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Abstract

Kalistratova, A. V., Kovalenko, L. V., Oshchepkov, M. S., Solovieva, I. N., Polivanova, A. G., Bystrova, N. A. & 
Kochetkov, K. A. (2020). Biological activity of the novel plant growth regulators: N-alkoxycarbonylaminoeth-
yl-N’-arylureas. Bulg. J. Agric. Sci., 26 (4), 772–776

The synthetic cytokinins are the matter of the utmost importance and the subject of highly intensive studies due to the high 
activity in prevention of leaves fading, mobilization of nutrients, stem growth, etc. In a present study seven novel N-alkox-
ycarbonylaminoethyl-N’-arylureas are synthesized and tested for biological activity along with kartolin-2 and chlorocholine 
chloride taken as references. The results of the preliminary tests on tobacco cell culture (growth tests under controlled condi-
tions) showed that tested compounds have an evident, although multidirectional effect on the metabolic processes. 

Results of the wheat drought resistance tests demonstrated the superior positive effect of 1–2, 5 and 7 in water retardation 
as refereed to control compounds, kartolin-2 and chlorocholine chloride. 

The results of frost resistance of winter wheat tested in the presence of 5 and 6 revealed their activity substantially ex-
ceeding the references. Thus the novel regulators seem to be very promising candidates as plant growth regulators and stress 
protectants.
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Introduction

Plant growth regulators and stress protectants are the 
matter of increasing interest and intensive studies worldwide 
(Jiang &Asami 2018; Kawagishi, 2018; Rademacher, 2015; 
Wang et al., 2015; Ludwig-Mueller Luethen, 2015; Ham-
bardzumyan et al., 2016; Zhang et al., 2015;Varejão et al., 
2013; Mazid et al., 2011; Ricci & Bertolett, 2009). Although 
these chemicals are successively used in the agriculture, the 
number of publications in this field is constantly increasing. 
According to Chemical Abstracts (SciFinder) the number 

of annual publications for the key word combination “Plant 
growth regulators” has grown from 413 in 2000 to 660 in 
2005, to 1851 in 2010 and to 2198 in 2017. Among these 
chemicals the natural cytokinins are known to be very ef-
fective ones (Mazid et al., 2011; Ricci & Bertolett, 2009; 
Zahajska et al., 2017; Savelieva et al., 2018; Oshchepkov et 
al., 2020), Figure 1.

Indeed, cytokinins reveal high activity in the regulation 
of numerous physiological processes of plants, such as pre-
vention of leaves fading, stem growth, formation and activ-
ity of the apical shoot meristem, nutrient mobilization, etc. 
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(Mok&Mok, 2001; Rolli et al., 2012; Kumari et al., 2014; 
Ooiet et al., 2017). At the same time arylureas seem to be-
come the most promising scaffold for elaboration of new 
synthetic analogues of cytokinins (Figure 2). The structure of 
the synthetic cytokinin analogues consists of two bioactive 
groups separated by an alkyl chain. Plant growth regulators 
include a number of arilcarbamates, such as 4PU-30, thidi-
azuron, EDU and kartolin-2, possessing cytokinin activity, 
which are effective in extremely small dosages (Brunonia 
et al., 2014; Stoilkova et al., 2014;Yonova, 2010). Compar-
ing the structures of kartolin-2 and EDU, we proposed that 
compounds including two different groups − carbamate and 
urea, separated by the ethylene bridge, may also be active in 
regulating plant growth.

Therefore, the target of the present study was to synthe-
size a series of bifunctional compounds having carbamate 
and urea bound by the ethylenediamine bridge, and to evalu-
ate the phytoactivity of these compounds. It is expected that 
such synthetic analogues of cytokinins can become low-cost 
high-quality chemicals, which would be significantly mean-
ingful for the reduction of the volume of the pesticide use 
and thereby can help to provide the environment preserva-
tion. Besides, the growth regulation activity of these syn-
thetic analogues is supposed to be stably high in unfavorable 
environmental conditions such as drought and frost.

Materials and Methods

Experimental Details and Treatments 
Reagents: Kartolin-2 was synthesized according to 

known procedures (Baskakov et al., 1991) (Figure 3). Com-

pounds 1-7 were synthesized according to known procedures 
(Kovalenko et al., 2018). Chlorocholine chloride (BioRea-
gent) was purchased from Sigma – Aldrich.

Biological activity tests on tobacco cells culture
Plant growth regulation activity tests were carried out on 

a tobacco cell culture grown under strictly controlled condi-
tions (modified Schenk and Hildebrandt environment, 26°C, 
growth regulator concentration 5·10-6 mol·dm-3, incubation 
time 120 hours, 10 replicates). 

Wheat drought resistance test
The spring cultured wheat Triticum aestivum L., varie-

ties Moskovskaya 35 (Russian State Register of Protected 
Breeding Achievements, State catalog, № 7200935) was 
grown in water for 4 days and afterwards in solutions of 
the tested compound for 3 days. Wheat plants without roots 
and grains were slowly dried in thermostat at 24°C for 24 
hours, then stored in a moist chamber on a wet filter paper 
and the number of survived plants was determined in 7 days. 
As a reference for comparing activity in various experiments 
chlorocholine chloride was used, as an agent that increases 
plant drought resistance. (Table 2).

Wheat frost resistance test
Winter cultured wheat Triticum aestivum L., varieties 

Konkurent (Russian State Register of Protected Breeding 
Achievements, State catalog, № 9908369) was germinated 
in a thermostat for 3 days and then grown in a solution of the 
test compound for 7 days. 10-Day-old wheat plants without 
roots, but with grains, were kept to stop growth at 2 °С for a 
week, and then they were frozen at −5 °С for 24 hours, and 
finally thawed at room temperature. The plants were placed 
in distilled water for 2 hours and the release of electrolytes 
from dead tissues was measured.

Statistical analysis
Statistical processing of the results was performed us-

ing Microsoft Excel software. To assess the statistical sig-
nificance of various data sets, an acceptable value of sig-

Fig. 1. The structures of natural cytokinins

Fig. 2.The structures of synthetic analogues  
of cytokinins 

Fig. 3. Structures of N-alkoxycarbonylaminoethyl-N’- 
arylureas
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nificance was p = 0.05. The 95% confidence interval of true 
averages is shown in the tables 1, 2 and 3.

Results 

Results of the biological activity tests on tobacco cells 
culture. The activity was measured by an inhibition of the 
gaseous CO2 mass release due to the sells respiration (Kova-
lenko et al., 2017; Vorobev et al., 2017). The corresponding 
values are given in % of these indicators in control samples 
(free from the growth regulator). Kartolin-2 (5·10-6 mol·dm-3) 
was taken as a reference compound шт this study (Table 1).

Wheat drought resistance tests results. In drought tol-
erance tests on spring wheat, the following parameters were 
evaluated: (i) ability to retain moisture in sprout tissues, 
which was defined as the loss of water during drying; and (ii) 
the number of surviving plants during dehydration (the same 
degree in all variants). The results of the biological activity 
study for the tested compounds compared to chlorocholine 
chloride are shown in Table 2.

The test results of wheat frost resistance test. The frost 
resistance was tested via the measurement of cell membranes 
damage degree by electroconductivity. Under the low tem-
peratures the cell membranes get damaged and a leak of 
electrolytes from the plant tissues increases. The tests were 
run for compounds 5 and 6. The chlorocholine chloride and 
Kartolin-2 were used as reference compounds. The ratio of 
electrolyte yield in frost-treated tissues to electrolyte yield 
in dead tissues is a measure of the resistance of plant tissues 
to negative temperatures. Therefore, the lowest ratio corre-
sponds to the highest resistance.

Discussion

The results of the preliminary tests on tobacco cell cul-
ture (growth tests under controlled conditions) showed that 
tested compounds have an evident (Table 1), although multi-
directional effect on metabolic processes in plant cells. The 
compound 6 reveals significant cell growth stimulation ac-
tivity, while compounds 3 and 6 demonstrate a remarkable 
inhibition of metabolic processes related to cell respiration. 
Moreover, the inhibition effect of the compound 3 is twice 
as high relative to that one for Kartolin-2. At the same time 
the compound 1 indicates no any noticeable effect relative to 
control within the experimental error.

As can be seen from Table 3 the tested compounds 1-3, 
5 and 7 demonstrate the superior positive effect in water re-
tardation as refereed to control, Kartolin-2 and chlorocholine 
chloride. The number of survived plants upon dehydration 
is also higher for the compounds 1 and 2, but not for the 
compound 6. The samples of 1 and 2 exhibit better results 
relative to control and chlorocholine chloride. The highest 
efficacy is observed for the compounds 3 and 5. The latter 
demonstrates much better results relative to both chlorocho-
line chloride and Kartolin-2. Thus the novel regulators look 
very promising candidates for the wheat drought resistance 
increasing agents.

The results of frost resistance testes performed for com-
pounds 5 and 6 in comparison with chlorocholine chloride are 
given in Table 3. Both compounds 5 and 6 exhibit quite high 
activity relative to the blank (control) experiment. Moreover, 

Table 1. Results of biological activity tests on tobacco cell 
culture
Compound Specific respiration intensity 

(CO2/d), % of control
1 109 ± 10
2 136 ± 10
3 30 ± 3
4 129 ± 15
5 128± 15
6 250 ± 20
7 55 ± 8
Control 100 ± 10
Kartolin-2 63 ± 5

Table 2. Results of the wheat drought resistance tests in 
comparison with chlorocholine chloride and Kartolin-2
Compound C,  

mg/L
Water 

loss, %*
Number of 
survived 

plants upon 
dehydration, 
% to control*

Experiment 1
1 10.0 59.0 106
2 10.0 61.0 122
7 10.0 59.0 89
Control 0 69.5 100
Chlorocholine chloride 10.0 65.8 85

Experiment 2
3 10.0 70.0 155
Control 0 71.0 100
Chlorocholine chloride 10.0 74.0 82

Experiment 3
5 10.0 61.5 146
Control 0 65.0 100
Chlorocholine chloride 10.0 68.0 84
Kartolin-2 10.0 68.0 84
The least significant difference (НСР0.95): 2.3 % for water loss 
and 5% for the number of survived plants
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the frost resistance tests carried out for winter wheat revealed 
activity substantially exceeding that one registered for kar-
tolin-2 and chlorocholine chloride. Particularly the sample 8 
performs 39 and 35% effectively than chlorocholine chloride 
and Kartolin-2 respectively, while substance 9 demonstrated 
even better results: 57 and 51% higher activity.

Conclusions

The synthesized compounds exhibit quite high plant 
growth regulation activity, exceeding that one recorded for 
known structurally related analogues, such as Kartolin-2. 
According to the performed anti-stress tests, the highly ef-
ficient plant growth regulation activity for the obtained 
compounds was proved to be maintained at the condition of 
drought and frost.
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