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PE3OME

B Peny6nuka Cbpbus oT opexonsios-
HWTE OBOLUHW BWUOBE, HaW-OTrIeXgaHn ca
opexuTe, cnefsaHn OT fewwHnun. Bunpe-
K/ TOBa, AeNbT Ha HacaxaeHuATa obxBsa-
Hatn OT Te3n BWAOBE, He e MOo-foNAm ot
4%. MNMpon3BoACTBOTO Ha Opexu uma Abl-
ra Tpagmuusa B Cbpbua 1 LWIMPOKOTO UM
NPUIOXeHNe T Npasn eanH OT LeHeHuTe
BMAOBE N040Be, a NPOW3BOACTBOTO Ha
NewHnUn HenpekbcHaTo ce YyBennyaBa
npes nocnegHute roguHn. Llenta Ha ToBa
npoyysaHe e fa ce aHanu3npa HacTtos-
LLIOTO CbCTOAHME W NepcnekTuBuM B OT-
rnexgjaHe Ha opexu v NewHnUn B ceeta n
Cobpbua 3a nepuopga 2013-2018 .
Cnopepn, FAOSTAT (2020), Cbpbus npes
2017/2018 3aema LIeCTHaAeCceToToO MSCTO B
cBeTa Mo Mnpou3BOACTBO Ha OpPEexXW, HO He
npuHagnexun B rpynata ot 25 Abpxasu B
cBeTa, npoussoAauTenu Ha newHuuyn. OT
apyra cTtpaHa, Cbpbua e Ha peceto
mMAcTo B EBpona no npou3BoACTBO Ha
opexu 1 NeTo MACTO NO NPOU3BOACTBO Ha

SUMMARY

In the Republic of Serbia of nut
species the most grown are walnuts,
followed by hazelnuts. However, the
share of plantations covered by these
species is not larger than 4%. Walnut
production has a long tradition in Serbia,
and its wide range application makes it
one of the appreciated fruit species, while
hazelnut production has been steadily
increasing over the last years. The
objective of this study was to evaluate
analysis of the current state and
prospects of walnut and hazelnut growing
in the world and Serbia, for the period
2013-2018. Based on the FAOSTAT
(2020), Serbia in 2017/2018 take the
sixteenth place in the world by walnuts
production, while it does not belong to the
group of 25 countries in the world that are
most important in the production of
hazelnuts. On the other hand, Serbia
ranks tenth in Europe in the total
production of walnuts, and fifth place by
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newxuymn.  Cnopep  ctatucTuyeckara
cnyx6a Ha Peny6nuka Cvpbus (2018 r.),
B Cbpbus opexbT ce oTrnexaa Ha OKoso
1.53%, a NnewHnKLT Ha okono 2.4% ot
obLwiara nsoLy Ha OBOLHUTE rpaguHu. B
nepuoga 2013-2018 r. npou3BOACTBOTO
Ha opexu B Cbpbus sapupa ot 19 058
ToHa (2013 r.) go 9. 272 ToHa (2018 r.),
JoKato Mpou3BOACTBOTO HAa  JIEWHUK
HenpekbCcHaTO ce yBenuyasa - OT 3.366
ToHa npe3 2013 r., oo 5.488 ToOHa npes
2018 r. Kato usno B Cbpbus ce Habnto-
JaBa HamanieHue B 06LLOTO MNPOU3BOA-
CTBO Ha Opexwu 3a TO3u nepuog, [0KaTo 3a
CbLLUMA NEPUOA UMa YBENNYEeHNe B NPous-
BOZCTBOTO Ha NELLHNLW.

KnrouoBu AyMn: Penybnuka
Cbpbusi, opexu, NewHnUn, CBETOBHA,
npoAyKuus

YBO/,

OBOLWWAPCTBOTO €  U3K/NHYMUTENHO

neyesnvBLL N BaXEH OTpach/ 3a pas3suTue-
TO Ha CeJicKoTO CTOMaHCTBO B Penybnvka
Cbpbus. Mnononpov3ssBoACTBOTO NpeacTas-
nsBa okono 11% ot obujara CTOMHOCT Ha
cesickocTonaHckaTa npoaykuust B Cbpous u
3aefHO C niogoBuTe Mpoayktn uma 17%
OAn OT M3HOCa Ha CesiCKOCTONaHCKW Mnpo-
ayktn (CTpaTerus 3a passuTUe Ha 3eMefe-
JINETO U PasBUTME Ha CENICKUTE panoHn Ha
Peny6nvka Cbpbusa 3a nepuoga 2014-2024).
[Hec nma Bce No-ronsiMm MHTepec KbM Npo-
M3BOACTBOTO Ha AAKW, KOETO MOXe Aa ce
065iCHU C [06pUTe YCNOBUS Ha BbTPELLHNS
n MexayHapogHus nasap. Cbpbus uma
61aronpusATHY  KIMMATUYHU U NOYBEHU
YCNOBUSA 3@ WHTEH3MBHO MPOW3BOACTBO Ha
Te3n OBOLLUHW BMAOBE, HO HACTOSALLOTO MNpo-
W3BOACTBO € He[OoCTaTbyHO, 3a Aa OTro-
BOPY Ha HYXAMUTe Ha cTpaHaTa, Tbil karto
ocurypsisa no-manko ot 50% ot HaumoHasn-
HUTe Hyxau (Paunovi¢ and Mileti¢, 2013).
MpuunHaTa 3a TOBa € reHepaTUBHOTO pas-
MHOXaBaHe Ha Opex OT ecTeCTBEHW nonyna-
LMK Npe3 NoCNeHNTE HSIKOSIKO AeceTuneTus,
KOeTO BOAM [0 Ha/MuMeTo Ha nonyniauym ¢
nofyepTaH crneuudvyeH NoMMopU3bM.
EovH oT mMeToauTe, M3MNO0/3BaHu 3a
nofobpsisaHe Ha NPOU3BOACTBOTO Ha ope-

production of hazelnuts. According to the
Statistical Office of the Republic of Serbia
(2018), in Serbia, walnut is grown at about
1.53%, and hazelnut on about 2.4% of the
total orchard area. In the period
2013-2018, production of walnut in Serbia
varied from 19,058 tonnes (2013) up to
9,272 tonnes (2018), while production of
hazelnut is continuously increased — from
3,366 tonnes in 2013 to 5,428 tonnes in
2018. Generally, in Serbia there was a
decrease in total production of walnuts for
this period, while for the same period
there was an increase in production of
hazelnuts.

Key words: Republic of Serbia,
walnut, hazelnut, world, production

INTRODUCTION

Fruit growing is a highly profitable
and important development branch of
agriculture in the Republic of Serbia. Fruit
production represents about 11% of the
total value of Serbia’s agricultural production
and, together with fruit products, have a
17% share of the agricultural product export
structure (Development Strategy of Agriculture
and Rural Development of the Republic of
Serbia for the period 2014-2024).

Today, there is a growing interest in nut fruit
production, which can be explained by good
domestic and international market
conditions. Serbia has favourable climatic
and soil conditions for intensive production
of these fruit species, but current production
is insufficient to meet the country’s needs,
as it supplies less than 50% of national
requirements (Paunovi¢ and Mileti¢, 2013).

The reason for this is the generative
propagation of walnut from natural populations
over the last several decades, resulting in
the presence of populations having
pronounced biotype-specific polymorphism.

One of the methods used to improve
walnut production in Serbia is grafting.
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xn B Cbpbus e npucaxpaHeTo. Mpucaxaa-
HETO Ha Opex € MHOTO C/IOXEH W CKbM Mpo-
Liec, B CpaBHeHWe C NoBeyvyeTo ApYri OBOLLI-
HW BWAOBE, NMOpPan HUCKWUA TeMN Ha obpa-
3yBaHe Ha Kaslyc 1 He3af0BosIMTesIeH Mpo-
LIEHT Ha yCrneBaeMoCT Ha NpucaxaaHeTo oT
60 0o 80%, OokaTo NPOUEHTBLT Ha pascaf-
HUTe pacTeHus oT knac 1 e easa 50-60% ot
6posi Ha npucageHuTe noanoxkn (Paunovic,
2010; Paunovi¢ et al., 2011). MNpucaxagaHeTo
Ha NewHnuM e no-pagko msnonssaHa cop-
Ma 3a pasMHOxasaHe B Cbpbusa, nopaau
TEXHUYECKUTE N eKOIOTVYHU U3NCKBAHWSA MO
BpeMe u cnefn npucaxgaHeto (Miletic,
2017). Opyra npuunHa 3a HeJoCTaTbyYyHOTO
NMPOV3BOACTBO Ha Opex W JIELLHWK, BbMPEKN
61aronpUATHUTE arpoeKkosIorMYHN YC10BUS,
e [ObArvaT nepuog, OT WHBECTMpaHe [0
Mb/iHaTa JOXOAHOCT U Bb3BPBLLLAEMOCT Ha
WHBECTULUMWTE, OT neta O OcMma roguvHa.
Tpsbea fa ce otbenexu obauye, ye npes
nocnegHute roguHn B Cbpbus ce Habnto-
[JaBa 3acuneH MHTepec KbM NpPou3BOACTBO-
TO Ha Opexu W NewHULK, Thid KaTo Abpxa-
BaTa CTUMy/Mpa Cb34aBaHETO Ha HOBU Ha-
caxeHVa ype3 npepocTaBsHe Ha cyocw-
OVUn 3a 3aKyrnyBaHe Ha rnocafbyeH mare-
pvian, noaxofAlM HanouTeHU CUCTEMU U
ce/fickocTonaHcka TexHunka. CbLuo Taka, Lwin-
pokata ynoTpeba Ha Opexu W fielHUuM B
XpaHeHeTo, MeamumHaTa 1 XpaHuTe, Kakto
1 B AbpBOAOGMBHATA U KOXEHAaTa NPoMULL-
NEeHOCT W MpaBu eayH OT Hali-ueHeHuTe
BngoBse. OpexonnoJHuTe B1goBe ca boratu
Ha ubpn, BUTAMUHN N MUHEPETM U MHO-
robpoiHn  UToXMMMKaKM, nogobpsBalm
3gpaseTo. KaTo usno Te cnomarar 3a 3a-
lWyTa OT 6ONECTM N pakoBM 3ab0sBaHUS,
HamasisiBaT pucka OT CbpfAeyHu 3abosisBa-
HWs, NogobpsaBaT Mo3byHaTa OYHKUMS, HU-
BOTO Ha XOJIeCTepon U TpUrnLepuauTe B
KPbBTa U OCUrypsiBaT HOPMaUTHU COYHKLMK
Ha TanoTo (Cerovi¢ et al., 2006; Taha 1 Al
wadaan, 2011; Pourfarzad and Mehrpour,
2017). Kato ce umar npeasu U3kiouuTes-
HO 61aronpUATHUTE KIMMAaTUYHW U NOYBEHU
ycnosus B Cbpbus 1 ronsiMoTo 3HayeHune
Ha opexonsofHuTe, e HeobxoaMmo fda ce
npeMviHe KbM Cb3[aBaHe Ha HOBWU VHTEH-
3/BHM HaCaKAEHUsI OT OpPexyu N NeLHULM

Walnut grafting is a very complex and
expensive process compared to most other
fruit species, due to the low rate of callus
formation and unsatisfactory percentage of
grafting success of 60 to 80 %, while the
percentage of class 1 nursery plants of as
low as 50-60% of the number of grafted
rootstocks (Paunovi¢, 2010; Paunovic et al.,
2011). In terms of hazelnuts, grafting
hazelnuts is a less frequently used form of

propagation iN Serbia, due to technical and
environmental demands during and after
grafting (Mileti¢, 2017).

Another reason for insufficient production of
walnut and hazelnut, even apart from
favourable agro-environmental conditions, is
a long period from investing until the full
yield and investment return, from fifth until
eighth year. However, it should be noted
that in the last years an increased interest
in walnut and hazelnut production were
observed in Serbia, as the state
stimulates the establishment of new
plantations through enabling subsidies
through procurement of planting material,
appropriate  irrigation  systems  and
agricultural machinery.

Also, the wide range of walnut and
hazelnuts application in nutrition, medicine
and food, as well as timber and leather
industry makes them one of the most
appreciated fruit species. Nut fruit species
are rich in dietary fiber, vitamins, and
minerals, and packed with numerous health
promoting phyto-chemicals. Altogether, they
help protect from diseases and cancers,
reduce risk of heart disease, improve brain
function, blood cholesterol and triglycerides
and ensure normal body functions (Cerovié¢
et al., 2006; Taha and Al-wadaan, 2011,
Pourfarzad and Mehrpour, 2017).

Considering the extremely favourable
climatic and soil conditions in Serbia and
the great importance of nut fruit, it is
necessary to progress towards setting up
new intensive plantations of walnuts and
hazelnuts with contemporary assortment
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CbC CbBPEMEHEH acCOPTUMEHT W Pa3BUTU
TEXHO/I0TUM 3a OTINeXAaHe.

Mpon3BoACTBOTO Ha OpexXu n
NewHnun B cBeTa

TbpceHeTO Ha Opexu e HeorpaHu-
YEHO KaKTO Ha BbTPELUHWS, Taka 1N Ha MeX-
AyHapoaHUst nasap, Tbil KaTo LUMPOKOTO
My MPUIOXKEHWe TO MpaBu €AuH OT Hali-
LeHeHute Bugose nnopose. Cropen FAO
OpexbT e cTpaTernyecknm Buf, 3a XpaHeHeTo
Ha yoBeKa W e BK/0YeH B cnmucbka Ha FAO
KaTo nMpropuTeTHa KynTypa 3a OTr/exAaaHe.
BMCOKOTO CbAbpXaHue Ha MasHUHU U
NnpoTenHW, Kakto U BuTamunH C, onpenens
opexa Kato xpaHaTa, C BaXHa ponsa 3a
XpaHeHeTo Ha HaceneHve B ceeTa. Cbll0
Taka BaXHO MpeguMCTBO Ha oOpexa e
OBbNTUAT XUBOT Ha AbpBeTarta, BKIHUNTE/THO
ObNrYa NPOAYKTUBEH Nepuos.

Bb3 ocHoBa Ha FAOSTAT (2020)
npe3 2017/2018 r. rno6anHOTO NPON3BOACTBO
Ha opex e oueHeHo Ha 3 829 626 ToHa CbC
cpeneH pobwus ot 3,489 kg/ha, koeTo nokas-
Ba ybeautenHa TEHAEHUMS Ha pacTex, Ha-
6nofaBaHa npes npegxogHute 10 roguHw.
[JaHHuTe, cbObpaHn OT BCUYKN KOHTUHEHTH,
nokassar, ye Asud e nvaep B NpPou3BOS-
CTBOTO Ha opexu (2 622 993 ToHa), cren-
BaHa oT Amepuka (820,129 ToHa). Ha TpeTo
MACTO e EBpona ¢ 346 862 ToHa, gokarto
Hail-MasIKoTO MpOM3BOACTBO € B Adipuka
(36 992 TOHA) U OkeaHus (2650 TOHa).
Kutaii n CbeamHeHute wWATKM ca Haid-
[obpuTe cTpaHu Npou3BoavTENN B CBETA,
KOUTO CbOTBETHO MNpeacTasnsasar 42% wu
29% (durypa 1). Kutail e Hai-ronemusT B
cBeTa npoussoauTen Ha opexu ot 1 925 403
TOHa U1 ¢ 06L, fo6us ot 3 930 kg/ha, agokaTo
CAL ca Ha BTOpO MACTO € 571 526 TOHa
NpoAyKUMA 1 cpefeH fo6ms ot 4 217 kg/da.
CrtpaHute ¢ Hag 100 000 ToHa OpexoBO
npouseoAcTeo ca MpaH (12% wnn 349,192
ToHa), Typuus (6% wnm 210 000 TOHa),
Mekcuko (4% vnnn 147,198 ToHa) 1 YKpaiiHa
(3% wnn 108 660 TOHa), AokaTo Cbpbus
3aema LUecTHafeceTo MACTO C NPOW3BO4-
CTBO OT 12 276 TOHa W cpefeH Aobus oT
3712 kg/ha (FAOSTAT, 2020).

JNlellHNKBT e eiHa OT BaXxHUTe ope-

and growing technologies developed.

Walnut and hazelnut production
in the World

Demand for walnuts is unlimited on
both domestic and international markets,
because its wide range application makes
it one of the most appreciated fruit species.

According to FAO, walnut is a strategic
species for human nutrition and has been
included in the list of FAO as a priority crop
to cultivate. High fat and protein content,
as well as vitamin C determines walnut as
the food that plays an important role in the
nutrition of the world population. Also, an
important walnut advantage is the long life
of the trees, including the long productive
period.

Based on the FAOSTAT (2020), in
2017/2018, global walnut production was
estimated at 3,829,626 tons with an
average vyield of 3,489 kg/ha, which
indicates a consolidating growing trend
observed over the previous 10 years. Data
collected from all continents show that Asia
is the leader in walnut production
(2,622,993 tonnes), followed by Americas
(820,129 tonnes). In the third place is
Europe with 346,862 tonnes, while the
smallest production is in Africa (36,992
tonnes) and Oceania (2,650 tonnes). China
and United States are the world’s top
producing countries, accounting for 42%
and 29%, respectively (Figure 1). China is
the world's biggest producer of walnuts of
1,925,403 tonnes and total yields of 3,930
kg/ha, while United States is second with
571,526 tonnes of production, and average
yield of 4,217 kg/ha. Countries with over
100,000 tonnes of walnut production are
Iran (12% or 349,192 tonnes), Turkey (6%
or 210,000 tonnes), Mexico (4% or 147,198
tonnes) and Ukraine (3% or 108,660
tonnes), whereas Serbia takes the sixteenth
place with walnut production of 12,276
tonnes, and average yield from 3,712 kg/ha
(FAOSTAT, 2020).

Hazelnut is one of the important
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XOMI04HWN KyNTypy B cBeTa. Toli e Lmpo-
KO M3M0N3BaH KakTo B XpaHUTETHO-BKYCO-
Bara MPOMWLL/IEHOCT, Taka U B JOMaKUH-
CTBOTO nNopagy CBOUTE XPaHUTESTHU W
apomaTHu cBoiicTBa. JlewHuuute ca 6oraT
M3TOYHMK Ha MHOXEeCTBO OCHOBHMW Xpa-
HUTE/THN BeLLecTBa, CbAbpXaly roassMo
KO/IMYEeCTBO MPOTEWHU, XpaHUTENHNU nb-
pu, BUTaMUHW 1 MUHEepanu, nopasn Koeto
TbPCEHETO Ha JelHNUN B CBETOBEH Ma-
wab HapacTBa, koeTo ro npasu pgedu-
LMTHa CTOKa.

CBETOBHOTO NPOM3BOACTBO Ha flell-
HUUM npe3 2017/2018 r. e 1 006 178 ToHa
c pobus ot 1497 kg/ha (FAOSTAT, 2020).
[aHHuTe cbOpaHn OT BCUYKU KOHTUHEHTU
nokassar, 4ye A3usa e nuaep B NPou3BOL-
CTBOTO Ha NewHuumn (792 164 ToHa), cnep-
BaHa OT EBpona 3a 166 481 ToHa, AMepu-
Ka ¢ 47 355 TOHa, AOKaTO Haii-mankoTo
npoun3BoAcCTBO € B Adpuka (177 ToHa).

. Chile Uzbekistan Fri
Ukraine
108 660 81,163 40
Mexico

147,198

®dur. 1. NpomnsBoaCTBO Ha oOpexun B
cBeTa (TOH)

Fig. 1. Production of walnutin the
World (tonnes)

Bbnpeku ronemms 6poii ctpaHn npo-
n3BoAUTENY, JellHKoBaTa Kyntypa Bce
Ollle e KOHUeHTpuMpaHa B ABe cpegnsem-
HOMOPCKM cTpaHu, Typuwms (651130 67% unu
675 000 TOHa) 1 NTtanma (6m3o 20% wim
131 574 ToHa), nokpusaiikn Hag 80% oT
CBETOBHOTO MPOWM3BOACTBO, CrieABaHa oOT

tree nut crops in the world. Hazelnut fruit
is widely used in both the food industry
and household on account of its nutritive
and aromatic properties. Hazelnuts are a
rich source of numerous essential
nutrients, containing high amounts of
protein, dietary fiber, vitamins and
minerals, due to which the worldwide
demand for hazelnuts is on the rise,
making it a deficient commodity.

World production of hazelnuts in
2017/2018, was 1,006,178 tonnes with a
yield of 1,497 kg/ha (FAOSTAT, 2020).
Data collected from all continents show
that Asia is the leader in hazelnut
production (792,164 tonnes), followed by
Europe for 166,481 tonnes, Americas with
47,355 tonnes, while the smallest
production is in Africa (177 tonnes).

Georgia Chile Iran Spain
China 18,325 _115,845
27,044 TA
USA &
29,030

dur. 2. NMponsBoACTBO Ha JieWHNUN B
cBeTa (TOH)

Fig. 2. Production of hazelnutin the
World (tonnes)

In spite of the high number of
producing countries, the hazelnut crop is still
concentrated in two  Mediterranean
countries, Turkey (nearly 67% or 675,000
tonnes) and ltaly (nearly 20% or 131,574
tonnes), covering more than 80% of the
world production, followed by Azerbaijan,
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AzepbaiigpkaH, CALL, Kutan un [py3sus
(Purypa 2). /lelWwHWKLT ce npov3eexga 1 B
Yunu, UpaH, icnaHna n dpaHums, HO Tesun
CTpaHy HAMaT ronsMo MpPOW3BOACTBO, Tbil
KaTo e nog 20 000 ToHa. Cbpbus He npu-
HaZ/1exun KbM rpynara ot 25 cTpaHu B cBe-
Ta, KOUTO Cca Hali-BaXHW B MPOM3BOACTBOTO
Ha newwHnUm cbe ceonte 4 193 ToHa.
OpexwuTe ce oTriexgar B MHOMo pas-
JINYHW eBPONENCKN CTPaHn, HO BoeLLmTe
npoussoguTeny B EBpona ca YkpaliHa u

PyMmbHUA (durypmn 3 u 4).

USA, China and Georgia (Figure 2).
Although hazelnut is also produced in Chile,
Iran, Spain and France, these countries do
not have a major production because
production is below 20,000 tonnes. Serbia
does not belong to the group of 25 countries
in the world that are most important in the
production of hazelnuts with 4,196 tonnes.

Walnuts are grown in many
different European countries, but Europe’s
leading producers are Ukraine and
Romania (Figures 3 and 4).

Italy Serbia
12,332 12'28
Moldavi |

13706 N\l

dur. 3. lNpousBOACTBO Ha Opexu B
EBpona (ToH)

Fig. 3. Production of walnut in Europe
(tonnes)

04MWHOTO NPOM3BOACTBO Ha Opex
B €Bponelickute CcTpaHW 3a nepuoga
2013-2017 r. ce e yBenmuuio ot 341 162
TOHa Ha 346 862 TOHa. YkpaiHa e
BoZellata cTpaHa No MNpoM3BOACTBO Ha
Opexwm, KOATO Bb3/m3a Ha 108 660 ToHa u
npeactasnsasa 31.33% oT 06LLOTO NPouU3-
BOZCTBO Ha opexu. B nbpBuTe NeT cTpaHu
no npou3BOACTBO Ha Opexu ca Cbluo
PymbHua (43 720 ToHa), ®paHumsa (40
683 TOHa), Mbpuma (28 000 ToHA) M
FepmaHna (18 415 TOHA), KOMUTO npepa-
ctasnaBar 69.04% oT Hesd. Cbpbus e Ha
feceTto msAcTo B EBpona no o6wwo npowus-
BOACTBO Ha opexun (12 276 TOHa).
Oo6bwmat pobme Ha opexu B EBpona

Italy Greece

Belarus, 3,102 §

Germarny
3,320

Serhia,
3.712

®dur.4. MNpon3sBoaCTBO Ha Opexu B
Espona (kg/ha)

Fig. 4. Yield of walnut in Europe
(kg/ha)

The annual production of walnut in
the European countries for the period
2013-2017 has increased from 341,162
tonnes to 346,862 tonnes. Ukraine is the
top country by production of walnuts
which amounts to 108,660 tonnes and
accounts for 31.33% of total the
production of walnuts. In the top five
countries by production of walnuts are
also Romania (43,720 tonnes), France
(40,683 tonnes), Greece (28,000 tonnes)
and Germany (18,415 tonnes) accounting
for 69.04% of it. Serbia ranks tenth in
Europe in the total production of walnuts
(12,276 tonnes). The total yield of walnuts
in the Europe varied between 3,217 kg/ha
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Bapupa mexay 3217 kg/ha npes 2013 r.
0o 2876 kg/ha npe3 2017 r. PymbHuA e
Hayeno B cTpaHarta no fo6uB Ha opexn ¢
27 335 kg/ha, cnegsaH ot CnoseHus (20
059 kg/ha), YkpanHa (8,049 kg/ha) n
Cbpbus c 06wy, gobms ot 3 712 kg/ha.

foAMWHOTO  NPOU3BOACTBO  Ha
NewHNK B eBponelickute cTpaHuM 3a
nepuoga 2013-2017 r. ce e yBesiMuusio ot
146 706 ToHa Ha 166 481 ToOHa
(FAOSTAT, 2020). Wtanua e nugep B
NPOM3BOACTBOTO HAa JflelWHUUN, KOeTo
Bb3/M3a Ha 131 281 ToOHa, p[okato
Mpuma e Hayeno no gobve Ha NeLHULM
¢ 2029 kg/ha (dourypn 5 n 6). MbpBuUTe
neT cTpaHu no NPouM3BOACTBO Ha JieLHU-
UM ca cbuwo opaHums (10 833 ToHa),
Wcnanma (10 487 ToHa), Monwa (4635
ToHa) n Cbpbua (4 196 TOHA). Bb3
OCHOBa Ha pgaHHuM Ha FAOSTAT (2020)
Cbpbusa e netata cTpaHa no Npou3BOA-
CTBO Ha MelHnLM 1 YyeTBbpTaTta cTpaHa
no fo6us Ha newHuum (1 304 kg/ ha).

Paland
4 635

Serbia Croatia
4196 _ 153

®dur. 5. NMponsBoACTBO Ha newHuun B
EBpona (ToH)

Fig. 5. Production of hazelnuts in Europe
(tonnes)

Mpon3BOACTBOTO HA OPEXU U
NewHuun B Cbpbua

OpexonnogHute BMaoBe He ca [oc-
TaTbyHO oueHeHn B Peny6nuka Cbpbus.
Haii-BaxxHWTe BMAOBE Ca OpexbT W feLl-

Be

in 2013 to 2,876 kg/ha in 2017. Romania
is the top country by the yield of walnuts
with 27,325 kg/ha, followed by Slovenia
(20,059 kg/ha), Ukraine (8,049 kg/ha) and
Serbia with the total yield of 3,712 kg/ha.

The annual production of hazelnuts
in the European countries for the period
2013-2017 has increased from 146,706
tonnes to 166,481 tonnes (FAOSTAT,
2020). Italy is the leader in production of
hazelnuts which amounts to 131,281
tonnes, while Greece is the top country by
the vyield of hazelnuts with 2,029 kg/ha
(Figures 5 and 6). The top five countries
by production of hazelnuts are also
France (10,833 tonnes), Spain (10,487
tonnes), Poland (4,635 tonnes) and
Serbia (4,196 tonnes). Based on the
FAOSTAT (2020), Serbia is the fifth
country by production of hazelnuts, and
the fourth country by the vyield of
hazelnuts (1,304 kg/ha).

®dur. 6. NMNponsBOACTBO Ha NEeLHULMN B
Espona (kg/ha)

Fig. 6. Yield of hazelnuts in Europe
(kg/ha)

Walnut and hazelnut production
in Serbia

Nut fruits are relatively neglected
fruit species in the Republic of Serbia.
The most important nut fruits are walnut,
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HUKBT, KONTO € NO-MasIKo PasnpoCTpaHeH.
Mpe3 nocnegHuTe roguHy naowmute c
OpPEXOBM HacaxaeHuss Hamansasear, a nnao-
lwMTe € NelHnum ce yBenunyasat. Bbhpe-
Kv TOBa, AeNbT Ha HacaxaeHusTa, obxea-
HaTW OT Te3n BMAOBE, He € MNOo-rofsM oT
4% oT 06K 6POI OBOLLHMW FPaAMHN.
Mpoun3BoACTBOTO Ha opexn B Cbpous
[opv He e 61130 A0 KanauyuTeTa, KOTO
MOXe [fa ce ocurypy OT kiuMaTta u
noyYBeHUTE yCcnoBus. Bbnpekn ye opexsbT
ce oTrfexaa BbB BCMUKM YacTh Ha Cbpbus,
uma 06LUMPHU HaCaXAEHNS, Cb3AafeHN C
HWCKO HUBO WM JOpU 6e3 HMKakBa arpo-
TexHuka. Hail-yectata npuumHa, nopagu
KOSITO MHTEH3MBHOTO OTINIEXAaHe, BbMpeku
61aronpUSATHATE  arpPoOeKoIOrMYHN  YCJIO0-
BUSI, € CPaBHUTE/HO NpeHebpersaHo, e Ab/-
TMAT Neprog Ha MHBECTULUN U KbCHO NJ10-
fofaBaHe, OT neTa A0 feceTa roguHa. 3a-
TOBa OpexuTe ce 3acaxaar Ha Masiku no-
LM MW OTAENHW CaMOCTOATESIHN A bpBETA.
B Peny6nvka Cbpbusi opexbT ce
oTrnexpga Ha okono 1.53% ot obuwata
naow, Ha oBowHUTE rpaguHn. Cnopef
Cratuctnyeckoto 6lpo Ha Penybnuka
Cbpbua (2018 r.) obuwaTa naow, ¢ opexo-
BN HacaxpaeHusa npe3 2013 r. e 6una 4
426 ha, pokato npe3 2018 r. obujata
nnow, e 2 798 ha, KoeTo nokasea 3Hauu-
Te/IHO HamMasneHuve ¢ 1628 ha (Purypa 7).
MpuunHNTE 3a HaMaNleHNTe NoLWM ca, Ye
Hacax4eHusATa C Opexu ca NpeaumMHoO ekc-
TEH3VMBHW UM Ye OpexuTe ce oTrexaar
OT nobuTenn, 06MKHOBEHO KaTo eauHUY-
HN gbpBeTa. OCBEH TOBa pa3vyMcTBaHETO
Ha CcTapu OpEex0oBW OBOLLHW TpaguHu W©
Cb3faBaHeTO Ha MasTbkK 6poli HOBW AoBe-
[e [0 NO-Masiko NOLLM C OPEXOBU Hacax-
AeHns. OkypaxaBalUmaT hakT obave e,
ye Makap fda ca Cb3fafeHn MabK 6poi
HOBW OpPEXOBYU rPaAavHU, Te ca MOAEPHU C
HanouTesiHa CUCTEMA, KOATO e cbobpase-
Ha Cc ycnoBusAiTa M OMOMOTMYHUTE M3UC-
KBaHMS Ha OTIMIeXAaHnTe copToBe. ToBa
e pJobpe, kato ce vma npegsud, 4e oc-
HOBHaTa Lie/1 Ha NPOM3BOACTBOTO Ha ope-
X1 € NOCTUraHeTo Ha No-BMUCOKN JOBMBN.

whereas hazelnut is the less prevalent. In
recent years, areas of walnut orchards are
being decreased, while the hazelnut
growing areas are being increased. The
share of plantations covered by these
species is not larger than 4% of the total
fruit plantations.

Walnut production in Serbia is not
even close to capacities which can
provide by climate and soil conditions.
Although walnut is grown in all parts of
Serbia, extensive plantations are mostly
represented, with a low level of agro-
technics or even without any measures in
plantations. The most common reason
why intensive growing, even apart from
favourable agro-environmental conditions
is relatively neglected is a long period of
investments and late fruiting, from fifth
until tenths year. Therefore, walnuts are
planted in small areas or individual self-
sown trees.

In the Republic of Serbia walnut is
grown at about 1.53% of the total orchard
area. According to the Statistical Office of
the Republic of Serbia (2018), the total area
under walnut was 4,426 ha in 2013, while in
2018, total area was 2,798 ha, which
indicates a significant decreased by 1,628
ha (Figure 7).

The reasons for reduced areas are that the
plantations below walnuts are mostly
extensive or that walnuts are grown by
amateurs, usually as single trees. Also,
clearing of old walnut orchards and
establishment of small number of new ones
resulted in less land areas under walnuts.
However, the encouraging fact about this is
that even though a small number of new
walnut orchards are established, they are
modern with irrigation system, which is
adjusted to the conditions and biological
requirements of the grown cultivars. This is
good considering that the main aim of
walnut production is to achieve higher
yields.
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Fig. 7. Growing area of walnut and hazelnut in the Republic of Serbia (ha)

Mpon3BoACTBOTO Ha NeWwHUUM B
Cbpbua e masiko, 0COBEHO NpPOM3BOA-
CTBOTO, MNpefHasHayeHO 3a nasap, Tbi
Kato NewHuumTe ce NpomssBexaa rnaBHo
B [AOMakmHCTBaTa 3a COOCTBEHU HYXAW.
Mpe3 nocnegHnTe roAVHN MHTEPECHT KbM
OTrIeX4aHeTo Ha fIEWHNLM HenpekbCcHa-
TO Ce yBenmMyaBa no Npu4MHN KaTo Hegoc-
TUI Ha JeWHWUKN, TexHosoruaTa Ha oT-
rnexgaHe, KOsATO € NPocTa, JIeWHNKOBUTE
Hacax4eHuss He ca HanagaHu OT ce-
pYO3HK BpeauTesnm n 601ectu, KOeTo npa-
BW MPOU3BOACTBOTO NO-EBTWMHO, HO NPO6-
neMbT BCe Olle e ObArMAT nepuog oT
WHBECTUPaHe [0 [JOCTUraHe Ha nbjHa
[OXOAHOCT M Bb3BPbLLAEMOCT Ha MHBEC-
Tuumute. B Penybnuka Cbpbus opexute
ce oTrnexpaga Ha okono 2.4% ot obwaTta
naow, Ha oBowHUTE rpaauvHu. Cnopefg
CraTcTtnyeckaTa cnyxba Ha Peny6ivka
Cbpbusa (2018 r.) nnowmte ¢ NeLwHUKoBU
HacaxgeHms B Cbpbus ca 4.363 ha.
MnaowwuTe ¢ NeLHNKOBU OBOLLHW TPaaviHu
ca ce yeennumnm ¢ 1.994 ha, ot 2.369 ha
npes 2013 r., go 4.363 ha npe3 2018 r.
OkypaxaBalLuaT hakT obave e, ye makap
Ja ca Cb3fafeHn Masbk 6poiAn HOBK
NELWHVKOBM TPagvHK, Te ca MOAEpPHU C
HanouTesiHa CUCTEMA, KOATO e cbobpase-
Ha C yc/ioBuUsiTa U GMOIOTUYHUTE U3UCKBA-
HUS Ha OTrnexgaHute coptose. Nopaau
rofleMnsi UHTEPEC KbM OTI/IEXOAHETO Ha

Hazelnut production in Serbia is
small, especially the production intended
for market, because hazelnut is mainly
produced in the households for their own
needs. In recent years the interest for
hazelnut growing is  continuously
increasing from about many reasons such
as shortage of hazelnut, growing
technology that is simple, hazelnut
plantings are not prone to serious pests
and diseases, which makes the
production cheaper, but the problem is
still a long period from investing until the
full yield and investment return.

In the Republic of Serbia, hazelnut is
grown on about 2.4% of the total orchard
area. According to the Statistical Office of
the Republic of Serbia (2018), the areas
covered by hazel in Serbia are 4,363 ha.

Areas under hazelnut orchards have
increased by 1,994 ha, from 2,369 ha in
2013, to 4,363 ha in 2018. However, in
recent years even though a relatively
small number of new hazelnut orchards
are established, they are modern with
installed irrigation systems and anti-hail
nets, which are adjusted to the conditions
and biological requirements of the grown
cultivars. Due to the great interest in
growing hazelnut, the Republic of Serbia
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newHuun, Penybnuka Cbpbus moxe paa
ce TnpeBbpHe B eAMH OT BojeluTe
CBETOBHV NPOM3BOAMTENN HA TO3M BUA.

CpefHoTO roAMLWHO NPOW3BOACTBO
Ha opexn B Penybnuka Cbpous 3a
nepuoga 2013-2018 r. e 14 511,8 ToHa
(durypa 8). Cnopepn gaHHuTe Ha CTtartuc-
Tuyeckarta cnyxba Ha Penybnvka Cbpbus
(2019 r.) npon3BOACTBOTO Ha Opex Bapu-
pa mexay 19 058 toHa npe3 2013 1. go 9
272 ToHa npe3 2018 r., kOeTO npeacTas-
nABa cnaj Ha npov3sBoAcTBOTO € 9 876
ToHa. CpepgHo 3a nepuoga 2013-2018 .
pobnebT B Cbpbus e 3.88 ToHa Ha
XekTap. Haii-Bucokusat goéus e 4.31 t/ha
(2013), a Hait-HuckmaT — 3.31 t/ha (2018).
[o6MBBLT OT OpexXOBU Hacax[eHuss Hama-
nsea ¢ 1.0 t/ha (durypa 9). [JaHHuTe 3a
NpPOM3BOACTBOTO Ha OpPEexu MO PErMoHu
npe3 HabnwgaBaHua nepuog nokasear,
ye TO 3HAYUTENIHO HaMasisiBa BbB BCUYKYU
pernoHn Ha Cbpbus. Moseue ot 43.19%
OT 06W0TO MPOU3BOACTBO Ha OPEXM ca
npoussegeHn B O6nact LWymagus u
3anagHa Cbpbus, gokato 32.58% ot ope-
Xute ca npomssegeHun B CeBepHa Cbpbus
(pervoHn benrpag v BoiiBognHa), a
24.22% B pervoHa Ha KOxHa n M3To4yHa
Cbpbusa (durypa 10).

might become one of the world’'s leading
producers of this fruit species.

The average annual walnut
production in the Republic of Serbia in the
period 2013-2018 was 14,511.8 tonnes
(Figure 8). According to the data of the
Statistical Office of the Republic of Serbia
(2019) production of walnut varied
between 19,058 tonnes in 2013 up to
9,272 tonnes in 2018, which represents a
decrease in production of 9,786 tonnes.
On average, for the period 2013-2018, the
yields obtained in Serbia were 3.88 t per
hectare. The highest reported yield was
4.31 t/ha (2013) and the lowest — 3.31
t/ha (2018). The vyield under walnut
orchards is reduced by 1.0 t/ha (Figure 9).
Data on walnut production by regions in
the observed period showed that it
significantly decreased in all regions of
Serbia. Out of the total production, more
than 43.19% of walnuts were produced in
the Region of Sumadija and Western
Serbia, while 32.58% of walnuts were
produced in Northern Serbia (Belgrade
and Vojvodina regions), and 24.22% in
the Region of Southern and Eastern
Serbia (Figure 10).
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CpefHoTO roAMLLIHO NPOW3BOACTBO
Ha newHuun B Penybnuka Cbpbus 3a
nepuoga 2013-2018 r. e 4 1044,3 TOHa.
Cnopef, paHHuTe Ha Cratuctuyeckarta
cnyx6a Ha Penybnuka Cbpbusa (2018 r.)
NMpou3BOACTBOTO Ha JfelWHnuM Bapupa
Mexnay 3.366 ToHa npe3 2013 r. go 5.428
ToHa npe3 2018 r., KOETO npepcrasnsaBa
yBenmyaBaHe B Mpou3BOACTBOTO ¢ 2.062
ToHa (durypa 8). CpegHo 3a nepuoga
2013-2018 r. go6mBbT B Cbpbusa e 1.36
TOHa Ha Xxektap. Hal-Huckusat gobus e
1.24 t/ha (2018), a Hai-BucokmsAtT — 1.47
t/ha (2015). Jo6uBBLT Ha NelwHWUM npes
MbpBUTE TPU TOAUHWU OT HabNAeHMeTo
Gelle MO-BUCOK OT cpefHus, a npes
nocnegHuTe TpU TOAUHW MO-HUCBHK U
Bapupawe mexay 1.24 t/ha n 1.42 t/ha
(durypa 9). KonebaHuata B gobusa Mo-
rat fa Bb3HMKHAT Karto nocreguun ot
TemMnepaTypHu MNPOMEHM Mnpes3 nepuoga
Ha MOKOM, KakTo 1 OT Bpeau B creAcTeue
Ha MposieTHU CTyfAoBe, Cylla, rpagyLika,
MOBBLPXHOCTHWN BOAMN U NMPOMEHNNBYU NNOA-
HW 3aBpPb3K. [JaHHWUTe 3a NPOM3BOACTBOTO
Ha JIeWHNUM Mo PernoHn npes Habso-
JaBaHua nepuopg, nokassar, Ye TO 3HauU-
Te/IHO Ce NoBMLIaBa BbB BCUYKW PETNOHU
Ha Cbpbus. Bbnpeku uye npupogHute
YCNOBUA B pas3/INYHN YacTN Ha LieHTpautHa

The average annual hazelnut
production in the Republic of Serbia in the
period 2013-2018 was 4,104.3 tonnes.
According to the data of the Statistical
Office of the Republic of Serbia (2018)
production of hazelnut varied between
3,366 tonnes in 2013 up to 5,428 tonnes
in 2018, which represents an increase in
production of 2,062 tonnes (Figure 8). On
average for the period 2013-2018, the
yields obtained in Serbia were 1.36 t per
hectare. The lowest reported yield was
1.24 t/ha (2018) and the highest — 1.47
t/ha (2015). Namely, the hazelnut yield in
the first three observed years was higher
than the average, and in the last three
years lower, and varied between 1.24 t/ha
and 1.42 t/ha (Figure 9). Oscillations in
the yield can occur as consequences of
temperature changes during the period of
dormancy, as well as the spring frost
damage, drought, hail, surface water and
alternate bearing.

Data on hazelnut production by regions in
the observed period showed an increase
in all regions of Serbia.

Although natural conditions of different
parts of central Serbia are favourable for
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Cbpbusa ca 6naronpusiTHK 3a oTrexgaHe
Ha NeLWHnLM, NOBEYeTO HacaXgeHus ot
TO31 BUA, Ca BbB palioHM Ha BoliBoguHa.
OT o06WoTO0 Npou3BOACTBO, MOBeEYe OT
56.16% newHuyM ca npousBefeHn B
CeepHa Cbpbus (palioHuTe Ha benrpag
n BoiiBoguHa), 22.35% B LWymagma u
3anagHa Cbpbua n okono 21.48% B
FOxHa n M3TouHa Cbpbusa (Purypa 11).

dur. 10. PaiioHn ¢ Npou3BOACTBO Ha
opexu

Fig. 10. Region involvement in walnut
production

EaovH OT Hail-cepuosHuTe npobne-
MW MpW paswmnpsiBaHe Ha NPOU3BOACTBOTO
Ha opexu 1 newHnym B Cbpbus e Hepoc-
TUrBT Ha BUWCOKOKAYeCTBEH MocCagbyeH
MaTepuasn. ACOPTMMEHTBLT OT COpTOBE
Opex e CpaBHUTESIHO CTap, NMPOMEHs ce
6aBHO M He e AMHaMWYEeH KaTo TO3U Ha
Apyr1 oBOLWHN Buaose. B Cbpbusa e Ha-
npaBeHO MHOTO 3a Cb34aBaHETO Ha HOBU
COpTOBE OpPEex, HO He p[ocTaTbyHO 3a
BbBEX[aHEe Ha CbBPEMEHHW TEXHOJIOTUN.
Bogeln copToBe 1 cenekunm B OPEXOBU-
Te OBOLUHM TpaauHu ca ,Sejnovo”, ,Rasna’,
,Sampion®, ,Kasni Rodni“ 1 ,Ov¢ar”, a onpa -
wutenn ,Geisenheim 139, ,Geisenheim
251", Jupiter* n Elit". CbBpemMeHHUTe
OPEXOBM HacaxpgeHus Tpsabsa ga 6baar
Cb34ajieHN CbC 34paB nocagbyeH marte-
pvan, Npou3BefeH W3KIKYMTESNIHO Ypes
BEreTaTMBHO pas3MHOXaBaHe, BK/IUYUTEN-
HO NEepPCneKkTVBHU KyATypu W cenekumnm
kato ,Chandler’, ,Fernor‘, ,Fernette",
.Franquette”, ,Lara“, ,Pedro* un pgp.

hazelnut growing, most plantations of this
species are in Vojvodina regions.

Out of the total production, 56.16% of
hazelnut were produced in Northern
Serbia (Belgrade and Vojvodina regions),
22.35% in Sumadija and Western Serbia,
and about 21.48% in Southern and
Eastern Serbia (Figure 11).

dur. 11. PaioHn ¢ NpoM3BOACTBO Ha
newwHnum

Fig. 11. Region involvement in hazelnut
production

One of the most serious problems
in extending the production of walnut and
hazelnut in our country is a shortage of
high quality planting material. Walnut
cultivar assortment is relatively old,
changing slowly, and it is not dynamic like
the ones of other fruit species. In Serbia, a
lot has been done to create new walnut
cultivars, but not enough to introduce
modern technologies.

Leading cultivars and selections in walnut
orchards are ‘Sejnovo’, ‘Rasna’, ‘Sampion’,
‘Kasni Rodni" and ‘Ovc¢ar’ and pollinators
‘Geisenheim 139", ‘Geisenheim 251’
‘Jupiter’ and ‘Elit’. Modern plantations of
walnut should be planted with healthy
planting material produced exclusively by
vegetative propagation including
prospective cultivars and selections such as
‘Chandler’, ‘Fernor’, ‘Fernette’, ‘Franquette’,
‘Lara’, ‘Pedro’ etc.
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Pa3wunpsaBaHeTo Ha OTIeXgaHeTo Ha
newHuk B Cbpbusa TpsbBa ga 6bAe Ao-
Mb/IHUTENTHO NOAKPENEHO OT COPTOBETE C
[obpa 6ronormyHa n MKOHOMMYecka CToi-
HOCT, KOMTO e 6baar afeksatHu 3a OT-
rnexgaHe B Te3n arpoeKkosiorMyHU YCrio-
BMS. Bogelin copToBe NELLHWLY B OBOLY-
HuTe rpaguHn ca ,Ennis®, ,Tonda Gentile
delle Langhe®, ,Tonda di Gifoni“, ,lstria
Long“, ,Mogul, ,Multiflorum®, ,,Cosford" n
.Lambert, a onpawwuTenute ca ,Tonda
Gentile Romana“, ,Noccione “ n ,Hall's
Giant". OTrnexgaHuTe COpPTOBE OTrOBa-
PAT Ha M3WCKBaHWATA Ha crajkapckara
NMPOMWLLIIEHOCT.

n3BOAN

CpaBHeHMeTo Ha obwwute [o6usU
Ha opexonnogHun kKyntypu ot 2013 r. go
2018 r. B Penybnuka Cbpbua nokassa
crnaj B NPOM3BOACTBOTO Ha Opexu 1 yBse-
NnyaBaHe Ha NPOU3BOACTBOTO Ha JIeLlUHN-
un. Mnogonponssogutenn B Cbpbusa ca
3auHTEpecoBaHun fa npou3sexaar opexo-
nnogHW, BbNPeKn ye Te3n BUA0BE U3UC-
KBaT MO-rosieMy MHBECTULUN U MO-AbAbI
nepvof Ha ekcnjoartauusa A0 gocTuraHe
Ha nbfeH noteHuMan Ha pobus. OT
MKOHOMMYeCKa rnefiHa Touka 6naronpusaT-
HUTE YC/I0BUSA Ha OKoMHaTa cpefa U Bb3-
MOXHOCTTa 3a W3HOC MpPefoCTaBAT rone-
MW BBb3MOXHOCTW. 3aTOBa CbBpPEMEHHUTE
Hacax4eHUss OT opex W NeLlHuK Tpsabsa
Ja ce 3acaxfjar CcbC 34paB nocagbyeH
MaTepuasn, NpousBefeH upe3 Beretatus-
HO pa3smHoxaBaHe. OCBEH TOBa € He06X0-
AMMOo fa ce BbBeAaT HOBU COPTOBE, HOBU
arpoTeXHNYEeCKn MepKU, KakTo U yBesiu-
YyaBaHe Ha NMOWUTE C OCUTYpPEeHU Hanowu-
TE/IHA CUCTEMU U MPEXMU NPOTUB rpajyLu-
Ka. OCBEH TOBa € BaXHO fla ce nogyeprae
nogkpenara Ha AbpxaBata B MOAepHu3a-
umATa Ha NpPoM3BOACTBOTO 4pe3 npenoc-
TaBsHe Ha cybcuaumm 3a cb3gaBaHe Ha
HOBM Hacax[eHus, 3akyrnyBaHe Ha noca-
ObyeH marepuasl, 3akyrnyBaHe Ha Nnoaxo-
OALM HaMOUTEsTHM CUCTEMU U CEJICKOCTO-
naHcka TexHuka.

Also, the expansion of hazelnut growing in
Serbia should be further supported by the
cultivars of good biological and economic
value that will be adequate for growing
under our agro-ecological conditions.
Leading hazel cultivars in orchards are
‘Ennis’, ‘Tonda Gentile delle Langhe’,
‘Tonda di Gifoni’, ‘Istria Long’, ‘Mogul’,
‘Multiflorum’, ‘Cosford’ and ‘Lambert’, and
pollinators are ‘Tonda Gentile Romana’,

‘Noccione’ and ‘Hall's Giant’. Grown
cultivars respond to the requirements of
the  confectionery industry,  which

presupposes the expansion of cultivars
with smaller and rounder fruits.

CONCLUSIONS

The comparison of total yields of
nut crops from 2013 to 2018 in the
Republic of Serbia, shows a decline in
walnut production, and increase in hazelnut
production.

Our fruit farmers are interested in
producing nut fruit, although these
species require greater investment and a
longer period of exploitation until full birth.

From the economic point of view, the
favourable environmental conditions and
the ability to export provide great
opportunities. Therefore, modern plantations
of walnut and hazelnut should be planted
with healthy planting material produced by
vegetative propagation.

Also, it is necessary to introduce new
cultivars, new agro- and pomo-technical
measures, and increasing area with
installed irrigation systems and anti-hail
nets. In addition, it is also important to
emphasize the support of the state in
production modernization through
enabling subsidies for establishment of
new plantations, procurement of planting

material, procurement of appropriate
irrigation  systems and  agricultural
machinery.
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MpeacTaBeHn ca pe3ynTaty OT W3-
CnefBaHe Ha aHTPOMOTrEHHOTO B/IMSIHUE,
npyv NPOABL/DKATENIHO  HamnosiBaHe Ha
OBOLLHM TpajuHM C BOJa C MNOBULIEHA
MVHepanu3auus, npunaraHe cuctema Ha
TOpeHe W ynpaB/fieHWe Ha mnoysata B
OBOLLHATa rpaguHa, npu onpeseneHu
nokasaTesin Ha arpo-eKkosIorMYHOTO CbC-
TOSIHME Ha YEPHO3EMHU MOYBM B HOXKHA
YkpaiiHa. Mpoy4YyeHo e CbAbPXaAHWETO U
pasnpefeneHMeTo Ha BOAOPA3TBOPUMUTE
COMMN, XyMYC U HWTPATK, KaKTO M Npome-
HUTE B CbAbPKAHWETO HA MOYBEHUSA
norsbLaTenieH koMnniekc. Ha 6asarta Ha
MHOrOrofIMLLHN U3cnejBaHus ce paspa-
60TBaT MEpKM 3a onasBaHe ¥ NoBULLEHWE
Ha NOYBEHOTO NJI0A0POAVE HA YEPHO3EM-
HW MOYBM NPU ABLATOCPOYHA arpoLieHosa
Ha OBOLLHW HacaxXaeHusl.

KniouoBu Aymu: Xymyc, MOJSIMBEH
pexum, HaTpynBaHe HA  Xymyc,
o6pasyBaHe Ha XyMyC, OBOLLHW KyNTypu

The results of the research of
studying anthropogenic influence,
particularly long-term irrigation of orchards
with water of increased mineralization,
fertilizers application, and the saoll
management system in the orchard, upon
certain indexes of agroecological state of
chernozem soils in the South of Ukraine,
on contents of and distribution of water-
soluble salts, humus and nitrates, as well
as changes in the contents of soil
absorbing complex are given.

Based on many years of research,
measures for saving of chernozem soil
fertility in long-term fruit agrocenosis are
developed.

Key words: humus,
mode, humus accumulation,
formation, fruit crops

irrigation
humus
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MnofopoaveTo Ha noysarta € BaXeH
(hakTop B CbBPEMEHHOTO rpajMHapCTBO,
Tbil KaTo onpeaensa Aobvea OT OBOLHWTE
HacaxgeHus. [Jo6uBbT ce onpegens He
CamMo OT MOYBEHUA W TEHETUYEH MOTEH-
unan, KIMMaTuyHWUTE YC/1I0BUSA, HUBO Ha
arpoTexXHNYeckUTe Mepku u T.H., HO U OT
CIOXHWSA NpoLuec Ha 0O6MeH Ha eHeprusa u
BellecTBa B cucTemata ,No4Ba-OBOLLHO
abpBo” (Popova et al., 2010). B cbuioto
BpeMe OBOLLHWTE CUCTEMU, OCOBEHO ako
Ce 13Mnon3Ba MHTEH3VBHA TEXHOMOMMA Ha
oTrnexjaHe, okas3Bar TMpPSKO BJIMAHNE
BbpXy MPOMEHWUTE B MoYyBeHara cpena,
0CO6EHO BBbPXY CbCTOSAHMETO Ha XyMmyca,
CbCTaBa Ha MOYBEHMA noOrabLaTeneH
KOMMJIEKC, BOOHO-COMIEBUS PEXUM U T.H.
Bcuuko, koeTo ce onpegesns OT MHOrOro-
OVLWHUA UUKB Ha pasBuTue, 4bArocpouy-
HUAT pacTeXx Ha ObpBeTaTa Ha efHo u
CblO MSACTO, OIPOMHUAT TEXHOOrnYeH
HaTUCK, HUCKUTE MPUXOAUN OT OpraHuyHu
KOMMNOHEHTU U OUOUNHN eNemMeHTn B
pes3ynTaT Ha 3amecTBaHe Ha MHOro BMao-
Be pacTeHuss ot eguH Bug (Mirkin and
Khaziahmetov, 2001; Popova et al., 2010).

Crnopef, CbBpeMeHHUTe Bb3I/Ne/u,
BCEKM TUM No4ysBa B MbPBOHAYASTHOTO CU
CbCTOSIHME UMa (PMKCUpPaHU CTOMHOCTU Ha
KOMIMYeCTBOTO XyMyc. BefHara cnep, kato
3anoyHe CUCTEMHA OpaH, 6anaHcbT Mexay
noysoobpasysalyuTte hakTopu ce Hapy-
Wwaga. ToBa He e gerpajauus, a no-ckopo
HOpMa/sIHO pas3BuUTME Ha nouBata noj
B/IMSAHNE HA aHTPOMOTEHHW [ENHOCTU
(Nosko, 2006). lNpomsaHata B no4ysata
cTaBa Mo cxemarta 3a 6bps3a 3aryba Ha
onpeneneHo KoM4yecTBo Xymyc no Bpeme
Ha opaH M Masikm nNpomeHn B Obaelle.
Pasnukata mexpgy Tax TpabBa ga e B
rpaHmymTe 12-18% (Polupan and Kovalev,
1997). To3n gnanas3oH e nNpueT KaTo Kpute-
puii 3a 6uonornyHa 3aryba. XymycobT, KOIi-
TO ocTaBa c/fiefi TOBa, UMa BUCOKA YCTOW-
UMBOCT CpeLly MUHepa-nnsauus, Kato no
TO3M HauMH He NO3BOJIsIBA Aa Ce MOCTUrHaT
BUCOKM f06MBY 6e3 npunaraHe Ha TOpeHe.

Bbnpeku ToBa, B CTENHUTE paiioHu,
Kb[IEeTO roAMLIHNTE Banexu He HajsuLla-

INTRODUCTION

Soil fertility is an important factor in
the modern horticulture, as it stipulates
yield formation of fruit crops. The vyield is
determined not only by soil genetic
potential, climatic conditions, level of
agrotechnical measures etc., but by the
complex of processes of energy and
substance exchange in “soil-fruit tree”
system as well (Popova et al., 2010).

At the same time, fruit agrosystem,
especially if intensive technology of
cultivation is used, has a direct influence
on the changes of soil environment,
particularly on humus state of soils, soil
absorbing complex composition, salt
regime etc. All that is determined by
perennial cycle of development, long-term
growth of trees on the same place, big
technogenic strain, low natural revenue of
organic components and biophylic
elements as a result of replacement of
many-species of plants by one species
(Mirkin and Khaziahmetov, 2001; Popova
et al., 2010).

According to modern views, every
type of soil in its initial state has fixed
values of amount of humus state. As soon
as its systematical tillage begins, balance
between the factors of soil formation is
ruined. This is not degradation, but rather
normal development of the soil under the
influence of anthropogenic actions (Nosko,
2006). Evolution of the soil occurs according
to the scheme of quick loss of certain
amount of humus during plowing, and
minor changes in the future. Difference
between them should be in the range of
12-18% (Polupan and Kovalev, 1997).

This range is accepted as criteria of
biological loss. Humus that is left after that
has high resistance against mineralization,
thus not allowing to achieve high yields
without application of fertilizers.

However, in the zone of Steppe,
where annual precipitation does not
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Bar 350-500 mm, TpaAWUWOHHO ce W3-
nonsea yrap kato cuctema 3a ynpasJie-
HMe Ha noyBaTa B OBOLUHWUTE TpajuHW,
Thil KaTO TA Nomara fa ce 3anasu Bnara-
Ta. B cbwoTo Bpeme, ako ce u3non3ea
yrap, npouecute Ha MUHepanusauus Ha
OpraHMYyHMTE BeLlecTBa 3HAYUTESTHO ce
yBenuyaBarT U AOpPU MHTEH3MBHOCTTA Ha
npouecute Ha Xymmndmkaums, HaTpynesaHe
Ha XyMyC W npepasnpegesieHne Ha opra-
HWYHW BeLLecTBa B NMOYBEHMSA Mpodhua ce
npomeHat (Nosko, 2006 ). lMonueaHeTO
B/IMSie 3HAUUTENHO BbPXY PasBUTMETO Ha
NMoYyBeEHNTE MpoLecKH, Tbil KaTo Bb3AEN-
CTBa BbPXY MHTEH3MBHOCTTa Ha 6uono-
rMyHaTa akTMBHOCT U CKOPOCTTa Ha MuHe-
panusaumsa Ha xymyca (Nosko et al., 1998).
Kato usano, B 30Hata Ha HXHUTE
cTenu Ha YkpaiiHa — palioHn ¢ HecTabwn-
Ha 1 HeJocTaTbyHa Bfara, HarnosiBaHeTo,
OT efHa CcTpaHa, € OCHOBHUAT (hakTop,
KOMTO ocurypsisa BUCOKa Npou3BOAuTES-
HOCT NPV WHTEH3WBHWUTE OBOLLHMW rpaju-
HW, HO OT Apyra cTpaHa BNusie BbpXy eKo-
NIOTUYHMTE YCMOBUATA, MNO-CMELMASIHO CbC-
TOSIHMETO Ha no4vsaTa, HUBOTO U MUHepa-
nM3auusita Ha NoYBEHMTE BOAWM U MUrpa-
uus Ha xuMmnyHuTe enemeHtn (Nosko et
al., 1998; Romashchenko and Balyuk, 2000,
Gorbach, 2008). Hali-uecto npomeHunTe B
cBOWCTBaTa Ha HanosiBaHWTe MOYBM uUmart
oTpuuaTenHa MNOCcoKa, KaTo HaTpynBaHe
Ha BOJOPA3TBOPMMMU COMM, He6naronpusiT-
HO CBOTHOLLUEHWE Ha MNOHW B MOYBEHUS
norblwarened KOMMIeKC, cnag Ha arpo-
XUMWYHWTE Ka4yecTBa Ha noysarta u nosu-
LWaBaHe Ha HMBOTO Ha NOYBEHaTa Bnara u
yBe/nMyaBaHe Ha TsaxHaTa MUHepanusauus.
EovH oT cpakTopute, kouTOo umart
HernocpeacTBeH edekT BbpXy Menuopa-
TMBHOTO CbCTOSIHME Ha MOYBUTE, € XUMUY-
HUAT CbCTaB Ha NosvMBHaTa Boga. Hanos-
BaHETO Ha c/1labo CO/IeHN NOYBK [0PU U C
HUCKOMMWHEpa/IM3MpaHa BoAa MOXe [Ja
NpuYMHM  3aconisiBaHe, O0COGEHO  ako
noysata He ce OTMUBA, rPaHy/IOMeTpuUY-
HUAT CbCTaB € TeXbK, NPUCHLCTBAT N/bT-
Hu ckann un gap. (Valkov et al., 2008).
TopoBeTe ca Opyr BaXeH aHTpo-
noreHeH pakTop, KOWTO BMMsie BbPXY CbC-

exceed 350-500 mm, traditional soil
management system in the orchard is
bare fallow, as it helps to save the
moisture. At the same time, if fallow soil
management system is used, processes
of mineralization of organic substances
increase greatly, and even the intensity of
processes of humification, humus
accumulation, and redistribution  of
organic substances in the soil profile
changes as well (Nosko, 2006). Also,
irrigation  significantly influences the
direction of the soil processes, as it has
an effect on the intensity of biological
activeness of soils and the rate of humus
mineralization (Nosko et al., 1998).

In general, in the zone of Southern
Steppe of Ukraine — the regions of
unstable and inadequate humidification,
irrigation, on one hand, is the main factor
that secures high productivity of intensive
orchards, but on the other hand is a
significant factor that influences ecological
conditions of the environment, particularly
the state of the soil, level and
mineralization of soil water, migration of
chemical elements (Nosko et al., 1998;
Romashchenko and Balyuk, 2000,
Gorbach, 2008). Most often, the changes
of the properties of the irrigated soils have
a  negative direction, such as
accumulation of water-soluble salts,
unfavoable ion ratio in the soil absorbing
complex, decline of agrochemical qualities
of the soil, and rise of the soil water level
and increase of their mineralization.

One of the factors that have an
immediate effect on meliorative state of
soils, is the chemical composition of the
irrigation water. Irrigation of non-saline
soils even by low-mineralized water can
cause salinity, especially if soil regime is
non-washed, granulometric composition is
heavy, dense rocks are present etc.
(Valkov et al., 2008).

Fertilizers are also a significant
anthropogenic factor that influences the
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TOAHMETO Ha noysata. lNpunaraHeTo Ha
OpraHnyHNM U MUHepasnHN TOpoBE Mpome-
HA MHTEH3MBHOCTTA B MOYBEHWTE NpoLe-
cu, 3acuniBa MUKpPOOMOsIorMyHaTa akTumBe-
HOCT, B/Msie BbpXy PU3NYHUTE U XUMWY-
HUTE CBOICTBA Ha noyBaTta U MNOYBEHUS
pa3tBop (Nosko, 2006; Valkov et al., 2008).
ETo 3awo npouecute Ha xymumdukaumns un
MUHepanus3auns Ha OpraHuyHu Bellec-
TBa, HaTpynsaHe Ha MuHepasHa dopma
Ha XpaHWTENHW BellecTBa, yBenuyasaHe
Ha COflIeHOCTTa Ha noysBarta [0 ronsMa
CTeneH 3aBUCAT OT [03UTE U CbOTHO-
LLIEHVETO Ha pa3/IMyHNTe BUAO0BE TOPOBe.

CnepoBaresiHO, 0COBGEHOCT Ha Chb-
BPEMEHHWTE OBOLLHM arpocuctemu e, ye
Te, OT ejHa CTpaHa, uMaT BMcoka cTeneH
Ha crneuvanusaums M WHTEH3UBHA eKc-
nnoarauus, oT gpyra ctpaHa - BogaT [0
HapywasaHe Ha 6anaHca B cucTemarta
,N0YBa-pacTeHne-okosIHa cpeaa’.

Llenta Ha HacTosLLeTO n3cnensaHe
€ nogpobHOTO NpoyyYBaHe Ha npomsHaTa
B CbAbpXaHNETO Ha OpraHU4yHUTE Bellec-
TBa B noysaTa npv MHOrorogmLiHa OBOLL-
Ha arpoueHo3a B KOxHa YkpaiHa, oTKpu-
BaHe Ha xapakrepa Ha NpOMeHWUTEe BbB
PU3NYHNTE U XMMUYHUTE CBOICTBA 1 3a-
cofisiBaHe Ha NOMUBHU TbMHO-KECTEHSBU
noysu c Len npegoTepaTsABaHe Ha Aerpa-
JaunoHHMTE npouecn B YCNoBUATA Ha
WHTEH3MBHN TEXHOMOMMWN 3a OTrexjaHe
Ha OBOLUHN KyNTypW.

MATEPWNAN N METO4WA

WN3cnepBaHeTo ce npoBede Bb3
OCHOBa Ha COOGCTBEHW MOJICKM M ekcne-
ONUMOHHK ekcnepumeHTn (2003-2011 r.),
KaKkto M [aHHM OT CcTalMoHapHW ekcne-
PUMEHTU BbPXY AbATOroAULLIHOTO Npuna-
raHe Ha TOpOBe, HanosiBaHe, pas/NyHU
CUCTEMM 3a yMpaB/ieHUe Ha noysaTta B
OBOLLHWN rpagvHn (S6b/IKK, KpyLUKW, Kaicuw,
NpackoBM), U3BbPLLUEHN OT CAYXUTENN Ha
VHCTUTYT ,M® CuraopeHKo" Ha cbluute
o6ekTn npe3 1950-1990r.

TbMHOKaghsiBa NIEKO 3acosieHa noyea
U HOXeH 4epHo3eM (necbynvs, cnabo
Necby/IMBO IMHECT U TEXKO MEeCchb4ysIMBO
TMIMHECT TpPaHy/IOMETPUYEH CbCTaB) ca

soil state. Application of organic and
mineral fertilizers changes the intensity of
soil processes, intensify microbiological
activity, influences physical and chemical
properties of the soil and the soil solution
(Nosko, 2006; Valkov et al., 2008).

That is why processes of humification and
mineralization of organic substances,
accumulation of mineral form of nutrients,
formation of salt regime of the soil vastly
depend on doses and ratio of different
types of fertilizers.

Thus, a feature of modern fruit
agrosystems is that they, on one hand,
have high rate of specialization and
intensive level of exploitation, on the other
hand — lead to violation of the balance in
“soil-plant-environment” system.

The goal of this study was a
detailed research of direction of changes
of organic matter contents in the soils in
the long term fruit agrocenosis in the
south of Ukraine, detection of the
character of changes of physical and
chemical properties and salt regime of
irrigated dark-chestnut soils in order to
prevent the processes of degradation in
the conditions of application of intensive
technologies of fruit crops cultivation.

MATERIAL AND METHODS

The research was held on the basis
of own stationary field and expeditionary
experiments (2003-2011), as well as data
of stationary experiments of studying the
features of long-term fertilizer application,
irrigation, different soil management
systems in the orchards (apple, pear,
apricot, peach), done by employees of IIH
named after M.F. Sidorenko NAAS on the
same sites in 1950-1990.

Dark chestnut slightly saline soll
and southern chernozem (of sandy,
slightly loamy, and heavy loamy
granulometric composition) are included
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BK/IIOYEHN B M3cnensaHeTo. Bsetute nou-
BEHW MpobK, ca nogbpaHn npes nepuoga
Ha WHTEH3VBEH pacTex Ha cTBosa [0
AbnbounHa ot 150 cm (3a pa ce
uscnenBsa murpauusaTa Ha HuTpaTu - 0o 5
m), ca onpegeneHn cnegHUTe nokasartesin:
CbAbpPXaHNE Ha XyMyC 4pe3 U3Mosi3BaHe
Ha XpPOMOB aHxXugpua B NPUCHCTBMETO Ha
CSipHa KUCenuHa, NOoABWMXHU (N1TabusHmn)
OpraHn4YHKN BeLLecTBa - C U3NoN3BaHe Ha
0.2n NaOH, noaBmxHM hopMmM Ha a3oT - C
peaktnB Ha Nessler (N-NH4) n ancyndo-
eHnnosa kucenmHa (N-NOsz), cbabpxa-
HMe Ha BOAOPa3TBOPMMU COJM - C MOMOLL-
Ta Ha MeToj 3a M3BMYaHE Ha Boda U
abcopbupaHun ocHOBY - Ypes 1n NaCl.

PE3YJITATN N OBCbXAAHE

Mpn o0b6paboTKa Ha noyBarta B ces-
CKOTO CTOMNAaHCTBO, €CTEeCTBEHWUTE MNOYBO-
obpasyBaTeniHM NpoLecu ce HapyLuasarT,
KatTo MbpBO Ce MNPOMEHA OGanaHCbLT Ha
opraHu4yHUTE BelecTBa, obpasyBaHU B
LesIMHHN no4ysu. OcobeHO Baxu 3a yep-
HO3eMHUTE No4BW, Tbi kaTo Te ca dop-
MUpaHU OT CTenHaTa pacTUTesIHOCT, Kora-
TO ysAnarta pactutenHa 6nomaca yyacrtsa
B npoleca Ha noysoobpasyBaHe, Kato B
pe3yntar ce cb3gaBa MOLWEH XyMyCeH
npochun. Hanpumep, e p[okasaHo upes
n3cnefiBaHunsi, Yye CesiCKOTO CTOMNaHCTBO B
HOXKHUA TEXKO MMUHECT YepHO3eM BOAU [0
HamasiiBaHe Ha CbAbpXaHUEeTO Ha XyMyC
B MouyBeHus cnoit ot 0-60 cm cbc 17.2-
19.9% B cpaBHeHWE C Le/IMHHUTE NOYBU,
KaTo Hali-roneMuMTe MPOMEHN Ce U3BBLP-
wBar B 06paboTBaemMusi MOYBEH CJIOW
(Tabnmuya 1). B cnos 60-150 cm He ce
3abens3Ba HamasisiBaHe Ha opraHuyHuTe
BellecTBa.

He ce Habnwogasa ronsma pasnvka
B CbAbPXaHMETO Ha XyMYyC, OCBEH MaJiKo
Mo-BMCOKNTE NoKasaTesiv B HENoJsIMBHUTE
nouysu. ToBa chbBMaja c AaHHuTe, cnopes
KOUTO pe3yntarbT OT MNO/IMBAHETO €
nogobeH Ha no4ysoobpaboTkaTa, 3aToBa
NoJSINBHUTE NJIOLM UMAT NO-MaNKo Xymyc
B cpaBHeHue c HenonusHute (Polupan,
1988).

in the research.

In soil samples, selected during the period
of intensive stalk growth up to the depth of
150 cm (in order to study nitrate migration —
up to 5 m), these indexes were
determined: humus contents using
chrome anhydride in the presence of
sulfuric acid, mobile (labile) organic
substances — using 0.2n NaOH, mobile
forms of nitrogen — with Nessler reactive
(N-NH,4) and disulfophenate acid (N-NOs),
contents of water-soluble salts — using
method of water extract, and absorbed
bases — using 1n NaCl.

RESULTS AND DISCUSSION
If soils are introduced to agriculture,
natural factors of soil formation are
violated, firstly the balance of organic
substances, that had been shaped in
virgin soils, is changed.

It regards chernozem soils especially, as
they were formed amid steppe vegetation,
when the whole plant biomass took part in
soil formation process, creating powerful
humus profile in chernozem soils as a
result. For example, it is proven by
research that agricultural use of southern
heavy loamy chernozem lead to decrease
of humus contents in 0-60 cm layer by
17.2-19.9% compared to virgin soils, the
biggest changes taking place in tillable
layer (Table 1). In the soil layer of 60-150
cm the decrease of organic substance
didn’t happen.

No drastic difference in humus
contents in tillage was observed, besides
slightly higher indexes on non-irrigated
soils. It matches the data that attests the
fact that effect of irrigation is similar to
tillage of soils, that is why irrigated soils
have less humus compared to non-
irrigated ones (Polupan, 1988).

144



Tabnuua 1. BnvsHue Ha cucTtemarta 3a ynpaBJ/ieHVe Ha rnoysata U TOPEHETO BbPXY
CbhAbPXaHMETO Ha OpraHUYHU BELLECTBa B HOXXEH TEXKN MMIMHECTN YEPHO3EMU

Table 1. The influence of soil management system and fertilization upon the contents
of organic substances in southern heavy loamy chernozem

Soil management system Soil layer

Contents of organic substances, %
CbAbpXaHue Ha OpraHMYHM BelecTBa

Cucrtema 3a ynpaBfieHune Ha

MouBeH coin cm Humus Mobile (labile) organic substances
nousata
Xymyc MoABWXHWN OpraHNyHY BeLLLeCcTBa
1 Virgi " 0-60 2.96+0.05 0.03
. Virgin soi
[leBcTBEHa MouBa 60-100 0.69+0.02 0.02
100-150 0.14+0.02 0.02
2. Tillable land in pome crop orchards (management system — bare fallow):
ObpaboTBaeMa 3eMs B OBOLLHM HacaxaeHus (cuctema 3a ynpas/ieHue — yrap)
No fertilizati rrigati 0-60 2.45+0.06 0.05
o fertilization, no irrigation
Be3 TopeHe, 6e3 nonveaHe 60-100 0.69+0.02 0.04
100-150 0.22+0.02 0.03
No fertilizati 0-60 2.38+0.04 0.07
o fertilization
Bes Topee 60-100 0.71+0.01 0.04
100-150 0.23+0.02 0.03
NGO 0-60 2.37+0.03 0.11
- every year
N60 BCsika roanHa 60-100 0.73+0.01 0.04
100-150 0.28+0.01 0.05
N60P45K60 — every year .
NG0P45K60 BCsika roauHa 0-60 2.380.07 0.10

HamanaBaHeTo Ha KOMMYeCTBOTO
XyMyC [0 M3BECTHa CTEMNeH Ce Ob/IKM Ha
CnocobHOCTTa Ha BOAOPA3TBOPUMUS XyMYC
Ja ce ABWXM NO Ab60YMHA HA NOYBEHUA
npocun efHOBPEMEHHO C OTpuULaTesIHUSA
BoAeH Tok (Pachev, 1997).

®pakumata ot ,MNOABWKHU opra-
HWYHM BellecTBa Cce cunTa, Ye JaBa Hali-
nogpobHa wHAOpMaLMs OTHOCHO B/UA-
HWETO Ha CesICKOCTOMNaHCKUTE MEPKU Bbp-
Xy nouBeHuUTe ceolicTea. Hawwute nicneg-
BaHWS 3@ aHTPOMOreHHOTO BIUSHWE Bbp-
Xy CbCTOAHMETO Ha YepHO3eMuTe MokKas-
BaT, 4ye Nno Bpeme Ha opaH ce Habnwgja-
BaT 3HAYMTESTHN NPOMEHUN B ChAbpXaHue-
TO Ha MOABWXHM OpraHWyHW BeLlecTsa.
Bbnpekn HuckuTe abCoMOTHM nokasare-
Ny, onpejenieHa e fcHa TeHOEeHUMA B
nokayBaHeTO Ha MOABWXHUTE OpraHuyHu
BellectBa C 2-3 MbTW B CPaBHEHWE C
LeNMHHUTE MNOYBW, KaKTO M Ha MNoYBW,
KOUTO ca TOpPeHu B CpaBHeHMe C
HeTopeHu 1 HenonmeHu (Tabnuvua 1).

YBesimyaBaHeTo B CbAbpXaHNETO
Ha noABWXHUTE OPMU Ha Xymyca W
aKTUBU3MPALLOTO Bb3AENCTBME HA TOPO-
BETE BBLPXY 4YEpHO3eMM N ApYrh MOYBMU,

The decrease in the amount of
humus is to some extent due to the ability
of the water-soluble humus to move in the
depth of the soil profile at the same time
as the negative water current (Pachev,
1997).

The fraction of “mobile” (labile)
organic substances is considered the
most informative about the influence of
agricultural measures on soil properties.

Our research of anthropogenic influence
upon the state of chernozems showed
that during their tillage significant changes
take place in the contents of mobile
organic substances. Despite low absolute
indexes, a clear tendency of the increase
of labile organic substances in tillage by
2-3 times compared to virgin soils, as well
as fertilized soils compared to non-
fertilized and non-irrigated was determined
(Table 1).

The increase of contents of labile
forms in humus and the mobilizing effect
of the fertilizers in chernozems and other
soils, rich in calcium, are the factors that
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6oratu Ha Kanuuii, ca gpaktopm, nogrnoma-
rawum etpekTMBHO NOYBEHOTO NJ0AOpoAUeE.

Mo OTHOLWEHME Ha Bb3AENCTBUETO
Ha TOpPOBETE BbPXY OpraHWyHUTE BeELLEeC-
TBa B NuTepatypara morart ga ce Hame-
pST npoTuBopeunBu gdaHHW. OT epgHa
CTpaHa TOpOBETE NPeAW3BUMKBAT BUCOK
pesyntaT (Orlov et al.,, 1996), oT gpyra
cTpaHa — noaTuckat (Kogut, 1987). OceeH
TOBa e [oKa3saHo, Ye nocokarta Ha npome-
HUTE B CbAbPXAHMETO Ha OpraHWYyHW Noy-
BEHW BellecTBa MOXe Aa ce onpegens ot
[o3aTa, CbOTHOLWEHNETO Ha OpraHuyHuTE
U MUHEpasiHWTE TOPOBE, YC/IOBUSITA Ha
NPWIOXKEHNETO MM, MeToga Ha 06paboT-
BaHe (Nosko et al., 1998; Nosko, 2006;
Nosko and Malyuk, 2010; Malyuk, 2011).

ToBa ce ycTaHOBU Mpu Mpoy4Ba-
HUSATA Ha MPOMEHUTE B arpoxXMmuyHuTe
XapakTepucTvku Ha OCHOBHUTE BUAOBE
noyBsu, AbATOCPOYHO U3MON3BaAHU 3@
OBOLLHA arpoueHos3a, no-cneunasHo npo-
MEHVTE B CbAbPXAHWETO Ha OpraHuyHu
BellecTBa. YCTaHOBMXa Ce rosiemMu npo-
MEHV B CbAbpXaHWeTo W 3anacute oT
XyMyC B MoyBuTE Ha HOXHWTE cTenu Ha
YKpaiiHa B OBOLLHWTE TPaANHN N CUCTEMHA
3a MOYBEHO YMpaB/ieHWEe, B KOUTO ce
npwniara TopeHe ¥ HanosieaHe. Hanpuwmep,
npes nocsegHUTe roguvHW, Korato nsnon-
3BaHETO Ha OpraHMYyHN TOPOBE CEe MOHWXU
3HAUUTE/STHO, NpUIaraHeTo MPegUuMHO Ha
MWHEpasTHN TOPOBE B KOMOMHaUus C yep-
Ha yrap u HanosiBaHeTO Ha TbMHO-Kads-
BMTE MOYBM BOAU OO HamasisiBaHe Ha Xy-
MyCHMTE 3anacu B No4YBeHuUs cnoli ot 0-60
cm c¢ 19 tons/ha (Ta6nuua 2).

B cCbloOTO Bpeme, akTUBHOTO WU3-
non3BaHe Ha CUCTEMWU 3a OPraHU4yHO U
opraHo-MuHepasiHo TopeHe npe3 707 u
80™ roguHM Ha MWHaNMA Bek, Mo-cre-
UnasHo npunaraHeTo Ha TOpPEeHe U3BbH
HOpMUTE, 3a4YNMSABAHETO W EXEerogHoTo
npuiaraHe Ha OpraHW4YHM TOPOBE MOAMO-
MOrHa CTabunusMpaHeTo Ha Xymyca W
nogo6psiaHe Ha cbAbpXaHueTo my. Mo-
pagn ToBa, BLMNPEKU AbATNS Mepuos Ha
rnoyBeHa ekcnjioarayms B OBOLLHUTE rpa-
AnHY (26-55 rogmHu), npouecuTe Ha 06e3-
BOAHsIBaHe 6sixa MNO-6aBHW. XapakTepHO

aid effective fertility of the soils.

Concerning the effect of the
fertiizers on  organic  substances,
contradictory data can be found in the
literature. On one hand, fertilizers cause
high effect (Orlov et al., 1996), on the
other hand — on the contrary (Kogut,
1987). Besides that, it is proven that
direction of the changes of contents of
organic substances in the soil can be
stipulated by the dose, ratio of organic
and mineral fertilizers, terms of their
application, method of tillage (Nosko et
al., 1998; Nosko, 2006; Nosko and
Malyuk, 2010; Malyuk, 2011).

It was determined in the studies of
changes of agrochemical features of main
types of soils, long-term used for orchard
agrocenosis, particularly the changes in
the contents of organic substances, that
term of orchard cultivation, soll
management system, fertilizer application
and irrigation determine big changes in
the contents and stock of humus in the
soils of the Southern Steppe of Ukraine.

For example, in the recent years, when
use of organic fertilizers decreased
greatly, application mostly of mineral
fertilizers combined with bare fallow soll
management system and irrigation in the
conditions of dark chestnut soils lead to
the decrease of humus stock in 0-60 cm
soil layer by 19 tons per ha (Table 2).

At the same time, active use of
organic and organic plus mineral
fertilization systems in the 1970s-1980s,
particularly beyond the norm fertilizer
application, use of sodding, annual
organic fertilizer application aided humus
fund stabilization and improvement of its
contents, due to which, despite long term
of soil exploitation period in the orchards
(26-55 years), processes of dehumidification
were slower.

It is characteristic that in most cases main
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€, Ye B NOBEYETO C/lyyan OCHOBHaTa 3ary-
6a Ha xymyc e B obpaboTBaemus C/OW,
[0KaTO NMPOMEHNTe B [OJSIHATE MOYBEHU
XOPW30HTU ca NO-MaJsIKo 3HaUYNMMU.

Tabnuua 2. NpomMeHN B CbAbpPXaHWeTo
OBOLHa rpagnHa

loss of humus took place in tillable layer,
while changes in the lower soil horizons
were less significant.

Ha XymMyC B mno4BeH csnoii ot 0-60 cm B

Table 2. Changes in humus contents in 0-60 cm soil layer, if soil is used for the

orchard
Term of use Humus contents / CbabpxaHve Ha Xymyc
Soil type HaunH Ha Initial At the end of use term | Difference
B ynotpe6aB|  rypeoHadanto B Kpasi Ha nepuoga Paznuka
na noysa p p pron
OBOLLHA
raguia 1 2 1 2 1] 2
Dark chestnut 15 2.15+0.03 | 160+15 | 1.90+0.02 | 141#10 | —0.18 | —19
TbMHOKadsBY 26 2.79+£0.03 | 20818 | 2.41+0.02 | 17918 | -0.56 | —29
55 2.31+0.02 | 172+16 | 1.98+0.02 | 147+11 | -0.33 | =25
Southern slightly loamy
chernozem / KOxeH 45 1.404£0.02 | 121+12 | 1.43+0.02 | 124+11 | +0.03 | +3
cnaborivHecT YepHo3eM
Southern sandy chermnozem 45 0.7120.02 | 637 | 0.71:0.01 | 6335 0 0
FOXeH NecbUY/IMB YepHO3EM

Note: 1 — % of weight of absolutely dry soil; 2 — tons per ha
3abenexka: 1% oT TernoTo Ha abcoTHO cyxa Nousa; 2 - tons/ha

Mo TO3M HauuH, CbLBPEMEHHUTE
OpacTnyHN NPOMEHN B KOMIMYECTBOTO Ha
roAvLLIHMA MPUXO Ha OpraHWyHN Bellec-
TBa B nouysata onpenenat noaxoasauoTo
pasBuTME Ha nocokata Ha CUHTEe3 Ha Xy-
MYC, & UMEHHO MUHepanusauusaTa, KoATo
JOMMHMpa B npoLecute Ha XymudvkaLms.

B ycnosusta Ha TpaHcdopmaLms
Ha ecTecTBeHaTa (uTouUeHO3a B arpo-
LEeHo3a, CbAbPXaHMETO Ha XyMyC Hama-
nsBa [0 onpefeneHo 6anaHCcMpaHoOTO HK-
BO (Nosko et al., 1998). Taka ce ycTaHo-
BW, Yye GanaHCUMPaHOTO HMBO 3@ TbMHO-
Kathsasute nousu cnen 55 rogvHuM Ha
n3nosi3BaHe KaTo OBOLLHA rpaavHa e 2%
B CbAbPXaHMETO Ha OpraHuyHu Bellec-
TBa B NoYBeHUs cnoli ot 0-60 cm.

CobleBpeMeHHO  u3crefBaHusaTa
nokassar, Ye BbNpekn 45-roguHoTo U3-
nosi3BaHe Ha OBOLUHWTE rpajuHu, npuna-
raHeTo Ha MUHepasTHU N OpraHNnyHU TOpo-
Be, KaKTo 1 ObAroroANLLHOTO 3a4MMsBaHe
CbC CMECK/ OT XWUTHWU TpeBU nognomarat
nogobpXaHeTo Ha CcTabuiHO XYMYCHO
paBHOBeCME N HAMA CbLLECTBEHU 3aryom
B HXXHMUTE YEepHO3eMWU C JIeK U CpefeH
rpaHynomMeTpuyeH cberas. 10 TO3K HaunH

npmnaraHeTo Ha opraHn4YHn n MMHepastHK

Thereby, recent drastic changes in
the amount of annual revenue of organic
substances into the soil determined the
appropriate evolution of humus synthesis
direction, namely mineralization that
dominates humification processes.

Taking into account that under the
conditions of transformation of natural
phytocenosis into agrocenosis the
contents of humus decreases to certain
balanced level (Nosko et al., 1998), it is
determined that such balanced level for
dark chestnut soil after 55 years of its use
in the orchard is the contents of organic
substances in 0-60 cm soil layer at 2%.

At the same time, it was determined
by the research that despite 45 years of
orchards cultivation, application of mineral
and organic fertilizers, as well as
perennial use of soil sodding by mixture of
cereal grasses caused sustenance of
stable humus balance and absence of its
major losses on southern chernozems of
light and medium granulometric
composition. Thus, application of organic
and mineral fertilizers combined with
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TOpOBE B CbyeTaHne C MHOrOroAuLLIHO 3a-
ynmMaBaHe, e Crnosily4NInB MeTof 3a pery-
NiipaHe ¥ noggbpXaHe Ha paBHOBECKE B
Xymyca B YepHO3EMHUTE MOYBM B OBOLL-
HUTE rpafuHu.

Mo TO3K HAa4nH B pe3ynTar Ha AbJl-
rOCPOYHOTO OTr/IeX4aHe Ha OBOLLHWU Kyn-
Typu, NpuiaraHeTo Ha TOPoBE U HanosBa-
HEeTO, CbAbPXKAHNETO Ha XyMYyC U npome-
HWTE B CbOTHOLUEHMETO U CBOICTBAaTa My,
onpefenAT nao4opoAMeTo Ha noysaTta.
3a pga ce nogabpXa NOCTOAHHO CbALP-
XaHue Ha Xymyc 1 fa ce csegart g0 Mu-
HUMYM 3arybute My, € HeobxoamMmo 3a-
Ob/DKUTESIHO NepuoaMyHO npunaraHe Ha
OpraHnM4yHM TOPOBE HapaBHO C MUHepasl-
HW. [’bATOCPOYHOTO 3a4vMsiBaHe B OBOLL-
HWTe rpaguHmn ce npegsara kato ehekTmBeH
MeTog, 3a perynvpaHe u noagbpXxaHe Ha
CbCTaBa Ha Xymyca, kato antepHaTvMBa Ha
npunaraHeTo Ha OpraHWyHW TOpoBE B
OrpaHnyeHo KoIMYeCcTBO 3a TO3W panoH.

3BeCTHO e, Ye a30THMA PeXnM Ha
noysmMTe e TACHO CBbp3aH C YyBeu-
YyaBaHeTO Ha NOABMXHOCTTa U MUHEpasu-
3aumaTa Ha XymycHUTe BeLlecTBa, BK/IO-
YyUTeNHO HaTpynBaHEeTOo Ha rosieMy 3ana-
CW OT NOABWXHW (hOpMU U yBeNnyasaHe-
TO Ha Ha/IMYHOCTTa Ha MOYBEH a3oT B
YepHO3eMHUTE MOYBM B YC/IOBUATA Ha
YyepHa yrap u HanosisaHe, ocobeHo nopa-
OV B/VMAHWETO Ha a30THW TopoBe. BB
Bpb3ka C TOBa, BbMNPOCUTE 3a BepTUKa-
HOTO [BWXEHWe Ha HUTpaTuTe B Mnouyse-
HWUA Npodn cTasart BCe Mo-akTyasHu.

Hanpumep, cuctemaTMyHoTO npuna-
raHe Ha a3oTHu TopoBe npe3 2004-2011 r.
B WHTEH3VBHWN KPYLLOBU TPafuHN C HOXHA
yepHo3eMHa noysa o6ycsiaBs rosiiIMOTO
HaTpynsaHe Ha N-NO3; B noyseHus npo-
dun. 3abenaAsaHo e, 4Ye BTOPUAT MUK
(cneg nouBeHus cnoii ot 100-150 cm) Ha
CbAbpPXaHNETO M e Ha AbnbouynHa 250-
300 cm, KbAEeTOo TAXHOTO KOJSINYECTBO € 2-
10 NbTM NO-roN1sAIMO OT TOBA B KOHTPOJIHUA
BapuaHT (Purypa 1). Mpu npunoxeHne Ha
N3o — Ngo Ce HabnogaBa HaTpynBaHe Ha
HuTpatn ot 4.9-20.0 mg/kg (nnm 37.0-151.0
kg/ha), gokaTo B noysaTa Ha KOHTPOJSIHUSA
BapuaHT e camo 2.0 mg/kg (nnm 15.1 kg/ha).

perennial use of sodding is an effective
method of regulation and sustenance of
non-deficit humus balance in chernozem
soils in the orchards.

Thereby, as a result of long term
fruit crops cultivation, fertilizers
application, and irrigation, humus contents
and balance changes, its parameters
majorly determine the soil fertility.

In order to maintain stable humus contents
and minimize its losses, mandatory
periodical application of organic fertilizers
on par with mineral is necessary.

Long term soil sodding in the orchards, as
an effective method of non-deficit humus
balance regulation and sustenance is
proposed as an alternative to organic
fertilizers application, their amount being
very limited in this region.

It is know that formation of nitrogen
regime of soils is closely related to the
increase of mobility and mineralization of
humus substances, including
accumulation of large stocks of mobile
forms and the increase of soil nitrogen
availability in chernozem soils in the
conditions of bare fallow and irrigation,
especially under nitrogen fertilizers effect.
In connection with that, questions of
vertical movement of nitrates in the soll
profile become more and more actual.

For example, systematic application
of nitrogen fertilizers during 2004-2011 in
intensive pear orchards with southern
chernozem  soil determines  major
accumulation of N-NOs in the soil profile. It
was noticed that the second peak (after
the 100-150 cm soil layer) of their
contents was in the depth of 250-300 cm,
where their amount is 2-10 times bigger
then in the control variant (Figure 1). In
case of N30—N90 application accumulation
of 4.9-20.0 mg/kg (or 37.0-151.0 kg/ha) of
nitrates was observed, while in the soil of
the control variant — only 2.0 mg/kg (or
15.1 kg/ha).
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our. 1. CbabpXKaHMe Ha HATPaTK 1 npepasnpesesieHNeTo MM B NoYBEHUA NPOdnIT Ha
HOXKEH YepHO3eM MNpu CUCTEMHO NPUSIOXKEHWE Ha a30THM TOPOBE B OBOLLHA rpaanHa
Fig. 1. Contents of nitrates and their redistribution in southern chernozem soil profile
in case of systematic application of nitrogen fertilizers in the orchard

MakcumanHata HuM3Xogsla mMurpa-
UMS HA HUTPaATHW CbeauHEHUs e Habso-
JaBaHa npu no-roisMo 060 Ko/M4ecTBo
TOpOBE, MpuiaraHn B NPOAb/HKEHNE Ha 8
roAvHW: yBenMyaBaHe Ha gosara Ha asoT
oT 240 Ha 720 kg/ha Bogm Ao yesenuua-
BaHe Ha TAXHOTO KOMNYECTBO B MOYBEHUSA
cnonn ot 450-500 cm ot 22.8 go 81.5
kg/ha B cpaBHeHve c 16.9 kg/ha B
KOHTPOJIHMS BapuaHT.

Mexay A[pyroto, CpaBHEHMETO Ha
AaHHU OT NOJSIMBHU W HEMOJINBHN paiioHK
rokasea pas/iMky B HATPYNBaHETO Ha HUT-
patu B NoYBeHus npodus, no-cneymanHo
yBEMMYABAHE Ha MUrpaumsata Ha Tesu
CbeaMHeHUs1 oA, Bb3AeNcTBMeE Ha BogaTa
3a HanosiBaHe.

ToecT, nNpu MOSIMBHU YCNOBUSA B
lOxHa YkpaiiHa ¢ TpaguuuoHHa cuctema
3a ynpas/fieHMe Ha noysaTa YepHa yrap B
OBOLUHWTE rPajauHu, NNNca Ha OpraHnyHu
TOPOBE W aKTMBHO MpuiaraHe Ha as3oTHU
TOpOBE, KOWTO 3acwiBaT npouecuTe Ha
MUHepasiM3auMa Ha as3oT, CblUecTByBa
peasHa 3anfiaxa 3a OKosiHata cpefa
(moyBeHM BOAM MO-CNELMasIHO) OT 3aMbp-
CsiBaHe C HUTpaTHU CbeANHEHUS.

HecbmHeHO HanosiBaHeTo e efHo
OT OCHOBHMUTE YC/I0BUSA, KOUTO onpesenat
eKkosiormyHatTa CctabusiHOCT Ha arpoueHo-
3aTa U mmaT NpsKo Bb3AeNcTBuMe BbpXY
nokasarenute 3a MOYBEHO nogopoaune,
Tbil KATO Te BNNAAT OCHOBHO Ha nNo4sara,

Maximum downward migration of
nitrate compounds was observed in case
of bigger total amount of fertilizers,
applied during 8 years: increase of
nitrogen dose from 240 to 720 kg/ha lead
to the increase of their amount in the 450-
500 cm soil layer from 22.8 to 81.5 kg/ha
compared to 16.9 kg/ha in the control
variant.

By the way, comparison of data

from irrigated and non-irrigated areas
shows the differences in nitrate
accumulation in the soil profile,

particularly the increase of migration of
these compounds under the influence of
the irrigation water.

That is to say, in the irrigated
conditions of the south of Ukraine with
traditional bare fallow soil management
system in orchards, organic fertilizers
deficit, and active application of nitrogen
fertilizers that intensify nitrogen
mineralization processes, there is a real
threat of environment (soil waters in
particular) pollution by nitrate compounds.

Undoubtedly, irrigation is one of the
main conditions that determine ecological
stability of agroscenosis and have a direct
effect on the soil fertility indexes, as they
majorly influence the soil, migration of
chemical elements in the soil profile, level
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MurpauusaiTa Ha XUMWYHU €efIEMEHTU B
noyYBeHUss NPodns, HUBOTO U MUHeEpanu-
3aumATa Ha noyseHuTe Boamn n ap. OcseH
TOBa XMMWYECKUAT CbCTaB Ha NonuBHaTa
BOZa e efuH OT BaxHMTe akTopu, KOUTO
onpenenAat noYyBeHOTO U MesIMopaTUBHO-
TO CbCTOSIHWE Ha MOoAMBHUTE 3eMU. Cb-
ObpXaHMeTo Ha BOAOPa3TBOPUMK COMU B
noysata Moxe 3HauuTesIHO Ja ce pasnu-
YyaBa B 3aBMCUMOCT OT KayecTBOTO Ha
nonusHata Boga (Gorbach, 2008; Valkov
et al., 2008)

[o Hauanoto Ha 907 roguHw,
apte3naHckara Boga ¢ 1.8-2.5 rpama Ha
NMTbP MUHepanusaums, ¢ npeobnajasa-
O CbAbpXaHMe Ha cyndpat u HaTpuin e
OCHOBHUAT M3TOYHUK Ha NOMIMBHA BOAA 3a
OBOLLHMTE rpaguHu. T[lo-KbCHO, BOAMUTE
Ha p. AHenbp (0.4-0.6 g/l) 3anoysat aa ce
13Mnon3Ba 3a HanosiBaHe. Te ca CMeceHu
C apTe3uaHckata Boja W nopaau ToBa
MUHepanuszauuaTa e oT 1.2-1.6 g/ha.
OcBeH TOBa, Korato HaTpueBuTe XJopuamn
Ha apTe3nMaHckaTa BOJa Ce CMEeCAT C
KasiumeBua xugpokapboHaT Ha Bogara ot
p. AHenbp, ce 06pa3yBa HaTpueB kapboHaT.
ToBa npeau3Buka nosulaBaHe Ha pH Ha
noysara ot 7.7 Ha 8.5 eauHuuyn. Cnopep
arpoHoMU4HUTE KpUTepuu, Bofda C onac-
HOCT OT BTOPUYHO 3acofisiBaHe, asikanu-
3aumMs U TOKCMYEH edekT Bbpxy pacTte-
HUATa e C orpaHuyeHa nonsa 3a Hanos-
BaHe Ha OBOLLHW rpaguHu.

Mo Bpeme Ha wu3cnegBaHeTo Ha
CbAbpXaHNeTo Ha COMN BbB BOAEH W3-
B/IeK OT TbMHOKasBa noysa ce ycTaHo-
BW, Ye NPoAb/HKUTENIHOTO HanosiBaHe C
nomolitTa Ha BoJa C BUCOKA MUHepanu-
3aumsa npuynHABa yBesinyasaHe Ha o6Lo-
TO KOJMYECTBO COMU, BKHOUUTESIHO TOK-
CNYHUTE. HaTtpynBaHeTo UM ce U3BbPLLBA
0o AbnbéoumHata ot 150 cm M TAXHOTO
KO/IMYecTBO HaBuLLaBa KOHTponarta 6es3
nonusaHe (w/i) ¢ 1.8-3.0 nbTV B 3aBUCK-
MOCT OT NOYBEHUS C/OW U NPOABLIIKMTEN-
HOCTTa Ha nonveaHe (Purypa 2).

YcTtaHoBuM ce, 4ye B NOYBEH C/I0i OT
0-100 cm cbAbpXaHNETO Ha TOKCUYHMU
aslkanHu conu, Kato Hanpumep Mg
(HCO3) ,, KHCO3 1 NaHCOg3, e noeeue ot

and mineralization of soil waters etc.

Besides that, chemical composition of
irrigation water is one of the important
factors that determine soil and meliorative
state of irrigated lands.

The contents of water-soluble salts in the
soil can significantly differ depending on
irrigation water quality (Gorbach, 2008;
Valkov et al., 2008).

Up to the beginning of 1990s
artesian water with 1.8-2.5 gram per liter
mineralization of mostly sulphate and
sodium contents was the main source of
irrigation water for orchards. Later, Dnipro
water (0.4-0.6 g/l) started to be used for
irrigation, it was mixed artesian water, due
to that irrigation water had mineralization
of 1.2-1.6 g/ha.

Besides that, when sodium chlorides of
artesian water mixed with calcium hydro-
carbonate of Dnipro water, soda was
formed. It caused the increase of soil pH
from 7.7 to 8.5 units. According to
agronomic criteria, such water, with the

danger of secondary salinization,
alkalinization, and toxic effect on the
plants is limited useful for orchard

irrigation.

During the research of the contents
of salts in water extract of dark chestnut
soil it was determined that long term
irrigation using high mineralization water
causes the increase of total amount of
salts, including toxic, accumulation of
those took place up to the depth of 150
cm, and their amount exceeded control
without irrigation (w/i) by 1.8-3.0 times
depending on the soil layer and irrigation
duration (Figure 2).

It was determined that in the 0-100
cm soil layer contents of the toxic alkaline
salts, namely Mg(HCOs3), KHCO; and
NaHCO;, was more then 0.20-0.47
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0.20-0.47 mEQg/100 g, gocTuramkm KpuTmny-
HM nokasatenu (lvanov et al., 1998) 3a
CEeMKOBWTE OBOLLHW KYITYpWU W HagsuLia-
Ba nokasaTesinTe Mpu KOCTU/IKOBUTE Ky/-
Typu. U Taka, nof Bb34EHCTBMETO Ha Mo-
JIMBHN BOAM C BUCOKa MUHepasm3aumus ce
HaTpynBaT TOKCUYHWU COMM B KOHLIEHTpa-
LMs, KOSITO MOXeE [la NPUYMHK cnag B pac-
Texa 1 Npou3BOAMTE/THOCTTA HA OBOLLHW-
Te AbpBeTa.

mEQ/100 g, reaching critical indexes
(lvanov et al., 1998) for pome crops and
exceeding these indexes for stone crops.

So, under the effect of irrigation using high
mineralization water, the accumulation of
toxic salts in the concentration that can
cause decline of growth and productivity
of fruit trees, took place.

mEq/100 g

1.2
0.9
0.6

0.3 ,

Duration
0 N—
cf wrigation,
wil 15 26 55 wil 15 206 35 wi 15 26 55 vears
0-00 cm 00-100cm 100-150cm
Soil layer
Onon-toxic Btoxicalkaline O toxic neutral

dwr.

2 CbAbpxaHue Ha BOAOPA3TBOPMMK COMM B TbMHOKASABM MOYBU MNPU

OBbNrOCPOYHO NOMMBaHe Ha OBOLLHW rpaguHn
Fig. 2. Contents of water-soluble salts in dark chestnut soil in case of long term

irrigation of the orchards

OnpefeneHo e Cbllo, Ye nof Bb3-
[OECTBNETO Ha NOMMBAHETO Ca HaCTbMNU-
NN HAKOW MPOMEHU B CbAbPXaHUETO Ha
abcopbupalyusa KoMnaeke Ha TbMHoKas-
BaTa no4ysa. Cnepg 15 roguHu oTrnexgaHe
Ha OBOLUHW TpajuHKN, CbAbPXaHWETO Ha
abcopbupaH kanuuii Hamansisa ot 27.7
Ha 22.1 mEq/100 g, cymaTa Ha abcopbu-
paHns HaTpUiA U KanuiA, KakTo U MarHe-
3UiA, HANPOTUB, Ce yBesmyaBa CbOTBETHO
¢ 1.1 n 1.8 mEg/100 g. Mo-npoabsiku-
TE/IHOTO M3MN0f3BaHe Ha MnofMBaHe Ha
nousarta (26-55 roguHun) He BOAM [0 3Ha-
YyUTesIHU AONBHUTESTHU NPOMEHU B MOY-
BEHUA nornbllaTesieH KOMMIeKC Ha cno-
MeHaTaTta no4ysa. ToBa Moxe fa ce obsc-
HMW C Hama/nsBaHe Ha MuUHepam3auuaTa

It was also determined that under
the effect of irrigation some changes took
place in the contents of absorbing
complex of dark chestnut soil. After 15
years of orchard growing the absorbed
calcium contents decreased from 27.7 to
22.1 mEQg/100 g, the sum of absorbed
sodium and potassium, as well as
magnesium, on the contrary, increased by
1.1 and 1.8 mEQ/100 g, respectively.

Longer use of the soil with irrigation (26-
55 years) did not cause any major further
changes in soil absorbing complex of said
soil. That might be explained by the
decrease of irrigation water mineralization
in recent years due to dilution of it by
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Ha nonvBHaTa BoJa npe3 mnocnegHute
roavHn nopagu paspexgaHeto U ¢ Boga
oT p. AHenbp.

Mo TO3Y HAYMH YepHO3EMHUTE NOoY-
BM Ha HOxHaTta cTenHa 30Ha Ha YkpaiiHa,
KOWUTO ce noAAbpXaT MHOrOroAMLIHO KaTo
OBOlLHA rpaguHa C MOHOKYNTypa, ca
006eKT Ha HaToBapBaHe, pas/INyHO No Xxa-
pakTep Y MHTEH3UBHOCT, KOeTo obycraBs
NPOMEHN B TeXHUTE XapakTepucTukh W
yCTOMYMBOCTTA WM Ha a@HTPOMOrEHHM
(hakTopu, BK/IHOUMTENHO HEGNArONPUATHN.

N3BOAN

OBoulHaTa  arpoueHosa  Tbpnu
aKTUBHO aHTPOMNOreHHO B/IMSIHUE, KOETO €
HacouYyeHo [/1laBHO KbM yBeNMyaBaHe Ha
fo6uea. B cblOTO BpeMe NPOMEHMTE B
rnokasarenute 3a Mo4YBEeHO MNioAopoane
(KONMYECTBO M CbAbPXaHME Ha OpraHuy-
HW BeLLecTBa, aKTUBHOCT Ha HaTpynBaHe
U MUrpaumsi Ha BeLLecTBa, BKIHUYUTENTHO
HUTPATHW CbeaVHEeHWsI U BOAOPa3TBOPU-
MW COMN) onpeaensat yCTOM4MBOCTTa Ha
noysara kaTo 6uocgiepeH KOMMNOHEHT.

MonuBHMTE nNAOWM NpWU HepocTa-
TbYHO MNPUIOXKEHNE HA OpraHU4YHW TOPO-
BE, CMCTEMA 3a MOYBEHO ynpaB/ieHne Nog,
chopmarta Ha yrap, akTMBHO npuiaraHe Ha
MUHEPaAsIHN TOpPOBE W W3MN0M3BaHe Ha
MOJSIMBHN BOAM C BUCOKA MUHEpasm3auus
TbPNAT Haii-ronsimo oTpuuaTesiHo BinAaHue.

3a ga ce paspaboTAT HauMHKM 3a
HaMansiBaHe Ha OTpuULLATENTHOTO aHTPOMNo-
reHHO Bb3AeiCcTBME BbPXY NokasaTenmTe
3a KayecTBO Ha NOYBEHOTO Mogopoaune
npu AbArOCPOYHa OBOLLHA arpoueHosa B
KOXHa YkKpaliHa, no-crneuuasHo Hamasis-
BaHETO Ha eKosorMyHata Bpega B arpo-
ekonormyHarta cpega, Tpsibsa ga ce B3e-
MaT BCUYKM HEOOGXOAMMU MepKM, KaTo
HanpvMep cbracyBaHe B npuaaraHeTo
Ha TOpoBe (KakTO OpraHuW4yHu, Taka W
MUHEpasHK) cnopef Buiaa Ha nodyearta u
€KOMOrMYHUTE YC/I0BUA Ha pernoHa, noc-
TOSIHEH KOHTPO/T Ha MOYBEHOTO CbCTOSI-
Hue npeaBua HeMHMSA NPOU3Xo, 30HaSTHM-
Te€ CUCTEMU B CEJICKOTO CTOMAHCTBO, TEX-
HO/IOTMMTE Ha OoTrAexgaHe u 6uonoruy-
HWUTE 0COBEHOCTM Ha OBOLLHUTE KYNTYpPW.

Dnipro water.

Thus, chernozem soils of the
Southern Steppe of Ukraine that are kept
in the conditions of long-term
monoculture of the fruit orchard, take
strain, different in character and intensity,
stipulating changes of their features and

resistance to anthropogenic factors,
including unfavorable.
CONCLUSIONS
Fruit agrocenosis suffer active

anthropogenic influence that is aimed
primarily at the increase of plants yield. At
the same time, changes of the indexes of
soil fertility (amount and contents of
organic  substances, activeness of
accumulation and migration of substances,
including nitrate compounds and water-
soluble salts) determine resistance of the
soil as a biosphere component.

Irrigated soils under the deficit of
organic fertilizers application, fallow soil
management system, active application of
mineral fertilizers, and use of irrigation
water of high mineralization suffer the
biggest negative influence.

In order to develop ways of
decreasing negative anthropogenic strain
on quality indexes of soil fertility in long-
term fruit agrocenosis of the Southern
Ukraine, particularly the decrease of
ecological strain in agrolandscapes,
harmonization of fertilizer application
(both organic and mineral) according to
soil and ecological conditions of the
region, constant control of soil state
considering its genesis, zonal systems of
agriculture, cultivation technologies and
biological features of fruit crops are all
necessary measures.
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