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Abstract. Studies carried out in steppe zone of chernozem soils of Volgograd region have established
that winter wheat after fallow and maize are the best precursors for maize, cultivated for grain under
strip-till technology. Growing maize after sunflower annually led to a significant decrease in crop yields.
NgoP3.Ks, turned to be the best rate of mineral fertilizers. Seeding rate of 60 thousand seeds per ha was
optimal for early maize hybrids. It was found that total water consumption over the three-year period was
2653 m’/ha with fertilizer rate NP,,K,,, and corn and sunflower rose to 2,700 and 2,695 m*/ha. At NP,,K,,,
winter wheat plants used moisture most economically. The water consumption coefficient, which shows
moisture consumption for creation of a ton of produce, was 421.0 m*/t. For corn, it increased by 34.1, and
for sunflower by 247.7 m®t. In control after all precursors, moisture consumption per ton of grain sharply
increased: according to winter wheat, water consumption coefficient was equal to 551.9 m*/t, corn and
sunflower were 53.0 and 360.1 m*t more. The maximum values of dry matter accumulation in 2013 and
2015 were recorded at flowering stage: depending on precursor, after winter wheat — 9.07 and 7.24 t/ha,
after maize — 8.67 and 6.77, and after sunflower — 6.64 and 4.76 t/ha, respectively. Over the research
years the largest daily increasing of dry biomass during germination-flowering was observed after winter
wheat — 452 and 361 kg/ha, decreased slightly after corn — 432 and 337 kg/ha, and a significant decrease
was noted after sunflower — 331 and 237 kg/ha. In arid 2014 season, during the period of precipitation
deficit, the indicators were significantly lower. The best yield results were obtained in more favorable
2013 and 2015 research years. The studies showed that the best maize precursor was winter wheat —
5.524 t/ha. The lowest yield was obtained after sunflower — 3,456 t/ha. Moreover, maximum yield was
achieved at fertilizer application NP,,K;,— 5.324 t/ha, N;,P,;K,, — 4.813 t/ha and in the control —
4.015 t/ha.
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INTRODUCTION

It is important to preserve and enhance natural fertility of soil based on development
and introduction of new technologies. It is essential to achieve a sharp reduction
in material and energy costs [1]. A promising method is the innovative strip-till system,
which allows increasing grain production, increasing yield, saving fuel, since entire soil
surface of field is not processed [2—4]. The peculiarity of strip-till technology is that
soil is treated with strips, while in intermediate regions the soil remains unplowed,
and natural structure remains intact as in direct sowing [5—7]. Strip-till technology
also contributes to better warming of soil and better contact of seeds with it [8]. Intensive
cultivation of maize for grain allows for higher yields 2.4 times under unfavorable
conditions and 2.1 times — in good weather conditions in comparison with the
control [9, 10].
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MATERIALS AND METHODS

The research was carried out on Krasnokorotkovsky experimental field in Novo-
anninskiy district of the Volgograd region in 2013—2015 to develop elements of the
innovative strip-till technology. A three-factorial experiment was laid by the split plot
method. Factor A was precursors — winter wheat after black fallow, maize for grain,
sunflower; factor B — rates of mineral fertilizers — control (without fertilizers),
NP K6 (N,¢P6K;s — for the main application + N,, for fertilizing, N.P;,K;,
(N5,P;,K;, + N, for fertilizing) and factor C — seeding rates: 50, 60 and 70 thousand
of seeds per ha. The registration area of third-grade plot was 182 m?. The soil in the
experiment is southern chernozem with a humus content of 4.7%, pH 8, total nitrogen —
84.7 mg/kg (very low), mobile phosphorus — 43.4 mg/kg (increased), exchange
potassium 395.0 mg/kg (increased). Early hybrid ‘NK Gitago’ (FAO 200) was used.

In autumn systemic herbicide Rap was used, 36% water solution (A) at a dose of
4 1/ha with a working fluid consumption of 50 I/ha. The strips were cut in October by
Ortman cultivator with a depth of 23—25 cm and a width of 25 cm with simultaneous
application of main fertilizer in liquid form. The sowing was carried out by 6-row
Monosem seed drill to 6...7 cm depth. In 2013 sowing was carried out on April 22,
in 2014 — May 5 and in 2015 — on May 26. Herbicide Ballerina, 41.7% suspension
emulsion was applied at 0.4 1/ha with a working fluid consumption of 200 I/ha for crop
protection in the phase of 3—25 leaves, and Vetter cultivator was used to carry out N,
ammonium nitrate fertilizing in variants N,P,(K,, u N;,P;,K,,. In 2014 pests population
(stem moth, cotton scoop) reached Economic Threshold Limit (ETL), and therefore,
Karate Zeon insecticide was used for their destruction, at a dose of 0.2 I/ha. Harvesting
was carried out by Akros-530 combine harvester with corn mower Orosh.

RESULTS AND DISCUSSION

The weather conditions were different. Amount of precipitation was 199 mm during
sowing-full ripeness period in 2013, 127 mm in 2014 and 235 mm in 2015. The average
humidity was 30% in 2013, 27% in 2014 and 31% in 2015, and the average daily air
temperature was 23.0 °C, 27.1 °C and 23.7 °C, respectively. The hydrothermal
coefficient was 0.75 in 2013 and this period was estimated as dry, in 2014 — 0.42
(very arid), and in 2015 — 0.92 (arid).

Field maize germination was high and averaged for 3 years 91.4% after winter
wheat, 91.0% after maize and 89.9% after sunflower. Total survival reached 87.4%,
85.3% and 83.5%, respectively.

Maize vegetative period in 2013 and 2015 in fertilized variant NP;,K;, after
winter wheat and maize lasted 100 days, and after sunflower — 98 days. In the control,
it decreased by one day according to experiment variants. In arid 2014 vegetative
period was 2 days shorter: in the first fertilizer variant it was 98, 98, 96 days, and
in the second — 97, 97 and 95 days.

The total water consumption over three-year period at N¢P;,K;, fertilization after
winter wheat was 2653 m3/ha, after maize and sunflower it increased to 2700 and
2695 m?/ha, respectively (Table 1). Moisture was used most economically at N,P;,K;,
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fertilization after winter wheat. The water consumption coefficient was 421.0 m’/t. After
maize and sunflower it increased by 34.1 and 247.7 m3/t, respectively. In control variant
after all precursors moisture consumption per ton of grain sharply increased: after
winter wheat water consumption coefficient was 551.9 m?/t, after maize and sunflower
it was 53.0 and 360.1 m?/t more.

Table 1
Total water consumption of maize for grain depending on precursor
and fertilizer application at seeding rate 60 thousand of seeds per ha
(average for 2013—2015), mi/ha
Indicators Precursor
Winter wheat Maize Sunflower
untreated NgePaoKss untreated NgePaoKss untreated NgePooKso
Available moisture 1605 1604 1577 1577 1530 1529
in 0—1,0 m (sowing), mi/ha
Precipitation during growing 187 187 187 187 187 187
season, mm
Precipitation used, 130.9 130.9 130.9 130.9 130.9 130.9
C=0.7, mm
Available moisture in 0—1,0 m 252 260 178 186 134 143
(before harvesting), mi/ha
Total water consumption, 2662 2653 2708 2700 2705 2695
mi/ha
Precipitation in total water 49.2 49.3 48.3 48.5 48.4 48.6
consumption, %
Soil moisture in total water 50.8 50.7 51.7 51.5 51.6 51.4
consumption, %
Average daily water 26.9 26.7 27.6 27.2 28.1 27.7
consumption, mi/ha
Yield, t/ha 4.823 6.302 4.477 5.933 2.966 4.030
Coefficient of water 551.9 421.0 604.9 455.1 912.0 668.7
consumption, mi/t
The amount of grain per 1 mm 18.1 23.8 16.5 21.9 10.9 14.9
of productive moisture, kg

The least amount of grain per mm of productive moisture (10.9 kg) was formed
after sunflower at zero fertilizer application, and the largest (23.8 kg) — after winter
wheat at N P;,K,, fertilization.

Most leaves were formed during heading stage, and winter wheat, maize and sun-
flower leaf mass averaged 35.07, 33.81 and 27.20 thousand m*hectare. In terms of mine-
ral nutrition, control was the least responsive, and amounted 29.30 thousand m*ha,
at N P,K,s and N.P;,K;, this indicator reached 32.36 and 35.67 thousand m? ha.
Increase in seeding rate resulted in increasing leaf area: for 50 thousand seeds/ha
it was 30.74 thousand m*ha, for 60 thousand seeds’ha — 31.89 and for 70 thousand
seeds/ha — 33.45 thousand m*/ha.

Accumulation of dry matter in 2013 and 2015 had maximum values at flowering
phase: after winter wheat — 9.07 and 7.24 t/ha, maize — 8.67 and 6.77 t/ha, and sun-
flower — 6.64 and 4.76 t/ha. The greatest average daily increase in dry biomass during
seedlings — flowering was observed after winter wheat — 452 and 361 kg/ha, it
decreased slightly after maize — 432 and 337 t/ha, and a significant decrease was
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recorded after sunflower — 331 and 237 kg/ha in 2013 and 2015, respectively. In dry
2014 these indicators were significantly lower. Accumulation of dry biomass was the
best at N¢P;,K;, fertilizing: in 2013 — 9.30 t/ha, in 2014 and 2015 — less by 3.55 and
2.54 t/ha. Average daily growth for 2013, 2014 and 2015 was as follows: 463, 286
and 337 kg/ha, respectively. According to the factor C, on average, over the years of
study, Accumulation of dry matter at seed rates 50,000, 60,000 and 70,000 seeds/ha
was 6.37, 6.60 and 6.61 t/ha. The average daily increase in the factor of seed rate was
slightly lower at 50,000 seeds/ha — 317 kg/ha, and at 60,000 and 70,000 seeds/ha —
329 kg/ha. In full ripeness weight of maize dry matter after winter wheat reached 6.03
and 4.87 t/ha, after maize — 5.77 and 4.51 t/ha, after sunflower — 4.42 and 3.16 t/ha.
Accumulation of dry biomass in 2014 was 4.35 t/ha after winter wheat, and after maize
and sunflower it decreased by 0.35 and 2.33 t/ha.

Average daily growth of dry biomass for three-year data in flowering — full
ripeness period after winter wheat was 319 kg/ha, after maize — 300 kg/ha and after
sunflower — 206 kg/ha. Application of mineral fertilizers contributed to an increase
in dry matter accumulation. So, at N,,P,K,, for research years it was 4.46 t/ha, at
NgP3.K5, — 4.84 t/ha, and at zero fertilizing — only 3.86 t/ha have accumulated.
The average daily growth of dry biomass was: without fertilizer — 240 kg/ha, at
NP 6K s — 281 kg/ha, at N¢P,,K;, — 304 kg/ha. Accumulation of dry biomass at
seed rate of 50, 60 and 70 thousand seeds/ha was 4.24, 4.39 and 4.42 t/ha. The average
daily plant biomass increase at seed rate of 50 thousand seeds/ha was 267 kg/ha, at 60
and 70 thousand seeds/ha it was 279 kg/ha.

Photosynthetic potential (PP) in 2013 and 2015 was maximum, it reached 2217
and 1883 thousand m? x day/ha after winter wheat, 2159 and 1765 m? x day/ha after
maize, 1773 and 1400 thousand m? x day/ha after sunflower. PP in 2014 amounted
to 1772, 1658 and 1068 thousand m* x day/ha after winter wheat, maize and sunflower.
Application of N P,K,,and N(P;,K;, increased PP for three-year data to 1764 and
1897 thousand m? x day/ha, and without fertilizing it reached 1583 thousand m? x day/ha.
As seed rate increased, photosynthetic potential of crops increased: at 50, 60 and
70 thousand seeds/ha it amounted to 1681, 1745 and 1818 thousand m* x day/ha.

In 2013, 2014, 2015 net photosynthetic rate (NP) for precursors studied was 6.39,
6.35 and 5.53 g/m?/day, respectively. The best results were obtained in N P;,Ks, variant,
when NP averaged 6.25 g/m?/day, while in N4,P, K, and in control fertilizer variants
it decreased by 0.06 and 0.42 g/m*day, respectively. Optimal seed rates were 50 and
60 thousand seeds/ha, (6.19 and 6.16 g/m?/day) and at 70 thousand seeds/ha NP was
5.92 g/m? /day.

On average over the research years, the largest mass of grain from commodity
cobs was formed when corn was grown after winter wheat — 104.5 g. After maize and
sunflower it decreased to 100.0 and 68.9 g. The weight of 1000 grains for these
precursors was 255.6, 248.3 and 219.9 g, respectively. Grain mass was the best at variant
with N¢P;,K;,, 50 thousand seeds/ha seed rate (100.6 g and 101.3 g, 255.2 and 2524 g,
respectively).

Maize yield was influenced not only by meteorological conditions, but also by
cultivation technology studied (Table 2). The best results were obtained in more favorable
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2013 and 2015 research years. Winter wheat turned to be the best maize precursor —
5.524 t/ha. The lowest yield was obtained after sunflower — 3.456 t/ha. The maximum
yield was achieved at N¢P;,K,, fertilizer application — 5.324 t/ha, and then NP, K,
(4.813 t/ha) compared to the control (4.015 t/ha). The optimal seed rate for average
of 3 years was 60 thousand seeds/ha, and in unfavorable year 2014, the best was
50 thousand seeds/ha, which is confirmed by the statistical processing data.

Table 2

Corn grain yield depending on precursors,
fertilizer doses and seed rates in 2013—2015, t/ha

Factors 2013 2014 2015
and
combi- average 2013—2015
nations | Winter Maize Sun- Winter Maize Sun- Winter Maize Sun-
wheat flower wheat flower wheat flower
A 6.615 6.310 4.790 4.695 4.293 2.142 5.263 4.926 3.421
5.524 5.176 3.451
B control — 4.842 control — 3.190 control 4.012
N50P16K16 — 6.039 N50P16K16 —3.785 4.024
N66P32K32— 6.835 N66P32K32 —4.154 N50P16K16 4.614
4.813
N66P32K32 4.984
5.324
C 50 thousand — 5.570 50 thousand — 3.814 50 thousand 4.488
60 thousand — 6.081 60 thousand — 3.734 4.624
70 thousand — 6.065 70 thousand — 3.581 60 thousand 4.615
4.810
70 thousand 4.506
4.717

LSD,; 2013: A,B,C = 0.064, AB, AC, BC = 0.110, ABC = 0.064
LSD,; 2014: A,B,C = 0.061, AB, AC, BC = 0.106, ABC = 0.061
LSD,; 2015: A,B,C = 0.066, AB, AC, BC = 0.114, ABC = 0.066

CONCLUSIONS

The experiments showed that the best maize precursors were winter wheat after
black fallow and maize in cultivation of maize for grain using strip-till technology
in steppe zone on chernozem soils in Volgograd region,. Sunflower was the worst maize
precursor.

The best mineral nutrition was N.P;,K,.

Optimal seed rate for early maize hybrid was 60 thousand seeds/ha.

© V.M. Ivanov, A.V. Kubareva, 2018.
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onTMMU3ALUUA SJIEMEHTOB
MHHOBALIMOHHOW TEXHOJIOTUU CTPUM-TUJ
NP BO3AEJIbIBAHUM KYKYPY3bl HA 3EPHO B CTENMHOW 30HE
YEPHO3EMHbIX NO4YB BOJIFOrPAACKOW OBJIACTU

B.M. UBanog, A.B. Kybapesa

OI'bBOY BO Boarorpaackuii rocy1apcTBEHHbIN arpapHblil YHUBEPCUTET
np. Yuusepcumemckuu, 26, Boazoepao, 400002, Poccuiickas @edepayus

TIpoBeieHHBIME HCCIICIOBAHUSMH B CTEITHOHM 30HE YepHO3EMHBIX MO4B Bosrorpaackoit o6mactu
YCTaHOBJIEHO, UTO IJIsi KYKYPY3bl, BO3/IEIBIBAEMON Ha 3epHO MO TeXHOJOTHH CTPHIT-THII, Ty IIIAMH
IpenIecTBeHHUKaMH SBIBIIOTCS O3UMasl MILIEHHUIIA 110 TTapy U caMa KyKypy3a. PazMmemnieHue KyKypy3sl
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ocJyIe MOJCOHEYHUKA €KETOTHO 00YCIOBINBAIIO 3HAYUTENEHOE CHIKEHUE YPOXKAHOCTH KYJIBTYPHL.
W3 McHBITaHHBIX 103 MHUHEPAIBHBIX yIoOpeHuit myumeit Oputa N P,,K,,. OnTuMansHol 11 paHHeCTIebIX
THOPUIOB KYKYpY3bl SIBJIsUIach HOpMa BbiceBa 60 ThIC./Ta BCXOXKUX CEMsH. BbUIO yCTaHOBIICHO, YTO CyM-
MapHOE BOAOIIOTPEOIICHHE 32 TPEXJIETHHH ITEPHOJI COCTaBIIIO 2653 M*/ra ¢ HopMmoit ynooperus N P;,Ks,,
a KyKypy3a u nofacomaedHuk — 10 2700 u 2695 m*/ra. C no3oit ynoopenunit NP, K,,, pactenus o3umoit
MIIEHUIB UCIIOIb30BAIM BiIary Haubosee 5koHOMUYHO. KoaddunueHt BononorpedieHus, KOTOphIi
TOKA3bIBAET TOTpeOIeHre BIAru s CO3aHMs TOHHBI TIPOAYKIMH, cocTaBua 421,0 M/, Jlns Kykypyssl
OH yBenuumics Ha 34,1, a g noxconaHeyHnka — Ha 247,7 mM%/T, coorBeTcTBeHHO. Ha KOHTpoJe mocie
BCEX IPEJIIECTBEHHUKOB IOTPeOJICHUE BIard Ha TOHHY 3€pHA PE3KO yBEJIMUYMIOCH: 10 03UMOM MIIEHUIIe
ko3 durmeHT BogonoTpedieHus coctapisit 551,9 M3/T, kykypysa u nogconsedHuk — 53,0 u 360,1 m%/T.
MakcuMaltbHbIE 3HaYeHHsT HaKOTUIeH!s cyxoro BemiecTBa B 2013 u 2015 TT. BBISBIICHBI HA CTAAUH [IBETCHHUS:
B 3aBUCHMOCTH OT INPEAUISCTBEHHUKA, T10CIe 03UMOM meHulsl — 9,07 u 7,24 1/ra, mocie KyKypy3bl —
8,67 u 6,77, a mocie MoaCcoNHeYHNKa — 6,64 u 4,76 T/ra, COOTBETCTBEHHO. 3a rOJbI UCCICAOBAHUN
HauOoJpllee €XEAHEBHOE YBEIHMUCHUE CYXOH OuoMacchl BO BpeMs IPOpacTaHUSI-LBETEHUsI HAaOJI0aa-
JIOCH 1ociie 03UMOM nieHuIsl — 452 1 361 Kr/ra, HECKOJIBKO YMEHBUIMIIOCH 110CIIE KYKYpy3bl — 432
u 337 Kr/ra, a mocie MOJICOIHEYHNKA OTMEUEHO 3Ha4YuTeIbHOe CHIbKeHue — 331 u 237 xr/ra. B 3acynum-
BbIi ce30H 2014 roza, B meproa neduimra 0CagKoB, MOKa3aTean ObUIA 3HAUUTENBbHO HbKe. Hammyudmue
pe3yNbTaThl YpOKalHOCTH OBUTH MOJTyYeHBI B OoJiee ONaronpusTHBIE MO YBIaKHEHHIO TO/IBI HCCIIEIOBAHHI
B 2013 u 2015 rr. UccremoBanus mOKa3aid, 4To JYYIIUM MPEANICCTBCHHUKOM KYKYpy3bl OblIa 03MMast
meHuna — 5,524 1/ra. CaMblii HU3KUE ypokail ObLI MOJIyYeH MOCie MoJACoTHeYHnKka — 3,456 T/ra.
Kpome Toro, MakCHMabHBII BBIXOI OBUT JOCTHTHYT NpH NpuMeHeHnH ynoopennit NP, K,, — 5,244 1/ra,
N;oP K¢ — 4,813 T/ra, a Ha koHTpONIe — 4,015 T/Ta.

KroueBble ciioBa: KyKypy3a Ha 3epHO, MUHEpaJIbHbIE Y100pEHH s, HOpMa BbICEBA, MPEAIIECTBEHHHUK,
Crpun-tui, ypoxxaitHOCTb
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