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The study of 2-((3-R-4-R,-4H-1,2,4-triazole-5-yl)thio) acetic acid
salts as growth stimulators of winter wheat sprouts

Wheat is one of the most important and most widespread crop plants not only in Ukraine, but also in world agricul-
ture in general. Wheat hybrids have many advantages, but seed production is a very complicated, high-tech and costly
process. Derivatives of 1,2,4-triazol are interesting and promising in this respect.

Aim. To determine the effect of 2-((3-R-4-R,-4H-1,2,4-triazole-5-yl)thio) acetic acid salts on the growth quality
indicators of winter wheat sprouting shoots (“Podolyanka” sort).

Materials and Methods. The objects of our research were 12 new water soluble 1,2,4-triazole derivatives.

Results and discussion. As the result of the study it was found that almost all salts of 2-((3-R-4-R,-4H-1,2,4-
triazole-5-yl)thio) acetic acid were more or less able to affect the growth and development of winter wheat sprouts
(“Podolyanka” sort). The intensity and severity of these effects are affected by substituents of the 1,2,4-triazole cycle
at N, and N, atoms and cations associated with 2-((3-R-4-R,-4H-1,2,4-triazole-5-yl)thio) acetic acids. The promising
compounds PKR-139, PKR-234, DKP-21 were found during our research. These substances almost exceeded the reference
drug Auxin by all germination quality parameters. Interesting is the fact that the increase in the molecular weight of
the substituent of the 1,2,4-triazole cycle at N, atom in the molecules of 2-((4-R,-3-(morpholinomethylene)-4H-1,2,4-
triazole-5-yl)thio) acetic acid ammonium salts results in the decrease of germination and the sprouting energy, but after
that the germination rate slightly increases.

Conclusions. It has been found that compounds PKR-139, PKR-234, DKP-21 exhibit the most pronounced
growth-stimulating activity.
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P. O. WepbuHa, [. M. OaHinsdeHko, H. O. Xpomux, HO. B. Jluxonar

BuBuyeHHs conen 2-((3-R-4-R,-4H-1,2,4-Tpnason-5-in)tio)aueratHNX KUCNOT B AKOCTI
CTUMYIIATOPIB POCTY NAPOCTKIB NiueHuLi o3nmoi

MweHnus € ofHiel 3 HANBAXMMBILLNX | HANMOLLMPEHILLUMX CiNbCbKOroCnoA4apChKUX KynbTyp He Tinbku B YKpaiHi, a
'y cBiTOBOMY 3eMnepobcTai B Linomy. Nopman nweHnui MatoTb 6arato nepesar, NpoTe BUPOOHMLTBO HACIHHS € AyXe
CKINagHUM, BUCOKOTEXHOIOTMYHNM Ta 3aTpaTHUM MPOLIECOM, TOMY L0 HaciHHA noTpebye nepeanociBHOi 06pobku, sika
3[4aTHa BNNAMBATK AK HA PO3BMTOK MapoCTKa, Tak i Ha nofanbLly BUXKUBaHICTb caMux pocnuH. LlikaBummn Ta nepcnek-
TMBHMMUW B JA@HOMY MnaHi € noxigHi 1,2,4-tpnasony.

MeToto paHux gocnigxeHb 6yno Bu3Ha4eHHs Bnnusy conen 2-((3-R-4-R,-4H-1,2,4-Tprnason-5-in)Tio)aueraTHux
KMCMOT Ha SIKICHI MOKa3HMKM NPOPOCTaHHA MapoCTKiB NWEHULi 03UMOi CopTy «I1ogonsHKa.

MaTtepianu Ta meToam. B sikocTi 06’ekTiB AocnigxkeHHst 6ynu obpaHi 12 noxiaHux 1,2,4-Tpiasony.

Pe3ynbraTy Ta ix o6roBopeHHsi. B pesynsrati npoBegeHoro AocnigKeHHst BCTAHOBIEHO, L0 NPaKTUYHO BCi Coni
2-((3-R-4-R,-4H-1,2,4-Tpnazon-5-in)Tio)aueraTtHMX KMCNOT GiNbLUOK YM MEHLLOK MipOK 34aTHi BNMBaTK Ha picT Ta
PO3BUTOK MAPOCTKIB NLLEHWLi 03uMoi copTy «llogonsHkay. Ha iHTEHCMBHICTb Ta BUPAXXEHICTb AaHUX edheKTiB BNnBa-
t0Tb 3amicHukm 3a Ny Tta N, atomamu a3oty 1,2,4-Tpnas3onoBoro Uukny Ta KaTtioHu, 38’a3aHi 3 2-((3-R-4-R,-4H-1,2,4-
Tpuason-5-in)Tio)aueTaTHMMmM Kucrnotamu. B pesynsrati npoBeAeHoro AoCniAXeHHs BigMiYeHi NepCrneKkTUBHI Cronyku
MKP-139, MKP-234 Ta [OKI-21. Tak, BkazaHi pe4oBMHM NPaKTUYHO 3a BCiMa SiKiCHUMW MOKa3HMKaMU NPOPOCTaHHS
nepeBULLYOTb NpenapaTt NopiBHAHHSA ayKcuH. LlikaBum € Tow dhakT, LWo 30inbLUeHHs] MONMeKynsapHOi Macu 3amicHUKa
npu N, atomi asoty 1,2,4-Tp1MasonoBoro LMKy B MOMeKynax amoHiiHux conen 2-((4-R,-3-(mopdoniHomeTuneH)-4H-
1,2,4-Tpnason-5-in)Tio)aueTaTHnx KUCIOT NPU3BOAUTb 0 3HWKEHHS EHEprii MPOPOCTaHHSA Ta CXOXOCTi, NpoTe LWBUA-
KICTb MPOPOCTaHHS AELLO0 3POCTaE.

BucHoBku. BcTtaHoBneHo, WO HanbinbLl BUpaXKeHy pPiCTCTUMYIIOYY aKTUBHICTb BifJHOCHO MapoCTKiB MLUEHWL
o3umoi nposBnsaoTb cnonyku MNMKP-139, MKP-234 ta OKIM-21.

Knrovoei cnoea: 1,2,4-mpuasorn; napocmku nweHuyi o3umoi; copm «l1odornsiHka»



62 ISSN 1562-7241 (Print) BICHMK ®APMALIII 1 (89) 2017 ISSN 2415-8844 (Online)

P. A. Wep6uHa, O. M. JaHnneyeHko, H. A. Xpomsbix, FO. B. Jlnxonar
U3yuyeHue conen 2-((3-R-4-R,-4H-1,2,4-Tpna3on-5-nn)TMo)yKCyCHbIX KUCIOT B
KayecTBe CTUMYJIATOPOB POCTa POCTKOB MLUEHULbl O3UMOWN

BeepeHue. MNweHnua SBASETCA OOHON U3 BaXHENLLMX U Hanbornee pacnpoCcTpaHEeHHbIX CENbCKOXO3ANCTBEHHbIX
KynbTyp He TONbKO B YKpauHe, HO 1 B MMPOBOM 3emMneenvu B Lernom. Mbpuasl NweHnLbl MMeoT MHOTO MperMyLLECTB,
HO NMPOM3BOACTBO CEMSIH SBMSETCH OYEHb CIIOXHBIM, BbICOKOTEXHOMOMMYHBIM 1 3aTpaTHbLIM NPOLIECCOM B CBSA3U C TEM,
4YTO cemeHa TpebytoT NnpeanoceBHON 06paboTkM, KoTopas cnocobHa BNUATL Kak Ha pa3BUTUE POCTKa, Tak U Ha Aanb-
HeNLLYI0 BbXKMBAEMOCTb. IHTEPECHBIMU 1 NEPCNeKTUBHLIMU B 4aHHOM MaHe SBnSTCs npoussogHble 1,2,4-Tpuasona.

Llenbto gaHHbIX uccnegoBaHui 6bino onpenenenve BnmaHug conewn 2-((3-R-4-R,-4H-1,2,4-tpmuason-5-un)tmo)
YKCYCHbIX KMCIOT Ha Ka4eCTBEHHbIe nokasaTeny NnpopactaHnus POCTKOB MNLLEHMLbI 03MMow copTa «[logonsiHkay.

MaTepuansl u meToabl. B kayecTBe 06bekTOB nccnenoBaHus obiny BoibpaHsl 12 nponssogHbIx 1,2,4-Tpnasona.

Pe3ynbraTtbl n nx obcyxaeHue. B pesynsrate npoBeAeHHOrO UCCe[oBaHUsSt yCTaHOBIEHO, YTO MPaKTUYeCcKu
Bce conu 2-((3-R-4-R,-4H-1,2,4-Tpna3on-5-un)Tmo)yKCycHbIX KACMNOT B OOMbLUEN UM MEHbLUEN CTENEHN CMOCOGHbI
BMUATb Ha POCT M pPa3BMTME POCTKOB MLUEHMLbI 03MMoN copTa «[ogonsHka». Ha MHTEHCUBHOCTb U BbIPaXXEHHOCTb
AaHHbIX adbdpekToB BnusoT 3amectutenu no N, n N, atomam asora 1,2,4-TprasonoBoro LMKa 1 KaTUoHbl, KOTopble
cBdA3aHbl ¢ 2-((3-R-4-R;-4H-1,2,4-Tpnazon-5-un)Tmo)ykcycHom kncnoTton. B pesynsrate npoBefeHHOro nccnefoBaHns
OTMeYeHbl nepcnekTmBHble coeanHenns MKP-139, MKP-234 n [Kr-21. Tak, ykasaHHble BellecTBa NpakTUYeckn rno
BCEM KayeCTBEHHbIM MoKa3aTensM npopacTaHus NpeBbILatoT npenapart cpaBHeHUst aykeuH. VHTepeceH ToT dakT,
4YTO yBenu4eHne MOMeKynspHoM maccbl 3amectutens npu N, atome asota 1,2,4-TpMasonoBoro uykna B Mosekynax
aMMOHWIHBIX conen 2-((4-R,-3-(mopdonuHomMeTuneH)-4H-1,2,4-Tpnason-5-mn)Tno)yKCyCHbIX KUCMOT NPUBOOUT K CHU-

YKEHMWIO SHEepPrv NpopacTaHnsi U BCXOXECTW, OAHAKO MO3)e CKOPOCTb NPOpacTaHusi HECKOIbKO BO3pacTaeT.
BbiBoAbl. YCTAHOBMNEHO, YTO HaMboNee BbIpaXXEHHYHO POCTCTUMYIMPYIOLLYIO aKTUBHOCTb B OTHOLLEHUN POCTKOB
nweHnLbl 03uMon nposienstoT coeamHerus MNMKP-139, NMKP-234 n OKI-21.
Knrouoei cnoea: 1,2,4-mpuason; pocmku nueHuysl o3umol; copm «llodonsHka»

Wheat is one of the most important and most wide-
spread crop plants not only in Ukraine, but also in world
agriculture in general [1]. The system methods and ap-
proaches in growing this crop are quite important since
they affect not only the quality of the raw material and
the overall yield as well. At this stage of agronomy de-
velopment along with varietal wheat hybrids different
sorts of winter wheat are extensively used. Wheat hy-
brids have many advantages, but seed production is a
very complicated, high-tech and costly process [1, 2].
However, no matter how “modern” and “enduring” hy-
brids would be, they still require pre-processing, which
can affect both the growth of germs and the plant sur-
vival [3]. This problem is successfully solved using the
plant growth stimulators. Derivatives of 1,2,4-triazol are
interesting and promising in this respect due to their fea-
tures mentioned; in addition, they are not capable of ac-
cumulation, and usually they are low-toxic substances
[4-7]. The fact that our previous experience and the ex-
perience of the foreign researchers confirm the prospects
of this research field is important [5-12].

The aim of this study was to determine the effect
of 2-((3-R-4-R,-4H-1,2,4-triazole-5-yl)thio) acetic acid
salts on the growth quality indicators of winter wheat
sprouting shoots (‘“Podolyanka” sort).

Materials and Methods

The objects of our research were 12 new substances —
1,2,4-triazole derivatives, namely water soluble 2-((3-
R-4-R,-4H-1,2 A-triazole-5-yl)thio) acetic acid salts (Tab. 1).
These compounds were synthesized at the Department
of Toxicological and Inorganic Chemistry of the Zapo-
rizhya State Medical University The study of the effect
on the quality indicators of the growth-stimulating ac-
tivity of winter wheat sprouting shoots (“Podolyanka”

sort) was conducted at the Department of Physiology
and Plant Introduction of the Oles” Honchar Dnipropet-
rovsk National University under the supervision of Doc-
tor of Biology, professor Yu. V. Lykholat and principal
investigator, Candidate of Biology, senior researcher
N. O. Khromykh.

The study of the effect of growth regulators on the indi-
cators of the germination energy and germination was con-
ducted on winter wheat germs (“Podolyanka” sort) of the
harvest season of 2016. For this experiment 3 samples of
100 seeds were weighed and kept in 0.01 % aqueous solu-
tions of the compounds studied for 6 hours. Then the seeds
were washed three times with distilled water and uniformly
placed on the moist filter paper in Petri dishes (50 seeds per
a dish) kept in a SPT-200 thermostat oven in compliance
with the temperature conditions of 20 & 2 °C within the
whole study period. Once a day Petri dishes were opened
for selection of the sprouted seeds.

From the second day of the experiment the sprouted
seeds were counted, the grains with the well developed
embryonic root not less than the length of a grain, and
the formed germ at least not less than a half of the seed
length were considered to be fine sprouted [13]. The sprou-
ted seeds were placed in the boxes made of filter paper,
then put in the cups with distilled water and kept in a
thermostat. The germination energy was calculated as a
percentage of the sprouted seeds on the fourth day, and
the seed germination — on the eighth day. Morphometric
parameters (the length of roots and shoots) of seedlings
were measured on the tenth day in the end of the ex-
periment; to determine the weighting indicators of roots
and shoots VLR-200 scales was used. The germination
speed was calculated as the conventional index indicating
the number of days required for germination of one seed
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Table 1 Continuation of Table 1
Structural formulas of 2-((3-R-4-R,-4H-1,2,4-triazole- 1 2 3 4
5-yl)thio) acetic acid salts PKR-139 | < N—or,— CH, NH,
/ A~c” /N
R S \ PKR-144 |o N—CH, -C,Hq Q NH;
T b = \/
R /T \
! PKR-145 |0  N—ocH,— | -CH, g NH,
Compound R, *X Famy
1 4 PKR-177 |d  N—chi— | -NH, NH,
PKR-134 |0 M=o -CH; e PKR-182 |d  N—cH, H NH,
PKR-135 |C N—CH, -CH, K PKR-234 |© N—CH; -NH, NH,-CH,
/\ /
PKR-136 |0  N—ct— | -C,H, Na DKP-21 Q\ -NH, K
PKR-137 |d  N—ct,— |-CjH, | NH,-CH,-CH,-OH DKP-22 Q\ -NH, Na

[13, 14]. As a reference drug p-indolyl acetic acid (Auxin)
was used in the study, and distilled water was as the control.

Results and Discussion

As the result of the study it was found that almost all
salts of 2-((3-R-4-R,-4H-1,2,4-triazole-5-yl)thio) acetic
acid were more or less able to affect the growth and de-
velopment of winter wheat sprouts (“Podolyanka” sort)
(Tab. 2). The intensity and severity of these effects were
affected by substituents of the 1,2,4-triazole cycle at N,
and N, atoms and cations associated with 2-((3-R-4-R -
4H-1,2,4-triazole-5-yl)thio) acetic acids.

As the result of the study conducted the promising
compounds PKR-139, PKR-234 and DKP-21 were se-
lected. Thus, these substances almost exceeded the re-
ference drug Auxin by all germination quality parame-
ters (Tab. 2). It was found that replacement of the mor-
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pholinomethylene substituent of the 1,2,4-triazole cycle
(PKR-135, PKR-136) at N, nitrogen atom with the furan
nucleus (DKP-21, DKP-22) led to the decrease of the
germination energy and sprouting, the length and weight
of roots; however, the average length and the wet weight
of shoots slightly increased. Interesting is the fact that
the increase in the molecular weight of the substituent
of the 1,2,4-triazole cycle (H—NH,—CH;) at N, atom
in the molecules of 2-((4-R,-3-(morpholinomethylene)-
4H-1,2,4-triazole-5-yl)thio) acetic acid ammonium salts
(PKR-182, PKR-177, PKR-139) results in the decrease
of germination and the sprouting energy, but after that
the germination rate slightly increases. Further the study
allowed us to determine the effect of the cation nature
on the growth-stimulating action. Thus, transition from
organic cations (PKR-134, PKR-137) in the residue of

H— HN,— CH,
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Fig. The effect of the structure of 2-((3-R-4-R,-4H-1,2,4-triazole-5-yl)thio) acetic acid salts

on indicators of the growth and development of winter wheat sprouts
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Table 2

The results of the study of the effect of 2-((3-R-4-R,-4H-1,2,4-triazole-5-yl)thio) acetic acid salts on the growth
quality indicators of winter wheat sprouts (“Podolyanka” sort)

T (52|55 |58 L& |53 |so| %] 8 |5%|._3 2%
3 |Ex|B_|8B38| 95 | 28| 22| 8| & |:=g£|8E3 c£g |k
8 |£9|lEx|sg| EoE | 2E| 85| ¢ oL ge o358 25| 28
E |E2|E |Eg| 23 |gS|sY|gS| g2 |[gS|2=2 8% L
o |8%8 8% g c£| =7 8| =2 | c£ 5l
PKR-134 | 950 | 96.7 | 2.17 |152.1+23.5| 96.1 | 0.071 | 90.8 |2132+27.2] 1003 | 0.034 | 1186 | 2.06
PKR-135 | 96.7 | 98.3 | 2.25 | 1563+29.9| 98.7 | 0.079 | 101.5 |216.1+26.1| 101.7 | 0.042 | 1448 | 1.88
PKR-136 | 95.0 | 950 | 2.19 | 1355+22.2| 856 | 0.064 | 824 |159.5+29.0| 75.1 | 0.033 | 113.8 | 1.94
PKR-137 | 967 | 984 | 2.12 | 136.8+27.7| 864 | 0.069 | 888 |2223+36.3| 1046 | 0.035 | 120.7 | 1.97
PKR-139 | 91.7 | 949 | 2.20 [162.8+24.7| 102.8 | 0078 | 100.3 [231.4+24.8] 1089 | 0037 | 1276 | 2.11
PKR-144 | 967 | 969 | 2.14 [152.9+26.4| 966 | 0075 | 964 |2496+222| 1175 | 0027 | 931 | 2.78
PKR-145 | 98.3 | 983 | 2.08 | 146.8+19.0| 92.7 | 0.069 | 888 |2189+27.5| 103.0 | 0020 | 69.0 | 3.45
PKR-177 | 949 | 96,6 | 2.18 | 143.6+21.8| 90.7 | 0.068 | 87.5 |200.6+22.7| 944 | 0.026 | 89.7 | 262
PKR-182 | 96.7 | 97.2 | 207 |147.9+152| 934 | 0.070 | 900 |2135+17.3] 1005 | 0.033 | 1152 | 2.12
PKR-234 | 933 | 983 | 245 |1446+218| 914 | 0077 | 991 |227.9+263] 107.3 | 0.034 | 1172 | 227
DKP-21 96.6 | 96.6 | 2.05 1703 +23.6| 107.6 | 0089 | 1143 [2146+145| 101.0 | 0031 | 1072 | 2.87
DKP-22 933 ] 933214 [1693+220( 107.0 | 0086 | 1105 [1863+322| 877 | 0019 | 669 | 4.43
Auxin 96.7 | 96.7 | 2.14 | 158.5+23.6| 100.1 | 0.081 | 104.1 |2109+162| 993 | 0026 | 89.6 | 3.12
(reference)
Water 933|958 | 211 |1602+320| - | 0078 | - [2125+249| - |0029| - 2.70
(control)

2-((4-phenyl-3-(morpholinomethylene)-4H-1,2,4-tri-
azole-5-yl)thio) acetic acid to inorganic (PKR-139, PKR-135)
resulted in a significant increase in the wet weight of
roots; moreover, in the case of PKR-135 this increase
exceeded the reference drug Auxin by 55.2 % (Fig.).

CONCLUSIONS

1. The study the effect of 2-((3-R-4-R,-4H-1,2,4-
triazole-5-yl)thio) acetic acid salts on the growth and de-
velopment of winter wheat sprouts (“Podolyanka” sort)
in vitro has been conducted.

2. Ithas been found that compounds PKR-139, PKR-234
and DKP-21 exhibit the most pronounced growth-stimu-
lating activity in relation to the winter wheat sprouts.

3. As the result of the experiment the prospects for
further studies of 2-((3-R-4-R,-4H-1,2 4-triazole-5-yl)
thio) acetic acid salts as growth stimulators have been
found, and the regularities of the “structure—action” re-
lationship can be integrated into the future research.

Conflicts of Interest: authors have no conflict of
interest to declare.
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