology, 18, 35–46. 

https://doi.org/10.1038/s41579-019-0265-7. 

Karlsons, A., Tomsone, S., Lazdane, M., & Osvalde, A. (2021). Effect of 

fertilization on growth of lingonberry (Vaccinium vitis-idaea L.). 

Agronomy Research, 19(S2), 1039–1051. 

https://doi.org/10.15159/AR.21.041. 

Kelly, E., Vyas, P., & Weber, J.T. (2017). Biochemical properties and 

neuroprotective effects of compounds in various species of berries. 

Molecules, 23(1), 26. https://doi.org/10.3390/molecules23010026. 

Kobysheva, N.V., Akentyeva, B.M., Bogdanova, E.G., Karpenko, V.N., Klyueva, 

M.V., Lipovskaya, V.I., Kalugina, K.M., Razova, E.N., Semenov, Y.A., 

Stadnik, V.V., & Khayrullin, K.S. (2001). Klimat Rossii [Climate of Russia] 

[Monograph]. St. Petersburg Russia: Gidrometeoizdat. 

Kumawat, K.C., Razdan, N., & Saharan, K. (2022). Rhizospheric microbiome: 

bio-based emerging strategies for sustainable agriculture 

development and future perspectives. Microbiological Research, 254, 

126901. https://doi.org/10.1016/j.micres.2021.126901. 

Landa-Acuña, D., Solorzano-Acosta, A., Sánchez-Ortiz, V., Hualpa-Cutipa, E., 

Vargas-de-la-Cruz, C., Luis-Alaya, B., & Flores-Juarez, E. (2022). 

Chapter 1 – Microbial food products: a sustainable solution to 

alleviate hunger. In: Samuel, J., Kumar, A., & Singh, J. (eds.). 

Relationship between microbes and the environment for sustainable 

ecosystem services, Vol. 1: Microbial products for sustainable 

ecosystem services. Netherlands: E-Publishing Inc., Elsevier. 

https://doi.org/10.1016/C2020-0-02873-2. 

Levula, T., Saarsalmi, A., & Rantavaara, A. (2000). Effects of ash fertilization 

and prescribed burning on macronutrient, heavy metal, sulphur and 

137Cs concentrations in lingonberries (Vaccinium vitis-idaea). Forest 

Ecology and Management, 126(3), 269–279. 

https://doi.org/10.1016/S0378-1127(99)00110-3. 

Loeppmann, S., Blagodatskaya, E., Pausch, J., & Kuzyakov, Y. (2016). 

Substrate quality affects kinetics and catalytic efficiency of exo-

enzymes in rhizosphere and detritusphere. Soil Biol Biochemistry, 92, 

111–118. https://doi.org/10.1016/j.soilbio.2015.09.020. 

Mącik, M., Gryta, A., & Frąc, M. (2020). Biofertilizers in agriculture: an 

overview on concepts, strategies and effects on soil microorganisms. 

Advances in Agronomy, 162, 31–87. 

Makarov, S.S., Bagaev, E.S., Tsaregradskaya, S.Y., & Kuznetsova, I.B. (2019). 

Problemy ispol'zovaniya i vosproizvodstva fitogennykh pishchevykh i 

lekarstvennykh resursov lesa na zemlyakh lesnogo fonda Kostromskoy 

oblasti [Problems of use and reproduction of phytogenic food and 

medicinal forest resources on the forest fund lands in Kostroma 

region]. Russian Forestry Journal, 6, 118–131. 

https://doi.org/10.37482/0536-1036-2019-6-118. 

Makarov, S.S., Chudetsky, A.I., Sakhonenko, A.N., Solovyov, A.V., Akhmetova, 

L.R., Demidova, A.P., & Kondratenko, Y.I. (2023a). Sozdanie 

bioresursnoy kollektsii yagodnykh rasteniy na baze RGAU–MSKhA 

imeni K.A. Timiryazeva [Creation of a bioresource collection of berry 

plants on the basis of the Russian Timiryazev State Agrarian 

University]. Timiryazev Biology Journal, 4, 23–33. 

https://doi.org/10.26897/2949-4710-2023-4-23-33. 

Makarov, S.S., Rodin, S.A., Kuznetsova, I.B., Chudetsky, A.I., & 

Tsaregradskaya, S.Y. (2021). Vliyanie osveshcheniya na rizogenez 

yagodnykh rasteniy pri klonal'nom mikrorazmnozhenii [The influence 

of lighting on rhizogenesis of berry plants during clonal 

micropropagation]. Food Processing: Techniques Technology, 51(3), 

520–528. http://doi.org/10.21603/2074-9414-2021-3-520-528. 

Makarov, S.S., Tyak, G.V., Chudetsky, A.I., Petrova, Y.Y., Makarova, T.A., 

Samoilenko, Z.A., & Kuznetsova, I.B. (2023b). Perspektivy 

plantatsionnogo vyrashchivaniya lesnykh yagodnykh rasteniy v 

severnykh regionakh Rossii [Prospects for plantation cultivation of 

forest berry plants in the northern regions of Russia]. Arctic 2035: 

Current Issues, Problems, Solutions, 3, 62–77. 

Makarov, S.S., Upadyshev, M.T., Kuznetsova, I.B., Zaushintsena, A.V., 

Kulikova, E.I., & Surina, E.A. (2022). Primenenie osveshcheniya 

razlichnogo spektral'nogo diapazona pri klonal'nom 

mikrorazmnozhenii lesnykh yagodnykh rasteniy [Application of 

lighting of different spectral ranges in clonal micropropagation of 

forest berry plants]. Russian Forestry Journal, 6, 82–93. 

https://doi.org/10.37482/0536-1036-2022-6-82-93. 

Makarov, S.S., Vinogradova, V.S., Khanbabaeva, O.E., Makarova, T.A., 

Chudetsky, A.I., & Sokolkina, A.I. (2024). Prospects for enhanced 

growth and yield of blueberry (Vaccinium angustifolium Ait.) using 

organo-mineral fertilizers for reclamation of disturbed forest lands in 

European part of Russia. Agronomy, 14(7), 1498. 

https://doi.org/10.3390/agronomy14071498. 

Makhovik, I.V. (2005). Nekotorye aspekty primeneniya mineral'nykh 

udobreniy v posadkakh brusniki obyknovennoy (Vaccinium vitis-idaea 

L.) [Some aspects of the use of mineral fertilizers in plantings of 

common lingonberry (Vaccinium vitis-idaea L.)]. Proceedings of the 

Belarusian State Technological University, 1, 93–95. 

Martynyuk, A.A., Kurlovich, L.E., Trushina, I.G., & Trushina, N.I. (2023). Lesnye 

dikorosy – resursy, ispol'zovanie i normativnoe pravovoe 

reglamentirovanie: analiticheskiy obzor [Forest wild plants – resources, 

use and legal regulation: an analytical review]. Forestry Information, 4, 

117–165. https://doi.org/10.24419/LHI.2304-3083.2023.4.11. 

Maximillian, J., Brusseau, M.L., Glenn, E.P., & Matthias, A.D. (2019). Pollution 

and environmental perturbations in the global system. In: Brusseau, 

M.L., Pepper, I.L., & Gerba, C.P. (eds.). Environmental and pollution 

science. 3 ed. Cambridge, Massachusetts, USA: Academic Press. 

https://doi.org/10.1016/B978-0-12-814719-1.00025-2. 

Minuț, M., Diaconu, M., Roșca, M., Cozma, P., Bulgariu, L., & Gavrilescu, M. 

(2023). Gavrilescu creening of azotobacter, Bacillus and Pseudomonas 

species as plant growth-promoting bacteria. Processes, 11(1):80. 

https://doi.org/10.3390/pr11010080. 

Morozov, O.V. (2008). Kul'tura brusniki obyknovennoy (Vaccinium vitis-

idaea L.): problemy i perspektivy [Culture of lingonberry (Vaccinium 

vitis-idea L): problems and prospects] [Monograph]. Minsk, Belarus: 

Belarusian Science. 

Nabieva, A.R. (2019). Potrebitel'skaya kooperatsiya v strukture rynka 

dikorastushchikh plodovo-yagodnykh kul'tur i lesnykh gribov 

[Consumer cooperation in the structure of the market of wild fruit and 

berry crops and forest mushrooms]. Bulletin of the Mari State 

University. Ser.: Agricultural Sciences. Economic Sciences, 5(4), 470–481. 

https://doi.org/10.30914/2411-9687-2019-5-4-470-480. 

Phour, M., Sehrawat, A., Sindhu, S.S., & Glick, B.R. (2020). Interkingdom 

signaling in plant-rhizomicrobiome interactions for sustainable 

agriculture. Microbiology Research, 241, 126589. 

https://doi.org/10.1016/j.micres.2020.126589. 

Reichert, K.P., Schetinger, M.R.C., Gutierres, J.M., Pelinson, L.P., Stefanello, N., 

Dalenogare, D.P., Baldissarelli, J., Lopes, T.F., & Morsch, V.M. (2018). 

Lingonberry extract provides neuroprotection by regulating the 

purinergic system and reducing oxidative stress in diabetic rats. 

Molecular Nutrition Food Research, 62, e1800050. 

https://doi.org/10.1002/mnfr.201800050. 

Saario, M. (2005). Effect of pruning and urea fertilization on rejuvenation of 

cultivated lingonberry (Vaccinium vitis-idaea L.) with dpecial reference 

to mycorrhizal infection. Small Fruits Review, 4(1), 59–72. 

https://doi.org/10.1300/J301v04n01_07. 

Sabir, M.S., Shahzadi, F., Ali, F., Shakeela, Q., Niaz, Z., & Ahmed, S. (2021). 

Comparative effect of fertilization practices on soil microbial diversity 

and activity: an overview. Current Microbiology, 78(10), 3644–3655. 

https://doi.org/10.7557/2.13.4.1116
https://doi.org/10.1007/978-3-030-49732-3_2
https://doi.org/10.3390/antiox5040036
https://doi.org/10.1007/s40203-023-00165-1
https://doi.org/10.3389/fpls.2017.01617
https://doi.org/10.1038/s41579-019-0265-7
https://doi.org/10.15159/AR.21.041
https://doi.org/10.3390/molecules23010026
https://doi.org/10.1016/j.micres.2021.126901
https://doi.org/10.1016/C2020-0-02873-2
https://doi.org/10.1016/S0378-1127(99)00110-3
https://doi.org/10.1016/j.soilbio.2015.09.020
https://doi.org/10.37482/0536-1036-2019-6-118
https://doi.org/10.26897/2949-4710-2023-4-23-33
http://doi.org/10.21603/2074-9414-2021-3-520-528
https://doi.org/10.37482/0536-1036-2022-6-82-93
https://doi.org/10.3390/agronomy14071498
https://doi.org/10.24419/LHI.2304-3083.2023.4.11
https://doi.org/10.1016/B978-0-12-814719-1.00025-2
https://doi.org/10.3390/pr11010080
https://doi.org/10.30914/2411-9687-2019-5-4-470-480
https://doi.org/10.1016/j.micres.2020.126589
https://doi.org/10.1002/mnfr.201800050
https://doi.org/10.1300/J301v04n01_07


Int J Agri Biosci, 2025, xx(x): xxx-xxx. 
 

11 

https://doi.org/10.1007/s00284-021-02634-2. 

Sadvakasova, A.K., Bauenova, M.O., Kossalbayev, B.D., Zayadan, B.K., Huang, 

Z., Wang. J., Balouch, H., Alharby, H.F., Chang, J.S., & Allakhverdiev, S.I. 

(2023). Synthetic algocyanobacterial consortium as an alternative to 

chemical fertilizers. Environment Research, 233, 116418. 

https://doi.org/10.1016/j.envres.2023.116418. 

Scibisz, K., & Pliszka, K. (1985). Effect of mulching and nitrogen fertilization 

upon growth and yield of lingonberries (Vaccinium vitis-idaea L.). Acta 

Horticulture, 165, 275–280. 

https://doi.org/10.17660/ActaHortic.1985.165.38. 

Sedov, E.N., & Ogoltsova, T.P. (1999). Programma i metodika 

sortoizucheniya plodovykh, yagodnykh i orekhoplodnykh kul'tur 

[Program and methodology for studying varieties of fruit, berry and 

nut crops]. Oryol, Russia: All-Russian Research Institute of Fruit Crops 

Selection Publ. 

Seleiman, M.F., Ahmad, A., Alhammad, B.A., & Tola, E. (2023). Exogenous 

application of zinc oxide nanoparticles improved antioxidants, 

photosynthetic, and yield traits in salt-stressed maize. Agronomy, 

13(10), 2645. https://doi.org/10.3390/agronomy13102645. 

Sharifi, M., Debnath, S.C., Hajiaghaei-Kamrani, M., Rabie, B., & Forsyth, J. 

(2024). Growing media pH and nutrient concentrations for fostering 

the propagation and production of lingonberry (Vaccinium vitis-idaea 

L.). Agronomy, 14(11), 2533. 

https://doi.org/10.3390/agronomy14112533. 

Sinsabaugh, R.L., Lauber, C.L., Weintraub, M.N., Ahmed, B., Allison, S.D., 

Crenshaw, C., Contosta, A.R., Cusack, D., Frey, S., Gallo, M.E., Gartner, 

T.B., Hobbie, S.E., Holland, K., Keeler, B.L., Powers, J.S., Stursova, M., 

Takacs-Vesbach, C., Waldrop, M.P., Wallenstein, M.D., Zak, D.R., Zeglin, 

L.H. (2008). Stoichiometry of soil enzyme activity at global scale. Ecol 

Lett, 11(11), 1252–1264. https://doi.org/10.1111/j.1461-

0248.2008.01245.x. 

Skurikhin, I.M., & Tutelyan, V.A. (1998). Rukovodstvo po metodam analiza 

kachestva i bezopasnosti pishchevykh produktov [Guide to methods 

of analysis of quality and safety of food products]. Moscow, Russia: 

Brandes, Medicine. 

Su, J.-Q., Ding, L.-J., Xue, K., Yao, H.-Y., Quensen, J., Bai, S.-J., Wei, W.-X., Wu, 

J.-S., Zhou, J., Tiedje, J.M., & Zhu, Y.-G. (2015). Long-term balanced 

fertilization increases the soil microbial functional diversity in a 

phosphorus-limited paddy soil. Molecular Ecology, 24, 136–150. 

https://doi.org/10.1111/mec.13010. 

Szegi, J. (1979). Talajmikrobiologial vizsgalati modszerek [Soil 

microbiological test methods]. Budapest, Hungary: Mez˝ogazdasági 

Kiadó. 

Taulavuori, K., Taulavuori, E., Niinimaa, A., & Laine, K. (2001). Acceleration of 

frost hardening in Vaccinium vitis-idaea by nitrogen fertilization. 

Oecologia, 127, 321–323. https://doi.org/10.1007/s004420100661. 

Timoshok, E.E., & Skorokhodov, S.N. (2019). Otsenka yagodnykh resursov 

vidov semeystva brusnichnykh Tomskoy oblasti, ikh ratsional'noe 

ispol'zovanie i okhrana [Assessment of berry resources of species of 

the Lingonberry family in the Tomsk region, its rational use and 

protection]. Siberian Forest Journal, 4, 80–88. 

https://doi.org/10.15372/SJFS20190408. 

Tretyakov, N.N., Karnaukhova, T.V., & Panichkin, L.A. (1990). Praktikum po 

fiziologii rasteniy [Workshop on plant physiology] [Textbook]. 

Moscow, USSR: Agropromizdat. 

Turtiainen, M., Salo, K., & Saastamoinen, O. (2007). National and regional 

estimates of blueberry (Vaccinium myrtillus L.) and lingonberry 

(V. vitis-idaea L.) yields on peatlands in Finland. Suo, 58(3), 87–98. 

Tyak, G.V., Cherkasov A.F., & Altukhova S.A. (1998). Opyt vyrashchivaniya 

brusniki v usloviyah Kostromskoy oblasti [Experience of growing 

lingonberries in the conditions of the Kostroma region]. In: Voprosy 

ispol'zovaniya i vosstanovleniya drevesnykh i nedrevesnykh resursov 

lesa yuzhnoy taygi [Issues of use and restoration of wood and non-

wood forest resources of the Southern taiga]. Moscow, Russia. 

Tyak, G.V., Kurlovich, L.E., & Tyak, A.V. (2016). Biologicheskaya rekul'tivatsiya 

vyrabotannykh torfyanikov putem sozdaniya posadok lesnykh 

yagodnykh rasteniy [Biological reclamation of depleted peatlands 

through the establishment of forest berry plantations]. Bulletin of 

Kazan State Agrarian University, 11(2), 43-46. 

https://doi.org/10.12737/20633. 

Tyak, G.V., Kurlovich, L.E., Makarov, S.S., Chudetsky, A.I., & Kuznetsova, I.B. 

(2022). Razmnozhenie perspektivnykh gibridnykh form brusniki 

obyknovennoy (Vaccinium vitis-idaea L.) [Reproduction of promising 

hybrid forms of lingonberry (Vaccinium vitis-idaea L.)]. Bulletin of the 

Buryat State Agricultural Academy named after V.R. Filippov, 1, 113–

118. https://doi.org/10.34655/bgsha.2022.66.1.015. 

Ukaogo, P.O., Ewuzie, U., & Onwuka, C.V. (2020). 21 – Environmental 

pollution: causes, effects, and the remedies. In: Chowdhary, P., Raj, A., 

Verma, D., & Akhter, Y. (eds.). Microorganisms for sustainable 

environment and health. Netherlands, Elsevier, 419–429. 

https://doi.org/10.1016/B978-0-12-819001-2.00021-8. 

Uskov, V.S. (2015). Rynok plodovo-yagodnoj produkcii territorii 

Evropejskogo Severa Rossii: sostoyanie i perspektivy razvitiya [Fruit 

and berry products market in the European North of Russia: status 

and development prospects] [Monograph]. Vologda, Russia: Institute 

of Socio-Economic Development of Territories of the Russian Academy 

of Sciences Publ. 

Vilkickyte, G., Petrikaite, V., Pukalskas, A., Sipailiene, A., & Raudone, L. 

(2022). Exploring Vaccinium vitis-idaea L. as a potential source of 

therapeutic agents: antimicrobial, antioxidant, and anti-inflammatory 

activities of extracts and fractions. Journal Ethnopharmacol, 292, 

115207. https://doi.org/10.1016/j.jep.2022.115207. 

Vilkickyte, G., Raudone, L., & Petrikaite, V. (2020). Phenolic fractions from 

Vaccinium vitis-idaea L. and their antioxidant and anticancer activities 

assessment. Antioxidants (Basel), 9(12), 1261. 

https://doi.org/10.3390/antiox9121261. 

Vincze, É.-B., Becze, A., Laslo, É., & Mara, G. (2024). Beneficial soil 

microbiomes and their potential role in plant growth and soil fertility. 

Agriculture, 14(1), 152. http://doi.org/10.3390/agriculture14010152. 

Vinogradova, V.S., & Smirnova, Y.V. (2014). Fiziologiya i biokhimiya rasteniy: 

Laboratorniy praktikum [Physiology and biochemistry of plants. 

Laboratory workshop] [Workshop]. Karavaevo, Russia: Kostroma State 

Agricultural Academy Publ. 

Wagg, C., Bender, S.F., Widmer, F., & van der Heijden, M.G.A. (2014). Soil 

biodiversity and soil community composition determine ecosystem 

multifunctionality. Proc Natl Acad Sci USA, 111, 5266–5270. 

https://doi.org/10.1073/pnas.1320054111. 

Wang, S.Y., Feng, R., Bowman, L., Penhallegon, R., Ding, M., & Lu, Y. (2005). 

Antioxidant activity in lingonberries (Vaccinium vitis-idaea L.) and its 

inhibitory effect on activator protein-1, nuclear factor-kappaB, and 

mitogen-activated protein kinases activation. Journal Agriculture Food 

Chemistry, 53, 3156–3166. https://doi.org/10.1021/jf048379m. 

Wilhelm, R.C., van Es, H.M., & Buckley, D.H. (2022). Predicting measures of 

soil health using the microbiome and supervised machinelearning. 

Soil Biology and Biochemistry, 164, 108472. 

http://doi.org/10.1016/j.soilbio.2021.108472. 

Xiong, C., Zhu, Y.G., Wang, J.T., Singh, B., Han, L.L., Shen, J.P., & Ge, A.H. 

(2021). Host selection shapes crop microbiome assembly andnetwork 

complexity. New Phytologist, 229(2), 1091–1104. 

https://doi.org/10.1111/nph.16890. 

Yakovlev, A.P., & Vogulkin, K.E. (2003). Introduktsiya kul'turnykh sortov 

Vaccinium vitis-idaea L. na vyrabotannykh torfyanikakh Belorusskogo 

Poozer'ya [Introduction of cultivated varieties of Vaccinium vitis-idaea 

L. on depleted peatlands of the Belarusian Lakes Region]. In: Proc. V 

Int. Symp. “Novye i netradicionnye rasteniya i perspektivy ih 

ispol'zovaniya”, 2, 193–195. 

Ye, S., Peng, B., & Liu, T. (2022). Effects of organic fertilizers on growth 

characteristics and fruit quality in Pear-jujube in the Loess Plateau. 

Scientific Report, 12, 13372. https://doi.org/10.1038/s41598-022-

17342-5 

Zaparanyuk, A.E. (1984). Povyshenie urozhaynosti dikorastushchikh 

yagodnikov putem primeneniya mineralnykh udobreniy na Urale 

[Increasing the yield of wild berry bush plants by using mineral 

fertilizers in the Urals] [PhD Thesis]. Sverdlovsk, USSR. 

Zhong, W.H., & Cai, Z.C. (2007). Long-term effects of inorganic fertilizers on 

microbial biomass and community functional diversity in a paddy soil 

derived from quaternary red clay. Applied Soil Ecology, 36, 84–91. 

https://doi.org/10.1016/j.apsoil.2006.12.001  
 

 

 

https://doi.org/10.1007/s00284-021-02634-2
https://doi.org/10.1016/j.envres.2023.116418
https://doi.org/10.17660/ActaHortic.1985.165.38
https://doi.org/10.3390/agronomy13102645
https://doi.org/10.3390/agronomy14112533
https://doi.org/10.1111/j.1461-0248.2008.01245.x
https://doi.org/10.1111/j.1461-0248.2008.01245.x
https://doi.org/10.1111/mec.13010
https://doi.org/10.1007/s004420100661
https://doi.org/10.15372/SJFS20190408
https://doi.org/10.12737/20633
https://doi.org/10.34655/bgsha.2022.66.1.015
https://doi.org/10.1016/B978-0-12-819001-2.00021-8
https://doi.org/10.1016/j.jep.2022.115207
https://doi.org/10.3390/antiox9121261
http://doi.org/10.3390/agriculture14010152
https://doi.org/10.1073/pnas.1320054111
https://doi.org/10.1021/jf048379m
http://doi.org/10.1016/j.soilbio.2021.108472
https://doi.org/10.1111/nph.16890
https://doi.org/10.1038/s41598-022-17342-5
https://doi.org/10.1038/s41598-022-17342-5
https://doi.org/10.1016/j.apsoil.2006.12.001

