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Abstract 

The article presents the results of experimental work to determine the stimulatory 

effect of various percent solutions of salts and complex compounds of organic 

acids on the germination of vegetable seeds. First of all, a mixture of acids 

obtained from natural petroleum acid and hydrolysis of sunflower oil, then 

complex compound of triethanolamine, isobutylamine, natural oils and sodium 

salts of sunflower oil were synthesized. The physical and chemical properties 

were studied. Thus, in laboratory conditions the influence of synthesized salt and 

complex compounds of 0.001-0.0001% on the seeds of tomato, cucumber and 

eggplant plants were investigated and their physiological effects on the seeds were 

studied. Experiments on the effect of salt and complex of natural petroleum acid 

on vegetable crops were conducted under laboratory conditions for 2 days with 

cucumber seeds, 7 days with tomato seeds and 9 days with eggplant seeds. To 

investigate the effects of the synthesized substances on plant seeds, complex 

compounds of triethanolamine, isobutylamine of natural oil acid, solution of 

sodium and sodium salt of sunflower oil acid with 0.001-0.                    

                                                -    C) for 24 h. Researches on 

the seeds of tomato, cucumber and eggplant were done by placing 50 seeds twice 

in the Petri dish. The seeds were removed from the cups after being stored in the 

solutions for 24 h and transferred to fresh Petri cups to observe further 

development of the plant seeds. In the following days only irrigation water was 

given to the seeds. From the investigations it was clear that, the best results for 

germination of seeds in solutions of 0.001% and 0.0001% were recorded in 

0.0001% solutions 

Keywords:  natural oil acids, triethanolamine, isobutylamine, sunflower oil, new height 
substance, stimulating 

 
Introduction 

The demand for food products and their quality is increasing as the population grows. That 
is why increasing productivity and improving the quality of agricultural crops is an important 
issue. 

The decline in agricultural productivity due to climate change makes it necessary to pay 
more attention to this area. Recent years climate change problems of the planet have led to the 
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development of agricultural products and a decline in their productivity [1,2]. 
High efficiency of growing vegetable crops without the use of modern technologies in 

agriculture is impossible. There are various ways to increase crop productivity: improving 
agrotechnical rules, fertilizers, and use of height substances [3,4]. 

Plant height regulators are environmentally friendly substances that improve the 
productivity and quality of plants. In many countries, 50-80% of agricultural plants are processed 
by height regulators [5,6]. 

Plant height regulators regulate the physiological processes in the plant. These penetrate 
the endosperm of the seed from the membrane, causing the synthesis of hydrolytic enzymes that 
can break down nutrients (starch and proteins) into sugars and amino acids, resulting in the 
initial roots and subsequent germination [7-9]. Plant-height regulators are very few used (poor 
concentration) chemical compounds that affect plant growth and development [10]. 

Individual acids were separated from oil acids by distillation and the physiological activity 
of their derivatives was investigated and it was determined that the maximum biological activity 
was obtained by C12-C18 oil acids [11]. 

Experimental Part 
Given the above, the main purpose of our research is to synthesize new height substances 

and conduct appropriate studies to investigate their effects on vegetable plants. To this end, at the 
Institute of Petrochemical Processes the salts and complex compounds of water-soluble oil acids 
based on natural petroleum acids (NPA), which are completely refined from phenols and free 
hydrocarbons are synthesized and their effects on the seeds of the plants were studied. To this 
end, the following work has been done: 
1) a                                       A      -    C/3.99 10

-4
Mpa and hydrolysis of 

sunflower oil; 
2) checking the physical - chemical properties of the obtained acids; 
3) synthesis of Na salt of NPA with acid number 270; 
4) synthesis of triethanolamine (TEA) and isobutylamine (IBA) complexes of NPA with acid 

number 270; 
5) synthesis of Na salt of acids obtained from hydrolysis of SOA; 
6) study of physical - chemical properties of synthesized salts and complex compounds; 
7) preparation of 0.001 and 0.0001% solutions of the synthesized compounds; 
8) testing of 0.001 and 0.0001% solutions as a biologically active substance on seeds of 

agricultural plants under laboratory conditions. 
For syntheses of salts and complex compounds of natural oil and the salt of the acid 

obtained by vegetable oils hydrolysis, a three-step buffer supplied with a mixer and heater is 
filled with oil,        H,  EA, I A                                    -                     
                       -    C.  

The reactions are as follows: 
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R - I fraction of natural petroleum acid (boiling temperature 80-180/3.99 10

-4
MPa). 

For synthesis of acid salts derived from hydrolysis of vegetable oils, a three-step buffer 

supplied with a mixer and heater is filled with    ,        H                                 

  -                                            -    C.  

The physical-chemical properties of the salt and complex of synthesized oil acid and the 

spectral structure has been confirmed. 

Results and Discussion 

Physical-chemical parameters of natural petroleum acid and petroleum acid with acid 

number 270 are listed in Tab. 1 and 2. 

Table 1. Physical-chemical indicators of NPA (TC 35 36601-225-2010) 

№ The names of indicators Norm  Control methods 

1. Appearance A transparent breed 
fluid 

Item 5.2 of the TC 

2. D     y      ˚C,   / 
3
, not less 930.0 GOST 3900-85 

3. Acid number, mg KOH/g 225-280 Item 5.5 of the TC 

4. Mass fraction of mineral oils, calculated 
for organic compounds,%, no more than 

14 Item 5.4 of the TC 

5. Colour TsNT unit, no more 3.5 GOST 20284-74 

Table 2. Physical-chemical indicators of NPA with acid number 270 

The name of the 

substance 

Boiling  

temperature 

Density  

20C, kg/m
3
 

Refraction coefficient 

n 20

D

 

NPA (a.n.270) 
80-180/ 

3.99 10
-4

MPa 
951.5 1.4672 
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Table 3. Physical and chemical indicators of the solutions NPA compounds 

Examples 

Concen-

tration, 

% 

Kinetic 

viscosity, 

mm
2
/sec, 

40
o
C 

Density, 

g/cm
3
  

20 
o
C 

Refraction 

coefficient,  

20 
o
C 

pH 

 

Freezing 

temp., 
o 
C 

TEA comp. of NPA 0.001 1.601 0.9981 1.0031 7.5 -8 

TEA comp. of NPA 0.0001 1.6311 0.9983 1.0031 7.5 -6 

IBA comp. of NPA 0.001 1.0715 0.9991 1.3330 7.1 -10 

IBA comp. of NPA 0.0001 1.0435 0.9981 1.3331 7.1 -8 

Na salt of NPA 0.001 - 0.9969 1.3333 7.0 -4 

Na salt of NPA 0.0001 - 0.9990 1.3335 7.2 -4 

Table 4. Physical-chemical properties of SOA 

Vegetable oils 

 

Acid number, 

mg KOH/g 

Medium mol. 

weight 

Iodine 

number, 

100 g J/g 

substance 

Density 

kg/m
3 

d 20

4

 

Refraction 

coefficient    

η 20

D

 

Sunflower oil 138 269 107 901 1.4673 

The specific electrical conductivity of 0.001 and 0.0001% solutions used was also studied, 

and the results obtained are given in Tab. 5.  

Table 5. The specific electrical conductivity of 0.001 and 0.0001% solutions 

№ The name of the substance 
Concen., 

% 
R, Om ρ,   ·m χ, S/   

1 NPA with acid number 270 + TEA comp. 0.001% 4.0·  
3
 8.0·  

2
 1.25·10

-5
 

2 NPA with acid number 270 + TEA comp. 0.0001% 3.3·  
3
 6.6·  

2
 1.51·10

-5
 

3 NPA with acid number 270 + IBA comp. 
0.001% 3.6·  

3
 7.2·  

2
 1.38·10

-3
 

4 NPA with acid number 270 + IBA comp. 
0.0001%  . ·  

3 
6·  

2
 1.66·10

-3
 

5 NPA with acid number 270 + Na salt 
0.001 1.4·  

5
 2.8·10

4
 3.6·10

-7
 

6 NPA with acid number 270 + Na salt 0.0001 1.56·  
4 

7.8·10
4
 1.28·10

-5
 

7 SOA + Na salt 0.001% 3.9·  
3
 7.8·  

2
 1.28·10

-5
 

8 SOA + Na salt 0.0001% 3.3·  
3
 6.6·  

2
 1.51·10

-5
 

9 Distillation water - 5.8·  
3
 1.2·  

3
 8.3·10

-6
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The salts and complexes were synthesized, as well as IR spectra of SOA and Na salt of 

SOA were drawn on the ALPHA IR - Furye spectrophotometer by BRUKER, Germany.  

In the IR spectrum of acid, absorption strips were obtained for the mathematical dance of 

the C-H bond of the CH2 group in 722 cm
-1

; COOH group of acid in 938 cm
-1

; C=O contact in 

1708 cm
-1

; deformation and valent dances of C-H bond of CH3 and CH2 groups in 1346, 1377, 

1414, 1460, 2853, 2922 cm
-1

; valence dance of C-H bond of HC=HC group in 3008 cm
-1

. 

 
Fig.1. Sodium salt of acid obtained from sunflower oil 

In the IR spectrum of sodium salt of acid obtained from sunflower oil, the absorption 

strips were obtained in accordance with the mathematical dance of the C-H bond of the CH2 

group (718 cm
-1

); deformation dance of the C-H bond of HC = CH - group (921 cm
-1

); C-O 

contact (1095 cm
-1

); the deformation dance of the C-H bond of CH3, CH2  and CH groups (1312, 

1405, 1440, 1458 cm
-1

); valence dance of C-H bond of CH3, CH2  ə CH             ,  9  , 

2954 cm
-1

); valence dance of C-O contact of COO
-
 group (1641, 1546 cm

-1
); valence dance of C-

H bond of HC=CH- group (3010 cm
-1

); valence dance of OH group (3363 cm
-1 

)  

The IR spectrum analysis of the acid derived from sunflower oil and the sodium salts 

derived from this acid shows that, the absorption strips (938,1708 cm-
1
) of the functional groups 

(COOH, C = O) that characterize the acid are practically lost and new absorption stripes in the 

area 1641,1546 cm-
1
 corresponding to the C-O bond of the COO-group, which is due to the 

saline substitution of the hydrogen atom in the carboxyl group by the sodium atom. 

The IR spectra of the NPA, Na salt of the NPA, the IBA of the NPA and the TEA 

complex of the NPA were drawn and studied.  

The absorption band was found to correspond to the valence dance (1702 cm-
1
) of 

carbonyl group (C=O) that characterizes acid in the NPA spectrum; valence dances of the 
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carboxyl group (COOH) (2668 cm-
1
) and the deformation of the acid hydroxyl (OH) group 

(935 cm-
1
). 

 

 

 
Fig. 2. IR spectrum of Na salt of NPA 

 

In the IR spectrum of Na salt of NPA, absorption strips were obtained for the 

mathematical dance of the C-H bond of the CH2 group (715 cm-
1
); deformation dance of C-H 

bond of -HC = CH- group (932 cm-
1
); deformation dance of C-H bond of CH3, CH2 and CH 

groups (1315, 1402, 1451 cm-
1
); valence dance of C-H bond of CH3, CH2 and CH groups (2861, 

2923 cm-
1
); valence dance of C-O bond of the COO-group (1643, 1544 cm-

1
); valence dance of 

OH bond (3368 cm-
1
). 

It is clear from the spectrum that, the valence and deformation dances of the functional 

groups that characterize the acid have disappeared completely and the absorption cycles of the 

sodium salts of the acid have been formed. This is due to the hydrogen atoms in the carboxyl 

group of the acid being absorbed by the complete substitution of the sodium atom. 
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Fig. 3. IR spectrum of IBA complex of NPA 

 

In the IR spectrum of the isobutylamine complex of NPA, absorption strips were obtained 

according to the C-H bond (657, 700, 803, 875, 925 cm-
1
); communication of C-H in the IR 

spectrum of the isobutylamine complex of NPA (657, 700, 803, 875, 925 cm
-1

); C-O contact 

(1023, 1091, 1167, 1192, 1218 cm
-1

); deformation and valence dances of C-H bond of CH3 and 

CH2 groups (1311,1394,1461, 2869, 2922, 2952 cm
-1

); valence dance of the C-O bond of the 

COO group (1535, 1627 cm
-1

); 2597 ammonium strip (2687 cm
-1

). 

Analysis of IR spectra of the NPA and the isobutylamine complex of the synthesized 

natural petroleum acid shows that, the absorption strips in the NPA spectrum are lost in the area 

1702, 935 cm-
1
, new absorption strips are created in the area 2597, 2687, 1535, 1627 cm-

1
. This 

also indicates the formation of the ammonium complex. 
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Fig. 4. IR spectrum of TEA complex of NPA 

In the IR spectrum of the TEA complex of NPA, the absorption stripes are observed in 

the valence dance (1558 cm-
1
) of the C-O bond of the COO group; valence dance of NH

+ 
group 

(2540, 2680 cm
-1

); valence dance of OH group (3257 cm
-1

); C=O contact (1713 cm
-1

); the 

mathematical dance of C-H bond of CH2 group (725 cm
-1

); deformation dance of the C-H bond 

of -HC=CH- group (852, 882, 909 cm
-1

); C-N and C-O bonds (1035,1069, 1096, 1212,                       

1284 cm
-1

); deformation and valence dance of C-H bond of CH3, CH2 groups (1399, 1450, 2855, 

2921, 2948 cm
-1

); valence dance of O-H bond (3257 cm
-1

).  

Acid-specific absorption strips are lost and complex salts are removed. 

Experiments on the effect of extracted natural petroleum acid and salt on vegetable crops 

were conducted on 22.07.2019 at the Functional Analysis Laboratory of the Scientific Research 

Institute of Vegetable Growing for 2 days with cucumber seeds, 7 days with tomato seeds and 9 

days with eggplant seeds. To investigate the effects of the synthesized substances on plant seeds, 

TEA and IBA complex compounds of NPA, Na salt of NPA and the solutions of Na salt of SOA 

with a content of 0.001-0.                                                        -       C 

for 24 h. 

Studies on the seeds of tomato, cucumber and eggplant were done by placing 50 seeds, 2 

reps into the Petri dish. To each of the cups, 10 ml of diluted solution and 10 ml of irrigation 

water were added to the seeds as a control option to compare to the other Petri cups. The seeds 

were removed from the flasks after being stored in the solutions for 24 h and transferred to fresh 
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Petri cups to observe further development of the plant seeds. In the following days, seeds were 

given only irrigation water. 

Research has shown that, the best results for germination of seeds in solutions of 0.001% 

and 0.0001% were recorded in 0.0001% solutions (Table 6-8). 

Experiments show that when comparing the effects of 0.0001 and 0.001% solution of 

TEA complex of NPA on the germination of tomato plants (Zarrabi species), no significant 

differences in seed germination are detected. Thus, seed germination was 89 and 83%, 

respectively. However, the difference compared to the control option was relatively high in the 

first concentration and was 13%. In all the studied variants, the number of germinating seeds 

increased continuously in the following days without being soaked, and on the 7
th

 day was the 

maximum. For variants, this varies between 76-89% (Table 6). As shown in Table 6, the highest 

germination percentage was recorded at 0.0001% of the TEA complex of NPA, IBA complex of 

NPA, Na salt of NPA and Na salt of SOA and was 89, 86, 86 and 88% respectively. The effect 

of the studied solutions on the germination of tomato seeds was 10–13% with the relative 

intensity of 0.001%, 2–8% with a sensitivity of 0.0001% compared to the control variant. 

The highest germination was observed in seeds of eggplant (Zahra species) with 0.001% 

concentration of Na salt of SOA and 0.0001% concentration of IBA complex of NPA, and 

germination percentage was 90 and 85%, respectively. This is an advantage when compared to 

the control variant of 12-7%, respectively. In the remaining variants, the percentage of 

germination was not comparable to that of the control, and in some cases was lower than that of 

the control (73-80%). 

First germination in eggplant seeds was observed from 26.07.2019, then germination 

increased with days, 7
th

 day (77%) in some variants, 8
th

 day (87%) in some variants, on the ninth 

day, it reached its maximum level (77-90%). In all variants with the exception of Na salt of 

SOA, the percentage of germination was observed at 0.0001% of the studied substances (Tab. 7). 

Unlike the seeds of tomato and eggplant, the highest percentage of germination in 

cucumber seeds was recorded on the second day after seeding, ie on July 24. At this time, the 

maximum germination was observed at 0.0001% of TEA complex of NPA and Na salt of SOA 

and was 95 and 94%, respectively. In the remaining variants, the germination percentage of 

cucumber seeds due to the influence of natural oil acids and their complexes varied between 85-

92% and in the control variant the percentage of germination was 85% (Table 8). 

The differences in the germination of the seeds of different vegetable plants depend on the effect 

of the chemical compounds used to soothe the seeds, as well as the biological characteristics of 

the plants.  
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Table 8. The germination of the seeds of cucumber plant 

№ 
The names of the 

substances 

Concen-

tration, % 

Seed 

number 

Days (cucumber)   22.07.19 soaked 

1 2 Sprouting, 

% 23.07.19 24.07.19 

1 NPA + TEA comp. 10
-4 

50 10 48 95 

1
/ 

NPA + TEA comp. 10
-4 

50 10 47 

2 NPA + TEA comp. 10
-3 

50 3 46 91 

2
/
 NPA + TEA comp. 10

-3 
50 3 45 

3 NPA + IBA comp. 10
-4 

50 3 45 88 

3
/
 NPA + IBA comp. 10

-4 
50 5 43 

4 NPA + IBA comp. 10
-3 

50 4 48 92 

4
/
 NPA + IBA comp. 10

-3 
50 5 44 

5 NPA + Na salt 10
-4 

50 2 44 92 

5
/
 NPA + Na salt 10

-4 
50 4 48 

6 NPA + Na salt 10
-3 

50 8 42 89 

6
/
 NPA + Na salt 10

-3 
50 3 47 

7 SOA + Na salt 10
-4 

50 7 47 94 

7
/
 SOA + Na salt 10

-4 
50 4 47 

8 SOA + Na salt 10
-3 

50 4 44 90 

8
/
 SOA + Na salt 10

-3 
50 4 46 

9 Control - 50 5 43 85 

9
/
 Control - 50 5 42 

Conclusions 

When studying the effect of 0.0001% concentration of TEA and IBA complexes of NPA, 

Na salt of NPA and SOA on the germination of tomato seeds, germination rate was between 86-

89%, the modified and mentioned options were 10-13% higher than the control options. 

While germination of eggplant seeds was 78% in the control variant, the seed germination 

percentage was 85-90% when treated with 0.0001% solution of IBA complex of NPA and 

0.001% of Na salt of SOA. The preference for these variants was 7-12% compared to the control 

variant. In the other variants, the percentage of seed germination was slightly different from the 

control variant. 

The highest germination percentage in cucumber plants was recorded in 0.0001% solutions 

of Na salt of SOA and TEA complex of NPA (94-95%, respectively). In the other variants, the 

percentage of germination of cucumber seeds, including control variants, varied between 85-

92%. 
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 The results of studies with all three plant seeds showed that germination percentage in all 

other variants was higher than that of 0.0001% solution, except for the fact that eggplant seeds 

were treated with 0.001% solution of Na salt of SOA. 

The work done shows that, agricultural use of the salts synthesized on the bases of oil acids 

which are domestic raw material in our Republic has great potential as plant stimulants.  
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