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The role of biostimulants in modern fruit tree 

 and shrub cultivation 

Rola biostymulatorów w nowoczesnej uprawie drzew i krzewów owocowych 

Summary. Dynamic changes in the fruit tree and shrub cultivation sector caused, among other 

things, by a high increase in production costs, the European Green Deal and increasingly high re-

quirements with regard to the quality parameters of the obtained yield and their safety for consumers 

force producers to continuously introduce new changes in cultivation technology in order to meet 

all requirements. Choosing the optimum cultivation technology is also crucial to the economic suc-

cess of farmers, allowing them to continue to operate and grow. One of the fastest growing branches 

of crop support today is biostimulation. Although biostimulants are not essential for crop production, 

their use can be fundamental under certain conditions. The aim of this paper was to provide com-

prehensive information on research in the field of biostimulation of fruit trees and shrubs and to 

consider the potential use of such preparations in the perspective of maximising the use of fertilisers, 

plant protection products and improving the quality, structure and microbial life of soils and sub-

strates. At the same time, obtaining the highest possible yield with the highest possible crop quality, 

fully safe for consumer consumption.  
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INTRODUCTION 

In the history of biostimulants, many definitions of this product group have been de-

veloped. Some of these definitions have proved helpful in defining biostimulants, but 

many have been too general or too narrow, and further attempts to define ‘biostimulant’ 

are needed [du Jardin 2015, Yakhin et al. 2017]. Biostimulation of plants is developing 
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rapidly as is the knowledge about them [Colla and Rouphael 2015].The use of biostimulants 

by growers, has now become a common practice with a number of positive effects in crop 

production [Van Oosten et al. 2017]. Biostimulants are currently receiving a great deal of 

attention from both the scientific community and crop formulation manufacturers [Brown 

and Saa 2015]. Concerns about the efficacy of biostimulants have now died out, due to the 

myriad scientific evidence of their positive effects on plants [Boukhari et al. 2020].  

Biostimulants in their composition include inorganic substances, organic substances 

and microorganisms [Rouphael and Colla 2018]. Today, biostimulants are produced from 

a wide range of raw materials and often have a multicomponent composition [du Jardin 

2015]. They are produced from seaweeds, humic acids, bacteria, fungi and animal and 

plant amino acids, among others [Khan et al. 2012, Calvo et al. 2014, Sharma et al. 2014, 

Battacharyya et al. 2015, Yakhin et al. 2017, Chiaiese et al. 2018]. This diversity also 

applies to the production processes of these formulations, as well as their processing and 

purification. The diversity of raw material mixtures, makes it even more difficult to define 

biostimulants correctly [Colla et al. 2015, Ugolini et al. 2015, Yakhin et al. 2017]. Each 

biostimulant, depending on its type and on which species and cultivar it was applied to, 

can cause different and multifaceted effects [Tarantino et al. 2018, Bulgari et al. 2019, 

Drobek et al. 2019]. Categorising and identifying the mechanisms of action of biostimu-

lants, solely on the basis of the origin of the raw materials used to produce them, is very 

complicated, as both the environment can affect the raw materials as well as their location, 

and the application of the biostimulant itself [Shekhar et al. 2012, Hasanuzzaman et al. 

2021]. Farmers’ knowledge of the effect of biostimulants is still too low, a fact that is 

mainly due to the multitude of biostimulants available on the market and their functions 

and rules of application which sometimes results in the fear of increasing crop costs and 

adverse effects of the treatment [Drobek et al. 2019]. For successful implementation of 

biostimulants on the market and in practical use, a thorough understanding of their func-

tions and mechanism of action, also at metabolic and molecular levels, is needed [Ma et 

al. 2022]. Proper data management and analysis is crucial for the discovery, evaluation 

and marketing of new biostimulants that can contribute to meeting the challenges of mod-

ern crop production [Povero et al. 2016]. Obtaining knowledge on the correct use of bi-

ostimulants, as well as their regulation, registration and certification, requires the collab-

oration of biologists, chemists, physiologists, distributor manufacturers and growers them-

selves [Jannin et al. 2012, Lee et al. 2012]. 

IMPACT ON GROWTH AND YIELD PARAMETERS 

A fundamental goal of crop production is the sustainable development of cropping 

systems that are friendly to the surrounding environment, while being productive enough 

to meet the nutritional needs of a growing world population. The decreasing cultivated 

area and approaching the maximum genetic potential of plants, forces to maximise the 

growth and yield parameters obtained [Carvalho and Vasconcelos 2013]. The yield ob-

tained should be characterised by a high nutrient content, which is particularly important 

for the consumers themselves [Eckardt et al. 2009]. The use of biostimulants can influence 

the participation in the regulation of secondary metabolism of treated plants, having a pos-

itive effect on fruit quality and nutritional value [Graziani et al. 2020]. The application of 

seaweed extract in grapevine cultivation had a positive effect on the weight of the yield 



The role of biostimulants in modern fruit tree and shrub cultivation 129 

obtained [Arioli et al. 2021], as well as the number of berries and the extraction of antho-

cyanins from fruit skins, while a decrease in phenolic and tannin content was noted 

[Taskos et al. 2019]. In mandarin cultivation, Ascophyllum extract increased yield [Fornes 

et al. 2005], and in strawberries, an effect on shoot and root system growth was also shown 

[Alam et al. 2013]. The application of Göemar biostimulant had a positive effect on yield 

quality parameters of pear crops, as well as their productivity [Colavita et al. 2011], in 

apple cultivation the biostimulant increased apple weight, diameter and total yield [Mar-

jańska-Cichoń and Sapieha-Waszkiewicz 2012]. Amino acid-based biostimulants were 

shown to have a positive effect on improved growth in Citrus grandis cultivation [Alalaf 

et al. 2022], while mango trees showed beneficial effects on fruit setting and yield [Khat-

tab et al. 2016].The application of biostimulants increased the antioxidant activity of apri-

cot fruit [Tarantino et al. 2018].  

EFFECTS ON NUTRIENT AVAILABILITY 

Although global crop production currently relies on synthetic fertilisers, in the long 

term biostimulants can reduce fertiliser use and play an important role in ensuring food 

security for the entire population [Zulfiqar et al. 2020]. Biostimulants are one of the inno-

vative tools to facilitate adaptation to sustainable agriculture to ensure, among other 

things, a more efficient uptake of nutrients [Povero et al. 2016, Tavarini et al. 2018]. Bi-

ostimulant formulations and biofertilisers are environmentally friendly and economically 

viable alternatives to plant growth regulators as well as synthetic fertilisers, avoiding nu-

trient leaching to groundwater [Samuels et al. 2022]. Biostimulants especially based on 

amino acids, increase the assimilation of nutrients such as nitrogen, while also having 

a positive effect on biomass production, photosynthesis and increasing nitrogen accumu-

lation in the plants [Navarro-León et al. 2022]. 

In the case of Citrus grandis cultivation, biostimulants having amino acids in their 

composition increased especially the nitrogen, phosphorus and iron content in the 

leaves, but decreased the zinc content [Alalaf et al. 2022]. Increased efficiency of copper 

uptake [Turan and Köse 2006] and potassium and calcium uptake has been shown in 

grapevines after the application of biostimulants based on seaweed extract [Mancuso et 

al. 2006], in olives increased K, Fe, Cu but decreased Mn content was shown, also after 

application of seaweed extract [Chouliaras et al. 2009]. The application of four different 

biostimulants on maiden apple trees, decreased the content of macronutrients in the 

leaves, except calcium; in the case of micronutrients, the level of iron and manganese 

increased, but the amount of zinc and copper decreased [Świerczyński and Antonowicz 

2021]. The application of biostimulants in strawberry cultivation affected Si, Zn, B and 

Fe concentrations in leaves and roots, but there were no significant differences in mac-

ronutrient cases [Soppelsa et al. 2019]. Biostimulants at reduced mineral fertilisation 

compared to the control set had no effect on photosynthetic and conductance intensity, 

but increased leaf transpiration coefficient and carbon dioxide concentrations, also hav-

ing an effect on increasing the total length and number of shoots of maiden apple trees 

[Świerczyński et al. 2021]. 
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ROLE IN PROTECTION AGAINST PATHOGENS AND PESTS 

In addition to increasing production efficiency and yield quality, the horticultural sector 

needs to reduce reliance on agrochemicals and also increase their efficiency, biostimulants 

in the long term can play a key role here [Zulfiqar et al. 2020]. Particularly in the lapse of 

recent years, the practice of using biostimulants including defence inducers to reduce plant 

pathogens is gaining popularity [Calvo et al. 2014]. The effect of inducing plant defences 

against biotic stresses has now been proven for some of the biostimulants based on seaweed 

extracts and plant-derived substances [du Jardin 2015, Pylak et al. 2019]. 

Seaweed-based biostimulants have phyto-stimulatory properties, inducing phytoelic-

itor activity to activate plant defence responses to certain pests and diseases, a phenome-

non that is often associated with the regulation of genes and pathways linked to the im-

mune system [Ali et al. 2021]. Biostimulant preparations based on seaweed extract in 

grapevines increase resistance to fungal diseases [Samuels et al. 2022]. Seaweed extracts 

of various origins show biological activity against harmful bacteria, nematodes, viruses 

and fungi [Nabti et al. 2017]. The use of chitosan-based formulations reduced the devel-

opment of Botrytis cinerea and Neonectria liriodendri in grapevine [Romanazzi et al. 

2002, Nascimento et al. 2007], while a biostimulant formulation based on salicylic acid 

and chitosan nanoparticles [SA-CS NP] showed antifungal activity and induced natural 

plant immunity [Kumaraswamy et al. 2019]. The biostimulant PSP1 limits the growth of 

many pathogens and is based on the activation of the natural plant immune system [AsES], 

an intracellular prosthesis that is produced by the harmful pathogen in strawberry Acre-

monium strictum [Chalfoun et al. 2018]. Biostimulant preparations from marine algae, not 

only affect the efficacy of pesticides, but also have an antifungal effect, an effect that has 

been confirmed over the reduction of anthracnose on banana and papaya plants [Machado 

et al. 2014]. Amino acids had an effect on reducing the percentage of vines with symptoms 

of Candidatus phytoplasma solani infestation [Moussa et al. 2021], and the application of 

amino acids with zinc reduced the incidence of ‘Jonathan spot’ during apple storage [Sop-

pelsa et al. 2019]. Biostimulants based on amino acids, phosphines and plant extracts can 

contribute to reducing the incidence of apple scab on leaves and fruit [Araujo et al. 2020]. 

The application of a biostimulant based on a mixture of seaweed and plant extract together 

with the fungicide IMZ, showed an effective and synergistic effect of the two products in 

the control of green mould disease caused by the pathogen Penicillium digitatum in orange 

cultivation, this mixture had less residual fungicide in the fruit peel than when this plant 

protection product was applied without the addition of the biostimulant [La Spada et al. 

2021]. The soil application of biostimulants based on soapberry extract, Indian honeybush, 

sesame oil and seaweed had a reducing effect on the population of phytoparasitic nema-

todes [D’Addabbo et al. 2019]. 

INDUCTION OF RESISTANCE TO ABIOTIC FACTORS 

Plant production is particularly vulnerable to the effects of negative climatic events 

[Maciejewski et al. 2007]. Abiotic stresses occurring globally, e.g. UV radiation, exces-

sively high humidity, salinity, extremely low or high temperatures, heavy metals and 

drought, reduce crop productivity and the quality of the yield obtained from them;  
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biostimulants, thanks to their properties, are used to increase tolerance to these phenom-

ena, limiting their negative effect [Ma et al. 2022]. Biostimulants are one of the agronomic 

tools available, for reducing the effects of abiotic stress. Many manufacturers of formula-

tions for plant crops, are developing their biostimulant products, particularly optimising 

their composition, which is capable of initiating selected plant responses to abiotic factors 

[Bulgari et al. 2019]. Many of the available biostimulant products have properties that 

reduce stress caused by unfavourable temperatures, salinity of soil or substrates and water 

deficit [du Jardin 2015]. Biostimulants show a high potential to overcome oxidative stress, 

the key to their effectiveness is to understand the interaction of these formulations with 

ROS signalling (generation of reactive oxygen species), as well as the antioxidant defence 

system of plants. The application of the optimal biostimulant concentration is fundamental 

but also very complicated [Hasanuzzaman et al. 2021]. Biostimulants based on phytoex-

tracts can be a valuable tool for induction on both abiotic and biotic stresses, research on 

these formulations should focus on juxtaposing them with synthetic counterparts, empha-

sising practical application and implementing them into sustainable practice as natural 

products [Akram et al. 2022]. The exogenous use of amino acids, prevents the breakdown 

of proteins, thus saving the plant’s energy resources, so amino acid-based biostimulants 

can play a regenerative role after heat stress, maintaining higher photosynthetic efficiency, 

chlorophyll and carotenoid levels [Botta 2013]. In the case of strawberry cultivation, the 

use of this type of biostimulants increased their frost hardiness [Bogunovic et al. 2015] 

and also reduced low temperature stress affecting higher new root growth and earlier flow-

ering [Marfà et al. 2009]. The use of preparations based on brown seaweed extract 

Ascophyllum nodosum partially reduced drought stress in container grown orange [Spann 

and Little 2011]. An amino acid-based biostimulant had a positive effect on vine shoot 

regeneration after hailstorms, increasing the number of shoots, including fertile shoots 

[Baniță et al. 2020]. 

IMPROVING SOIL AND SUBSTRATE PROPERTIES 

One of the basic functions of soil is its ability to produce plant biomass [Mueller et al. 

2010]. Fertile soil ensures proper plant growth and high yields, and is influenced by nutri-

ent levels, biological, physical and chemical processes, air exchange, activity of soil or-

ganisms, amount and type of clay minerals [Alley and Vanlauwe 2009]. Severe soil deg-

radation can result in a significant reduction in plant growth and yield [Morris et al. 2007]. 

Biostimulants, while increasing soil microbial activity, also accelerate the biodegradation 

of soil contaminants [Pankratz 2000]. In recent years, the use of biostimulants aimed at 

increasing plant growth and improving soil properties has contributed to environmental 

protection. The application of a biostimulant based on humic acids, probiotics and prebi-

otics to sandy and sandy loam soils had a positive effect on microbial activity as well as 

soil chemistry, increasing the availability of calcium, potassium, phosphorus, magnesium, 

while pH and electrical conductivity were reduced. The biostimulant also had a stimulat-

ing effect on root system development [García-Martínez et al. 2010]. Biostimulants have 

been shown to have a beneficial effect on soil microbial activity, as well as a pH neutral-

ising effect, increasing the mineralisation of organic residues and microbial biomass 

[Hellequin et al. 2020]. The application of some seaweed extracts resulted in increased 
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microbial populations in the rhizosphere [Shukla et al. 2019]. The use of Actiwave® bi-

ostimulant in strawberry cultivation increased the population of microorganisms in the 

rhizosphere [Spinelli et al. 2010]. The use of soluble Ascophyllum extract powder in field 

and greenhouse cultivation of strawberries had a positive effect on the microbial diversity 

and physiological activity of the rhizosphere [Alam et al. 2013]. 

CONCLUSION 

In the long term, biostimulation could become a fundamental tool in crop production. 

This is primarily due to the current changes in the crop cultivation sector, which are forc-

ing the optimisation of fertilisation and the reduction of pesticide use, but also to reduce 

the risk of losses due to abiotic factors, progressive soil degradation and increasingly high 

consumer demands for food quality. Progressive development in the field of biostimulant 

preparations is systematically providing new scientific evidence of their multifaceted ac-

tion, increasing the possibilities of modern agrotechnology. A key aspect for the proper 

development of biostimulants is their appropriate selection in terms of practical applica-

bility, taking into account the selection of suitable raw materials and their mixtures, and 

choosing the most effective way of application. We should focus on research that will 

enable more precise and optimal use of biostimulants to achieve specific effects, while at 

the same time developing new biostimulatory products that will enable us to meet the 

increasing demands in the fruit sector. 
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