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Abstract 

Biostimulants are substances that, although not classified as nutrients or pesticides, are soil improvers and 
promote plant growth when applied in small quantities. They are categorized into four groups: acids, 
microorganisms, bioactive compounds of plant origin, and others. Their application in urban trees aims to 
improve vitality and enhance resilience under stress conditions. Commonly used biostimulants include seaweed 
extracts, humic acids, non-structural carbohydrates, paclobutrazol, and beneficial microorganisms. These have 
shown effectiveness against drought, water, and salinity stress, and in strengthening the immune system of 
trees. Commercial biostimulants based on humic acids have improved survival rates, root and shoot vigor, and 
overall vitality, as evidenced by increased chlorophyll fluorescence. Additionally, the application of starch and 
glucose increases starch levels in tree trunks—an important factor, as starch depletion under severe stress is 
associated with tree mortality. Among biostimulants, mycorrhizal fungi are the most extensively studied in 
urban forestry, consistently demonstrating benefits in growth variables and stress adaptation, even at the 
molecular level. Finally, although most biostimulant-related knowledge comes from agricultural systems, their 
potential use in urban arboriculture is significant. This work presents a review of their application in field and 
semi-controlled environments, as well as the challenges associated with their use in urban tree management. 

Keywords: Arboriculture, urban forestry, stress, mycorrhiza, paclobutrazol, vitality. 

Resumen 

Los bioestimulantes son sustancias que, sin ser nutrientes, pesticidas o mejoradores del suelo, promueven el 
crecimiento de las plantas cuando se aplican en pequeñas cantidades. Se agrupan en cuatro categorías: ácidos, 
microorganismos, compuestos bioactivos de origen vegetal y otros. Su aplicación en arbolado urbano busca 
mejorar la vitalidad y resistencia ante condiciones de estrés. Entre los bioestimulantes empleados destacan 
extractos de algas marinas, ácidos húmicos, carbohidratos no estructurales, paclobutrazol y microorganismos 
benéficos. Estos han mostrado eficacia frente al estrés por sequía, salinidad o hídrico, además de fortalecer el 
sistema inmunitario de los árboles. Productos comerciales a base de ácidos húmicos han mejorado la 
supervivencia, el vigor de raíces y brotes, y la vitalidad general, evidenciado por resultados en el aumento en la 
fluorescencia de clorofila. Por otro lado, la aplicación de almidón y glucosa eleva los niveles de almidón en el 
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tronco, lo cual es deseable ya que su reducción se asocia con la muerte en condiciones de estrés severo. Entre 
los bioestimulantes, los hongos micorrízicos han sido los más estudiados en el arbolado urbano, ya que 
proporcionan beneficios consistentes en variables de crecimiento y adaptación, incluso a nivel molecular. 
Finalmente, aunque gran parte del conocimiento sobre bioestimulantes proviene de la agricultura, su potencial 
en arboricultura es alto. Este trabajo presenta una revisión sobre su uso en condiciones de campo y ambientes 
semicontrolados; así como, las limitaciones que enfrenta su aplicación en el manejo del arbolado urbano. 

Palabras clave: Arboricultura, dasonomía urbana, estrés, micorrizas, paclobutrazol, vitalidad. 
 

 

 

Introduction 

 

 

Trees with good vitality are valuable in cities because they more effectively provide 

ecosystem services such as CO2 sequestration, noise reduction, and air purification 

(Derkzen et al., 2015). They also provide protection for pedestrians and 

infrastructure from strong winds, regulate temperature, and provide recreational 

value, which is linked to people's health and quality of life (Wang et al., 2022). 

However, tree growth and development in urban environments faces many 

challenges: poor and polluted soils (Rosier et al., 2021), water stress due to high 

temperatures caused by heat islands (Marchin et al., 2025), and saline soils 

(Zwiazek et al., 2019), factors that, together, weaken trees and cause 

morphological, physiological, and biochemical changes (Seleiman et al., 2021). 

The application of biostimulants or organic compounds has been a practice that 

helps improve tree vitality (Percival, 2010). Biostimulants are defined as substances 

that, without belonging to the category of nutrients, soil improvers, or pesticides, 

when applied in minimal quantities promote plant growth (du Jardin, 2015). Most 

biostimulants used are mixtures of chemicals derived from a biological process or 

the extraction of biological materials (Yakhin et al., 2017). 
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They are classified into four groups: acids, microorganisms, bioactive substances of 

plant origin, and other types (Hasanuzzaman et al., 2021). Six types are 

distinguished within the category of plant biostimulants: chitosan, humic and fulvic 

acids, animal and plant protein hydrolysates, phosphites, algae extracts, and silicon 

(Zulfiqar et al., 2024). Additionally, they include acrylamide, amino acids, plant 

growth-promoting bacteria, carbohydrates, ectomycorrhizal and endomycorrhizal 

fungi, and vitamins (Percival, 2010). 

Humic substances, protein hydrolysates, and algae extracts have been applied 

to urban trees (Cinantya et al., 2024). In addition to chemical compounds such 

as paclobutrazol (Martínez-Trinidad et al., 2013b) and non-structural 

carbohydrates to the soil around trees under stress conditions (Hartmann & 

Trumbore, 2016). However, the application of biostimulants has been mainly 

used in agricultural crops (Zulfiqar et al., 2024). 

 

 

Biostimulants applied to trees 

 

 

Seaweed extracts and humic acids 

 

 

They are considered biostimulants because they contain amino acids, vitamins, growth 

hormones, and sometimes macro- and micronutrients (Ördög et al., 2004). Humic 

acids are organic compounds formed from the chemical and biological humification of 

plant and animal matter, which have been shown to increase plant growth and 

improve the assimilation of nitrogen, phosphorus, and potassium (Leite et al., 2020). 
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They belong to the group of humic substances that includes fulvic acid, humins, amino 

acids, fatty acids, and organic acids (Hasanuzzaman et al., 2021). Application methods 

include foliar application, root application, or a combination of these. The extracts are 

incorporated into the soil through fertigation, drip irrigation, or drenching (Jayaraman 

& Ali, 2015). The use of commercial humic acid-based biostimulants in Betula pendula 

Roth and Sorbus aucuparia L. improved root and shoot vigor and survival rates, with 

increases in chlorophyll fluorescence emissions (0.6 control vs. 0.7 best treatment 

Fv/Fm) and chlorophyll contents (13.5 control vs. 17.1 best treatment) observed with 

applications of 10 to 30 mL L-1 (Barnes & Percival, 2006). 

Some tree species in urban areas under drought stress conditions only improved 

height growth after the application of humic acid and seaweed extract (50 mL, five 

applications), with no positive effects related to the use of biostimulants (Cinantya 

et al., 2024). This trend of null response under drought stress was also detected in 

Quercus ilex L., Ilex aquifolium L., Sorbus aucuparia and Fagus sylvatica L., where 

the evaluation of the products Maxicrop Original® (United Kingdom), Bioplex® 

(United Kingdom) and Redicrop® (United Kingdom) with active ingredient of 

seaweed extract, seaweed extract+humic acids and seaweed extract with cytokinin 

activity, respectively, did not show beneficial effects on Fv/Fm, nor on stress-

related variables (Banks & Percival, 2014). The results may be dose-related, since 

it has been identified that the desired effects are shown up to the application of 10 

times the recommended dose (Chen et al., 2004). 
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Nonstructural carbohydrate applications (NSCs) 

 

 

They are macromolecules that serve as substrates for the primary and secondary 

metabolism of plants. Glucose, fructose, and galactose are NSCs used as substrates 

for respiration and the synthesis of other molecules (Hartmann & Trumbore, 2016). 

When trees face stress conditions such as prolonged drought or salinity, they reduce 

the allocation of carbohydrates in their tissues and in their osmoregulatory and 

osmoprotection defense mechanisms, and their reserves are completely depleted 

(Hartmann & Trumbore, 2016; Zhang et al., 2021). 

The application of carbohydrates in the form of starch and glucose to trees aims to 

increase the tree's energy levels in order to allocate the greatest reserves to its 

growth and promote its vitality (Martínez-Trinidad et al., 2013a). In Jacaranda 

mimosifolia D. Don. trees measuring 0.05 m in diameter and 2.0 meters in height, 

the application of 10 L of a soil solution (80 g L-1 glucose with 80 g L-1 sucrose) 

improved root dry matter (P≤0.05) after 371 days with a carbohydrate 

concentration of 0.034 g, while the control treatment reached 0.006 g (Morales-

Gallegos et al., 2020). Higher root glucose concentrations have been associated 

with more efficient nutrient uptake and increased N in leaves (Shao et al., 2023). 

Glucose is involved in  and  transport processes, so its presence in the root 

promotes molecular communication (Zhou et al., 2009). 

Starch and glucose applications at concentrations of 120 g L-1 have been made to 

the soil 0.5 m away from young Quercus virginiana Miller trees, although higher 

glucose concentrations were observed in shoots; δ 13C signatures did not provide 

evidence that this was due to supply (Martínez-Trinidad et al., 2009). 

In contrast, another study with J. mimosifolia, with 80 g L-1 of glucose applied to 

the trunk (trees 27 cm ND), increased trunk starch reserves more than twofold 
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(Morales-Gallegos et al., 2019). Higher starch reserves help trees withstand stress 

conditions, as a decrease in starch to near-zero levels has been linked to tree death 

(Zhang et al., 2021). Therefore, overmature trees exhibit depletion of starch, 

glucose, fructose, and sucrose (Hartmann & Trumbore, 2016). In woody tissues, 

starch degradation occurs in autumn and spring, so having reserves is crucial for 

tolerating low temperatures and sustaining growth in spring (Noronha et al., 2018). 

 

 

Paclobutrazol (PBZ) application 

 

 

This chemical compound is known to inhibit growth, promote branching, stimulate 

root system formation, and increase plant resistance to stress (Jiang et al., 2019). 

In Populus alba L. trees subjected to severe pruning, the near-trunk application of 

0.8 g of PBZ favored a higher concentration of non-reducing sugars in the trunk and 

foliage. However, growth and vitality variables were not influenced (Martínez-

Trinidad et al., 2013b). In Fraxinus americana L., F. quadrangulata Michx., and F. 

mandshurica Rupr. trees, PBZ application increased the root-to-total biomass ratio 

by 9 % and 10 %, and was positively associated with improving water and nutrient 

uptake under drought conditions and infertile urban soils (Tanis et al., 2015). 

In the roots of fruit trees subjected to water stress, applications of 1 200 mg plant-1 

have been found to linearly increase the contents of total soluble sugars, starch, 

and reducing sugars, and inhibit tree growth and promote flowering (de Sousa-

Oliveira et al., 2022). Therefore, the use of PBZ in trees presents variations in 

results among species, growth parameters, and concentrations. 
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Mycorrhizal fungi as microbial biostimulants 

 

 

Microbial-based biostimulants are considered a subgroup of the heterogeneous family 

of biostimulants, as they stimulate biochemical and physiological processes that 

promote nutrient availability, strengthen the plant response system, and 

consequently improve their yield (Joly et al., 2021). Ectomycorrhizal fungi (EMF) and 

arbuscular fungi (AMF) are recognized as biostimulants (Sun & Shahrajabian, 2023), 

which are strongly linked to the growth and vitality of trees in urban environments 

(Rusterholz et al., 2020); for example, Carya ovata (Mill.) K. Koch with 80 % 

mycorrhizal colonization, it has a survival probability of 1.0, and Quercus rubra L. 

requires 100 % colonization to have a probability close to 0.8 (Tonn & Ibáñez, 2017). 

Inoculation of Fraxinus uhdei (Wenz.) Lingelsh. plants with Pisolithus tinctorius 

(Pers.) Coker & Couch (EMF) and Glomus intraradices N. C. Schenck & G. S. Sm. 

(AMF), now renamed Rhizoglomus intraradices (N. C. Schenck & G. S. Sm.) 

Sieverd., G. A. Silva & Oehl (Sieverding et al., 2014), in severely eroded sites with 

low organic matter content (0.78 %), showed a survival rate of 64 % at 23 months 

after establishment, compared to 46 % in non-inoculated plants (Báez-Pérez et al., 

2017). P. tinctorius inoculation has positive effects on tree root growth, increasing 

root dry weight 1.89 times and improving the plant's potential for nutrient 

absorption (Sebastiana et al., 2021). Also, inoculation of F. uhdei with Lactarius 

deliciosus (L.) Gray and Laccaria laccata (Scop.) Cooke (EMF) at concentrations of 

2.5×105 and 1×106 established in a Jal substrate contaminated with heavy metals, 

showed better growth in height (47 cm) and dry weight (12 g), while uninoculated 

plants reached a height of 38 cm and a dry weight of 9 g (Pérez-Baltazar et al., 

2020). Inoculation of tree species with AMF has positive effects during nursery 
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transplantation to urban sites and significantly influences plant survival, even more 

so than fertilizer doses applied at the nursery stage (Fini et al., 2016). 

The AMF-host plant interaction can reduce flavonoid biosynthesis and affect poplar 

resistance, making it necessary to determine the AMF-host plant association that 

generates positive interactions (Jiang et al., 2022). In Populus alba×P. berolinensis 

seedlings inoculated with Glomus mosseae (T. H. Nicolson & Gerd.) Gerd. & Trappe 

(15 propagules g of inoculum), increased the amount of metabolites with insecticidal 

properties in the foliage: coumarin, stachydrin, artocarpin, norizalpinin, abietic acid, 

6-formylumbelliferone and vanillic acid (Shuai et al., 2021). While the use of Laccaria 

bicolor (Maire) P. D. Orton in Populus trichocarpa Torr. & A. Gray seedlings to combat 

the poplar canker Botryosphaeria dothidea (Moug.) Ces. & De Not. showed that 12 of 

661 genes are related to disease resistance (Dong et al., 2021). 

The root-AMF symbiosis grants other abilities to the tree, improving biochemical 

aspects such as the regulation of metabolites with strong antioxidant capacity 

(Calvo-Polanco et al., 2019; Zhang et al., 2022). Also, in trees used for urban use 

and ornamental species, the levels of phytohormones, indole-3-acetic acid (IAA), 

gibberellins (GA3) and the IAA-abscisic acid (ABA) and GA3-ABA ratio increase. For 

example, in Cupressus arizonica Greene, when establishing symbiosis with 

Rhizophagus irregularis (Błaszk., Wubet, Renker & Buscot) C. Walker & A. Schüßler 

and Funneliformis mosseae (T. H. Nicolson & Gerd.) C. Walker & A. Schüßler 

(synonymy of Glomus mosseae) under drought conditions, its proline levels 

increased by 122 % and the content of malondialdehyde (MDA) –an antioxidant 

enzyme– increased by 68 % (Aalipour et al., 2020). The response of these types of 

biostimulants is anticipatory, as they are aimed at plant production that will be 

established in the urban environment. Therefore, their use in mature trees is not 

considered (Zwiazek et al., 2019); however, the application of organic amendments 
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to mature trees is recommended as they promote higher rates of colonization by 

mycorrhizal fungi (Ali et al., 2019). 

The use of biochar-based amendments and composts in Melia azedarach L. and 

Ficus macrocarpa Blume trees improved the physicochemical properties of the soil, 

with a decrease in available organic matter, calcium, and phosphorus observed, 

indicating nutrient uptake by the trees (Shiu et al., 2022). Rhizospheric soil of 

trees in an urban environment, with pronounced nutrient deficiencies, present low 

mycorrhizal colonization, so organic amendments are a factor that allows 

symbiosis (Alam et al., 2025). 

 

Potential and limitations in the use of biostimulants 

 

 

The review focused on four alternatives from an extensive list of biostimulants that 

have demonstrated benefits for perennial plants. Microorganism-based 

biostimulants are considered to have the greatest potential for use in urban trees, 

given the advancement of omics sciences that has led to a greater understanding of 

their functioning (Bizjak et al., 2023). Mechanisms such as N2 fixation, hormone 

biosynthesis, regulation of reactive oxygen species, and expression of genes related 

to different types of stress are some of the capabilities exhibited by fungi and 

bacteria that establish different levels of association or symbiosis with trees 

(Hasanuzzaman et al., 2021). However, microorganisms generate fewer positive 

effects under conventional production methods, so it is necessary to design 

protocols based on the problem to be solved (Abaurre et al., 2021). 

Seaweed extracts and their combination with humic acids have not generated 

positive responses in urban trees (Banks & Percival, 2014). Possible reasons for 

this limited success include product quality (Yakhin et al., 2017). The method of 
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application has also been debated; it is mainly applied to the soil, which is 

probably the main reason why there are no positive results in urban 

environments (Cinantya et al., 2024). For example, in apple trees (Malus 

domestica (Suckow) Borkh.), applying 1 % (1 L 99 L-1 water) of the product 

Fertiactyl Starter® (United Kingdom), based on seaweed and humic acids, after 

three years, favors thicker stems with differences of 16.3 mm and 21.9 mm 

compared to control trees (Kapłan et al., 2021). Applications of the microalgae 

product AgriAlgae® (Madrid, Spain) and Seaweed Mix® (Madrid, Spain) every 20 

days to olive trees (Olea europaea L.) under a 50 % irrigation regime improved 

leaf area by 26 and 44 % and maintained stomatal conductance levels similar to 

those of plants under a 100 % irrigation regime (Graziani et al., 2022). 

So, how is it possible that in Quercus ilex, Ilex aquifolium, Sorbus aucuparia and 

Fagus sylvatica, seven biostimulants products, including three algae-based ones, did 

not generate any benefits for tree growth and physiology? (Banks & Percival, 2014). 

Urban soils accentuate unfavorable characteristics for tree growth and health, such 

as high pH, compaction, mineral-poor soils, and pollution (Rosier et al., 2021). 

Therefore, under extreme conditions, biostimulants based on algae extracts are not 

considered a good alternative (Ricci et al., 2019). 

Product diversity is a factor that can limit the use of biostimulants, each with a 

different active ingredient (Sun et al., 2024). Failure to follow application protocols 

or lacking experience in their use can result in tree physiology and morphology that 

differs from those expected (Sun & Shahrajabian, 2023). Epistemological 

contradictions are also noted in the literature, leading to discrepancies regarding 

what constitutes a biostimulant (Yakhin et al., 2017). This creates a state of 

uncertainty regarding the scope of this technology used in trees. 

The use of biostimulants in urban trees based on non-structural carbohydrates, such 

as the application of glucose and sucrose, is limited to a few references. However, in 
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fruit trees, the application of sugars and amino acids is common, as their field of 

application is driven by the fruit market (Sun et al., 2024). Meanwhile, in urban 

trees, the lack of direct economic benefits has probably limited further research 

aimed at finding more conclusive results on tree vitality. Below, a summary of their 

potential use and limitations in trees in urban environments is presented (Table 1). 

 

Table 1. Use and substances in trees. 

Type of 
biostimulant Species Benefits for the tree Reference 

Seaweed extracts Quercus ilex L., Ilex 
aquifolium L., Sorbus 
aucuparia L. and Fagus 
sylvatica L. 

Showed no beneficial effects 
on Fv/Fm or on stress-
related variables 

Banks and Percival 
(2014) 

Nine species Growth in height Cinantya et al. (2024) 

Humic acids (Ah) Betula pendula Roth and 
Sorbus aucuparia L. 

Better Fv/Fm: 0.7 with Ah 
and 0.6 without Ah; better 
chlorophyll content: 17.1 
with Ah and 13.5 without Ah 

Barnes and Percival 
(2006) 

Non-structural 
carbohydrates 

Jacaranda mimosifolia 
D. Don 

Higher dry matter and 
carbohydrate concentration 

Morales-Gallegos et 
al. (2020) 

Application of 
paclobutrazol 

Populus alba L. Higher concentration of non-
reducing sugars in the trunk 
and foliage 

Martínez-Trinidad et 
al. (2013b) 

Fraxinus americana L., F. 
quadrangulata Michx. and 
F. mandshurica Rupr. 

Increased root-to-total 
biomass ratio by 9 to 10 % 

Tanis et al. (2015) 

Mycorrhizal fungi Fraxinus uhdei (Wenz.) 
Lingelsh. 

64 % survival rate in 
inoculated plants. 46 % 
survival rate in non-
inoculated plants 

Báez-Pérez et al. 
(2017) 

Improved growth in height 
and dry weight: 47 cm and 
12 g with inoculants and 38 
cm and 9 g without 
inoculants 

Pérez-Baltazar et al. 
(2020) 

Populus alba×P. 
berolinensis 

Increased amounts of 
metabolites with insecticidal 
properties in the foliage 

Jiang et al. (2022) 

Populus trichocarpa Expression of 12 genes Dong et al. (2021) 
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Torr. & A. Gray related to disease resistance 

Cupressus arizonica 
Greene 

Proline levels increased by 
122 %, and malondialdehyde 
(MDA) content, an antioxidant 
enzyme, increased by 68 % 

Aalipour et al. (2020) 

 

 

Conclusions 

 

 

In general, the results of biostimulants use have been limited, partly due to factors such 

as tree ontogeny and the environmental heterogeneity of urban environments, which 

make it difficult to observe consistent effects on growth, physiological, or carbohydrate 

accumulation variables. Therefore, it is proposed to consider variables at the molecular 

level, such as the expression of enzymes, proteins, and genes, to better understand 

their mechanisms of action. Among these, mycorrhizal fungi stand out for the breadth of 

evidence regarding their benefits on growth, root biomass, height, diameter, and 

nutrient uptake, in addition to their positive influence on gene expression related to 

systemic resistance. However, the challenge of developing efficient and species-specific 

inoculants for target species remains. Despite the limited literature on urban 

environments, all four types of biostimulants show potential for use in arboriculture, 

provided that key aspects such as doses, combinations, species, timing, and frequencies 

of application are studied in depth. Thus, the use of biostimulants represents a still open 

and promising line of research in urban tree management. 
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