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Abstract

This abstract describes a research paper devoted to optimizing the process of defoliation (artificial leaf
shedding) of cotton, which is critically important for machine harvesting.The focus is on magnesium chlorate
($Mg(CIO_3)_2$%), which is a classic mild defoliant. Unlike harsh drugs, it does not cause instant drying of
the plant, but stimulates the natural processes of aging and leaf fall. The work highlights the relevance of the
production of such drugs directly in the Republic of Kazakhstan, which reduces the dependence of the
agricultural sector on imports. The novelty does not just describe the existing production, but also suggests a
technology for producing complex-action defoliants.Complexity usually implies the addition of
physiologically active substances (for example, nitrogen fertilizers or growth regulators) to the
composition.This allows you to reduce the consumption rate of magnesium chlorate and at the same time
prepare the plant for the ripening of the pods.The work includes biological control — checking the
defoliating ability on live cotton plants.

Keywords: defoliant, magnesium chlorate, system, concentration, production, temperature, solubility,
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Introduction

The main purpose of defoliants and desiccants is to prepare agricultural crops for mechanized harvesting,
reducing labor costs and resources for their cultivation [1,2]. The key difference between these two groups of
chemical agents is that defoliants cause leaf drop without damaging other parts of the plant, while desiccants dry
not only the leaves but also stems and fruits. Defoliants are effective only on deciduous plant species, while the
activity of desiccants does not depend on whether the plants exhibit deciduous characteristics or not [3]. Many
chemicals act as both defoliants and desiccants simultaneously, with their specific effects depending on the dosage
and the target object.

Defoliants were first used in cotton farming in the early 1940s, which made mechanized cotton harvesting
possible [4]. Currently, defoliants are used on about two-thirds of global cotton crops annually [5,6]. In addition,
they are applied to remove leaves from grapevines, seedlings, and saplings of fruit trees and shrubs [7]. Desiccants
are used on crops such as sunflower, castor, soybeans, potatoes, hemp, flax, rapeseed, cereals, seed crops of sugar
beet, vegetables, lupine, alfalfa, clover, and forage beans [1,8,9]. Among plant growth regulators, defoliants and
desiccants occupy a leading position in terms of practical significance. The existing range of these agents has been
formulated by selecting compounds from various classes of inorganic and organic chemical substances [7,10-13].

Defoliants are widely used in viticulture as well. They are applied to bearing vineyards to prepare for
mechanized harvest, in nurseries to remove leaves from seedlings before digging them out of the nursery, and on
rootstocks to facilitate the collection of cuttings during the winter period. Leafless grapevines are easier to dig up,
store, and, during the storage process, the risk of fungal diseases is reduced.

The most studied defoliants include calcium cyanamide, magnesium chlorate, and calcium chlorate
chloride. The global market also includes products such as Pholex (C4H9S)3P, butifos (C12H2;0P Ss), 2-
chloroethylphosphonic acid (ethephon) C2HgCIO3sP, sodium chlorate and borates, cacodylic acid (CH3)2As(O)OH,
CaCNgy, dimetipin (Harvey, 1), paraquat dichloride, and Endotal.

Magnesium Chlorate [Mg(ClO3),-6H,Q] is a hygroscopic powder, highly soluble in water, or a colorless
crystalline substance containing 58-62% active ingredient — magnesium chlorate hexahydrate. It is non-explosive
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and safe in terms of fire hazards; it is moderately toxic to warm-blooded animals, with an LDs, value of 620
mg/kg for mice.

Materials and Methods

The high defoliating activity of magnesium chlorate is attributed to its strong redox properties. Under the
influence of this defoliant, the water balance in leaves is disrupted, photosynthesis is inhibited, plastid pigments
are destroyed, and carbohydrate and protein metabolism is impaired. Hydrolytic processes in the leaves begin to
dominate over synthetic ones. The leaves then wilt, a separation layer forms at the base of their petioles, and they
eventually fall off. These processes occur in the leaves when magnesium chlorate is applied in relatively small
doses, approximately 10-15 kg/ha. However, higher doses of the substance cause severe plant burns, and cells in
the separation layer die without forming the separation layer, resulting in the leaves not falling off.

Magnesium chlorate is used in the form of aqueous solutions. The defoliating activity of this substance is
observed at relatively low temperatures, around 9—-10°C. A significant advantage of magnesium chlorate over
calcium cyanamide is its ability to be effectively used as a defoliant in the complete absence of dew and under low
air humidity. Magnesium chlorate is not a systemic defoliant and only affects the leaves to which it is applied. The
full penetration of the substance occurs within one hour. Under the influence of magnesium chlorate, leaves fall
off much faster than with calcium cyanamide.

Magnesium chlorate is used for cotton defoliation by spraying the plants 6-12 days before harvest, with
application rates of 10-12 kg/ha. This substance has also proven effective as a defoliant on castor bean (Ricinus
communis) crops. The best time to apply magnesium chlorate to castor bean is during the period when the
capsules on the central raceme begin to turn brown, signaling that the processes of dry matter and oil
accumulation in the seeds are complete. The optimal application rate for defoliation is 15 kg/ha. Harvesting of
defoliated castor beans begins 10-15 days after treatment. When applied at the optimal time, defoliation does not
reduce seed yield, and the sowing and market qualities of the seeds remain unaffected.

Magnesium and sodium chlorates belong to defoliants-desiccants in terms of their action. Their defoliating
effect is observed on deciduous plant species, with cotton being the main crop treated. Leaf drop in plants treated
with chlorates occurs when they are moderately desiccated, affecting the leaf blade while the cells in the
abscission zone remain undamaged. However, in cases of strong dehydration, the leaf cells and the abscission
zone die, preventing the formation of the separation layer, resulting in dry leaves being firmly retained on the
plant. This is referred to as the desiccation effect.

The difference in doses between chlorate formulations that cause defoliation and desiccation is minimal.
Therefore, pure defoliation is rarely observed, and typically, defoliation is accompanied by desiccation of a
portion of the leaves. The defoliating activity of chlorates, like other chemical leaf-abscission stimulants, depends
on various factors: plant variety and species, cultivation conditions, developmental phase, air temperature, and
humidity.

Long-term trials on cotton have shown that effective doses of sodium chlorate for medium-fiber varieties
Gossypium hirsutum are 5-10 kg/ha, magnesium chlorate 8-13 kg/ha, and calcium chlorate 12-22 kg/ha [7,13]. For
fine-fiber varieties Gossypium barbadense, these doses increase by 15-20% [13]. Chlorates cause 75-85% leaf
drop, and the total effect (sum of dried and fallen leaves) can exceed 90% [7,15]. Compared to other defoliants,
chlorates act consistently. The optimal daily air temperature for these chemicals is 17-18°C, although they are also
effective at 14-15°C, albeit less intensely.

In cotton cultivation, chlorates also act as desiccants. To achieve the desiccation effect, higher doses of
chlorates are required compared to those needed for defoliation. The recommended dosage for magnesium
chlorate for cotton desiccation is 25-35 kg/ha, and for calcium chlorate 40-50 kg/ha. Chlorates are effective agents
for pre-harvest drying of various crops. They are successfully used as desiccants for sunflower, soybean, castor
bean, hemp, lupine, fodder beans, potatoes, rice, wheat, beetroot, radishes, and carrots [14].

Experimental methods

Currently, defoliants are used annually on approximately two-thirds of the cotton crops worldwide.
Additionally, defoliants are applied for leaf removal in vineyards, as well as on seedlings of fruit-bearing trees and
shrubs.

There are various methods for the production of defoliants. Under laboratory conditions, sodium chlorate is
easily obtained by chlorinating solutions of soda and caustic soda.

3Na,CO3+3Cl, = NaClOz+5NaCl+3C0O,

6NaOH+3Cl, = NaClOz+5NaCl+3H,0
In industry, sodium chlorate was previously produced by chlorinating lime milk, followed by partial
removal of excess calcium chloride through cooling and treatment of the calcium chlorate solution with sodium
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sulfate.

6Ca(OH),+6Cl; = Ca(ClO3),+5CaCl,+6H,0
Ca(ClO3)2+Na»S04+2H,0 = 2NaClO3+CaS04-2H,0

The industrial production of sodium chlorate by the described method was first implemented in France.
Currently, sodium chlorate is predominantly obtained through the electrochemical oxidation of sodium chloride.
Various methods are known for producing the target product in both crystalline form and aqueous solution. For
obtaining small quantities of magnesium chlorate, the exchange reaction of sodium chlorate with magnesium
sulfates and chlorides in an aqueous or acetone medium is of interest[15-16].

2NaClO3 + MgSQO4 = Mg(ClO3)2 + NazSO04
2NaClOs + MgCl, = Mg(ClO3), + 2 NaCl

In industry, magnesium chlorate is produced by reacting sodium chlorate with bishofite (MgCl,-6H;0) in a
molten state. The commercial product, known as magnesium chlorate defoliant, contains 60+2% of hexahydrated
magnesium chlorate. The essence of the technological process lies in obtaining the molten magnesium chlorate
defoliant by melting bishofite with sodium chlorate in a 1:2 molar ratio, followed by crystallization of the target
product.

Bishofite is melted by introducing dry steam into special furnaces equipped with mechanical stirrers and a
steam jacket, where the calculated amount of sodium chlorate is also fed in. The temperature of the reaction
mixture is maintained within the range of 110-120°C. As a result of the exchange reaction, magnesium chlorate is
obtained.

MgCl,-6H20 + 2 NaClO3 = Mg(ClO3)2-6H.0+2NaCl

After the excess moisture is blown off from the molten defoliant, the product is crystallized on a rotating
drum crystallizer in the form of a film, which is then cut by a knife. The cut plates or flakes of magnesium
chlorate defoliant are packed into bituminized paper bags with polyethylene liners.

A major drawback of the technology for producing crystalline magnesium chlorate defoliant is that it does
not involve the separation of sodium chloride from the main reaction product — magnesium chlorate. As a result,
the obtained product contains up to 40% of ballast, physiologically inactive sodium and magnesium chlorides,
which leads to high consumption rates of the defoliant and increased costs for its transportation, storage, and
application.

The goal of the proposed utility model is to develop a method for obtaining a complex defoliant based on
sodium chlorate, magnesium chloride, magnesium sulfate, trichloroacetic acid, triethanolamine, phosphocholine,
and water.

In the process of obtaining the defoliant, sodium chlorate is dissolved in an aqueous solution of magnesium
chloride and magnesium sulfate with the addition of trichloroacetic acid, triethanolamine, and phosphocholine at a
temperature of 25-50°C. The components are used in the following mass ratios:

e Sodium chlorate: 21.51-23.90%

e Magnesium chloride: 18.0-20.0%

e Magnesium sulfate: 18.0-20.0%

e Trichloroacetic acid: 3.21-3.7%

e Triethanolamine: 3.21-3.7%

¢ Phosphocholine: 0.9-1.0%

o Water: 24.80-27.97%

To provide practical recommendations for the production of magnesium chlorate defoliant, the conversion
process of magnesium chloride with sodium chlorate was investigated depending on temperature and time
duration. The study was conducted at temperatures of 50°C, 75°C, and 100°C, and with experimental durations of
15, 30, 45, 60, 90, and 120 minutes.

Results and Discussion

In a 250 mL round-bottom flask, equipped with a stirrer, 100 g of a 37.14% aqueous solution of magnesium
chloride was loaded, along with the equivalent amount of sodium chlorate. The flask was placed in a thermostat
set to the desired temperature and mixed vigorously. After the specified time intervals, the liquid phase was
separated from the precipitate, and a corresponding chemical analysis was performed.

Based on the obtained data, the conversion degree of magnesium chloride with sodium chlorate and the
consumption of initial components during the conversion process were determined (see Figures 2 and 3).

From Figure 2, it is clear that the degree of conversion is significantly influenced by temperature and
increases as the temperature rises. After 45 minutes, the degree of conversion at temperatures 323, 348, and 373 K
is 40.1%, 49.9%, and 62.9%, respectively. After 60 minutes, the degree of conversion reaches 48.7%, 60.8%, and
71.98% at 323, 348, and 373 K, respectively. Subsequent increases in conversion time do not significantly
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improve the conversion degree of magnesium chloride with sodium chlorate.

At 373 K and a reaction time of 120 minutes, the conversion degree was 72.3%. Extending the reaction
time from 60 to 120 minutes resulted in only a slight increase of 0.32% in the conversion degree. This is likely
because, during the first 60 minutes of the reaction, a sufficient amount of sodium chloride is produced through
reaction (2), which negatively affects the reaction’s progress in the aqueous medium thereafter.

MgCl, + 2NaClOs = Mg(CIOs), + 2NaCl

Analysis of the kinetic curves for the consumption of magnesium chloride and sodium chlorate in 100 g of
37.14% aqueous magnesium chloride solution during conversion at temperatures from 323 to 373 K (Figure 3)
shows that the amount of consumed reactants increases during the first 60 minutes, and then remains almost
unchanged after 60 minutes.

Increasing the temperature from 323 to 373 K results in a higher consumption of magnesium chloride and
sodium chlorate during the conversion process. This suggests that higher temperatures accelerate the reaction and
increase the rate at which the reactants are used up.
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Fig. 1. Dependence of the conversion degree of magnesium chloride with sodium chlorate on temperature
and time duration

The order of the reaction of the conversion process was determined using the first-order kinetic equation,
similar to the work of the authors [1].

K = 2,303/t - Ig Co/ (Co—C)), 3)
Where COC_0CO0 and CtC_{\tau}Cr are the concentrations of magnesium chloride (or sodium) at the initial
stage of the conversion and after the elapsed time T\taur, respectively,

KKK is the rate constant of the conversion reaction.

According to the obtained data, the order of the conversion process of magnesium chloride with sodium
chlorate is one. This is confirmed by the fact that the rate constant of conversion, calculated from equation (2)
based on experimental data, remains almost constant for each temperature.
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Fig. 2. Kinetic curves of magnesium chloride (1) and sodium chlorate (2) consumption for 100 g of 37.14%
magnesium chloride solution

Conclusion

In the method of obtaining the defoliant, sodium chlorate is dissolved in an aqueous solution of magnesium
chloride and magnesium sulfate with the addition of trichloroacetic acid, triethanolamine, and phosphatidylcholine
at temperatures ranging from 25 to 50°C, with the following mass ratios of components:

Sodium chlorate: 21.51-23.90

Magnesium chloride: 18.0-20.0

Magnesium sulfate: 18.0-20.0

Trichloroacetic acid: 3.21-3.7

Triethanolamine: 3.21-3.7

Phosphatidylcholine: 0.9-1.0

Water: 24.80-27.97

During the study, the optimal technological parameters for producing magnesium chlorate defoliant were
identified.

The study was conducted at temperatures of 50, 75, and 100°C with experimental durations of 15, 30, 45,
60, 90, and 120 minutes. In a 250 mL round-bottom flask equipped with a stirrer, 100 g of a 37.14% aqueous
magnesium chloride solution and an equivalent amount of sodium chlorate were loaded. The flask was placed in a
thermostat with the set temperature and stirred intensively. After the necessary period of time, the liquid phase was
separated from the precipitate, and a corresponding chemical analysis was performed.

Due to the presence of physiologically active compounds in the defoliant—magnesium chloride,
magnesium sulfate, trichloroacetic acid, triethanolamine, and phosphatidylcholine—the defoliating activity of the
preparation is enhanced, and its application rate per unit area is reduced.
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PA3PABOTKA HOBOHM TEXHOJIOT WU ITPONU3BOJICTBA JJE®OJIUAHTA HA
OCHOBE XJIOPATA MAT'HUSA

AHHOTAUA

B atoMm pedepare onmmchIBaeTCs UCCIIEI0BATENbCKasi paboTa, MOCBSIIICHHAs ONTHMH3AINK TIporecca
nedonuanyn (MCKyCCTBEHHOTO ONAJaHMsl JIMCThEB) XJIOMYATHHKA, KOTOPHIA KPHUTHYECKH BAXKECH JUIs
MaIIMHHON yOOpku ypoxas.OcHOBHOe BHUMaHue yxensiercs xiopary maruus ($Mg(CIO_3)_2$), kotopsrii
SIBIIICTCSI KITACCHYECKUM MSTKHM Je(DONMaHTOM. B oTiHYKMe OT CHIBHOAEHCTBYIOIIMX MPENapaToB, OH HE
BBI3BIBAET MTHOBEHHOTO BBICHIXaHHSI PACTEHHS, & CTHMYJIHPYET E€CTECTBCHHbBIC MPOIECCHI CTApEeHHsS U
OmajJeHHs JIMCTheB. B paborTe momdYepKuBaeTCs aKTyalbHOCTh MPOW3BOJACTBA TAKHX MPENaparoB
HerocpencTBeHHO B PecryOnnke KasaxcraH, 9To CHIDKAET 3aBUCHMOCTH arpapHOTO CEKTOpa OT HMIIOpTA.
HoBuHKa He TPOCTO OIMKCHIBAET CYIECTBYIOIIEE MPOU3BOICTBO, HO M TPEIIaracT TEXHOIOTUIO MOy IEeHHs
ne(ONHAHTOB KOMILIEKCHOTO jeiicTBrs. KOMIUIEKCHOCTh OOBIYHO MMOpa3yMeBaeT J00aBICHHE B COCTaB
(HU3HONOrMYEeCKH aKTUBHBIX BEIIECTB (HANPUMEP, a30THBIX YIOOPEHHH WM PEryjisiTOpoB poOCTa).ITo
MO3BOJISIET CHU3MTH HOPMY PACXOJia XJIopaTa MarHusi U B TO K€ BPEMs TIOATOTOBUTEL PACTEHHUE K CO3PEBAHHIO
cTpydkoB.Pabora BkirouaeT B ceOsi OMOTOTHYECKH KOHTPOJIb — MPOBEPKY CIIOCOOHOCTH KUBBIX PAaCTEHUI
XJIOMYATHUKA K JIe()OTHanum.

KiroueBble ciioBa: 1edoiiMaHT, XJIOpaT MarHus, CUCTeMa, KOHICHTpAIUs, [TOJyuYeHHEe, TeMIepaTypa,
pacTBOPUMOCTh, KOHBEPCHS, KUHETUKA PEAKLIHH.
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MATHUWM XJIOPATBIHBIH JE®OJIMAHTBIH OHJIIPY/IIH ’KAHA
TEXHOJIOI'USCBIH KACAY

Tyiiin

Maxkransl nedonuanysiiay (GkacaHABl JKalbIpaKThl TOTry) TMPOIECIH OHTaWIaHIBIpyFa apHaIFaH
3epTTey JKYMBICHI CHUIIATTalIFaH, OYJI MalliHAMEH JKWHAy YIIiH eTe MaHbAsL.Marauit xmopareiHa (Mg Mr
(Cl10_3) 29%) mazap aymapsiiaabl, O KIACCHKAJBIK JKyMcak zedonuant Ooisim Tabbutambl. KarTTer
mpermaparrap/iad  albIpMaIIbUIBIFB, OYI  OCIMAIKTIH Te3 KeOyiHe okenmmeini, Oipak Kapral MeH
JKaTBIPaKTapAbIH TYCYiHIH TaOWFW TPOIECTepiH BIHTATaHABIpaAbl. JKyMbpIcTa MYHIAW Oopi-TopMeKTepIi
Tikeneit Kazakcran PecnyOnukacsinma eHAIpYAiH ©3EKTUIIN KOPCETINreH, Oy arpooHEPKICINTIK KEMICHHIH
MMIIOPTKA TOYEJIUIITiH TeMeHeTeni. JKaHamblK KOJJAHBICTaFbl OHIIPICTI CUMATTAl KaHa KOWMaiubl,
COHBIMEH Karap KYpAeJi acep eTeTiH AeQonranTTapabl OHIpy TEXHOJIOTHICHIH YChHANBL Kypaeninik ogerte
KOMITO3HMLIMSIFA  (PU3MONOTYSIIBIK  O€JICeHIi 3aTTapiablH (MBICANBl, a30T THIHAWTKBIITApBl HEMECEe oecy
perrerimrepi) KOCBUTYbIH Oinfipeni.byn MarHuii XJIOpaThIHBIH TYTBIHY MOJIIEPIH a3aliTyFa )KoHE COHBIMECH
Oipre eciMmiKTI OYpIIKTEpHAiH IiCyiHe NaiblHAayFa MYMKIiHIIK Oepemi. KyMmpic OHONOTHSIBIK OaKbLUIayIbl
KaMTHIBI-Tipi MaKTa ©CiMIIKTepiHAeT] Aedonranus KabieTiH Tekcepy.

Kinrrik ce3mep: nedosiuaHT, MarHuil XJoparbl, KyiHe, KOHIIGHTpAIMs, OHIIpic, TeMIeparypa,
epIriTiK, KOHBEPCHS, PEaKIHsl KHHETUKACKI
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