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Abstract. Corn is the second most widely sold grain crop in the world (after wheat). Sweet corn is a
valuable vegetable crop, which ranks among the top vegetable crops in terms of nutritional value and
taste. It has a significant list of useful substances: high content of vitamins A, B, C and E, especially a
large amount of vitamin folate (B9), slightly less niacin (B3) and thiamine (B1). Of the macro- and
microelements, corn has the most potassium (270 milligrams) and magnesium (37 milligrams). An
element rare in other products, contained in corn, is gold, which is contained in corn in microportions, but
this is enough to feed our brain with the rare metal necessary for its best work. Corn is balanced in the
composition of fats, proteins and carbohydrates, rich in fiber and does not contain gluten. Fiber helps
intestinal motility, prevents cancer. In addition, the absence of gluten makes corn the most universal food,
which does not have the "contraindications" inherent in wheat, equally suitable for healthy people and
people with health problems. Corn as a silage crop has great fodder value. Silage from cobs in the milky-
wax ripeness phase of grain is considered one of the best in terms of nutritional value. Preparations from
corn silk are used as a diuretic, anti-inflammatory, choleretic, hemostatic agent in the treatment of
kidneys, liver, urological diseases, edema of various origins. Preparations from corn silk have a
moderately calming effect, and can also reduce appetite. Corn oil, obtained from the germs of corn seeds,
regulates the level of cholesterol in the blood, reduces its deposition on the walls of blood vessels, reduces
the risk of thrombosis and has a choleretic effect. The share of corn in the world starch production is about
75%. Given the high importance of corn, it is necessary to conduct systematic research in the field of
developing new effective growth regulators for this plant. In this work we show the results of our own
research in the field of development of promising phytohormones for accelerating the growth of corn
based on ammonium salts of aliphatic dicarboxylic acids. It is shown that the compounds synthesized by
us contribute to the increase of the above-ground and root parts of corn and accelerate the growth of corn.
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1. Introduction

Abiotic stresses including drought, salinity, heat, cold, flooding and
ultraviolet radiation cause crop losses worldwide [1]. Recently, preventing these
crop losses and producing more food and feed to meet the needs of an ever-
growing population have gained unprecedented importance. However, the
proportion of agricultural land facing multiple abiotic stresses is expected to only
increase under a changing global climate fueled by anthropogenic activities. Thus,
identifying the mechanisms developed and used by plants to counteract abiotic
stresses and maintain their growth and survival under harsh conditions is of great
importance. Recent studies have shown that phytohormones including the
classical auxins, cytokinins, ethylene and gibberellins, as well as newer members
including brassinosteroids, jasmonates and strigolactones, may prove to be
important targets for metabolic engineering to create abiotic stress-tolerant crops.
Recent review papers [2-11] summarize and critically evaluate the roles that
phytohormones play in plant growth and development and abiotic stress tolerance,
in addition to their engineering for abiotic stress tolerance in transgenic crops, in
particular, the recent progress and future prospects including the limitations and
challenges of engineering phytohormones to induce abiotic stress tolerance in
crop plants are shown. Among the numerous agricultural crops, corn has the
greatest importance and application. Corn (Zea mays), also known as maize, is a
staple crop that plays a key role in the global agricultural economy, serving as a
major source of food, feed, and biofuel. The cultural significance of corn spans
many civilizations, with its origins dating back to ancient Mesoamerica over
7,000 years ago. The United States is the largest corn producer in the world, with
an annual production exceeding 14 billion bushels, and lowa is the leading corn
producing state. Corn exhibits remarkable adaptability to a variety of climate
conditions, making it a versatile crop in a variety of agricultural zones. However,
it grows best in well-drained, fertile soils with adequate moisture levels. Corn is
sensitive to drought conditions, relying heavily on consistent rainfall or irrigation
for optimal growth and yield. It also requires significant nutrient inputs, especially
nitrogen, to maintain its rapid growth and high productivity.

In this regard, the development and synthesis of new effective growth
regulators and the improvement of already known classical phytohormones for
increasing the productivity of corn are of great theoretical and practical interest.
In the presented work, we review the results of studies conducted in this area, and
also propose new effective corn growth regulators based on ammonium salts of
some aliphatic dicarboxylic acids synthesized by us.

2. Analysis of research results

Thus, the objective of the study [12] is to determine the growth and yield of
sweet corn based on the concentration of phytohormones sprayed during the day
and night, and to find out which concentration of phytohormones gives the best
effect on the parameters of plant height, leaf number, flowering age, fruit weight
and fruit number. A two-factor completely randomized design (CRD) was used in
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this study. The first factor of phytohormone concentrations consisted of To = 0
ml/L, T1 = 6 ml/L, T, = 8 ml/L, T; = 10 ml/L, T4 = 12 ml/L with 3 replications
and 27 experimental units. The subject of this study is phytohormone and the
object of this study is sweet corn of the Bonanza F1 variety. Data collection in
this study is done by direct observation and documentation. The data were
analyzed using ANOVA (analysis of variance) followed by DMRT (diffusion
spectral tomography) test if there was an effect. Based on the DMRT test results,
T4=12 ml/L treatment had an effect on plant height and fruit weight with values of
195.4 cm and 162 g, respectively. Ts=10 ml/L treatment had an effect on leaf
count with a value of 18.7, and T:=6 ml/L treatment had an effect on flowering
age with a value of 46.2. The best utilization of the phytohormone is achieved by
applying the phytohormone sprayed during the day.

The work [13] noted that phytohormones such as gibberellins, auxins and
cytokinins are plant growth promoting factors which when added to foliar
fertilizers can modulate plant growth and development of crop species. This work
was carried out to study the effects of exogenously applied phytohormones both
individually and in mixtures on legumes and cereals grown in chambers with
controlled conditions of humidity, temperature and light/dark cycle. It was found
that the application of phytohormones resulted in significant increase in plant
growth of soybean and maize plants. A mixture of phytohormones formulated
with the lowest concentration of each required to enhance plant growth resulted in
significant improvement in several growth parameters related to productivity.
Thus, the addition of this mixture to commercial products as foliar fertilizers may
have potential to improve the yield of legumes and cereals.

The grain set of maize (Zea mays L.) at maturity is mainly determined during
pollination. Grain abortion often occurs during this period, resulting in reduced
grain yield. Plasma membrane (PM) H*-ATPase has been identified as a key
enzyme responsible for the supply of assimilates to developing maize grains soon
after pollination. The aim of this study [14] was to stimulate the PM H*-ATPase
activity in grains by in vivo application of the auxin indole-3-acetic acid (1IAA) to
maize plants during anthesis, resulting in improved hexose uptake and ultimately
better grain set. Maize plants were grown under well-watered conditions using
container technology. IAA was applied to unstressed maize plants twice, 2 days
before controlled pollination and during pollination (application rate per plant: 1.9
ml of 1.5 mM IAA). Developing grains were harvested 2 days after pollination
and PM vesicles were isolated and purified by two-phase separation. The
hydrolytic activity of PM H*-ATPase in vitro was significantly stimulated by 22%
by IAA treatment in vivo (control: 0.99 + 0.05, TAA treatment: 1.21 £+ 0.03* pmol
inorganic phosphate/mg protein min!). Vmax was significantly increased by IAA
treatment, whereas Ky, was decreased. The maximum pH gradient (AA492) in PM
was increased by 10% (control: 0.071 £+ 0.002, IAA treatment: 0.078 + 0.002%*).
IAA caused a significant increase in the PM H*-ATPase content in vesicles. The
concentrations of sucrose and hexoses as well as the activity of acid invertase in
the grains were not affected by IAA treatment. However, at maturity, the number
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of grains per ear decreased significantly, resulting in a 19% decrease in grain
yield. Thus, the authors showed that the increased PM H*-ATPase activity could
not be translated into an improvement in grain yield. It is likely that auxin
application occurred too early during grain development. Since cytokinins play a
key role during pollination, auxin application at this stage could have disrupted
the balance of phytohormones, causing impaired cell division and a rather early
onset of cell expansion due to elevated IAA concentrations.

Strigolactones are among the phytohormones that exert multiple effects on
plant growth and development [15]. Since these activities of strigolactones are
closely related to crop yield, the use of strigolactone could be a promising
technology in modern sustainable agriculture. The major strigolactones in maize
root exudates were identified as zealactone and zeapyranolactone. The authors of
the work disclosed the first total synthesis of zealactone along with its biological
activity in maize. They describe the design and synthesis of simplified analogues
of both strigolactones obtained from maize with their bioavailability in soil and
their biological activity. These compounds could be potential leads for the
development of synthetic strigolactones for agronomic use in more sustainable
crop production.

general structure of strigolactones

Indole-3-acetic acid (IAA), the major auxin of higher plants, and abscisic
acid (ABA) have been shown [16] to play critical roles in the ability of maize
(Zea mays L.) to adapt to various environmental conditions by mediating growth,
development, defense, and nutrient allocation. Although the understanding of the
biochemical reactions for IAA and ABA biosynthesis and signal transduction has
advanced, the mechanisms by which auxin and ABA are synthesized and
transduced in maize are still not fully understood. The synthesis and signal
transduction pathway of IAA and ABA in maize can be analyzed using the
existing model. This article focuses on the research progress toward
understanding the synthesis and signaling pathways of IAA and ABA, as well as
the regulation of maize growth by IAA and ABA, which provides insights into the
future development and significance of IAA and ABA in maize improvement.

The aim of the work [17] is to reveal the regulatory mechanism of sweet corn
seedling response to extreme temperature stress; this study integrated

18



ISSN 1813-1107, elSSN 2710-1185 MNe 3, 2025

transcriptomics and metabolomics of volatiles and phytohormones. The results
showed that low-temperature stress significantly affected 20 volatiles; abscisic
acid and salicylic acid accumulated, while auxin and jasmonic acid decreased.
The regulatory patterns of vpl4 and ABF for abscisic acid accumulation and
signal transduction were elucidated under low-temperature stress. High-
temperature stress affected 31 volatiles and caused a decrease in zeatin, salicylic
acid, jasmonic acid and auxin. The upregulation of ARR-B gene highlighted its
function in zeatin signal transduction under high-temperature stress. The
correlations between gene modules, phytohormones and volatiles were analyzed
to construct a regulatory network of sweet corn seedlings under temperature
stress. The result may provide a basis for improving the early development of
sweet corn through biological intervention or modulation at the genomic level.

Azospirillum spp. are plant growth promoting bacteria used worldwide as
inoculants for various crops [18]. Among the beneficial mechanisms associated
with Azospirillum inoculation, the biological process of nitrogen fixation and
phytohormone synthesis are of particular interest. In Brazil, the use of inoculants
containing A. brasilense strains Ab-V5 and Ab-V6 to cereal crops has been
increasing exponentially and in this study, the authors investigated the effects of
maize inoculation with these two strains applied to seeds or by foliar spraying at
the V2.5 growth stage, a strategy to eliminate incompatibility with pesticides used
for seed treatment. The authors also investigated the effects of spraying with
metabolites of these two strains at the V2.5 stage. Maize growth was stimulated
by inoculation of bacteria and their metabolites. When applied via foliar spray,
although survival of A. brasilense on leaves was confirmed by confocal
microscopy and cell recovery, few cells were detected after 24 h, indicating that
the effects of bacterial foliar spray may also be related to their metabolites. The
main molecules detected in the supernatants of both strains were indole-3-acetic
acid, indole-3-ethanol, indole-3-lactic acid and salicylic acid. RT-PCR of
oxidative stress (APX1, APX2, CAT1, SOD2, SOD4) and plant defense
(pathogenesis-related PR1, prp2 and prp4)-related genes was assessed in maize
leaves and roots. Differences were observed depending on the gene, plant tissue,
strain and application method, but overall, Azospirillum inoculation resulted in
up-regulation of oxidative stress genes in leaves and down-regulation in roots; In
contrast, overall, PR genes were downregulated in leaves and upregulated in
roots. Particular attention should be paid to the application of metabolites,
especially Ab-V5 + Ab-V6, which overall resulted in the highest regulation of
oxidative stress and PR genes in both leaves and roots. The authors suggest that
the benefits of Azospirillum inoculation on seeds or by foliar sprays, as well as
foliar sprays with Azospirillum metabolites, are closely related to the synthesis of
phytohormones and the identification of genes associated with plant stress
tolerance and pathogen defense.

Researchs in the field of development of new phytoregulators for corn was
also reported in works [19-27].
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3. Discussion of the obtained results

Thus, summarizing the results of the above-described studies in the field of
developing new effective growth regulators of corn, we can conclude that in this
direction, along with classical phytohormones (abscisic acid, cytokinins,
gibberellins), new synthetic phytoregulators are currently widely used, as a rule,
obtained on the basis of nitrogen-containing organic compounds, in particular
amines and ammonium salts. In this direction, we have proposed new effective
regulators of corn growth based on ammonium salts of aliphatic dicarboxylic
acids of the C,-Cs series. The studies conducted in Petri dishes showed that tris(2-
hydroxyethyl)ammonium hydrosuccinate succinate relatively exceeded tris(2-
hydroxyethyl)ammonium succinate, and both compounds of succinic acid
synthesized with triethanolamine exceed the control variant in the effect on corn
seeds in the stem part by 10.8-19.6%, and in the root part by 2.1-13% [28-30].
And also the study of the effect of the glutaric acid derivatives synthesized by us
on seed germination and plant development in laboratory conditions show that
these compounds are recommended for use as a growth substance for various
agricultural crops [31,32]. The work done in field experiments to study the
growth regulatory properties of these compounds provides a basis for the
feasibility of its use in agriculture and landscaping. The effect of a number of
organic acids shows that the use of these derivatives allows to increase the growth
of the above-ground and root parts of corn by a certain percentage, which
contributes to the acceleration of corn growth.

4. Conclusion

Thus, we have developed new effective growth regulators for corn based on
derivatives of dicarboxylic acids of the C,-Cs series. It has been experimentally
established that ammonium salts of succinic acid and ethanolamines can increase
the growth of the above-ground and root parts of corn by 10.8-19.6% and 2.1-
13%, respectively. It has been shown that the obtained compounds have good
phytoregulatory activity and can be recommended for use in agronomy and
agricultural practice.
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Tyiiinaeme. . XXyrepi ayHue xy3iHIe eH KOl CaThbUIAThIH SKIHIII JoHAI Makpul (Ounainan keiin). Torri
JKyrepi — KyHIbl KOKOHIC JaKbUIbI, TaFaMJbIK KYHIBUIBIFBI MEH [IOMi JKarblHaH €H JKaKChl KOKOHiC
JaKbUIIapbIHbIH Oipi. OHAa maiaanel 3aTTapblH MaHb3abl TiziMi Oap: A, B, C xone E mopymennepinin
JKOFapbl Ma3MYHBI, acipece (o KbIKBUIBIHEIH Ker Menmiepi (B9), anaunn (B3) sxone tnamun (B1)
corl a3. Makpo->xoHe MUKpPO3IEMEHTTEPIiH iminje sxyrepige eH kem kamuid (270 mr) xoHe marHuii (37
mr) Gap. JKyrepi KypamblHIaFbl 0Oacka OHIMAEpAE CHPEK KE3JeCEeTiH JJEeMEeHT - Oy JKyrepiie
MHKpOZI03a1a Oap anthiH, Oipak Oyy Oi37iH MUBIMBI3IBI OHBIH XKAKCHI KYMBIC iCTeyi YIIIH KaXKeT CHPEK
METaJIIMEH KOpEeKTeHAipyre »KeTkimikri. JKyrepi MainapiblH, aKybI3OapiblH JKOHE KeMipcylaapIblH
KypaMblHIa TEHAECTIPUIreH, TaNIIbIKKA Oall JKoHE KypaMblHIa [IJIOTEH JKOK. TallblK ilIeK
MePUCTAIBTUKACBIHA KOMEKTECe/Ii, KaTepiii iCiKTiH ayabiH anajasl. COHBIMEH Kartap, TIIOTEHHIH 00IMaysbl
JKYTepiHi eH oMOeOart TaraMIbIK OHIMIe aifHAIBIPA/Ibl, OHBIH OWaiiFa TOH «KapChl KOPCETKILITEPI» JKOK,
JIeHI cay ajgamjap YIIiH je, JeHcayJbIFblHAa mpobiemManapsl O0ap amamuap yiiiH jae Oipael KoJaiibl.
XKyrepi cypiaemaik Jakbll peTiHAE YJIKEH a3bIKTHIK KYHIbUIbIKKa He. JIoHHIH cyTTi-Oanayel3 micy
(a3achiHIarbl KO3aJaplaH aJlblHFAH CYPJIEM TaraM/bIK KYH/BUIBIFBI JKaFbIHAH €H JKaKChUIApIbIH Oipi
Oonbin cananmanpl. JKyrepi jkiOekiHeH jxacajraH IperaparTap Hecen aijarbiil, KaOblHyFa Kapchl,
XOJICPETHKANBIK, T'€MOCTAaTHUKAIBIK areHT peTiHae OyHpek aypynapbiH, OaybIpAbl, ypOJIOTHSUIBIK
aypynapisl, OpTYpJi WIBIFY Teri iciHyilepiH emjieyae KoimaHpuiaael. JKyrepi jkiOeKiHEH jKacairaH
mpenaparrap KalblIThl CEJAaTHBTI dCepre He, COHbIMEH Karap TOOeTTI TeMeHaeTyi MyMkiH. JKyrepi
TYKBIMJIAPBIHBIH YPBIKTAPBIHAH aJIbIHFAH XKYrepi Mailbl KaHAaFrbl XOJECTEPUH JEHIeHiH peTTeiili, OHbIH
KaH TaMbIpJIapbIHbIH KaObIpFalaphiHa LIOTyiH a3aiTaibl, TPOMO03 KayIliH a3aiTa/Ibl JKOHE XOJIEPETUKAIIBIK
ocepre ue. JlyHHexKy3UIK KpaxMall eHAIipiciHIeri xKyrepiHiy yieci mamamen 75% Kypaiabl. XKyrepinig
MaHBI3/IbUIBIFBIH €CKEPE OTBIPBIN, OChI OCIMIIKTIH KaHa TUIMJI ©Cy PeTTerilTepiH )Kacay cajachHIa
Ky#eni 3epTreynep Kyprizy KaxeT. byn xymeicta amudarTbl TUKapOOH KBIIKbUIIAPBIHBIH aMMOHHI
Ty34apbl HETi3iHAE JKyrepi OCIMiH JKeIeiIeTy VIIiH T[EPCHeKTUBTI (UTOrOpMOHIApABI JKacay
CaJlaChIHJIaFbl ©3 3epPTTEYNIePIMi3IiH HOTHKeNepi OepinreH. bi3ne cuHTE3qenreH KOCBUIBICTAap JKYTepiHiH
JKEep YCTi KOHE TaMbIp OOTIKTePiHiH KOOCIOIHE BIKNAI €Till, OHBIH 6CYIH Te3JETECTIHI KOPCETIITeH.

Tyiiin ce3mep: xyrepi, ecy perreriirepi, GUTOrOpMOHIAP, 6CY CTUMYIIATOPIIAPHI, OCY 3aTTaphl
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Cynmanoea Kamunsa @axpao zvi3vl Jloxkmopanm

HOBBIE IEPCIHIEKTUBHBIE PEI'YJIAAITOPbI POCTA KYKYPY3bl HA OCHOBE
AMMOHHMEBBIX COJIEM AIMPATHYECKUX IUKAPBOHOBBIX KUCJIOT PAJA C>-Cs
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Pe3tome. Kykypyza — BTOpas 1mo 00BEMY NpojaX 3epHOBas KyJlbTypa B MHpE (IIOCINE MIICHHIBI).
CaxapHas KyKypy3a — II€HHasi OBOLIHAsI KyJbTypa, BXOJSIIAs B YHMCJIO JIyYIIUX OBOLIHBIX KYJBTYp IO
MMUTATENFHOM IIEHHOCTH M BKYCOBBIM KadecTBaM. OHa 00lafaeT 3HAYMTEIBHBIM IIEPEYHEM ITOJIE3HBIX
BEILIECTB: BBICOKMM cojiepkanneM ButamMuHOB A, B, C u E, oco6eHHO 0011bII0ro KoianuecTBa (oIHeBOi
kucinotel (B9), Hemuoro menpiie HuanuHa (B3) u tnammua (Bl). U3 mMakpo- ¥ MHKPODJIEMEHTOB B
KyKypy3e Oonblue Bcero kamust (270 mr) u marnus (37 mr). Penkuit B Ipyrux HpojpyKrax 3JI€MEHT,
coziepKamuiics B KyKypy3e — 30JI0TO, KOTOPOE COJAEPXHTCS B KYKypy3€ B MHKPOI03aX, HO 3TOTO
JOCTAaTOYHO, YTOOBI NMUTATh HAII MO3T PEIKMM METaJIOM, HEOOXOIMMBIM JUISl €ro JIydIleld paboTsl.
Kykypy3a cbanancupoBaHa O COCTaBY JKHPOB, OCJIKOB M yIJIEBOJIOB, OOraTa KJIeTYaTKOH M HE CONSPIKHUT
rmoteHa. KierdaTka mnoMoraeT mepUCTalbTHKE KHINEYHWKA, MpefoTBpamiaeT pak. Kpome Toro,
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OTCYTCTBME TIIIOTEHA JIeNaeT KyKypy3y HauOojee yHHBEpPCAJIbHBIM IPOJYKTOM IIUTAHHs, HE MMEIOLIUM
«IPOTHBOINOKA3aHU», TPUCYINHX IMIIEHHUIE, OJMHAKOBO MOAXOJAIMM KakK Ul 3J0POBBIX JIOJEH, Tak 1
JUIs oJelt ¢ mpobaeMamu co 310poBbeM. Kykypysa Kak cuinocHast KyJIbTypa UMeeT OOJIbIIYI0 KOPMOBYIO
LeHHOCT. CHJIOC M3 IOYaTKOB B (ha3e MOIOYHO-BOCKOBOM CIIETIOCTH 3€PHA CUMTACTCA OAHMM U3 JIYUIIHX
M0 MNuUTaTesIbHOW 1HeHHOCTH. IlpemapaTel M3 KyKypy3HBIX phUIEL NPUMEHSIOTCA KakK MOYErOHHOE,
IPOTHBOBOCIAIMTENLHOE, JKETUETOHHOE, KPOBOOCTAHABIMBAIOLIEE CPEACTBO NIPU JI€UYEHUHN 3a00s1eBaHMit
IOYCK, IICYCHH, YPOJIOTHYECKUX 3a00JIeBaHUH, OTEKOB pa3IMYHOro mpoucxoxzaeHus. I[IpemapaTel u3
KyKYpPY3HBIX DBUIEI OKa3blBalOT YMEPEHHOE YCIIOKauBalolllee MAeHCTBHE, a TaKKe MOIYT CHUXKAaTh
annetut. Kykypy3Hoe Macjo, IOdy4yaeMO€ U3 3apojblliel CeMSH KyKypy3bl, PErylMpyeT ypOBEHb
XOJIeCTEpHHA B KPOBH, YMEHBLIAET €r0 OTJIOKEHME Ha CTEHKaX COCY/OB, CHIKAET PUCK TPOMOO30B M
obnamaeT JKeT4eroHHBIM AeiicTBHeM. JIoNd KyKypy3sl B MHPOBOM IIPOH3BOJCTBE Kpaxmaja COCTaBILIET
0K070 75%. YuuTBIBas BBICOKYIO 3HAUMMOCTb KyKypy3bl, HEOOXOAUMO HPOBOIUTH CHCTEMaTHYECKUE
UCciIeNoBaHusl B obnacTi pa3paboTKM HOBBIX ((EKTHBHBIX PEryJsITOPOB POCTAa ITOrO pacTeHus. B
JIaHHOII paboTe IpEeNCTABICHBI pPE3YJbTaThl COOCTBEHHBIX MCCIICIOBAHHII B 00IacTd paspaboTKH
MEePCIEKTUBHBIX (UTOTOPMOHOB M YCKOPEHHS DPOCTa KyKypy3bl Ha OCHOBE aMMOHHMHBIX COJEH
anubaTHiecKuX AUKApOOHOBBIX KHCIOT. Iloka3aHO, 4YTO CHHTE3HPOBAaHHBIE HAMH COCAHHECHHS
CH0COOCTBYIOT YBEITMUEHHIO HA/I36MHOI U KOPHEBOI YacTel KyKypys3bl U yCKOPSIOT €€ pOCT.

KaroueBble cioBa: KyKypysa, peryjsiTopbl pocTa, (UTOTOPMOHBIL, CTHMYJSITOPBI POCTa, POCTOBBIC
BEIIECTBA
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Mameoos Kanan Hllamuns oznv Jlokmop cenbckoxo3AUCMBEeHHbIX HAYK
Aroboe Unveap I'adxncu o2nvt Jlokmop xumuueckux Hayk
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