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Studying the influence of 2-((4-R-3-
(morfolinomethylen)-4H-1,2,4-triazole-5-yl)
thio)acetic acid salts on growth and progress 
of corn sprouts

Topicality. Agricultural industry urgently requires new and effective growth stimulating remedies. 1,2,4-triazole 
derivatives have had exhibited themselves as active fungicides and growth stimulators and the salts of 2-(4-R-3-R1-
1,2,4-triazole-5-yltio)acetic acid are quite promising in this aspect.

Aim. To determine the impact on quality indicators of Galatea hybrid corn sprouts germination after the processing 
with solutions of 2-((4-R-3-(morfolinomethylen)-4H-1,2,4-triazole-5-yl)thio) acetic acid salts.

Materials and methods. The objects of our research were 10 new substances derivative 1,2,4-triazole derivatives. 
Further it was studied the impact of these compounds on the performance and germination of the “Galatea” hybrid corn 
seed in 2016 harvest. We have used auxin as the study comparison and distilled water was used as a control.

Results and discussion. The study had found that these compounds could differently influence on the growth and 
development of corn sprouts. It was mentioned that on the growth stimulating activity intensiveness can influence the 
replacement of amino group at the N4 nitrogen atom of 1,2,4-triazole cycle and the type of cation which is combined with acids.

Conclusions. In the result of our experiment it was determined the prospects of further investigations of synthesized 
compounds as a growth stimulators and noted appropriateness of “structure-action” dependences could be integrated 
into future research
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Дослідження впливу солей 2-((4-R-3-(морфолінометилен)-4H-1,2,4-триазол-5-іл)
тіо)ацетатних кислот на ріст і розвиток паростків кукурудзи

Актуальність. Сільськогосподарська промисловість гостро потребує створення нових та ефективних ріст-
стимулюючих засобів. Похідні 1,2,4-триазолу вже встигли проявити себе як активні стимулятори росту та фун-
гіциди, а солі 2-(4-R-3-R1-1,2,4-триазол-5-ілтіо)ацетатних кислот є досить перспективними в цьому плані.

Метою даних досліджень є визначення впливу на якісні показники проростання паростків кукурудзи гібриду 
Галатея після їх обробки розчинами солей 2-((4-R-3-(морфолінометилен)-4H-1,2,4-триазол-5-іл)тіо)ацетатних кислот.

Матеріали та методи. Об’єктами наших досліджень були 10 нових речовин, похідних 1,2,4-триазолу. В по-
дальшому проведено дослідження впливу вказаних сполук на показники енергії проростання та схожості насін-
ня кукурудзи гібриду «Галатея» врожаю 2016 р. Як еталон дослідження використовувався ауксин, а контролем 
слугувала дистильована вода. 

Результати та їх обговорення. В результаті проведеного дослідження встановлено, що вказані сполуки 
по-різному здатні впливати на ріст та розвиток паростків кукурудзи. Відмічено, що на інтенсивність рістстиму-
люючої активності впливають як замісники за N4 атомом азоту 1,2,4-триазолового циклу, так і характер катіону 
зв’язаного з кислотами.

Висновки. В результаті експерименту встановлено перспективність подальших досліджень синтезованих 
речовин в якості рістстимуляторів, а відмічені закономірності залежності «структура-дія» можуть бути інтегро-
вані в подальші дослідження.

Ключові слова: 1,2,4-триазол; паростки кукурудзи; гібрид Галатея
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Изучение влияния солей 2-((4-R-3-(морфолинометилен)-4H-1,2,4-триазол-5-ил)
тио)ацетатных кислот на рост и развитие ростков кукурузы

Актуальность. Сельскохозяйственная промышленность остро нуждается в создании новых и эффектив-
ных ростстимулирующих средств. Производные 1,2,4-триазола уже успели проявить себя как активные стиму-
ляторы роста и фунгициды, а соли 2-(4-R-3-R1-1,2,4-триазол-5-илтио)ацетатных кислот являются весьма перспек-
тивными в этом плане.

Целью данных исследований является определение влияния на качественные показатели прорастания 
ростков кукурузы гибрида Галатея после их обработки растворами солей 2-((4-R-3-(морфолинометилен)-4H-
1,2,4-триазол-5-ил)тио)ацетатных кислот.

Материалы и методы. Объектами наших исследований были 10 новых веществ, производных 1,2,4-три-
азола. В дальнейшем проведено исследование влияния указанных соединений на показатели энергии прорас-
тания и всхожести семян кукурузы гибрида «Галатея» урожая 2016 г. Как эталон исследования использовался 
ауксин, а контролем служила дистиллированная вода.
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Результаты и их обсуждение. В результате исследования установлено, что указанные соединения по-
разному способны влиять на рост и развитие ростков кукурузы. Отмечено, что на интенсивность ростстиму-
лирующей активности влияют как заместители при N4 атоме азота 1,2,4-триазолового цикла, так и характер 
катиона, который связан с кислотами.

Выводы. В результате эксперимента установлено перспективность дальнейших исследований синтези-
рованных веществ в качестве ростстимуляторов, а отмеченные закономерности зависимости «структура-дей-
ствие» могут быть интегрированы в дальнейшие исследования.

Ключевые слова: 1,2,4-триазол; побеги кукурузы; гибрид Галатея

INTRODUCTION
Agricultural industry urgently requires new and ef-

fective growth stimulating remedies. These agents usu-
ally are natural or synthetic organic or inorganic com-
pounds that in small concentrations can influence on the 
energy and speed of sprouts germination, length and weight 
of stems, germination which in turn affects the growth 
and development of plants helping to increase their pro-
ductivity [1, 2]. As growth stimulating substances for ce- 
reals and crops there are widely used numerous biologi-
cally active compounds from different classes. 1,2,4-tri- 
azole derivatives have had to exhibited themselves as ac- 
tive fungicides and growth stimulators (tryadimefon, cypro-
conazol, propiсonazol, penсonazol, dyfenoсonazol, tebu- 
сonazol, epoksyсonazol etc.) [2-4]. Quite promising in this 
regard are the salts of 2-(4-R-3-R1-1,2,4-triazole-5-yltio) 
acetic acid [5]. Thus our previous research experience 
of growth stimulating activity of these substituents on 
the Sunflower Simple example indicates to the prospects 
of this research direction [5-7]. Important is the fact that 
along with labeled features the salts of 2-(4-R-3-R1-1,2,4- 
triazole-5-ylthio)acetic acid do not show high acute toxi- 
city and are not accumulating in humans and animals 
organisms [2-4, 8].

The aim of these studies was to determine the im-
pact on quality indicators of Galatea hybrid corn sprouts 
germination after the processing with solutions of 2-((4- 
R-3-(morfolinomethylen)-4H-1,2,4-triazole-5-yl)thio) acetic   
acid salts.

MATERIALS AND METHODS
The objects of our research were 10 new substances 

(Fig.), salts of 2-((4-R-3-(morfolinomethylen)-4H-1,2,4-
triazole-5-yl)thio)acetic acid which were synthesized at 
the Department of Toxicological and Inorganic Chemistry 
of Zaporozhye State Medical University. These compounds 

are the crystalline substances which are odorless, soluble 
in water and organic solvents (Fig.). Research of growth 
stimulating activity was conducted at the Department of 
Physiology and Plant Introduction of Oles’ Honchar Dnipro-
petrovsk National University under the direction of Doc-
tor of Biological Sciences, Professor V. Lykholat and re-
sponsible executor, Ph. D. in Biological Sciences, senior 
research staffer N. A. Khromykh.

Further it was studied the impact of these compo- 
unds on the performance and germination of the “Gala- 
tea” hybrid corn seed in 2016 harvest. For this study it 
was randomly counted 4 samples by 50 seeds and kept 
in a 0.01 % aqueous solution of these compounds for 
6 hours. Then the seeds were washed three times with 
distilled water and then uniformly placed on moist filter 
paper in Petri dishes which were placed in a thermostat-
ted cabinet in compliance with the temperature condi-
tions of 20 ± 2 °C throughout the study period.

From the second day of the experiment we have coun- 
ted the sprouted seeds referring to the fine grains those 
sprouts that have developed embryonic root not less than 
the length of a grain and formed germ which has at least 
half length of the seed. Sprouted seeds were placed in 
the box with filter paper are placed in cups of distilled 
water and kept in a thermostatically controlled cabinet.

The germination energy was calculated as a percen- 
tage of sprouted seeds on the third day of the experiment, 
seed germination was calculated on the seventh day.

Germination speed was calculated as the conventio- 
nal index which indicates the number of days required 
for germination of 1 seed [1, 9]. As the study compari-
son we have used β-indolyl acetic acid (Auxin) and dis-
tilled water was used as a control.

RESULTS AND DISCUSSION
The study had found that the 2-((4-R-3-(morfolino- 

methylen)-4H-1,2,4-triazole-5-yl)thio) acetic acid salts in 
different ways can influence on the growth and develop-
ment of Galatea hybrid corn sprouts (Table). It was no- 
ted that on the intensity of the growth stimulating acti- 
vity can affect substituted at N4 nitrogen atom of 1,2,4- 
triazole cycle and the nature of the cation which is boun- 
ded with 2-((4-R-3-(morfolinomethylen)-4H-1,2,4-tria-
zole-5-yl)thio) acetic acid.

Thus in the result of the study we have marked com-
pounds PKR-135, PKR-136 and PKR-177 which are vir-
tually by all indicators of the growth stimulating activity 
excess comparison standard auxin. In the study of growth 

R = phenyl, R1 = piperydil (PKR-134); R = phenyl,  
R1 = K (PKR-135); R = phenyl, R1 = Na (PKR-136); R = phenyl,  
R1 = NH3-CH2-CH2-OH (PKR-137); R = phenyl, R1 = NH4 (PKR-139); 
R = ethyl, R1 = morfolil (PKR-144); R = methyl,  
R1 = morfolil (PKR-145); R = amino, R1 = NH4 (PKR-177);  
R = H, R1 = NH4 (PKR-182); R = amino, R1 = NH3-CH3 (PKR-234).

Fig. Salts of 2-((4-R-3-(morfolinomethylen)-4H-1,2,4-
triazole-5-yl)thio) acetic acid
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stimulating activity it was found that the salts of 2-((4- 
R-3-(morfolinomethylen)-4H-1,2,4-triazole-5-yl)thio) 
acetic acid with inorganic cations have more pronounced 
impact on germination indicators quality. Thus the re-
placement of ammonium cation (PKR-177) into organic 
methyl ammonium cation (PKR-234) as a replacement of 
free amino group at the N4 nitrogen atom of 1,2,4-triazole 
cycle (PKR-177) into phenyl radical (PKR-139) results 
significant loss of almost all indicators of growth stimu-
lating action. However the introduction of potassium 
(PKR-135) and sodium (PKR-136) cations in the mole-
cule of 2-((4-phenyl-3-(morfolinomethylen)-4H-1,2,4-tri-
azole-5-yl)thio) acetic acid significantly improves the speed 
of germination and sprouting speed of corn. Interesting 
is the fact that the introduction of piperydin cation (PKR-134) 
in the molecule leads to a significant increase of germi-
nation energy to the level of 50.4 % that exceeds the 
standard auxin at 7.2 % respectively (Table).

CONCLUSIONS
1. We have conducted the studying of influence of 2- 

((4-R-3-(morfolinomethylen)-4H-1,2,4-triazole-5- 
yl)thio) acetic acid salts on the growth and develop-
ment of corn sprouts (Galatea hybrid) in laboratory 
conditions.

2. It was established that the most significant growth 
stimulating activity in corn sprouts showed inorga- 
nic salts (sodium PKR-136, potassium PKR-135 and 
ammonium PKR-177) of 2-((4-R-3-(morfolinomethy- 
len)-4H-1,2,4-triazole-5-yl)thio) acetic acid.

3. In the result of our experiment it was determined 
the prospects of further investigations of synthesi - 
zed compounds as a growth stimulators and noted 
appropriateness of “structure-action” dependences 
could be integrated into future research.
Conflicts of Interest: authors have no conflict of in-

terest to declare.
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Table

STUDy RESULTS OF THE INFLUENCE OF 2-((4-R-3-(MORFOLINOMETHyLEN)-4H-1,2,4-TRIAzOLE-5-yL)
THIO) ACETIC ACID SALTS AT THE gROwTH AND PROgRESS OF CORN SPROUTS (gALATEA HybRID)
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PKR-134 50.4 86.4 4.29 84.6 ± 21.2 102.3 0.305 103.4 149.8 ± 39.4 95.1 0.234 121.2 1.30
PKR-135 39.6 93.6 4.70 89.9 ± 18.8 108.7 0.350 118.6 168.1 ± 42.1 106.7 0.287 149.5 1.23
PKR-136 46.8 97.2 4.59 99.0 ± 21.9 119.7 0.354 120.0 176.3 ± 40.5 111.9 0.302 157.3 1.17
PKR-137 25.2 64.8 4.79 88.4 ± 14.8 106.9 0.317 107.5 156.3 ± 42.2 99.2 0.217 113.0 1.30
PKR-139 28.8 76.2 4.77 77.6 ± 14.6 93.8 0.277 93.9 154.6 ± 52.6 98.2 0.213 110.9 1.37
PKR-144 43.2 75.6 4.53 78.7 ± 19.7 95.2 0.250 84.8 114.6 ± 39.0 72.8 0.183 95.3 1.37
PKR-145 36.0 90.0 4.77 68.6 ± 17.9 83.0 0.238 80.3 126.0 ± 36.5 80.0 0.196 102.1 1.21
PKR-177 46.8 91.2 4.45 95.0 ± 22.2 114.9 0.314 106.4 156.2 ± 34.8 99.2 0.250 130.2 1.26
PKR-182 39.6 97.2 4.78 65.9 ± 17.0 79.9 0.205 69.5 138.6 ± 51.2 88.0 0.191 99.5 1.07
PKR-234 36.0 82.8 4.65 75.3 ± 20.1 91.1 0.265 89.8 134.8 ± 52.9 85.6 0.158 82.3 1.68

Auxin 
(standart)

43.2 87.2 4.48 90.3 ± 25.3 109.2 0.293 99.3 160.3 ± 54.1 101.8 0.243 126.6 1.21

water 
(control)

39.6 79.8 4.55 82.7 ± 20.0 – 0.295 – 157.5 ± 41.0 – 0.192 – 1.54
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