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Abstract. Obtaining high and stable yields of tomato with good consumer qualities in the open field
has now become problematic due to the fact that hybrids and varieties of tomato of an intensive type place
high demands on the presence of moisture and nutrients in the root-soil layer. The required level of soil
moisture in combination with the introduction of calculated doses of mineral fertilizers during the growing
season provides for obtaining the planned yields of vegetables, including tomato. The most important
resource for the further development of agriculture in the Russian Federation is irrigated land. Volgograd
region is one of the largest irrigated agricultural regions in Russia. Growing of almost all vegetables
in the region is conducted on irrigated lands. The use of only one irrigation without the use of fertilizers
will not have a positive impact on the growth, development and productivity of plants. Fertigation is the most
effective and economical way of delivering nutrients to the plant root system and allows to get a higher
yields than other methods of fertilizer application. In fertigation systems, the control of optimal concentra-
tions of fertilizers is easily achieved, their ratio and these parameters can be controlled automatically.
The purpose of this work was to study the comparative efficiency of ammonium nitrate, calcium nitrate
and a combination of calcium nitrate and ammonium chloride for tomato fertigation in combination
with non-root dressings of complex water-soluble fertilizers containing macro- and microelements in open
feild on irrigated lighchestnut soil of dry steppe zone of chestnut soils in the Volgograd region. As a result,
analysis of the use of mineral fertilizers for tomato fertigation in light chestnut soils of the Volgograd region
was carried out. The positive effect of foliar dressing with microelements in the proposed dosages has
been proven.
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Annortauus. CoBpeMEeHHbIE COpTa U THOPUJIBI BO3ZIEIBIBAEMbBIE B OTKPHITOM I'PYHTE OU€Hb TPeOo-
BaTEJIbHBI K HAJTMYHIO BJIATH U TUTATEIILHBIX BEIIECTB B IIOYBE.

HUccnenoBano mpuMeHeHue (epreTanuy ISl TOBBILEHUS] YCTOMIHBOCTH TOMAaTOB Ha OPOLIAeMBIX
3eMIISIX.

W3yuena cpaBHHUTENbHAS 3G (EKTUBHOCTDh UCIIOJIB30BAHUS aMMHAYHON CEITUTPBI, KaIbIIMEBOU
CEeNUTPBI (HUTpaTa KajbLHsl) 1 KOMOWHAIIMM KaJbLIUEBOH CEUTPBI M XJIOPHIa AMMOHHS ISl (PepTHr ALK
TOMAaTa B COUYETAaHUH C HEKOPHEBBIMH ITOJKOPMKAMH KOMIJIEKCHBIMH BOJIOPACTBOPHUMBIMH yIOOPEHUSIMH,
collepyKallliMH MaKpo- ¥ MHKPOAJIEMEHTE], B OTKPBITOM TPYHTE Ha OpOIIAeMOl CBETIO-KAIITAHOBOW MIOYBE
CYXOCTEITHOW 30HBI KalITAHOBBIX 1104B Bonrorpaackoii o6nacTu.

[IpoBeneH aHanM3 UCMOJIB30BaHKS MUHEPAIBHBIX YAOOPEHHH Uil (pepTUrauy ToMara B yCIOBHAX
CBETJIO-KaIITaHOBBIX 1T0YB Bomnrorpaackoit odnactu. JJoka3zaHo MOMOKUTEILHOE BIMSHHUE JIMCTOBBIX MO~
KOPMOK MHKPODJIEMEHTaMH B NIPEIOKSHHBIX JO3MPOBKaX.

KuaioueBrble cji0Ba: opoiieHne, OTKPBITHIN TPYHT, YBIQKHEHHUE TIOYBEI, IUIAHUPYEMBIA YPOXKaid,
MIPOAYKTHUBHOCTH PACTEHUH, CEIUTPa, CYXOCTEIHAS 30Ha, TOMAT, (hepTUTAIHS, JIUCTOBBIE TOAKOPMKH,
Bounrorpanckas o61acTb
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Introduction

Tomato is one of the most popular vegetables, required by the population of the
Russian Federation in a fresh form. Under favourable import conditions of the last
20 years, as well as growth of greenhouse production, fresh tomato fruits became more
affordable in the off-seasonal period [1, 2].

However, obtaining high and stable tomato yields having good consumer qualities
in an open feild has now become problematic as tomato hybrids and varieties and
of intensive type require increased moisture and nutrient level in root layer of soil.
The difficulty is that weak and underdeveloped root system of tomato seedlings have
to grow a large vegetative mass in a short period of time which is possible only under
optimal soil moisture and fertilizer conditions [3—5].

348 PACTEHMEBOJICTBO



Chamurliev O.G. et al. RUDN Journal of Agronomy and Animal Industries, 2019; 14(4):347—361

Irrigated cropland is the most important resource for further development of the rural
economy of the Russian Federation. The Volgograd region is one of the largest regions
of the country where irrigated agriculture is used. Practically, all vegetable cultivation
in the region is carried out on irrigated lands [6—38].

In vegetable farms of the Volgograd region, great importance is attached to de-
velopment of environmentally friendly technologies and technical means of irrigation
including drip irrigation. This method allows to maintain a favorable water and air regime
in soil without surface and soil runoff of irrigation water [9]. Moistening soil in combi-
nation with application of calculated doses of mineral fertilizers during the vegetative
period ensures the planned yields in different vegetables including tomatoes. Based
on maintaining ecological, economic, social balance and stability, one of the basic tasks
of irrigated agriculture is to use every cubic meter of irrigation water most effectively.
Furthermore, it is reasonable to use irrigated croplands for the most valuable, highly
profitable crops, among which is tomato. Plant water consumption and mineral nutrition
is closely interconnected [10].

Application of only one irrigation without fertilizers does not show a positive effect
on plant growth, development and productivity.

Fertigation is the most effective and economical way to increase nutrient availability
to plant root system and results in higher yields compared to other methods. Control
of optimal fertilizer concentration is easily accessible by the use of fertigation systems,
where the parameters can be controlled automatically.

A complete refusal from the use of mineral fertilizers will inevitably lead to cata-
strophic reduction in food production. Therefore, the most correct is improvement
of fertilizer application technology, their introduction in optimal doses and appropriate
storage. When fertilizer application is uneven, some plants have excess amount of nu-
trients, while others lack minerals. This leads to unequal plant development and ripening,
decreased yields and quality. Fertigation is free from these disadvantages, since it allows
to add nutrients to root layer of the soil in a predetermined calculated dosage in all growth
periods and development of tomato plants. The technology of fertigation can be improved
by tomato leaf dressings with mimineral fertilizers [13—15].

The goal of this work was to study comparative efficiency of ammonium nitrate,
calcium nitrate and a combination of calcium nitrate and ammonium chloride for tomato
fertigation in combination with non-root dressings of complex water-soluble fertilizers
containing macro- and microelements in open feild on irrigated lighchestnut soil of dry
steppe zone of chestnut soils in the Volgograd region.

Materials and methods

Field experiments were conducted on light-chestnut soils in Gornaya Polyana Train-
ing Scientific and Production Center (Volgograd State Agrarian University) in 2016—
2017. Tomato fertification in combination with various leaf dressings was studied.

The planting pattern is shown in Fig. 1. The number of planted plants per 1 ha
was 28,000.
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Table 1

Variants of field experiments for studing fertigation
and leaf dressing effect (Gornaya Polyana)

Ne Variant

Ammonium nitrate fertigation

N|—

Ammonium nitrate fertigation
+NPK 18 : 18 : 18 leaf dressing + microelements in vegetative phase (0.6% solution, 300 I/ha)
+NPK 10: 5: 40 foliar dressing + microelements in the flowering-fruiting stage (0.6% solution, 300 I/ha)

Calcium nitrate fertigation

E (Y]

Calcium nitrate fertigation
+NPK 18 : 18 : 18 leaf dressing + microelements in vegetative phase (0.6% solution, 300 I/ha)
+NPK 10: 5: 40 foliar dressing + microelements in the flowering-fruiting stage (0.6% solution, 300 I/ha)

5 Calcium nitrate fertigation before flowering-fruiting phase (1—4 fertigations) + calcium nitrate and potas-
sium chloride fertigation from flowering-fruiting phase (12.7 kgCl/ha, 16.9 kg K,0) (5—6 fertigations)

6 Calcium nitrate fertigation before flowering-fruiting phase (1—4 fertigations) + calcium nitrate and potas-
sium chloride fertigation from flowering-fruiting phase (12.7 kgCl/ha, 16.9 kg K,0) (5—6 fertigations)
+NPK 18 : 18 : 18 leaf dressing + microelements in vegetative phase (0.6% solution, 300 I/ha)

+ NPK 10: 5: 40 foliar dressing + microelements in the flowering-fruiting stage (0.6% solution, 300 I/ha)
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Fig. 1. Schematic diagram of drip irrigation system for tomato field experiment
in Gornaya Polyana Center
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A unique drip irrigation system was used for tomato irrigatation. Irrigation was
carried out to maintain pre-irrigation soil moisture in active layer at the level of 80% FC.
Soil moisture was determined by thermostat-weight method, and also controlled using
tensiometers [11].

Podarochny tomato variety was planted after safflower (Asteraceae) belonging
to oil crops.

After harvesting safflower in August, stubble peeling followed by subsequent chisel
tillage at 0.38...0.40 m and real tillage at 0.20...0.22 m was carried out.

Harrowing, weed cultivation and pre-sowing cultivation with local application
of complex Azofoska mineral fertilizer (16.16.16) at a dose of 200 kg/ha, 1.4 kg/plot
were carried out before seedling planting.

Schedule for Podarochny tomato fertification in field experiment:

1) seedling transplanting — 19 May

2) the first fertigation—June 1;

3) the second fertigation — June 9;

4) foliar dressing in tomato vegetative phase — 13 June;

5) the third fertigation — June 14;

6) the fourth fertigation — June 20;

7) foliar dressing in flowering — fruit formation stage — June 27;

8) the fifth fertigation — June 28;

9) the sixth fertigation — July 4.

Results and discussion

Planting seedlings in open ground was carried out in the second decade of May.
During the week, the seedlings were taking root. Both pre-planting and post-planting
irrigation were carried out with 80...100 m’/ha rate. 12...16 days later, well developed
tomato plants formed flower buds in some variants, and flowering stage was fixed
in the second decade of June for all the variants.

Thus, period from planting to flowering was 36...37 days according to the variants.
Period from flowering to fruit formation lasted 7...8 days. Period from fruit formation
to full ripeness of fruits was from 42 to 44 days. The number of harvesting held was five.

The last harvest date was on 5 September. After completing vegetative irrigation
of tomato plants they remained in good condition in the end of the second decade
of September. Moreover, they actively flowered, carried fruits and formed a meaningful
yields of green, brown and red fruits. Hence, duration of vegetative period in the studied
tomato varieties can be conditionaly accepted at an average of 110 days.

Data on these indicators are shown in table 2.

Table 2
Dates of tomato phenological phases
Variant Main phenological phases
Trans- Flower bud | Beginning Fruiting Beginning Mass
planting formation | of flowering of ripening ripening
1. Ammonium nitrate 19 May 19 June 26 June 4 July 23 July 15 August
3. Calcium nitrate 19 May 18 June 25 June 3 July 23 July 16 August
5. Calcium nitrate + 19 May 19 June 25 June 2 July 22 July 15 August
potassium chloride
CROP PRODUCTION 351
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2 manual weeding and 6 intercultural cultivations were carried out during the ve-
getation period. To protect tomato plants from harmful pathogens, chemical treatments
with fungicides and insecticides were carried out.

In order to maintain 80% FC pre-irrigation moisture content in 0.5 m soil layer,
tomato seedlings were applied with 34 irrigation treatments with a total irrigation rate
of 4200 m’/ha (table 3) during the growing season. The amount of precipitation was
143 mm or 1430 m’/ha for growing season. The use of soil moisture by tomato plants
was 213...276 m*/ha.

Table 3
Influence of fertigation and foliar dressing on water consumption
in Podarochny tomato (2016—2017)
Ptret_cipi- Irrige;tion Water (t:_on- 3 Gross Index of water Water use
Variant ation rate sumption . consumption, efficiency,
s vield, t/ha m/t kg/ha/mm
m°/ha g
1 276 5906 68.5 86.2 115.9
2 264 5894 69.2 85.2 117.4
3 213 5843 71.6 81.6 122.5
4 1430 4200 227 5857 72.8 80.5 124.3
5 245 5875 89.4 65.7 152.2
6 251 5 881 103.6 56.8 176.2
Table 4
The effect of fertilization on yield structure of tomato cv. Podarochny (2016—2017)
Variant | Average number Average fruit Standard fruit Non-standard Waste (diseased
of fruits per plant weight, g yield, t/ha fruit yield, t/ha fruits), %
1 20 122 64.4 41 6
2 22 112 65.0 4.2 6
3 23 111 68.0 3.6 5
4 23 113 69.9 2.9 4
5 24 133 84.9 4.5 5
6 26 142 99.4 4.2 4
LSD,, — 14.16.
Yield, t/ha
120,0 - 103,6
—
100,0 1| s - g3.4
71, 72,
80,0 I 685 69,2
60,0
40,0 -
20,0 A
O’O s - - == =
1 2 3 4 5 6
Variant

Fig. 2. Tomato yield, t/ha (2016—2017)
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An analysis of the harvested tomato structure shows that minimum number of fruits
per plant (20) with an average mass of 122 g was formed in the first variant with ammo-
nium nitrate without foliar treatments. The maximum values (26 fruits, 142 g) were
obtained in the last variant, where calcium nitrate and ammonium chloride in combina-
tion with foliar dressings were used for fertigation.

The second to fifth experimental variants occupied an intermediate position, where
the average number of fruits on the plant ranged from 22 to 24, and their mass ranged
from 111 to 133 g (Table 4).

As a result, the total yield of standard and non-standard fruits was also the largest
in the sixth variant — 103.6 t/ha, in the fifth variant it was 14.2 t/ha less, 72.8 t/ha was
in the fourth variant, and the lowest yield (68.5 t/ha) was recorded in the first variant,
which was 35.1 t/ha (33.8%) less compared to the sixth variant.

Conclusions

The obtained results confirm conclusions about the significant advantages of using
calcium nitrate for tomato fertigation compared to ammonium nitrate. Moreover,
the experiments demonstrated that additional application of chlorides and foliar dressings
with complex water-soluble fertilizers in fertilization program gave better results. Thus,
it resulted in not only tomato yield increase, but also improvement in such quality
indicators, as content of soluble solids and keeping quality of fruit.

The results of the study also indicate that the studied tomato fertilization programs
did not showed any negative effect on salt content and composition of exchange cations
in light-chestnut soil.

BBepeHune

Tomar siBisieTcss OHUM M3 CaMbIX BOCTPEOOBAaHHBIX OBOILEH, MOTPEOIIsIEMBIX Hace-
nenreM Poccuiickoit @enepaiiu B cBexkeM Bujie. B criiokuBimuxcst 3a mocneanve 20 net
YCIIOBHUSIX OTHOCHTENILHO CBOOOIHOTO MMIIOPTA, a TAKXKE POCTa TETUTMYHOTO MPOU3BOJI-
CTBa, CBEXKHME TUIOIBI TOMATa CTaIM 0oJiee TOCTYITHBIMU BO BHECE30HHOE Bpems [ 1, 2].

BwMmecTe ¢ TeM moiryueHre BHICOKHX U CTaOMIIBHBIX YPOXKAaeB TOMAaTa C XOPOIIUMH
MOTPEOUTETHLCKUMHU KauYeCTBAMH B OTKPBITOM IPYHTE B HACTOSIIIEE BPEMS CTAJIO TIPO-
0JIeMaTHYHBIM BCJIEACTBUE TOTO, YTO THOPHJIBI U COPTA TOMAaTa HHTCHCHBHOTO THIIA
MPEABSBISIIOT MOBBIIICHHBIE TPEOOBAHNS K HAJMYHUIO BJIATU U MUATATEIIbHBIX BEIIECTB
B KOpHEOOHTaeMOM cJioe MouBbl. CII0)KHOCTB B TOM, YTO TPH c1a00pa3BUTON KOPHEBOH
CHUCTEME pacTeHUsl ToMaTa JAOJIKHBI 32 KOPOTKUM MPOMEKYTOK BPEMEHHU HAPACTUTh
OOJIBIITYIO0 BETETATUBHYIO MACCY, YTO BO3MOYKHO TOJIBKO MPU ONTUMAIBHON BJIQXKHOCTH
MOYBHI U AKTUBHOM NOTPEOJICHUH HEOOXOAMMOr0 KOJMYECTBA SJIEMEHTOB MHUHEPAIIb-
HOro nuTaHus [3—5].

BaxxnelmmM pecypcoM JaTbHEMIIIErO pa3BUTHSI CENIBCKOTO X03sHcTBa Poccuiickoit
Odenepanun SBISAIOTCS OpolaeMbie 3eMii. Bonrorpaackas 001acTe — OIMH U3 KPYII-
HBIX PErMOHOB OPOIIAEMOTO 3eMJIC/ICNNS Hallle cTpaHbl. [IpakTiuecku Bce OBOIIEBO/I-
CTBO B 00JIaCTH BEJICTCS Ha TOJMBHBIX 3eMIsX [6—S].

B oBomeBouecknx xo3sicTBax Bonrorpaackoi o6iactu 60bIoe 3HAYCHUE TIPH-
JIae€TCSl OCBOCHHIO AKOJIOTMUECKH 0€30MaCHBIX TEXHOJOTUIA U TEXHHUYECKUX CPEACTB
MOJINBA, K KOTOPBIM OTHOCHUTCSI KaleJIbHOE OpPOIIeHHE. ITOT CIIOCO0 TO3BOJISAET MOJI-
JIEp>KUBATh B TIOYBE OJIATOMPUATHBIN BOJHO-BO3AYIIHBIN PEKUM 0€3 TOBEPXHOCTHOTO
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¥ BHYTPHIIOYBEHHOTO CTOKOB OPOCHTENBLHON BOJIBI [9]. HeoOXoanMmeblii ypoBeHb yBIaX-
HEHUs [IOYBBI B COYETAHUM C BHECEHHEM PACUETHBIX 703 MUHEPAJIbHBIX yA00peHUH
B TEUEHHUE BErETALMOHHOTO IIEpHo/ia 0OeCTIeunBaeT MoydeHHe IUIaHUPYEMbIX YPOXKaeB
OBOIIEH, B T.4. U ToMarta. Mcxons u3 cooOpaxeHHH MOAIEePKaHUs SKOJIOTHUECKOT0, KO-
HOMHYECKOTO, COIIMAIBHOTO PABHOBECHS M CTAOMIBHOCTH, OJJHA U3 OCHOBHBIX 337a4 OpO-
IIAEMOT'0 3€MJIC/ICTHS COCTOUT B TOM, YTOOBI HCIIOIB30BaTh KaXkKIbI KyOMIECKUH METp
OPOCHUTEIJIFHOH BOJIBI, PACXOyeMO Ha IOJIMB CeIbCKOXO3SHCTBEHHBIX KyJIbTYp, Handomee
s dextuBHo. Hapsay ¢ 3TUM HCIIOIB30BaTh OpOLIaeMbIe 3eMIIN 1IeJIec000pa3Ho, Mpexkae
BCCro, I1oJ1 ICHHEIC, BI)ICOKOpeHTa6eJ'IbHI>IC KYJIbTYPBI, K YUCIY KOTOPBIX OTHOCHUTCS TOMAT.
BoponoTrpebnenne pacTeHui 1 MUHEPAIbHOE TUTaHNE TECHO B3anMocBs3ansl [10].

[TpuMeHeHne TOIBKO OJJTHOTO OpOIICHUs 0e3 MPUMEHEHHUsT YJOOPEHH HE OKaXeT
IIOJIOKUTENIBHOTO BIIMSHUS HA POCT, Pa3BUTUE U IPOJYKTUBHOCTD PACTEHUIA.

®epTuranus sBisieTcs Haubosee dPPEKTUBHBIM U YIKOHOMHYHBIM CTIOCOOOM
JIOCTaBKU ITUTATEJIbHBIX BEILECTB K KOPHEBOM CUCTEME PACTEHUM U MTO3BOJIET M10JIy4YaTh
OoJiee BBICOKHI yposKail M0 CPaBHEHUIO C IPYTUMH CIIOCOOaMU BHECEHUS YA00pEHHUH.
B cucremax ¢epruranum Jerko J0CTUraeTcsl ynpanBieHHe ONTUMAaIbHBIMU KOHIIEHTpa-
IIUSIMU YA0OpEHUH, UX COOTHOIIEHHWEM U 3TU MapaMeTpbl MOT'YT KOHTPOJIMPOBATHCS
B aBTOMaTnueckoM pexxume [11, 12].

[TonHbIi OTKA3 OT NPUMEHEHUs] MUHEPAJIbHBIX Y100pEHUH, KOTOPBIH HEKOTOphIE
NpeaIaraloT B Ka4eCTBE OHOTO U3 IyTeH Pa3BUTHS CEIbCKOTO X035iCTBA, HEU30EKHO
NpUBEJET K KaTacTPO(PUIECKOMY COKpAILEHHIO MPOU3BOJICTBA MPOA0BOIbCTBUS. [103-
TOMY OOJIee PAaBUIILHBIM SIBISIETCSI KOPEHHOE YITYYIICHUE TEXHOIOTUH UCTIOIb30BAHUS
MHHEpaIbHBIX YI00pEeHHH, BHECEHHE UX B ONTHMAJIbHBIX J03aX U COOTHOIICHUSX, Mpa-
BUWIIbHOE XpaHeHue. [Ipy HepaBHOMEPHOM MX BHECEHUM OJIHM PACTEHHUS MOITYYalOT
U30BITOYHOE, a APYTHE — HEIOCTATOYHOE KOJIMYECTBO MHUTATENBHBIX BEIIECTB. JTO
IPUBOJUT K HEOJAMHAKOBBIM TEMIIaM Pa3BUTHS U CO3PEBAHUS PACTEHUH, CHIXKEHUIO
ypoxasi U KauecTBa npoaykiuu. depruramusi cBOOOHA OT ITUX HEIOCTATKOB, I10-
CKOJIbKY IT03BOJIICT BHOCUTh ITUTATEIbHBIC BEIIECTBA B KOPHEOOUTAEMBbIH CII0H IOYBBI
B 33/IaHHOI pacyeTHOM J103MPOBKE BO BCE MEPUO/IbI POCTA M Pa3BUTHUS paCTEHUN TOMATa.
Texnonoruto epruray MOXKHO YCOBEpPILICHCTBOBATH 3a CUET NPOBEIEHUS JTUCTOBBIX
(HEKOpHEBBIX) IMOJAKOPMOK TOMaTa paCTBOPaAMH MHUHEPAIbHBIX yao0perwmii [13—15].

Ileap nanHOM pabOTHI 3aKiItOUaIach B U3yUYE€HUN CPABHUTENIBHOM 3P PekTUBHO-
CTH MCHOJb30BaHUsI aMMHUAYHON CEJIUTPBI, KAJIIbLIUEBOM CETUTPHI (HUTpaTa KaJbLIKs)
¥ KOMOMHAIIUY KaJbIIUEBOU CEUTPHI M XJIOPHIa aMMOHHUS 175l (pepTUrany TomaTa
B COBOKYITHOCTH C HEKOPHEBBIMH ITOJIKOPMKaMH KOMIUIEKCHBIMHM BOJIOPACTBOPUMBIMU
yIOOpEHUSMH, COJCPIKAIMMH MaKpO- U MHKPOAJIEMEHTHI, B OTKPBHITOM TPYHTE Ha OpO-
Ia€MOM CBETJIO-KAIITAHOBOM IOYBE CyXOCTEITHOM 30HBI KAaIITAaHOBBIX II0YB Bomro-
rpajcKoif obmacTu.

Martepuanbl n meToAabl

B 2016—2017 r. nHa cBetno-kamtanoBoi nouse B Y HIIL] «I opnHas [onsaa» Bo-
rOrpajickoro rocyapCTBEHHOTO arpapHOro YHUBEPCUTETA ObLITU MPOBEICHBI MOJIEBBIE
OTIBITHI 110 U3YYCHUIO (PepTUralliy TOMATa B OTKPHITOM IPYHTE B COUCTAHHH C JIUCTO-
BbIMU nojikopMKamMu NPK 1 MukposieMeHTamu, BKIIOUAOIIME BAPUAHTBI, PUBECH-
HbIE B Ta01. 1.

Cxema mocagku u3o0pakeHa Ha puc. 1. KoamnyecTBO BBICAKEHHBIX PACTCHHMA
Ha 1 ra coctaBmiio 28 000 miT.
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Tabnvua 1
BapuaHTbl noneBoro onbitTa No udy4yeHuio apdpekrupHocTn pepruraumm
N HEKOPHEeBbIX NOAKOPMOK TOMaTa B OTKpbITOM rpyHTe YHIL, «F'opHas MNonaHa»

Ne BapwnaHTbl N0NeBOro onbita

1 depTuUraums aMMmmadyHom CENNTPONn

2 depTuraums aMMmmadHom CeENNTPON

+ nuctoBast nogkopmka NPK 18 : 18 : 18 + mmkpoanemeHTbl B daldy akTneHoro pocta (0,6% pactsop,
300 n/ra)

+ nuctoBas nogkopmka NPK 10:5:40 + MukpoanemMeHThl B $dasy LiBeTeHns — nnogoobpa3oBaHms
(0,6% pactBop, 300 n/ra)

3 cDepTI/IFaLI,VIFl HUATPATOM KaJibL A

4 depTuraums HUTPATOM KasbLms

+ nnctosas nogkopmka NPK 18:18:18+ mukpoanemeHTsl B dasy aktnsHoro pocta (0,6% pactsop,
300 n/ra)

+ nuctoBas nogkopmka NPK 10:5:40 + MukpoanemMeHTbl B a3y LIBETEHMS-M104006pa3oBaHns
(0,6% pactBop, 300 n/ra)

5 depTurauns HATpPaTOM Kanbuns A0 Gasbl uBeTeHns — o6pasoBaHus Naoaos (1—4 dpepTuraummn)
+ depTuraums HUTPATOM KasibLus U XTIOPUAOM Kanusl, HaunHas ¢ ¢asbl LBeTeHMs — 06pa3oBaHUs

nnopos (12,7 kr Cl/ra, 16,9 kr K,0) (5—6 depTuraumm)

6 depTurauns HATpaTOM Kanbuns 0 Gasbl uBeTeHnss — obpasoBaHus Nnoaos (1—4 depturaumn)
+ depTuraums HUTPATOM KasibLMS U XJIOPUOOM Kanus, HaumHas ¢ pasbl LBETEHNS — o6pa3oBaHus
nnonos (12,7 kr Cl/ra, 16,9 kr K,0) (5—6 depTurauunn)

+ nuctoBast nogkopmka NPK 18 : 18 : 18 + mmkpoanemeHTbl B daldy akTneHoro pocta (0,6% pactsop,
300 n/ra)

+ nuctosas nogkopmka NPK 10:5:40 + MukpoanemMeHTbl B a3y LIBETEHMS-M104006pa3oBaHns
(0,6% pactBop, 300 n/ra)
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Puc. 1. lMpuHuunuansHas cxema CUCTEMbI KarnesbHOro OPoLLEHUS
B MNoneBoM onbiTe ¢ Tomatom B YHIL, «opHas MNonsHa»
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Jlns oMBa TOMaTa UCIOJIb30BajIach CHEMaIbHO CMOHTUPOBaHHAs CUCTEMa Ka-
neabHOro opomeHus. [1onuBbI TPOBOMMIIN [UTS TTOJIEPKAHUS TIPEATIOIMBHOTO TTOpOTra
BJIQXKHOCTH IIOYBBI B aKTUBHOM cJioe Ha ypoBHe 80% HB. BnaxxHocTs mouBel onpe-
JEJSITA TEPMOCTATHO-BECOBBIM METOJIOM, a TAK)Ke KOHTPOJIMPOBAJIH ITPHU MOMOIIH TEH-
3uomeTpos [11].

Hccnenyemslit copt TomaTa [TofapouHblii BeICaKMBAIM 1OCIIE TPeIIIeCTBEHHUKA
caiop KpacHiIbHBIH, KOTOPBIM OTHOCHTCS K CEMEHCTBY CIIOKHOLIBETHBIE, TI0 XapaKTepy
UCTIOJIb30BaHMS — K TPYIIIE MACINYHBIX TEXHUYECKHUX KYJIBTYP.

[Tocne y6opku cadiopa KpacUIbHOTO B aBI'yCT€ MPOBOIUIIH JYIIEHHE CTEPHU
C TIOCTIEAYIONIECH BCTIAIIKOW YH3EIIbHO-OTBAJIBHBIME pabounMu opranamu PaH4yo Ha riy-
ouny peixienus 0,38...0,40 M ¢ o6oporom miacta Ha rayouny 0,20...0,22 m.

BecHoli nocieoBaTebHO IPOBOJMIN TOKPOBHOE OOPOHOBAHHE, KYJIbTHBALIUIO
10 Mepe OTPACTAHUS COPHSAKOB U MPEINOCEBHYIO KyJIbTUBAIIMIO MIEPE]] BHICAIKON pac-
cajibl C JIOKAJIbHBIM BHECEHHEM KOMIUIEKCHOTO MUHEpAJILHOrO yno0peHus azodocka
16.16.16 mo3oii 200 kr/ra, 1,4 Kr/nensHKy.

I'padux npoBenenus pepruranuii Tomata [lo1apodHbIii B OJIEBOM OIBITE:

1) Beicagka paccaanl — 19 mas;

2) nepsas depruranus — | HroHS;

3) Bropas depruranus — 9 UIOHS;

4) nucroBas MOAKOPMKA B (Da3y akTUBHOTO pocTa ToMata — 13 uroHS;

5) TpeThs pepruranus — 14 uroHs;;

6) uetBepras dpepruramus — 20 uroHS;

7) nucToBas MOAKOPMKA B a3y IBETEHUS-TUIOA000pa30oBaHmst —27 UIOHS,

8) msaras dpepruranys — 28 UIOHS;

9) mecras gpepruranus — 4 UOs.

Pe3ynbTaTbl NCCNepoBaHnn

Bricamka paccasibl B OTKPBITBIN TPYHT POBOMIACH BO BTOPOM Jiekaie Masi. B Te-
YeHUE HeJIeTH paccajia MpHKUBaiack. [[poBoAMINCH KaK AOMOCAI0YHBIN, TaK U TOCTIe-
TIOCAIOYHBIA TMOJIMBBI, HEOOIBIIMMHU MTOTMBHBIMUA HOpMamu §0...100 m>/ra. Benenctue
XOPOIIIETO Pa3BUTHS PaCTCHUH yke depe3 12...16 mHei Obl1o 0TMEUeHO 00pa3oBaHue
[[BETOYHBIX KUCTEH MO HEKOTOPHIM BapHaHTaM, a (pa3a BETEHHsI BO BTOPOU JeKaje
WIOHS 3a()MKCUPOBaHA HAa BCEX BapHUaHTaX.

Takum oOpa3oM, EpPHOJ OT TMOCAJKH JO I[BETCHHS [0 BapUaHTaM COCTABHJI
36...37 nueii. [lepuoa ot BETEHUS 10 TUIOI000pa30BAHUS POIOIIKATICA OT 7 10 8 JHEH.
Bypas cnenocth mi1o10B oTMeueHa yepe3 64...65 naeit. [lepros ot momoodpa3oBanus
JIO TIOJTHOM CTETIOCTH COCTaBMII 1O copTam oT 42 1o 44 nHeit. KonudecTBo mpoBeIeHHBIX
cOOpOB — MATh.

Hata nociennero coopa — 5 ceHTsa0ps. [locnme 3aBeprieHus BereTaimOHHBIX
TMIOJIMBOB PACTEHUS TOMATOB U B KOHIIE BTOPOM JE€KaIbl CEHTSOPS OCTaBaJIMCh B XOPOIIIEM
COCTOSIHMH, aKTUBHO IIBEJIM, TUIOJOHOCWIA U (POPMUPOBATIN 3HAYUTEIBbHBIN ypoxkKail
TUTO/IOB: 3€JICHBIX, OYPBIX M KpacHbIX. [IpOA0IDKUTEIPHOCTh BETETAIIMOHHOTO TIeproia
M3y4aeMbIX COPTOB TOMAaTa, TAKUM 00pa3oM, MOKET OBITh YCJIOBHO MPHHATA B CPEIHEM
paBHo# 110 gasIM.

JlarHbIe 00 3THX MMOKAa3aTeNsIX MPUBEICHBI B Ta0I. 2.
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Tabnmua 2
AaTtbl HacTynneHusa peHonornyeckux ¢pas pasesuTua Tomarta
OcHoBHble peHonornyeckme ¢asbl Tomarta
BapuanT onbita Buicagka | O6pasosa- Hauano Mnopoo6pa- Hauano Maccosoe
paccagbl | HMe 6yTOHOB | LBETEHUs 30BaHne CcOo3peBaHus | co3peBaHne
1. AMMnayHas 19 mas 19 nioHsa 26 vtoHsa 4 nions 23 nionsa 15 aBrycra
cenntpa
3. Hutpar kanbums 19 mas 18 nions 25 nions 3 nions 23 vions 16 aBrycra
5 Hwutpat kanbuus 19 mas 19 nionHs 25 nioHsa 2 nions 22 viions 15 aBrycra
+ xnopua, kanus
Tabnvuya 3

BnusHue nporpamm ¢pepTuraumm 1 HEKOPHEBbIX NOAKOPMOK
Ha 9P PeKTUBHOCTb NUCNOJIb30OBaAHUA BOAbI pacCTeHAMU copTa Tomarta NMogapoyHbiii
(cpepHee 32 2016—2017rr.)

BapwuaHT | ATmocdep- | Opocu- | Mcnonb3osaH- > O6was Koadpduune | ddpdekTnBHOCTL
onbiTa | Hble 0OCaAKW | TenbHas | Hasi pacTeHu- YPOXaNHOCT | HT BOAOMO- | MCMNOMb30BaHNSA
HopMa MK Bnara b MnoaooB, | Tpebnenus, | BoAbl, Kr/ra/Mm
13 MOYBbI T/ra m/T
Ms/ra

1 276 5906 68,5 86,2 115,9

2 264 5894 69,2 85,2 117,4

3 213 5843 71,6 81,6 122,5

4 1430 4200 227 5857 72,8 80,5 124,3

5 245 5875 89,4 65,7 152,2

6 251 5881 103,6 56,8 176,2

3a BpeMmsi BereTaluu MpoBeIeHbl 2 PYyYHBIE TPOIIONIKU U 6 MEXKITYPS/IHBIX KYJIbTH-
Bauui. [y 3a1MTHI pacTeHU TOMaTa OT BPEAHBIX MATOI€HOB OCYIIECTBIISIIN XUMHU-
YyecKkre 00paboTKu (GYHTHUIHIAMU MPOTHUB OOJIE3HEH W MHCEKTUIMIaMU MPOTHUB BPEIH-
TEJIEH.

Jnst noaiep kaHus MPEANOIMBHOM BIAaXXHOCTH B PaC4eTHOM ciioe moussl 0,5 M
Ha ypoBHe 80% HB B TedeHue BeretanioHHOTO MepUoja Ha MOCaAKaxX ToMara ObLIO
nposeaeHo 34 moiusa obmiei opocurensHoi Hopmoii 4200 m*/ra (Tabun. 3). Ilpuxon
BJIATHM OT OCAJKOB COCTABWJI 3a Beretanuio 143 mm wiu 1430 m’/ra. Ucnonp3oBanue
3aIacoB MOYBEHHON BJIAIU PACTEHUSMHU TOMATa paBHsIoCh 213...276 m*/ra.

AHanmM3 CTPYKTYpBI ypoKasi TOMaTa CBHIIETEILCTBYET O TOM, YTO MHHUMAJILHOE
KOJIMYECTBO TUI0/I0B Ha KycTte (20 mT.) co cpenneit maccot 122 r popmupoBanoch
B IIEPBOM BapuaHTe C¢ (pepTuraiueil aMMUayHo cesuTpoit 0e3 MpoBeAeHHsI HEeKOpHe-
BBIX MOJKOPMOK. MakcumainbHble ke mokasarenu (26 mr. 1 142 T coOTBETCTBEHHO)
OBbUTH TIOJTy4YeHBI B TIOCIIEIHEM BapHUaHTe, e Uil (hepTUralyy NPUMEHSIIOCh COYETaHNE
KaJIbLIMEBOM CEIUTPHI U XJIOPHIA AMMOHUS M OCYIIECTBIISUTUCH HEKOPHEBBIE MOJIKOPMKH
KOMIUIEKCHBIMHU BOJIOPACTBOPUMBIMH YI00PEHUSMHU.

BapuanTs! omnbITa co BTOPOTO IO MATHIN 3aHUMAIIA TPOMEKYTOUYHOE MOJIOKEHHUE,
IJle CpefHee KOJIMYECTBO IUIOJ0B HAa KyCTe COCTaBIsUIO OT 22 1o 24 mrT., a uX Macca
koJiebamach ot 111 mo 133 r. (Tab:x. 4).
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Tabnmua 4
BnusiHne MnHepanbHOro NUTaHUs Ha CTPYKTypa ypoxxas TomaTta MoaapoyHbiii
(cpenHee 3a 2016—2017rr.)
BapwaHTt | CpegHee konun- | CpegHsisi macca | YpoxanHOCTb YpoxxanHoOCTb OTx0A (MOpaxeHHbIe
onbiTa 4eCTBO NJ0AOB nnoga, r CTaHAAPTHbIX HecTaHOapTHbIX | 6onesHsMK NNoAabI),
Ha KycTe, LWT. nnopos, T/ra nnopos, T/ra %
1 20 122 64,4 4.1 6
2 22 112 65,0 4,2 6
3 23 111 68,0 3,6 5
4 23 113 69,9 2,9 4
5 24 133 84,9 4,5 5
6 26 142 99,4 4,2 4
HCP,, — 14,16.

YpoxanHocTb, T/ra

120,0 103,6
89,4

100,0

71,6 72,8
80.0 68,5 69,2

60,0
40,0
20,0

0,0

1 2 3 4 5 6
BapwaHT onbiTa

Puc. 2. YpoxaiHOCTb TOMaTa no BapmaHTam onbiTa, 1/ra
(cpenHee 3a2016—2017 rr.)

B pesynbrare o01ias yposkaifHOCTb CTaHJAPTHBIX U HECTAHJAPTHBIX IUIO0B TaKXKe
Obl1a HanbOobIel Ha mectoM Bapuante 103,6 T/ra, Ha mATOM BapuaHTe Ha 14,2 T
MEHBIIIE, JaJiee [0 YPOKaiHOCTH CTaHIapTHBIX IUIOZIOB I1IeJT YeTBEPThIi BapHaHT 72,8 T/ra,
a camasi Hu3Kasi yporkaliHOCTh 3a)MKCHpOBaHa Ha MEPBOM BapuaHTe 68,5 1/ra, 4To sSBIs-
nock Ha 35,1 1/ra nim Ha 33,8% MeHbIIIe 0 OTHOILICHUIO K ILIECTOMY BapuaHTy (puc. 2).

BbiBOAbI

[Tony4yeHHbIE pe3ysIbTaThl MOATBEPKAAIOT BBIBOJbI O 3HAYUTEIBHBIX MPEUMYIIIE-
CTBax IPU UCIIOJIL30BAaHUH JUTA (PePTUTAIIMM TOMATa KAJBIIUEBON CEUTPHI MO CPaBHE-
HUIO C aMMHA4YHOM CENTUTPOIl B UCCIIEOBAHUN. DKCIIEPUMEHTHI K TOMY K€ IPOJIEMOH-
CTPUPOBAJIM, YTO BKJIIOYEHHE B TporpamMMmy (pepTUralliyl XJIOPUJIOB, a TaK)KE HEKOpHE-
BBI€ MOIKOPMKH KOMIUIEKCHBIMHU BOJAOPACTBOPHUMBIMH yIOOPEHUSIMH JAIOT e1ie Ooee
ny4mue pe3ynstarhl. [Ipu 3ToM HabmI0gaeTCsl HE TOIBKO POCT YPOXKAMHOCTH TOMATA,
HO U YJy4llIEeHHWE TaKMX KaueCTBEHHBIX MOKa3aTesiel, Kak coJiep>KaHhe PacTBOPUMBIX
CYXHUX BEUIECTB U JIEKKOCTh IJIOJIOB.
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Pe3y.HI)TaTI)I I/ICCJ'IC,ZIOB&HI/IIZ TAKKE CBUACTCIILCTBYIOT O TOM, YTO M3YUYCHHBIC CUCTEMbL

IIUTaHUA TOMAaTa, BKIIOYAOIHEC BHECCHUC C (bepTHrauHeﬁ CYIIECTBCHHBIX KOJIMYECTB
KaJdbus 1 HEOOJNBIINX KOJIUYECTB XJIOpa, HE OKa3bIBaJIN Kakoro-inoo OTpHULATCIBLHOTO
BJIMSIHHA Ha COACPKAHUC coJjel 1 cocTaB 0OMEHHEIX KATHOHOB B CBETJIO-KAIITAHOBOM
IIOYBC.
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