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Abstract. Managing production processes in irrigated agriculture based on a comprehensive consideration of
agroclimatic conditions for winter grain crop cultivation is one of the key scientific and practical tasks of modern
crop production, directly related to increasing the efficiency of agrotechnical and land reclamation measures. This
problem is particularly significant for the arid soil and climatic zones of southern Russia, where, in conditions
of increasing environmental aridity, crop yields are determined by a complex interaction of climatic, biological,
and technological factors. Numerous studies indicate a trend toward further increasing moisture deficits and other
production constraints due to climate change, necessitating improved grain crop cultivation technologies that are
aimed at adapting agroecosystems to challenging natural and economic conditions and consider hydrothermal
parameters. The objective of this study was to eliminate the biotechnological contradiction between high yields
of low quality and the production of high-quality grain that does not ensure the return on production costs. To
develop a technology for cultivating agricultural crops considering the influence of hydrothermal conditions, an
analysis of the soil and climatic conditions of the Volgograd region was carried out as a typical representative of
the risky farming zone in Southern Russia. A “Method for Managing Agricultural Plant Production Processes in
Extreme Continental Climate Conditions” (RU Patent No. 2228607) and a technology for managing winter crop
bioproductivity were developed, taking into account the zonal values of the Selyaninov hydrothermal coefficient
(G, =0.3...0.6), typical of the arid conditions of southern Russia. The technology, tested under production
conditions in the Volgograd region, enables the management of processes for achieving biological productivity
in winter grains in arid soil and climatic conditions while simultaneously assessing their yield potential.
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Introduction

Management of production processes in irrigated agriculture based on consideration
of agroclimatic conditions for cultivating winter grain crops is an important task, the
solution of which is relevant for assessing the effectiveness of ongoing agrotechnical and
reclamation measures. This is particularly true for the arid soil and climatic conditions
of southern Russia, where it is necessary to consider a combination of agro-climatic,
biological, and technological factors of crop cultivation [1-3].

In extremely arid conditions, the structure of crop rotation should be selected
considering not only the required production volumes in the area under consideration,
but also crop vulnerability considering adverse weather events, drought probability, and
their characteristics [4-7].

Increasing soil moisture content through water reclamation can be considered
a traditional method of combating droughts and hot dry winds [8—11]. However, the
main obstacle to the practical application of irrigation reclamation is the shortage of
water resources. Another limitation of this approach, which significantly restricts its
practical application even when water sources are available, is the significant investment
of material and financial resources.

According to numerous studies, these problems will worsen over time due to the
observed aridization of soil and climatic conditions and global warming. This justifies
the relevance of developments that improve grain crop cultivation technologies under
challenging natural and economic conditions, including hydrothermal ones.

The goal of the research was to eliminate the biotechnological contradiction between
high yields of low quality (forage use) and low return on production costs associated
with producing high-quality grain.

Materials and methods

In addition to analyzing scientific and technical literature in the research area, patent
search was conducted using selected rubrics of the International Patent Classification
(IPC) A01G 7/00; A01G 22/00; GO1W 1/02, etc. Patent research revealed a number of
known methods for managing production processes, including those based on predicting
grain yield and quality, as well as methods for reducing risks in agricultural production
associated with natural phenomena hazardous to agriculture [5].
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Methods of artificial precipitation enhancement from clouds, active cloud modification,
etc. (including IPC GO1W 1/02) were also analyzed. To develop a technology for crop
production considering the influence of hydrothermal cultivation conditions, an analysis
of the soil and climatic conditions of the Volgograd Region was carried out, selected as
a typical representative of arid farming conditions in Southern Russia.

A distinctive feature of the Volgograd Region, a typical Lower Volga region
in terms of crop yield variability, is its extreme continental climate, including
even early summer droughts. Years (e.g., 2010) were noted in which 4-18 mm of
precipitation was observed in May-June against a norm of over 30 mm. The location
and natural and climatic conditions of the Volgograd Region are characterized as
a risky farming zone.

Consideration of hydrothermal conditions for crop cultivation was carried out using
the Selyaninov hydrothermal coefficient (HTC), measured by the ratio of precipitation
to the sum of temperatures.

The calculation of HTC, mm/°C, was performed using the dependence:

P
G = 10-2 (1)

where G_ is the numerical value of HTC, mm/°C; P is the total precipitation over the
period during which the air temperature was above +10 °C, mm; Xt is the integral value
of the sum of positive temperatures calculated for the same period, °C.

It should be noted that HTC is a complex indicator of heat and moisture availability of
cultivation conditions, characterizing the evolving climatic conditions of the agricultural
year in terms of heat and moisture resource availability. Modeling the interannual
variability of HTC values during vegetation periods is a separate problem solved by
various calculation and empirical methods, for example [12].

When developing the described technology, methods of mathematical and
statistical modeling of crop yields depending on agrotechnological and natural-climatic
factors described in the scientific and technical literature [6—11] were used. Regional
recommendations for selecting agrotechnical parameters for cultivating cereal crops in
arid conditions of the Volgograd region are available [13—-16].

When substantiating rational seeding rates, the proportion of plants that do not
survive until harvest period should be considered. In particular, when cultivating wheat
on chernozem soils, the planting density should not be lower than 500—600 plants/m?.
When sowing quality seeds on chestnut soils, the planting density can be reduced to
300-450 plants/m?. In the steppe and dry-steppe zones of the Volgograd region of
the Russian Federation, with calendar sowing dates from August 25 to September 5,
it is recommended to set the seeding rate on chestnut and dark chestnut soils at
3.5-4.0 million seeds per ha. On light chestnut soil in the semi-desert zone, it is
optimal to sow winter crops in the period from September 1 to 10 with a seeding
rate of 2.5...3.0 million seeds per ha at soil and air temperature during the sowing
period of at least +18°...+12 °C.
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Results and discussion

During a patent search conducted to develop a method for rapidly assessing potential
productivity of agricultural plants, the method [6] was selected as the baseline. This
method involved selecting seeds, soaking them in an aqueous solution of potassium salt,
and instrumentally measuring the rate of increase in hydrogen ion concentration. The
authors [6] found that the estimated potential productivity of plants is linearly dependent
on this characteristic.

The method described simplifies the diagnostic technology and contributes to
increasing the reliability of productivity assessments. However, a drawback is the limited
range of predictions, as it is difficult to scale to other regions with different conditions.

Patent research reveals a method for assessing productivity of winter grain crops,
such as winter wheat and barley, which involves optimizing the timing and rates of
seeding. It is proposed to ensure that the sum of temperatures accumulated during the
growing season is equal to 600 °C [1].

[2] describes a method for assessing the yield of winter grain crops grown in arid
climates, including optimization of agronomic parameters at sowing temperatures within
+12...+18 °C. A drawback of this method, which necessitates its improvement, is the
lack of recommendations for adjusting agronomic parameters in accordance with the
evolving climatic conditions of heat and moisture availability.

On the zoning map of agroclimatic indicators of the Volgograd region territory,
including the sum of temperatures during the growing season exceeding 10 °C and the
hydrothermal isolines of the Gsel coefficient (Fig. 1), dashed lines show the boundaries
of administrative districts, and numerical and letter designations indicate their numbers.
The contours of typical isolines of total temperatures are shown at intervals of 200 °C,
and the values of hydrothermal coefficients are shown at intervals of 0.1.

In connection with the foregoing, the task was set to develop a technology for
cultivating winter grain crops and predicting grain productivity and quality based on
phenological observations.

To solve the problem, a “Method for Managing Agricultural Plant Production
Processes in Extreme Continental Climate Conditions” [4] was developed, Patent RUS
no. 2228607.

The developed modified technology for assessing potential productivity is based on
optimizing agronomic timing and seeding rates and has been tested in the Volgograd Region.

The algorithmic basis of the proposed method is the adjustment of the seeding rate
using the calculated numerical value of the HTC Gsel, determined for the grain crop
growing region.

The algorithm for accounting for the influence of the HTC provides for the following
adjustments to agronomic parameters depending on its value:

- At G_, < 0.5, the seeding rate is reduced by 10-15% of the calculated values, and
the row spacing is increased from 15 to 22.5 cm;

— At G_, within 0.5...0.9, the seeding rate is maintained at recommended values;

- At G_, > 0.9, the seeding rate is increased by 20-25% with a reduction in row
spacing to 7.5 cm.
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Fig. 1. Agroclimatic zoning of the Volgograd Region
Source: based on materials from the Agroclimatic Handbook of the Volgograd Region™.

Thus, bioproductivity management during grain cultivation is achieved by accounting
for the HTC value, which characterizes their actual heat and moisture availability. The
HTC value is determined by calculation or graphic analysis. Implementation of the
described approach allows simultaneous numerical estimation of winter grain crop
yields using the formula

Y03 = aGselS + b, (2)

where Y, — the estimated yield, t/ha; a and b — parameters determined based on long-
term empirical data, for example, using the least squares method; S — the cumulative
sum of positive temperatures from sowing to the end of the growing season, °C; G_,—
the hydrothermal coefficient adopted for the agricultural production region, mm/°C.
The results of field studies examining the effect of seeding rate on yield and grain

quality of winter wheat cv. Donshchina are presented in Table 1. The row spacing

T Rusiv ZM, Tsarkov LI. (eds.) Agroklimaticheskii spravochnik po Volgogradskoi oblasti [Agroclimatic handbook for
the Volgograd region]. 2nd ed. Leningrad; 1967.
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was 22.5 cm with a seeding depth of 5-6 cm. Field experiments were conducted from
September 6 to 8 on chestnut soils in the dry steppe zone of the Volgograd Region.
The G_, value for the experimental farm was assumed to be 0.9.

Based on long-term observations, the values in dependence (2) were:

a =0.008; b =10.390.

The temperature sum constant was assumed to be S = 600 °C.

Numerical calculation yielded a point estimate of productivity forecast for next year
using dependence (2), which was

Y3k = 0.008-600-0.9 + 0.390 = 4.71 t/ha. 3)

The point estimate of the productivity forecast for winter wheat cv. Don 95 for
S =585 °C, calculated using dependence (2), was

Y3k = 0.008 - 585 - 1.3 + 0.390 = 6,74 t/ha. 4)
Table 1
Effect of seeding rate on productivity and grain quality of winter wheat cv. ‘Donshchina’
Seeding rate, Yield, Plant loss Number of stems per m? Protein Gluten,
10° seeds/ha t/ha in autumn-winter period, % at harvesting content, % %
1.5 2.83 11.4 275 10.6 23.1
2.0 3.12 10.7 316 12.7 28.5
2.5 4.27 9.2 362 14.3 324
3.0 4.53 7.3 389 15.1 34.7
3.5 4.63 6.9 426 16.2 37.3
3.6 471 5.2 458 15.8 35.1
37 472 5.8 482 15.1 331
3.8 4.58 6.3 492 14.2 30.2
3.9 3.87 6.6 496 13.6 28.1
4.0 3.62 6.7 472 10.6 27.6

Source: compiled by D.A. Rogachev, A.F. Rogachev based on data from [4].

The influence of seeding rate on the yield of winter wheat cv. Donshchina,
approximated by a quadratic polynomial, is shown in Fig. 2.

The regression dependence of productivity of winter wheat cv. Donshchina on
seeding rate is approximated by formula with acceptable accuracy (determination
coefficient R2 = 0.7943).

Y =-0.7708x* + 4.8519x - 3.0214, (5)
where x — the seeding rate, million seeds per ha.
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y =-0.7708x2 + 4.8519x - 3.0214
R?=0.7943
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Fig. 2. Effect of seeding rate on productivity of winter wheat cv. ‘Donshchina’
Source: compiled by D.A. Rogachey, A.F. Rogachev.

Experiments have shown that row spacing in winter wheat cultivation can also
determine grain quality [4], as illustrated by the data presented (Table 2).

Table 2

Effect of row spacing on yield Y, t/ha, and grain quality
(protein content P and gluten content G, %)

Row spacing, cm

Cultivar 7.5 22.5 30.0 15.0
Y P G Y P G Y P G Y P G
1.Don 93 483 | 171 | 347 | 437 | 168 | 332 | 415 | 167 | 302 | 337 | 123 | 29.2
2.Don 95 413 | 162 | 302 | 399 | 16.1 | 298 | 3.78 | 156 | 287 | 315 | 142 | 263

3. Volgogradskaya 84 631 | 164 | 353 | 587 | 158 | 333 | 413 | 151 | 31.8 | 327 | 148 | 297

4. Donshchina 336 | 162 | 373 | 312 | 158 | 362 | 287 | 126 | 31.2 | 213 | 106 | 23.1

5. Krasnodarskaya 39 317 | 142 | 363 | 285 | 138 | 330 | 267 | 131 | 326 | 212 | 124 | 298

6. Mironovskaya

yubileinaya 415 | 186 | 386 | 386 | 179 | 374 | 341 | 163 | 343 | 29.7 | 127 | 313

7. Saratovskaya 90 309 | 144 | 303 | 572 | 158 | 323 | 413 | 136 | 284 | 3.62 | 124 | 249

Source: compiled by D.A. Rogachev, A.F. Rogachev based on data from [4].
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When studying the influence of row spacing on yield, row spacing values less than
7.5 cm were not considered due to the impossibility of technological implementation

(Fig. 3).

3.6
3.4
3.2
18]
ey
s 03
kel
o
<28
2.6
y =-0.0022x2 + 0.0308x + 3.23
2.4 R? = 0.9865
2.2
2
0 5 10 15 20 25 30 35

Row spacing, cm

Fig. 3. Effect of row spacing on yield of winter wheat cv. 'Donshchina’
Source: compiled by D.A. Rogachev, A.F. Rogachev.

The regression dependence of productivity of winter wheat cv. Donshchina on row
spacing is approximated by formula with a determination coefficient of Rz = 0.9865.

Y =-0.0022x* + 0.0308x + 3.23, (6)

where x — the row spacing, cm.

The productivity values of the analyzed winter wheat cultivars are consistent with
calculations performed using formula (2), with acceptable agronomic accuracy, while
the discrepancy between calculated and experimental data is within acceptable limits
(LSD < 0.05).

Conclusion

The developed technology for managing the biological productivity of winter crops
considering zonal hydrothermal coefficient values characteristic of the arid conditions
of southern Russia, enables the management of processes for achieving biological
productivity of winter grain crops in arid soil and climatic conditions while simultaneously
assessing their potential yield.

The sufficiently high convergence of actual winter crop yield values with the predicted
assessment of their potential productivity (LSD < 0.05) enables planning grain agricultural
production results ensuring programmable efficiency for the following economic year.
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AHHOTanus. Yrpas/ieHre NpoyKLIMOHHBIMYU TpOLieccaMy B OpPOILIaeMOM 3eMJjle/le/TM Ha OCHOBe KOM-
TIEKCHOTO y4eTa arpoK/IMMaTi4eCKUX yCJIOBHI BO3/je/bIBaHNS O3UMBIX 36PHOBBIX Ky/IBTYp — OfIHa U3 K/TFOUeBBIX
Hay4HO-TIDAKTUYECKHMX 33/lau COBPEMEHHOI'O PaCTEHHEBO/CTBA, HAlIPSMYIO CBsi3aHHas C NOBbILLIeHHEeM 3(dek-
TUBHOCTH arpoTeXHUYeCKUX U MeJIMOPaTUBHBIX MeponpusaTuii. Ocobyto 3HaUMMOCTh rpobsiema nprobpeTaer
JI71s1 3aCyLIVIMBBIX TIOUBEHHO-K/IMMaTH4ecKux 30H FOra Poccumy, rje B yC/10BUSX HapacTarollell apuiHOCTH
MIPUPOZHOM cpejibl (POPMUPOBaHHEe YPOXKAHHOCTH OTIpe/iesIsIeTCsl C/IOKHBIM B3auMO/efiCTBHEM K/IMMaTHUeCKHX,
610OrMYeCcKUX ¥ TEXHOIOrMUYeCKUX (akTopoB. MHOrOUMC/IeHHbIE UCC/Ie0BaHNS CBU/IETENBCTBYIOT O TeH-
JIeHLIY flanbHelIero pocra JeUUToB Bl1aroobecrneyeHHOCTH U PYTUX OrpaHUYeHUH MPOYKLMOHHOTO
Tporiecca BC/IeCTBHe U3MEeHeHUH K/IMMarta, 4to o0ycioBiuBaeT He0OX0AMMOCTb COBEPILIEHCTBOBAHUS TEXHO-
JIOTW BO3/le/bIBaHNST 3ePHOBBIX KYJ/IBTYD, ODUEHTHPOBAHHBIX Ha aZlaNTalliio arpO3KOCUCTeM K HaNpsKeHHbIM
TIPUPO/IHO-XO03SMCTBEHHBIM YC/IOBUSIM U OCHOBaHHBIX Ha yueTe FMJpOTepMUYeCKUX MoKa3areseii. Llens ncce-
JIOBaHHs — yCTpaHeHre OMOTEeXHOIOrYeCcKOro POTHBOPEUNS MEXK/LY BBICOKMM YpO’KaeM HU3KOTO KayecTBa
U TI0/lyueHHeM KaueCTBEHHOIO 3epHa, He 00eCIieyrBaloIero OKyrnaeMoCTb IPOU3BO/CTBEHHBIX 3aTpart. [is
pa3paboTKH TEXHOJIOTHY BO3/Ie/IbIBAHKS arpoKy/IbTypP C YUETOM BJIMSHUS THAPOTEPMUUECKOH 06ecrieueHHOCTH
TMPOBEJ/IN aHaJ/IN3 TI0YBEHHO-K/IMMAaTHUeCKHX yCI0BUIA Bonrorpazickoit 06mact Kak TUITMYHOTO MpeCTaBUTe/Ist
30HBI PUCKOBaHHOTO 3emyiefienvst Ha FOre Poccun. PaspaboTanel «Crioco6 yrnpas/eHUs MPOAYKLMOHHBIMA
TMpOLleCcCaMy CelbCKOXO03SMCTBeHHBIX PAaCTeHHUH B YC/IOBUSIX Pe3KO KOHTUHEHTAIbHOTO K/MMaray (rateHT PP
Ne 2228607) v TeXHOIOTHSI yTIpaBIeHUsT OMOTIPOAYKTUBHOCTBIO 03UMBIX KYJ/IBTYD, YUUTHIBAIOIIAs 30HAIbHbIE
BeJIMUMHBI THpOTepMUUeckoro kosdduimenta Censaunnosa (G, = 0,3...0,6), XxapakTepHble 17151 3aCyIIUBBIX
ycioBuii FOra Poccun. Texnonorus, anpo6rpoBaHHasi B IPOM3BOJCTBEHHBIX YC/IOBUSIX Bosrorpazckoii obnacty,
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obecrieunBaeT BO3MOXHOCTb YIIPaB/IeHHs TIPOLIeCCaMU JJOCTIKeHUs OMOI0rMUeCKOM MPOAYKTUBHOCTH 03UMBIX
3ePHOBBIX B 3aCyII/IUBBIX 10UYBEHHO-K/IMMaTHYeCKUX YC/IOBUSIX C OHOBDPEMEHHOM OLIeHKOM MX IOTeHLHaIbHON
YPOXKalHOCTH.

KiroueBsble c/10Ba: BjaroobecreueHHOCTb, apun3aliys, aTeHTHbIe UCC/Ie/|0BaHNUs, MPOAYKLIMOHHbIe
TMPOLIeCChl, KaueCTBeHHOe 3ePHO

BkJ1a/{ aBTOPOB: aBTOPbI BHEC/IH PABHOLIEHHbIN BK/IaJl B MOTyueHre ¥ 06paboTKy pe3y/ibTaToB UCCIe[0BaHMS,
HaIMCaHWe CTaThU.

3asiB/IeHHe 0 KOH(IMKTe HHTEePeCcoB. ABTODHI 3asIB/ISIIOT 00 OTCYTCTBUY KOH(/IMKTa UHTEPECOB.
HVcropus craTbu: noctynuia B pefakipio 28 mapra 2025 r., ipyHsTa K nybsukarpy 3 despasst 2026 1.
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