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Abstract. The current study is aimed at evaluating the reaction of winter wheat varieties according to cultivation
technologies at a different level of intensity i.e. basic, intensive and high intensive. The cultivation technologies
included fertilizers, pesticides and growth regulators at different combinations and concentrations. The experiment
was established in order to determine the optimum conditions of winter wheat cultivation. Three winter wheat
varieties were studied: Moskovskaya 40 (V1), Nemchinovskaya 17 (V2) and Nemchinovskaya 85 (V3). Yield
performances and grain quality (measured through protein and gluten content) were determined according to the
tested cultivation technologies. The results showed that the cultivation technology affected grain wheat productivity
and quality on all varieties studied, since the highest yields were obtained using high intensive cultivation technology
for all varieties studied, Moskovskaya 40 — 9.65 t/h, Nemchinovskaya 17 — 8.58 t/h and Nemchinovskaya 85 —
9.87 t/h. However, according to the basic technology, the yield was lower by 20...64 %. The tested cultivation
technologies demonstrated that high intensive cultivation technology increased wheat quality. The highest protein
content (18 %) was recorded in Nemchinovskaya 85 variety. The present results give real opportunities for a large-
scale application of the tested cultivation technologies in different agricultural lands of Russia.
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Introduction

Winter wheat occupies a significant proportion in the whole agricultural system, this
crop is grown in an area of 10 million hectares in the Central Non-black region [1]. This
crop is considered as the most important food crop in Russia, providing daily protein
and food calories [2]. The new cultivation technologies used provide to obtain 10 t/ha
yield or more through decreasing pests damage, disease infections and weed populations,
since, direct yield losses caused by phytopathogens are between 30 and 65 % of global
agricultural productivity [3].

Modern cultivation technologies include a set of agricultural techniques aimed at
reducing the negative effects of climate conditions, development of diseases and pests
[4]. In this case, new approaches are used in application of scientific modern methods
for regulating growth and plant development. They include the use of mineral fertilizers,
considering the need for basic plant nutritive elements based on soil and plant diagnos-
tics, the use of modern plant protection products, compliance with optimal grain seeding
standards for the cultivated variety, and the use of retardants [5].

Influence of different cultivation technologies on winter wheat varieties grown on
sod-podzolic soils of the Central non Chernozem region was studied [5, 6]. It was found
that using optimal cultivation technologies improves soil agrochemical and agrophysical
indicators, phytosanitary condition of fields and plants, and increases fertility of sod-
podzolic soil [4—14].

The rational use of agrotechnical methods, mineral fertilizers and plant protection
chemicals contributes to obtaining desired yield with high grain quality [9—10]. In this
case, such technological approaches as fertilization based on soil and plant diagnostics,
development of an integrated plant protection system, use of biological agrochemicals
and other technological solutions are considered.

Thus, the research was aimed to study the impact of three cultivation technologies
on winter wheat varieties. Three different cultivation technologies identified as basic,
intensive and high intensive with different pesticide combinations, fertilizers and growth
regulators were investigated. Yield and protein content were measured in three winter
wheat varieties.

Materials and methods

Plant Material. In the experiment, three winter wheat varieties were studied:
Moskovskaya 40 (V1), Nemchinovskaya 17 and Nemchinovskaya 85 (V3).

Experimental Field. Intensive farming was conducted during 2016—2019 under
the conditions of nonchernozem zone at Nemchinovka Research Institute of Agriculture
located in Moscow region, Odintsovskiy district, Russia. (55° 45’ N, 37° 37" E and 200
m altitude).

Soil Characteristics. Samples were taken randomly from different spots at 0...15 cm
to record the initial soil characteristics. The soil was typically loamy with 1.73 % organ-
ic matter. Soil pH was within the limits of 5.6...6.1. P,O_ concentration was from 105
to 350 mg/kg and K,O from 65 to 125 mg/kg characterizing the soil as mid and high
provided with phosphorus and mid and low provided with potassium.
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Climatic Conditions. The climate in the Moscow region is mid-continental with
soft winter, occasional flaw and warm damp summer. The average annual temperature
is +4.20 °C. The average temperature of warm season (May — October) is +14.40 °C;
and the average monthly temperature in January and July is —10.40 °C and +18, 10 °C,
respectively. The average time of a positive air temperature period is near 215 days.
The average period with temperature more than +10 °C (vegetation season) is 130 days.
The average temperature of cool season (November — March) is —6.70 °C. The average
annual precipitation is 628 mm: 56 % in spring-summer season and 26 % in autumn.
The average precipitation rate from May to September is 339 mm (Fig. 1).
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Fig. 1. Average monthly rainfall and temperature during 2016—2019 in the Moscow region

Cultivation technologies. Experiments were conducted during three years from 2016
to 2019. Three different cultivation technologies were tested: basic, intensive and highly
intensive which included fertilizers, fungicides, herbicides, insecticides and growth
regulators at different combinations and concentrations (Table 1).

Table 1
Applied treatments in cultivation technologies
Cultivation technology Fertilizers, kg ha Crop protection details
- ) * Fungicide: Vincyt Forte 1.25 I/t +
Basal application NP, K, kg ha?,

Fundazol 0.5 kg /h
* Insecticide: Picus 1 I/t+DITOX 1.0 I/ h
* Herbicide: Lintur 180 g/h

« Fungicide: Vincyt Forte 1.25 I/t (+ Impact
0.51/h + Super Alto 0.5 I/h + Consul 1 I/h
* Insecticide: Picus 1 1/t + Danadim Expert
1.01/h + Danadim Power 0.6 I/h + Danadim
Expert 0.6 I/h

* Herbicide: Ditox 1.0 I/h + Accurate Extra
25g/h

* Growth regulator: Perfect 0.3 I/h + Perfect
Retarders

1. Basic T1 in pre-sowing and N, , kg ha,
in the germination phase

Basal application N, P, K ., kg ha, in
pre-sowing, Top dressing,

at germination and tillering phases, N,
and N, , kg ha, respectively

2. Intensive T2

30’

« Fungicides: Vincit Forte 1.25 |/t +Exclusive
Impact 0.5 I/h + Super Impact 0.75 I/h +
CONSUL 1.0 I/h « Herbicide: Accurate Extra
35 g/h +Foxtrot 1.0 I/h

* Insecticide: Picus 1 1/t + Danadim Power
0.6 I/h + Vantex 60 ml/h

« Growth regulator: SAPRESS0.3 I/h +
Perfect 0.3 I/h

Basal application N, P, K, .., kg
ha’, in pre-sowing, Top dressing, at
3. High Intensive T3 germination, tillering and elongation
of stem phases, N, N,,and N, , kg ha?,

respectively

60" 30"
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The experiment was carried out in a systematic way, repetition blocks consisted of
160 m? plots, replication was triple, with seeding rate of 5 million grains/ha. After the
previous harvest (2015—2016), tillage was done by a BDT-10 disc truck in a single
lane. Seeding was realized with a SN16 PM seeder. The harvesting was carried out with
Sampo-500 tractor.

Results and discussions

Yield and productivity of the winter wheat varieties according to the tested cultivation
technologies. Yield performance of the three studied winter wheat varieties according
to the three tested cultivation technologies (T1 — basic, T2 — intensive, T3 — highly
intensive) was shown in the figure 2. When comparing wheat varieties according to
cultivation technology 3 (T3, highly intensive), Nemchinovskaya 85 (V3) showed the
highest values (9.87 t/ha), Moskovskaya 40 (V1), Nemchinovskaya 17 (V2), yielded 9.65
t/ha 8.58 t/ha, respectively. However lowest yield was achieved using basic technology
for all studied varieties — Nemchinovskaya 85 (V3) (7.81 t/ha), Moskovskaya 40 (V1)
(7.72 t/ha), Nemchinovskaya 17 (V2) (7.28 t/ha).
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Fig. 2. Yields of winter wheat varieties (V1 (Moskovskaya 40), V2 (Nemchinovskaya 17), V3
(Nemchinovskaya 85)) according to the tested cultivation technologies (T1 (basic), T2 (intensive)
and T3 (high-intensive)) in 2016—2019

The results showed that the cultivation technologies had a significant effect on yield
in 2017, 2018 and 2019: P < 0,01, P < 0,001, P < 0.001, respectively. It was shown
that the variety also affected grain yield, since P-values were P < 0.01, P < 0.01 and
P <0.001 for 2017, 2018 and 2019, respectively. However, the interaction cultivation
technologies-variety had a significant effect on yield in all studied years 2017, 2018 and
2019— P =0.04, P <0.01 and P = 0.03 respectively (Table 2).
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Table 2

Yield of durum wheat varieties under different cultivation technologies.
Values represent the average of 4 replicates * SE (standard errors). P-values
from ANOVA (cultivation technology, variety and cultivation technology x variety)

Cultivation technology Variety Y2017 Y2018 Y2019
V1 6.8+0.05¢ 6.7+0.04¢ 6+0.05¢
T1 V2 940.02¢ 9.5+0.06°° 7.2+0.02¢
V3 8.3+0.05« 10.5+0.04%¢ 8.240.06°
V1 1140.02%¢ 8.340.05° 6.7+0.06¢
T2 V2 10.610.05¢ 10.740.05° 8.410.03°
V3 10.8+0.04¢ 11.440.06° 10.940.1°
V1 11.740.05° 9.540.04be 7.610.06°
T3 V2 12.340.03° 12.740.04° 9.01+0.01%°
V3 13.610.05% 13.30.05° 13.610.12
C.tech <0.01 <0.001 <0.001
p value Variety <0.01 <0.01 <0.001
C. techxVar 0.04 <0.01 0.03

Winter wheat crop occupies the largest area among other crops worldwide; it is one
of the leading food sources [15—22]. Increasing grain yields to supply food to the world’s
ever growing population is one of the main goals [8]. Many researchers have determined
that achieving high winter wheat grain yields depends on the use of fertilizers, growth
regulators, and crop protection products [4, 6, 7, 16—22, 24].

To obtain a high winter wheat yield, it is necessary to use the optimal nitrogen
fertilizer doses in the soil. Ma C. et al. [21] recommends the combined use of organic
fertilizers with 150 kg/ha of nitrogen fertilizers. Our results were similar to those reported
by this author, since we used 150 kg/ha of nitrogen fertilizers in cultivation technology
3 (high intensive technology), this allowed to obtain high yield for all studied varieties
9.65 t/ha (V1T3), 8.58t/ha (V2T3) and 9.87 t/ha (V3T3), this is probably due to the
influence of nitrogen fertilizers on photosynthesis physiology [17]. However, compared
to the high insensitive technology, the obtained wheat yield recorded using the basic
technology (T1) was lowest when applying 60 kg/ha of nitrogen — 7.76 t/ha (V1T1),
7.48 t/ha (V2T1) and 8.034 t/ha (V3T1).

Many studies showed that growth regulators significantly improved root growth and
leaf biomass. They also increased photosynthesis, stomatal conductivity, transpiration
rate, and water use efficiency [20]. In our study, the growth regulator (perfect (phase
GS21—22), Sapress (phase GS31—32)) from the active molecule Trinexapac ethyl was
used in intensive and high-intensity technologies, which explains the high yield compared
to the yield obtained by applying the basic technology, without growth regulators. On
the other hand, it was previously shown that high-intensive technology is most effective
for controlling phytopathogens in winter wheat crops, which explains the high yield
achieved with this technology, since optimal protection from phytopathogen increases
grain quality and productivity [9].
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Protein Content of the winter wheat varieties according to the tested cultivation
technologies. The grain quality was evaluated on the basis of protein and gluten content
in the different varieties according to the tested cultivation technologies. The results
showed that no significant difference was observed using cultivation technology 1 and 2
regardless of the investigated variety (Fig. 3). However, cultivation technology 3 seems
to increase systematically protein content in the three winter wheat varieties studied.

According to the tested technologies, the protein content in the grain of winter wheat
varieties was the highest using the high intensive technology, since 18.33 % (V1T3),
16.14 % (V2T3) and 17.16 % (V3T3). However, the lowest protein content was observed
using the basic technology16.45 % (V1T1), 14.30 % (V2T1) and 15.30 % (V3T1) (Fig. 3).
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Fig. 3. Protein and gluten content of winter wheat varieties (V1 (Moskovskaya 40), V2
(Nemchinovskaya 17), V3 (Nemchinovskaya 85)) according to the tested cultivation technologies
(T1 (basic), T2 (intensive) and T3 (high-intensive)). 2016—2019

The ‘cultivation technology’ and ‘variety’ had a significant effect on protein and
gluten contents in the three year trials (P < 0.001), however the analysis reveals that
the interaction ‘variety-cultivation technology’ is not significant for protein and gluten
content in 2017 (P = 0.9), while on 2018 and 2019 the effect was significant on the
protein and gluten content (P < 0.001) (P =0.02), respectively (Table 3).

Table 3
Protein content observed in wheat varieties under different studied cultivation technologies.
Values represent the average of 4 replicates * SE (standard errors). P-values from
ANOVA (cultivation technology, variety and cultivation technology X variety)

Cultivation Variety Y2017 Y2018 Y2019
technology
Vi 16.45+0.4 15. 8022 15.9540.6%
T1 V2 14,3040 4 14.70%0.5° 14.60%0.3°
V3 15.30¢1.1b 15.9020.7° 16.10£0.2%
Vi 16.66£0.7° 16.10£0.3° 16.7840.2°
T2 V2 14.76+1.1° 14.2040.7° 14.96+0.04°
V3 15.86+0.6 15.9540.3¢ 16.1040.04°
Vi 18.3340.9° 18.1040.3° 18.65+0.001°
T3 V2 16.1420.4° 16.26£0.1° 16.75£0.07°
V3 17.1640.4° 17.1540.1° 17.60+0.001°
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End of Table 3
Cultivation Variety Y2017 Y2018 Y2019
technology
C.tech <0.001 <0.001 <0.001
Variety <0.001 <0.001 <0.01
p value
C. techxVar 0.9 <0.001 0.02

Grain quality (especially protein and gluten content) and high yield are the main
goals in the wheat crop production [1, 3—11, 15—24] achievable by managing water
resources, applying nitrogen, and controlling plant pathogens. The results showed that
using basic and intensive technology, no significant differences were observed regardless
of the studied varieties (Fig. 3). However, under high-intensive technology, it seems that
the protein and gluten content in the three studied varieties of winter wheat increased
systematically.

The results obtained (Fig. 3) showed that the high content of protein and gluten in
the grain for all studied varieties was observed in high-intensive technology, where the
use of nitrogen (IN) was increased in pre-sowing processing, during tillering, stem elon-
gation of and earing stage. Therefore, the obtained results are similar to those reported
by Marino et al. [24] and Ercoli et al. [19] testing the effect of nitrogen application on
protein and amino acid composition of wheat. These authors showed that increasing
doses of nitrogen could significantly increase protein content of wheat grains. However,
recent research by Curci et al. [18] where they studied wheat performance under nitrogen
deficiency showed that quality of wheat grain evaluated on the basis of protein content
was mediocre. This is similar to the results obtained, since the protein content in wheat
was significantly reduced in plants grown under the basic technology.

Vaccino et al. [12] also reported that grains infested by pests record low content
of protein and gluten. In our previous study, where we investigated the impact of three
cultivation technologies on pest infestation rate, protein content in wheat decreased
significantly at the highest percentages of pest infestation [10], this was associated with
negative effects on plant growth and development, as reported by Wratten [13] which
explains the high protein content value obtained under high intensive technology in the
current study.

Conclusions

With an increase in intensity of cultivation of winter wheat varieties, grain quality
and yield performance increased by 3.8 t/ha. This was observed in all varieties stud-
ied. The results showed that setting up a production system, normative method should
consider varietal features, conditions of plant nutrition, agrochemical characteristics of
soil and meteorological factors. The current results open real opportunities for a large-
scale application of the tested cultivation technologies in different regions of Russia
and pointed out new varieties — Nemchinovskaya 85 that could offer high productivity.
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BnusiHne Tpex TexHoNorum BosgenbiBaHus
Ha ypO>XauHOCTb U Ka4eCTBO 3epHa 03MMOM MLUEHULLbI
Triticum aestivum L.
B ycnoBusix MoCKOBCKOIo peruoHa

H.f1. Peoyx'*, I1.M. ITonutehiko?, B.H. Kannpanor?, B.H. ®egopuines?,
H.}O. I'apmany®, I.I1. ArTMaubsH'

"Poccuiickuii yHUBepCUTET APY>KObI HAapOAOB, 2. Mockea, Poccutickas ®edepayus
2®enepasbHbIN UCCIEA0BATEIBCKUN LIEHTP « HeMUMHOBKa»,
Mockoeckas obaacmb, Poccutickas ®edepayus
*n.rebouh@outlook.fr

AnnoTtanusa. B ycioBusix MoCKOBCKOTO perrioHa Ha /IepPHOBO-TIO/I30/IMCTO} TTOUBe M3ydeHa peakLys
COPTOB 03MMO} MIIEHHUIIbI HA TPU YPOBHS MUHEPA/IbHOTO [TUTAaHMSI U CUCTEM 3allUThl pacTeHnii — 6a3oBas,
WHTEHCHBHAs U BLICOKOMHTEHCHBHAs TEXHOIOTUM, KOTOPbIE BK/IFOUaIH YA00PeHHs, CPe/ICTBA 3all{|Thl PaCTeHUI
Y Pery/IsiTopbl POCTa B Pa3/IMYHBIX KOMOUHALIUSAX U KOHLIEHTPALMsAX. DKCIIEPUMEHT ObLT OCTAB/IEH C LIeJIbIO
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CO3[]aHUs OTITUMAJTBHBIX YC/IOBUI BO3/Ie/TbIBAHKS Pa3HBIX COPTOB O3UMOM TIIIEHUI[bI. BTN W3yueHbI TPH CO-
pra— MockoBckas 40 (V1), HemuuHoBckas 17 (V2) u HemuuHoBcKas 85 (V3). TToka3zaresu ypoykaHOCTH U
KauecTBa 3epHa, U3MepsieMble 110 CO/iePKaHHI0 Oesika 1 KIeMKOBHHBI, OTIPe/IeJIS/IUCh B COOTBETCTBUH C HUCIThI-
TaHHBIMH TEXHOJIOTHSIMU BO3Zle/IbIBaHMsL. Pe3y/braThl 0Ka3asm, 9To ypoyKaHHOCTh M Ka4eCTBO 3epHa IIIeHNL]bI
WM3MEeHU/TUCh, CaMble BBICOKUE YPOyKau MOJTyUeHbI TIPH TPUMEeHEeHUN BbICOKOMHTEHCUBHOW TeXHOJIOTHUH Y COpTa
HemunHoBckast 85— B cpefjHeM 3a NOC/1e[HUe TPY rofia oHa cocrasuia 9,87 1/ra, ¢ noreHuuanoM — 14,8 1/ra,
y copra MockoBckast 40 — 9,65 1/ra, HemuniHoBCKasi 17 — 8,58 1/ra. ITo 6a30BO¥ TEXHOIOTMU YPOXKAHHOCTh
6b1ta Hroke Ha 20...64 %. TIpy BBICOKOMHTEHCHBHOM TEXHOJIOTHK y copTa HemuunHoBcKast 85 coziepkatue 6eska
nocturano 18 %. IpescraBieHHbIe pe3y/IbTaThl JaloT peabHble BO3MOXKHOCTH [J1s1 MaCIITabHOTO TPUMeHeHHsT
arnpo6UpOBaHHBIX TEXHOJIOTHI BO3/I€/IbIBAHUS B PA3/IMUHBIX CeIbCKOX03SIMCTBEHHBIX YTo/bsix Poccuu.

KitroueBbIe c/10Ba: TEXHOJIOTUH BO3Zle/bIBAHUS, COPTA, YA0OpeH s, Cpe/iCTBa 3al{UThl pacTeHHH, ypo-
JKalHOCTb, 0€/I0K, K/IeMKOBUHA
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IMoctynuna B pegakiuo: 27 mapra 2020 r. [Ipunsita K my6ukanuu: 15 anpess 2020 .
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