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Abstract. The article considers technologies of carrot cultivation of Shantene Korolevskaya hybrid
under irrigation conditions on light chestnut soils of the Lower Volga region. Against the background of
various methods of tillage, modern methods of using water-soluble fertilizers have been studied. It was found
that deep chisel plowing with 0.18—0.20 m soil overturning results in 1.25 fold increase in productivity
of edible carrot compared to moldboard plowing and blade cultivation. Using water-soluble fertilizer
NS 30:7 through fertigation increases productivity by 7% compared with ammonium nitrate. Measurements
of soil density showed that carrot yield averaged 1.25—1.32 t/m’ over 2015—2017. In variants after deep
chisel plowing rate of water infiltration during all three research years was the highest and averaged
4.2 mm/min. The smallest water infiltration was observed in variants after blade cultivation. Using ammonia
nitrate during fertigation in 1—4 applications and NS 30:7 fertilizer in 5—S8 applications, and NS 30:7
fertilizer during all 8 applications increased carrot yield of hybrid Shantene Korolevskaya by 4.7—5.9 and
0.5—2.4 t/ha compared to control. In addition, combination of deep chisel plowing with ammonium
nitrate fertigation in 1—4 applications and NS 30:7 fertilizer in 5—8 applications resulted in the highest
carrot yield in 2015—2017 and averaged 90.6 t/ha. The lowest carrot yield over 2015—2017 was observed
in the variant after blade cultivation with ammonium nitrate fertigation and amounted to 77.5 t/ha.
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INTRODUCTION

Growing vegetables, both in protected and open ground, is rising to a new quality
level now. Hence, agricultural science has to develop modern technologies based
on the use of high-productive equipment and progressive irrigation methods, such as
combined, fine and sprinkler [1, 2].

Carrots, like other vegetables, respond well to the use of high-quality seeds — first
generation hybrids, innovative irrigation techniques, water-soluble complex fertilizers
and effective methods of deep tillage [3—6].

The high aridity of the territory with light chestnut soils requires obligatory
watering of vegetable crops during the entire growing season [7].

The main reason for fertigation popularity is the effective absorption of nutrients
from irrigation water. The introduction of fertigation, as an innovative way to use water-
soluble fertilizers, can significantly reduce the production costs of their placing. More-
over, synchronizing water and nutrients supply to the roots of vegetable crops leads to
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a significant increase in the efficiency of fertilizer use. Despite the overall positive result,
fertigation requires the use of modern complex water-soluble fertilizers, which can
increase potential productivity of vegetables and significantly improve economic
indicators of their production [8].

Therefore, the use of complex water-soluble fertilizers through fertigation in carrot
cultivation leads to a significant cost reduction and formation of high yields [9, 10].

MATERIALS AND METHODS

According to the results of previous field experiments we found optimum irrigation
regime for carrot, which was adapted to soil and weather conditions of the light-brown
soils subzone. The regime had 80% of FMC differentiated pre-irrigation soil moisture
threshold in 0.2 m soil layer during period ‘seeding — beginning of root formation’,
90% of FMC moisture threshold in 0.4 m soil layer during period ‘beginning of root
formation — technical maturity’ and 75% of FMC during period ‘technical maturity —
full maturity’.

Two-factor experiments including variants of deep tillage and variants of fertigation
were conducted in accordance with generally accepted methods and included in factor
A three variants of deep tillage: moldboard plowing at 0.25 ... 0.27 m, blade cultivation
at 0.25 ... 0.27 m and chisel plowing at 0.38 ... 0.40 m with soil overturning at 0.18 ...
0.20 m. Factor B involved three variants of water-soluble fertilizers applied: ammonium
nitrate; ammonium nitrate at 1—4 applications and NS 30:7 fertilizer in 5—8 applica-
tions; NS 30:7 fertilizer nutrient solution.

Doses of fertilizers were calculated based on projected yield of 80 t/ha and
amounted to: nitrogen — 210 kg/ha, phosphorus — 130 kg/ha and potassium —
110 kg/ha. Fertilizers were added to soil in the following way: 50% of nitrogen, 100%
of phosphorus and 100% of potassium were added during deep tillage, and 50% of
nitrogen was added as additional fertilizing during irrigation.

The polyfactorial experiment had split-plot design with four replications. Size of
first order plots was 396 m? (8.4 x 45 m), sown area of second order plots was 126 m?
(8.4 x 15 m), registration area of second order plots was 64 m* (6.4 x 10 m).

Determination of soil density was performed by the method of cutting rings on
horizons 0 ... 10; 10 ... 20; and 20 ... 30 cm. Infiltration losses of soil moisture were
measused by lysimetric method. Weed infestation was determined by the quantitative-
weighing method.

The experiments were carried out at the territory of Y.Y. Lemyakin farm in the sub-
zone of light chestnut soils. Depending on composition soils can be characterized as
heavy loamy, humus content in 0 ... 0.3 m horizon is on average 1.98%.

Carrots were cultivated according to regional recommendations.

Shantene Korolevskaya edible carrot hybrid was cultivated after winter rye grown
as green manure crop. Seeds were sown at the rate recommended by seed producers —
1 million seeds/ha. We used drip irrigation system of Israeli company Netafim. Venturi
injection pump was used for fertigation.
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RESULTS AND DISCUSSION

In spring soil density was in the range of 1.25 ... 1.32 t/m® over research years
from 2015 to 2017.

During the phase of root formation soil density in plots after chisel plowing was
0.03 and 0.06 t/m’ smaller than in plots after other cultivation methods of deep tillage.
Before harvesting this tendency remained, and topsoil density in plots after chisel
plowing was smaller by 0.03 t/m* compared to moldboard plowing, and 0.07 t/m’
smaller compared to blade cultivation.

Table 1
Topsoil density depending on soil cultivation (average for 2015—2017), t/m°
Variant Before seeding Root formation Before har-
vesting

Moldboard plowing at 0.25—0.27 m 1.28 1.34 1.37
Blade cultivation at 0.25—0.27 m 1.32 1.37 1.41
Chisel plowing at 0.38—0.40 m 1.25 1.31 1.34
with 0.18—0.20 m soil overturning

LSD,, 2015 0.02 0.02 0.01
LSD,; 2016 0.02 0.01 0.01
LSD,, 2017 0.02 0.02 0.02

Rate of water infiltration in variants with deep chisel plowing turned out to be
the highest over the research years and was within 4.2 mm/min. The lowest water
infiltration was observed in variants with blade cultivation and averaged 3.7 mm/min.

Irrigated plots under prolonged vegetable cultivation are characterized by higher
weed infestation, which does not completely eliminate herbicide applications. This
circumstance requires a thorough review of tillage system when growing vegetable crops,
as tillage is one of the effective ways to control weeds in vegetable crop rotations.

In the experiment Stump herbicide was applied to soil before planting carrots.
Deep tillage also influenced significantly weed infestation. Weed number on average
for 2015—2017 in the phase of root formation ranged from 0.4 plants/m?* after chisel
plowing to 2.6 plants/m? after blade cultivation.

The total number of weeds increased before harvesting, and the advantage of
tillage with soil overturning became more obvious. Weed vegetation in variants with
blade cultivation was 2.6 ... 3.3 fold higher compared to chisel plowing with soil
overturning.

Table 2
Effect of tillage on weed infestation during root formation of carrot, plants/m2
Variant 2015 2016 2017 Average

Moldboard plowing at 0.25—0.27 m 0.4 0.6 0.7 0.6

Blade cultivation at 0.25—0.27 m 1.0 1.4 2.6 1.3

Chisel plowing at 0.38—0.40 m 0.5 0.7 0.8 0.7

with 0.18—0.20 m soil overturning

LSD,, 0.08 0.06 0.08
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During research years carrot yields depending on fertigation averaged 84.7 ...
90.6 t/ha after deep chisel plowing, 81.2 ... 85.9 and 77.5 ... 82.4 t/ha after moldboard
plowing and blade cultivation that is 3.5 ... 4.7 and 7.2—38.2 t/ha lower compared
to chisel plowing.

Table 3
Impact of tillage and fertigation methods on carrot yield, t/ha
Tillage Fertigation 2015 2016 2017 Average
Moldboard plowing NH,NO, 79.7 80.5 83.4 81.2
at0.25...0.27m NH,NO, + NS 30:7 84.5 84.9 88.3 85.9
NS 30:7 83.2 84.0 85.1 84.1
Blade cultivation NH,NO, 75.4 77.1 80.0 77.5
at0.25...0.27m NH,NO, + NS 30:7 79.8 81.7 85.7 82.4
NS 30:7 79.4 81.2 85.1 81.9
Chisel plowing NH,NO, 83.1 84.3 86.7 84.7
at0.38...0.40m
with 0.18 ... 0.20 m soil NH,NO, + NS 30:7 89.0 89.8 93.0 90.6
overturning NS 30:7 86.3 87.9 90.4 88.2
LSD,,AB 0.06 0.08 0.08

Application of ammonia nitrate (through fertigation) in 1—4 additional fertilizations
and NS 30:7 fertilizer in 5—8 additional fertilizations increased carrot yield (Shantene
Korolevskaya hybrid) by 4.7 ... 5.9 t/ha. Application of NS 30:7 in 8 additional ferti-
lizations resulted in 0.5 ... 2.4 t/ha yield increase compared to ammonia nitrate ferti-
gation in 2015—2017.

The highest carrot yield was observed when combined chisel plowing and ammo-
nium nitrate fertigation in 1—4 applications and NS 30:7 fertilizing in further 5—38 appli-
cations amounted to 90.6 t/ha in 2015—2017.

The lowest carrot yield was 77.5 t/ha after blade cultivation and ammonium nitrate
fertigation on average for 2015—2017.

CONCLUSIONS

Regarding tillage, chisel plowing at 0.38 ... 0.40 m with 0.18 ... 0.20 m soil
overturning results in the highest carrot yields on light chestnut soils of Volga—Don
interfluve under drip irrigation; the most effective fertigation variant was 1—4 ammo-
nium nitrate applications and following 5—8 NS 30:7 fertilizer applications.
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COBEPLUEHCTBOBAHUE TEXHOJIOTM BO3AEJIbIBAHUA
MOPKOBUW HA KAMNEJIbHOM OPOLUEHUA

IO0.H. Iliaeckaués, O.I'. Yamypines, JI.B. I'yonna

Bonrorpaackuii rocyjapcTBEHHBIN arpapHblii yHUBEPCUTET
np. Yuusepcumemcxuii, 26, Boneoepao, 400002, Poccuiickas @edepayus
pleskachiov@yandex.ru

PaccmarpuBaloTcs IpUeMbl BO3JIEIIBIBAaHHS MOPKOBH CTOJI0BO# Tibpua «Illantens Koposesckas»
B YCJIOBHSIX OPOIICHHUS Ha CBETJIO-KAIUTAHOBBIX MoyBax Hipkaero IToBomkbs. Ha doHe pasnmuyHbIX crioco-
60B 00pPa0OTKH MOYBHI H3yYATUCh COBPEMEHHBIC METO/IbI MCIIOJIL30BAHUS BOJJOPACTBOPHMBIX YI00pEHHUH.
Bb110 ycTaHOBIEHO, YTO ITy0oKOe un3eneBanue ¢ o0oporom miacta Ha 0,18—0,20 M yBenuuuBaer
B 1,25 pa3a npogyKTHBHOCTH MOPKOBH CTOJIOBOW B CPABHEHHH C MEHEE IITyOOKHMH OTBAIBHBIMH H IJIOCKO-
pe3HbiMu 00paboTkamu. Mcnonb3oBaHue BomopactBopumoro ynoopenus NS 30:7 B Bune depruraiuu
HOBBIIIACT MPOIYKTUBHOCTh B CPABHEHUH C aMMHAYHOMN ceTUTpol Ha 7%. VI3MepeHHs INIOTHOCTH MOYBBI
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MOKa3aJy, 4To B cpeHeM 3a 3 roaa, ¢ 2015 mo 2017 rr., BecHO# OHa Haxoauach B mpenenax 1,25—
1,32 7/™*. Ha BapuaHTaX rIy60OKOro YH3eNbHOTO PHIXJICHHS CKOPOCTh HHGUIBTPALMH BOABI BCe TPH ToAa
HCCIICIOBAHUI OKa3bIBaJIaCh HAHOOJBIIICH U B CPEAHEM HAXOIHIACh B mpenenax 4,2 Mm/MuH. HanmenbInast
MHQUIBTpanUs BOABI OTMEYAJACh Ha BapUaHTaxX INIOCKOPe3HOoil oOpaboTku. [IpuMeHeHne Bo Bpems
Gepruranu MOPKOBU aMMHAYHOM CEJIUTPBI B NepBble 4 MoAKopMKU U ynobpenust NS 30:7 B 5—8 noa-
kopMKkH U ynoopenus NS 30:7 Bo BpeMs BceX 8 MOJKOPMOK 110 CPAaBHEHHIO CO CTAHIAPTHOM (pepTuranmeit
aMMHUAYHOM CEeJIUTPOIl MOBBIIIATIO0 YPOXKAWHOCTh MOPKOBH cTOJIoBOM TnOpuaa «llantens Koponesckasy
B cpenHeM Ha 4,7—5,9 u 0,5—2,4 1/ra. Taxke OTMEYEHO, YTO MPHU COYETAHUU IITYOOKOTO YU3EIBHOTO
PBIXJICHHUS C MCTIOJIb30BaHUEM BO BpeMs ()epTUTAIIMM aMMHAYHON CEJTUTPHI B MEePBbic 4 MOJKOPMKH
u ynobpenus NS 30:7 B 5—8 noaxopMmku B cpegueM 3a 2015—2017 rr. Habmonanack HanbonbIas
YpOKaliHOCTh MOPKOBHU CTOJIOBOHM U paBHsIach 90,6 T/ra. HauMeHbIas ke ypoaitHOCTh MOPKOBHU CTO-
JIOBO# B cperHeM 3a 2015—2017 rr. HaOmMoanach Ha BApHAHTE TUIOCKOPE3HOH 00pabOTKHU ¢ IPHMEHEHHEM
BO BpeMsl (hepTUraly IUTaTeIbHOI0 PacTBOpa ¢ aMMHA4YHON CeNUTPoi U cocTasisia 77,5 1/ra.
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