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FEATURES OF MORPHOGENESIS AND FUNCTIONING OF DONOR-

ACCEPTOR SYSTEM UNDER ACTIONS OF GIBBERELLIN AND 

RETARDANTS TREATMENTS ON TOMATO PLANTS 

 Abstract. It was studied the features of growth processes, morphogenesis and 

functioning of donor-acceptor system of tomatoes under the influence of gibberellin 

and its antagonists – triazole derivative tebuconazole and ethylene releasing 

compound esphon in connection with crop productivity. 

 It was found that gibberellic acid (GK3) and retardants caused a clear growth-

regulating effect on the growth rate of plants, accompanied by changes in the mass 

ratio of organs. The most powerful donor sphere was formed under tebuconazole 

treatment, where the relative proportion of leaves from the total mass of the plant was 

higher during the whole period of vegetation.  

 It was established that leaves of tebuconazole and gibberellin treated tomatoes 

were characterized by the highest measurement of leaf area density value, chlorophyll 

content and net photosynthetic productivity compared to control, which created the 

prerequisites to enhance gross photosynthetic crop production. Formation of a more 

powerful photosynthetic apparatus in these variants of experiment and an increase in 

the content of sugars and starch in the vegetative organs of plants with subsequent 

reutilization to carpogenesis led to enhance the crop production of tomatoes. The 

triazole derivative compound tebuconazole proved to be the most effective for 

enhancement of crop yields in the field-based conditions. 

 Keywords: donor-acceptor system, gibberellins, retardants, morphogenesis, 

productivity, tomatoes (Solanum lycopersicum L.) 
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 Introduction. In modern plant physiology, the regulation of donor-acceptor 

relations («source-sink» system) is considered as the highest level in hierarchy of 

processes that ensure the functioning of a plant as an integral system [6, 12, 32]. The 

regulation of these relationships, as a system of assimilates redistribution between the 

organs and tissues of a plant during ontogenesis, can be carried out at different levels 

of plant organism organization with the participation of various regulatory 

mechanisms [49]. This concept is used as for analysis of heterotrophic growth phases 

(seed germination) under conditions of sckoto- and photomorphogenesis, as for the 

actions of various growth regulators groups and abiotic environmental factors [33], 

and for analyzing the ratio of photosynthetic intensity and growth processes, where 

the first act as the main donor, and the last as an acceptor of assimilates [12]. It is also 

known that various types of reserve substances play the role of a buffer between 

photosynthesis as a «source» of assimilates and growth of structural substance of 

vegetative, storage and reproductive organs as a «sink» of assimilates, which 

determines the independence of growth processes from photosynthesis [34]. At the 

same time, it have not been studied enough the features of intermediate deposit 

assimilates in vegetative organs of the plant as an additional reserve, that is used in 

common with the newly formed forms of nonstructural carbohydrates in fruit growth 

development. 

 Application of phytohormones and synthetic growth regulators can artificially 

change the morphogenesis, activity of growth and photosynthetic processes, regulate 

plant loading with fruits and seeds. In essence, the utilization of such drugs with the 

opposite mechanism of action makes it possible to artificially simulate a different 

degree of stress “source-sink” relation system in the plant and find out, through 

which morphological, anatomical and physiological changes occur assimilates 

redistribution between plant organs. 

 It is known that changes in growth intensity are realized under phytohormones 

actions, in particular gibberellins, that significantly enhance growth processes [24, 

36]. Besides, in modern plant cultivation, it is widely used a group of synthetic 

growth inhibitors with antigibberellin mechanism of action (retardants), that either 
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reduce the synthesis of this phytohormone or block the formation of hormone-

receptor complex that maked impossible the effect of already synthesized gibberellin. 

The application of retardants leads to a significant increase in crop production [8, 16, 

31, 36]. 

 Tomatoes occupy one of the leading places among vegetable crops. In Ukraine, 

this crop is grown mainly in the southern areas of the steppe zone (65-70 % of the 

total area) and in the forest-steppe zone (about 20 %) [39]. This vegetables are widely 

used for food in fresh and processed form, canning industry, due to their ecological 

plasticity, high yield, versatility in the use of fruits, biological value and taste. 

Tomatoes contain pigment lycopene, which is a strong antioxidant [5]. The study of 

donor-acceptor relations on tomato сrop is advisable, since their acceptor zone - fruits 

constitute a significant part of the whole plant weight, that makes it possible to 

effectively evaluate the redistribution of substance flows between donor and acceptor 

spheres under the various factors effects. However, the analysis of literature data 

presents only a few amount of gibberellins and various types of retardants actions on 

morphogenesis, features of formation and functioning of photosynthetic apparatus, 

assimilates redistribution and mineral nutrition elements between the organs of 

tomato plants in connection with crop production. In this case, the issue of this study 

was to establish the functioning of donor-acceptor system and morphogenesis of 

tomatoes plants (Solanum lycopersicum L.) under gibberellin (gibberellic acid, GA3) 

and its antagonists – triazole derivative tebuconazol and ethylene releasing compound 

esphon treatmentment in the formation of crop productivity. 

 

Research results. Anatomical and morphological characteristics of growth 

formation under the gibberellin and various types of retardants application on 

tomatoes. The possibility of gibberellin and retardants treatment for the directional 

regulation of growth, development and metabolism is shown in a number of crops [4, 

7, 17, 18, 26], but it remains insufficiently studied the features of anatomical structure 

of organs, the ratio of stem growth and leaf surface area formation during artificial 

stimulation and growth inhibition, as one of the central components of donor-
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acceptor system. Retardants – representatives of quaternary ammonium compounds 

[14, 37, 41, 50] are widely used to regulate the growth and development of 

agricultural plants in crop production. At the same time, there are few literature data 

that present the effect of triazole derivative and ethylene releasing compounds on 

morphogenesis and physiological and biochemical processes of vegetable crops [3, 7, 

9, 27]. 

 The study of the tomatoes growth dynamics in the field condition indicates that 

gibberellins and retardants used in the work caused a clear growth-regulating effect 

on growth rate of plants. Height of research plants increased significantly under 

gibberellic acid (GA3) treatment and decreased for the both retardants interaction 

compared to control. It has been established that changes in the intensity of growth 

processes due to growth regulators application are accompanied by the redistribution 

ratio of dry matter weight between plant organs. The analysis of the average data over 

the research years shows that application of tebuconazol resulted on the formation of 

a more powerful donor sphere, where relative proportion of leaf weight in the total 

weight of plant was higher during whole period of growing season (at the stage of 

brown ripeness, this indicator was 48 ± 1,3 %, compared to control – 40 ± 1,2 %). At 

the fruitification stage (brown ripeness) a decrease of plant weight under 0,05 % 

esphon treatment is partly due to phytotoxic effects: leaves were twisted, ovaries fell 

off, leaf edge turned yellow. Signs of a phytotoxic effect by drug application were 

manifested on growth processes and plant development in the following weeks after 

treatment. 

 At the fruit formation and fruitification stage (green ripeness) the largest 

number of leaves was formed due to increase stem branching under esphon and 

tebuconazole application (Fig. 1). The number of leaves in the variant of gibberellin 

treated plants significantly increased from green to brown ripeness of fruitification 

stage that can be explained by the general positive effect of phytohormone on plant 

growth. An increase in the number of leaves is accompanied by a significant increase 

in the leaf area. Maximum leaf surface area was noted under tebuconazole and 

gibberellin aplications at the green ripeness fruitification stage. Leaf area of esphon 
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treated plants was increased due to phytotoxicity symptoms removal at the 

fruitification stage (brown ripeness). 

 Thus, action of gibberellin and retardants on tomato plants is realized through 

the reconstruction of donor-acceptor relation due to the ratio in accumulation and 

redistribution of organs weight. The application of retardant tebuconazole led to 

forme a more powerful donor sphere of the plant where the relative proportion of 

leaves in the total weight of a plant was increased during whole period of 

carpogenesis (fruits growth and formation), which is an important prerequisite for 

improving the crop yield [23]. 
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Fig. 1. Leaf apparatus formation of tomatoes hybrid Solerosso under retardants and 

gibberellin treatment (mean values for 2015-2017 years)  

1 – fruit formation stage; 2 – fruitification stage (green ripeness); 3 – fruitification 

stage (brown ripeness) 

  – control;  – 0,05 % esphon;   – 0,025 % tebuconazole;   – 0,005 % 

gibberellin 

  

 The comparative analysis of gibberellin, esphon and tebuconazole interaction 

on stem anatomical structure of tomatoes indicates that treatment with drugs led to 

changes in the histogenesis of this plant organ. In particular, the more intensive 

growth of gibberellin treated plant was accompanied by the formation of a thinner 

stem due to a decrease in the thickness of bark, wood, core and epidermis. The 

obtained results indicate that gibberellin application caused formation of more 
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developed tissues of primary origin: hypodermis and collenchyma. In this variant it 

was noted the formation of a larger number of vessels (xylem) in a layer of wood – 

14,61 ± 0,49 pcs. against to control– 13,21 ± 0,34 pcs., however, those elements were 

smaller (77,37 ± 2,56 µm) compared to control (81,47 ± 3,17 µm). Similar tendencies 

were noted for the shoot core: the linear dimensions of central parenchymal cells and 

the cells of perimedular zone were smaller compared to control. Conversely, the stem 

of tebuconazole treated plants was thickened mainly due to an increase in thickness 

of bark – 467,03 ± 5,67 μm and core – 7427,74 ± 179,44 μm compared to control – 

448,79 ± 8,62 μm and 6932,68 ± 203,61 μm respectively. 

 Analysis of leaf mesostructure organization testified that changes in the 

thickness of leaf blade of drugs treated plants are due to the growth of photosynthetic 

tissue – chlorenchyma (Table 1). Thus, 0,025 % tebuconazole and 0,005 % 

gibberellin treatment leads to an increase in the linear dimensions of spongy and cell 

volume of the columnar parenchyma – the main assimilation tissue of the leaf. 

However, those indicators of 0,05 % esphon application were less control and can be 

concluded about changes in the nature of marginal meristem activity of the leaf under 

under antigibberellin compounds action. Significant changes have occurred in 

epidermal tissue of the leaf. The analysis of the research results suggest that 

tebuconazole application resulted in an increase in the thickness of leaf’s upper and 

lower epidermis compared to control. The opposite effect was observed for esphon 

and gibberellin interaction – thickness of epidermis cells decreased. In all variants of 

research plants, the number of stomata per unit leaf area increased, while the area of a 

stomata decreased. 

 

Table 1. Influence of retardants and gibberellin on the leaf mesostructural 

organization of tomatoes hybrid Solerosso 

Measurements control 0,05 % esphon 
0,025 % 

tebuconazole 

0,05 % 

gibberellin 

Thickness of leave, μm  247,69±7,43 198,46±6,94* 272,35±7,28* 264,46±6,25* 

Thickness of 

chlorenchyma, μm  
211,27±6,74 168,06±5,21* 227,77±7,18* 228,92±6,35* 
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Volume of palisade 

parenchyma, μm3 

46299,25± 

1435,28 

42279,95± 

1310,68* 

58613,09± 

1817,01* 

55750,79± 

1512,05* 

Length of spongy cells, 

μm  
20,77±0,44 22,31±0,69* 23,17±0,75* 22,07±0,46* 

Width of spongy cells, μm  15,49±0,48 14,07±0,43 14,71±0,45 15,15±0,43 

Thickness of upper 

epidermis, μm  
20,39±0,59 16,49 ±0,47* 24,61±0,75* 18,33±0,56* 

Thickness of lower 

epidermis, μm  
16,02±0,46 13,92±0,45* 19,98±0,67* 17,22±0,45* 

Number of stomatas on 1 

mm2 of abaxial leaf 

surface, pieces 

27,23±0,68 30,88±0,98* 37,05±1,19* 41,11±1,21* 

Area of a stomata, mcm2 397,01±10,91 391,87±9,75 365,23±9,68* 307,33±1,25* 

 * - difference is significant at p<0,05. 

  

 Thus, the enhancement of leaf donor potential due to gibberellin and 

tebuconazole application occurred due to an increase in the leaf surface area and 

optimization of leaf mesostructural characteristics. Esphon treatment increased in the 

leaf surface area by a decrease in the volume and linear dimensions of leaf 

chlorenchyma cells [20, 21]. 

 Structural and functional organization of photosynthetic apparatus and 

trophic support of morphogenesis for gibberellin and various types of retardants 

interaction on tomato plants. Formation of leaf surface is one of the central factors 

determining the productivity of plants. The results of the studies on morphogenesis of 

agricultural plants under application of growth regulators with different mechanism 

of action show that an increase in the number of leaves, their weight and leaf surface 

area is accompanied by a change in important indicators that characterizing the 

potential productivity of a unit of leaf surface: leaf area density value, chlorophyll 

content and net photosynthetic productivity [13, 19, 25]. 

 The results of the study indicate that in all experimental variants during the 

period of fruit formation there is a gradual increase of important indicators – leaf area 

density value (LADV) that characterize the potential photosynthetic productivity of 

unit leaf surface (Table 2). Tebuconazole tomato leaves were characterized by the 

highest value of this indicator. This correlates well with the results of mesostructural 
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characteristics of triazole derivative compounds treated plants, where at the end of 

growing season the leaf thickness was greatest. Maximum value of this factor was 

noted at the end of growing season at the brown ripeness fruitification stage under 

gibberellin application, while the leaf area density value of esphon treated plants was 

small during whole period of growing season that also correlated with the lamina 

thickness of ethylene releasing compound applicated plants (see Table 1). Plant 

growth regulators treatment does not lead to significant changes in the chlorophyll 

content, this indicator at the fruit formation stage was close to control in all 

experimental trials (Table 2). However, at the end of growing season, the chlorophyll 

content of both retardants and gibberellin treated plants remained higher compared to 

control. Changes in the accumulation of chlorophylls and significant morphological 

changes in the leaf apparatus due to the drugs interaction lead to significant 

differences in the chlorophyll index of plants according to the trials of experience. At 

the green ripeness fruitification stage, tebuconazole and gibberellin application 

increased in this indicator and esphon decreased it compared to control during the 

whole fruiting period. The obtained data indicated that tebuconazole and gibberellin 

increased in the net photosynthesis productivity and esphon decreased in this index 

compared to control at the green ripeness fruitification stage (Table 2). Net 

photosynthetic productivity (NPP) is characterized by photosynthetic productivity of 

unit leaf surface, which with the increase in area leaf surface under tebuconazol and 

gibberellin action created the prerequisites to enhance gross photosynthetic crop 

production and accumulation of a greater number of photoassimilates in the plant 

[22]. 

Table 2. Anatomo- and physiological parameters of leaf apparatus of gibberellin 

and retardants treated tomatoes hybrid Solerosso  

Indicators control 0,05 % esphon 
0,025 % 

tebuconazole 

0,05 % 

gibberellin 

Fruit formation stage 

Leaf area density value, 

mg/cm2 1,79±0,06 1,78±0,03 2,12±0,05* 1,71±0,03 

Total chlorophyll content 

(a+b), % per leaf fresh matter 

weight  

0,72±0,022 0,72±0,021 0,74±0,021 0,71±0,020 
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Chlorophyll index, g/m2 1,92±0,05 1,79±0,05 2,79±0,09* 1,82±0,05 

Net photosynthetic 

productivity, g/(m2 ∙day) 
6,41±0,16 4,70±0,12* 10,83±0,43* 6,37±0,18 

Fruitification stage (green ripeness) 

Leaf area density value, 

mg/cm2 
2,88±0,09 2,22±0,07* 2,93±0,07* 2,74±0,08 

Total chlorophyll content 

(a+b), % per leaf fresh matter 

weight  

0,71±0,011 0,73±0,012 0,76±0,021* 0,77±0,021* 

Chlorophyll index, g/m2 2,01±0,06 1,79±0,04* 2,23±0,07* 2,06±0,06 

Net photosynthetic 

productivity, g/(m2 ∙day) 
7,32±0,17 7,23±0,19 8,29±0,31 9,52±0,27* 

Fruitification stage (brown ripeness) 

Leaf area density value, 

mg/cm2 
3,57±0,08 2,92±0,08* 4,54±0,13* 4,34±0,12* 

Total chlorophyll content 

(a+b), % per leaf fresh matter 

weight  

0,54±0,011 0,79±0,022* 0,71±0,021* 0,71±0,021* 

Chlorophyll index, g/m2 1,54±0,04 1,49±0,04 2,13±0,06* 1,62±0,06 

Net photosynthetic 

productivity, g/(m2 ∙day) 
6,54±0,19 4,41±0,11* 9,36±0,21* 6,44±0,11 

 * - difference is significant at p<0,05. 

 

 The obtained results indicate that in the vegetative organs of tomato plants – 

roots, stems and leaves at the fruit formation stage are accumulated more 

nonstructural carbohydrates (sugars + starch) than in the control due to formation of a 

more powerful donor sphere under plants grows regulators treatment (Fig. 2). 

 Obviously, this is a consequence of the enhanced photosynthetic work of leaf 

apparatus of treated plants. The highest content of carbohydrates in all stages of the 

fruitification phase was noted in stems of tomato plants, that indicates the powerful 

depositing capabilities of this vegetative organ. At the same time, tebuconazole and 

gibberellin application increased the amount of sugars and starch in the roots, stem 

and leaves of plants during the whole fruitification stage. It can be concluded that this 

indicates some of their redundancy, which is not fully spent on the fruits formation 

and growth, but is temporarily accumulated to reserve that is deposited in vegetative 

organs and then used at the stage of transition from green to brown ripeness. 
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Fig. 2. Amount of nonstructural carbohydrates (sugar+starch) in vegetatives organs 

of tomatoes hybrid Solerosso under application of growth regulators  

1 – fruit formation stage; 2 – fruitification stage (green ripeness); 3 – fruitification 

stage (brown ripeness) 

  – control;  – 0,05 % esphon;   – 0,025 % tebuconazole;   – 0,005 % 

gibberellin 

   

 The analysis of various forms of carbohydrates content in tomato organs in 

terms of dry matter suggests that during the whole fruiting period (from the fruit 

formation stage to brown ripeness fruitification stage) the reducing sugars content in 

the roots and stalks of tomato research plants decreased. However, from the green 

ripeness fruitification stage, when the fruits was already fully formed and growth 

processes completed, to the brown ripeness fruitification stage for the leaf was 

observed  not an decrease, but an increase in the reducing sugars content (esphon – 

from 1,37±0,04 % to 1,65 ± 0,02 %; tebuconazole – from 1,81 ± 0,05 % to 2,32 ± 

0,05 %; gibberellin – from 1,74 ± 0,02 % to 2,36 ± 0,07 % compared to control – 

from 1,96 ± 0,04 % to 1,94 ± 0,06 %). It was also observed a strong decrease in the 

sucrose content in the leaves of experimental trials. Thus, this indicator under esphon 

treatment decreased from 1,02 ± 0,02 % at the green ripeness stage to 0,59 ±  

0,01 % at the brown ripeness stage; under tebuconazole – from 0,82 ± 0,02 % to 0,39 

± 0,01 %; under gibberellin – from 1,15 ± 0,01 % to 0,51 ± 0,01 % compared to 
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control – from 0,79 ± 0,02% to 0,47 ± 0,01 %. Since sucrose is the main transport 

form of carbohydrates in the plant, the transport of sugars from leaves to fruits stops 

earlier than from roots and stem, resulting in an increase in the reducing sugars 

content. 

 Thus, application of gibberellin and retardants leads to a more intensive 

accumulation of nonstructural carbohydrates (sugars and starch) in the vegetative 

organs of research tomato plants with subsequent active reutilization of these 

substances on the fruits formation and growth needs. The stem plays an important 

role of temporary assimilates depot, which is amplified under the influence of 

tebuconazole and gibberellin treatment. In the second half of fruiting period, the 

nonstructural carbohydrates content in the stem and roots decreased as a result of 

their utilization to carpogenesis. 

 The main regularities of photosynthetic processes and redistribution of 

assimilate flux throughout a plant with varying growth rates of individual organs 

have been studied sufficiently within the framework concept of donor-acceptor 

system functioning [6, 12, 15]. However, the specific features of mineral nutrients 

assimilation and their redistribution through the plant organs for the gibberellin and 

retardants application have not been systematically studied in connection with 

productivity of crop. 

 Analysis of total nitrogen content in the vegetative organs of tomato plants 

treated by growth regulators indicates significant differences in the accumulation and 

redistribution of this nutrient according to the trials of experience. Application of 

drugs had insignificant effect on the nitrogen content in the roots of plants, it was 

more clear the fluctuations of this indicator in the stems of tomatoes. It was noted a 

significant decrease in the nitrogenous compounds content of all treated trials from 

fruit formation stage to green ripeness fruitification stage (gibberellin treated trial – 

1,81 ± 0,01 % to 1,65 ± 0,02 %; esphon treated trial – 1,86 ± 0,02 % to 1,52 ± 0,03 

%; tebuconazole treated trial– 1,54 ± 0,02 % to 1,36 ± 0,01 % against the control – 

1,54 ± 0,02 % to 1,53 ± 0,02 % by dry weight matter). In our opinion, such a decrease 

in the nitrogen content cannot be explained by biodilutions, since the vegetative 
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growth of tomatoes slows down significantly during the period of growth and fruit 

formation. In this regard, we assume that changes in the element content of treated 

plants compared to control are determined by the outflow of nitrogen-containing 

compounds from stem to fruit formation. It was established that the main donor of 

nitrogen in tomato plants were leaves. The most significant changes in the content of 

this element were in the control – from 3,29 ± 0,02 % at the stage of fruit formation 

to 2,34 ± 0,01 % at the brown ripeness fruitification stage, as well as in esphon – 

from 3,51 ± 0,02 % to 2,68 ± 0,06 % and gibberellin – from 3,37 ± 0,07 % to 2,67 ± 

0,04 % by dry weight matter, respectively, due to intensive nitrogen outflow during 

the whole vegetation period on the fruits formation. Less intense fluctuations in the 

content of this element under triazole derivative tebuconazol application, apparently, 

is connacted with the fact that plant developed the largest leaf surface and leaf weight 

that led to forme high gross accumulation of nitrogen in them, and therefore the 

carpogenesis needs are covered. 

 The results of the study indicate  that the phosphorus content in the roots of  

esphon and gibberellin treated plants was higher compared to control during 

fruitification stage, while under tebuconazole application, the phosphorus content 

decreases significantly from fruit formation to brown ripeness fruitification stage, 

which indicates an increased outflow of this element to the fruits. The content of 

phosphorus compounds of tebuconazole treated trials in terms of the dry weight 

matter in stem also decreases significantly during the whole fruitification stage from 

3,49 ± 0,05 g/kg to 2,64 ± 0,05 g/kg, in leaves – from 3,55 ± 0,07 g/kg to 3,16 ± 0,07 

g/kg, as well as for gibberellin treatment – in stems from 3,79 ± 0,05 g/kg to 3,37 ± 

0,05 g/kg, in leaves – from 3,91 ± 0,06 g/kg to 3,39 ± 0,09 g/kg, that indicates an 

intensive reutilization of this element on the formation, growth and ripening of fruits. 

 The potassium content in roots of  gibberellin, tebuconazole and esphon treated 

plants at the stage of green and brown ripeness was higher compared to control. In 

the stem, it was noted a gradual decrease of potassium content for all experimental 

trials, and at the end of fruitification stage, the content of this element in organs was 

minimal. The lowest value of this indicator was noted in stems of research plants 
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under application of gibberellin – 14,21 ± 0,11 g/kg and tebuconazole – 12,52 ± 0,16 

g/kg against the control – 14,72 ± 0,16 g/kg per dry weight matter. It was observed a 

similar decrease in the potassium content in the leaves from growth and fruit 

formation stage to green ripeness fruitification stage. If there was a decrease in the 

element content in the leaves of gibberellin treated plants during the whole 

fruitification stage, then  esphone and tebuconazole application increased in the 

potassium content from the green ripeness to brown ripeness fruitification stage, 

especially in tebuconazole treated trials, this the indicator grew from 9,82 ± 0,19 g/kg 

to 17,29 ± 0,24 g/kg against the control – from 11,67 ± 0,08 g/kg to 12,52 ± 0,13 g/kg 

per dry weight matter. An enhancement of the potassium content in leaves in 

tebuconazol variant is explained, obviously, by an increase in the relative proportion 

of element on the background of reducing sugars content, nitrogen-containing 

compounds due to their outflow to the growing fruit. 

 Thus, the vegetative organs of plant – root, stem and leaves are an important 

source of nitrogen, phosphorus and potassium supply to the fruits that form during 

fruitification stage. The reutilization of main nutrients from stem and leaves was 

more intense in gibberellin and triazole derivative compound tebuconazole treated 

plants [21, 38]. 

 Features of production process under growth regulators influence on 

tomatoes. Processes of growth, photosynthesis and deposition of substances in the 

stock are played a main role in the formation of plant productivity, therefore the 

features of donor-acceptor system formation and functioning of agricultural plants 

with exogenous regulation of growth processes are very important. The analysis of 

literature data contains information about application of gibberellin and 

antigibberellin compounds  in order to increase crop yields by anatomical, 

morphological, and physiological and biochemical changes in leguminous [10, 11, 

44, 46], oilseeds [26, 31, 35], vegetables [2, 26 , 30], technical [42, 45, 47], 

ornamental [48] and other agricultural plants [1, 29, 42, 43]. 

 Analysis of various types of growth regulators interaction on the tomatoes 

plants in the field condition indicate that the triazole derivative telaconazole treatment 
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enhanced the crop yield by 28 % due to an increase in the average weight of one fruit 

(Table 3), the yield of growth stimulator gibberellin treated plants was close to 

control – the average weight of one fruit decreased with simultaneous increase in the 

number of fruits per bush. 

 It can be noted that under drugs treatment, the total acidity in all experimental 

trias was significantly increased, the sugar content increased and the ascorbic acid 

content decreased under the tebuconazole and gibberellin interaction, and the sugar 

content decreased due to esphon application compared to control. Fluctuations in 

product quality of treated tomatoes plants are without significant changes compared 

to typical product quality values for this crop. 

 

Table 3. Product quality and productivity of tomatoes hybrid Solerosso plants under 

gibberellin and retardants treatment 

Indicators Control 
0,05 % 

esphon 

0,025 % 

tebuconazole 

0,05 % 

gibberellin 

Yield, t/ha 68,16±1,71 67,01±1,51 87,78±1,69* 69,03±1,07 

Weight of fruits from one bush, kg 1,61±0,03 1,57±0,03 2,08±0,04* 1,62±0,04 

Number of fruits on a bush, pieces 35,41±1,07 33,48±1,24 36,41±1,29 40,79±1,09* 

Weight of one fruit, g 41,54±1,05 43,33±1,18 51,15±1,21* 37,16±1,93 

Content of ascorbic acid, mg/100 

g 
26,38±0,82 26,59±0,73 22,95±0,58* 21,32±0,63* 

Titrated acidity, g /100 g 0,58±0,02 0,69±0,02* 0,81±0,02* 0,77±0,02* 

Reducing sugar, % per fresh 

matter 0,95±0,02 1,13±0,03* 1,27±0,03* 1,02±0,02* 

Sucrose, % per fresh matter 0,68±0,01 0,35±0,01* 0,69±0,02 0,75±0,01* 

Total sugars, % per fresh matter 1,65±0,03 1,49±0,04* 1,94±0,05* 1,79±0,03* 

 * - difference is significant at p<0,05. 

  

 Thus, application of gibberellin and retardants leads to the reconstruction of 

donor-acceptor relation system of the plant, formation of a more powerful 

photosynthetic apparatus, redistribution of assimilate flows to the fruit growth 

processes, more intensive use of reserved compounds from vegetative organs to 

carpogenesis needs, that lead to improve crop productivity.  
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CONCLUSION 

 Growth regulators with different mechanisms of action – gibberellic acid and 

retardants affected on the donor-acceptor systems formation and functioning of 

tomato plants, its anatomical, morphological and mesostructural characteristics, 

assimilating activity, deposition and redistribution of carbohydrates, nitrogen-

containing compounds and mineral nutrients between vegetative organs and fruits, 

that significantly affects on the crop production. Growth regulators increased the 

assimilating surface area of plants compared to control, but this happened in various 

ways. Retardants increased the number of leaves and their area as a result of 

increased stem branching, whereas gibberellin increased it due to the intensification 

of linear growth. Gibberellin and tebuconazole treatment increased in the volume of 

assimilating parenchyma cells, leaf thickness, its specific weight, and the total 

content of chlorophylls that with an increse in the number of leaves enhanced 

chlorophyll index and net photosynthetic productivity. Application of esphon 

negatively affected on those indicators. The increase in photosynthetic productivity of 

tomato plants contributed to enhancement of assimilation to the plant organism under  

gibberellin and tebuconazole treatment, that was manifested in an increase in the 

content of nonstructural carbohydrates in vegetative organs compared to untreated 

plants. The stem plays an important role of temporary reserve of assimilates, which is 

amplified under tebuconazole and gibberellin interaction. In the second half of 

fruitification stage, the content of nonstructural carbohydrates in stem and roots 

decreased as a result of their utilization to carpogenesis. Gibberellin and tebuconazole 

treatment intensified the reutilization of nitrogen, phosphorus and potassium from 

vegetative organs to fruits of tomato plants. Esphon also influenced on the 

accumulation and redistribution of assimilates and nutrients in tomato plants, but to a 

lesser extent. As a result of tebuconazole and gibberellin treatment increased 

productivity of tomato plants without significant changes in product quality. In the 

first case, this was due to an increase in a weight of one fruit, in the second, due to an 

increase in the weight and number of fruits on the plant. Application of ethylene 
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releasing compound esphon as retardant in order to increase the crop yield at the 

phase of budding was ineffective.  
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