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Abstract. 6-benzylaminopurine is a synthetic analogue of the natural phytohormone of the cytokinin
group. A number of studies have shown that its use has a positive effect on plant development in conditions of
soil salinization. Meanwhile, the authors have not found any field studies on the effect of 6-benzylaminopurine
on the development of winter grain crops in the territory of the Republic of Uzbekistan. The aim of the study
was to evaluate the effect of foliar treatment on productivity of winter grain crops with 6-benzylaminopurine
under soil salinization conditions. The study was conducted on irrigated areas in the Republic of Uzbekistan
(Republic of Karakalpakstan). Based on the results of the 2023-2024 experiment, it was found that when using
the agent on the studied crops, spike weight and average grain weight per spike improve. As a result of the field
experiment of 2024-2025, it was shown that phytohormone treatment of winter wheat and barley improves
overall and productive tillering, which is reflected in increase in yields of the studied crops: 14% for winter
wheat and 9% for winter barley.
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Introduction

Irrigated areas of Central Asia are at risk of secondary salinization, and the process
of restoring salinized lands is practically non-existent. Analysis of salt content in the
Jizzakh irrigation zone for the period from 1995 to 2016 revealed no significant im-
provements in the studied areas [1]. Average groundwater mineralization in 75.3% of
irrigated areas ranged from 1.1 to 5.0 g/L. Under such conditions, maintaining stable
yields is achieved primarily through the intensive use of fertilizers. Meanwhile, fertilizers
can also be considered a factor contributing to soil salinization [2, 3].

Hydraulic engineering measures aimed at flushing the soil profile with good drai-
nage are an effective [4, 5], but expensive, method for combating soil salinization.
Therefore, another approach to increasing crop yields should be considered: increasing
the resistance of agricultural plants to the negative effects of salts. According to plant
physiologists [6-12], negative impact of salinity on plants is realized through suppres-
sion of photosynthetic activity, transpiration, stomatal conductance of plants, as well
as changes in morphology, enzyme activity, and the ratio of K* and Na* ions in plants.
Plant phytohormones, which regulate plant adaptation to stress factors, act as mediators
of all these processes [13]. The ultimate result of salt stress on plants is a deterioration
in both the quantity and quality of the crop yield [8].

Resistance of agricultural plants to the negative effects of salts can be increased in
two ways: by breeding salt-tolerant varieties and by exogenous application of additives
that enhance plant defense responses.

Selection of salt-tolerant varieties from existing ones [14, 15] and identification of
genetic markers responsible for salt tolerance [16—18] are promising areas of research.
Thus, one of the ways to implement them is to search for varieties that can avoid the

270 NOYBOBEAEHNE W AITPOXVIMINA



Gorepekin IV et al. RUDN Journal of Agronomy and Animal Industries. 2026;21(2):269-279

accumulation of Na* ions in the above-ground parts of the plant [10]. However, breeding
is a lengthy process, and quick results are difficult to expect.

The second approach involves applying additives that mitigate plant responses to
salt stress. These additives include phytohormones [19-26], particularly 6-benzylamino-
purine — a cytokinin-group hormone [19-21, 27, 28]. Under salt stress, 6-BAP reduces
negative effects associated with the absorption of reactive oxygen species [29] and also
helps maintain hormonal balance under salt stress [19].

Results from field experiments indicate an ambiguous effect of 6-benzylami-
nopurine on the development of grain crops under soil salinity. For example, the
study [30] showed that foliar application of 6-benzylaminopurine to wheat increased
yield only when combined with zinc. In contrast, other studies have shown that fo-
liar treatment of wheat with 6-benzylaminopurine before flowering increased yield
by increasing the number of fertile flowers in the basal and central spikelets [31].
Research by Kuznetsova S.A. demonstrated an improvement in the vegetative de-
velopment of wheat with foliar treatment with 6-benzylaminopurine [20]: by 18-29%
at the tillering stage and by 13-15% at the milking stage. However, we found no
similar information for the irrigated lands of Uzbekistan, which are characterized
by varying degrees of salinity.

Furthermore, for barley, despite the studies on physiological mechanisms of role of
phytohormones in salt stress tolerance — summarized, in particular, in the monograph
[32] —no results of field studies on the effect of 6-benzylaminopurine on barley de-
velopment under soil salinity conditions were found.

The aim of the study was to evaluate the effect of foliar treatment with 6-benzyla-
minopurine on productivity of winter grain crops under soil salinity conditions.

Materials and methods

The studies were conducted on plots of the Grain and Rice Scientific and Produ-
ction Association in the Nukus District of the Republic of Karakalpakstan, Republic of
Uzbekistan, during the growing seasons of 2023-2024 and 2024-2025.

The soil in the experimental area is irrigated meadow alluvial soil. Content:
humus — 0.8-1.0%, available nitrogen — 0.28 mg/kg, available P,O, — 27.0 mg/kg,
available K,O — 130 mg/kg. The soil texture class by the hydrometer method is me-
dium loam. The soils in the study area are characterized by chloride-sulfate type of
salinization with a total chloride and sulfate ion content of 0.14%, which, according
to the soil extract method of V.S. Muratova and V.Y. Margulis corresponds to slightly
saline soils [33].

Timing and rates of soil leaching for winter crops, depending on irrigation water
supply and field salinity level, begin in August and end in early September. Water con-
sumption for leaching slightly saline soil plots is 2000—2500 m*ha. During soil ripening,
phosphorus-potassium fertilizers RMU-0.5 were applied using a TTZ-80-11 tractor.
The fertilizer rate was according to the regional standard of N _ P_ K, ; the entire

150~ 60 "40°
phosphorus-potassium fertilizer rate was applied under plowing, and 1/3 of the nitrogen
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fertilizer was applied during pre-sowing cultivation. Plowing was carried out using
a Magnum tractor equipped with a PD-4-35 plow. Next, field edges were leveled using
an RVN-3/8.5 or VP-8A machine and a T-4A-01 tractor. Plot compaction and leveling
were performed with a TTZ-60.10 tractor. Sowing was carried out using a Brazilian
seeder with a 2-meter working width and 12—13 cm row spacing. Before sowing, the
seeds were treated with “Skarlik” at a rate of 350 ml of solution in 150 liters of water
per 1 ton of seeds. Superphosphate was applied along with the sowing at a rate of
15 kg of active ingredient per hectare.

Early spring nitrogen fertilization was applied manually by evenly spreading
ammonium nitrate. During the tillering stage and the beginning of grain formation,
plantswas treated with an aqueous urea solution at a rate of 30 kg/ha of active ingre-
dient in 400 liters of water in the morning or evening using motorized hand sprayers.
Seeds of zoned winter wheat and winter barley varieties were sown on September
30 at a depth of 4-5 cm, with a seeding rate of 5.0 million viable seeds per hectare.

In the middle of the tillering stage, after water-supply irrigation, treatments against
dicotyledonous weeds were applied using Granstar Super, Gold Star, and Entostar Plus
at recommended rates, depending on weed development and composition.

In 2023-2024, a preliminary experiment was conducted to evaluate the effect of
foliar treatment with 6-benzylaminopurine on the growth and development of winter
crops: barley cv. “Yantarny 3’ and wheat cv. ‘Karakalpakstan 100°.

Six plots of 1 m? each were established for the experiments.

The experiments were conducted on 25 m? plots in four replicates each. Plots were
arranged in a checkerboard pattern, allowing alternation of control and experimental
variants.

During the 2023-2024 growing season, the foliar treatment included 6-benzyla-
minopurine at a concentration of 0.01 g/L and polyethylene glycol (molecular weight
300 Da) at a concentration of 0.3 g/L. To increase the solubility of 6-benzylaminopurine,
the working solution was prepared in 0.05 N potassium hydroxide. A backpack sprayer
was used to treat plants, beginning at the tillering stage, with three sprayings performed
at 14-day intervals.

Measured parameters included: spike weight per m2, number of seeds per spike,
1000-seed weight, average grain weight per spike, plant height, and spike length.

During the 2024-2025 field season, experimental conditions were identical to
those described previously in terms of irrigation rates, fertilizer application, and seed
preparation for sowing.

Treatment of winter crops with 6-benzylaminopurine was performed twice. The
first treatment was applied at mid-booting. Control plots were treated with water. The
second treatment was applied at the heading stage using a hand sprayer at a rate of
50 liters per 100 m2.

Harvesting was carried out at the stage of full maturity when the external signs of
plant ripening appeared and grains acquired firmness characteristic of fully ripened grain.
Wheat was harvested by direct combine harvesting. Common winter wheat and winter
barley grains were manually cleaned of impurities after harvesting.
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Results and discussion

During the 2023-2024 growing season, foliar treatment of winter barley with 6-ben-
zylaminopurine increased: grain weight per square meter — from 414.5 to 481.5 g m?, or
by 16%; number of grains per spike — from 28 to 36, or by 29%; average grain weight
per spike — from 1.2 to 1.6 g, or by 33% (Table 1).

Table 1
Productivity indicators of winter grain crops after foliar treatment with
6-benzylaminopurine-based composition
Crop. variet Plants We?rﬁ,l(n / Spike Grains per weiGrr?tm or 1000-seed
P Y | Treatment height, cm 9 5 9 length, cm spike gntp weight, g
m spike, g
Winter barley, No 86.7 4145 8.3 28.0 12 38.1
Yantarny 3 Yes 88 481.2 7.4 36.7 1.6 40.2
Winter wheat, No 86.4 673 10.4 40.7 2.1 52.0
Karakalpakstan
100 Yes 99.7 817.5 10.0 419 23 55.8

Source: experimental design by 1.V. Gorepekin, Z.S. Sultanova, S.A. Shoba, G.N. Fedotov; field
experiments and data processing by T.G. Kalnin, S.P. Sabirova, N.P. Pirnazarova.

Foliar treatment with 6-benzylaminopurine also improved winter wheat parameters:
grain weight per square meter increased from 673 to 817.5 g (21%), and average weight
per spike increased from 2.1 to 2.3 g (10%).

Thus, the positive results of the first phase of the study allowed continued testing of
6-benzylaminopurine effectiveness in the 2024-2025 field season. To evaluate the effect of
the composition with fewer treatments, the number of sprayings was reduced from 3 to 2.

Analysis of 2024-2025 experimental data showed that reducing the number of
treatments did not reduce the composition’s effectiveness. We will examine the results
in more detail (Table 2).

The number of plants per m? before harvest in wheat cv. ‘Utkir’ increased from 306.0
in the control to 318.0 after treatment. Barley (cv ‘Yantarny 3’) also showed positive
dynamics: plant number per m? increased from 320.0 to 337.0. This indicates that the
treatment contributed to improved plant survival prior to harvest.

For both crops, treatment resulted in a slight decrease in plant height (wheat from
99.7 to 92.0 cm; barley from 87.8 to 84.1 cm). This may indicate some inhibition of
stem height growth, which sometimes correlates with lodging resistance.

Total tillering in wheat increased from 4.0 to 4.5, and in barley — from 3.0 to 3.6,
indicating that the treatment stimulated tillering. Moreover, the number of stems pro-
ducing yield increased proportionally to total tillering rate: from 4.0 to 4.3 for wheat,
and from 2.9 to 3.6 for barley. Based on the data presented, it can be concluded that
the product not only increases tillering rate but also improves the productivity of these
stems (i.e., they do not remain sterile).
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Table 2
Plant productivity indicators after treatment with 6-benzylaminopurine
in the full ripeness stage (2025)
Number of plants
Height Average err(;]:ft:vzf Grain
Crop, variety At the beginning P of plants, total P weight per
of the growing | | Before cm | tillering | SMSPer | Ty
: ; harvesting 9 plant ‘9
season in spring, plants/m?
plants/ m?
Winter wheat cv.
‘Utkir', no treatment 306.0 99.7 4.0 4.0 550.8
327
Winter wheat cv. Utkir', 318.0 92.0 45 43 628.8
with treatment
Winter barley cv.
‘Yantarny 3', no 320.0 87.8 3.0 2.9 477.2
treatment
342
Winter barley cv.
‘Yantarny 3', with 337.0 84.1 3.6 3.6 521.6
treatment

Source: experimental design by 1.V. Gorepekin, Z.S. Sultanova, S.A. Shoba, G.N. Fedotov; field
experiments and data processing by T.G. Kalnin, S.P. Sabirova, N.P. Pirnazarova.

Grain weight per 1 m? — a key productivity indicator — increased from 550.8 to
628.8 g/m? for ‘Utkir’ wheat, and from 477.2 to 521.6 g/m? for ‘Yantarny 3’ barley.
In fact, the results of the experiments indicate that treatment with 6-benzylaminopurine
(6-BAP) at the stage of full maturity led to increase in yield: in winter wheat the increase
was 78 g/m? (about 14.2%), and in winter barley — 44.4 g/m? (about 9.3%).

Supplementing the results of Table 2 with yield structure indicators (Table 3), the
following conclusions can be drawn.

For ‘Utkir’ winter wheat, 6-BAP treatment had a comprehensive positive effect on all
components of spike productivity. Thus, the number of grains per spike increased from
41.0 to 43.0. The average grain weight per spike demonstrated a significant increase,
from 2.4 to 3.2 g. This explains the resulting yield increase (see Table 2). Furthermore,
1000-seed weight increased from 48.7 to 50.6 g, indicating that the treatment contribu-
ted to grain filling, making it fuller and heavier. Spike length also increased from 7.6 to
8.8 cm, correlating with the increased number of grains per spike.

For ‘Yantarny 3’ winter barley, the response to treatment was more specific. The
number of grains per spike increased from 34.0 to 37.0 (a trend similar to wheat), as
did the average grain weight, from 3.3 to 3.5 g, while 1000-seed weight decreased from
41.8t0 40.3 g.

Comparing the data in Tables 2 and 3 allows explaining the nature of the yield
increase.
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Table 3
The effect of 6-benzylaminopurine treatment on yield structure indicators
of winter crops (2025)
. Grains per Average grain 1000-seed .
Crop, variety Treatment spike weight per spike, g weight, g Spike length, cm
Winter wheat Yes 43 3.2 50.6 8.8
cv. ‘Utkir No 41.0 2.4 487 7.6
Winter barley Yes 37.0 35 40.3 11.8
cv. Yantarnyy 3 No 34.0 33 M8 11.0

Source: experimental design by |.V. Gorepekin, Z.S. Sultanova, S.A. Shoba, G.N. Fedotov;
field experiments and data processing by T.G. Kalnin, S.P. Sabirova, N.P. Pirnazarova.

For Utkir wheat, the yield increase (+78 g/m?) was driven by two factors: an increase
in productive stems (from 4.0 to 4.3 stems/m? (see Table 2)) and increased productivity
per spike (grain weight per spike increased by 33%: from 2.4 to 3.2 g (see Table 3)).
This was the most significant effect. The increase in 1000-seed weight confirms that
the grains became larger.

For Yantarny 3 barley, the yield increase (+44.4 g/m?) was driven by a different me-
chanism: an increase in productive stems played a decisive role (from 2.9 to 3.6 stems/m?2,
i.e., the increase in productive stems was approximately 24% (see Table 2)). Spike
productivity increased slightly (from 3.3 to 3.5 g). Moreover, 1000-seed weight even
decreased slightly, suggesting a possible “competition effect”: the plant formed more
spikes (due to tillering), but the grains in them were slightly smaller than in the control.
However, the total biological weight of the grain was still higher.

Therefore, the use of 6-benzylaminopurine may represent a significant potential for
increasing crop yields under the irrigated soil conditions of the Republic of Karakalpak-
stan, characterized by varying degrees of salinity.

Conclusion

The positive effect of foliar treatment of winter wheat with 6-benzylaminopurine
on yield has been confirmed. In field experiments, yields from sampling plots increased
by 14%.

The positive effect of foliar treatment of winter barley with 6-benzylaminopurine
on yield was demonstrated for the first time. In field experiments, yields from sample
plots increased by 9%.

6-Benzylaminopurine treatment proved effective for both crops, but the mechanism
of action differed between the varieties. For ‘Utkir’ wheat, the agent acts as a powerful
stimulator of spike productivity (increasing grain number, 1000-seed weight, and spike
length), resulting in maximum yield gains. For ‘Yantarny 3’ barley, the treatment worked
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primarily as a stimulator of productive tillering (increased the number of yield-bearing
stems), while spike parameters changed less significantly, and grain fullness (1000-seed
weight) even decreased slightly.
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BnusiHne 6-6eH3nMnaMuHoONypuHa Ha NPOAYKTUBHOCTb 03UMbIX
3€PHOBbIX B YC/IOBUSIX MOYBEHHOIO 3aCOJIEHUSA

N.B.Topenekun! g, 3.C.CynaranoBa’ ', T.I. Kanaun' —, I'H. ®egotoB' ',
C.A.IIle6a' ', IIII. CabupoBa®’ ~, H.IL. IIupHa3apoBa’

'MoCKOBCKHH roCyjapCTBeHHBIH YHUBepcUuTeT nMeHn M.B. JloMoHOCOBa, 2. Mockea, Pocculickas
dedepayus
“KapakaJrakCKUii HTHCTUTYT CeTbCKOTO X035HCTBA M arpOTeXHONOrHH, e. Hykyc, Pecnybauka
Y3bekucman
D] decembrist96@yandex.ru

AnHoTanus. 6-6eH3UIAMHUHOITYPYH SIBJISIeTCS CUHTeTHYe CKUM aHa/I0roM TIPUPOHOTO (UTOrOPMOHA TPYIIIbI
LIUTOKWHUHOB. B psife uccnefoBaHuil oKasaHo, YTO ero UCI0/Ib30BaHUe T0JI0KUTE/IbHO B/IMSIeT Ha Pa3BUTHE
pacTeHH B YCJIOBUSIX TIOUBEHHOTO 3aco/eHusl. MexX/ly TeM I0JIeBbIX UCC/Ie[0BaHMH 110 BIUSHUIO 6-0eH3u1amMu-
HOIypHHA Ha Pa3BUTHeE 03UMbIX 36DHOBBIX KYJIBTYD 151 TeppUTOpHH Pecrybnuky Y36ekucTaH He 0OHapY>KeHO.
Llesb vccie0BaHUsSI — OLIeHKA BIUSIHUS (osiiapHOi 00paboTKM Ha MOKa3aTesu MpoJyKTUBHOCTH 03UMbIX
3epHOBBIX Ky/IBTYpP 6-0€H31/IaMIHOIYPHUHOM B YC/IOBUSIX ITOUBEHHOTO 3acosieHust. VccrejoBaHNe TIPOBOAMIIOCH
Ha OpolIaeMbIX yuacTkax B Pecrybivike Y36ekucraH (Pecriybivka KapakanmakcraH). [To pe3ysnsraram omnbita
2023-2024 r. yCTaHOBJ/IEHO, YTO IIPY UCIIO/Ib30BAHUM COCTaBa Ha U3yUeHHBIX KY/IbTypax yBeJM4MBarOTCs Mac-
ca 3epHa C KBaJlpaTHOTO MeTpa M CpeZiHsIsl Macca 3epHa ¢ Kosioca. IToseBoit omneit 2024—2025 . moKasaii, uTo
06paboTka pUTOropMOHAMH 03UMBIX TIIEHHUIIBI U TUMEHS y/IyulllaeT oOIyI0 U POJYKTUBHYH KYCTHCTOCTD
1 9TO CKa3a/I0Ch Ha MOBbIILIEHUH YPOXKaHOCTH U3yUeHHBIX Ky/abTyp: 14 % /s 03uMoi miteHUUs! U 9 % aJist
03UMOTr0 SIUMEeHsL.

KiroueBble cj10Ba: pUTOrOPMOHBI, TMCTOBasi 00paboTKa, MILIeHHId, SUMeHb
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Bkuajg aBropos: ['openekuH V1.B. — au3aiiH ucciesoBanus, 00paboTka MaTepyasioB, HalicaHe TeKCTa CTaTby;
CynranoBa 3.C. — cbop u 06paboTka MaTepHrasoB, aHa/IU3 pe3y/bTaToB, HanMcanue Tekcra; Kamuun T.IL —
c6op maTtepuanoB, aHanu3 pesynsratoB; ®enoros I.H. — gusaiiH uccieoBanus, 06paboTka MaTepuasos,
penaktupoBaHue ctatbu; [lo6a C.A. — KOHLeMNLMsI CTaThH, peflakThpoBaHue ctatbu; Cabuposa IILIT. — c6op
MaTepuasioB, aHau3 pe3ysbraTos; ITupHasaposa H.IT. — c6op MarepuasioB, aHa/M3 pe3y/bTaTtoB. Bce aBTopEI
07106pH/IN OKOHYATEJIbHYHO BEPCHIO CTaThU.

duHaHcupoBaHue. PaboTa BbINO/IHEHA 3a CueT (pUHAHCHPOBaHUS, BbI/|eJIEHHOTO Ha Liesii (DyHKLMOHUPOBa-
Hust EBpa3uiicKoro LieHTpa 1o Mpo/j0BOIbCTBeHHOM 6e3omacHoctu MI'Y (pacniopsbkenue TIpaButenbcTBa PO
Ne 1736-p ot 26.06.2021).

3asB/IeHHEe 0 KOH()IMKTe HHTepecoB. ABTOPbI 3asiB/ISIFOT 00 OTCYTCTBMY KOH(IMKTA MHTEPECOB.

Hcropus crarbu: noctynuia B pegakuuio 30 oktsiops 2025 r.; npuHsTa K mybiukaimu 12 mapta 2026 T.
Jinsi uurupoBanus: ['openeku 1.B., Cyimanoga 3.C., Kaanun T.T., @edomoe I H., I1Toba C.A., Cabupo-

ea I11.I1., ITupxazapoea H.I1. BnusiHuie 6-6eH3UIaMUHOITYpHYHA Ha TIPOJYKTUBHOCTb 03UMBIX 3€PHOBBIX B YC/IOBHSIX

TOYBEHHOT0 3aconeHusi // BecTHuk Poccuiickoro yHuBepcuTeTa py»K0Obl HapogoB. Cepusi: ATPOHOMUS U JKH-
BOTHOBOZCTBO. 2026. T. 21. Ne 2. C. 269-279. doi: 10.22363/2312-797X-2026-21-2-269-279 EDN: JPCDYM
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