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Assessment of the impact of growth biostimulants  

on the effects of stimulating branching 

in maiden apple tree 

Ocena wpływu biostymulatorów wzrostu na efekty stymulacji rozgałęzienia 

u okulantów jabłoni 

Abstract. Modern methods of cultivating trees in a nursery plants require nursery stock of very good 

quality, free from viruses, with an extensive root system, strong growth and, most importantly, with 

the correct structure of the tree crown, i.e. the number of lateral shoots. High-quality planting material, 

properly branched, determines the productive efficiency of the trees in a nursery in subsequent years 

of cultivation and its profitability. The research was conducted in 2017–2019 at a private nursery farm 

near Lublin. The purpose of the research was to analyze the effect of mixtures of biostimulants with 

growth regulators of natural origin on the effectiveness of chemical treatment to stimulate the emer-

gence of lateral shoots in apple trees of the Gloster. The study showed that the height of maiden apple 

trees of the Gloster. significantly depended on the concentration of growth regulators. The best results 

were achieved using a mixture of AGRIMIX PRO (35 ml) and Maxifruit, producing trees 6% taller 

than the control. The number of side shoots, the average length of one shoot and the sum of the lengths 

of side shoots significantly depended on the number of growth regulator applications. Double applica-

tion of AGRIMIX PRO resulted in an increase in the number of side shoots by 37.5% compared to 

single application, while in the case of a mixture of growth regulators with a biostimulant this effect 

was less pronounced and amounted to 17.0%.The biostimulation treatment with Maxifruit does not 

guarantee improved tree growth and quality, but its use in combination with the growth regulator 

AGRIMIX PRO improves the effectiveness of treatments that stimulate apple branching. 
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INTRODUCTION 

The efficiency and profitability of a nursery farm depends on the quality of the plants 

produced there. On the other hand, the use of high-quality nursery stock in horticultural 

cultivation determines the productive efficiency of the trees in subsequent years of culti-

vation [Gudarowska 2002, Rejman et al. 2002, Basak 2009, Czynczyk 2012, Kumawat et 

al. 2023, 2025], and thus its profitability [Skrzyński and Poniedziałek 2000, Bielicki and 

Pąśko 2013, Kapłan et al. 2017]. 

Modern methods of cultivating trees in a nursery plants require planting material of 

very good quality, free of viruses, with an extensive root system [Zhalnerchyk et al. 2015], 

with strong growth and the right structure of the tree crown, i.e. the number of lateral 

shoots [Skrzyński and Poniedziałek 2000, Bielicki and Pąśko 2013, Kapłan et al. 2017]. 

Producing plants with such characteristics is a complex process, often taking several years, 

e.g., trees on a 3-year cycle (the so-called knip-boom) or on a 2-year cycle [Gudarowska 

2002, Basak 2009, Czynczyk 2012]. 

The quality of the nursery stock produced is influenced by a number of factors, start-

ing with the growth strength of the rootstock used [Gudarowska 2002, Kviklys 2004, 2006, 

Kapłan and Baryła 2006, Nečas et al. 2018, 2020], the predisposition of the cultivar to 

form lateral shoots [Kapłan and Baryła 2006] and ending with external factors, i.e. the 

type and effectiveness of treatments to stimulate branching, soil and climatic conditions 

related to the location of the nursery and weather conditions during the initiation and 

growth of lateralshoots [Gudarowska and Szewczuk 2002, Jacyna 2002, Matysiak and 

Adamczewski 2009, Kapłan et al. 2017, Laňar et al. 2020]. 

Many popular apple tree cultivars at the nursery stage have a problem with the formation 

of a crown consisting of 5–8 lateral shoots. The reason for this is the apical dominance of 

the main shoot. In an attempt to prevent this phenomenon, nurserymen use mechanical treat-

ments to stimulate branching of young trees, such as pinching the apical shoot, twisting the 

apex of growth by 180°, removing lateral shoots from the lower parts of the tree and root-

stock [Rejman et al. 2002, Kapłan 2016] and chemical treatments [Kopytowski and 

Markuszewski 2009, Elfving 2010, Dorić et al. 2015, Lordan et al. 2017, Nečas et al. 2018]. 

Horticultural production is constantly looking for innovative solutions that have a ben-

eficial effect on plant productivity, and the introduced EU restrictions require them to be 

environmentally friendly at the same time [Pacholczak et al. 2012, Kozak et al. 2016, Bura-

czyk et al. 2020, Laňar et al. 2020]. Therefore, in nursery cultivation one can notice an in-

crease in interest in biopreparations, which can be such a group combining both features, i.e. 

stimulate the growth and development of plants (e.g. growth of the root system and above-

ground parts), and, in addition, contain substances that have little impact on the environment 

[Hetman and Adamiak 2003, Kapłan et al. 2021]. Biostimulants meet these challenges. 

According to the EU definition for Member States, a plant biostimulant means a ma-

terial containing substance(s) or microorganisms, intended for application to the plant, 

seed or root zone to stimulate natural processes that increase nutrient use efficiency, abi-

otic stress tolerance and/or yield quality, the effect of which does not depend on nutrient 

content [Traon et al. 2014]. These are natural or synthetic compounds, which include free 

amino acids, humic substances, extracts from marine algae, the polysaccharide chitosan, 

https://yadda.icm.edu.pl/baztech/contributor/e8e6595a6cdd8f567994056069fbeeaf
https://yadda.icm.edu.pl/baztech/contributor/e8e6595a6cdd8f567994056069fbeeaf
https://yadda.icm.edu.pl/baztech/contributor/488dd808d3427bff482a75b0229c4d0b
https://yadda.icm.edu.pl/baztech/contributor/e8e6595a6cdd8f567994056069fbeeaf
https://yadda.icm.edu.pl/baztech/contributor/488dd808d3427bff482a75b0229c4d0b
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equivalents of natural phytohormones, phosphites, effective microorganisms and vitamins 

[Gawrońska and Przybysz 2011]. Biostimulants are safe and all-purpose preparations that 

support various physiological processes of plants and positively affect their overall condi-

tion, and the demonstration of their positive effect on plants depends largely on the prep-

aration used and the plant species [Matyjaszczyk 2015]. 

The aim of the study was to analyze the influence of mixtures of growth biostimulants: 

AGRIMIX PRO and Maxifruit SL on the effectiveness of chemical growth stimulation on 

the growth and quality of maiden apple trees of the Gloster, budded on the M9 rootstock 

in the Lublin region in eastern Poland. 

MATERIAL AND METHODS 

Description of the experimental design 

The study was conducted in 2017–2019 years at a private nursery farm located in the 

Lublin district, 5 km from Lublin (GPS: 51.285260, 22.616847). The experimental mate-

rial was an apple Gloster budded on M.9 RN 29 rootstocks. The experiment evaluated the 

growth and quality of apple cv. apple trees after the application of treatments to stimulate 

branching. The experiment was set up in a randomized block design and included 11 com-

binations in 5 repetitions (one repetition was a plot with 10 plants). In each of the tested 

combinations, 50 plants were observed and measured.  

The following combinations were used in the experiment: 

Control – trees not sprayed, not treated to stimulate branching, 

2. AGRIMIX PRO 25 ml per 1 liter of water – 1 application, 

3. AGRIMIX PRO 35 ml per 1 liter of water – 1 application, 

4. AGRIMIX PRO 25 ml + Maxifruit SL 0.2% per 1 liter of water – 1 application, 

5. AGRIMIX PRO 35 ml + Maxifruit SL 0.2% per 1 liter of water – 1 application, 

6. AGRIMIX PRO 25 ml per 1 liter of water – 2 applications, 

7. AGRIMIX PRO 35 ml per 1 liter of water – 2 applications, 

8. AGRIMIX PRO 25 ml + Maxifruit SL 0.2% per 1 liter of water – 2 applications, 

9. AGRIMIX PRO 35 ml + Maxifruit SL 0.2% per 1 liter of water – 2 applications, 

10. Maxifruit SL 0.2% per 1 liter of water – 1 application, 

11. Maxifruit SL 0.2% per 1 liter of water – 2 applications. 

Principles and application methods of growth regulators and biostimulation 

Each year, the experiment was established in June, when the maiden apple trees 

reached a height of approximately 75 cm. The six youngest, well-developed lateral buds 

and leaves just below the cone were sprayed with a water solution. Applications were 

performed once or twice during the growing season – the first application after the maiden 

apple trees reached an average height of approximately 75 cm, while the second applica-

tion, in the case of the double-application combination, was performed 10 days after the 

first spray. Chemical treatments for branching stimulation consisted of application in the 

form of an aqueous solution of AGRIMIX PRO (manufacturer Agrimix s.r.l.) at a dose of 

25 and 35 ml per liter of water. AGRIMIX PRO [GA4 + 7 gibberellins – 19.1 g/l (1.8%) and 
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6-benzyladenine – 19.1 g/l (1.8%)] is the Italian equivalent of the Promalin 3.6 SL formu-

lation. Depending on the combination, the AGRIMIX PRO preparation was applied as  

a single-component solution or a mixture, i.e. the growth biostimulant Maxifruit (manu-

facturer Timac Agro) was added to the prepared solution. Maxifruit (NMX® Complex,  

N 3%, P 7%, K 7%, Mn 0.05%, Zn 0.1%), contains extracts from plants living in extreme 

conditions (marine, desert and tropical), phytohormone precursors and transmitters for 

their expression and nutrients that support the action of substances that stimulate the pro-

duction of natural phytohormones in the plant. The adjuvant Superam 10 AL was added 

to the prepared solution each time. During the experiment, regular protection against dis-

eases, pests and weeds was carried out, and all treatments were carried out in accordance 

with the current nursery stock protection program. Adjuvant was used only in combina-

tions where growth regulators were used. 

Measurements and observations  

In autumn, after October 10 and the end of apple tree growth, the height, number of 

side shoots and length of all lateral shoots were measured. The height of the trees from the 

ground to the apical bud of the main shoot was measured with a scaler with an accuracy 

of 1.0 cm. On each maiden apple trees, lateral shoots were counted and their length was 

measured. Based on the measurements, the following were calculated: the sum of the 

length of the lateral shoots and the average length of the lateral shoot. 

Statistical analysis 

The results obtained in the experiment were statistically analyzed using the one-way 

analysis of variance method. Additionally, the results were presented graphically using  

a dendrogram. Correlations between parameters determining the growth and quality of 

maiden apple trees and weather conditions were estimated by calculating Pearson corre-

lation coefficients. Inference was based on significance p < 0.05. All statistical analyses 

were performed in SAS Enterprise Guide 5.1 software. 

RESULTS 

The average air temperature for the 2017–2019 growing season was higher than the 

multi-year average (in 2017 by 1.5°C, while in 2018 and 2019 by 2.5°C). The above de-

pendence were also observed in the individual months of the growing season. The warmest 

month in all the analyzed years was August, while the coolest month was April (tab. 1). 

Table 1 shows the total precipitation for the 2017–2019 period, which varied signifi-

cantly by growing season. In the first year it was 292.00 mm higher than the multi-year 

average, in 2018 it was 61.00 mm, while in 2019 it was equal to the multi-year average. 

The highest precipitation was recorded in 2017 in June (282.00 mm), 2018 in July (124.00 

mm), and in 2019 in August (102.00 mm). 
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Table 1. Average monthly air temperatures and total precipitation according to  

the Agrometeorological Station in Lublin during the months of April to October in 2017–2019 

Air temperature (°C) 

Year IV V VI VII VIII IX X average 

2017 8.0 14.1 19.6 18.9 20.2 13.5 8.5 14.7 

2018 7.5 16.7 18.8 20.6 20.8 15.5 10.0 15.7 

2019 9.5 13.4 21.5 19.4 20.3 14.5 11.0 15.7 

Multi-year average 7.4 13.0 16.3 18.0 17.2 12.6 7.6 13.2 

Total precipitation (mm) 

Year IV V  VI VII  VIII  IX  X  sum  

2017 55.0 29.1 282.0 107.9 48.0 80.0 90.0 692.0 

2018 40.0 56.0 65.0 124.0 72.0 68.0 36.0 461.0 

2019 49.0 93.0 37.0 38.0 102.0 52.0 29.0 400.0 

Multi-year average 39.0 60.7 65.9 82.0 70.7 53.7 40.1 400.0 

The height of maiden apple trees ranged from 153.92 to 166.07 cm (tab. 2). It was 

shown that the trait under study was significantly influenced by branching and biostimu-

lation treatments. In the case of maiden apple trees treated with growth regulators, no sig-

nificant effect of the number of applications on the studied trait was shown. A significant 

effect of the number of treatments was shown only in the case of biostimulant application. 

It was found that significantly the highest maiden apple trees were after the application of 

Maxifruit, while significantly the lowest were after AGRAMIX PRO. Within the maiden 

apple trees treated with growth regulators, a significantly favorable effect of biostimula-

tion on the final height of the studied apple trees was shown (tab. 2).  

The number of lateral shoots of maiden apple trees of the Gloster ranged from 

0.84 to 4.36 units (tab. 2). A significant effect of branching and biostimulation treatments 

and the number of applications on the studied trait was shown. In the case of maiden apple 

trees treated with branching, it was found that two applications of growth regulators signifi-

cantly increased the number of shoots compared to a single application. In maiden apple 

trees treated with a biostimulant preparation, the relationships were significantly opposite. 

A significantly beneficial effect of growth regulators on the studied trait was demonstrated. 

The trees in the above-mentioned combinations formed significantly more lateral shoots than 

the control and biostimulation-treated trees. Within the combinations where AGRAMIX 

PRO was applied, it was shown that the addition of the biostimulant to the solution signifi-

cantly positively increased its effect. The maiden apple trees treated with the biostimulant 

preparation formed significantly fewer lateral shoots than the control (tab. 2).  

Analyzing the average length of one shoot showed that this trait depended significantly on 

the number of applications and branching and biostimulation treatments (tab. 2). Regardless of 

the combination, trees treated twice with growth regulators and biostimulant had significantly 

longer shoots than those treated once. AGRIMIX PRO had a significantly beneficial effect on 

lateral shoot length compared to trees treated with biostimulants and controls. Within the com-

binations where chemical branching treatment with AGRAMIX PRO was applied, a signifi-

cantly unfavorable effect of biostimulation on the tested parameter was shown. Control trees 

formed significantly shorter shoots than after application of Maxifruit (tab. 2). 



Table 2. Influence of the number of applications on the growth and quality of maiden apple trees Gloster 

Parameter 
Number of 

applications 
Control Maxifruit AGRIMIX PRO 

AGRIMIX PRO + 

Maxifruit 
p-value

Height of maiden  

apple trees in autumn 

(cm) 

1 
156.36 ±14.22 Ac 

165.18 ±15.02 Ba 153.92 ±14.00 Ad 161.12 ±14.65 Ab 0.0001 

2 166.07 ±15.10 Aa 156.00 ±14.18 Ac 162.66 ±14.79 Ab 0.0001 

p-value 0.9874 0.0001 0.1045 0.6252 – 

Number of lateral shoots 

(pcs) 

1 
1.28 ±0.12 Ac 

1.04 ±0.09 Ad 2.88 ±0.26 Bb 3.72 ±0.34 Ba 0.0001 

2 0.84 ±0.08 Bd 3.96 ±0.36 Ab 4.36 ±0.40 Aa 0.0001 

p-value 0.9621 0.0001 0.0001 0.0027 – 

Average length of one 

shoot (cm) 

1 
2.56 ±0.23 Ad 

15.62 ±1.42 Bc 25.10 ±2.28 Ba 22.07 ±2.01Bb 0.0001 

2 17.24 ±1.57 Ac 28.49 ±2.59 Aa 27.24 ±2.48 Ab 0.0001 

p-value 0.9854 0.0001 0.0473 0.0001 – 

Total length of 

 lateral shoots 

(cm) 

1 
3.28 ±0.30 Ad 

16.24 ±1.48 Ac 72.62 ±6.60 Bb 82.30 ±7.48 Ba 0.0001 

2 14.48 ±1.32 Bc 112.28 ±10.21 Ab 118.50 ±10.77 Aa 0.0001 

p-value 0.9631 0.0001 0.0001 0.0001 – 

Different letters A, B, C in the same column and a, b, c in the same line indicate statistically significant differences (p < 0.05)  
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The sum of lateral shoot lengths ranged from 3.28 to 118.50 cm and significantly 

depended on the number of applications and branching and biostimulation treatments 

(tab. 2). Trees treated twice with AGRAMIX PRO were characterized by a significantly 

higher sum of lateral shoot lengths than after a single application. The opposite relation-

ship was found for trees treated with Maxifruit. Trees treated with branching had a signif-

icantly higher sum of lateral shoots than the others. Within the maiden apple trees treated 

with growth regulators, it was found that the addition of the biostimulant treatment signif-

icantly positively affected the level of the evaluated parameter. Maxifruit-treated maiden 

apple trees had significantly higher sum of lateral shoot lengths than controls (tab. 2). 

Table 3 shows the effect of the concentration of growth regulators in the form of the 

AGRAMIX PRO preparation and a mixture of AGRAMIX PRO and Maxifruit preparations 

on the height and quality parameters of maiden apple trees of the 'Gloster', regardless of the 

examined year and the number of applications. The height of apple tree maiden in autumn 

in combinations with AGRAMIX PRO preparations treated with a lower concentration, i.e. 

25 ml, was significantly lower than the others. In the case of a mixture of AGRAMIX PRO 

and Maxifruit preparations, it was shown that the maiden apple trees treated with a higher 

concentration of growth regulators, i.e. 35 ml, were significantly the highest. Analyzing the 

structure of the crown, which consists of such parameters as the number and average length 

of lateral shoots and the sum of the length of syleptic shoots, showed an unambiguous sig-

nificantly beneficial effect of growth regulators. There was no significant effect of the dose 

of AGRAMIX PRO preparation on the evaluated quality parameters of apple trees, this ten-

dency persisted in the case of the combination with AGRAMIX PRO preparation and the 

mixture of AGRAMIX PRO and Maxifruit preparations (tab. 3). 

Table 3. Effect of the concentration of AGRIMIX PRO preparation on the growth and quality  

of maiden apple trees of the Gloster 

Preparation Dose 

Height of maiden 

apple trees  

(cm) 

Number of lateral 

shoots 

(pcs) 

Average length 

of one shoot 

(cm) 

Total length of 

lateral shoots 

(cm) 

AGRIMIX PRO 

control 156.36 ±14.22 A 1.28 ±0.12 B 2.56 ±0.23 B 3.28 ±0.30 B 

25 ml 153.74 ±2.65 B 3.60 ±0.61 A 26.49 ±0.72 A 94.98 ±13.65 A 

35 ml 156.18 ± 0.37 A 3.24 ±0.57 A 27.11 ±4.43 A 89.92 ±29.80 A 

p-value 0.0173 0.0001 0.0001 0.0001 

AGRIMIX 

PRO + Maxifruit 

control 156.36 ±14.22 B 1.28 ±0.12 B 2.56 ±0.23 B 3.28 ±0.30 B 

25 ml 158.16 ±4.21 B 3.84 ±0.53 A 24.71 ±3.49 A 96.16 ±26.12 A 

35 ml 165.62 ±2.52 A 4.24 ±0.18 A 24.61 ±2.17 A 104.64 ±13.54 A 

p-value 0.0001 0.0001 0.0001 0.0001 

* Different letters A, B, C  in the same column and  a, b, c in the same line indicate statistically significant dif-

ferences (p < 0.05) 

Table 4 shows the impact of biostimulation in the form of Maxifruit on the effective-

ness of AGRIMIX PRO regardless of the number of applications and year of study. In the 

case of a lower dose of AGRIMIX PRO, no significant effect of biostimulation on the 

growth and quality of apple tree maiden was shown. A similar tendency occurred in the 
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combination where a higher dose of AGRIMIX PRO was applied, when the average length 

of one shoot and the sum of the length of lateral shoots were evaluated. A significantly 

beneficial effect of the higher dose of AGRIMIX PRO + Maxifruit was found for the 

height of maiden apple trees in autumn and the number of lateral shoots (tab. 4). 

Table 4. Effect of biostimulation on the effectiveness of growth regulators regardless of  

the number of applications and year of study 

Dose Preparation 

Height of maiden 

apple trees 

(cm) 

Number of lat-

eral shoots  

(pcs) 

Average length 

of one shoot  

(cm) 

Total length of 

lateral shoots  

(cm) 

25 ml 

AGRIMIX PRO 153.74 ±2.65 A 3.60 ±0.61 A 26.49 ±0.72 A 94.98 ±13.65 A 

AGRIMIX PRO 

+ Maxifruit 
158.16 ±4.21 A 3.84 ±0.53 A 24.71 ±3.49 A 96.16 ±26.12 A 

p-value 0.0545 0.4835 0.2509 0.9238 

35 ml 

AGRIMIX PRO 156.18 ±0.37 B 3.24 ±0.57 B 27.11 ±4.43 A 89.92 ±29.80 A 

AGRIMIX 

PRO + Maxifruit 
165.62 ±2.52 A 4.24 ±0.18 A 24.61 ±2.17 A 104.64 ±13.54 A 

p-value 0.0001 0.0021 0.2431 0.2964 

* Different letters A, B, C in the same column and a, b, c in the same line indicate statistically significant  

differences (p < 0.05) 

 

Fig. 1. Cluster analysis of parameters determining the branching quality of maiden apple trees  

of the Gloster 
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Figure 1 shows a cluster analysis of the crown structure of the Gloster of apple trees 

regardless of the year of study and number of applications. The dendogram below shows 

two distinct clusters. The first cluster refers to combinations in which growth regulators 

and mixtures of growth regulators and biostimulation were applied. Within the large clus-

ter, we can distinguish a subgroup that includes combinations showing very high similar-

ity, i.e. AGROMIX PRO 25 ml + Maxifruit and AGROMIX PRO 35 ml. The next simi-

larity was observed with AGRO-MIX PRO 25 ml and AGROMIX PRO 35 ml + Maxifruit. 

Controla and the Maxifruit combination formed a separate cluster. 

It was observed that the number and total length of lateral shoots correlated with av-

erage air temperature, while the height of maiden apple trees and average length of one 

shoot did not show this relationship. The analyzed traits showed no correlation with the 

sum of precipitation and the year of the study (tab. 5). 

 

Table 5. Correlation of growth and quality of maiden apple trees with weather conditions during 

the plant growth period (April–October) and the year of study 

Specification 
Average air tem-

perature (°C) 

Rainfall totals 

(mm) 
Year of study 

Height of maiden apple trees in autumn 

(cm) 
–0.1248 –0.3551 –0.2987 

Number of lateral shoots (pcs) 0.5189* 0.1157 0.2684 

Average length of one shoot (cm) 0.3703 0.1381 0.3111 

Total length of lateral shoots (cm) 0.4875* 0.1447 0.2631 

DISCUSSION 

Biostimulants contain biologically active substances that positively affect plant 

growth and development. They improve the tolerance of plants to unfavorable environ-

mental conditions, and some can affect the development of the root system [Hetman i Ada-

miak 2002, Jankowski and Dubis 2008, Kapłan et al. 2021, Kapłan et al. 2023]. Extracts 

from marine algae are used in horticultural practice as agents that increase the size and 

quality of crops [Matysiak and Adamczewski 2009, Pacholczak et al. 2012]. In the work 

of Klimek et al. [2018] demonstrated the is-total effect of a growth regulator and its dosage 

as well as biostimulation on the height of Szampion Reno maiden apple trees. These stud-

ies demonstrated that the use of AGRIMIX PRO at the highest dose, 35 ml, resulted in 

a significant reduction in the height of the trees under evaluation. This could be attributed 

to the extensive branching of the plants and their well-developed side shoots. Biostimulant 

applications in the form of Asahi SL in the study by Klimek et al. [2018] had a signifi-

cantly beneficial effect on the evaluated parameter, which was also confirmed in the pre-

sent study. Kaplan and Baryła [2006] showed no significant effect of the preparation dose 

on the height of the maiden apple trees of two-year-old apple trees. The growth of maiden 

apple trees was significantly independent of average air temperature and precipitation 

sum, these relationships did not confirm the previous results of Klimek et al. 2018 and 

Kaplan and Baryła [2006]. Gąstoł et al. [1999, 2012] using preparations based on 

bezyladein (BA) and gibberellins (GA3 and GA4 + 7) showed no significant effect on the 

height of maiden apple trees of Boskoop and Mutsu cultivars. In a study by Hetman and 
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Adamiak [2003], the application of Asahi SL in the form of plant sprays produced bene-

ficial effects in the cultivation of multiflora rose rootstock. The application of Asahi SL 

concentrations from 0.1% to 0.6% had a stymulative effect on the diameter and length of 

the root neck, as well as the weight of the aboveground part and the root system. The result 

was a good quality of multifloral rose rootstocks, which grew to periculations already in 

the first half of August despite the not favorable weather conditions immediately after the 

establishment of the experiment. Similar observations were demonstrated in a newly es-

tablished apple orchard, where the application of biostimulants had a beneficial effect on 

the growth and development of apple trees of the Gala Must cultivar [Kapłan et al. 2021]. 

This study demonstrated that the number of lateral shoots is influenced by the dose and 

number of AGRIMIX PRO applications and the biostimulation treatment. Maiden apple 

trees treated with growth regulators and biostimulation produced significantly more lateral 

shoots than control trees. These relationships have been confirmed in numerous papers 

[Gąstoł et al. 1999, Klimek et al. 2018, Kapłan 2006]. An inconclusive effect on the degree 

of branching of two-year-old apple trees was shown by Kaplan and Baryła [2006]. In the 

above study, more lateral shoots were obtained in combinations treated with growth reg-

ulators than in the control, but the effect was not always significant. The number of lateral 

shoots was observed to significantly increase after the application of the Maxifruit bi-

ostimulant. This phenomenon likely stems from the fact that the effectiveness of exoge-

nous growth regulators depends on numerous environmental factors, and the use of the 

biostimulant supported and enhanced the branching effect. Hetman and Adamiak [2003], 

evaluating the effect of Asahi SL on the quality of large-flowered roses, showed that the 

least effective effect of the biostimulant was observed at the number of first-order shoots 

compared to plants growing in control plots. The average length per shoot depended sig-

nificantly on the number of applications and branching and biostimulation treatments. 

Klimek et al. [2018] showed that the maiden apple trees of the cultivar Szampion  Reno 

treated with the lowest dose of AGRIMIX PRO produced istotally longer shoots than after 

application at a dose of 35 ml and in the control trial. The aforementioned study showed 

a significantly beneficial effect of the Asahi SL preparation on the studied parameter. The 

sum of lateral shoot lengths significantly depended on the number of applications and 

branching and biostimulation treatments. 

Klimek et al. [2018] showed that maiden apple trees treated with growth regulators 

formed a higher sum of all shoot lengths compared to the control. They found that as the 

concentration of AGRIMIX PRO increased, the sum of syleptic shoot lengths increased sig-

nificantly.Similar results were obtained by Gąstoł et al. [1999]. In the study of Poniedziałek 

and Porębski [1992], a significant effect on the sum of lateral shoot lengths was exerted by 

spraying with a mixture of BA + GA3 (Arbolin 036 SL), while the preparation Paturyl 100 

SL (BA) had only a slight effect on increasing the sum of increments, since the resulting 

shoots are too short. In an earlier study by these authors Poniedzialek and Porębski [1992], 

the formulations Promalin 3.6 SL and Arbolin 036 SL affected the average sum of shoot 

length, but no significant differences were found between the formulations used. 
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CONCLUSIONS 

1. The height of maiden apple trees of the Gloster significantly depended on the con-

centration of applied growth regulators. Trees treated with a higher concentration (35 ml) 

were significantly higher than those treated with a lower dose (25 ml). A significantly 

beneficial effect of the Maxifruit biostimulator on the height of the examined maiden apple 

trees was demonstrated with the use of a higher dose of AGRIMIX PRO. 

2. The number of side shoots, average length of a single shoot, and the sum of side 

shoot lengths were significantly dependent on the number of growth regulator applica-

tions. A double application of AGRIMIX PRO had a beneficial effect on crown structure 

parameters of maiden trees of the Gloster cultivar compared to a single application. 

3. The crown structure of maiden apple trees of the Gloster cultivar, determined by 

the number and length of lateral shoots and their sum, is significantly correlated with the 

average air temperature during the growing season, which indicates a significant influence 

of thermal conditions on the effectiveness of tree branching and should be taken into ac-

count when planning treatments stimulating the development of trees in the nursery. 

4. Using the Maxifruit biostimulator alone does not significantly improve the growth 

or quality of young apple trees of the Gloster. However, its use in combination with growth 

regulators such as AGRIMIX PRO significantly increases the number of lateral shoots, 

promotes branching development, and improves crown structure parameters, indicating 

the significant value of this combination in nursery practice. 

REFERENCES 

Basak A., 2009. Regulatory wzrostu w matecznikach, szkółkach i młodych sadach. Plantpress 

Warszawa.  

Bielicki P., Pąśko M., 2013. Effect of the rootstocks on the quality of apricot maiden trees produced 

in the organic nursery. J. Res. Appl. Agric. Eng. 58(3). 

Buraczyk W., Żybura H., Ostaszewska E. et al., 2020. Zastosowanie biostymulatorów w hodowli 

i ochronie sadzonek dębu szypułkowego (Quercus robur L.) w gruntowej szkółce leśnej. Syl-

wan 164(4), 292−299. 

Czynczyk A., 2012. Szkółkarstwo sadownicze. Powszechne Wydawnictwo Rolnicze i Leśne, War-

szawa. 

Dorić, M., Keserović, Z., Magazin, N., Milić, B., 2015. The effects of BA and BA + GA4 + 7 on 

the main shoot growth dynamics and the feather formation in two-year-old ‘knip-boom’ apple 

trees. In: Proceedings of 50th Croatian & 10th International Symposium on Agriculture. 

Opatija, Croatia, 16–20 February 2015, University of Zagreb, 555–559. 

Elfving D.C., 2010. Plant bioregulators in the deciduous fruit tree nursery. Acta Hortic. 884, 159–

166. https://doi.org/10.17660/ActaHortic.2010.884.18. 

Gawrońska H., Przybysz A., 2011. Biostymulatory: mechanizmy zastosowania i przykłady zastoso-

wań. Materiały konferencyjne TSW. Warszawa, 5−6 stycznia 2011 r.,7−13. 

Gąstoł M., Poniedziałek W., Banach P., 1999. Wpływ preparatu Arbolin 36SL na rozgałęzianie 

sięokulantów jabłoni. Zesz. Nauk. AR Krak. 351, 81–85. 

Gudarowska E., 2002. Wpływ wysokości przycięcia jednorocznych okulantów pięciu odmian ja-

błoni na wysokość otrzymanych drzewek dwuletnich. Zesz. Nauk. ISiK 10, 75–82 

https://yadda.icm.edu.pl/baztech/contributor/e8e6595a6cdd8f567994056069fbeeaf
https://yadda.icm.edu.pl/baztech/contributor/488dd808d3427bff482a75b0229c4d0b
https://yadda.icm.edu.pl/baztech/element/bwmeta1.element.baztech-journal-1642-686X-journal_of_research_and_applications_in_agricultural_engineering
https://yadda.icm.edu.pl/baztech/element/bwmeta1.element.baztech-013fd910-c618-4a02-baad-b449d821ff5b
https://doi.org/10.17660/ActaHortic.2010.884.18


M. KAPŁAN, S. PLUCHON, K. KLIMEK  

 

100 

Gudarowska E., Szewczuk A., 2002. Wpływ czynników agrotechnicznych i bioregulatorów na sto-

pień rozgałęziania jednorocznych i dwuletnich drzewek jabłoni odmian ‘Gala’ i ‘Alwa’ na pod-

kładce M.26. Zesz. Nauk. ISiK 10, 29–37. 

Hetman J., Adamiak J., 2002. Wpływ Asahi SL na jakość podkładki róży wielkokwiatowej (Rosa 

multiflora THUNB.). Zesz. Probl. Post. Nauk Rol. 491, 61–67. 

Jacyna T., 2002. Factors influencing lateral-branch formation in woody plants. Acta Agrobaot., 

55(2), 5–25. 

Jankowski K., Dubis B., 2008. Biostimulators in plant field production. Mat. Conf. Biostimulators 

in Modern Plant Breeding. Plant Press, Warsaw, 24–25. 

Kapłan M., Baryła P., 2006. The effect of growth regulators on the quality of two- year-old apple 

trees of ‘Sampion’ and ‘Jonica’ cultivars. Acta Sci. Pol. Hortorum Cultus, 5(1), 79–89. 

Kapłan M., 2012. Mechaniczne metody stymulacji rozgałęzienia drzew. Szkółkarstwo 3, 67–70. 

Kapłan M., Jurkowski G., Krawiec M. et al., 2017. Wpływ zabiegów stymulujących rozgałęzianie 

na jakość okulantów jabłoni. Ann. Hortic. 27(3), 5–20. 

Kapłan M., Lenart A., Klimek K. et al., 2021. Assessment of the possibilities of using cross-linked 

polyacrylamide (agro hydrogel) and preparations with biostimulation in building the quality 

potential of newly planted apple trees. Agron.-Basel 11(1), 125. https://doi.org/10.3390/ 

agronomy11010125 

Kapłan M., Klimek K., Buczyński K. et al., 2023. Evaluation of the effect of biostimulation on the 

yielding of Golden Delicious apple trees. Appl. Sci.-Basel 13(16), 9389. 

https://doi.org/10.3390/app13169389 

Klimek K., Kapłan M., Najda A., 2018. Effect of growth regulators on quality of apple tree maidens. 

Acta Agrophys. 25, 3. 

Kopytowski J., Markuszewski B., 2009. Wpływ Arbolinu 036 SL i uszczykiwania liści szczytowych 

na rozgałęzianie się drzewek jabłoni w szkółce. Zesz. Probl. Postępów Nauk Roln. 539(1),  

333–339. 

Kozak M., Wondołowska-Grabowska A., Serafin-Andrzejewska M. et al., 2016. Biostymulatory – 

wczoraj, dziś i jutro. In: D. Łuczyńska D. (ed.), Rolnictwo XXI wieku – problemy i wyzwania. 

Idea Knowledge Future, Wrocław, 114−122. 

Kumawat K.L., Raja W.H., Chand L. et al., 2023. Influence of plant growth regulators on growth 

and formation of sylleptic shoots in one-year-old apple cv. ‘Gala Mast’. J. Env. Biol. 44, 122–

133. 

Kumawat K.L., Raja W.H., Mir J.I. et al., 2025. Effect of genotype and leader type on benzyladenine 

induced sylleptic branching in apple nursery trees. Hort. Sci. (Prague) 52, 33–41. 

Kviklys, D., 2004. Apple rootstock effect on the quality of planting material. Acta Hortic. 658, 641–

645. https://doi.org/10.17660/ActaHortic.2004.658.97 

Kviklys, D., 2006. Induction of feathering of apple planting material. Agronomijas Vestis 9, 58–63. 

Laňar L., Měszáros M., Kyselová K. et al., 2020. Branching of nursery apples and plums using 

various branching inducing methods. J. Central Eur. Agric. 21(1), 113–123. 

https://doi.org/10.5513/JCEA01/21.1.2459 

Lordan J., Robinson T.L., Sazo M.M. et al., 2017. Use of plant growth regulators for feathering and 

flower suppression of apple nursery trees. HortScience 52(8), 1080–1091. https://doi.org/ 

10.21273/HORTSCI11918-17 

Matyjaszczyk E., 2015. Wprowadzanie biostymulatorów do obrotu handlowego w Polsce. Sytuacja 

bieżąca i uwarunkowania prawne. Przem. Chem. 94(10), 1841–1844. 

Matysiak K., Adamczewski K., 2009. Regulatory wzrostu i rozwoju roślin – kierunki badań w Pol-

sce i na świecie. Prog. Plant Prot. 49(4), 1810–1816. 

Nečas T., Wolf J., Kiss T. et al., 2018. Use of different plant growth regulators for control of shoot 

branching in apple and pear trees. Acta Hortic. 1206, 225–232. https://doi.org/10.17660/Acta-

Hortic.2018.1206.31 

https://doi.org/10.21273/HORTSCI11918-17
https://doi.org/10.21273/HORTSCI11918-17
https://doi.org/10.17660/ActaHortic.2018.1206.31
https://doi.org/10.17660/ActaHortic.2018.1206.31


Assessment of the impact of growth biostimulants on the effects of stimulating…  

 

101 

 

Nečas T., Wolf J., Kiss T. et al., 2020. Improving the quality of nursery apple and pear trees with 

the use of different plant growth regulators. Eur. J. Hortic. Sci. 85, 430–438. 

Pacholczak A., Szydło W., Jacygrad E. et al., 2012. Effect of auxins and the biostimulator algami-

noplant on rhizogenesis in stem cuttings of two dogwood cultivars (Cornus alba ‘AUREA’ 

AND ‘ELEGANTISSIMA’), Acta Sci. Pol. Hort. Cult. 11(2), 93–103. 

Poniedziałek W., Porębski S., 1992. Wpływ regulatorów wzrostu i uszczykiwania wierzchołków na 

tworzenie się bocznych pędów u okulantów jabłoni odmiany ‘Melrose’. Zesz. Nauk. AR Krak. 

267, 21–33. 

Rejman A., Ścibisz K., Czarnecki B., 2002. Szkółkarstwo roślin sadowniczych. Państwowe Wy-

dawnictwo Rolnicze i Leśne, Warszawa. 

Skrzyński J., Poniedziałek W., 2000. Wzrost i plonowanie odmiany ‘Jonagold’ na kilku podkład-

kach wegetatywnych. Zesz. Nauk. Inst. Sadow. Kwiac. Skiern. 8, 53–58. 

Traon D., Amat L., Zotz F., du Jardin P., 2014. A legal framework for plant biostimulants and ag-

ronomic fertilizer additives in the EU. Report for the European Comission Enterprise & Indus-

try Directorate – General, Arcadia International. 

Zhalnerchyk P., Przybyła A., Jaumień F., 2015. Influence of chemicals of arbolin group on branch-

ing of maiden trees of three apple cultivars. J. Hortic. Res. 23(2), 95–104. https://doi.org/ 

10.2478/johr-2015-0019 

 

 

Source of funding: This work received no external funding. 

 

Received: 30.07.2025 

Accepted: 11.12.2025 

Published: 31.12.2025 


