
Volume 8, Issue 6, June 2023  International Journal of Innovative Science and Research Technology 

 ISSN No:-2456-2165 

IJISRT23JUN203  www.ijisrt.com  19  

Application of Pyrimidine and Pyridine 

Derivatives for Regulation of Chickpea 

(Cicer arietinum L.) Growth 
Tsygankova V.A.*, Andrusevich Ya.V., Kopich V. M., Voloshchuk I. V.,  Pilyo S.G., Klyuchko S. V., Brovarets V.S. 

Department for Chemistry of Bioactive Nitrogen-Containing Heterocyclic Compounds, V.P. Kukhar Institute of Bioorganic 

Chemistry and Petrochemistry, National Academy of Sciences of Ukraine, 1, Academician Kukhar str., 02094, Kyiv-94, Ukraine. 

*Corresponding author: Tsygankova Victoria Anatolyivna, Dr.Biol.Sci.,Principal researcher, Senior Staff Scientist;

Department for Chemistry of Bioactive Nitrogen-Containing Heterocyclic Compounds, V.P. Kukhar Institute of Bioorganic 

Chemistry and Petrochemistry,  National Academy of Sciences of Ukraine, 1, Academician Kukhar str., 02094, Kyiv-94, Ukraine; 

Abstract: The effect of new synthetic pyrimidine 

derivatives on the growth and development of the 

chickpea (Cicer arietinum L.) variety Mexican was 

studied.The growth-regulating activity of pyrimidine 

derivatives was compared with the activity of 

phytohormones auxins, derivatives of 1H-indole-3-acetic

acid (IAA) and 1-naphthylacetic acid (NAA), as well as 

plant growth regulators, derivatives of sodium and 

potassium salts of 6-methyl-2-mercapto-4-

hydroxypyrimidine (Methyur and Kamethur), N-oxide-

2,6-dimethylpyridine (Ivin).The most biologically active 

synthetic compounds among pyrimidine derivatives were 

selected, which showed auxin-like, Ivin-like, Methyur-

like and Kamethur-like regulatory effects on the growth 

and development of the shoot and root of chickpea 

plants. An analysis of the relationship between biological 

activity and the chemical structure of synthetic 

pyrimidine derivatives was conducted.To improve the 

growth and development of the chickpea (Cicer 

arietinum L.) variety Mexican, the application of selected 

synthetic pyrimidine derivatives, as well as plant growth 

regulators Methyur, Kamethur and Ivin is proposed. 
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I. INTRODUCTION 

Chickpea (Cicer arietinum L.) is one of the world’s 

most important grain legumes grown on an area of more 

than 12 million hectares with world production of around 13 

million tons [1 - 3]. Chickpea grains are enriched with 

protein (18.4 – 29.0 %), total carbohydrates (64 %, 

including 47 % starch, 6 % soluble sugar, 5% fat, 6 % crude 

fibre), ash (3 %), essential nutrients such as phosphorus (340 

mg per 100g), calcium (190 mg per 100g), magnesium (140 

mg per 100g), iron (7 mg per 100g) and zinc (3 mg per 

100g) [1 - 5]. The main components of chickpea proteins are 

globulins (41.7 %) and albumins (16.1 %), characterized by 

high solubility and digestibility (89.0 %) [3]. The main 

components of chickpea lipid fraction (4.5–6.6%) are 

palmitic (10.8 %), oleic (33.5 %), linoleic (49.7 %), and 

linolenic (2.4 %) fatty acids, as well as tocopherols (230.3 

mg/100 g of oil) and carotenoids (46.3 μg/100 g of flour), 

which exhibit antioxidant properties [3]. Fermented 

chickpeas products are a source of nutrients and bioactive 

compounds such as phenolic compounds, peptides, essential 

amino acid "Lysine", which is not normally found in dietary 

grains, and soluble vitamins with antioxidant, 

antihypertensive, and antidiabetic properties [4]. Chickpea 

seeds contain also saccharine, glucose, fructose, 

polysaccharides including starch, γ-galactan, levulose, P-

galacto-araban, betaine, choline adenine, saponins, phytin, 

citric acid and malic acid etc., beneficial for human health, 

therefore 25% chickpea meal and 75% ground nut meal can 

be used both for correction in malnourished people, for the 

treatment of Kwaserkhor and other protein-deficient 

diseases, and for the treatment of patients with 

atherosclerosis due to the rich content of phosphorus [2]. 
Immature pods and fresh sporulated gram are enriched in 

phospho-enol-pyruvate carboxylase and contain biochanin-

A, B and C, as well as vitamins-C (ascorbic acid), which are 

used to stimulate yeast cell growth and prevent scurvy in 

starving people.Chickpea seed flour is widely used to feed 

horses, while the leaves and stems are dried and used as 

cattle feed [2, 6]. Chickpea seed flour is also used in textiles 

sizing and adhesives [2]. 

Global climate change and environmental pollution are 

the most adverse environmental factors affecting chickpea 

(Cicer arietinum L.) growth and productivity.An urgent task 

of modern agriculture is the development of new effective 

and environmentally friendly plant growth regulators to 

improve the growth, increase the yield and drought 

tolerance of chickpea (Cicer arietinum L.) [2, 5 -10]. 

Currently, natural plant hormones, synthetic plant growth 

regulators and mineral fertilizers are used to increase 

chickpea growth and yield, and to improve the chickpea

adaptation to global climate change, environmental 

pollution, and phytopathogens [2,5 - 10]. 

Today an important task of agriculture is the search 

for new growth regulators of chickpea plants. In this 

direction, the new plant growth regulators based on low 

molecular weight heterocyclic compounds, similar in 

activity to phytohormones auxins and cytokinins were 

developed at the V.P. Kukhar Institute of Bioorganic 

Chemistry and Petrochemistry, National Academy of 

Sciences of Ukraine [11, 12]. Among such compounds, the 

most promising are synthetic compounds, derivatives of 

pyridine and pyrimidine, which are widely used in 

agriculture as plant growth regulators and herbicides [13 - 

19]. 
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The best-known new plant growth regulators based on 

pyrimidine and pyridine derivatives are Methyur (sodium 

salt of 6-methyl-2-mercapto-4-hydroxypyrimidine), 

saltKamethur (potassium  of 6-methyl-2-mercapto-4-

hydroxypyrimidine) and Ivin (N-oxide-2,6-

dimethylpyridine) [20]. Our earlier studies of plant growth 

regulators Methyur, Kametur and Ivin showed that these 

chemical compounds significantly improve the growth and 

development of important agricultural, industrial, 

horticultural and ornamental crops (corn, barley, oats, 

wheat, sorghum, miscanthus, cherry and rose) in laboratory, 

field and under in vitro culture of isolated plant cells and 

tissues[11, 20 - 30]. In addition, the use of these plant 

growth regulators contributed to increased yield and 

improved adaptation of plants to stressors of abiotic origin 

[24, 25, 27, 28]. 

The molecular mechanisms of the growth regulatory 

activity of Methyur, Kamethur and Ivin are of considerable 

interest.We found that the regulatory effects of plant growth 

regulators Methyur, Kamethur and Ivin is associated with 

their stimulating effect on the processes of elongation, 

division and differentiation of the plant cell, which are the 

main processes of formation and development of shoot and 

root meristems in plants grown in laboratory, field and 

under in vitro culture of isolated plant cells and tissues [20 - 

30].  

Studies of the molecular mechanisms of action of 

Methyur and Ivin show that these plant growth regulators 

have a stimulatory effect on changes in gene expression at 

the level of transcription and translation of genetic 

information, due to which the time of plant ontogenesis is 

almost halved [31]. In addition, synthetic plant growth 

regulators Methyur and Ivin can influence plant growth 

indirectly, through the endogenous pool of phytohormones 
in plant cells [32]. 

The aim of the work is to study the effect of new 

synthetic pyrimidine derivatives in comparison with the 

effect of phytohormones auxins IAA and NAA, as well as 

plant growth regulators Methyur, Kamethur and Ivin on the 

vegetative growth of the chickpea (Cicer arietinum L.) 

variety Mexican. 

II. MATERIALS AND METHODS 

The chemical structure of phytohormones auxins IAA

and NAA produced by Sigma-Aldrich, USA, plant growth 

regulators Methyur, Kamethur and Ivin, and new chemical 

compounds, pyrimidine derivatives (compounds № 1 – 7), 

synthesized in the Department for Chemistry of Bioactive 

Nitrogen-Containing Heterocyclic Compounds, V.P. 

Kukhar Institute of Bioorganic Chemistry and 

Petrochemistry of the National Academy of Sciences of 

Ukraine, are listed in Table 1. 

Table1: Chemical structure and relative molecular weight of auxins IAA and NAA, plant growth regulators Methyur, 

Kamethur and Ivin, and pyrimidine derivatives 

Chemical 

compound 

№ 

Chemical structure 
Chemical name  

and relative molecular weight (g/mol) 

IAA 

1H-Indol-3-ylacetic acid

MW=175.19 

NAA 
1-naphthylacetic acid 

MW=186.21 

Ivin 

N-oxide-2,6-dimethylpyridine 

MW=125.17 

Methyur 

Sodium salt of 6-methyl-2-mercapto-4-

hydroxypyrimidine  

MW=165.17 

N
H

O

OH

O

OH
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  Kamethur 

Potassium salt of 6-methyl-2-mercapto-4-

hydroxypyrimidine 

MW=181.28 

1 N

N

OH

CH
3

SCH
3

2-ethylsulfanyl-6-methylpyrimidin-4-ol 

MW=170.23 

2 N

N

OH

CH
3

S
CH

3

6-methyl-2-propylsulfanyl-pyrimidin-4-ol 

MW=184.26 

 3 
N

N

OH

CH
3

S

2-benzylsulfanyl-6-methylpyrimidin-4-ol 

MW=232.31 

 4 
N

N

OH

CH
3

CH
3

CH
3

2-isopropyl-6-methyl-pyrimidin-4-ol 

MW=152.20 

 5 
N

N

OH

S

Na
+

Sodium salt of 4-hydroxypyrimidine-2-thiolate 

MW=149.14 

 6 N

N

OH

S
CH

3

2-methylsulfanylpyrimidin-4-ol 

MW=142.18 

 7 

N

N

OH

S

2-benzylsulfanylpyrimidin-4-ol 

MW=218.28 

III. PLANT GROWING CONDITIONS 

In laboratory conditions, the effect of 

phytohormones auxins IAA and NAA, plant growth 

regulators Methyur, Kamethur and Ivin, and new 

synthetic pyrimidine derivatives (compounds № 1 – 7) 
on the growth and development of the chickpea (Cicer 

arietinum L.) variety Mexican was studied.For this, 
chickpea seeds were sterilized with 1 % KMnO4 

solution for 3 min, then treated with 96 % ethanol 

solution for 1 min, and then washed three times with 

sterile distilled water. After this procedure, chickpea 

seeds were placed in cuvettes (10 seeds each) in perlite 

moistened with distilled water (control), or water 
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solutions of auxins IAA and NAA, or plant growth 

regulators Methyur, Kamethur and Ivin,or new synthetic 

pyrimidine derivatives (compounds № 1 – 7), which 

were used at a concentration of 10-7M. Then the 

chickpea seeds were placed in a thermostat for 

germination in the dark at a temperature of 22°С for 48 

hours, then the germinated chickpea seeds were placed 

in a climate chamber, where chickpea plants were grown 

for 3 weeks in a 16/8 light/dark mode, at a temperature 

of 20-22 °C, illumination of 3000 lux, and an air 
humidity of  60-80 %.

Comparative analysis of morphometric parameters of 3-

week-old chickpea plants (average length of shoots and 

roots (mm), average number of roots (pcs)) was carried 

out according to the methodology [33]. 

IV. STATISTICAL ANALYSIS 

Statistical processing of the experimental data, 

performed in triplicate, was carried out according to the 

Student’s t-test with a significance level of P≤0.05; mean 

values ± standard deviation (± SD) [34]. 

V. RESULTS AND DISCUSSION 

The study of the growth-regulating activity of new 

synthetic pyrimidine derivatives (compounds № 1 – 7, 
listed in Table 1) showed that they exhibit an effect 

similar to the auxins IAA and NAA, and plant growth 

regulators Methyur, Kamethur and Ivin, when used to 

treat chickpea seeds in a concentration of 10-7M. 

Improvement of growth and development of roots and 

shoots of chickpea plants was observed within 3 weeks 

(Figure 1). 

Fig. 1: The effect of auxins IAA and NAA, plant growth regulators Methyur, Kamethur and Ivin, as well as new synthetic 

pyrimidine derivatives (compounds № 1 – 7) at a concentration of 10 -7M on the growth and development of shoots and roots 

of chickpea (Cicer arietinum L.) variety Mexican for 3 weeks 

Statistical analysis showed that synthetic pyrimidine 

derivatives,the compounds № 1, 2, 5, 6, and 7 show the 

highest activity. The morphometric parameters of 3-week-

old chickpea plants grown on water solution of synthetic 

http://www.ijisrt.com/


Volume 8, Issue 6, June 2023  International Journal of Innovative Science and Research Technology 

 ISSN No:-2456-2165 

IJISRT23JUN203  www.ijisrt.com  23  

pyrimidine derivatives, the compounds № 1, 2, 5, 6 and 7, 

used at a concentration of 10-7M, were equal to or exceeded 

similar parameters of chickpea plants grown on water 

solution with plant growth regulators Methyur, Kamethur 

and Ivin, as well as auxins IAA and NAA, used in a similar 

concentration of 10-7M (Figures 2, 3 and 4)). 

The parameters of the average length of the shoots 

(mm) of chickpea plants grown on water solution of auxins 

IAA and NAA increased by 55.26 % and 44.74 %, 

respectively, compared with similar parameters of control 

chickpea plants grown on distilled water (Figure 2). 

The parameters of the average length of the shoots 

(mm) of chickpea plants grown on water solution of plant 

growth regulators Methyur, Kamethur and Ivin increased by 

83.33 %,  79.82 %, and 89.47 %, respectively, compared 

with similar parameters of control chickpea plants grown on 

distilled water (Figure 2). 

The parameters of the average length of the shoots 

(mm) of chickpea plants grown on water solution of 

compounds № 1, 2, 5, 6 and 7 increased by 48.68 % – 93.68 

%, respectively, compared with similar parameters of 

control chickpea plants grown on distilled water (Figure 2). 

Fig. 2: The effect of auxins IAA and NAA, plant growth regulators Methyur, Kamethur and Ivin,and new synthetic pyrimidine 

derivatives (compounds № 1 – 7) at a concentration of 10-7M on the average length of shoots (mm) of 3-week-old chickpea (Cicer 

arietinum L.) variety Mexican 

Synthetic compound № 4 showed less activity, 

parameters of the average length of the shoots (mm) of 

chickpea plants grown on water solution of compound № 4 

increased by 11.05 %, compared with similar parameters of 

control chickpea plants grown on distilled water (Figure 2). 

The parameters of the average length of the roots (mm) 

of chickpea plants grown on water solution of auxin IAA 

increased by 20 %, compared with similar parameters of 

control chickpea plants grown on distilled water (Figure 3). 

The parameters of the average length of the roots (mm) 

of chickpea plants grown on water solution of plant growth 

regulators Methyur, Kamethur and Ivin increased by 30%, 

23.33%, and 100 %, respectively, compared with similar 

parameters of control chickpea plants grown on distilled 

water (Figure 3). 

The parameters of the average length of the roots (mm) 

of chickpea plants grown on water solution of compounds 
№ 1, 2, 5, 6 and 7 increased by 40 % – 63.33 %, 

respectively, compared with similar parameters of control 

chickpea plants grown on distilled water (Figure 3). 

Auxin NAA and synthetic compounds № 3 and 4 
showed less activity, parameters of the average length of the 

roots (mm) of chickpea plants grown on water solution of 

compounds № 3 and 4 were lower than similar parameters 

of control chickpea plants grown on distilled water (Figure 

3). 
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Fig. 3: The effect of auxins IAA and NAA, plant growth regulators Methyur, Kamethur and Ivin, and new synthetic pyrimidine 

derivatives (compounds № 1 – 7) at a concentration of 10-7M on the average length of roots (mm) of 3-week-old chickpea (Cicer 

arietinum L.) variety Mexican 

The parameters of the average number of roots (pcs) of chickpea plants grown on water solution of auxins IAAand NAA 

increased by 50 % and 35.71 %, compared with similar parameters of control chickpea plants grown on distilled water (Figure 4). 

Fig. 4: The effect of auxins IAA and NAA, plant growth regulators Methyur, Kamethur and Ivin, and new synthetic pyrimidine 

derivatives (compounds № 1 – 7) at a concentration of 10-7M on the average number of roots (pcs) of 3-week-old chickpea (Cicer 

arietinum L.) variety Mexican 

The parameters of the average number of roots (pcs) of 
chickpea plants grown on water solution of plant growth 

regulators Methyur, Kamethur and Ivin increased by 86.74 

%, 67.86 %, and 45.24 %, respectively, compared with 

similar parameters of control chickpea plants grown on 

distilled water (Figure 4). 

The parameters of the average number of roots (pcs) of 

chickpea plants grown on water solution of compounds № 1, 

5, 6 and 7 increased by 50 % – 152.86%, respectively, 

compared with similar parameters of control chickpea plants 
grown on distilled water (Figure 4). 

Synthetic compounds № 2, 3 and 4 showed less 

activity, parameters of the average length of the roots (mm) 

of chickpea plants grown on water solution of compounds 
№ 2, 3 and 4 did not statistically significantly differ or were 

lower than similar parameters of control chickpea plants 

grown on distilled water (Figure 4). 
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Analyzing the relationship between the chemical 

structure and biological activity of new synthetic pyrimidine

derivatives, compounds № 1, 2, 5, 6 and 7, it can be 

assumed that their plant growth-regulating activity is related 

to the presence of substituents in their chemical structure: 

compound № 1 contains an ethylthio group in position 2, a 

hydroxyl group in position 4 and a methyl group in position 

6; compound №  2 contains a propylthio group in position 

2, a hydroxyl group in position 4 and a methyl group in 

position 6; compound № 5 is the sodium salt of 4-

hydroxypyrimidine-2-thiolate; compound № 6 contains a 

methylthio group in position 2 and a hydroxyl group in 

position 4; compound № 7 contains a benzylthio group in 

position 2 and a hydroxyl group in position 4 (Table 1). 

At the same time, the decrease in plant growth-

regulating activity of synthetic pyrimidine derivatives,

compounds, №3 and 4, can be explained by the presence of 

substituents in the chemical structures of these compounds: 

compound № 3 contains a benzylthio group in position 2, a 

hydroxyl group in position 4 and a methyl group in position 

6;compound № 4 contains an isopropyl substituent in 

position 2, a hydroxyl group in position 4, and a methyl 

group in position 6 (Table 1). 

Summarizing the obtained data, it should be noted that 

high growth-regulating activity of the synthetic compounds 

№ 1, 2, 5, 6 and 7 is associated with their auxin-like, 
Methyur-like, Kamethur-like and Ivin-like effects on the 

proliferation, elongation and differentiation of plant cells, 

which leads to improved growth and development of shoots 

and roots of chickpea (Cicer arietinum L.) varietyMexican 

[20 – 27; 29, 30, 35 – 39]. 

It should also be noted thatplant growth regulator 

Kamethurcontains the macronutrients potassium (K) and 

sulfur (S),while plant growth regulator Methyur and 

synthetic compounds № 1, 2, 5, 6 and 7 contain the 

macronutrient sulfur (S), which are necessary for the growth 

and reproduction of chickpea plants and take an important 

part in the regulation of metabolic processes in chickpea 

plant cells [2]. 

In addition, it was previously shown that the plant 

growth regulator Methyur containing the chemical element 

sodium (Na), plays an important role in plant adaptation to 

salt and osmotic stresses, which will be of great practical 

importance when growing chickpea plants under salt and 

water stress conditions [28; 40, 41]. 

The proposed molecular mechanisms of action of new 

plant growth regulators based on synthetic low molecular 

weight heterocyclic compounds, directly, through the 

network of signaling pathways of plant hormones, or 
indirectly, that is, affecting the biosynthesis, metabolism and 

signaling of endogenous auxins and cytokinins in plant 

cells,were discussed in our previously published works [12, 

18, 19, 26, 30, 31 - 32] and the works of other authors [42 - 

50]. 

VI. CONCLUSION 

The study of the plant growth-regulating activity of 

synthetic pyrimidine derivatives (listed in Table 1) showed 

that their use at a concentration of 10-7M for the treatment of 

chickpea seeds improves the growth and development of 

chickpea (Cicer arietinum L.) variety Mexican. The growth-

regulating activity of these compounds was similar to or 

exceeded that of auxins IAA and NAA, as well as plant 

growth regulators Methyur, Kamethur and Ivin, used at a 

similar concentration of 10-7M. The practical use of the 

selected most active synthetic compounds № 1, 2, 5, 6 and 

7, as well as plant growth regulators Methyur, Kamethur and 

Ivin to improve the development of shoots and roots of 

chickpea (Cicer arietinum L.) variety Mexican is proposed. 

STATEMENT OF CONFLICT OF INTEREST 

The authors are declared that they have no conflict with this 

research article. 

REFERENCES 

[1.] Mansur R.M., Alaila A.K., Mohamed 

R.F.,HamadH.M.E.,Effect of Different Plant Growth 

Regulators onCallus Induction from Seeds of 

Chickpea (Cicer arietinum L.),International Journal of 
Environment, Agriculture and Biotechnology 

(IJEAB), 2018, 3(1), 99 – 102.

http://dx.doi.org/10.22161/ijeab/3.1.12 

[2.] Khan K., Mazid M., Chickpea responses to 

application of plant growth regulators, organics and 

nutrients,Adv Plants Agric Res,2018,8(3),259‒273. 

DOI:10.15406/apar.2018.08.00326. 

https://doi.org/10.15406/apar.2018.08.00326 

[3.] Ferreira C.D., Bubolz V.K., Silva J., Dittgen C.L., 

Ziegler V., Raphaelli C.O., de Oliveira M., Changes 

in the chemical composition and bioactive 
compounds of chickpea (Cicer arietinum L.) fortified 

by germination, LWT, 2019, 111, 363 - 369. 

https://doi.org/10.1016/j.lwt.2019.05.049 

[4.] Fonseca-Hernandez D., LugoC. E. C., Mojica 

L.,Bioactive Compounds in Fermented Chickpeas and 

Common Beans,Chapter 8,pp. 115-133, In: Hispanic 

Foods: Chemistry of Fermented Foods,Editor(s): 

Tunick M.H., Mejıá E.G., ACS Symposium Series, 

2022, 1406. DOI: 10.1021/bk-2022-1406.ch008. 

https://pubs.acs.org/doi/10.1021/bk-2022-1406 

[5.] Wankhade R.S., Kubde K.J., Sunil K. and Deshmukh 

M.R.,Effect of bioregulators on growth and yield of 
chickpea (Cicer arietinum L.),Journal of 

Pharmacognosy and Phytochemistry, 2020, 9(4), 358-

361. 

[6.] Bampidis V.A., Christodoulou V., Chickpeas (Cicer 

arietinum L.) in animal nutrition: A review, Animal 

Feed Science and Technology, 2011, 168(1–2), 1 – 

20. https://doi.org/10.1016/j.anifeedsci.2011.04.098.

[7.] Aslam M., Ahmad E., Saguu A.G., Hussain K., Ayaz 

M., Ullah I., Hussain A.  and Himayatullah, Effect of 

plant growth regular (NAA) and available soil 

moisture depletions on yield and yield components of 
chickpea, Sarhad J. Agric., 2010, 26(4), 325-335. 

http://www.ijisrt.com/
http://dx.doi.org/10.22161/ijeab/3.1.12
https://doi.org/10.15406/apar.2018.08.00326
https://doi.org/10.1016/j.lwt.2019.05.049
https://pubs.acs.org/doi/10.1021/bk-2022-1406
https://doi.org/10.1016/j.anifeedsci.2011.04.098


Volume 8, Issue 6, June 2023  International Journal of Innovative Science and Research Technology 

 ISSN No:-2456-2165 

IJISRT23JUN203  www.ijisrt.com  26  

[8.] Lomror R., Bhat F.A., Rawat R.S., Jat B.L., Effect of 

plant growth regulators on growth, flowering, 

fruitsetting and yield of chickpea (Cicer arietinum 

L.), Trends in Biosciences, 2017, 10(15), 2690 – 

2700. 

[9.] Verma U. S., Verma P. N., Tripathi D. K., Growth 

performance of chickpea (Cicer arietinum L.) variety 

under application of growth regulator, Trends in 
Biosciences, 2017, 10(18), 3269 – 3272. 

[10.] Khan N., Bano A. & Zandi P., Effects of exogenously 

applied plant growth regulators in combination with 

PGPR on the physiology and root growth of chickpea 

(Cicer arietinum) and their role in drought tolerance, 

Journal of Plant Interactions, 2018, 13(1), 239-247, 

DOI: 10.1080/17429145.2018.1471527. 

https://doi.org/10.1080/17429145.2018.1471527 

[11.] Tsygankova V.A., Brovarets V.S., Yemets A.I., 

Blume Y.B., Prospects for the development of plant 

growth regulators based on azoles, azines and their 
condensed derivatives in Ukraine, Synthesis and 

bioactivity of functionalized nitrogen-containing 

heterocycles, A.I. Vovk (Ed.), Kyiv: Interservice, 

2021, 246 – 285. 

[12.] Tsygankova 

V.A., AndrusevichYa.V., ShtompelO.I., Solomyanny

R. M., Hurenko A.O., FrasinyukM.S., Mrug 

G.P., ShablykinO.V., PilyoS.G., Kornienko 

A.M. & Brovarets V. S., New Auxin and Cytokinin 

Related Compounds Based on Synthetic Low 

Molecular Weight Heterocycles, Chapter 16,In: Aftab 

T. (Ed.) Auxins, Cytokinins and Gibberellins 
Signaling in Plants, Signaling and Communication in 

Plants, Springer Nature Switzerland AG, 2022, 353-

377.  https://doi.org/10.1007/978-3-031-05427-3_16 

[13.] Kawarada A., Nakayama M., Ota Ya., Takeuchi S., 

Use of pyridine derivatives as plant growth regulators 

and plant growth regulating agents, Patent 

DE2349745A1, 25 April 1974. Available 

online: https://patents.google.com/patent/DE2349745

A1/en 

[14.] Minn K., Dietrich H., Dittgen J., Feucht D., Häuser-

Hahn I., Rosinger C.H., Pyrimidine Derivatives and 
Their Use for Controlling Undesired Plant Growth, 

Patent USOO8445408B2, 21 May 2013. Available 

online: https://patentimages.storage.googleapis.com/d

1/52/26/d05b90090de7ff/US8445408.pdf 

[15.] Cansev A., Gülen H. Zengin M.K., Ergin S., Cansev 

M., Use of Pyrimidines in Stimulation of Plant 

Growth and Development and Enhancement of Stress 

Tolerance, WIPO Patent WO 2014/129996A1, 28 

August 2014. Available online: 

https://patents.google.com/patent/WO2014129996A1

/en 

[16.] Mansfield D.J., Rieck H., Greul J.,  Coqueron P.Y., 
Desbordes P., Genix P.,  Grosjean-Cournoyer M.C., 

Perez J., Villier A.,Pyridine derivatives as fungicidal 

compounds. PatentUS7754741B2, 13 July 2010. 

Available 

online: https://patents.google.com/patent/US7754741 

[17.] Boussemghoune M.A.,Whittingham W.G., Winn 

C.L., Glithro H., Aspinall M.B., Pyrimidine 

derivatives and their use as herbicides. Patent 

US20120053053 A1, 1 March 2012. Available 

online:https://patents.google.com/patent/US20120053

053 

[18.] Mohilnikova I.V., Tsygankova V.A., Solomyannyi 

R.M., Brovarets V.S., Bilko N.М., Yemets А.І., 

Screening of growth-stimulating activity of synthetic 

compounds — pyrimidine derivatives, Reports of the 

National Academy of Sciences of Ukraine, 2020, 10, 
62-70. https://doi.org/10.15407/dopovidi2020.10.062 

[19.] Tsygankova V.A., VoloshchukI.V., Andrusevich 

Ya.V., Kopich V.M.,Pilyo S.G.,  Klyuchko S.V., 

Kachaeva M.V., Brovarets V.S.,Pyrimidine 

derivatives as analogues of plant hormones for 

intensification of wheat growth during the vegetation 

period, Journal of Advances in Biology, 2022, 15, 1 - 

10. DOI: https://doi.org/10.24297/jab.v15i.9237.

[20.] Tsygankova V.A., Andrysevich Y.V., Shtompel O.I., 

Kopich V.M., Kluchko, S.V., Brovaretz V.S., Using 

Pyrimidine Derivatives - Sodium Salt of Methyur and 
Potassium Salt of Methyur, to Intensify the Growth of 

Corn, Patent of Ukraine 130921, 12 December 2018. 

Available online: 

scholar.google.com.ua/citations?view_op=view_citati

on&hl=uk&user=hDZtSNwAAAAJ&cstart=100&pa

gesize=100&sortby=pubdate&citation_for_view=hD

ZtSNwAAAAJ:P-MJmu9ZMwQC; 

[21.] Tsygankova V.,Voloshchuk I., Andrusevich Y., 

Shtompel O., Kopich V., Klyuchko S., Brovarets V., 

The influence of the derivative of pirimidine – 

Methyur on the yield of the maize, beet and oats 

plants, The 8th International scientific and practical 
conference “Topical issues of the development of 

modern science”, Publishing House “Accent”, Sofia, 

Bulgaria, 2020, 514-523. URL:  https://sci-

conf.com.ua/;  

[22.] Tsygankova V.A., Voloshchuk I.V.,Andrusevich 

Ya.V., Shtompel O.I., Kopich V.M., Klyuchko S.V., 

Brovarets V.S., Using pyrimidine and pyridine 

derivatives for regulation of growth and development 

of  barley plants, Abstracts of the 1st International 

scientific and practical conference Innovative 

development of science and education, ISGT 
Publishing House, Athens, Greece, 2020, 52 - 68. 

URL: http://sci-conf.com.ua 

[23.] Tsygankova V., Voloshchuk I., Andrusevich Ya., 

Kopich V., Shtompel O.,KlyuchkoS., BrovaretsV., 

New growth regulators of sorghum plants based on 

synthetic pyrimidine and pyridine 

derivatives,Proceedings of the 12th International 

scientific and practical conference “World science: 

problems, prospects and innovations”, Perfect 

Publishing. Toronto, Canada. 2021.498 – 512. URL: 

http://sci-conf.com.ua 

[24.] Tsygankova V.A., Voloshchuk I.V., Andrusevich 
Y.V., Kopich V.M., Shtompel O.I., Pilio S.G., 

Klyuchko S.V., Brovarets V.S., Application of Ivin, 

Methyur and Kamethur as plant growth regulators of 

sugar sorghum (Sorghum saccharatum L.), VI 

International scientific and practical conference 

"Chemical technology: science, economy and 

production",2022, Shostka, Ukraine, 240-250.  

http://www.ijisrt.com/
https://doi.org/10.1080/17429145.2018.1471527
https://doi.org/10.1007/978-3-031-05427-3_16
https://patents.google.com/?inventor=Akira+Kawarada
https://patents.google.com/patent/DE2349745A1/en
https://patents.google.com/?inventor=Yasuo+Ota
https://patents.google.com/?inventor=Setsuo+Takeuchi
https://patents.google.com/patent/DE2349745A1/en
https://patents.google.com/patent/DE2349745A1/en
https://patents.google.com/patent/DE2349745A1/en
https://patentimages.storage.googleapis.com/d1/52/26/d05b90090de7ff/US8445408.pdf
https://patentimages.storage.googleapis.com/d1/52/26/d05b90090de7ff/US8445408.pdf
https://patents.google.com/patent/WO2014129996A1/en
https://patents.google.com/patent/WO2014129996A1/en
https://patents.google.com/?inventor=Darren+James+Mansfield
https://patents.google.com/patent/US7754741
https://patents.google.com/patent/US7754741
https://patents.google.com/?inventor=Pierre-Yves+Coqueron
https://patents.google.com/?inventor=Philippe+Desbordes
https://patents.google.com/?inventor=Pierre+Genix
https://patents.google.com/patent/US7754741
https://patents.google.com/?inventor=Joseph+Perez
https://patents.google.com/?inventor=Joseph+Perez
https://patents.google.com/?inventor=Alain+Villier
https://patents.google.com/patent/US7754741B2/en
https://patents.google.com/patent/US7754741
https://patents.google.com/patent/US20120053053
https://patents.google.com/patent/US20120053053
https://doi.org/10.15407/dopovidi2020.10.062
https://doi.org/10.24297/jab.v15i.9237
https://sci-conf.com.ua/
https://sci-conf.com.ua/
http://sci-conf.com.ua/
http://sci-conf.com.ua/


Volume 8, Issue 6, June 2023  International Journal of Innovative Science and Research Technology 

 ISSN No:-2456-2165 

IJISRT23JUN203  www.ijisrt.com  27  

[25.] Tsygankova V.A., Voloshchuk I.V., Klyuchko S.V., 

Pilyo S.G., Brovarets V.S., Kovalenko O.A., The 

effect of pyrimidine and pyridine derivatives on the 

growth and productivity of sorghum, International 

Journal of Botany Studies, 2022, 7(5), 19 – 

31.https://www.botanyjournals.com/archives/2022/vo

l7/issue5/7-4-28 

[26.] Tsygankova V.A., Andreev A.M., Andrusevich 
Ya.V., Pilyo S.G., Klyuchko S.V., Brovarets V.S., 

Use Of Synthetic Plant Growth Regulators In 

Combination With Fertilizers to Improve Wheat 

Growth,Int J Med Biotechnol Genetics,2023, S1, 

2(2), 9-14. URL: http://scidoc.org/IJMBGS1V2.php 

[27.] Pidlisnyuk V., Mamirova A., Newton R.A., 

Stefanovska T., Zhukov O., Tsygankova V., and 

Shapoval P., The role of plant growth regulators in 

Miscanthus × giganteus utilisation on soils 

contaminated with trace elements, Agronomy, 2022, 

12(12), 2999. DOI: 
https://doi.org/10.3390/agronomy12122999 

[28.] RudnytskaM.V.,PalladinaT.A.,Effect of preparations

Methyur and Ivine on Са2+-ATPases activity in 
plasma and vacuolar membrane of corn seedling

roots under salt stress 

conditions,Ukr.Biochem.J.,2017,89(1),76–

81.doi: https://doi.org/10.15407/ubj89.01.076 

[29.] Tsygankova V., Medvedieva T., Natalchuk T., 

Udovychenko K., Andrusevich Ya., Kopich V., 

Shtompel O., Klyuchko S., Brovarets V., Study of the 

impact of pyrimidine derivatives on rooting 

microshoots of cherry (Prunus cerasus L.) under in 
vitro culture conditions, The 5th International 

scientific and practical conference “Scientific 

achievements of modern society”, Cognum 

Publishing House. Liverpool, United Kingdom, 

2020(a), 1063 – 1076. http://sci-conf.com.ua. 

[30.] TsygankovaV.A., OliynykO.O., KvaskoO.Yu., 

PilyoS.G., KlyuchkoS.V., BrovaretsV.S.,Effect of 

Plant Growth Regulators Ivin, Methyur and Kamethur 

on the Organogenesis of Miniature Rose (Rosa mini 

L.) in Vitro, Int J Med Biotechnol Genetics, 2022, S1, 

2(1), 1-8. https://scidoc.org/IJMBGS1V2.php 
[31.] TsygankovaV.A.,ZayetsV.N.,GalkinaL.A.,Prikazchiko

vaL.P.,BlumeYa.B., An unusual minor protein 
appearing in embryonic axis cells of haricot bean 
seeds following germination process stimulated by 6-

methylthiouracyl,Biopolym Cell, 1998,14(5),438–

448. 

[32.] ТsygankovaV.A.,ZayetsV.N., 

GalkinaL.A.,BlumeYa.B.,The phytohormone-

mediated action of the synthetic regulators on cell 
extension growth in higher plants,Biopolym 

Cell,1999,15(5),432–441. 

[33.] VoytsehovskaO.V., KapustyanA.V., KosikO.I., 
MusienkoM.M., OlkhovichO.P., PanyutaO.O., 

ParshikovaT.V., GloriousP.S.,PlantPhysiology: 

Praktykum,Ed. ParshikovaT.V.,Lutsk: Teren, 2010, 

420. 

[34.] Statistical Methods in Molecular Biology, H. Bang 

(eds.),Totowa, NJ: Humana Press, 

2010,636.URL:https://doi.org/10.1007/978-1-60761-

580-4 

[35.] Cleland R.E., Auxin and cell elongation, In: Plant 

hormones, Davies P.J. (eds.), Springer, Dordrecht, 

1995, 214  - 227. URL: https://doi.org/10.1007/978-

94-011-0473-9_10 

[36.] Key J.L., Barnett N.M., Lin C.Y., RNA and protein 

biosynthesis and the regulation of cell elongation by 

auxin, Ann NY Acad Sci, 1967, 144(1), 49 - 

62. DOI: 10.1111/j.1749-6632.1967.tb34000.x
[37.] Zhao Yu., Auxin biosynthesis and its role in plant 

development, Annu Rev Plant Biol, 2010, 61, 49 - 64. 

[38.] Lavy M., Estelle M., Mechanisms of auxin signaling, 

Development, 2016, 143(18), 3226 - 3229. 

doi: 10.1242/dev.131870 

[39.] Cheng Z.J., Shang B., Zhang X.S., Hu Yu.,Plant 

hormones and stem cells, Chapter 12,pp.405 – 428, 

In: Hormone Metabolism and Signaling in Plants, 1st 

Ed.,Li J., Li C., Smith S.M. (Eds.), Elsevier Ltd., UK, 

2017, 597. http://dx.doi.org/10.1016/B978-0-12-

811562-6.00012-8 
[40.] Bilyavska N.O., Voloshina N.Yu., Topchii N.M., 

Konturska O.O.,PalladinaT.O., Effects of salt and 

osmotic stresses and methyure on foliar 

photosynthetic apparatus in maize, Bulletin of 

Kharkiv National Agrarian University. Series: 

Biology,3,35-

42.https://repo.btu.kharkov.ua//handle/123456789/80

30. 

[41.] PalladinaT.O., RibchenkoZh.I., KonturskaO.O., 

Dependence of preparation Metiure adaptogenic 

effect on plants under salt stress conditions from its 

molecular structure, Biotechnologia Acta, 
2012,5(1),115 – 

120.https://cyberleninka.ru/article/n/dependence-of-

preparation-metiure-adaptogenic-effect-on-plants-

under-salt-stress-conditions-from-its-molecular-

structure 

[42.] Blázquez M.A., Nelson D.C., and 

WeijersD.,Evolution of Plant Hormone Response 

Pathways, Annu. Rev. Plant Biol. , 2020,71,327-353. 

https://doi.org/10.1146/annurev-arplant-050718-

100309 

[43.] Fàbregas N., Alisdair R. Fernie A.R., The interface of 
central metabolism with hormone signaling in plants, 

Current Biology, 2021, 31(23), R1535-R1548. 

https://doi.org/10.1016/j.cub.2021.09.070. 

[44.] Liu Z.H., Hsiao I.C., and Pan Ya.W., Effect of 

naphthaleneacetic acid on endogenous indole-3-acetic 

acid, peroxidase and auxin oxidase in hypocotyl 

cuttings of soybean during root formation,Bot Bull 

Acad Sin, 1996, 37(4), 247-253. 

[45.] Naseem A., Mohammad F. (Eds.), Thidiazuron: From 

Urea Derivative to Plant Growth Regulator, Springer 

Singapore, 2018, 491. 

[46.] Rigal A. Ma Q., Rober S., Unraveling plant hormone 
signaling through the use of small molecules, Front. 

Plant Sci., 2014, 5, 1- 20. 

[47.] Serrano M., Kombrink E. and Meesters C., 

Considerations for designing chemical screening 

strategies in plant biology, Front. Plant Sci., 2015, 6, 

1- 19. 

http://www.ijisrt.com/
https://www.botanyjournals.com/archives/2022/vol7/issue5/7-4-28
https://www.botanyjournals.com/archives/2022/vol7/issue5/7-4-28
http://scidoc.org/IJMBGS1V2.php
https://doi.org/10.3390/agronomy12122999
https://doi.org/10.15407/ubj89.01.076
http://sci-conf.com.ua/
https://scidoc.org/IJMBGS1V2.php
https://doi.org/10.1007/978-1-60761-580-4
https://doi.org/10.1007/978-1-60761-580-4
https://doi.org/10.1007/978-94-011-0473-9_10
https://doi.org/10.1007/978-94-011-0473-9_10
https://doi.org/10.1111/j.1749-6632.1967.tb34000.x
https://doi.org/10.1242%2Fdev.131870
http://dx.doi.org/10.1016/B978-0-12-811562-6.00012-8
http://dx.doi.org/10.1016/B978-0-12-811562-6.00012-8
https://repo.btu.kharkov.ua/handle/123456789/8030
https://repo.btu.kharkov.ua/handle/123456789/8030
https://cyberleninka.ru/article/n/dependence-of-preparation-metiure-adaptogenic-effect-on-plants-under-salt-stress-conditions-from-its-molecular-structure
https://cyberleninka.ru/article/n/dependence-of-preparation-metiure-adaptogenic-effect-on-plants-under-salt-stress-conditions-from-its-molecular-structure
https://cyberleninka.ru/article/n/dependence-of-preparation-metiure-adaptogenic-effect-on-plants-under-salt-stress-conditions-from-its-molecular-structure
https://cyberleninka.ru/article/n/dependence-of-preparation-metiure-adaptogenic-effect-on-plants-under-salt-stress-conditions-from-its-molecular-structure
https://doi.org/10.1146/annurev-arplant-050718-100309
https://doi.org/10.1146/annurev-arplant-050718-100309
https://doi.org/10.1016/j.cub.2021.09.070


Volume 8, Issue 6, June 2023  International Journal of Innovative Science and Research Technology 

 ISSN No:-2456-2165 

IJISRT23JUN203  www.ijisrt.com  28  

[48.] Dejonghe W., and Russinova E., Plant Chemical 

Genetics: From Phenotype-Based Screens to 

Synthetic Biology, Plant Physiology, 2017, 174, 5-20. 

[49.] Raggi S., Doyle S.M. and Robert S., Auxin: At the 

Crossroads Between Chemistry and Biology, 

Chemical Biology of  Plant Biostimulants,Book 

Series Wiley Series in Renewable Resources,2020, 

122-152. 
[50.] Parizková B., Pernisová M.,and Novák O., What Has 

Been Seen Cannot Be Unseen—Detecting Auxin In 

Vivo,Int. J. Mol. Sci., 2017, 18(12), 2736.  

http://www.ijisrt.com/



