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One of the main tasks of modern plant physiology is regulation of growth and development of cultivated plants in order to optimize 
the productive process. The attention of the scientific community is focused on the use of natural activators and growth inhibitors. 
We investigated the effect of foliar treatment with 0.005% solution of gibberellic acid (GA3) and 0.025% solution of the antigibberellic 
preparation tebuconazole (EW-250) on morphogenesis, leaf mesostructure, the content of photosynthetic pigments, the balance of endo-
genous phytohormones and productivity of Capsicum annuum L., Antey variety. The vegetation experiment was carried out in the condi-
tions of soil-sand culture in vessels with a volume of 10 L. Treatment of plants was carried out in the budding phase. Morphometric para-
meters were determined every 10 days. The mesostructure of the middle tier leaves was studied in the fruit formation phase, and the 
chlorophyll content was determined in the raw material by spectrophotometric method. Analytical determination of endogenous phyto-
hormones – indolyl-3-acetic (IAA), gibberellic (GA3) and abscisic (ABA) acids and cytokinins – zeatin (Z), zeatin-O-glucoside (ZG), 
zeatinribozide (ZR), isopentenyladenine (iP) and isopentenyladenosine (iPA) were performed by high performance liquid chromatogra-
phy – mass spectrometry (HPLC-MS). With GA3 treatment, plant height increased considerably, while with EW-250, it decreased. Both 
regulators led to an increase in the number of leaves on the plant, the leaf raw biomass, stems and roots and the dry matter of the whole 
plant, the area of a single leaf blade and the total area of leaves on the plant. Under the action of EW-250, the chlorophyll content in the 
leaves surged, while under the action of GA3 it tended to decrease or did not change at all. Both regulators thickened the chlorenchyma 
and boosted the volume of the columnar parenchyma cells. GA3 treatment induced a rise in the thickness of the upper and lower epider-
mis, and EW-250 led, on the contrary, to a decrease. It is shown that after treatment with exogenous GA3, the content of endogenous IAA 
and ABA decreased and GA3 in plant stems increased. Instead, EW-250 caused a decrease in the levels of GA3, IAA and ABA in the 
stems. Exogenous GA3 enhanced the accumulation of endogenous GA3 and IAA and inhibited ABA in the leaves. Under the action of 
the retardant, the level of ABA in the leaves did not change, while GA3 and IAA decreased. Treatment of plants with the studied growth 
regulators caused a decrease in the pool of cytokinins (CK) in stems. EW-250 showed a significant rise in the hormone content in the 
leaves. After spraying with GA3 solution, the level of ZG, Z and ZR grew. Under the action of the retardant, the increase in the CK pool 
occurred exclusively due to the iP. Growth regulators optimized the productivity of sweet pepper plants: under the action of GA3 there 
was an increase in the number of fruits per plant, and after the use of EW-250 there was a rise in the average weight of one fruit. 
The obtained results showed that anatomical-morphological and structural-functional rearrangements of sweet pepper plants under the 
action of exogenous gibberellic acid and EW-250 took place against the background of changes in the balance and distribution of endo-
genous hormones. Increased photosynthetic activity, stimulation of growth processes of some plant organs and inhibition of others en-
larged  biological productivity of the culture.  

Keywords: Capsicum annuum; growth stimulants; growth inhibitors; morphometry; leaf apparatus; plant hormones; crop capacity.  

Introduction  

Development of methods and technologies that would ensure a fuller 
use of light energy by the plant to intensify the synthesis of assimilates is 
an important task of modern phytophysiology, which can lead to metabo-
lic disorders in animals consuming plant products (Lieshchova et al., 
2018; Kozak et al., 2020). One of the key approaches in solving the issue 
of optimizing the production process of agricultural plants is the regulation 
of donor-acceptor relations, in particular by artificial redistribution of 
assimilate flows to fruits, roots and other storage organs (Khodanitska 
et al., 2019; Poprotska et al., 2019). The main patterns of functioning of 
donor-acceptor relations (the concept of “source-sink”) are studied mainly 
in the analysis of the ratio of intensity of growth processes and photosyn-
thesis, where growth processes act as the main acceptor, and photosynthe-
sis – as a donor of assimilates (Yu et al., 2015; Poprotska et al., 2019).  

Use of native phytohormones and synthetic growth regulators, which 
by their nature are either analogues or modifiers of phytohormones, is a 
promising area of artificial regulation of growth processes. Growth, deve-
lopment and productivity of plants are known to be under hormonal con-
trol (Rademacher, 2016). Phytohormones which regulate linear shoot 
growth and cell stretching, enhance the activity of intercalary meristems, 
delay leaf aging, and stimulate flowering and fruiting are grouped into the 
gibberellic family (Rademacher, 2016). Today there are about 150 forms 
of gibberellic-like substances, among which the most active from a phy-
siological point of view and the most used in basic and instrumental re-
search and agricultural practice are GA1, GA3, GA4, GA7, GA9 and 
GA20. A classic representative of gibberellins, which has become widely 
used, is gibberellic acid (GA3).  

Exogenous use of this native phytohormone significantly affects the 
entire hormonal complex of plants. In particular, treatment of sugar cane 
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seedlings with exogenous GA3 increased the content of IAA and de-
creased ABA, but did not affect the content of cytokinins (Qiu et al., 
2019). Priming the grains of two varieties of winter wheat with GA3 
solutions at concentrations of 100, 150 and 200 mg/L considerably re-
duced the levels of ABA and IAA in the leaves (Muhammad & Muham-
mad, 2013). The use of the same preparation on plants of Polygonum 
cuspidatum boosted the content of gibberellins and cytokinins (Sugiura 
et al., 2015). Soaking cucumber seeds in aqueous solutions of GA3 at 
doses of 1, 30, 45 and 60 μmol/L caused the accumulation of endogenous 
GA3 and IAA in the leaves, the maximum of which occurred during 
flowering and fruiting (Ullah et al., 2011). GA3 at concentrations of 100, 
200 and 300 mg/L increased the content of endogenous GA3 and IAA in 
the first and sixth leaves of camellia (Wen et al., 2018). Inoculation of 
soybeans with rhizobacteria led to extended secretion of GA1, GA4, GA9 
and GA20, which contributed to an increase in endogenous GA3 and a 
decrease in ABA (Kang et al., 2014). We found that pre-treatment of 
plants in the budding phase of exogenous GA3 caused a rise in the content 
of endogenous GA3, IAA and ABA in the leaves and stems of eggplant 
(Rogach et al., 2020). Native gibberellin-like compounds and their synthe-
tic analogues are actively used in crop production to intensify histo- and 
morphogenesis, accelerate cell proliferation and differentiation, resulting 
in the formation of a more branched root system, they strengthen the leaf 
apparatus, which can provide active synthesis of plastic compounds and 
storage bodies. Thus, the enhanced synthesis of GA1, GA4, GA9 and 
GA20 by rhizobacteria enlarged the linear size  of soybean plants, the 
mass of dry and raw matter of shoots and the content of chlorophyll in the 
leaves (Kang et al., 2014). An increase in plant height due to elongation of 
the internode was recorded in sugar cane (Qiu et al., 2019). Similar mor-
phometric effects, as well as a rise in the rate of photosynthetic processes, 
respiratory conductivity and transpiration rate, were observed with the use 
of exogenous GA3 at concentrations of 100, 150 and 200 mg/L (Mu-
hammad & Muhammad, 2013). In Polygonum cuspidatum plants, the 
preparation increased the mass of raw matter of leaves and the rate of 
photosynthesis and carbon dioxide absorption, but decreased the leaf 
index (Sugiura et al., 2015), while in cucumber plants the leaf index was 
boosted significantly (Ullah et al., 2011). Treatment of camellia with GA3 
at doses of 100, 200 and 300 mg/L increased the content of chlorophyll in 
the leaves, its fluorescence parameters and the rate of photosynthesis 
(Wen et al., 2018). We have shown that GA3 enlarged potato plant height, 
leaf weight and leaf dry matter, leaf surface index, leaf area and thickening 
due to better chlorenchyma development, which enlarged the volume of 
columnar parenchyma cells and the size of spongy parenchyma cells. 
The stimulant increased the net productivity of photosynthesis and the dry 
matter mass of the whole plant. Exogenous use of phytohormone in-
creased tuber yield (Rohach et al., 2020). An increase in linear size, leaf 
mass, leaf surface index, leaf area and net photosynthesis productivity after 
application of GA3 was also recorded in eggplant plants (Rohach, 2017).  

Anti-gibberelliс preparations are widely used in crop production. 
In particular, onium, triazole and pentanol derivatives of isobutyrates and 
prohexadions that block the synthesis of gibberellins (Ribeiro et al., 2012; 
Polyvanyi et al., 2020; Shevchuk et al., 2020) as well as hydrazine deriva-
tives and ethylene producers that prevent the hormone from binding to the 
receptor protein (Shevchuk et al., 2019). This leads to changes in hormo-
nal status, causes anatomical and morphological and physiological and 
biochemical changes.  

Triazole derivatives are characterized by exceptionally high antigib-
berellic activity. Their effect on the growth of axial organs of plants is as-
sociated with inhibition of ent-kaurensintetase activity and inhibition of the 
conversion of geranylgeranioldiphosphate to copalylpyrophosphate and 
further to ent-kauren (Radamacher, 2016). Triazole derivatives inhibit the 
conversion of ent-kauren to kaurenic acid, reduce the activity of α-amylase 
(Radamacher, 2016). Under the action of triazole and pentanol derivatives, 
the whole complex of phytohormones undergoes significant changes 
(Soumya et al., 2017).  

Paclobutrazol is one of the first studied and widely used triazole de-
rivatives. In particular, the use of paclobutrazol at a dose of 300 mg/L re-
duced the content of gibberellins and increased IAA and ABA in lily 
plants (Zheng et al., 2012; Ahmad et al., 2019). In contrast, paclobutrazole 
at a concentration of 50 mg/L reduced the content of gibberellins in radish 

leaves (Jabir et al., 2017) and in flax plants (Kim et al., 2018) to trace 
concentrations. Application of paclobutrazol in the amount of 3 mL/m of 
mango crown diameter increased the content of ABA and cytokinins (Z, 
ZR and dihydrozeatinriboside) in the buds until the beginning of flowering 
and decreased the content of GA1, GA3, GA4 and GA7. A fall in the 
latter is also recorded in the leaves of this culture (Upreti et al., 2013). This 
preparation at a dose of 1 g/m2 crown inhibited the synthesis of GA1, 
GA3 and GA4 in mango plants (Cavalcante et al., 2020). Medium and 
high concentrations of paclobutrazol decreased the content of GA3 and 
IAA and increased the content of ABA in magnolia leaves. The decrease 
in GA3 content was clearly correlated with the rise in ABA content (Shi 
et al., 2021). We found out that EW-250 reduced the content of endoge-
nous GA3, IAA and increased ABA in eggplant leaves and stems during 
processing in the budding phase (Rogach et al., 2020).  

Uniconazole is one of the most active antigiberellins. Foliar treatment 
of Landoltia punctata L. with uniconazole at a dose of 800 m/L enlarged 
the content of ZR and ABA and decreased the content of GA1, GA3, 
GA4 and GA7 (Liu et al., 2015). The use of triazole on barley plantations 
increased the content of ABA and the amount of cytokinins in the leaves 
and decreased GA3 and IAA (Bakheta & Hussein, 2014). The content of 
gibberellins diminished under the action of uniconazole in plants of Poly-
gonum cuspidatum (Sugiura et al., 2015). High and medium doses of the 
preparation boosted the content of ABA and decreased the content of 
GA3 and IAA in the leaves of magnolia plants. The increase in ABA 
content was clearly correlated with a fall in the amount of GA3 (Shi et al., 
2021). Rapeseed plants were treated with uniconazole at doses of 0.5, 1.0, 
1.5 and 2.0 mg/L, which led to a fall in GA3 and IAA and a rise in cytoki-
nins and ABA in roots and shoots (Zuo et al., 2020). Another triazole-
derived inhibitor of gibberellin, hexaconazole, at a dose of 100 ppm, al-
most doubled the ABA content in cucumber leaves (Tae-Yun & Jung-
Hee, 2012).  

Restructuring of the hormonal complex under the influence of retar-
dants and the corresponding inhibition of apical dominance led to impor-
tant, in terms of regulation of plant productivity, strengthening of stem 
branching, which led to the laying of more leaves, flowers and fruits, 
which is an important prerequisite for improved yields. In particular, pac-
lobutrazol at concentrations of 40, 80 and 160 ppm inhibited linear growth 
and enhanced stem branching in flaxseed (Kim et al., 2018). Paclobutrazol 
increased the chlorophyll content of lily leaves due to chlorophyll and 
enhanced the transport and utilization of photoassimilates (Zheng et al., 
2012; Ahmad et al., 2019). The same preparation at a dose of 50 g/L 
increased the a rate of photosynthetic processes in radish plants (Jabir 
et al., 2017). Application of paclobutrazole to the soil at a dose of 3 mL/m2 
of crown increased the diameter of the crown and the amount and weight 
of crude mango leaves (Upreti et al., 2013).  

Foliar treatment of Landoltia punctata L. with uniconazole increased 
the amount of chlorophyll in the leaves and accelerated photosynthetic 
processes (Liu et al., 2015). An increase in the rate of photosynthesis and 
enlarged CO2 absorption was observed under the action of the same pre-
paration in plants of Polygonum cuspidatum (Sugiura et al., 2015). Unico-
nazole in all applied concentrations reduced the height of magnolia plants 
by shortening the internodes, did not affect the diameter of the stem and 
reduced the number of nodes on the plant (Shi et al., 2021). The use of 
uniconazole in doses of 0.5, 1.0, 1.5 and 2.0 mg/L caused a decrease in the 
linear size of the stem and its thickening in rapeseed plants in direct pro-
portion to the dose of the preparation. The retardant enlarged leaf area and 
mass of shoot and root dry matter  in low and medium concentrations 
(Zuo et al., 2020). Treatment of cucumber plants with hexaconazole at a 
dose of 100 ppm reduced the linear size of plants, reduced the weight of 
raw and dry matter of stems and leaves, leaf area, but thickened stems and 
leaves. Under the influence of the preparations, the content of chlorophyll 
in the leaves rose due to chlorophyll and the level of chlorophyll fluores-
cence increased (Tae-Yun & Jung-Hee, 2012).  

Thus, the numerical data of the scientific literature show that the exo-
genous use of gibberellins and also their most active antagonists – retar-
dants from the group of triazoles, often leads to the same result – optimiza-
tion of the production process of crops and increase in their yield. Howe-
ver, in the literature there are almost no comparative systematic studies of 
the regulation of growth rate, morphogenesis, formation of the photosyn-
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thetic apparatus and hormonal status of plants of vegetable nightshade 
crops under the action of GA3 and triazole-derived retardants. Also, the 
components of the system of regulation of donor-acceptor relations in 
plants under the action of these preparations remain unknown.  

In connection with the abovementioned, the aim of the study was to 
study the effect of exogenous growth regulators – gibberellin and tebuco-
nazole on morphogenesis, content of photosynthetic pigments, balance of 
endogenous phytohormones and productivity of sweet pepper Capsicum 
annuum L. and determine the role of morphological, mesostructural and 
hormonal components in the regulation of donor-acceptor relations.  

Materials and methods  

A vegetation experiment was laid in the conditions of soil-sand cul-
ture in opaque plastic vessels with a capacity of 10 liters. Grey forest pod-
zolic coarse-dusty-medium loamy soil in a mixture with sand in a ratio of 
3:1 was used. Plants were grown under controlled conditions at a tempera-
ture of + 20/17 ºC (day/night), light intensity 190 μmol/(m2 • s), photope-
riod 16/8 hours (day/night), relative humidity – 65 ± 5%, the humidity of 
the substrate was maintained at 60% of total moisture content. They were 
watered daily with Knop’s solution at the rate of 250 mL per vessel.  

Sweet pepper plants of Antey variety in the budding phase were 
treated once until the leaves were completely wetted with 0.005% solution 
of gibberellic acid (GA3) (Power Grown, USA) and a 0.025% solution of 
tebuconazole (EW-250) (Bayer, Germany). Control plants were treated 
with distilled water. The repetition of the vegetation experiment is tenfold.  

Analysis of morphological parameters was performed every 10 days 
from the date of treatment. To determine the mass of individual organs, 
they were weighed on laboratory scales. The area of the leaves was de-
termined by the method of felling (Latimer, 2012). The average area of the 
leaf blades was determined by multiplying the length of the leaf blade by 
its width and by a conversion factor of 0.75.  

The leaf mesostructure was analyzed during carpogenesis (30th day 
after treatment). For anatomical analysis, the leaves of the middle tier were 
selected, which had completely finished growing. The plant material was 
stored in a mixture of equal parts of ethyl alcohol, glycerin, water with the 
addition of 1% formalin. The size of individual cells of chlorenchyma was 
determined in the preparations obtained by partial maceration of leaf tis-
sues. The macerating agent was a 5% solution of acetic acid in hydroch-
loric acid (2 mol/L). The dimensions of the anatomical elements were 
determined on a microscope Mikmed-1 (Lomo-Microsystems, RF) using 
an ocular micrometer MOV-1-15× (Lomo-Microsystems, RF). Micro-
scopic measurements were repeated thirty-five times.  

The chlorophyll content was determined in the raw material by spect-
rophotometric method on a spectrophotometer SF-16 (RF). The experi-
ment was repeated five times (Latimer, 2012).  

To determine phytohormones, a portion of the material (2 g) was tri-
turated in liquid nitrogen and homogenized in 10 mL of extraction solu-
tion (methanol, water, formic acid in a ratio of 15:4:1) and extracted for 
24 hours. The extracts were centrifuged for 30 minutes at 15,000 rpm at a 
temperature of +4 °C in a K-24 centrifuge (Janetski, Germany). The su-
pernatants were drained, and 5 mL of extraction solution was added to the 
precipitate and kept for another 30 minutes, after which it was centrifuged 
again. The combined supernatants were evaporated to 5 mL using a Typ 
350P vacuum evaporator (Poland). Further purification of phytohormones 
was performed by the method (Kosakivska et al., 2020) on two solid-
phase columns SPE C18, Sep-Pak Plus, Waters and SPE Oasis MCX, 
6 cc/150 mg, Waters. Column C18 was used to remove lipophilic sub-
stances, proteins and pigments. The SPE Oasis MCX column was sorbed 
with IAA, ABA, GA3 and cytokinins. Elution of IAA, ABA, GA3 was 
performed with 100% methanol, cytokinins – with alkaline eluent: 60 mL 
of 100% methanol and 2.5 mL of 26% ammonia were adjusted with 
ultrapure water to a volume of 100 mL. The obtained eluent was evapo-
rated to dryness on a vacuum rotary evaporator at a temperature not ex-
ceeding + 40 °C. The dry residue of each fraction was reduced to 200 μL 
with 45% methanol before analysis.  

Analytical determination of phytohormones was performed by high 
performance liquid chromatography on Agilent 1200 LC liquid chroma-
tograph with diode-matrix detector G 1315 V (USA) in tandem with a 

single-quadrupole mass spectrometer Agilent G6120A. An Agilent Zor-
bax Eclipse Plus C18 column with a lipophilic-modified sorbent with a 
particle size of 5 μm (reverse phase chromatography) was used for chro-
matographic separation. After chromatographic separation of the compo-
nents of the samples with a volume of 20 μL by a solvent system of me-
thanol, ultrapure water, acetic acid in a volume ratio of 45:54.9:0.1, we 
performed the detection of IAA and ABA in the UV absorption region at 
analytical wavelengths 280 and 254 nm. After separating the samples with 
a solvent system, acetonitrile, ultrapure water, acetic acid (30:69.9:0.1) we 
detected GA3 on the signal of the mass detector. Samples with cytokinins 
were separated by a solvent system of methanol, water, acetic acid 
(35:64.5:0.5), and detection was performed at 269 nm. The rate of the 
mobile phase of solvents during the detection of IAA and ABA was 
0.7 mL/min, GA3 and cytokinins – 0.5 mL/min. Unlabeled IAA, ABA, 
GA3, trans-zeatin-O-glucoside (t-ZG), trans-zeatin (t-Z), trans-zeatinribo-
side (t-ZR), isopentenyladenine (iP) isopentenyladenosine (iPA) (Sigma-
Aldrich, USA) were used as standards in the construction of calibration 
tables.  

The content of analytes in the samples was monitored using a mass 
spectrometer in the combined mode (electrospray and chemical ionization 
at atmospheric pressure) with negative polarity of ionization of analyte 
molecules during analysis of IAA, GA3, ABA and positive during analy-
sis of cytokinins (CК). For quantitative analysis of GA3 the signal of the 
mass detector MSD SIM (setting 50% of the scan time of the detector 
indicator mass of the ionized molecule/charge 345) was used. If the con-
tent of phytohormone was less than 2.01 ng/g of crude substance, then in 
the table this value is indicated as traces.  

The experiments were performed in three biological and three analyti-
cal replicates. Analysis and calculation of phytohormone content was 
performed using Agilent OpenLAB CDS ChemStation Edition software 
(rev. C.01.09).  

The results of the investigation were statistically processed using the 
computer program Statistica 6.0 (StatSoft Inc., USA). One-way analysis 
of variance was used (differences between mean values were calculated 
by the ANOVA criterion with Bunferoni correction, they were considered 
probable at P < 0.05) (Van Emden, 2008).  

Results  

Foliar treatment of sweet pepper in the budding phase with 0.005% 
aqueous solution of GA3 and 0.025% aqueous solution of EW-250 af-
fected the rate of growth processes. During the growing season, the height 
of the shoots was dominated by plants treated with GA3 solution, while 
under the action of the retardant in the first half of the growing season the 
growth of plants did not differ to a great extent from the control sample, 
and in the second it slowed down. In the fruit formation phase, the linear 
sizes of plants treated with GA3 exceeded the control sample by 33.1%, 
while under the action of EW-250 they were 8.9% lower than the control 
sample (Fig. 1). Since the main donor of plastic substances in the plant is a 
leaf, we made an analysis of the effect of growth regulators on the leaf 
apparatus. It turned out that after treatment with solutions of GA3 and 
EW-250, the number of leaves on the plant increased by 25.9% and 
18.6%, respectively (Fig. 2).  

Under the action of growth regulators, the mass of raw matter of lea-
ves increased. Under the influence of GA3, this figure increased by 2.7 ± 
0.09 g per plant, while after treatment with a retardant – only 1.3 ± 0.06 g 
(Table 1). Both growth regulators increased the crude weight of stems and 
roots. During GA3 treatment, the mass of the stem increased by 10.7 ± 
0.36 g, and the weight of the root – by 1.8 ± 0.07 g. Under the influence of 
EW-250, the weight of the stem exceeded the control value by 2.6 ± 
0.08 g, and the mass of the root – 0.49 ± 0.05 g (Table 1). Growth regula-
tors also affected the accumulation of dry matter of the whole plant. In the 
phase of fruit formation GA3 induced an increase in dry weight by 4.2 ± 
0.12 g, and EW-250 – by 1.6 ± 0.06 g (Table 1).  

The area of leaves on the plant is one of the main indicators that affect 
the crop yield. It is found that during the whole period of research the area 
of leaf blades after treatment of plants with GA3 and antigibberellin in-
creased. Treatment with the phytohormone and retardant led to a rise in 
leaf area during carpogenesis by 16.4 and 11.6 cm2, respectively (Fig. 3), 
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at the end of the experimental period, the leaf surface area increased by 
35.8% and 21.5%, respectively (Fig. 4). Under the action of growth regu-
lators the number of flowers on the plant also rose.  

 
Fig. 1. Effect of foliar treatment with gibberellic acid and  

tebuconazole solutions on the height of Capsicum annuum L. cv. Antey:  
treatment in budding phase; n = 10; x ± SE; white – control, light grey – 
0.005% gibberellic acid, dark grey – 0.025% tebuconazole; differences 
between the mean values were calculated using the Bonferoni-corrected 
ANOVA criterion, considered to be significant at * – P < 0.05; ** – P < 

0.01; *** – P < 0.001 compared to control at this stage of vegetation;  
1 – date of processing, 2 – 10th, 3 – 20th, 4 – 30th,  

5 – 40th day after processing  

 
Fig. 2. Effect of foliar treatment with gibberellic acid and tebuconazole 
solutions on the number of leaves on Capsicum annuum L. cv. Antey: 

treatment in budding phase; n = 10, x ± SE; white – control, light grey – 
0.005% gibberellic acid, dark grey – 0.025% tebuconazole; differences 

between the mean values were calculated using the Bonferroni-corrected 
ANOVA criterion, considered to be significant at * – P < 0.05;  

** – P < 0.01; *** – P < 0.001 compared to control at this  
stage of vegetation; 1 – date of processing, 2 – 10th,  

3 – 20th, 4 – 30th, 5 – 40th day after processing  

Table 1  
Influence of foliar treatment with solutions of gibberellic acid  
and tebuconazole on the mass of vegetative organs  
of Capsicum annuum L. cv. Antey (n = 10, x ± SE)  

Parameter Control  
sample 

Gibberellic  
acid Tebuconazole 

Mass of leaf raw matter, g 11.11 ± 0.32 13.82 ± 0.41 * 12.44 ± 0.38* 
Mass of stalk raw matter, g   8.12 ± 0.25  18.91 ± 0.61***     10.82 ± 0.33*** 
Mass of root raw matter, g   4.10 ± 0.12    5.93 ± 0.19***   4.63 ± 0.17* 
Mass of whole plant raw 
matter, g   7.14 ± 0.23  11.32 ± 0.35***     8.61 ± 0.29** 

Number of flowers on the 
plant, pcs.   3.02 ± 0.12    4.12 ± 0.18***        5.53 ± 0.27*** 

Notes: processing of plants is in the budding phase, measurement of indicators is in 
the fruit formation phase; * – P < 0.05, ** – P < 0.01, *** – P < 0.001, one line was 
compared by the method of difference between the average values, calculated by the 
ANOVA criterion with the Bonferroni correction.  

Since the content and ratio of photosynthetic pigments are an indica-
tor of the efficiency of the assimilation apparatus, a study of the effect of 
exogenous treatment with growth regulators on the amount of chlorophyll 
in the leaves of sweet pepper was conducted. It turned out that under the 
action of EW-250 the amount of chlorophyll in the leaves during the 
growing season increased significantly. In the phase of fruit formation, this 
figure exceeded the control sample by 22.1%. Under the action of GA3, 
the content of chlorophyll was close to the control sample or dropped by 
8–12% compared with it (Fig. 5).  

 
Fig. 3. Effect of foliar treatment with gibberellic acid and tebuconazole 
solutions on the area of leaf blade of Capsicum annuum L. cv. Antey:  

treatment in budding phase; n = 10, x ± SE; black – control, light grey – 
0.005% gibberellic acid, dark grey – 0.025% tebuconazole; differences 

between the mean values were calculated using the Bonferroni-corrected 
ANOVA criterion, considered to be significant at * – P < 0.05,  
** – P < 0.01, *** – P < 0.001 compared to control at this stage  

of vegetation; 1 – date of processing, 2 – 10th, 3 – 20th,  
4 – 30th, 5 – 40th day after processing  

 
Fig. 4. Effect of foliar treatment with gibberellic acid and tebuconazole 
solutions on the leaf area of Capsicum annuum L. cv. Antey: treatment  
in budding phase; n = 10, x ± SE; white – control, light grey – 0.005% 

gibberellic acid, dark grey – 0.025% tebuconazole; differences between 
the mean values were calculated using the Bonferroni-corrected ANOVA 

criterion, considered to be significant at * – P < 0.05, ** – P < 0.01,  
*** – P < 0.001 compared to the control at this stage of vegetation  

The mesostructural organization of the leaf is an important indicator 
that determines the efficiency of the photosynthetic apparatus of the plant 
and significantly affects its productivity. It is found that after treatment 
with EW-250 chlorenchyma thickened by 29.1 ± 1.65 μm, and after the 
use of GA3 – by 11.7 ± 0.09 μm. In general, the thickness of the leaf blade 
after the application of GA3 increased by 14.2%, while after the treatment 
with EW-250 – by 29.1%. Exogenous GA3 and EW-250 increased co-
lumnar parenchyma cell volume by 35.9% and 77.8%, respectively. 
However, the size of the spongy parenchyma cells did not change dramat-
ically. The size of the spongy parenchyma cells became bigger with retar-
dant treatments and did not change after the application of GA3 (Table 2).  

The effects of foliar treatment of plants with GA3 and EW-250 solu-
tions on the dynamics and distribution of endogenous IAA, GA3 and 
ABA in sweet pepper organs were studied. Under the action of exogenous 
GA3 and EW-250 there was a fall in the content of endogenous IAA by 
29.6% and 51.4% and endogenous ABA by 26.6% and 51.3% (Fig. 6) in 
the stems. After treatment with GA3 solution, the content of endogenous 
GA3 compared to the control sample increased by 50.2%, while EW-250 
induced a decrease of 57.7%. Under GA3 treatment, the accumulation of 
endogenous GA3 (almost doubled) and IAA (0.8 times) increased, and 
ABA decreased (0.6 times). Under the action of the retardant, the ABA 
content did not change and GA3 as well as IAA decreased by 96% and 
42.0%, respectively.  

Growth regulators also affected the content of various forms of cyto-
kinins in the aboveground vegetative organs of sweet pepper. Under con-
trol conditions, five forms of cytokinins were identified in leaves and 
stems: zeatin (Z), zeatinribozid (ZR), zeatin-O-glucoside (ZG), isopente-
nyladenine (іP), isopentenyladenosine (іPA, Table 3). GA3 and EW-250 
induced a fall in the cytokinin pool in stems by 51.4% and 69.5%, respec-
tively, while in leaves an increase of 14.0% and 35.5% is observed. When 
using GA3, the content of cytokinins enlarged due to the accumulation of 
ZG, Z and ZR, while under the action of the retardant, such an increase 
occurred exclusively due to іP.  
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Table 2  
Influence of foliar treatment with solutions of gibberellic acid and tebuconazole  
on mesostructural parameters of leaves of Capsicum annuum L. cv. Antey (n = 35, x ± SE)  

Parameter Control sample Gibberellic acid Tebuconazole 
Leaf blade thickness, μm 140.2 ± 2.4   160.1 ± 1.9***     181.0 ± 4.5*** 
Upper epidermis thickness, μm  17.91  ± 0.57      25.52 ± 0.29***       28.51 ± 0.89*** 
Сhlorenchyma thickness, μm 107.4 ± 1.2    119.1 ± 1.3***     136.6 ± 2.8*** 
Lower epidermis thickness, μm   14.92 ± 0.61 15.53 ± 0.39 15.93 ± 0.77 
Columnar parenchyma cell volume, μm3  8603 ± 317      11691 ± 432***      15297 ± 754*** 
Spongy parenchyma cell length, μm  25.93 ± 0.42 26.42 ± 0.44        31.44 ± 0.83*** 
Spongy parenchyma cell width, μm  23.12 ± 0.57 24.32 ± 0.37         30.03 ± 0.73*** 
Note: processing of plants is in the budding phase, measurement of indicators is in the phase of beginning of fruit formation; * – P < 0.05, ** – P < 0.01, *** – P < 0.001, one line 
was compared by the method of difference between the average values, calculated by the ANOVA criterion with the Bonferroni correction.  

 
Fig. 5. Effect of foliar treatment with gibberellic acid and tebuconazole 

solutions on content of chlorophylls (a + b) in leaves of Capsicum  
annuum L. cv. Antey: processing in the budding phase; n = 5; x ± SE;  

black – control, light grey – 0.005% gibberellic acid, dark grey – 0.025%  
tebuconazole; differences between the mean values were calculated using 
the Bonferroni-corrected ANOVA criterion, considered to be significant 
at * – P < 0.05; ** – P < 0.01; *** – P < 0.001 compared to control at this 

stage of vegetation; 1 – date of processing, 2 – 10th, 3 – 20th,  
4 – 30th, 5 – 40th day after processing  

 
Fig. 6. Effect of foliar treatment with gibberellic acid and tebuconazole 
solutions on the content of endogenous phytohormones in stems and 

leaves of Capsicum annuum L. cv. Antey: treatment in budding phase;  
n = 6; x ± SE; white – control, light grey – 0.005% gibberellic acid, dark 

grey – 0.025% tebuconazole; a – the stem; b – the leaves; differences 
between the mean values were calculated using the Bonferroni-corrected 

ANOVA criterion, considered to be significant at * – P < 0.05,  
** – P < 0.01, *** – P < 0.001  

The results of our studies revealed a positive effect of growth regula-
tors on the productivity of the sweet peppers. Thus, after foliar treatment 
with GA3 and EW-250 solutions, the number of fruits on pepper plants 
increased by 58.1% and 18.6%, respectively (Table 4). There was a rise in 
the diameter and length of the fruit under the action of the retardant and a 
decrease or absence of such changes after the use of growth stimulant. 
The average weight of one fruit under the action of GA3 decreased by 
24.8% and increased after treatment with EW-250 by 29.5%. The change 
in the quantitative indicators of the elements of productivity under the 
action of growth regulators led to an improvement in the biological pro-
ductivity of the crop. The most significant yield of fruit from the plant rose 
after the application of EW-250 and was 99.3 ± 3.99 g per plant. When 
treated with a solution of GA3, this figure increased to 35.0 ± 1.09 g per 
plant (Table 4).  

Discussion  
 

One of the fundamental tasks of modern phytophysiology is the study 
of the mechanisms of hormonal regulation of plant growth and develop-
ment. With the participation of endogenous phytohormones, physiological 
and biochemical processes in cells, tissues and organs are controlled, and 
the growth and development of the whole plant is regulated. The change 
in the rate of growth processes under the action of exogenous growth 
regulators, in particular gibberellin-like compounds, is due to changes in 
the balance of endogenous phytohormones (Rademacher, 2016). There-
fore, the study of the effect of gibberellins and antigibberellic preparations 
on the growth, development and productivity of cultivated plants deserves 
special attention (Jabir et al., 2017). Activation of growth processes and 
changes in the balance of endogenous hormones under the influence of 
exogenous gibberellins was observed in the organs of flax plants (Kim 
et al., 2018), lilies (Ahmad et al., 2019), radish (Jabir et al., 2017) and 
rapeseed (Zuo et al., 2020).  

Table 3  
Influence of gibberellic acid and tebuconazole  
on the content of cytokinin isoforms in stems and leaves  
of Capsicum annuum L. cv. Antey, ng/g of raw material;  
treatment of plants is in the budding phase, measurement of indicators  
is in the phase of the beginning of fruit formation (n = 6, x ± SE) 

Part Parameter Control sample Gibberellic 
acid Tebuconazole 

Stem 

Zeatin  4.81 ± 0.22 29.92 ± 1.48* 6.83 ± 0.32** 
Zeatinribozid 159.4 ± 7.7 traces 55.2 ± 2.4*** 
Zeatin-O-Glucoside 58.82 ± 2.91 64.44 ± 3.03 traces 
Isopentenyladenine traces traces traces 
Isopentenyladenosine 49.63 ± 2.44 38.12 ± 1.88* 21.11 ± 1.01*** 
Amount of cytokinins 272.6 ±13.3 132.4 ± 6.4* 83.1 ± 1.3*** 

Leaf 

Zeatin 109.5 ± 5.2 82.4 ± 4.0* 36.2 ± 1.8*** 
Zeatinribozid 74.6 ± 3.7 129.9 ± 6.3* 54.3 ± 2.7** 
Zeatin-O-Glucoside 212.6 ± 32.3 265.8 ± 28.1* 49.1 ± 2.4*** 
Isopentenyladenine traces 3.3 ± 0.1* 408.3 ± 19.9*** 
Isopentenyladenosine 27.93 ± 1.38 2.12 ± 0.09* 27.43 ± 1.31 
Amount of cytokinins 424.5 ± 42.6 483.6 ± 38.7 575.3 ± 28.2** 

Note: * – P < 0.05, ** – P < 0.01, *** – P < 0,001, one line was compared by the 
difference between the mean values calculated by the ANOVA criterion with the 
Bonferroni correction.  

Table 4  
The effect of gibberellic acid and tebuconazole on the productivity  
elements of Capsicum annuum L. cv. Antey (n = 10, x ± SE)  

Parameter Control sample Gibberellic 
acid Тebuconazole 

Fruit length, cm 4.11 ± 0.19 4.31 ± 0.21 6.12 ± 0.32*** 
Fruit diameter, cm 4.04 ± 0.18 3.42 ± 0.15* 5.01 ± 0.24* 
Average fruit weight, g 43.1 ± 2.1 32.4 ± 1.3** 55.8 ± 2.7** 
Number of fruits per plant, pcs. 4.33 ± 0.14 6.83 ± 

0.18*** 
5.11 ± 0.16** 

Mass of fruit from one plant, g 185.3 ± 8.9 220.3 ± 9.8* 284.6 ± 12.9*** 
Note: processing of plants is in the budding phase, measurement of indicators is in the 
phase of fruit ripening; * – P < 0.05, ** – P < 0.01, *** – P < 0.001, one line was 
compared by the difference between the mean values calculated by the ANOVA 
criterion with the Bonferroni correction.  
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It is found that the use of exogenous GA3 and anti-gibberellin triazole 
derivative EW-250 led to crucial changes in the growth rate of pepper 
plants. In our previous study on eggplant culture, similar results were 
obtained (Rogach et al., 2020). The increase in the linear size of the shoots 
of GA3-treated plants and the raw biomass of roots, stems and leaves 
correlated with the increase in the content of endogenous GA3 in the 
stems and GA3 and IAA in the leaves. Changes in the status of endogen-
ous phytohormones after treatment with exogenous gibberellins have been 
reported in the works of other authors conducted on sugar cane plants (Qiu 
et al., 2019), cucumbers (Ullah et al., 2011) and camellia (Wen et al., 
2018). We showed that under the action of EW-250 the content of GA3 
and IAA in the stems and leaves of pepper decreased, and the content of 
ABA in the leaves increased against the background of inhibited stem 
growth and increased mass of crude matter of all vegetative organs. 
The obtained data complement our results of anatomical-morphological 
and physiological-biochemical studies of eggplant plants (Rogach et al., 
2020) as well as the work of other authors on the effects of triazole-
derived retardants of paclobutrazole shown for magnolia plants (Shi et al., 
2021), uniconazole – for winter barley plants (Bakheta & Hussein, 2014) 
and hexaconazole – for cucumber plants (Tae-Yun & Jung-Hee, 2012).  

It is found out that a relatively low content of gibberellins in the con-
trol and experimental variants was observed against the background of a 
sufficiently high level of ABA in the stems and leaves of pepper. 
The important role of ABA in growth and shaping processes is indicated 
in other sources (Kosakivska et al., 2021). Under the action of exogenous 
GA3 and EW-250, the content of ABA in the leaves and stems of pepper 
increased. Kang et al. (2014) and Kim et al. (2018) reported similar 
changes in the hormonal status of soybean and flax plants.  

It is established that exogenous GA3 enhanced the growth and forma-
tion processes of soybean and sugar cane plants (Kang et al., 2014; Qiu 
et al., 2019). Under the action of the retardant, the growth of soybean 
stems was inhibited (Kim et al., 2018), but branching was intensified and 
more leaves were laid in Magnolia wufengensis plants (Shi et al., 2021). 
As a result of slowing down the linear growth of the stem, plastic sub-
stances were directed to the formation of new leaves in cucumber plants 
(Tae-Yun & Jung-Hee, 2012).  

Chlorophyll synthesis is regulated by the participation of cytokinin 
group phytohormones (Rogach et al., 2020). It is shown that under the 
action of antigibberellin EW-250, in contrast to GA3, the chlorophyll 
content was boosted. The results obtained are consistent with the nature of 
the accumulation of cytokinins in the leaves of plants treated with the 
retardant. Under the action of the retardant, the pool of cytokinins signifi-
cantly exceeded the control values, while after the application of GA3 it 
did not change. The rise in the content of chlorophyll and cytokinin hor-
mones under the influence of antigibberellic preparations is mentioned by 
other authors (Liu et al., 2015).  

Anatomical-morphological and physiological-biochemical changes 
under the action of growth regulators were realized through the restructur-
ing of donor-acceptor relations and redistribution of flows of plastic sub-
stances between vegetative and generative organs (Poprotska et al., 2019). 
Treatment with exogenous GA3 and EW-250 induced the formation of a 
more powerful leaf apparatus, increasing the number of leaves, their 
weight and area. The enlargement of photosynthetic activity enhanced the 
donor function of the leaf, and the increase in the number of generative 
organs intensified the acceptance of newly formed plastic substances, 
which ultimately increased the productivity of the culture.  

Thus, the use of exogenous multi-vector growth regulators – GA3 
and EW-250 in soil-sandy culture changed the growth rate of pepper 
plants, affected the number of leaves on the plant, the weight of their raw 
material, leaf surface area and mesostructure of leaves, chlorophyll content, 
endogenous balance phytohormones in aboveground vegetative organs, 
which contributed to the increase of biological productivity of the crop.  

Conclusions  

Exogenous plant growth regulators with different directions of action 
GA3 (native stimulant hormone) and EW-250 (triazole derivative retar-
dant), modulating the dynamics and distribution of endogenous plant 
phytohormones Capsicum annuum L. of Antey variety, induced changes 

in morphogenesis, structure and function and enhanced the productivity of 
culture.  

It is found that foliar treatment of GA3 increased plant height, while 
EW-250 inhibited stem elongation. Both regulators stimulated the forma-
tion of new leaves, the accumulation of their biomass, increasing the area 
of a single leaf blade and the area of leaves on the plant. The biomass of 
stems and roots and the mass of dry matter of the whole plant also in-
creased under the action of the preparations. EW-250 increased the 
amount of chlorophyll (a + b) in the leaves. Both regulators induced thicken-
ing of leaf blades due to the growth of chlorenchyma cells. At the same time, 
there was an increase in the volume of cells of the columnar parenchyma. 
However, the use of EW-250 turned out to be more effective.  

After treatment with exogenous GA3, the content of endogenous 
IAA and ABA decreased and GA3 in plant stems was boosted. Instead, 
EW-250 caused a decrease in the levels of GA3, IAA and ABA in the 
stems. Exogenous GA3 enhanced the accumulation of endogenous GA3 
and IAA and inhibited ABA in the leaves. Under the action of the retar-
dant, the level of ABA in the leaves did not change, while GA3 and IAA 
decreased. Treatment of plants with the studied growth regulators caused a 
decrease in the pool of cytokinins (CK) in the stems. The EW-250 sho-
wed a considerable increase in CK content in the leaves. After spraying 
with GA3 solution, the level of ZG, Z and ZR rose. Under the action of 
the retardant, the increase in the CK pool occurred exclusively due to the iP.  

Thus, anatomical-morphological and structural-functional rearrange-
ments in pepper plants under the action of GA3 and EW-250 are due to 
changes in the balance and distribution of endogenous hormones. Increa-
sed photosynthetic activity, stimulation of growth processes of some plant 
organs and inhibition of others enlarged biological productivity of the 
culture. The obtained results give a new practical approach to improving 
the yield of sweet pepper. At the same time, some questions about the 
molecular and physiological mechanisms of influence of the studied 
growth regulators require further study.  
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