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Abstract

This study is dedicated to the creation of new-generation defoliants based on sodium chlorate
and the evaluation of their agrochemical efficacy under field conditions. During the research, five
new defoliant compositions were developed using sodium chlorate (NaClO,), thiocarbamide
(CS(NH,),), monoethanolamine (C,H,NO), formaldehyde (CH,0), orthophosphoric acid (H,PO,),
malic acid (C,H,O,), and citric acid (C;H,O,): F-1 — 30 % NaClO, + 2 % (CS(NH,), +
C,H,NO-CH,0), F-2 - 30 % NaClO, + 2 % (C,H,NO-CH,0), F-3 — 30 % NaCIO, + 2 %
(C,H,NO-CH,0O + H,PO,), F-4 — 30 % NaClO, + 2 % (C,H,O.-CS(NH,), + C,H,NO), and F-5 —
30 % NaClO, + 2 % (C,;H,0,-CS(NH,) ,-C,H,NO). The defoliating activity of these compositions
was studied in field trials on the 'Sultan' cotton variety, cultivated in the fields of the
«Bektemirnuragro» farm in the Urtachirchik district of the Tashkent region. Defoliation efficacy
was assessed 6 and 12 days after application based on indicators such as leaf fall, degree of boll
opening, the physiological state of the plants, and their readiness for mechanized harvesting. By day
12 post-application, leaf fall from these formulations reached 80.4-82.5 %, leaf desiccation was
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5.0-6.5 %, and boll opening was 89.4-91.4 %. Under the action of these defoliants, leaves shed
through the natural process of abscission, without desiccation or severe necrosis; no phytotoxic
damage to maturing bolls, nor drying of stems and peduncles, was observed. This confirms that the
new formulations possess high selectivity and have a physiologically «gentle» effect on the plants.
It was established that the synergistic interaction of these components accelerates the defoliation
process, enhances the biological activity of the preparation, and reduces its negative environmental
impact. The practical significance of the research lies in its contribution to the effective organization
of mechanized cotton harvesting in Uzbekistan, reducing crop losses, and creating domestically
produced, relatively eco-friendly, and highly effective defoliants. The results obtained provide an
important scientific basis for the further development and implementation of highly effective,
environmentally safe, and economically viable new-generation defoliants into cotton cultivation
practices.

AHHOTanus

HacTositiiee vcciejoBaHue TIOCBSIILIEHO CO3[l@aHUIO [/1e()OIMaHTOB HOBOTO TIOKOJIEHHsI Ha
OCHOBe XJlOpaTa HaTpus U OLleHKe UX arpoxuMuueckor 3((eKTUBHOCTU B TOJEBBIX yC/IOBUSIX. B
X0Jle UCC/IeIoBaHUsl ObUIO pa3paboOTaHO MSATh HOBBIX COCTABOB ie(hO/IMaHTOB Ha OCHOBe XJiopara
narpus (NaClO,), tuokapbamuzga (CS(NH,),), monostanonamuna (C,H,NO), dopmanbgeriia
(CH,0), oprodocdopnoit kucnorsl (H,PO,), sbnounoit kucnorst (C,H,O,) ¥ TMMOHHON KHUC/IOTHI
(CgHgO,): F-1 — 30 % NaClO, + 2 % (CS(NH,), + C,H,NO-CH,0), F-2 — 30 % NaClO, + 2 %
(C,H,NO-CH,0), F-3 - 30 % NaClO, + 2 % (C,H,NO-CH,0 + H,PO,), F-4 — 30 % NaClO, + 2 %
(C,H,O,-CS(NH,), + C,H,NO) u F-5 — 30 % NaClO, + 2 % (C,H,O,-CS(NH,),-C,H,NO).
HedonvaloHHas akTUBHOCTb [IaHHBIX COCTaBOB M3y4dasach B MOJEBBIX OMbITaX Ha X/IOMYaTHHKE
coptra «CynTaH,» BO37e/bIBAEMOM Ha TMoysAxX ¢epMepckoro xo3sifictBa «bekTemupHyparpo»
YpTauupurKCcKoro paiioHa TarkeHTCKoM o6sact. 3dhdeKTUBHOCTE Jedonmaliiy OljeHUBaIA uepe3
6 u 12 fgHel moc/ie MpUMeHEHHsl MperaparoB MO TaKWUM I[I0Ka3aTessM, Kak OrnajieHue JIMCThEB,
CTereHb PpacCKpbITHS KOpobouek, (U3HUOIOrUYecKoe COCTOSIHHE pacTeHWd U TOTOBHOCTh K
MeXaHU3UPOBaHHOU ybopke xsomnka. Ha 12-if ieHb fiedonualium omna/ieHue TUCTbeB OT IPUMeHeHust
JaHHBIX TperapatoB coctaBuio 80,4-82,5 %, BwickixaHue JUCTbeB — 5,0-6,5 %, a packpbiTHe
kopobouek — 89,4-91,4 %. Ilom petictBueM [edO/NMAaHTOB JIMCTbS OIAJHd B pe3y/bTare
eCTeCTBeHHOro TMpoliecca abciuccuu, 6e3 ycbIXaHWsT M CHJIBHOTO HEKpO03a; (PUTOTOKCHYeCKUX
TIOBPEX/IeHU Ha CO3peBall[UMX KOpoOoukKaxX, a TakKe BbICHIXaHHWsS CTeOsieli U TITIOZOHOKEK
Kopobouek He HaO/MOAANIOCh. DTO TOATBEPXKIAET, UTO HOBbie (HOPMYJISALMH 00/1aZlat0T BBICOKOM
CEeIeKTUBHOCTBIO U OKa3bIBAIOT (DU3MOTIOTMUECKHU «MSITKOe» BO3/JeHCTBHE Ha pacTeHue. BoisBieHo,
YTO CHUHEpreTMYeckoe B3aWMOJENCTBHE [aHHBIX KOMIIOHEHTOB II03BOJISIET YCKOPUThL IpoLiecc
Jedonualyy, MOBLICUTE OHOIOTMUECKYH0 aKTUBHOCTH IIperiapata M CHU3UTb €ro HeraTMBHOE
BO3/IEVMICTBUE Ha OKpY’Karollyr cpeny. [IpakTuueckasi 3HAUMMOCTb MCCJ/Ie[IOBaHHUSI 3aK/IH0YaeTCs B
ero BK/aJe B 3¢eKTUBHYIO OpraHM3alii0 MeXaHW3MPOBAHHOM YOODKM XJIOTKa B XJIOTIKOBOZCTBE
Y30eKucTaHa, CHW)KEHHe TIoTepb ypoXKas, a TakKe B CO3/laHHe OTHOCHUTEbHO 3KOJIOTHUeCKd
6e30macHbIX U BBLICOKO3(hGhEKTUBHBIX OTeUeCTBEHHBIX TIperapaToB-/edosuaHToB. I[losyueHHbIe
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pe3y/ibTaThl  CAy)KaT ~ Ba)KHOM ~ HAayyHOM  OCHOBOM /11 JajbHeMIied — pa3paboTKu
BbICOKO(hGhEKTUBHBIX,  JKOJOTMYECKH  0e30MacHbIX W JKOHOMHUYECKH  Iiesiecoo0pa3HbIX
Jleho/IMaHTOB HOBOTO TOKOJIEHUsI Y X BHeJPeHHs B TIPAKTUKY XJIOMTKOBO/ICTBA.

Keywords: sodium chlorate, thiocarbamide, monoethanolamine, formaldehyde,
orthophosphoric acid, malic acid, citric acid.

KiarueBble /10Ba: X/opaT HaTpus, THOKapOamKJi, MOHO3TAHOJAMHH, (opMasbIeru/,
oprodocdopHasi KUCI0Ta, s10/104Hast KUC/I0Ta, TMMOHHAsT KACJ/IOTa.

Introduction

Cotton is one of the most important fibrous crops in the world, having strategic importance
for the textile industry and agricultural economy. Sustainable cultivation of this crop is an important
component of the global system for producing non-food but highly economically valuable
agricultural products. Despite the constant improvement of cotton cultivation technologies,
environmental restrictions remain one of the main factors reducing its yield and fiber quality. In
particular, abiotic stress factors such as drought, salinization, low and high temperatures, and heavy
metal pollution disrupt physiological, biochemical, and molecular processes in the plant. As a result,
photosynthetic activity declines, the metabolic balance is disrupted, vegetative and generative
development is limited, and yields decrease while fiber quality deteriorates [1 — 3]. Therefore, one
of the pressing challenges is the development of modern agricultural technologies that increase the
efficiency of mechanized harvesting while preserving crop quality. One of the most important
agrotechnical measures that ensures harvesting is completed in a short timeframe and with minimal
losses is pre-harvest defoliation [4,5]. Defoliation promotes the timely shedding of leaves, reduces
the contamination of cotton fiber with leaves and other plant debris, encourages the uniform
opening of bolls, and increases the efficiency of mechanized harvesting. An ideal defoliant should
have an effect that mimics the natural process of aging and leaf fall, and it must not negatively
affect the plant's yield, fiber quality, or seed development. Therefore, creating a new generation of
environmentally safe and selective defoliants with high biological efficacy is a priority in modern
cotton cultivation. Currently, defoliants based on thidiazuron, dimethipin, sodium chlorate, and
magnesium chlorate are widely used in cotton farming. They induce leaf drop by stimulating
endogenous ethylene synthesis, limiting auxin transport, and accelerating the abscission process in
the leaf's abscission zone [6 — 8]. However, the efficacy of these preparations is largely dependent
on environmental conditions, especially temperature, as their biological activity decreases sharply at
low temperatures [9,10]. Furthermore, traditional chlorate-based defoliants have insufficient
physiological selectivity. In some cases, they cause not only the leaves but also the entire plant stem
to dry out, and phytotoxic burns are observed on the still-immature bolls of the upper tier. This
leads to reduced yields and a deterioration in the quality of the cotton fiber. Moreover, the chlorate
defoliants used in practice mainly promote leaf abscission but do not possess properties that
accelerate the maturation and opening of cotton bolls or provide additional protection against pests.
In recent years, the mass proliferation of aphids (Aphididae) in cotton fields has become a pressing
issue. In addition to weakening the plant, these pests contaminate the cotton fiber with a sweet
liquid they secrete (honeydew), which significantly reduces the fiber's quality, its processing
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efficiency, and the product's market value. Therefore, developing complex-action defoliants that
accelerate leaf drop, ensure uniform boll opening, and provide additional pest protection is a key
scientific and practical focus in modern cotton cultivation [11,12]. Recent studies show that
incorporating organic and inorganic components into defoliant compositions significantly increases
their biological efficacy. Specifically, malic acid (C4H605) and citric acid (C6H807) can enhance
the defoliation process by regulating cellular metabolism and pH balance. Thiourea (CS (NH2)2) is
known for its ability to modulate plant stress responses, activate their antioxidant defense system,
and intensify physiological processes. Urea-formaldehyde condensate (UFC), as a slow-release
nitrogen compound, can normalize nitrogen metabolism in plant tissues, prolong the retention time
of active substances on the leaf surface, and improve the plant's uptake of the defoliant.
Orthophosphoric acid (H3PO4) stimulates cellular physiological processes by activating
phosphorus exchange and energy metabolism. It is known from the literature that by the end of the
growing season—that is, before leaf fall—the cotton plant becomes saturated with organic acids.
Therefore, including these acids in the defoliant's composition can enhance the efficiency of the
defoliation process. Monoethanolamine, due to the presence of the — CH2 — CH2- group in its
structure, possesses biological activity and plays an important role in redox processes, as well as in
regulating protein metabolism and increasing the activity of enzyme systems [13 — 14]. Sodium
chlorate (NaClO3) is a strong oxidizing agent and one of the main active components that induce
leaf drop. A rational combination of these components provides the scientific basis for creating
multifunctional defoliants that ensure rapid and uniform leaf shedding, synchronous boll opening,
increased defoliation efficiency, and optimization of the mechanized harvesting process. In this
context, the purpose of this study is to evaluate the effect of newly developed complex defoliant
compositions—based on sodium chlorate, organic acids, thiourea, and orthophosphoric acid—on
cotton leaf drop, boll opening, and mechanized harvesting efficiency, as well as to determine their
potential as multifunctional defoliants in modern cotton cultivation.

Materials and Methods

All chemical reagents used in this study were selected in accordance with the requirements of
interstate standards (GOST) and technical specifications (TU). Certified analytical-grade
preparations were used in the study; their physicochemical characteristics are fully presented in
Table 1.

Table 1.

Nomenclature, physicochemical properties, and quality parameters of the chemical reagents
used in the study

Ne Chemical name Formula Molar mass GOST/TU Purity grade
(g/mol)

1 Sodium chlorate NaClO, 106,44 GOST 12257-93 Grade "B"

2 Thiourea CS(NH,), 76,12 GOST 6344-73 AG

3 Monoethanolamine C,H,NO 61,08 TU 6-09-2447-91 AG

4 Formaldehyde CH,O 30,03 GOST 1625-89 Pure

5 Phosphoric acid H,PO, 97,99 GOST 6552-80 AG

6 Malic acid C,HO, 134,09 GOST 32748-2014 Pure
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Ne Chemical name Formula Molar mass GOST/TU Purity grade
(g/mol)
7 Citric acid C,H,O, 192,12 GOST 3652-69 AG

Under laboratory conditions, five defoliant formulations were prepared based on synthesized
supramolecular complexes with the following compositions: (F-1): 30 % NaClO, + 2 % (CS(NH,),
+ C,H,NO-CH,0); (F-2): 30 % NaClO, + 2 % (C,H,NO-CH,0); (F-3): 30 % NaClO, + 2 %
(C,H,NO-CH,O + H,PO,); (F-4): 30 % NaClO3 + 2 % (C,H,0.-CS(NH,), + C,H,NO); (F-5):
30 % NaClO, + 2 % (C,H,O,-CS(NH,) ,-C,H,NO). Working solutions were prepared by dissolving
the formulations in 6.5 liters of distilled water, based on the established application rate per hectare.
The plants were treated with the defoliant on August 27, 2025, 15 days prior to the mechanized
harvesting of raw cotton.

Application methods for preparations and meteorological conditions

The prepared working solutions were applied to the leaves of the «Sultan» cotton variety
using a standard ORPD-12M field sprayer with a pneumatic motor. The treatment was carried out
by continuous spraying to ensure uniform and complete coverage of both sides of the leaf blade.
The preparations were sprayed at a consistent intensity and under constant pressure. It was noted
that during the defoliation period, the meteorological conditions were agronomically favorable for
conducting the experiment. Throughout the observation period, the average air temperature was
maintained between 25.0-30.0 °C, which prevented high-temperature stress. These meteorological
conditions created an optimal environment for objectively assessing the physiological effects of the
defoliants on plant tissues.

Methods for Conducting Phenological Observations and Assessing Defoliation
Effectiveness

Phenological observations of the cotton plants' condition before and after treatment were
conducted in accordance with the approved methodology developed by the PSUY Research
Institute. Observations were carried out regularly on the 6th and 12th day after treatment.The
effectiveness of the defoliant preparations was quantitatively assessed based on two main
indicators:— the degree of defoliation effectiveness — determined by the percentage (%) of leaves
that had naturally fallen from the plant;— the degree of «harshness» of the preparations' action —
assessed by the percentage (%) of leaves that dried out due to the defoliant but did not fall off. The
obtained quantitative data were processed using standard methods of variational-statistical analysis
and compared with the indicators of the control group. The experiment for each variant was
replicated at least three times, and the results were presented as the arithmetic mean + standard
deviation (M + SD).

Results and Discussion

The effectiveness of defoliation was assessed by the degree of leaf drop and the rate of boll
opening. A defoliant based on liquid magnesium chlorate, applied at a rate of 8.0 L/ha, was used as
the standard control. The results obtained during the study made it possible to determine the
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comparative effectiveness of various defoliants on the «Sultan» cotton cultivar. The effect of the
defoliants on accelerating leaf drop, as well as on the maturation and opening of bolls, was
evaluated, with the results presented in Table 2.

Table 2.
Comparative Efficacy of Defoliants on the 'Sultan' Cotton Cultivar
No Experience Applica- | Defoliation percentage on day | Defoliation activity 12 days
tion rate: 1 6 post-treatment after treatment, %
L/ha +1 Fallen | Withere | An open Fallen | Withe An
kg/ha. leaf d leaf box leaf red open
leaf box

1 [ 30%NaClO,+2%(CS(NH,), 6.5 67.0 10.5 82.5 81.2 5.0 89.4
C,H,NO CH,0)

2 | 30%NaClO,+2% 6.5 66.8 11.4 83.0 82.5 6.0 90.0
(C,H,NO CH,0)

3 | 30%NaClO,+2% 6.5 65.9 11.0 85.4 82.3 6.5 90.4
(C,H,NO CH,0(H,PO,
pH=6))

4 | 30%NaClO,+2% 6.5 67.4 10.8 87.2 82.2 6.4 89.8
(C,H,0, CS(NH,), ( C,H,NO
pH=6)

5 | 30%NaClO,+2% 6.5 66.5 11.0 88.3 80.4 5.5 91.4
(C;H,0, CS(NH,), C,H,NO)

6 | Standard XMD (reference) 8.0 63.75 13.60 70.20 79.8 9.20 81.3

An evaluation of experimental defoliant formulas applied at a rate of 6.5 L./ha showed that all
tested formulations possessed high biological activity, stimulating leaf drop and boll opening within
12 days of application. However, the degree of their effect varied depending on the composition of
the formulas.

A formula containing 30 % NaClO3 + 2 % (CS(NH2)2 + C2H7NO-CH20) resulted in 81.2 %
leaf drop, 5.0 % leaf desiccation, and 89.4 % boll opening. These results indicate that this formula
effectively accelerates the process of leaf drop and ensures sufficient boll opening in the 'Sultan’
cotton variety. Application of the composition with the formula 30 % NaClO3 + 2 %
(C2H7NO-CH20) resulted in leaf fall of 82.5 %, leaf desiccation of 6.0 %, and boll opening of
90.0 %. Compared to the previous formula, a slight improvement in defoliation and boll opening
efficiency was observed, indicating a positive effect on crop maturation before harvesting.Similarly,
the composition with the formula 30 % NaClO3 + 2 % (C2H7NO-CH20 + H3PO4) provided
82.3 % leaf fall, 6.5 % leaf desiccation, and 90.4 % boll opening. While maintaining high
defoliation efficiency, the addition of phosphoric acid slightly improved boll opening compared to
the composition containing formaldehyde. The formulation containing 30 % NaCIO3 + 2 %
(C4H605-CS(NH2)2 + C2H7NO) resulted in 82.2 % leaf defoliation, 6.4 % leaf desiccation, and
89.8 % boll opening. Although its overall performance was comparable to that of the preceding
formulations, the percentage of boll opening was slightly lower, indicating that the compositional
modifications did not lead to a significant improvement in biological activity. Among all the
formulation containing 30 % NaCIO3 + 2 % (C6H807- CS(NH2)2 - C2H7NO) achieved the
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highest boll opening rate (91.4 %), while leaf defoliation and leaf desiccation reached 80.4 % and
5.5 %, respectively. Although the level of leaf defoliation was slightly lower than that observed for
some other formulations, the superior boll opening indicates that this composition more effectively
promoted reproductive maturation and improved crop readiness for mechanical harvesting.

Conclusion

Field experiments conducted in 2025 on the cotton cultivar “Sultan” at the Bektemirnuragro
farm in the Urta chirchik District, Tashkent Region , evaluated the biological efficacy of five newly
developed defoliant formulations ( F-1-F-5) based on 30% NaClIO, . The results demonstrated that
all formulations exhibited high defoliation activity, effectively promoting leaf abscission and boll
opening. Leaf abscission ranged from 80.4-82.5%, leaf desiccation from 5.0-6.5%, and boll opening
from 89.4 — 91.4%. Under the influence of the defoliants, leaf shedding occurred through the
natural process of abscission without pronounced wilting or severe necrosis. No signs of phytotoxic
damage were observed in the maturing bolls, nor was any drying of stems or boll peduncles
detected. These results confirm the high selectivity of the newly developed formulations and
indicate their physiologically gentle effect on cotton plants. Furthermore, during the trials, a
significant reduction in pest population was observed, indicating that these formulations may
possess additional protective properties alongside their ability to stimulate defoliation and boll
opening. Overall, the newly developed complex defoliant formulations based on 30% NaCIO,
demonstrated high biological efficacy in preparing cotton plants for harvest and can be
recommended as promising agents for improving the efficiency of mechanized harvesting.
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