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Abstract. The article presents the results of studies (2014—2016) concerning the assessment
of the use of growth regulators (Energia-M, Vigor Forte, Atonik Plus) in combination with irrigation
in the field experiment during potato cultivation (Udacha variety). The study was conducted in the Ilek
district of the Orenburg region, Krasnokholmskaya Agro-firm. The soil was residual meadow southern
chernozem. According to the effectiveness of impact on potato yield in southern chernozem of the Orenburg
region, the factors were as follows: irrigation provided yield increase from 40% (without fertilizers)
to 65...66% (NPK + Regulators); mineral fertilizers provided yield increase from 41% (without irrigation)
to 59% (with irrigation); growth regulators on optimal variants provided yield increase: Vigor Forte / Atonik
(tubers + plants) — 12...13% for bogharic agriculture; 16...19% with irrigation to the corresponding
mineral ground. The maximum yield of potatoes under irrigation was obtained on variants with 2-fold
application of Atonic and Vigor Forte growth regulators (tubers + plants) — 44.2...44.5 t/ha, an increase
to the mineral fertilizing (NP ,0K 40) — 17.9...18.6%. The optimum soil moisture was 70...75% FC
in the irrigated area. This increased the payback of 1 kg NPK due to an increase in yield from 19.6 kg
(mineral fertilizing, bogharic agriculture) to 55.6...67.2 kg of tubers (combination of NPK, irrigation and
regulators). Water consumption decreased from 212 m*/t (mineral fertilizing) to 140...145 m’/t (combination
of mineral fertilizers and plant growth regulators).
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HayyHaa ctaTtbs

NMpuMmeHeHne perynaTopos pocTa
M opoLwleHus Ha KapTodene
B permoHax ¢ HeyCTOM4YMNBbIM YBJIA)XKHEHUEM

C.B. Kesopa

OBI'HY Bceepoccuiickuil HayYHO-UCCAEA0BATEIbCKUNA HHCTUTYT
kapTodenpHoro Xo3stcTea uM. A.I'. Jlopxa,
Mockosckas obnacms, Poccutickas @edepayus
zhevora@yandex.ru

AnHoTtanus. IIpuBeneHs! pe3yibTarsl uccnenosanuii 2014—2016 rr. 1o BeIpaliuBaHUIO KapToderist
(copr Yaua) ¢ nmpumeHeHreM peryisTopos pocrta (Dueprus-M, Burop @opre, Atonuk [Tmoc) B couetannu
C OpOILICHUEM B MOJICBOM OIMBITE, KOTOPBIH mpoBoauics B MnekckoM paitone OpeHOyprckoii odmactu
(OO0 «Arpogupma KpacHoxonmmckasi») Ha 4epHO3eMe F0)KHOM, OCTaTo4YHO-IIyroBaroM. I1o addexruBrocTn
JICUCTBHS Ha YPOXKAaHHOCTh KapTo(desis B YCIOBHSX YepHO3eMa F0xHOr0 OpeHOYpPreKoi 00J1acTi u3ydacMble
(baxTOpHI PACHOIOKHIHNCH CIENYIONIMM 00pa3oM: opoieHne — npudaBku ot 40% (6e3 ynoOpeHwuit)
1o 65...66% (NPK + Perynsropsl); muHepanbHbie ynoopenus — ot 41% (6e3 opourenus) no 59%
(c opolieHHEM); peryJIsSTOPbl POCTa Ha ONTUMAJIbHBIX BapuaHTax: Burop ®opre / AToHUK (KIyOHH +
pacrenmst) — 12...13% na Gorape; 16...19% npu OpoOIIEHHN OTHOCHTEIHFHO COOTBETCTBYIOIINX MHUHEPAITb-
HbIX (hOHOB. MakcuMaibHast ypOXKaiHHOCTE KapTodelisi B YCIOBHUAX OpPOIICHUS MOJTyYeHa HA BapHaHTaxX
¢ 2-KpaTHBIM NIPUMEHEHUEM PEryJiaTOpoB pocta ATOHUK U Burop ®opre (knyOHu + pacteHus) —
44.2...44,5 1/ra, npudaBka k MuaepanbHOMY (GOHY (N4 P1,0K;q0) — 17,9...18,6%. OnTumanbHas BIaXKHOCTh
nouBsl 70...75% ot HB Ha opomaemom yuacTke yBenuurBaia okynaemocts 1 kr 1. B. NPK npubaskoii
ypoxas ¢ 19,6 xr (MuHepanbHbIid GoH, Oorapa) n0 55,6...67,2 kr kinyOHeit (coueranue NPK, monusos
u perynaTopoB). Pacxos Bojsl Ha oOpasoBaHue IpUOABKK ypoxkas cHuxkaica ¢ 212 M/T (MuHepaIbHbIH
don) mo 140...145 M’/ Ha BapHaHTaX COYETAHMS MUHEPATHHBIX YI00pEHHIi ¢ PUMEHEHUEM PETYJISTOPOB
pocTa pacTeHui.

KuarwueBbie ciioBa: KapTO(i)e.HI), OpPOILICHHUEC, PETYIATOPBI pOCTa

Hcropus crarbu:
[Moctynuna B penakimio 4 mapra 2019 r. [Ipunsra x myOnukarmum 28 oktsiopst 2019 r.

Jasi nuTupoBanus:
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YMBBIM yBJIakHeHHEM // BectHrk Poccuiickoro yHuBepcuTeTa npy»kOsl Hapoaos. Cepust: ATpOHOMHUS
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Introduction

Potential soil fertility, hydrothermal conditions, and biological features of the cul-
tivated crop are the leading factors determining productivity of agrocenosis [1—4].

Potato cultivation on an industrial scale in regions with a deficit of rainfall is bene-
ficial only under irrigation conditions, since potatoes produce a stable crop with sufficient
moisture [2, 5, 6]. The damage from drought is enormous: 1972 and 2010 served as
a vivid example, in the first case, shortage of potato production in the USSR amounted
to 9 million tons, and in 2010 9 million tons were not received only in Russia [3].
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Irrigation requires increased plant fertilizing, since with a sufficient amount
of nutrients in the soil, the effect of irrigation is enhanced and water consumption for
formation of a production unit is reduced [5, 6].

In potato practice, growth regulators are of scientific and practical interest as tools
for hormonal effects on physiological processes of plants, especially in order to increase
reproduction rate and yield of the seed fraction of valuable varieties and high reproduc-
tions of seed potatoes [7].

Application of growth regulators combined with irrigation should be considered
as indispensable elements of potato cultivation technology in the Central region
of Russia [3, 6].

The goal of the research was to increase potato yields and yield of tuber seed
fraction, depending on irrigation and synthetic phytohormone analogues.

Materials and methods

The field experiment on growing potatoes using growth regulators (Energia-M,
Vigor Forte, Atonik Plus) in combination with irrigation was conducted in 2014—2016
in the Ilek district of the Orenburg region (Krasnokholmskaya Agrofirm). The experi-
mental scheme is given in Table 1.

The following growth regulators were used in the experiment: Energia-M, (crystal-
line powder, a.i. — 855 g/kg of orthocresoxyacetic acid triethanolammonium salt +
95 g/kg of 1-chloromethylsilatran): pre-treatment of tubers — 4 g/t/10 1 of water; foliar
treatment — 20 g ha/300 1 of water; Vigor Forte, (crystalline powder, a.i. — 100 g/kg
of orthocresoxy acetic acid triethanolammonium salt + macro- (N, P, K, Mg) and micro-
elements (Fe, Mn, Zn, Cu, B, Mo)): pre-treatment of tubers — 15 g/t/10 1 of water; foliar
treatment — 50 g/ha/300 1 of water; Atonik Plus, (water soluble concentrate, a.i. —
9 g/l sodium para-nitrophenolate (p-NP) + 6 g/l sodium ortho-nitrophenolate (0-NP) +
3 g/l sodium 5-nitrogwaycolate (5-NG): concentration for treating tubers and foliar
treatments — 30 ml/t/10 1 of water and 900 ml/ha/300 | of water, respectively.

Potato variety — Udacha (early). Planting pattern — 75 % 30 c¢m, plant density —
44,000 plants/ha. The total area of the plot is 60 m?, accounting — 40.5 m?. The ex-
periment had three replications. Location of plots was randomized within the re replica-
tions. Pre-planting treatment of tubers with growth regulators was carried out 2 days
before planting with a Kwazar hand sprayer at the rate of 10 1 of operating solution
per 1 ton of seed tubers. Foliar spraying of plants with growth regulators was carried
out with a Kwazar sprayer in the morning or evening during budding — beginning
of flowering of potatoes. The irrigation and non-irrigation unit of the experiment was
located nearby on the same field. To maintain moisture content of the active soil layer
in the irrigated area not lower than 75...80% FC, 6 to 9 irrigations were carried out
with DM-100 Fregat sprinkler machine with 2700...3600 m*/ha irrigation rate. Different
amounts of irrigation were carried out over the years: in 2014: 3 irrigations in June,
3 in July, 3 in August; in 2015 and 2016: 2 irrigations in June, 3 in July, 1 in August,
irrigation rate was 400...460 m*/ha.

The predecessor plant was Bromus inermis. Fertilizing was full dose (NP 20K 0)-
Planting date was I decade of May, and harvesting was at the end of August.
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The soil of the experimental plot — southern chernozem, residual meadow, weakly
humus, medium thick, medium loamy with a humus content of 3.2% in the arable layer,
it was characterized by a low level of nitrogen mobile forms (6.35 mg/100 g of soil)
and phosphorus (8.63...9.96 mg/100 g of soil), and medium level of exchangeable
potassium (22 mg/100 g of soil).

The accounts and observations in the experiments were carried out in full accord-
ance with GOST (Russian State Standard) and standard methods. The significance
of differences between the means was calculated by the method of two-way analysis
of variance at a 5% significance level (Dospekhov B.A., 1985) and AgCStat program —
add-ons for Excel (authors Gonchar-Zaikin P.P., Chertov V.G., 2012).

Results and discussion

The experimental data obtained confirmed the importance of irrigation as an effec-
tive factor in increasing and stabilizing potato yields (Table 1). Potato productivity without
irrigation was in the range from 23.9 t/ha (mineral fertilizing) to 26.8...27.1 t/ha
in variants with growth regulator treatment.

Table 1
Average potato yields in 2014—2016
Rainfed Irrigated
BapuaHThbl Increase Increase
“er']d’ Yield, t/ha
t/ha t/ha % t/ha %
1. No fertilization 16.9 — — 23.6 — —
2. N P.Ke 23.9 — — 375 — —
3' N100P120K100
+ Energia tubers 257 1.8 7.5 41.0 3.5 9.3
4' N100P120K100
+ Energia tubers 26.3 24 10.0 43.7 6.2 16.5
+ plants
5' N100P120K100
+Vigor Forte tubers 26.6 2.7 11.3 42.2 4.7 12.5
6' N100P120K100
+ Vigor Forte tubers 271 3.2 13.4 44.5 7.0 18.6
+ plants
7' N100P120K100
+ Atonic tubers 26.2 2.3 9.6 42.3 4.8 12.8
8' N100P120K100
+ Atonic tubers 26.8 2.9 12.1 44.2 6.7 17.9
+ plants

LSD,, 1.5; precision 1.7%,; irrigation 65.5%; fertilization 27.4%

Over the years of research, in the block of experiment variants on dry land, effi-
ciency of mineral fertilizers amounted to 41.4%, growth regulator Energia M —
7.5...10.0%, Vigor Forte — 11.3...13.4%, Atonik Plus — 9.6...12.1%. The maximum
potato yield was obtained in variants with double use of growth regulators (tubers +
plants) — 26.8...27.1 t/ha.

On average, over the research years, potato yields from irrigation increased
1.6...1.7 fold and amounted to 37.5...44.5 t/ha.
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In the block of experiment variants with irrigation, efficiency of mineral fertilizers
increased to 58.9%, Energia M regulator — 9.3...16.5%, Vigor Forte — 12.5...18.6%,
Atonik Plus — 12.8...17, 9%, i.e. when optimizing soil moisture, the effectiveness
of mineral fertilizers and growth regulators increased.

The highest potato yield under irrigation conditions was obtained in variants
with 2-fold application of Atonik and Vigor Forte growth regulators (tubers + plants) —
44.2...44.5 t/ha, increase in mineral background — 17.9...18.6%.

Depending on climatic conditions of the year, the level of yield and increase varied.
Yield increases from the effect of mineral fertilizers on the dry land were as follows:
34.0% (2014) — 38.4% (2015) — 52.1% (2016); under irrigation: 62.3% (2014) —
63.8% (2015) — 50.8% (2016). The largest increase from mineral fertilizers was noted
in 2014 and 2015, which indicated a high irrigation efficiency in dry years.

According to the increase in potato productivity in the conditions of southern
chernozem of the Orenburg region, the studied factors were located as follows:

— irrigation — increases from 40% (without fertilizers), 57% (mineral fertilizers)
and up to 65...66% (NPK + PGR);

— mineral fertilizers — 41% (without irrigation) and 59% (under irrigation);

— growth regulators: Vigor Forte / Atonik (tubers + plants) — 12...13% on dry
land; 16...19% under irrigation and mineral fertilizing.

Combination of the optimal humidity regime and growth regulators under NPK
fertilizing contributed to an increase in the number of tubers in terms of 1 bush and
1 hectare (Fig. 1).

Tuber yield, thousand tubers per ha

350

Dry land " rrigated land

300
250
200
150
100

fert|||zat|on NiooP120K100 NiooP120K100  NiaoP 120K100 LTS NiooP 1205100 NiooP120K100  NiooP120K100

+ Energia +Energ|a L +V|gorForte +Vigor Forte  + Atonic + Atonic

tubers tubers tubers tubers tubers tubers

+ plants + plants + plants

Fig. 1. Yield of seed fraction depending on growth regulators,
processing methods and irrigation (average for 2014—2016)
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On average, over the research years, the greatest yield of seed fraction was observed
in the irrigation plot variants with 2-fold use of the following regulators: Vigor Forte
(tubers + plants) — 310 thousand tubers/ha, Atonik (tubers + plants) — 313 thousand
tubers/ha, which was 16.1 and 17.2% higher than NPK fertilizing (variant without growth
regulators) — 267 thousand tubers/ha.

An analysis of the data on starch yield from 1 ha in conditions of the Southern
Urals showed that when irrigation and growth regulators were used with application
of mineral fertilizers during potato cultivation, high starch yield was achieved —
up to 52.8...59.0 c/ha, despite its lower concentration in tubers.

The decrease in starch content in tubers in variants under irrigation (by 0.2...0.6%)
was due to a more substantial increase in yield and marketability, i.e. due to an increase
in the dimensional characteristics of tubers, however, size and quality of the commercial
fraction of potatoes were in a balanced ratio, which led to a significant increase in starch
per unit area.

Stable and optimal soil moisture 70...75% FC in the irrigated area increased the
payback of 1 kg a.i. NPK by yield increase from 19.6 kg (mineral fertilizing, dry land)
to 55.6...67.2 kg of tubers (combination of NPK, irrigation and PGR).

Water consumption for formation of yield increase decreased from 212 m’/t
(mineral fertilizing) to 140...145 m*/t in the variants for combining mineral fertilizers
and plant growth regulators (Table 2).

Table 2
NPK payback by yield increase (average for 2014—2016)
NPK NPK NPK
NPK . NPK ] NPK .
Indicators N100P 120K 100 | + Energia * Energia + Vigor Forte * Vigor Forte + Atonic * Atonic
(NPK) tubers tubers tubers tubers tubers tubers
+ plants + plants + plants
Dry land
Increase, t/ha 6.3 8.0 9.0 8.4 8.9 8.2 9.0
Payback, kg/kg 19.6 25.0 28.1 26.3 27.8 25.6 28.1
Irrigation
Increase, t/ha 14.2 17.8 21.4 18.6 20.8 18.5 21.5
Payback, kg/kg 44.4 55.6 66.9 58.1 65.0 57.8 67.2
Wat i
a.erconsumpslon 212 169 141 162 145 163 140
forincrease, m /t

Conclusions

Experimental data convincingly show that in unstable moistening regions of Russia,
it is necessary to switch to growing potatoes under irrigation. The economic benefits
of using all chemicals are doubled and even tripled if the applied agrochemicals get
into evenly moistened soil and plants that are not stressed by moisture deficiency.

Achieving high yields — at the level 41.0...44.5 t/ha and marketability of 88...90%
in the irrigated area resulted from:

1) planting early plastic potato variety (Udacha);

2) use of balanced dose of mineral fertilizers and complex growth regulators for
tuber treatment and foliar spraying.
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The calculation of economic efficiency according to the research results showed
that the use of biologically active agents for seed treatment and combination of this
agricultural method with foliar spraying with growth regulators both on irrigation and
on dry land were economically effective.

The use of growth regulators Vigor Forte (tubers + foliar treatment) and Atonik
(tubers + foliar treatment) under N,,,P,,,K,, fertilizers in combination with irrigation
was significantly more effective than using only fertilizers on a dry land: value
of the conditional income increased 4-fold, cost recovery — by 6%, and production
cost decreased by 30%.

The use of irrigation and plant growth regulators under balanced mineral fertili-
zation are indispensable elements of potato cultivation technology, resulting in high
yields, increased number of tubers of seed fraction and increased starch content per
unit area.

BBepeHune

[NoTeHnumanbHOE TIOAOPOINE TOYBBI, THAPOTEPMUYECKUE YCIOBHS U OHOIOTHYE-
CKHE OCOOEHHOCTH BO3JICNIBIBAEMON KYJIBTYPHI SIBISIIOTCS BEAYLIIMMH (haKTOpaMH, OIIpe-
JIEJISIFOLUMHU [TPOIYKTUBHOCTD arpoiieHosa [ 1—4].

BosnenbiBanue kapToderns B IPOMBIIUICHHBIX MacIiTadax B PETHOHAX C JIEPHIIU-
TOM OCAJIKOB SIBJISIETCS] BBITOJJHBIM TOJIBKO B YCJIOBHUSX OPOIIEHUS, IIOCKOJIbKY KapTo-
¢enp maeT cTabUIbHBIN yposkall IPU yCIOBUHM AOCTATOYHOTO YBIaXKHEHUs [2, 5, 6].
VYiiep6 oT 3acyXxu KOJIOCCAJIbHBIN: SPKUM NpuMepoM nociayxuiau 1972 u 2010 rr.,
B IIEPBOM cilydae Heqo0op ob6bema mpousBonactsa kaprodens no CCCP cocraBun
9 muH 1, 2 B 2010 . 9 MutH T HEmoOpans! ToIBKO 110 Poccum [3].

B cBsi3u ¢ mpoBeieHHEM OpPOLICHHUS BO3PACTAIOT TPEOOBAHUS K TEXHOJIOTHH BO3-
JIeNbIBaHus, 0COOCHHO K MUTAaHUIO PACTEHHI, TaK KaK IMPH JOCTaTOYHOM KOJIUYECTBE
IUTATEJIbHBIX BELIECTB B [I0YBE YCUIUBACTCS JEHCTBHE OPOIIECHUS U YMEHbIIACTCS
pacxoj Bojibl Ha 00pa30BaHKE eIMHHIIBI TPOAYKLIUH |5, 6].

B mpaxtuke kaprogeneBoacTBa HAy4HO-IIPAKTUYECKUN MHTEPEC MPECTaBIISIOT
PEryIsTOpHl POCTa KaK MHCTPYMEHTHI TOPMOHAJILHOTO BO3ACHCTBUSA Ha (PU3HUOIIOTH-
YECKHE MPOLECCHl pacTeHUsl, 0COOCHHO B IIEJISIX MOBBIIEHHU KO3(QPHUIMEHTa pa3MHO-
YKCHUSI ¥ BBIXOZIa CEMEHHOW (hpaKIMU [IEHHBIX COPTOB M BBICOKHX PETIPOIYKIHIA CEMEH-
Horo kaprodens [7].

[IpumeHeHue peryssiTopoB pocTa B COYETAHUM C OPOLLIEHUEM J0JDKHBI pacCMaTpH-
BaThCsl KaK HE3aMEHUMBIC JIEMEHTHI TEXHOJIOTHH BO3JENbIBaHUS KapTodens B LleHT-
pasibHOM pernoHe Poccun [3, 6].

Lean uccienoBaHuii: TIOBBITICHUE YPOXKAHHOCTH KapTo(els U BBIXOAa CEMCHHON
¢dpakimu KIyOHEH B 3aBUCHUMOCTH OT NPUMEHEHHUs MOJUBOB U CUHTETHUECKHUX aHaJIo-
TOB ()UTOTOPMOHOB.

Martepuanbl n meToAabl

B 2014—2016 rr. B Nnekckom paitone OpenOypreckoit oomactu (OOO «Arpo-
¢dupma KpacHoxosnMmckas») NPOBOJMICS HOJIEBOH OMBIT O BhIPAIIMBAHUIO KapToders
C MPUMEHEHUEM perysiTopoB pocta (DHeprus-M, Burop dopre, Atonuk Ilntoc) B co-
YyeTaHuu ¢ opomeHrueM. CxeMa omnbITa npuBejieHa B Ta0. 1.
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B onbiTe npuMeHsy clienyrouie peryiasitopsl pocra: Iuepeus-M, KPIL, n.B. —
855 r/Kr OpTOKPE30KCUYKCYCHOW KUCIOTHI TPHUITAHOJIAMMOHHMEBAsA COb + 95 T/Kr
l-xopMeTHiIcuIaTpaH: npeanocanoynas oopadorka kinyoHeir — 4 r/ 1/10 1 BoJsI;
HekopHeBas 00padbotka — 20 r/ra/300 1 Boabl; Bueop @opme, KPII, n.B. — 100 r/kr
OPTOKPE30KCUYKCYCHON KHCIIOTHI TPUATaHOIaMMOHHEBast colib + Makpo- (N, P, K, Mg)
u mukposniemenTsl (Fe, Mn, Zn, Cu, B, Mo): npeanocanounas o6pabotka Ki1yoHen —
15 r/1/10 1 Boawl; HekopHeBas oOpadoTka — 50 1/1a/300 11 Boawl, Amonux [lioc,
BPK, n.B. — 9 1/1 Hatpus napa-uurpodenoinsta (p-NP) + 6 r/n Hatpus opTo-HUTpO-
¢denomnsta (0-NP) + 3 r/n Harpust S-uurporsasikonsta (5-NG): KOHUEHTpaiwys Uit oopa-
00TKH KITyOHEH 1 HeKOopHEBBIX 00padoTok — 30 Mur/1/10 11 Boer 1 900 mur/ra/300 1 BOIIBL.

Coprt kaprodenss — Ynaya (panamii). Cxema mocanku — 75 X 30 cM, rycToTta
crostams pactenuii 44 000 mr. /ra. O6mas riomans aeassHkr 60 M, yuetHas — 40,5 M2,
[ToBTOpHOCTH TpexkpaTHas. PacmonoxeHue AeNIHOK pEHJOMH3UPOBAHHOE BHYTPH
nosropenuit. [Ipenmnocanounyro 00paboTKy KIyOHEW peryasTopaMu pocTa MPOBOIMIN
3a 2 IHA 10 MOCAJKH PYYHBIM omnpsickuBateneM Kwazar u3 pacuera 10 i paboyero
pactBopa Ha 1 T ceMeHHBIX KiTyOHel. HekopHeBoe ONpBICKUBAHUE PACTEHUI PETYIISTO-
pamu pocTa IpOBOAMIIMN OIpbICKUBaTerleM Kwazar B yrpeHHee WM BeuepHee Bpemsi
CYTOK B Tiepuof] OyTOHHM3aIMy — Havayo nBeteHus: kaprodens. [lonuBHoOI 1 He moMB-
HOM OJIOK OTIbITa pacloarajiuch psIoM Ha OHOM mosie. [y nojauepskaHust BIaXKHOCTH
AKTHBHOTO CJIOSI IOYBBI HA OpolaeMoM ydactke He Hike 75...80% HB 3a roasr nccie-
JIOBaHUI MPOBOAWIIH OT 6 710 9 ONMBOB A0 AeBabHOM MammmHON JIM — 100 «®perar
¢ opocuTenbHOM HOpMoii 2700...3600 m’/ra. ITo rogam GbUIO MPOBEAEHO PA3IUYHOE
KoJinuecTBO NoyinBoB: B 2014 r. 3 nonuBa — B UIOHE, 3 — B UI0JIe, 3 — B aBryCTe;
B 2015 u 2016 rr. — 2 nmonuBa B HUIOHE, 3 — B HI0JIe, | — B aBrycTe, MOJIUBHAS
nopma — 400...460 m*/ra.

[IpeamecTBeHHUK — KocTper 6e30cThiii. DOHOM MUTAHUS CIYXKHJIA TOJTHAS 1032
MuHepasbHbIX yaoopeHuid (N, P1,0K,q,). Cpox mocaakum — I nexama mas. YO6opka —
KOHEI[ aBrycTa.

[TouBa OMBITHOTO yYacTKa — YEPHO3EM FOKHBIH, OCTATOYHO-TYTOBaTHIH, ciabo-
I'yMYyCHUPOBaHHBIN, CPEAHEMOIIHBIN, CPETHECYTIIMHUCTBIN C CO/Iep)KaHUEM T'yMyca B I1a-
XO0THOM cioe 3,2%, XapakTepu30BaJICs HU3KON 00ECIeUeHHOCTHIO MOJABMKHBIMHU
dbopmamu azora (6,35 mr/100 r nmoussl) u dpocdopa (8,63...9,96 mMr/100 T mOUIBEI)
u cpeaneit (22 mr/100 T mouBbl) — 0OMEHHBIM KaJIUEM.

VYyersl 1 HaAOMIOACHUS B ONBITAX OCYIIECTBIISUIM B TIOJIHOM COOTBETCTBUU
¢ 'OCTamu u crangapTHBIMUA MeTOJIaMH. J{OCTOBEPHOCTH Pa3INuuii MKy CPEIHUMH
BBIYHCIIST METOJIOM JIBYX(DaKTOPHOTO JMCTIEPCHOHHOTO aHajm3a npu 5% ypoBHE 3Ha-
yumoctH ([JocexoB B.A., 1985) u nporpammsr AgCStat — nancrpoiiku k Excel (aB-
topsl 'onuap-3aiikun I1.I1., Yepros B.I'., 2012).

PeaynbTaTtbl M 00CyXaeHue

DKCrepuMEHTaIbHBIC JaHHbIE, TIOTYYEHHBIE B OMBITE, MOATBEPAWIN 3HAYEHHE OPO-
HIEHUsI KaK MOIIHOTO (haKTOpa MOBBIICHHUS U CTAOMIN3ALUH YPOKAHHOCTH KapTodens
(Tabin. 1). YpoxaitHoCcTh KapTodens Ha ydyacTke 0e3 MpOBeIeHHs MOJIMBOB HAXOIUIIACh
B uHTEpBase ot 23,9 T/ra (MuHepanbHbIi GoH) 10 26,8...27,1 T/ra Ha BapuaHTax C pery-
JSITOPaMH POCTA.
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Tabnmua 1
YpoxanHocTb kapTodens B cpegHem 3a 2014—2016 rr.
Ha 6orape Ha nonueax
BapuaHThbl Ypoxaii- Mpubaskun Ypoxaii- Mpubaskun
HOCTb, T/ra T/ra % HOCTb, T/ra T/ra %
1. bes ynobpeHui 16,9 — — 23,6 — —
2. PoH N, PooKio 23,9 — — 37,5 — —
3. oH + Jneprun 25,7 1,8 7,5 41,0 35 9,3
KNyOHN
4. ®oH + SHeprun 26,3 2.4 10,0 43,7 6,2 16,5
KNy6HM + pacTteHus
5. ®on +Burop dopte | 55 ¢ 27 11,3 42,2 4,7 12,5
KNy6HU
6. ®ou +Burop dopte | o7 4 3,2 13,4 44,5 7.0 18,6
KNIyOHU + pacTeHust
7. ®OoH + ATOHUK KnyOHN 26,2 2,3 9,6 42,3 4.8 12,8
8. Pon + AToHMKKNYOHM | 6 g 2,9 12,1 44,2 6,7 17,9
pacTeHust
HCP05 1,5; TO4HOCTb 1,7%; BAnsiHME NonmBoB 65,5%; yoobpernuii 27,4%.

B 61okxe BapuaHTOB ombITa Ha OOorape 3a rojsl ucciieoBaHui 3P PeKTUBHOCTH
MUHEpaJIbHBIX yJoOpeHuil cocrasuna 41,4%, perymnsaropa pocta DHeprus M —
7,5...10,0%, Burop ®opre — 11,3...13,4%, Atonuk I[lmoc — 9,6...12,1%. Makcu-
MaJlbHasl ypOKaHOCTh KapToessi mojlydeHa B BapHaHTax C JBYKpPaTHBIM MPUMEHE-
HUEM PEryJsITOpoB pocta (KiyOHHU + pactenus) — 26,8...27,1 1/ra.

B cpenneM 3a rosipl Ucciae0BaHUM ypoXKaHHOCTb KapTodesis 0T OpOIIEHUs yBENH-
ymBajach B 1,6...1,7 pa3a u cocraBnsuia 37,5...44,5 1/ra.

B 6noke BapuaHTOB OITbITA € TTOIUBaMH YPPEKTHBHOCTh MHUHEPATIBHBIX YI00pSHUIA
noBbimanacek 10 58,9%, perymstopa Jueprus M — 9.3...16,5%, Burop ®opre —
12,5...18,6%, Atonuk Ilmoc — 12,8...17,9%, T.e. pu ONTUMHU3AIUHA BIAXKHOCTU
104BbI 3(P(PEKTUBHOCTH MUHEPATIBbHBIX YA00pEHHI U PEryIsTOPOB pocTa Bo3pacTaia.

MakcumMalibHasi ypokaitHOCTh KapToders B yCIOBHSAX OpOLICHHS MOJyYeHa Ha Ba-
pUaHTax ¢ 2-KpaTHBIM IIPUMEHEHUEM PEryJsITOpoB pocta AToHUK U Burop ®opre
(kmyOHU + pacteHus) — 44,2...44,5 1/ra, npubaBKa K MHUHEpaJIbHOMY (OHY —
17,9...18,6%.

B 3aBucuMOCTH OT yCIIOBUI T0J1a YPOBEHb YPOXKAHHOCTH M IPHOABKU BapbUPOBAIIH.
[TpubaBku yposkailHOCTH OT AEHCTBUS MUHEpaJbHBIX yA0OpeHHid Ha Gorape pacrosno-
KUITUCH crieyromum oopazom: 34,0% (2014 r.) — 38,4% (2015 r.) — 52,1% (2016 1.);
Ha oporrernu 62,3% (2014 r.) — 63,8% (2015 r.) — 50,8% (2016 1.), T.e. HauboBIICE
yBeJIMYEHHE MPHOaBOK OT MHUHEPAIBHBIX ya00peHuii otMevanocs B 2014 u 2015 rr.,
YTO CBHJIETEIBCTBYET O BHICOKOW A(P(PEKTUBHOCTH OPOIICHUS B 3aCYILIMBEIEC TOBI.

o BenmmunHe nMpubGaBOK ypoxKalHOCTH KapTo(esst B YCIOBHIX YepHO3EMa FOXKHOTO
OpenOyprckoit 061acTi n3yyaeMbie (pakTOpbI pacroIOKUINUCH CIEAYIOIUM 00pa3oM:

— opouteHne — npudasku ot 40% (6e3 ynobpenuit), 57% Ha MuHepaIbHOM (OHE
u 110 65...66% (NPK + PPP);

— MuHepayibHble yaoopenus — 41% (6e3 opomenust) u 59% (¢ oporieHuem);

— PEryJsaTOphl pocTa Ha ONTUMAJIBHBIX BapuaHTax: Burop ®@opre / ATOHMK (KITyOHU
+ pacrenus) — 12...13% na 6orape; 16...19% npu opomeHHH OTHOCUTEIHHO MHHE-
payibHOTO (pOHA.
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BbIxoa cemMsH, ThIC. WT./ra

350

6orapa H nonvBbI
300
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200
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100
Bes PoH PoH doH doH doH doH DoH
ynobpennin 1 N, 0P oo 7 +OHeprua ! +3Heprus +Burop ' +Burop + ATOHVK + ATOHMK
KNyGHN Kiy6HM dopre dopTe kybHN  KIyGHM Kiy6HM
+ pacTeHus Ky6HN +pacTenust + pacTeHus

Puc. 1. Bbixog cemeHHon ppakumm B 3aBUCUMOCTU OT NPUMEHEHUS PErynsiTopoB poCTa,
cnocobos 06paboTku 1 nonneos (cpeaHee 2014—2016 rr.)

CodyeTanne ONTUMAIBLHOTO PEXXUMA BJIAXKHOCTH U PEryJIITOpoB pocta Ha poHe NPK
CIOCOOCTBOBAJIO YBEJIMUEHUIO KOJIMUYECTBa KIIyOHeH B repecueTe Ha 1 KycT 1 Ha 1 rek-
Tap mocajok (puc. 1).

B cpeanem 3a roasl ncciaeaoBaHUE HauOOJNBIINN BBIXOJ CEMEHHON (pakuuu
HaOI0JaICsl HA BapUaHTaX MOJMBHOTO y4YacTKa NP 2-KpPaTHOM NPUMEHEHHH CIey-
I0IIKX peryisTopoB: Burop ®opre (kiayOonu + pactenusi) — 310 ToIc. mT./ra, ATOHHK
(knyOHu + pacrenusi) — 313 toic. mT./ra, uro Ha 16,1 u 17,2% Beimie pona NPK
(BapuaHT 0e3 peryasaTopoB pocta) — 267 ThIC. IIT./Ta.

AHanu3 NoJIy4eHHBIX JAHHBIX 110 BBIXOLY Kpaxmaina ¢ 1 ra B ycnosusx FOxHoro
VYpana nokasai, 4To IpU UCIOJIb30BAaHUU MOJIMBOB M PETYJISITOPOB POCTa Ha (oHe cOa-
JIAHCUPOBAHHBIX 703 MUHEPAJIbHBIX Y0OPEHUI NPpH BIpAIIMBAaHUU KapTodens 10CTH-
raercsi BBICOKUI cOop kpaxmana — a0 52,8...59,0 w/ra, HecMoTpsi Ha 6osiee HU3KYIO
€ro KOHLEHTPALHIO B KITyOHSX.

CHIKeHHe co/IepKaHus KpaxMalia B KITyOHsIX TI0 BApHAHTaM OIbITa Ha TOJIUBHOM
yuactke (Ha 0,2...0,6%) npoucxoamio 3a cuet Oojiee CyIMIeCTBEHHOTO POCTa ypOsKaii-
HOCTH M €r0 TOBAPHOCTH, T.€. 32 CUET POCTa pa3MEPHBIX XapPaKTEPUCTHK KIyOHEH,
O/THAKO, BEJINYMHA TOBAPHON (Ppakiuu KapTodess U Ka4eCTBO MPOAYKIIMN HaXOAWINCh
B c0ajaHCUPOBAHHOM COOTHOIIEHUH, YTO MIPUBEJIO K CYIIECTBEHHOMY pOCTy cbopa
Kpaxmajla ¢ eIMHHIIbI IJI0IIA M.

CrabuibHasi U ONTUMaNbHAs BIAXKHOCTH o4BHI 70...75% ot HB Ha opomaemom
yudacTke yBenndauBasa okynaemocts 1 kr 11.B. NPK npubaskoit ypoxas ¢ 19,6 kr (MuHe-
panbHbIi hoH, Oorapa) 1o 55,6...67,2 xr kiyOHeit (coueranne NPK, nonusos u PPP).
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Tabnmya 2
Okynaemoctb NPK npu6aekoii ypoxas, cpegHee 3a 2014—2016 rr.
®doH
doH Pou ®ou + Burop doH ®ou
DoH + OHeprua | + Burop + ATOHUK
Mokazatenu + OHeprus PopTe + ATOHVK
N, P.,.K KNyOHU ®dopte KNy6HU
1007120700 | knyGHA | Kny6HU KNy6HM
pacteHus | KnyoHn + + pacTeHus
pacTeHust
Borapa
MNpubaska, 1/ra 6,3 8,0 9,0 8,4 8,9 8,2 9,0
OKynaemocTb, Kr/kr 19,6 25,0 28,1 26,3 27,8 25,6 28,1
MonueHoM y4acTok
Mpnbaeka, T/ra 14,2 17,8 21,4 18,6 20,8 18,5 21,5
OKynaemMocCTb, Kr/Kr 44 .4 55,6 66,9 58,1 65,0 57,8 67,2
P
AR 212 169 141 162 145 163 140
Ha npnbaBky, M /T

Pacxon Bozibl Ha 0Opa3oBaHue MPUOABKHM ypoKast CHIDKaCs ¢ 212 m*/T (MuHEpab-
ublii Gon) no 140...145 M>/T Ha BapuaHTax cOYETaHUS MHHEPAJBHBIX yI00pEHUI
C IPUMEHEHHEM PEryJIATOPOB pOCTa pacTeHuit (Tabdi. 2).

3akniyeHve

DKCnepruMeHTAIbHBIE JaHHBIE YOAUTEIHHO MMOKA3bIBAOT, YTO B pernoHax Poccun
C HEYCTOHYHMBBIM BiIaroodecrneyeHneM HeoOX0IMMO NIEPEeX0IUTh Ha BHIPAIIMBAHNE
Kaprodesns ¢ MPUMEHEHUEM MOJIMBOB. DKOHOMMYECKAsl BBITOJa OT MPUMEHEHUsS! BCEX
CPENICTB XUMU3AIMH Y/IBAUBACTCS M JIaXKe YTPAUBACTCs, €CIIM MPUMEHIEMbIE arpOXH-
MHKaThI MONAJal0T B PABHOMEPHO YBJIAXXHEHHYIO IIOYBY M Ha pacTeHUs, KOTOpbIE
HE UCHBITHIBAIOT CTPeCC OT Ae(UIIUTA BIary.

JlocTrkeHuto BICOKHX ypoxkaeB — 41,0...44,5 1/ra u ToBapHocTH 88...90%
Ha MOJIMBHOM YYacTKe CIIOCOOCTBOBAJIU:

1) mocaaka paHHETo IUIACTHYHOTO copTa KapTodens (c. Y aaya);

2) UCHONB30BaHUE COATAHCUPOBAHHOM IO SJIEMEHTaM MUTAHUS JO3bI MUHEPallb-
HBIX Y100pEeHUI U PEeTYJISITOPOB POCTa KOMILIEKCHOTO JEUCTBUS Ul 00pabOTKH KiTyO-
Hell 1 HEKOPHEBOT'O ONIPBICKUBAHUS OOTBBI.

Pacuer sxoHOMIUECKO 3((HEKTUBHOCTH N0 pe3yIbTaTaM HUCCIIEIOBAaHUH ITOKa3al,
YTO MPUMEHEHHE OMOJIOIMYECKH aKTHUBHBIX MIPENapaToB AJis 00pabOTKH CEMEHHOTO
Marepualia ¥ CoYeTaHue 3TOTO arponpreMa ¢ HeKOPHEBBIM ONPBICKMBAHUEM PETYIISATO-
paMu pocTa Kak Ha OpOLIEHUH, TaK ¥ Ha Oorape ObLI0 SKOHOMHUYECKH OIPaBAAHO.

ITpumenenue perynstopoB pocta Burop ®opre (ki1y6HU + HeKopHeBasi 00paboTKa
pactenwmii) 1 ATOHUK (KJTyOHM + HEKOpHEBast 00paboTKa pacTeHui) Ha (HOHE MOTHOM
7103bI MUHEpaIbHBIX y100penuit N, P ,K,q B couetanuu ¢ monusamu ObLIO CyIIECT-
BEHHO BBITOJIHEE, YeM MPUMEHEHHE OJJHUX MUHEPAJIbHBIX YA00peHHii Ha Oorape: Beu-
YHMHA YCIIOBHOTO JIOXO0/1a TIOBBIIIANACH B 4 pa3a, OKymaeMocCTh 3aTpaT — Ha 6%, U CHHU-
»Kasack ce0ecTOUMOCTh MPOayKIK — Ha 30%.

[TpumeHeHre OpOIICHUS ¥ PETYIIATOPOB POCTa pacTeHUi Ha (hoHe cOaTaHCUPOBaH-
HBIX 7103 MHHEPAIBHBIX yI0OPEHUI — HE3aMEHUMBIE JIEMEHTHI TEXHOJIOTUH BO3/IEIIbI-
BaHMA KapTo(es, MO3BOISAIONINE 0Jy4aTh BBICOKYIO YPOXKaHOCTh, yBEJIMUNBATh
KOJMYECTBO KIyOHel ceMeHHOH (pakuuu U cOOp Kpaxmala ¢ €AUHUIIBI TUIOMIA TH.
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