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Atthe current stage of the development of agro-industrial production, it is impossible to imagine
the cultivation of agricultural plants without the use of various chemical means of influencing
the growth and development of plants. Wide use of such drugs requires a comprehensive study of
their interaction with other agrotechnological means.

The purpose of the research was to determine the features of the formation of the productivity
of soft winter wheat of the Spivanka variety depending on different methods and terms of
treatment with the growth regulator Chlormequat-Chloride 750 on different backgrounds of
mineral fertilizer in the conditions of the northern part of the Steppe of Ukraine. The following
options were used: 1) control without the use of a retardant; 2) seed treatment before sowing
(2.0 1), 3) seed treatment before sowing (2 I/t) + sowing in the spring after the restoration of
spring vegetation (1.5 I/t); 4) treatment of crops with a retardant in autumn at the beginning of
the tillering phase (1.5 l/ha); 5) treatment of crops with a retardant in autumn at the beginning of
the bushing phase (1.5 l/ha) + afier the restoration of spring vegetation (1.5 l/ha); 6) treatment
of crops with a retardant in the fall at the beginning of the bushing phase (1.5 l/ha) + after
the restoration of spring vegetation (1.5 l/ha) + at the beginning of the tube emergence phase
(1.5 l/ha). The predecessor was black steam. The experiment was conducted on the following
fertilizer backgrounds: P, K, + N, , N, P K.+ N, and N P, K.+ N, + N, Fertilizers were
applied for soil cultivation, and top dressing was applied to thawed soil. ’

1t was established that at the end of the autumn vegetation, neither seed treatment nor crop
spraying had a significant effect on the growth and development of plants compared to the
control. It was established that both during seed treatment and when spraying crops in the fall,
winter wheat plants acquired significant changes only when the spring vegetation was restored
and, first of all, due to better wintering. Spraying crops was more effective compared to seed
treatment before sowing. Thus, compared to the control, seed treatment led to an increase in
productivity by 4.5 %, and spraying with a retardant in the spring increased it by 6.7 %. Even
greater increases in productivity were obtained when spraying crops with a retardant in autumn
and double processing crops in autumn and spring — 8.4 and 10.4 %, respectively. The highest
level of productivity was provided by the cultivation of winter wheat on the background of
NPy Ky + Ny, + Ny, with triple spraying of crops with the retardant Chlormequat-Chloride 750
in autumn at ihe beginning of the bushing phase, after the recovery of spring vegetation and at
the beginning of the phase of emergence into the tube (6.66 t/ha).

Key words: soft wheat, mineral fertilizers, growth retardant Chlormequat-Chloride 750,
biometric indicators, plant survival, productivity.
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Apuyk LL, Ilo3uak B.B., Jlemiuuko C.M., Yepnux C.A., lawosa B.T. Ypoorcaiinicmo
nuwenuyi o3umoi npu 06podui pocrun npenapamom Xnopmexeam-xaopud 750 3a pizHux
pienie yooopennsn

Ha cyyacnomy emani po3eumky acponpomMuciogozo upoOHUYmea YsAeumu 6upouyyeaHHs
CIbCbKO2OCNOOAPCLKUX POCIUH 63 BUKOPUCANHA PISHUX XIMIYHUX 3ACc00i8 6NIUBY HA picm ma
PO36UMOK pocaun Hemodxcauso. LLlupoke 3acmocyganna maxkux npenapamis sumMazae KOMniex-
CHO20 BUBYEHHS IX 83AEMOOIT 3 IHUUMU AZPOMEXHONOLTUHUMU 3ACOOAMU.

3a memy Oocnidocenv Oy10 NOCMABIEHO GUHAYEHHS OCOOAUBOCEN POPMYBAHHS NPOOYK-
muerHocmi nuteHuyi m’akoi o3umoi copmy Cnieaunka 3a1enicHo 6i0 PI3HUX cnocodie i cmpokis
06pobxu pezynssmopom pocmy Xnopmexsam-xaopud 750 na piznux ¢ponax minepanibroco yoo-
bpenns 6 ymosax nisHiunoi wacmunu Cmeny Yxpainu. Bynu euxopucmari HacmynHi eapianmu.
1) koumpons 6e3 3acmocysanus pemapoanmy; 2) obpobka HacinHa nepeod cigborw (2,0 n/m);
3) 06pobKa Hacinusa neped cigboro (2 1/m) + nocieie HagecHi niciis 6iOHOBNIEHHS BECHANHOT 6ecema-
yii' (1,5 n/m); 4) obpobra nocigie pemapoanmom 60ceHu Ha no4amxy ¢asu kywenus (1,5 1/ea);
5) 0b6pobka nocieie pemapoanmom gocenu Ha nowamxy ¢gaszu kywennsa (1,5 n/ea) + nicas 6io-
HoelenHs 6ecHAHOT secemayii (1,5 /2a); 6) 0bpobKa nocisie pemapoaHmom 80CeHU HA NOYAMKY
Gazu xywenns (1,5 1/2a) + nicns gionosenenns secusinoi gecemayii (1,5 n/2a) + na nowamky ¢gazu
6uxo0y ¢ mpyoxy (1,5 r/2a). Illonepeonurxom 6yé uopruil nap. /[ocnio nposoounu wa maxux ponax
yoobpennsa: P, K, + N, N, P K, + N, iN P K + N, +N,. JHobpusa enocuru nio oopooi-
MOK IPYHMY, A NIONCUBTLEHHS NO MATIOMEP3TIOMY TPYHHLY.

Byno ecmarosneno, wo na MomMenm npunuHeHHs OCiHHbOI ecemayii, a Hi 06pPOOKA HACIHHA,
a Hi 06NPUCKYBAHHS NOCIBI8 CYMMEBO20 GNIUBY HA PIC | PO3GUMOK POCIUH NOPIGHAHO 3 KOHMP-
onem He manu. byno ecmamnosnero, wjo sk npu 06podYi HACIHHA, MAK [ RPU 0ONPUCKYBAHHI NOCIBI6
60CEHU CYMMEBUX 3MiH POCTUNHU NUEHUY] 03UMOI HAOYIU uule npu 8iOHOGNEHHI 8eCHAHOI geze-
mayii i neput 3a 6ce 3a PaxyHox Kpawjoi nepesumiéii. biibu eghexmusHuUM 6UABUIOCL 0ONPU-
CKYBAHHSL NOCIBI8 NOPIBHAHO 3 0OPOOKOI HACIHHA neped cigbow. Tak, nopieHAHO 3 KOHMPOLeM
06pobKa nacinns npusgena 00 30invuwenns yposcaunocmi na 4,5 %, a obnpuckysanms pemap-
oanmom Haeecni nidguwuno ii na 6,7 %. Le 6invwi npubasku ypodxicatinocmi ompumani npu
0ONPUCKYBAHHI NOCIBI6 pemapOaHmom 80CeHU Ma NOOBIUHOI 06pOOKU NOCI6i6 80CEHU | 6eCHOIO —
8,4 i 10,4 %, sionogiono. Hausuwuil pisenv yposcaiinocmi 3a0e3nequno eupouy8anis nule-
nuyi o3umoi na goni N P, K +N  +N, 3 nompiinum obnpuckysanuam nocisie pemapoanmom
Xnopmexeam-xaopuo 750 socenu ria nouamxy gaszu KyujeHns, nicisa 6i0HO6IeHH S 6eCHANOL geze-
mayii ma Ha noyamky ¢asu uxody ¢ mpyoky (6,66 m/ea).

Knrouoei cnosa: nuwenuysa m’sxa, MinepanvHi 00opusa, pemapoanm pocmy X10pmexkeam-xo-
puo 750, GiomempuuHi ROKA3HUKU, BUINCUBAHICIb POCTUH, YPOUCAUHICTD.

Formulation of the problem. The processes of regulating the growth and develop-
ment of plants have long been studied by many researchers. The development of this
topic gained special intensity with the discovery of phytohormones and the creation of
their synthetic analogs [1, 2, 3]. Choosing the optimal dose of soil fertilization is one of
the effective factors that determine obtaining a high level of grain yield. In our exper-
iments, we studied the issue of combining the background of soil fertilization under
winter wheat crops and the action of the retardant Chlormequat-Chloride 750 in order
to increase the yield of this crop.

Analysis of the latest researches, publications. Wheat is one of the crops that
require high soil fertility and can provide high productivity only under conditions of a
sufficient supply of mineral fertilizers [4, 5, 6]. 120 kg of nitrogen compounds, 45-50 kg
of phosphorus, and 50-75 kg of potassium are used to obtain 4.5-5.0 t/ha of wheat grain
on black earth soils [7, 8]. Most researchers believe that after the best predecessors in
the steppe zone, the best conditions for the mineral nutrition of plants are created with
the use of moderate (75-90 kg/ha NPK) doses of fertilizers [9, 10]. Thus, according to
A.O. Lytovchenko [11] in the conditions of the southern Steppe of Ukraine, the appli-
cation of mineral fertilizers: N, P, before sowing, N, (ammonium nitrate) in the phase
of emergence of plants in the tube, and N, (urea) in the phase of earing ensures the
formation of a stable yield of winter wheat grain at the level of 3.0-5.0 t/ha.
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However, as is known, relatively high doses of mineral fertilizers applied to winter
wheat on the best predecessors can in some years cause significant plant lodging. As a
result, the yield and quality of grain is significantly reduced. One of the ways to solve
this problem is the use of growth regulators. In world practice, they have been used for
a long time to combat the lodging of grain crops, increase resistance to adverse factors
of the external environment (frost and drought resistance), accelerate or slow down
growth processes, increase productivity, and harvest quality [12, 13, 14]. The peculiarity
of phytohormones is their high specificity, which makes it impossible to replace their
action on the biochemical and physiological processes of plants by some other means
or growing conditions [15].

Numerous studies have shown that the use of growth regulators is an effective means
of increasing the productivity of grain crops [16, 17, 18]. Such growth retardants as
chlor-choline-chloride and chlormequat-chloride inhibit the linear growth of the stem of
cereal crops by 10-35 %, with simultaneous thickening and an increase in the strength
of the lower internodes [19, 20. 21].

In addition to reducing stem height, retardants enhance the growth of the root sys-
tem by stimulating the growth of existing roots and promoting greater branching of the
root system. Treatment of plants with retardants reduces the area of the leaf surface,
but increases the specific weight of the leaves: the area of the leaf surface decreases,
but at the same time there was a thickening of the leaf plate itself, which contributes to
increasing the grain productivity of plants [22, 23].

In industrialized countries, 60-80 % of the acreage devoted to the cultivation of grain
crops is treated with these substances [24]. The use of growth-regulating drugs showed
that they are also an important reserve for intensifying the production of winter wheat
grain and improving its quality [2, 25].

Formulation of the task. The effectiveness of retardants largely depends on the
scheme of their application: the method of treatment of seeds or plants, the phase of
plant development, when the treatment takes place, the number of treatments [26, 27].
The introduction into the production of new drugs, modern varieties, and improvement
of the technology of growing winter wheat causes the need to carry out comprehensive
research in order to determine the most effective ways of using fertilizers in combina-
tion with the use of physiologically active substances.

Materials and methods. Field experiments were started in 2012 with the soft
winter wheat variety Spivanka on the experimental field of the Educational and
Scientific Center of the Dnipro State Agrarian and Economic University, which is
located in the Dnipropetrovsk region and belongs to the northern part of the Steppe
of Ukraine.

The goal was to determine the features of the formation of the productivity of soft
winter wheat of the Spivanka variety depending on different methods and terms of treat-
ment with the growth regulator Chlormequat-Chloride 750 on different backgrounds
of mineral fertilizer. The following options were used: 1) control without the use of
a retardant; 2) seed treatment before sowing (2.0 1/t); 3) seed treatment before sow-
ing (2 1/t) + sowing in the spring after the restoration of spring vegetation (1.5 1/t);
4) treatment of crops with a retardant in autumn at the beginning of the tillering phase
(1.5 I/ha); 5) treatment of crops with a retardant in autumn at the beginning of the bush-
ing phase (1.5 1/ha) + after the restoration of spring vegetation (1.5 1/ha); 6) treatment of
crops with a retardant in the fall at the beginning of the bushing phase (1.5 I/ha) + after
the restoration of spring vegetation (1.5 l/ha) + at the beginning of the tube emergence
phase (1.5 I/ha).
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The predecessor was black steam. The experiment was conducted on the following
fertilizer backgrounds: P, K, + N, , N, P K.+ N, and N P, K -+ N, + N, . Fertiliz-
ers were applied for soil cultivation, and top dressing was applied to thawed soil.

The soil of the experimental field is an ordinary low-humus, heavy-loam chernozem
in the forest. Humus content — 4.0 %, total nitrogen — 0.23 %, phosphorus — 0.12 %,
potassium — 2.0 %.

Field experiments were conducted according to generally accepted methodology
(Yeschenko at al., 2014). The technology of growing winter wheat corresponded to the
zonal recommendations for the conditions of the northern Steppe, except for the issues
raised for study.

In the experiments, the growth retardant Chlormequat-Chloride 750 was used, which
reduces the apical dominance of the main stem, forms more side stems, which develop
evenly and do not lag behind the main stem in growth, that is, synchronous tillering is
ensured.

Results and discussion. The growth retardant Chlormequat-Chloride 750 in the
autumn period for all the years of research did not reveal a significant effect on the
biometric indicators of plants (Table 1). During this period, the height of the plants as
a whole, according to the experiment, ranged from 18.7 to 20.3 cm. The effect of the
drug Chlormequat-Chloride 750 on the height of the plants was only from 0.5 to 4.6 %.
Mineral fertilizers had a slightly greater effect, up to 8.6 %. Such indicators can be
explained by the fact that in this period the plants do not yet experience competition in
the fight for the radiant energy of the sun, and the effect of the drug has not yet fully
manifested itself.

Table 1
The condition of winter wheat plants at the end of autumn vegetation
. Quantity per plant,
Variant of soil Pl.ant Weight of 100 pcs. The depth of the
e . height, | completely dry .
fertilization nodal tiller knot, cm
cm plants, g stems
roots
Without the use of a retardant
P K, 18,8 10,6 1,7 1,1 2,0
N, P K, 19,2 11,0 2,0 1,1 2,3
N, P, K, 19,4 11,4 2,1 1,2 2,5
Treatment of seeds with a retardant before sowing (2 1/t)

P K, 18,7 10,6 1,9 1,2 2,1
N, P K, 19,1 11,1 2,0 1,2 2,4
N PooKeo 19,9 11,5 2,2 1,6 2,6

Spraying crops with a retardant at the beginning of the tillering phase (1.5 1/ha)
P K, 18,7 10,6 1,8 1,2 2,0
N, P K., 19,1 11,2 2,0 1,2 2,4
N PooKeo 20,3 11,5 2,2 14 2,5

Indicators of plant mass also turned out to be insignificant in disagreement. Fluctu-
ations in the experiment as a whole ranged from 10.6 to 11.5 g. The proportion of the
retardant effect in the experiment as a whole during this period did not exceed 1.8 %.
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The accumulation of above-ground mass was not significantly affected by mineral ferti-
lizers, up to 0.2 g per 100 completely dry plants.

In the autumn period, no changes were also found in the number of stems and nodu-
lar roots under the action of the growth retardant. A significant increase in these indica-
tors occurred only when mineral fertilizers were used. So, on average, when increasing
the dose from P, K, to N P, K . the number of stems increased by 20.5 %, and the
number of knotted roots by 19.7 %. Although quantitatively, this increase was by 0.4
and 0.2 units, respectively. Also, in the autumn period, no effect of the drug on the depth
of the bush node was found.

The effect of the growth retardant Chlormequat-Chloride 750 began to manifest
somewhat during the recovery of spring vegetation. On average, plant survival rates
increased over four years of research (Table 2). Thus, the percentage of above-ground
mass that remained as a result of seed treatment with the drug on a low background
(P, K, + N, increased by 3.1 %, on the background of N, P K. '+ N30 —by 4.5 %, and
on the background of NP, K. + N, + N, 3.3 %. When spraying crops with a retardant
at the beginning of the tillering phase, compared to the control (without treatment), the
percentage of surviving plants increased by 4.5; 5.3 and 3.8 %, respectively.

Table 2
The condition of winter wheat plants depending on treatment with a retardant
on different fertilization backgrounds after the restoration of spring vegetation —
at the end of the tillering phase

. Quantity per plant, The percentage
Option of soil hPl'arlrltt Werghtlotf }00 pes- of above-ground
fertilization eclrgn > dcl'(;llll)ll)afr:lti,),g alive | dead nI:)iiv::l mass that is
stems | stems roots preserved
Without the use of a retardant
P, K, +N, 24,4 42,6 40 | 021 | 23 67,5
N30P60K%0+ N, 259 44,9 42 | 021 | 26 71,2
N, Py K+ N+ N, 27,8 48,0 44 0,17 2,7 75,0
Treatment of seeds with a retardant before sowing (2 1/t)
P K, +N, 23,8 42,2 4,0 0,17 2,5 70,6
N30P60K30+ N, 26,5 44,0 4.4 0,17 2,9 75,7
N, Po K, + N+ N, 27,0 48,9 4,5 0,15 2,9 78,3
Spraylng crops with a retardant at the beginning of the tillering phase (1.5 /ha)

P K, +N, 234 43,1 4,2 0,17 2,5 72,0
N30P60K30+ N, 26,3 43,9 4,5 0,18 2,9 76,5
N P Ko TN, + N 27,0 49,1 4,6 0,14 2,9 78,8

The use of Chlormequat-Chloride 750 also had an effect on reducing the number of
dead stems. So, in general, according to the experiment, the death of stems decreased
by 11.8-19.1 %.

Under the influence of the drug, the number of both all stems and those that over-
wintered slightly increased. A slight increase in the roots formed in the spring was also
recorded.
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In the spring, there was no significant difference in the height of plants treated with
the drug and control plants. This is due to the fact that although the control plants had
slightly longer leaves, the ends of the leaves were more affected, and measurements
were made only on the length of the living part of the leaves.

Increasing the rate of application of mineral fertilizers contributed to the improve-
ment of all the studied indicators.

According to the scheme of the experiment, additional spraying of crops with
Chlormequat-Chloride 750 was carried out in the spring — 1) after the restoration of
spring vegetation and 2) after the restoration of spring vegetation and at the beginning
of the tube emergence phase.

In the future, the influence of fertilizers and growth regulators became more and more
significant. The analysis of the elements of the crop structure (Table 3) showed that the
number of plants that survived until the end of the growing season increased both with
increasing the level of soil fertilization and with the use of Chlormequat-Chloride 750.
Thus, the number of plants per 1 m2 of crops with an increase in the rate of fertilizers
with P, K,/ + N, to N P, K+ N, + N, without treatment with the drug increased
by 9.8 %, and when spraying crops twice in autumn and spring — by 13.3 %. The drug
itself, if we compare the control (without treatment) and the option with spraying crops
twice in autumn and spring, contributed to an increase in the density of plant standing by
19.8 %. The lowest number of plants per square meter of crops on average for all fertili-
zation backgrounds was found in the control plots, where they were not treated with the
retardant, and in the plants treated with the retardant Chlormequat-Chloride 750 before
sowing (194.0 and 202.3 pcs./m?).

As well as the number of plants, such indicators as the number of all stems and the
number of productive stems per unit area also changed. The density of productive stems,
as one of the determining indicators of plant productivity in the conditions of the Steppe,
was the greatest when using increased rates of mineral fertilizers, as well as when using
a growth retardant, especially with double cropping. So, on average, over the years of
research without the use of the drug under the influence of fertilizers, the number of
productive stems increased by 13.8 %, and the use of the drug increased this indicator,
depending on the rate of fertilizers, from 17.7 to 18.6 %.

The mass of grain from an ear when grown on the background of P, K./ + N,

ranged from 1.02 to 1.04 g and increased on the background of N, P, K  + N, +
N,, to 1.05-1.06 g. On average, for all fertilizer options in the control, this indica-
tor was 1.04 g, various options for the use of the retardant increased it slightly — up
to 1.05 g.

The mass of 1000 grains increased both under the influence of increased rates
of fertilizer application and due to the use of a growth retardant. The smallest mass
of 1000 grains was formed by winter wheat crops from control plots, as well as
plots using seeds treated with a retardant (43.7 and 43.8 g). This indicator slightly
increased on the option with seed treatment before sowing and additional spraying
of crops in spring, as well as on the option with spraying of crops in autumn. The
weight of 1000 grains on these variants was 44.0 and 44.5 g, respectively. An even
greater mass of 1,000 grains was formed by plants treated with a retardant in autumn
and spring (once or twice) —45.2-45.4 g.

Relatively high indicators of the main elements of the crop structure ensured the
formation and high yield of winter wheat (Table 4).
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Table 3
The main elements of the grain yield structure of winter wheat plants
depending on treatment with the retardant Chlormequat-Chloride 750
under different fertilization conditions

Variant Nul;lfber The number Grain gw cight,

application of S plants, of productive2 from | 1000
retardant * fertilization pes./m? stems, pcs./m one ear | psc.

1. Control P K, +N, 185,2 562,1 1,02 | 424
N, P K., + N, 1933 611,5 1,05 | 43,7

N, Py K, + N, + N, 2034 6399 1,06 | 449

2. Seed treatment before | P, K, + N, 192,6 589,3 1,04 | 43,1
sowing N, P K, + N, 203,5 644,8 1,05 | 43,5
N Py Ko Ny + Ny 210,8 663,7 1,05 | 449

3. Seed treatment before |P, K, + N, 202,8 6253 1,04 | 43,1
sowing and spraying of N p_ K v N, 2132 662,7 1,05 | 43,9
crops in the spring NP K, + N+ N, | 2241 694,5 1,06 | 449
4. Spraying crops in P K, + N, 203,9 631,2 1,04 | 43,6
autumn N, P K, v N, 212,1 6673 1,05 | 445
N, Py K, Ny + N, 229,0 7178 1,06 |453

5. Spraying crops in P K+ N, 213,2 658,5 1,04 | 44,2
autumn and spring N, P K, ¥ N, 2323 722,71 1,05 | 453
N Py Koo ¥ N+ N 240,1 748,2 1,05 | 46,0

6. Spraying crops twice |P, K, + N, 215,1 661,3 1,04 | 445
inautumn and spring N p K, + N,, 2304 713,8 1,05 | 45,6
N PooKq TN, + N, 243,6 758,6 1,06 | 46,0

* Note: 1 — without the use of a retardant, 2 — seed treatment before sowing, 3 — seed
treatment before sowing and spraying of crops in the spring; 4 — spraying crops with a
retardant in autumn at the beginning of the tillering phase; 5 — spraying of crops with
a retardant in the fall at the beginning of the bushing phase and after the restoration of
spring vegetation; 6 — spraying of crops with a retardant in the fall at the beginning of
the bushing phase, after the recovery of the spring vegetation and at the beginning of the
emergence phase.

The application of the growth retardant in the average of the options, provided that a
small rate of mineral fertilizers — P, K, + N, was applied, contributed to the formation
of productivity at the level of 5.74 t/ha. Increasing the application rate to N, P, K, + N,/
gave an additional 0.40 t/ha, and for the application of N, P, K, + N, + N —0.62 t/ha.

On average, according to the fertilizer options, when treating seeds before SOW-
ing, the grain yield increased by 0.24 t/ha compared to the control, and by 0.39 t/ha
with additional spraying of crops in the spring. Spraying crops in the fall provided an
increase in yield by 0.52 t/ha, and additionally in the spring (once and twice) by 0.62
and 0.65 t/ha, respectively.

The highest productivity was obtained by growing winter wheat on the back-

ground of N P K =+ N, + N, with the treatment of crops with the retardant
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Chlormequat-Chloride 750 in the fall at the beginning of the bushing phase and after the
restoration of the spring vegetation (6.58 t/ha), or with the treatment with the retardant
in the fall at the beginning of the bushing phase, after the restoration of spring vegeta-
tion and at the beginning of the phase of emergence into the tube (6.66 t/ha).

Table 4
The yield of winter wheat when using the retardant Chlormequat-Chloride 750
under different nutritional backgrounds, t/ha

Fertilizer option (A) * Average
Retardant application option (B) by factor

1 2 3 B
Control 5,38 5,71 5,95 5,68
Seed treatment before sowing 5,62 5,97 6,16 5,92
Seed treatment and spraying of crops in spring 5,74 6,12 6,34 6,07
Spraying crops in autumn 5,83 6,29 6,47 6,20
Spraying crops in autumn and spring 5,94 6,37 6,58 6,30
Spraying crops twice in autumn and spring 5,94 6,39 6,66 6,33
Average by factor A 5,74 6,14 6,36 -
HIP A -0,12-0,25; B - 0,13-0,31; AB - 0,22-0,37 1/ra

* Note: 1 — P30K20 + N30; 2 — N30P60K30 + N30; 3 — N6OP90K60 + N30 + N30.

Conclusions. The conducted studies showed that at the first stages of plant growth
and development, treatment with the retardant Chlormequat-Chloride 750 seeds (2 1/t),
as well as spraying crops in the autumn period (1.5 1/ha) did not affect the height of win-
ter wheat plants at the end of the third stage of organogenesis, but led to an increase in
plant mass (by 4.5 % on average). The effect of the drug led to an increase in the survival
of plants and the total number of stems after overwintering, compared to the control.
Spraying crops was more effective compared to seed treatment before sowing. Thus,
compared to the control, seed treatment led to an increase in productivity by 4.5 %, and
spraying with a retardant in the spring increased it by 6.7 %. Even greater increases in
productivity were obtained when spraying crops with a retardant in autumn and double
processing crops in autumn and spring — 8.4 and 10.4 %, respectively. The highest level
of productivity was provided by the cultivation of winter wheat on the background of
N, P K N, N, with triple spraying of crops with the retardant Chlormequat-Chlo-
ride 750 in autumn at the beginning of the bushing phase, after the recovery of spring
vegetation and at the beginning of the phase of emergence into the tube (6.66 t/ha). A
slightly lower yield on the same background of mineral nutrition was obtained when
spraying crops with the drug in the fall and after the recovery of spring vegetation
(6.58 t/ha), as well as when spraying crops with a retardant in the fall at the beginning
of the bushing phase (6.47 t/ha).
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