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Biostimulation and Growth Regulation: The Science Behind 

a Synthetic Phytohormone Concentrate 

Parra, J.; Quirós, J.; Barrantes, D. Formulaciones Químicas S.A.: Puntarenas, Costa Rica.

■ INTRODUCTION  

Plant Growth Regulators (PGRs) are 

organic compounds that, at very low 

concentrations, can modify or partially or 

completely inhibiting the physiological 

development of plants. Unlike nutrients, 

these molecules function as chemical 

messengers that activate or repress specific 

genes, coordinating processes ranging 

from seed germination to fruit maturation. 

Modern biotechnology has established 

these substances as valuable tools for 

improving crop productivity and quality 

by regulating the production of secondary 

metabolites and optimizing harvest timing. 

From a technical standpoint, a plant 

hormone (phytohormone) is synthesized 

naturally by the plant, whereas plant 

growth regulators are synthetic analogues, 

often exhibiting greater biological activity, 

that mimic the physiological functions of 

their corresponding endogenous 

phytohormones. The effectiveness of these 

compounds depends on both the 

application rate and timing, but more 

importantly on the formulation's ability to 

maintain the active molecule in a stable, 

bioavailable form throughout the 

application process. The biosynthesis and 

stability of these hormones are highly 

sensitive to environmental conditions such 

as pH and water availability, factors that 

likewise influence the efficacy of 

exogenously applied plant growth 

regulators. 

From a formulation standpoint, one of the 

greatest challenges is the limited solubility 

of PGRs in conventional media. Moreover, 

as the concentration of active 

agrochemical ingredients increases, so 

does the likelihood of compromising 

formulation stability or inducing phase 

separation among one or more 

components. Solubility is governed by the 

principle of "same dissolves the same," 

whereby polar compounds require 

solvents with sufficiently high dipole 

moments to promote intermolecular 

interactions through dipole–dipole forces 

or hydrogen bonding. The dielectric 
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constant (ε) of a solvent is a critical 

physicochemical property in this process, 

as it quantifies the solvent's ability to 

reduce the electrostatic attraction between 

oppositely charged species, thereby 

facilitating the dissociation and 

stabilization of solute molecules within a 

solvation shell. 

Formuquisa's innovation is at the forefront 

of formulation science by introducing a 

non-aqueous concentrate based on a three-

solvent system with differentiated 

dielectric constants (low, intermediate, 

and high). This combination of molecules 

with distinct dielectric properties enables 

phytohormones with markedly different 

chemical structures—such as gibberellins, 

cytokinins, and auxins—to coexist within 

a single stable matrix. By controlling the 

polarity of the medium, intermolecular 

interactions (Van der Waals forces and 

hydrogen bonding) are optimized, 

preventing active ingredient precipitation 

and ensuring immediate bioavailability 

upon dilution. 

■ EXPERIMENTAL 

The following section summarizes the 

physical properties and the approximate 

composition of the components used in the 

technical validation of Formuquisa's 

phytohormone concentrate. 

Component Function Concentration 

(% w/w) 

Kinetin 

(Cytokinin) 

Promotes cell 

division 

0.05–0.15% 

Gibberellic Acid 

(GA₃) 

Stimulates 

stem 

elongation and 

seed 

germination 

0.05–0.10% 

Auxins (IAA + 

IBA blend) 

Promotes root 

initiation and 

cell division 

0.05–0.10% 

High-Dielectric 

Constant 

Solvent (High ε) 

Polar aprotic 

co-solvent 

10–45% 

Intermediate-

Dielectric 

Constant 

Solvent 

(Intermediate ε) 

Phase-

coupling agent 

10–45% 

Low-Dielectric 

Constant 

Solvent (Low ε) 

Lipophilic 

carrier 

10–45% 

Surfactant 

System 

Spontaneous 

emulsification 

- 

 

Physical Properties 

• Appearance: Homogeneous liquid 

concentrate, free of suspended 

particles.  

• Density: 0.91 g/mL at 23.1 °C.  

• Emulsion Stability: Spontaneous 

emulsion formation in < 2 min; stable 

throughout the foliar application 

period.  

Three solvents with different dielectric 

constants are selected. Representative 

examples include: 

High dielectric constant (ε > 30): Polar 

aprotic solvents, including 

dimethylformamide (DMF), N-methyl-2-

pyrrolidone (NMP), dimethylacetamide 

(DMAc), nitrobenzene, propylene 

carbonate (PC), and acetonitrile. 

Intermediate dielectric constant (12 < ε < 

25): Polar carbonyl solvents, amines, and 

amides, including acetone, methyl ethyl 

ketone (MEK), isopropanol, N,N-dimethyl 

amide, mixtures of N,N-dimethyl amides, 

N,N-dimethyl octanamide, N,N-dimethyl 

decanamide, 2,2-dimethylpropanamide, 1-
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pentanol, 2-methyl-1-butanol, and 1,2-

pentanediol. 

Low dielectric constant (ε < 5): Oils in 

general, including vegetable oils, 

esterified oils, paraffinic oils, and aromatic 

oils. 

Once the solvents have been selected, the 

three phytohormones are first dissolved in 

the intermediate-dielectric constant 

solvent. After complete dissolution, the 

remaining two solvents are added. 

Because dissolution of the three hormones 

is relatively slow, the mixture should be 

maintained under continuous agitation for 

at least 2 hours. Once complete dissolution 

has been achieved, the surfactants and 

other formulation additives are 

incorporated, and agitation is continued 

until a homogeneous, transparent solution 

is obtained. 

To demonstrate the advantages of the non-

aqueous system, an aqueous formulation 

containing 1% concentrated HCl is 

prepared as a reference. This solution 

contains the same mass of the three 

synthetic plant growth regulators, 

allowing a qualitative comparison of the 

stability of both formulations. 

■ RESULT DISSCUSION 

The effectiveness of a concentrated 

phytohormone system depends on the 

balance and interaction among the 

different molecules incorporated into the 

formulation. Auxins, such as indole-3-

acetic acid (IAA, Figure 1) and indole-3-

butyric acid (IBA, Figure 2), play a 

fundamental role in regulating cell 

division and elongation. They are also the 

primary regulators responsible for the 

initiation and development of the plant 

vascular tissues. 

 

 
Figure 1. Molecular 

structure of IAA 

(indole-3-acetic acid). 

Figure 2. Molecular 

structure of IBA (indole-

3-butyric acid). 

 

In contrast, gibberellins, such as 

gibberellic acid (GA₃, Figure 3), promote 

internode elongation and play a critical 

role in breaking seed embryo dormancy, 

thereby inducing vigorous germination. 

Finally, cytokinins (such as kinetin, 

Figure 4) stimulate axillary shoot 

proliferation and enhance plant tolerance 

to abiotic stress. 

 

 
Figure 3. Molecular 

structure of gibberellic 

acid (GA₃). 

Figure 4. Molecular 

structure of kinetin. 

 

The biochemical synergy among these 

three classes of phytohormones provides a 

comprehensive approach to plant growth 

optimization. While auxins and cytokinins 

act synergistically to promote extensive 

proliferation of meristematic tissues, the 

addition of gibberellins ensures that the 

plant's metabolic energy is efficiently 

translated into vigorous apical and foliar 

growth. This coordinated hormonal 

response enables growers to mitigate the 

adverse effects of phytopathogens and 
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sudden environmental fluctuations, 

thereby enhancing plant vigour from the 

earliest stages of development. 

To achieve this hormonal concentration, 

Formuquisa employs the ternary solvent 

matrix described in the Experimental 

section. The system consists of a high-

dielectric constant (ε) polar aprotic 

solvent, capable of readily dissolving 

active ingredients such as cytokinins; an 

intermediate-dielectric constant (ε) 

solvent; and a low-dielectric constant (ε) 

solvent. This combination of solvents with 

distinct polarities ensures that each 

hormone is provided with an energetically 

favourable solvation environment 

according to its molecular structure. 

The stability of this matrix is attributed to 

the reduction of the system's Gibbs free 

energy of activation. By eliminating water 

as the primary formulation vehicle, the 

risks of both acid- and base-catalysed 

hydrolysis that compromise auxin stability 

and bioavailability are effectively avoided. 

In media with low dielectric constants, 

electrostatic interactions become less 

effective at maintaining colloidal stability. 

Consequently, the formulation 

incorporates steric stabilization using two 

specific surfactants, such as ethoxylated 

alcohols or sulfosuccinates. This approach 

enables the formulation to produce a 

spontaneous emulsion within less than 2 

minutes upon contact with the dilution 

water. Because the formulation is based on 

a non-aqueous matrix, the surfactants 

function as amphiphilic agents that 

dramatically reduce interfacial tension, 

allowing the hormone-rich oil phase to 

disperse as fine droplets throughout the 

continuous aqueous phase. As a result, the 

active ingredients are rapidly and 

uniformly dispersed before segregation 

phenomena or thermodynamic instability 

can interfere with field application. 

When the invention was compared with an 

aqueous concentrate containing 1% HCl, 

clear degradation was observed, evidenced 

by the transformation of the initially 

colourless solution into a dark black 

solution. This behaviour is attributed to the 

high sensitivity of plant growth regulators, 

particularly indole-3-acetic acid (IAA), to 

even low acid concentrations. Under these 

conditions, acids act as both dehydrating 

agents and catalysts of hydrolytic 

degradation reactions, leading to a 

substantial loss of chemical stability. 

The recommended field application of this 

technology consists of diluting the non-

aqueous concentrate with water prior to 

application to the target plant organs after 

planting. Depending on environmental 

conditions, the formulation may be applied 

to roots and tubers or directly to the soil. 

However, foliar application is generally 

the preferred method for maximizing 

active ingredient uptake, as these 

phytohormones exhibit a greater affinity 

for the waxy cuticular surface of leaves. 

When defining the application strategy, it 

is essential to consider both the crop's 

phenological stage and the desired 

physiological response. The formulation 

has been designed for application using 

conventional irrigation or spray systems. 

■ CONCLUSIONS 

The integration of auxins, cytokinins, and 

gibberellins into a single formulation 

simplifies agricultural applications by 

enabling precise regulation of plant 

homeostasis and significantly accelerating 
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the crop production cycle. The use of plant 

growth regulators under sterile 

manufacturing conditions and in 

optimized proportions enhances both crop 

development rates and overall crop 

quality. 

Formuquisa's innovation, based on a 

ternary solvent system with carefully 

tailored dielectric constants, effectively 

addresses the poor solubility of plant 

growth regulators. This formulation 

strategy provides superior chemical 

stability while enabling efficient foliar 

application through rapid spontaneous 

emulsification. Consequently, it represents 

a promising alternative to conventional 

aqueous formulations for the 

biotechnological optimization of high-

value crops. 

■ REFERENCES 

Alcantara Cortes, J. S.; Acero Godoy, 

J.; Alcántara Cortés, J. D.; Sánchez 

Mora, R. M. Principales reguladores 

hormonales y sus interacciones en el 

crecimiento vegetal. NOVA 2019, 17 (32), 

109-129. 

Bisht, T. S.; Rawat, L.; Chakraborty, 

B.; Yadav, V. A Recent Advances in Use 

of Plant Growth Regulators (PGRs) in 

Fruit Crops - A Review. Int. J. Curr. 

Microbiol. App. Sci. 2018, 7 (05), 1307-

1336. doi: 

10.20546/ijcmas.2018.705.159. 

Gupta, R.; Chakrabarty, S. K. 

Gibberellic acid in plant: Still a mystery 

unresolved. Plant Signal. Behav. 2013, 8 

(9), e25504. doi: 10.4161/psb.25504. 

Masís Meléndez, F.; Hernández 

Chaverri, R.; Piedra Marín, G. 

Química Agrícola; 1ª ed.; Editorial 

Universidad Estatal a Distancia 

(EUNED): San José, Costa Rica, 2017. 

Vega-Celedón, P.; Canchignia 

Martínez, H.; González, M.; Seeger, M. 

Biosíntesis de ácido indol-3-acético y 

promoción del crecimiento de plantas por 

bacterias. Cultivos Tropicales 2016, 37 

(edición especial), 33-39. doi: 

10.13140/RG.2.1.5158.3609. 

Yurkanis Bruice, P. Fundamentos de 

Química Orgánica; 1ª ed. en español; 

Pearson Educación: México, 2007. 

 

  

  


