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PE3IOME

CratusiTa npeacTaBsi Bb3AeNCBMETO
Ha pa3nMuHK ao3m asoT (90 kgN ha™ n 120
kgN ha™) n cbueTaHMeTo Ha MUHEpaneH U
opraHuueH asot (90 kgN ha+Guanito; 120
kgN ha'+Guanito) BbpXy OCHOBHUTE Xapak-
TEPUCTVKM Ha Mo4yBa OT TUM CMOJIHWULM MO
BpEME Ha HellHaTa nocteneHHa fekapboHu-
3auusi, CTeNeHTa Ha 3ps/IoCT Ha NiogoBeTe,
CbAbPXaHWETO Ha pasTBOPMMMU Cyxu Be-
wecTsa u gobmsa OT COPT ,3/1aTHa NPEBbL3-
xogHa“. o Bpeme Ha BeretauuvoHHUA
nepuog, BapnaHTUTe TPETUPAHN C MO-HUCKU
031 a30T, yBenmyaBaT KMCEJSIMHHOCTTa Ha
noysara, [Aokarto npunaraHeto Ha 120
kgN ha™ n 90 kgN ha'+Guanito yenu-
yaBaT Xymyca U CbAbpXaHWeTo Ha a3oT.
CbabpxaHmeto Ha P n K e BMCOKO npwu
BCUYKN  eKCNepUMEHTasIHU  BapuUaHTW.
Cnep npubupaHe Ha nnogoBeTe, CTOW-
HOCTTa Ha pH ocTaBa Ha NOYTU CbLLOTO
HUBO, O0KATO XYyMYCbT U CbAbpXaHWETO
Ha a30T B nMoyBarta ca 3HAYUTesHO
yBE/IMUEHW TMpW  BCUYKM  BapuaHTu, C
nskloyeHe Ha BapuaHTa 120 kgN ha™+

SUMMARY

The paper presents the impact
made by different doses of nitrogen (90
kgN ha’ and 120 kgN ha') and the
combination of mineral and organic
nitrogen (90 kgN ha™+Guanito; 120 kgN
ha'1+Guanito) on the basic characteristics
of vertisol-type soil during its gradual
decarbonisation, degree of maturity,
soluble solids content and the vyield of
‘Golden Delicious' cultivar. During the
vegetation period, the treatment variants
implying lower doses of nitrogen increased
the soil acidity, whereas application of 120
kgN ha® and 90 kgN ha'+Guanito
produced the same impact on the humus
and nitrogen content. The P and K
contents were high in all experiment
variants. After harvesting the fruits, the pH
value remained at an approximately
identical level, whereas the humus and
nitrogen content in the soil was significantly
increased in all the variants excluding the
application of 120 kgN ha™*+ Guanito.
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Guanito. Haii-Bucok fobus 6elle oTyeTeH
npu TpetupaHeTo ¢ 90 kg N ha™ + Guanito
(14.5% yBenuuyeHne, B CpaBHEHWE C KOH-
Tponata). YBe/MyaBaHeTO Ha asoTHarta
[03a, HamasisiBa CTeneHTa Ha 3pssocT Ha
nnoga (AogeH TecT 3a ckopb6sna), AokaTto
Hali-HUCKOTO CbAbpXaHUe Ha pas3TBOpU-
MU TBBPAM BellecTBa B M/040BETE € npu
BapuaHT 90 kgN ha™.

KnwoyoBn paymu:. asor,
»~3/1aTHa NpeBb3xoaHa", A06uB

A6bIIKa,

yBO/,

A30TbT MMa 3HaYUTENHU Npe-
KA U KOCBEHW eekTn, BbpXy AO0-
cTaBKaTta Ha XpaHUTe/NHW BeLllec-
TBa 3a pacTteHuaTa (Motosugi et
al., 1995; Németh et al., 2002).
CHabasiBaHeTto ¢ asor (N) npu
A0B/IKOBUTE [AbpBeTa, MNOBMABa
Ha pacTexa Ha AbpBOTO, hopmu-
paHeTo Ha LBETHW MbhkW, Aobvea
M KayecTBOTO Ha nnogosete —
Hail-Beye pasmMep Ha njaog Wu
ouseTaBaHe (Fallahi et al., 1997,
2001; Neilsen and Neilsen, 2002;
Raese et al., 2007; Wargo et al.,
2003). Bbrnpeku, ye npekoMepHOTO
TOpeHe C asoT BOAM [0 yBenuya-
BaHe Ha Aobusa, nopaan ysennya-
BaHe Ha cpefHOTO Ters0 Ha nioga
(Hansen, 1980; El-Gazzar, 2000;
Gosh et al., 2004), onTMmasiHOTO
cHabgsiBaHe ¢ N e M3KIIYUTEsSTHO
BaXXHO 3a Ja ce usberHar HeraTuB-
HN edpekTn, KaTo HamansaBaHe Ka-
yectBoTO Ha nnoga (Marsh et al.,
1996) n HecnocobHOCT 3a Cbxpa-
HeHue (Tahir et al., 2007), kakTo "
npepoTBpaTsaBaHe Bb3AeNCTBUETO
BbpPXy OKO/IHaTa cpeja, Kato 3a-
MbpcABaHe Ha MOANOYBEHM BOAM
(Sanchez et al., 2003). Hai-
6bp30TO YycBOsiBaHe Ha N oOT

The highest vyield was obtained by
applying 90 kg N ha™’ + Guanito (14.5%
increase compared to the control).
Increasing nitrogen rates reduced the fruit
maturity rate (iodine-starch test), while the
quantity of 90 kgN ha™ contributed to the
lowest content of soluble solids in the
fruits.

Key words: nitrogen, apple,
‘Golden Delicious’, yield

INTRODUCTION

Nitrogen  application has
significant direct and indirect

effects on the supply of plant
nutrients (Motosugi et al., 1995;
Németh et al., 2002). Nitrogen (N)
supply of apple trees affects tree
growth, flower bud formation, yield
and fruit quality — particularly fruit
size and colour (Fallahi et al.,
1997, 2001; Neilsen and Neilsen,
2002; Raese et al., 2007; Wargo et
al., 2003).

Although excessive N fertilization
leads to yield increase by
increasing the average fruit weight
(Hansen, 1980; El-Gazzar, 2000;
Gosh et al.,, 2004), an optimal N
supply is of great importance in
order to avoid negative effects
such as low fruit quality (Marsh et
al., 1996) and storage ability (Tahir
et al, 2007) and prevent
environmental impacts such as
groundwater pollution (Sanchez et
al., 2003).

The most rapid N uptake from the
fertilizer occurs in the period
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TOopoBeTe ce c/iyysa B nepuoja
MeXay UbTexX 1 Kpas Ha pacTtex
Ha neTtopacTute, KOETO CbOTBET-
CTBa Ha Hali-ronamara Hyxzaa ot N
Ha ObpBOTO. PAHHOTO BHacsHe Ha
N npe3 nponetra KomneHcupa
n3non3BaHeTo Ha pe3epsute oT N
(Toselli et al., 2000). MpunaraHeTo
Ha N npes f1ieTHMA nepuog Boaun A0
HaTtpynsaHeTo Ha N B MHOroro-
AVLLHUTE YacTu Ha AbpBOTO, AOKa-
To N BHeceH npes3 nposnetra, ce
ycBosiBa OT /iUCTa 1 Nao4oBe npes
HacTosAwms ce3oH (Mili¢ et al.,
2012). Hali-BUCOKO CbAbpXaHue
Ha N e ycTaHOBEHO B cpejarta Ha
ce3oHa Ha Beretauma (cpegarta Ha
tOHW), KoraTto npuemaHeTo Ha N oT
pacTeHusAsTa € Hal-UHTEeH3UBHO
(Mili¢ et al., 2012). A6Bb/KOBU AbP-
BeTa OTr1eXaaHn BbpXy NoAJ/10XKM
M9 wumar cnaba Hyxga oT N,
Bapupalia oT 8.8 g0 44 kg ha™
BCAKa rogvHa npes nbpBuTe LUEeCT
roguHu cnep 3acaxpgaHe (Neilsen
and Neilsen, 2002). Hama eguHHa
cxema 3a N, KoATo ga e BasimgHa
3a BCUYKM OBOLUHM  TpajviHW.
A6BKUTE KaTto uUano0 morat Aa
O6bOaT pasfenieHn Ha rpynu c
"Hucka" notpebHocT oT N w”n c
"Bucoka" notpebHoct ot N. "3nat-
Ha npeBb3xXodHa" npuHagnexun u
KbM ABeTe rpynu, nopaau nuncara
Ha CcbracyBaHOCT Mexay passind-
HUTE [ObpXaBW OTHOCHO HelHaTta
Knacudmkaums. Bbnpekn TOBa,
Mma obLlo cbrnacue, ye niaogose
C MO-BMCOKO CbAbpXaHue Ha asoT
TpsbBa fga 6baart npepaboTeHn,
[0OKaTo N/ofoBe C HUCKO CbAbp-
xaHne Ha N Tpabea pga ce

between the flowering and the end
of shoot growth, corresponding to
the highest N demand in the tree.
Early spring N  application
recompenses for the use of N
reserves (Toselli et al., 2000).

N application in the summer period
leads to N accumulation in
perennial parts of the tree, while N
supplied by the fertilizer applied
during spring ends up in leaves
and fruits in the current season
(Mili¢ et al., 2012). The highest N
content was found in the middle of
the growing season (mid June), at
the time when the N uptake by
plants is at its highest (Mili¢ et al.,
2012). Apple trees grown on M9
rootstocks have low requirements
for N, ranging from 8.8 to 44 kg
ha™ each year during the first 6
years after planting (Neilsen and
Neilsen, 2002).

There is no single N program that
is correct for all orchard situations.
Apples can generally be divided
into “low N” and “high N~
requirement groups.

The ‘Golden Delicious’ belongs to
both these groups due to a lack of
agreement among countries
regarding its classification.

However, there is the general
consensus that the fruits with a
higher nitrogen content ought to be
processed, whereas the fruits with
a lower N content ought to be
consumed fresh.
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KOHCymupaT cBexXxu. Bb3 ocHoBa
Ha PbKOBOACTBOTO 3a WHTErpupa-
HO OTrnexjaHe Ha CEMKOBMU
oBowHN Bugose 2015 (AGRIOS,
Ntanusa) 3a ga ce nogabpxart Ao-
6uBuTe oT 32-48 t/ha, Ha cemkoBu-
Te nnogose e HeobxoAMmo Aa ce
poctaesn B no4ysata 80kg N/ha,
fokato nobusu noseye ot 48t/ha
nanckeat go 110 kgN/ha, B 3aBu-
CMMOCT OT CbAbpPXaHWeTo Ha rnn-
Ha 1 opraHnyHu BellecTBa. PefoBs-
HUAT U BUCOK A06MB Ha SA0BJIKN C
[06pOo KauecTBO ce onpepesnis Haw-
Beue OT GanaHcupaHus mM3bop Ha
MOMOJIOXKN U arpoTexHUYecKu
Mepkn. BanaHcbT Mexay pacTtex u
[o6uB npeacTtaensBa  (pPU3nN0II0-
rMYHO paBHOBeCKEe, KOeTO e cpaBs-
HUTEJTHO TPYAHO Aa ce NocTUrHe, B
pe3yntaTr Ha a/TepHaTUBHOCT B
fobvBa npu onpegeneHy copTose.
"3naTHa npeBb3xoaHa" nMa CK/10H-
HOCT KbM aiTepHaTvBeH [06uB,
nopagn MNpUYMHU KOUTO oOcTasar
0TYaCTU HEeU3BEeCTHU U OOMKHOBe-
HO ce 06sicHABaT C KAMMaTU4HUTEe
NPOMEHKN, npekoMepHa pe3nToa,
HeJoCTaTbYyHO  XPaHUTENIHW  Be-
wectsa M nonveaHe. CneuvasHa
ponisi B NoAxpaHBaHETO Ha SA0bl-
kKaTa wurpae KanuusT, KOWTO ce
[OCTaBs Ype3 TopeHe, nonmeaHe un
IMCTHO noaxpaHBaHe. O6GUKHOBe-
HO 3acajeHuTe AbpBeTa HaTpyn-
BaT A0CTATbyHO Ka/lUWiA, HO He-
JOCTUT MOXe Aa uma npu niogo-
BeTe, nopaau AUCHYHKUMS Ha
AbpBecrMHHaTa npoBoAslla TbKaH
B onpefeneH nepuos Ha BereTa-
una (Drazeta et al., 2001). Kan-
uMeBuTe TOpOBE ce npunarat oT

Based on the Guidelines for
Integrated Pome Cultivation 2015
(AGRIQOS, lItaly) in order for yields
of pome fruits to be sustained in
the range of 32-48 t/ha, it is
necessary to supply the soil with
80kg N/ha, whereas vyields in
excess of 48t/ha require up to 110
kgN/ha, depending on the content
of clay and organic matter.

Regular and high yields of good-
quality apple are mostly
determined by a balanced choice
of pomo-technical and agro-
technical measures. The balance
between the growth and the yield

represents a physiological
equilibrium  which is relatively
difficult to attain, resulting in

alternative yield in certain cultivars.

‘Golden Delicious’ is prone to
alternative vyield, for reasons that
remain partly unknown and are
generally explained by climatic
aversion, over-pruning, inadequate
nutrition and irrigation.

A special role in the apple nutrition
is played by calcium, which is
supplied by the means of
fertilization-irrigation and  foliar
nutrition, through the leaves of the
plants. It happens to plant fruit
trees accumulate enough calcium,
but the deficit in the fruits due to
dysfunction of the xylem during a
specified period of vegetation
(Drazeta et al., 2001).

Calcium fertilizers are applied from
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paHeH cTaguin Ha pasBuThe Ha
nnoga Ao cnepnodbeputbeHnsa nepuoga,
Tbil KATO HSAMA KOHCEHCYC OTHOCHO
onNTUMasIHUA MNepUoL 3a NpuIoxe-
Hne (Conway et al., 2002; Peryea et
al., 2007; Wojcik et al., 2009).

Llenta Ha n3cneaBaHeTo e ga
ce npoy4yn Bb3O4ENCTBMETO Ha pas-
NNYHN  [03M MUHepasieH asoT "
[o6aBeHUTe opraHn4yHu BeLLecTsa,
BbpXy arpoxXmMm4yeckuTe xapakrte-
PUCTMKM Ha no4ysBaTta u obuBa Ha
sA6b/IKOB COPT "3nartHa NpeBb3-
xoaHa".

MATEPVANT N METOAON

Mpe3 2015 ca npuioxeHn
pasnnyHn 031 a3oT B AOGBJIKOBO
HacaxaeHue cbC "3naTHa NpeBbL3-
Xo4Ha". HacaxpeHneto e cb3ja-
AeHo npe3 2006 Bbpxy npeobna-
JaBaliy  CMOMHUUM 1 KadsBU-
MIaHWHCKO TOPCKM MOYBW, C pas-
CTOsHME Ha 3acaxpgaHe oT 4x1.2
m. EKCNepUMEHTHLT € 3a/l0KEeH B
neT BapuaHTa, KaTo BCEKN BapuaHT
e pasnpegeneH Bbpxy panoH ot 80
m? (konTpona, 90 kgN/ha, 120
kgN/ha, 90kgN/ha+Guanito,
120kgN/ha+Guanito) ¢ Tpu no-
BTOPEHNA BbB BCEKM BapuaHT.

MoaxpaHBaHETO Ha S6b/IKO-
BUTE AbpBeTa W npunaraHeTo Ha
70% a30T NO4YBEHO € ocbliecTse-
HO 4Ype3 OCHOBHO NoAxpaHBaHe C
TOp B cregHuTe A03uMposku: 600
kg/ha NPK 6:12:18 + 8S (Linzer)
NPy BCUYKN BapuaHT Ha TopeHe
npes cpespyapu. Npon3BefeHUNST B
YHrapua KAN (13.5% N-NOsz n
13.5% N-NO4+, CaO 7% n MgO
5%), npu 200 kg/ha Guanito

early fruit development stages to
postharvest period, since there is
no consensus on optimal
application time (Conway et al.,
2002; Peryea et al., 2007; Wojcik
et al., 2009).

The aim of the research is to
study the impact made by different
doses of mineral Nitrogen and
added organic matter on agro-
chemical characteristics of the soil
and the vyield of the ‘Golden
Delicious’ apple cultivar.

MATERIAL AND METHODS

During 2015 various doses of
nitrogen were applied in the apple
orchard populated with ‘Golden
Delicious’. The plantation was set
up in 2006 on soil with dominant
vertisol-to-cambisol component
structure, at a planting distance of
4x1.2 m. The experiment was set
up in five variants, with each
variant allocated to an area of 80
m?, (control, 90 kgN/ha, 120
kgN/ha, 90kgN/ha+Guanito,
120kgN/ha+Guanito) and 3
replications within a variant.

Nutrition for the apple trees
and application of nitrogen in a
70%-share volume through the soil
was effected by the means of base
nutrition, using the following
fertilizer doses: 600 kg/ha NPK
6:12:18 + 8S (Linzer) in all
fertilization variants during
February. Hungarian-manufactured
KAN (13,5% N-NO3™ and 13,5% N-
NO,", CaO 7% and MgO 5%), at
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(Hoya) ¢ 6% opraHnyeH N n 30%
opraHnyeH P,0Os, B HayasioTo Ha
anpun (90 kgN/ha, 1.e. 120 kgN/ha +
Guanito).

OctaHasimte 30% as3o0T ca
NPUNOXeHN 4ype3 nosameBaHe ¢ Mg-
HUTpaT (11% N-NO3 n 16% MgO)
B HAYas1I0TO Ha KOHW 1 Ype3 JINCTHO
nogxpaHeaHe ¢ Mg-mix (Ca+Mg) B
Ha4yaI0To M Kpas Ha /.

OnuTbT BKMOYBaA Haboga-
BaHe Ha CTOMHOCTUTE Ha pasINyHu
napameTpu Ha NoLOPOAMETO Mpu
Ase abnéounHu: 0-30 cm un 30-60
cm, U3MepPeHN Ha [Ba NHTepBaa,
B cpejara Ha BereTtauuMOHHUSA
nepviog (10™ twnm 2015) n cnen
npubnpaHe Ha A6BAKOBUTE MI0A0-
Be (15™ oktomBpu, 2015). Bb3-
OENCTBMETO OKa3aHo OT pas/InyHK-
Te [0o31 TOp W npunaraHeTo Ha
MUHepasiHa ¥ opraHndyHa dopma
Ha a30T e onpefesnieHo Bb3 OCHOBa
Ha CTeneHTa Ha y3psBaHe (TecT 3a
MOHOCKOp6sisia, no ckana 1-10),
CbAbpXaHue Ha Cyxu pasTBOpUMU
BellecTBa 1 06wy, nobus (t/ha).

XumMmnyeckute aHamsnm ca
N3BBbPLUEHN NO CliefHUTE METOAMW:
pH cToHOCTTa e onpepaeneHa no-
TEHUMOMETPUYHO C KOMOWHMpaH
CTbK/IEH eJfleKTpof, 4pe3 cmecsa-
He Ha noysa c Boga u pa3tsop 1M
KCI (cboTHOweHue 1:2.5) CyberScan
pH 510, Eutech Instruments,
Singapore), CbAbpXaHWeTO  Ha
CaCOs; e onpegeneHo 06emMHo, KaTto
e wum3nons3saH calcium-meter Ha
Scheiblerov, HMBaTa Ha Xymyc ca
yCTaHOBEHM 4pe3 MeToga Ha
Kotzmann, cbabpXaHneTo Ha a3oT
€ YCTaHOBEHO Mo MeToja Ha

200 kg/ha Guanito (Hoya) with 6%
organic N and 30% organic P,0s,
at the beginning of April (90 kgN/ha,
i.e. 120 kgN/ha + Guanito).

The remaining 30% of
nitrogen was applied through
fertilization-irrigation of Mg-nitrate
(11% N-NO3 and 16% MgO) at the
beginning June and through foliar
nutrition using Mg-mix (Ca+Mg) at
the beginning and end of July.

The trial included monitoring
the values of different fertility
parameters at two respective
depths: 0-30 cm and 30-60 cm,
measured at two intervals, at the
middle of the vegetation period
(10" July 2015) an after harvesting
the apple fruits (15" October
2015). The impact made by the
different doses of fertiliser and
application of the mineral and
organic form of nitrogen was
determined based on the degree of
maturity (mono-starch test, on a
scale 1-10), soluble solids content
(SSC, %) and total yield (t/ha).

The chemical analyses were
conducted using the following
methods: pH value was determined
potentiometrically with a combined
glass electrode, by mixing soil with
water and 1M KCI solution (ratio
1:2.5) (CyberScan pH 510, Eutech
Instruments, Singapore), the CaCO3

content was determined
volumetrically, using the Scheiblerov
calcium-meter, the humus levels
were established using the
Kotzmann method, nitrogen content
was found out by the Kjeldahl
method (Bremener and Mulvaney,
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Kengan (Bremener and Mulvaney,
1982), necHo fOCTbMHUAT hocdop
e onpeneneH ypes Ko/oMeTpuyeH
AL wmeTod, JNecHO [OCTbMHUAT
Ka/iMii € U3MepeH 4Ypes3 naambKo-
doTomeTpuyeH AL metoga,
3HaunmMmocTTa Ha pasfnvkuTe
MeXAy KOHTpofiaTa U BapuaHTuTe,
B KOMTO Ca MNPWUIOXEHU pasnNyHu
[031 a30T e ornpefeneHa 4pes
TecT Ha Dunett 3a HMBO Ha
3HaummocT oT d'< 0.05 1 d’< 0.01.

PE3SYNTATN N OBCBbXAAHE
Bb3 ocHOBa Ha arpoxmmunyec-
KNTe aHan3v n3BbpLIEHM B fABa
pas/IMYHN UHTEepBasla Ha U3Mep-
BaHe, ca yCTaHOBEHU MNPOMEHU B
CbAbpXaHNeTo Ha  OCHOBHUTE
napameTpy Ha nJo4opoAneTo Ha
noysata, KouTo ca pesyntrar oT
pas/iMyHn o3 1 hopmu Ha asoT
(Tabnuuya 1).

1982), easily accessible Phosphorus
was determined using the
colorimetric AL method, whereas the
easily accessible potassium was

measured using the flame-
photometric AL method.
The significance of the

differences between the control
and the variants implying different
nitrogen doses was determined
using the Dunett for significance
level of d’< 0.05 and d’< 0.01.

RESULTS AND DISCUSSION

Based on the agro-chemical
analyses conducted in two different
measuring intervals, changes in
contents of basic parameters of
soil fertility was established,
occurring as a result of different
doses and forms of nitrogen (Table
1).

Tabnunua 1. ArpoxXuMmyHM aHa/in3M Ha roysBa B HacaxieHue cbC "3naTHa
npeesb3xXoaHa"
Table 1. Agro-chemical analyses of soil in ‘Golden Delicious’ plantation
MapameTpu [bn6ounHa KoHTpona Kgg;tprgff‘ 90 kgN/ha 120 kgN/ha QOGKL?;\:{ES * lz%‘fg:i/ga)f
Parameters Depth (cm) Control I m I m I T | T I m
DHIH,0 0-30 7.28 746 716 669 6.76 7.10 7.19 6.37 6.65 6.76 6.54
30-60 6.10 625 623 619 586 687 660 622 572 640 6.13
pHIKCI 0-30 6.59 679 651 614 637 646 650 573 621 6.28 6.57
30-60 5.80 561 545 547 584 615 590 556 586 578 5095
Cacos (%) 0-30 0.5 04 02 05 04 04 03 03 01 03 02
30-60 0.3 01 00 02 02 02 02 01 02 03 01
Humus (%) 0-30 3.1 32 32 34 33 36 35 36 36 32 33
30-60 3.0 28 27 31 30 33 32 30 31 28 31
N total (%) 0-30 0.20 019 022 021 020 025 021 026 023 022 020
30-60 0.17 019 019 0.6 018 018 019 020 0.20 0.17 0.16
1 0-30 13.9 142 140 221 204 232 215 241 253 248 221
A-P20smg 100 g 5 44 115 110 112 152 142 158 132 149 164 159 122
Al-K,0 mg 100 g-* 0-30 40.2 39.1 423 552 535 502 521 569 575 547 535

Bb3 ocHOBa Ha pesynratute
OT aHa/M3nuTe e YCTaHOBEHO, 4e
npunoXeHnTe  pas/inyHM  [o3n
a30T OKasBaT pas3/IMYHO Bb3Aeii-

Based on the results of the
analyses it was established that
the application of different doses
of nitrogen made a varying impact
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CTBUE BbPXy U3cnenBaHuTe napa-
MeTpu Ha NJI04OPOAMETO  Ha
nouysata. BapnaHtbT 6e€3 HMKaKbB
a30T Moka3Ba Hal-BUCOKN CTOMA-
HOCTU Ha aKTMBHa W nojrucHarta
KAUCENIMHHOCT, [0KaTo Wn3non3sa-
HeTo Ha 90 kgN/ha MwuHepaneH
TOP W Cb4YeTaHMETO C OpraHunyeH
TOp Npeamn3BMKBa Hal-HUCKK CTOW-
HoCcTM Ha pH. C yBesiMyaBaHe Ha
[o3nte Ha TOp, pH cToiiHOCTUTE
ce nogabpxaTr B rpaHuuuTe Ha
KOHTPO/IHUS BapuaHT, C HUKaKBM
3HaAUYMMK pasNNKK Mexay npooute
B3eTW OT pasnyHa AbN160YNHA.
OT riegHa TOYka Ha CbAbpXxa-
Hneto Ha CaCOj; (%), nousata
npuHagNexun KbM KareropusaTta Ha
cnabo kapboHaTHUTE Mo4YBM, a
NPUIOXKEHNETO Ha Kasuui, upes
JINCTHO NojxpaHBaHe npefocTass
Ha pacTeHuAaTa [AOMbJIHUTESTHU
[03/ OT TO3U efleMeHT, KOeTo
jornpvHaca  3a  nNpuonn3uTesiHo
CbLUTE My HMBa B no4ysarta. Bbs-
[eliCTBMETO Ha SIMCTHOTO npwuna-
raHe Ha Ca u npoTMBOpeYneTo
Mexay TO3U efneMeHT M asoTa u
Kanms ca napameTpu uscrenBaHu
oT MHoxecTBo aBTopu (Nosal et
al. 1990; Sotiropoulos et al. 2005;
Marcelle 1995), kouTo ca ycTaHo-
BUIN NOJIOXUTENIHOTO Bb3AENCT-
BME BbPXY KayeCTBOTO Ha Mono-
BeTe, Npu yc/ioBMe Ye noaxpaHsa-
HeTO e pobpe 6GanaHcuMpaHo C
apyrm enemeHTn. CbabpXaHMeTo
Ha Xymyc B noysata e CbC CpefHO
HMBO Ha cHabasiBaHe, [OKaTO Hai-
BMCOKMTE CTOMHOCTM (3.5-3.6%) ca
M3MEepeHN BbB BapuaHT C Npuoxe-
Hne Ha 120 kgN/ha n 90 kgN/ha +

on the tested parameters of the
soil fertility.

The variant with no applied
nitrogen revealed the highest
values of active and substitution
acidity, whereas application of 90
kgN/ha of mineral fertiliser and the
combination with the organic
fertiliser produced the lowest pH
values. By increasing the doses of
fertiliser, the pH values were kept
within the range of the control
variant, with no  significant
differences between the samples
taken at different depths. From the
aspect of the CaCO3; contents (%),
the soil belongs to the category of
low-carbonate soils, and the
application of calcium through
foliar nutrition provided the plants
with additional doses of this
element, contributing to its
approximately same levels in the
soil. The impact of foliar
applicaton of Ca and the
antagonism between this element
and nitrogen and potassium are
the parameters examined by
numerous authors (Nosal et al.
1990; Sotiropoulos et al. 2005;
Marcelle  1995), who have
established the positive impact on
the quality of fruits, provided that
the nutrition is well-balanced with
other elements. The content of
humus in the soil was at the level
of medium supply, whereas the
highest values (3.5-3.6%) were
measured in the variant of
application of 120 kgN/ha and 90
kgN/ha + Guanito. The optimum
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Guanito. OnNTUMa/IHOTO CbAbP-
XaHne Ha Xymyc B noysaTta, Mos-
BOJIABA NpuemMa Ha a3oT OT Ha/u-
YyHUTE pe3epBu, Taka 4ye yBesu-
YeHMeTo Ha as30T HAMa AOMbJIHU-
Te/IHO Bb3feicTBrne BbpXy [06u-
Ba 1 HEroBuTe napamMmeTpu.

MpunaraHeTo Ha a3oTHU TO-
pOBE € yBe/IM4n/I0 CbAbpXKaHUeTO
Ha asoT B noysaTa, Karto nmo-
BMCOKM [03M ca OT4yeTeHn B
MbpPBOTO M3MepBaHe (cpefara Ha
0NIn), B CpaBHEHME CbC CTONHOC-
TUTE YCTaHOBEHW B Kpas Ha
BereTaumoHHus nepuog. Milic et
al.,, 2012 cbwo ycTaHoBSABaT, 4e
Hal-BUCOKUTE CbAbPXaHUA Ha
a3oT B MoyBaTa Ca OTYeTeHU B
cpefaTta Ha BeretauMoHHUA nepu-
04, KOeTo CbOTBeTCTBa C Haii-
roNsAMOTO MornbliaHe Ha as3oT OT
pacteHusaTa. [1puioxeHneTo Ha
120 kgN/ha+ Guanito He Bogu Ao
HMKaKBO 3Ha4YMMO yBesn4yaBaHe B
HMBOTO Ha a30T npe3 pas/imyHuTe
nepnoau Ha onura.

MpUIOXEHNETO HA KOMOMWHK-
paH Top NPK BOAM A0 yBennyaBsa-
He Ha P,0s (20.4-25.3 mg/100g),
KOeTO € ONTUMasIHO HMBO Ha CHab-
AdABaHe 3a OoTrnexgaHeTo Ha
AOGBNKN, Cropes peakumsaTa Ha
NMoYBEHMS Pa3TBOP B CpaBHEHWE C
KOHTponHaTa rpyna (13.9-14.2
mg/100g). B xopu3oHTa nog xymy-
ca, KOMTO ce Hamupa Ha gbN60o4K-
Ha oT 30-60 cm noa no4yBeHaTa
NMOBBLPXHOCT, CbAbpPXaHNETO Ha
doocdhop e 3HauUnTEeNIHO MOo-Masiko,
B CpaBHeHVe C HaTpynaHus oc-
doop B XYMYCHUSA XOPU3OHT.

CbAbpXaHMeTo Ha  Kanwuii

provision of the soil with humus
enabled the intake of nitrogen from
the existing reserves, so that the
increase in nitrogen did not have
an additional impact on the yield
and its parameters.

The application of nitrogen
contributed to its increased
contents in the soil, with higher
doses of nitrogen being recorded
in the first measuring (mid-July),
compared to the values
established at the end of
vegetation period. Mili¢ et al., 2012
also determined that the highest
contents of nitrogen in the soil
were detected in the mid-
vegetation period, coinciding with
the highest intake of nitrogen by
the plants. The application of 120
kgN/ha+ Guanito did not result in
any significant increase in the
nitrogen levels in the different
periods of the trial.

The application of the NPK
fertiliser resulted in the increase
(20.4-25.3 mg/100g) of Py0s,
which is an optimum supply level
for apple-growing, in accordance
with the reaction of the soil
solution compared to the control
group (13.9-14.2 mg/100g). In the
sub-humus horizon lying at the
depth of 30-60 cm below the
ground surface, the content of
phosphorus is considerably lower
in comparison with the humus
accumulation horizon.

The

potassium  content
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npean 3anaraHeTo Ha ekcnepwu-
MEHTa € BWCOKO U MPUIOXEHNETO
Ha koMbuHupaHusa Top NPK pgo-
npuHacs 3a AOMb/HUTESTHO YBENN-
yaBaHe Ha CbAbpXaHWeTo Ha fo-
CTbMEH Kanui. Pasnukute mexay
pasnnyHMTe BapuaHTM Ha noa-
XpaHBaHe He ca 3HauuTesiHu B
pamMKMTe Ha CbOTBeTHaTa Abri60-
ysHa Ha wu3cnepgBaHe. [Nopagu
MHTEH3MBHOTO [OCTaBsHe Ha Ka-
NWIA, HeroBaTa Hali-BMCOKA KOH-
LeHTpaunss e ycTaHOBeHa B MO-
BbPXHOCTHUS  XOPU30OHT,  KOATO
NocTeneHHO Hamansea C  Mo-
ronamara gbs6o4mMHa Ha npoobuTe.

Bb3gencTBneTo okasaHo OT
pasiMyHUTe 403K  a30T  BbPXY
obema Ha pgobmBa M HMBOTO Ha
y3psiBaHe Ha njogoBete e
nokasaHo B Ta6svua 2.

before the set up of the
experiment was high, and the
application of NPK fertilizer
contributed to a further increase in

the content of accessible
potassium. The differences
between the various nutrition

variants were not significant within
the same depth of study. Due to
intensive supply of potassium, its
highest concentration was
established in the surface horizon,
gradually decreasing with the
larger depth of sampling.

The impact made by the
different doses of nitrogen on the
volume of vyield and level of
ripeness of fruits is shown in Table
2.

Tabnnuya 2. Bb3geiicTBMe Ha a3oTa BbpXy A0OMBaA U HMBOTO Ha Yy3psiBaHe Ha

nnogose Ha "3naTHa npesb3xogHa"

Table 2. Impact of nitrogen on yield and level of ripeness of fruits of ‘Golden Delicious’

BapuaHTn Jo6vs

0
% MoHockopbsna

No. Variants Yield yBeane.Hme fobus Mono-starch SSC (%)
Yield increase
1 KoHTpona/Control 30.80 100 7.20 11.18
2 90 kgN/ha 31.30ns 104.3 6.98 ns 10.45*
3 120 kgN/ha 32.08 ns 106.9 7.13 ns 11.90 ns
4 90 kgN/ha +Guanito 38.25ns 114.5 6.70 ns 11.80 ns
5 120 kgN/ha+ Guanito 34.35 ns 1115 6.75 ns 11.75ns

*TecT Ha Dunett 3a HMBO Ha 3HaumMmocT d’< 0.05 n d'< 0.01
*Dunett’ test for level of significance d’< 0.05 and d'< 0.01

Pesyntatnte o1 aHanuiaute
nokasgatr u4e, pas/IMyHUTE [03U
a3oT Bb3fgeiicTBaT 3a yBenn4yaBa-
He Ha pgobuBa B pamMKuTe Ha
4.3-14.5%, KoeToO He ce cuuTa
Karto 3HaunTenHo nogobpssaHe B
CpaBHEHME C KOHTPOJTHUA BapuaHT
(Tabnuua 2). HMBOTO Ha Ao6uBa B
HaleTo uscreaBaHe OTroBaps Ha
npenopbvknte  (AGRIOS, Italy

The results of the analyses
show that the impact of the
different doses of nitrogen is to
increase in yield in the range of
4.3-14.5%, which is not
considered as a significant
improvement compared to the
control variant (Table 2). The
volume of the yield in our research
corresponds to the recommendations
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2015) 3a pos3n Ha TopeHe go 90
kgN/ha, fgokato npunoXxeHMeTo Ha
no-rosieMn A03Y MUHepasieH asoT
B CbyeTaHne c JobaBeH opraHu-
yeH a3oT (120 kgN/ha+ Guanito)
BOAW [0 no-crnab nobuB B cpas-
HeHMe C npunoxeHneto Ha 90
kgN/ha + Guanito (yBennyeHue Ha
pobuveBa ¢ 14.3% B cpaBHeHWe C
KOHTPOJTHMA BapuaHT).

CrteneHTa Ha y3psBaHe Ha
nnofOBETE He Mnokassa 3HaydyMMmu
pasnNkn, Kato pesyntarbT OT Npu-
nlaraHeTo Ha pasnuyHu 003U a3oT
€ B pamKuTe Ha OonTuMasiHuTe
CTOMHOCTM NpW NpubupaHeTo Ha
"3natHa npeBb3xogHa". CbAaobp-
XaHVeTO Ha Cyxo pasTBOpPMMO
BELLEeCTBO MNnokasBa CTaTucTU4ecku
3Ha4YMMKN pas/iIKn B CPaBHEHMVE C
BapunaHTa 90 kgN/ha, ¢ oTtueTeHa
Hali-H1ckaTa cTonHocT oT 10.45%.

n3BO4MN

[MpunoXeHneTo Ha pas/iMyHu
0031 a30T Oka3Ba pas/IMYHO Bb3-
[elcTBMe BbpXy W3CnefBaHUTe
napameTpu. Hal-HUCKMTe HMBa Ha
pH ca namepeHun npu npunaraHeTo
Ha mMuHepaneH Top 90 kgN/ha,
KakTo 1 npu cbyeTaBaHETO Ha
MUHEpasieH u opraHmnyeH Top. C
yBeNnuyeHuTe Ao3n asot, pH cToii-
HOCTUTE Ca Ha HMBaTa Ha KOH-
TponHata rpyna, ¢ HUKakBu 3Hauu-
MU  pas3iMku  Mexay npobu ot
pasnnyHn obN6ounHN. TbiA Kato
noysarta e cnabo-kapboHaTtHa, no-
NIeCHO [OCTbIEH 3a pacTeHusTa e
Ca, BHeCeH 4pes JINCTHO NoaxpaH-
BaHe. CbabpXaHMeTo Ha Xymyc e
cpegHo, a obuiara 3anaceHocT C

(AGRIOS, Italy 2015) for fertilisation
dosage of up to 90 kgN/ha,
whereas the application of larger
doses of mineral nitrogen
combined with added organic
nitrogen (120 kgN/ha+ Guanito)
resulted in a lower yield compared
to application of 90 kgN/ha +
Guanito (yield increase of 14.3%
compared to control variant).

The degree of ripeness of
fruits did not show significant
differences as a result of
application of different doses of
nitrogen and was within the
optimum values for the harvesting
of ‘Golden Delicious’. The soluble
solids content (SSC) showed
statistically significant differences
compared to the variant of 90
kgN/ha application, and recorded
the lowest value of 10.45%.

CONCLUSIONS

Application of different doses
of nitrogen made a varying impact
on the studied parameters. The
lowest pH values were measure in
the application of 90 kgN/ha of
mineral fertiliser, as well as in
combining the mineral and organic
fertiliser. With increased nitrogen
doses, the pH values were at the
levels of the control group, with no
significant differences occurring
between the different depths of
sampling. The soil examined in the
class of low calcareous, with the
fact that due to foliar feeding poor
adoption of Ca from the soil.The
humus content was in the range of
medium supply, and the total
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a30T e no-eucoka. CHabasiBaHETO
¢ P,Os, e B onTuMasiHM HMBa npwu
BCUYKM OMUTHW BapuaHTu, B Cpas-
HEeHMe C MHOI0 BUCOKUTE HMBA Ha
Kanuin. PasnuuHnte [o3mM  asor
yBenuyasart fobvea B paMKuTe Ha
4.3-14.5%, KOeTO He ce cunTa Karto
3HauMMo nofobpeHne B cpaBHe-
HWe C KOHTPOJIHMSA BapuaHT. Hama
OTYETEHO Bb3AENCTBME  BbPXY
HMBOTO Ha Yy3psABaHe, [0KaTO
CbAbpXaHNeTO Ha Cyx0 pasTBoO-
pUMO BeLeCcTBO MokKasBa 3Hauu-
Te/IHA pasnku BbB BapuaHta C
npunoxeHne Ha 90 kgN/ha.

BJTIATOAAPHOCTWU

HacTtoAaweTo wmniscnepsaHe e
noAakpeneHo oryactm oT MwuHUC-
TEepCTBOTO Ha 06pas3oBaHMETO U

nitrogen supply was at the high
level. The supply of P,Os, was at
the optimum level in all of the trial
variants, compared to the very high
levels of potassium. The impact
made by the different doses of
nitrogen contributed to increase in
yield in the range of 4.3-14.5%,
which is not considered as a
significant improvement compared
to the control variant. There was no
recorded impact on the level of
ripeness, whereas the content of dry
soluble matter showed significant
differences in the variant of
application of 90 kgN/ha.
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PE3HOME

YBennyaBawoTo ce MKOHOMUYECKO
3HayeHne n cTabuieH pacTex B Mpous-
BOACTBOTO Ha CUHSA GOpPOBMHKA B cBeTa
onpegens ronsMata NpoOU3BOACTBEHA
CTOMHOCT Ha nsoga, AOXOLHOCT Mpu OT-
rnexgaHeTo u Ao6bp NAaCMeHT Ha npo-
aykumata. [leceTkn copToBe CUHsSI 60po-
BMHKA Ce OTIexaaT B CTpaHu, KbAeTo
Tasu KynTypa e TpaavumnoHHa. CopToBeTe
3a KOMepcuasnHo oTrfexpaHe ce pasnu-
yaBaT MO HSKOW XapaKTEePUCTUKU: U3MC-
KBaHMS KbM arpoTexHukara, OKojiHaTa
cpefa v OpYrM yCrioBUSl, CPOKOBE Ha
3peeHe Ha naoga, NPOAbL/HKUTENHOCT Ha
6eputbeH nepuof, W3APBLXIAMBOCT W
APYT OpraHoMenTUYHN  XapaKTepPUCTUKU
Ha nnoga, [A[o6MB, YCTOWYMBOCT Ha
6onectun, BpeauTenu n Apyrn Heb6naro-
NpUSTHY hakTopy Ha OKosiHaTa cpeja.

Hactosiwara cratus npeacTaBssi
pe3ynTtatute oT u3cneasaHe Ha gobuea v

SUMMARY

Increasing economic importance
and steady growth of blueberry production
in the world add up to the use value of
fruit, profitability of growing and high
merchantability production.

Dozens of blueberry cultivars are grown in
countries that traditionally cultivate this
fruit.

Commercially grown cultivars differ in a
number of properties: requirements in
respect of agricultural and environmental
and other conditions, fruit ripening time,
harvest length, grit and other organoleptic
characteristics of the fruit, vyield,
resistance of fruit to diseases, pests and
adverse environmental conditions

This paper presents the results of
the study of yield and the most important
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Hall-BaXHUTe nokasaTesin 3a Ka4ecTBO Ha
naoga Ha xpacrtosugHara G0pOBMHKA OT
copToBse .Peka’, LHoun, SLFOK",
,03apk6ny* n ,bnykpon".

Hali-Bucokn A06MBKU, HO C Maslko
Mo-HWCKO KayecTBO Ha Mnofa noka3sa
copT ,Peka“. 3a cbnoctaBka, Hali-HUCKU
[06MBY, HO OT/INYHO KAYecTBO Ha nioja
nokassa copt ,Hwon". CtabuiHm gobusu n
MHOro gobpo kayecTBO Ha njoja
nokassart gpyrute Tpu copta. CopTtose
QoK 1 ,O3apkbny* ca oTaenHo cnopep,
CbAbPXaHNETO Ha 06LLM aHTOLMaHW.

KntoyoBn gymun:  xpactoBugHa
60pOBMHKaA, A00MB, XUMMWYECKM aHaus,
KayecTBO Ha nnofja

YBO/,

Cnopep Oblak et al. (1984),
[06MBBT Ha GOPOBMHKM € copToBa
XapakTepuctuka, KOATO CUMHO 3a-
BUCK OT arpoTexHU4eckmTe n eko-
NOTMYHN YC/IOBUA Npe3 rogvHara.
Pe3syntatnte oT TexHuTe u3cnea-
BaHWA, U3BbPLLUEHN HA TEpPUTOPUS-
Ta Ha JltobnsHcko bapbe (B palio-
Ha Ha JltobnsHa, CnoBeHus) nokas-
BaT, Ye copT "KoBun" mma Haii-
BMUCOK cpefeH pobwus (2620 g, T.e.
5.240 kg ha™* 3a pactenve) 3a nepu-
oA OT ocem roguHu. “"bBnykpon” u
"Bnypeii" umat cxo4Hu nokasatesnu.

N3cnepBaHuaTa Ha KrgoviC
(1983), koMTO BK/tOYBAT 8 CEBEPHU
copta xpacrtoBugHa OGOpPOBUHKA,
KOSAAITO pacTe B paiioHa Ha Polimlje,
nokassaT Hali-BUCOK cpefeH [o6mB
OT pacTeHue 3a TpU TroAauLleH
nepuog npu copt 'Darrow’ (453.83
g) 1 Hall-HUCBK 3a "Kosun" (285.29
g). CbWwuAT aBTOp Moco4yBa, 4e
"Bnykpon" npuHaanexu Kbm rpyna
OT COpTOBE C MNO-BUCOK cpeaeH
[o6uB oT pacteHune (397.29 g).

indicators of the fruit quality of highbush
blueberry cultivars — ‘Reka’, ‘Nui’, ‘Duke’,
‘Ozarkblue’ and ‘Bluecrop’.

The highest yield, but slightly lower
fruit quality showed ‘Reka’, while in
contrast, the lowest yield, but excellent
fruit quality showed ‘Nui’. Steady yields
and very good fruit quality showed three
other cultivars. ‘Duke’ and ‘Ozarkblue’
were set aside by the content of total
anthocyanins.

Key words: Highbush blueberry,
yield, chemical analysis, fruit quality

INTRODUCTION

According Oblak et al. (1984),
yield of blueberry fruit is a varietal
characteristic which largely
depends on agricultural and
environmental conditions over the
year. The results of their studies
carried out at the Ljubljansko barje
site (the region of Ljubljana,
Slovenia) showed that 'Coville’ had
the highest average yield (2620.00
g i.e. 5,240 kg ha™ per plant) over
a eight-year period. 'Bluecrop’ and
'‘Blurey’ performed similarly.

The studies of Krgovi¢ (1983)
which involved 8 northern-type
highbush blueberry cultivars grown
in the region of Polimlje showed
the highest average yield per plant
over a three-year period in 'Darrow’

(453.83 g), and the lowest in
'Coville’ (285.29 g). The same
author reported that ’'Bluecrop’

belongs to a group of cultivars with
a higher average vyield per plant
(397.29 g).
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Pesyntatute nonyvyeHun ot
Wood (1989) nokassart, ye "Hion"
nma no-eabp niog (2.1 g), oTkoN-
koto "Peka" (1.6 g) u "Bnykpon"
(1.7 g), HO MMa NO-HUCBK cpefeH
[obus ot xpact. lpe3 nepuoga
1991-1996, Stanisavljevic &
Cerovi¢ (1997) uscnegsat pusmo-
NOTNYHUTE N MOMOJIOTUYHN Xapak-
TEPUCTUKM Ha TpWU copTa GOPOBUH-
KA N efuH Xnbpug, B HacaxaeHve
cb3ganeHo npes 1980. Pesyntatu-
Te OT TexHUTe Mpoy4yBaHuUA npepn-
nonarar, 4ye xmépua 1/91 nma Hain-
enbp nnog (1.61 g), kKakTo U Hai-
BMCOK OOOWMB OT pacTteHve v eau-
Huuya nnaow, (4700.00 g n CcboOT-
BeTHO 12.530 kg ha™). Lo ce
OTHacaA [0 npeacTaBaAHETO Ha
"Bnykpon" B Te3u u3c/neaBaHua,
TernoTo Ha nnaogosete my e 1.39
g, a Ao6UBBLT OT pacTteHne 4500.00
g (11,997 kg ha™). PesyntaTtute ot
n3cnegsaHuATa nposefeHn ot
Carter et al. (2002), KOUTO BK/1tOU-
BarT 6 coprta xpactoBugHa 60-
POBWHKa, OTr/exagaHa B torosa-
nageH ApkaHsac, MnokassaT ue
"O3apkbny" nma Hali-BUCOK Aobus
(12.309 kg ha™) u Haii-egpu nnopo-
Be (1.4 g), gokato Hali-crnabo npepg-
cTaBaHe e oTt4yeTeHo npu "lMpumun-
ep”, ¢ jo6us camo 5.456 kg ha™.

Cnopep, Beaudry (1992), kpu-
TepunuTe, KOUTO MNOBAMUSIBAT Kadec-
TBOTO Ha 6OpoBMHKaTa ca cnegHu-
Te: pa3Mep Ha nsoga, KOMTo ce
ovakBa ga 6bAe no-ronsim ot 10 mm
B AvaMeTbp, pa3TBOPYMU Cyxu Be-
wectsa (noseuve ot 10%), 06W0 Cb-
AbpxaHne Ha kucenuum (0.3-1.3%),
pH CTOMHOCT Ha nJ04OBUA COK

The results obtained by
Wood (1989) showed that’ Nui’ had
larger fruit (2.1 g) than 'Reka’ (1.6
g) and 'Bluecrop’ (1.7 g), but had
lower average yield per bush. Over
the 1991-1996 period,
Stanisavljevic & Cerovi¢ (1997)
studied physiological and
pomological characteristics  of
three blueberry cultivars and one
hybrid in a planting established in
1980. The results of their studies
suggested that the hybrid 1/91 had
the largest fruit (1.61 g) as well as
the highest yield per plant and unit
area (4700.00 g and 12,530 kg
ha'! respectively). As for the
performance of 'Bluecrop’ in these
studies, its fruit weight was 1.39 g
and vyield of 4500.00 g per plant
(11,997 kg ha™).

The results of the studies
conducted by Carter et al. (2002),
which  involved 6  highbush
blueberry cultivars grown in
southwestern Arkansas, showed
that 'Ozarkblue’ had the highest
yield (12,309 kg ha™) and largest
fruits (1.4 g), while the poorest
performance was recorded in
'Premier’ which yielded only 5, 456

kg ha™).
According to Beaudry (1992),
criteria.  affecting  quality  of

blueberry fruit are as follows: fruit
size, which is expected to be in
excess of 10 mm in diameter,
soluble solids content (in excess of
10%) total acid content (0.3—1.3%)
fruit juice pH value (2.25-4.25) and
sweetness index (10-33). Dry
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(2.25-4.25) n vHpekc Ha cnagoct
(10-33). CbabpxaHMEeTo Ha Cyxo Be-
LLIeCTBO Ce yBenn4yaBsa C y3psiBaHeTo
Ha nnopa (Castrejon et al., 2008)

MATEPVAT N METOON

TpuroguwHuTe uscnenBaHusa
(2008-2010) ca u3BbLPLIEHN B
OMNUTHO HacaxaeHne ¢ 6O0POBUHKY,
Cb3JajleHO npe3 Tnposetra Ha
2006 r. B paiioHa Ha Yauvak, B
6azata Ha W3cnepgosatesicku
WHCTUTYT NO OBOLLAPCTBO B Yauak
(43°53.654' ceBepHa wWMpUHA U
20°20.619’ n3TOYHa Ob/MKUHA, 245
M H.B., pef0BeTe Ca OpUeHTUPaHU
B NMOCOKa CceBep-Hor.

HacaxgeHvneTto e cb3gafeHo C
TpurogueH, ceptuduumpaH pas-
caj, OT XpacToBMAHN GOPOBUHKM, 3a-
cafeHu Ha pascTtoaHua 2.5 X 1.5 m.
lNpunoxeHata cucTtemMa Ha 3acax-
faHe — No efnH XpacT e Hail-4ecTo
n3nons3sBaHara, KakTto Ha MeCTHO
HMBO Taka M no ceeTa (LeposaviC,
2014). MexaypenoBOTO MpOCTpaH-
CTBO € noctnaHo ¢ 10 cm cnoi
NTNONNCTHN A bPBECHU CTbPIrOTUHMN.

PE3SYNTATN N OBCBbXAAHE
Pe3yntatute oT nscnegsaHe-
TO CBbp3aHM C napamMeTpute Ha
fobuBa ca nokasaHun B Tabnuua 1.

matter content increases with
maturation of fruit (Castrejon et al.,
2008).

MATERIAL AND METHODS

The three-year studies (2008-
2010) were carried out in the
experimental blueberry planting
established in the spring of 2006 at
the ‘Cacak’ site, premises of Fruit
Research Institute Cacak
(43°53.654' north latitude and
20°20.619' east longitude, 245 m
altitude, north-south planting
orientation).

The planting was established
with three-year, certified seedlings
of highbush blueberries, planted at
a distance of 2.5 x 1.5 m. Most
commonly used planting system
both locally and globally — in a
bush — was employed in the
planting (Leposavi¢, 2014). The
inter-raw space was layered with
10 cm conifer sawdust.

RESULTS AND DISCUSSION
The results of the studies
relative to yield parameters are
shown in Table 1.

Ta6bnuua 1. JobuB OT XpacToBuaHa 60pOBUHKA OTI/NIEXAaHa B paiioHa Ha Yauak B

nepuoga 2008-2010

Table 1. Yield of highbush blueberry grown at the site of ‘Cacak’ over the 2008-2010

period
Copt [o6us oT xpacT [o6us 3a eguHuLa nnow Terno Ha nnoga O6wwo cyxo Bely. O6Ly aHToLuaHn
Cultivar Yield per bush Yield per unlit area Fruit weight ~ Total dry matter Total anthocyanins
) (kg ha™) (9 % gll

[rok/'Duke’ 2202,36 ns 5,871.48 ns 1.76** 12.97 * 144.21 ns
Hron/‘Nui’ 1318,18 ** 3,5614.26 ** 1.99** 12.06 ** 150.18 ns
Peka/'Reka’  2626,53 ** 7,002.34 ** 1.37* 12.93 ** 103.40 ns
03apkbny 54359 6o 5,410.97 ** 1.64 ns 13.53 ns 154.47 *
Ozarkblue
Bnykpon 2219,78 5,917.93 1.58 13.55 119.29
Bluecrop
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3a uenvs nepuo  Ha
n3cnefBaHe, Ha-BUCOK [0O6MB OT
pacTeHMe e yCTaHOBEH Mpu
"Peka", a Hal-HUCBHK npu "O3apk-
6ny" un "Hiwoun", KoeTo oT4yacTtu
cbBrnaga c pesynrartunte Ha Wood
(1989), kbgeto "Hiom" cbwo e
MOCOYEH KaTo COPT C HUCHK
[obuB. 3a pasnuka OT HawwwuTe
pesyntatn, Te3n Ha Wood (1989)
nokassar 3HauUTENIHO MO-BUCOK
[o6bus 3a "O3apkbay"”, OTKOMKOTO
3a "bnykpon". B HaweTo un3cnepn-
BaHe, HAMa 3HauuTeNnHa pas/ivka
B fobvBa OT pacTeHue Mexay
coptoBe "Awk" n "bnykpon', 3a
pasnunka oT pesyntatute Ha Arsov
et al. (2010), unnTO NO-BUCOKMK
[o6uBKn ot copt "K' ce abmkar
Ha cneuuguyHUTE  EKOJIOTUYHU
YC/IOBUA Ha OTrnexaaHe, KOUTO
cnopeg Gough (1994) sBnuaar
6naronpuaTHO Ha copT 'Awok. B
nscnegBaHusta Ha Krgovic (1983),
BbpXy 8 npoyyeHu copta xpacTo-
BMAHa OOpoBMHKA, [0OMBBLT OT
XpacT e 3Ha4YUTeNIHO MO-HUCHBK, OT-
KOMIKOTO B HalluTe u3cnenBaHus.
CpaBHEHMETO Ha [faHHUTEe 3a
"Bnykpon" nocoveHn oT Stanisavljevié¢
& Cerovi¢ (1997) B TexHUTe Wu3-
cnepBaHusi, nokassa MO-BUCOK
[o6us 3a pacteHue (4500.00 g) u
epuHnua naoly, (11.997 kg ha) 3a
Bnykpon 3a neT roguweH nepuog,
Ha  u3cnegBaHe  (1991-1996),
KOeTO MOXe Ja ce Ab/IKM Ha no-
ronAaMara Bb3pacT Ha  Ha-
Cax[eHnsaTa, B KOUTO ca W3BbP-
lWeHN npoyyBaHuATa (Hacaxae-
HMeTO e Cb3gageHo npe3 1980).

Over the entire period of
study, the highest yield per plant
was found in 'Reka’ and the lowest
in 'Ozarkblue’ and 'Nur’, which is
partly in line with the results of
Wood (1989), where 'Nui’ was also
reported as low-cropping cultivar.
In contrast to our investigations,
the results of Wood (1989)
indicated significantly higher yield
of 'Ozarkblue’ than 'Bluecrop’.

In our research, there was no
significant difference in vyield per
plant  between ’'Duke’ and
'‘Bluecrop, which is in contrast with
the results of Arsov et al. (2010)
who higher cropping of ’'Duke’
attributed to  environmentally
specific growing conditions that,
according to Gough (1994), favor
‘Duke’.

In the studies of Krgovi¢ (1983), in
8 highbush blueberry cultivars
studied, vyield per bush was
significantly lower than in our
investigations. The comparison of
the data for 'Bluecrop’ reported by
Stanisavljevi¢ & Cerovi¢ (1997) in
their studies suggests higher yield
per plant (4500.00 g) and unit area
(11,997 kg ha) of ‘Bluecrop’ over
the five-year period of study

(1991-1996), which can be
attributed to the older age of
plantations in which the

investigations were conducted (the
planting was established in 1980).
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3HaunTesIHoO Mo-HUCHK [06UB OT
XpacT 3a 8-Te copra XpacToBUAHN
GOPOBWHKM, HO MO-BMUCOK A06MB OT
efuHuLa nnow, B CpaBHEHWe c
pesynratuTe oT HaleTo
n3cneasaHe, e nocoyeH ot Wach
(2008), KoeTo MOXe Aa ce 06ACHK
C MHOro no-ronemus 6pon pacte-
HMA 3a eamHuua nnow, (5,000
pacTeHus Ha ha'). B cpaBHeHue ¢
fobuBa oT xpacT 3a 8-Te xpacTo-
BUOHVW BMOA OGOPOBWUHKM, OTIEX-
JaHyu Npu  pasfiMyHy  Hagmopcka
BucounHa (140 m, 175 m, 440 m u
690 m) B tOromsToyHarta 4act Ha
Typuma (Celik, 2009), BCUYKM
COpTOBE OOPOBMHKM OT HALLETO
n3cnefBaHe nokassBaT Mo-BNCOKU
po6usu. Celik (2009) cbLio nocoy-
Ba, Ye MeTeoposIornyHuTe oakTo-
py 1 Hagmopckara BMCOYMHA Ha
HacaxieHVeTo Moxe pJa umar
3HauuTesniHa pons 3a opmmpaHe-
TO Ha pgobusa. Pesyntarurte nony-
yeHn B Te3n u3cnegBaHus ca
o4akBaHW, NpeaBu N3MCKBaHUATA
Ha Kyntypata W MpuaoxeHarta
cuUcTema Ha oTrnexgaHe.

[Jo6mBbLT OT eguHMUA NoLy
CbOTBETCTBa Ha fobuBa OT pacTe-
HWe, Taka 4e pas/ivkuTe mexay
n3cnefBaHUTe COpTOBE Ca B MbJl-
HO CbOTBETCTBME C pe3yntarute
nony4YeHu 3a JO6UB OT pacTeHue.

B HacToAwoTo uscnensaHe,
BCUYKN COPTOBE, C U3K/TIOYEHME Ha
"Hion", umart no-BuUCoOK Ao6us, B
CpaBHeHWe C Te3n uscnegsaHu ot
Oblak et al. (1984).

LLlo ce oTHacA Ao Tersno Ha
nnoga u pgobms ot "O3apkbny",
nokasaHu B Tabnuua 1, B HaweTo

Significantly lower vyield of 8
highbush blueberries per bush, but
higher vyield per unit area,
compared to the results of our
study, was reported by Wach
(2008), which can be explained by
a much larger number of plants
per unit area (5,000 plants ha™).

Compared to the yield per bush in
8 highbush blueberries grown at
different altitudes (140 m, 175 m,
440 m and 690 m) in the south-
eastern part of Turkey (Celik,
2009), all blueberry cultivars in our
study achieved higher yields.

Celik (2009) also reports that
meteorological factors and altitude
of the planting may play a
significant role in yield formation.

The results obtained in these
studies are expected, given the
cultural practices and the growing
system applied.

Yield per unit area is in
accordance with yield per plant, so
that the differences among the
cultivars  studied are in full
agreement with the results
obtained for yield per plant.

In this study, all the cultivars
examined, except 'Nui’, had higher
yield compared to those studied by
Oblak et al. (1984).

As for fruit weight and yield
of 'Ozarkblue’, shown in Table 1,
in our studies it had larger fruit but
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nscneaBaHe TOM MMa nNo-egbp
nnog, HO TMO-HUCBK p[06uB OT
pacTeHve ” eguHAUA now, 3a
pasnnka OT pes3yntatnute nosyde-
HW1 oT Carter et al. (2002). Bvnpe-
KW TOBa, NMOJlyYeHuTe OT Hac pe-
3ynTatn CbOTBETCTBAT Ha Te3n Ha
Siefker & Hancock (1987), kouto B
CBOETO u3cnenBaHe Ha paktopu-
Te, BNuMsewm Ha pobuwesa ot 9
XpacToBuAHU copTa 60POBUHKM, MO-
TBbpX4aBaT OTpULATENHOTO CbOT-
HOLLeHne mMexay A06MB U Terno Ha
nnoga. Te3n aBTOpWU TBBLPAAT, 4e
No-HUCKMAT [06MB MOXe pJda ce
KOMMeHcMpa [0 M3BECTHA CTeneH C
no-eapu nNnogose.

Hali-ronsmo Terno Ha nnoga
3a uenua nepuoj Ha uscnenbaHe
e yctaHoseH npu "Hion" n "OokK",
pokato "Peka" uma Haii-masko
Terno Ha nnoja, Koeto CbLOTBET-
cTBa Ha pesyntatute ot Wood
(1989), KONTO CbLWO nocoysa Mno-
ejpv nnogose 3a "Hwou", B cpaB-
HeHue c "Peka" u "bnykpon".

CpaBHeH/ETO Ha Ters10To Ha
nnoga npu pABata Hail-4ecto OT-
rnexnaHn copta B HacaxaeHusAta
3a TbProBCKW LIeNn B Hawlarta cTpa-
Ha ("Bnykpon" wn "[k"), nokassart
NPeBBb3XOACTBO Ha nocnefHvs, 3a
uenua nepuos Ha u3cnensade,
KOeTO CBLOTBETCTBA Ha pesynrtarute
Ha Arsov et al. (2010). Mo oTHOLWwe-
HMe Ha Terso0To Ha nnoga Ha 'k,
pesyntatute nosyyeHn B Te3nU U3-
cnefiBaHus CbOTBETCTBAT Ha Te3n
Ha Ehlenfeldt & Martin (2010), konto
[OMb/IHUTENHO NOCOYBAT CXOLHO
Terno Ha nnoga 3a "bnykpon" u
"Aok". B HawuTe un3cnegBaHus,
"O3apkbny" Mma no-egpv niogoBse

lower yield per plant and unit area,
which is in contrast to the results
obtained by Carter et al. (2002).

However, the results we obtained
are consistent with those of
Siefker & Hancock (1987), who in
their investigation of the factors
affecting vyield of 9 highbush
blueberries confirmed a negative
correlation between yield and fruit
weight.

These authors claim that lower
yield can be compensated by
larger fruits to some extent.

Highest fruit weight over the
entire period of study was found in
'Nui’ and 'Duke’, while 'Reka’ had
the lowest fruit weight, which is in
agreement with the results of
Wood (1989) who also reported
larger fruits in 'Nui’ compared to
'Reka’ and 'Bluecrop’.

The comparison of fruit
weight in the two most commonly
grown cultivars in commercial
plantings in our country (
'‘Bluecrop’ and 'Duke’) shows
superiority of the latter over the
entire period of study, which is in
agreement with the results Arsov
et al. (2010). In respect of fruit
weight of ‘Duke’, the results
obtained in these studies are in
agreement with those of Ehlenfeldt
& Martin (2010), who additionally
reported on identical fruit weight in
'‘Bluecrop’ and 'Duke’. In our
studies, 'Ozarkblue’ had larger
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B CpaBHeHMe C pe3ynTtartuTe nosny-
yeHn ot Carter et al. (2002), konto
CbWO OTYMTaT, Y€ MO OTHOLIEHnE
Ha po6usa 'O3apkbny’ un "/iuracu”
ce npeacTaBAT 3HAYUTENIHO Mo-
[obpe OTKONKOTO Apyrute uscnepn-
BaHW COpPTOBE.

3a nepvoga Ha TpU roauL-
HOTO HMW wu3cneaBaHe, 06LOTO
CbAbpXaHne Ha Cyxo BeLecTBO
Bapupa o1 12.06% ("Hwown") po
13.55% ("Bnykpon"), kKoeTo cno-
pes nocoyeHoto oOT Beaudry
(1992) and Cocetta (2012) e B
rpaHMuMTe Ha MnoBeyeTo TbpPros-
CKM copToBe (3a CpaBHUTESHO
Obnbl nepuos OT Bpeme). B
CpaBHeHVe C HawwuTe pesynrtartu,
Molina et al. (2008) oTtuuTtaTt 3Ha-
YUTENIHO MO-HUCKO 06W0 CbAbp-
XaHvue Ha CyXx0 BellecTBO B MNJIO-
[OBeTe Ha TpuM HXHM Buaa
XpacTtoBuaHu 60poBuHKN. OCBeH
TOBa, MO-HUCKO CbAbpXaHue Ha
CyXO BELLEeCTBO € TMOCOYEeHO OT
Celik (2009) npwn 8 ceBepHU copTta
XpacToBuaHW 60pOBUHKW. Bbrpe-
KW TOBa, YC/IOBMATA Ha OKOoJiHaTa
cpega, B kouto Molina et al.
(2008) u Celik (2009) nssbpLuBat
cBouTe wu3cnegBaHua (Yensa —
VicnaHnsa v lorosanagHarta 4yacT Ha
Typumnsa) ca HanbNHO pas/IMyHU
(M3KMYNTENHO HUCKA BNAXKHOCT U
BMCOKM TemMrnepaTypu npes3 cesoHa
Ha Beretayus) OT OHe3u, B KOUTO e
3a/10)KEHO HalleTo u3cnepnBaHe,
KOeTO MOXe fa e npuyvHa 3a no-
HUCKOTO CbAbpXaHue Ha CyX0o Be-
LLLeCTBO B N040BeTE HA GOPOBUH-
Kata npu TexHuTe nscreaBaHus.

B HawwuTe u3scnepBaHusa, 3a

fruits compared to the results
obtained by Carter et al. (2002),
who also recorded that in respect
of yield ‘Ozarkblue’ and 'Legacy’
performed significantly better than
other cultivars studied.

Over the three-year study
period, total dry matter content in
our study ranged from 12.06%
(Nui) to 13.55% ('Bluecrop’),
which is, as reported by Beaudry
(1992) and Cocetta (2012), within
the limits for most commercial
cultivars (over a relatively long
period of time).

Compared to the results of our
study, Molina et al. (2008)
recorded significantly lower total
dry matter content in the fruit of
three  southern-type  highbush
blueberries. Also, lower total dry
matter content was also reported
by Celik (2009) in 8 northern-type
highbush blueberries.

However, environmental
conditions in which Molina et al.
(2008) and Celik (2009) conducted
their investigations (Huelva -
Spain and southeastern part of
Turkey) are totally different
(excessively low humidity and high
temperatures  during  growing
season) from those in which our
investigation was set up, which
may account for the lower dry
matter content in the fruits of
blueberries in their studies.

In our studies, over a three-
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nepuog OT TpU TroguHW, obwmTe
aHTouMaHn cpegHo BapupaTr oT
119.29 g/l ("Bnykpon") pgo 154.47
g/l ("O3zapkbny"). O6wwuTe aHTO-
UMaHn ca 3HauyuTesIHO MOo-BUCOKU
OT OHe3N MOCOYeHU B U3CnepBa-
HuATa Ha Georgiev et al. (2011),
KOeTO MOXe [0 W3BEeCTHa CTerneH
Aa ce Ab/KM Ha cneunduyHute
YyC/I0BMA Ha OKo/Hata cpefa B
paioHa Ha oTrnexaaHe.

n3BOAN

Bcnukn coptoBe oTrniexaaHu
B HalleTo wu3cnegsaHe nokassaT
ctabuneH pgobws npu no-ronsma
Bb3pacT Ha pacrteHudara. [lpes
uenua nepuon Ha uscnefBaHeTo,
"Peka" nokasBa 3HauyuTesIHO MoO-
BMCOKM [06VBM, B CpaBHEHME C
Apyrnte copTtoBe. 3a CpaBHeHue,
copTt "Hion" mma 3HaynTenHo no-
HACBK [06MB, CrpsAMO Agpyrute
COpTOBE 3a CblUMA nepuog, Taka
ye e HeobXoAMMO BHMUMATENHO Aa
ce paBaTr Mpenopbkn OTHOCHO OT-
rnexapaHeto my. "bnaykpon", "[wK" n
"O3apkby" umat cxo4Hu pesyntatu
Mo OTHOLWeHVe Ha AobvBa MU Moxe
fa 6baaT npuBekaTenHn 3a Tbpros-
cku uenu B Penybnunka Cbpbus.
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year period, total anthocyanins
ranged averagely from 119.29 g/l
('Bluecrop’) to 154.47 g/l
(Ozarkblue’). Total anthocyanins
were considerably higher than
those reported by Georgiev et al.
(2011) in their studies, which can
to some extent be attributed to the
specific environmental conditions
of the growing regions.

CONCLUSIONS
Grown in older plantings all
the cultivars in our investigation

showed stable yield. In all the
years of study ‘Reka’ showed
significantly higher yields

compared to other cultivars.

In contrast, 'Nui’ had considerably
lower vyield compared to other
cultivars over the same period, so
that caution is necessary when
making recommendations for its
growing. ’Bluecrop’, 'Duke’ and
'Ozarkblue’ perform similarly in
respect of vyield and may be
attractive for commercial growing
in the Republic of Serbia.
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CbCTOsIHME Ha MaJIMHOBOTO NMPON3BOACTBO
N NEePCrneKTVUBU 3a pa3BUTME B PaBHUHHUN YC/TIOBUS
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A state of raspberry production
and prospects for its development in lowland conditions

Georgi Kornov*, Kouman Koumanov, Irina Staneva

Fruit Growing Institute, 12 Ostromila Str., 4004 Plovdiv, Bulgaria

PE3IOME

[Hec e Hanuue HapacTBal, WHTe-
pec KbM MasvMHOBaTa KynTypa, KOWTo ce
obycnaBsi OT [06pWTE YCNOBUS HA MEX-
OyHapogHWNs 1 BbTPELUHMA nasap n 6bp-
3070 Bb3BpbLjaHE Ha WMHBECTUUMMTE. Y
Hac ce HabnwaaBa TpaliHa TeHAeHUMs 3a
paswyvpsBaHe Ha MNpPOV3BOACTBOTO KbM
paiioHn 6e3 Tpaguumum B OTrAeXAaHeTo
Ha ManuHata, BK/IUYUTENHO U B paBHU-
Hata. KauecTBeH ckok obaye Moxe ga ce
OCbLLECTBN €AMHCTBEHO 4pe3 WHTEH3W-
MuMpaHe Ha Ma/IMHOBOTO MpPOM3BOA-
CTBO, KOETO Hanara BHejpsiBaHe Ha
BbPXOBUTE TEXHOJIOTUYHU PELUEHVS BbHB
BCUYKM €/IEMEHTM Ha MPOU3BOACTBEHUS
npouec. 3a Aa ce OTrOBOpPM Ha Te3un U3uc-
KBaHWs, B WMHCTUTyTa no oBOWAPCTBO -
Mnosave, e pa3paboTeHa TEXHOMOMMs 3a
oTrniexaaHe Ha PEMOHTAHTHUS MaIMHOB
copt ,JIloNnH" B paBHUHHWN YCNOBUA, KOS-
TO ce xapakTepuaupa C BUCOKM LO6GUBMK U
KayecTBO Ha nnogoseTe, 6bP30 Bb3BPH-
laHe Ha WHBECTMLMUTE, MHOro p[obpa
PEHTAOUNHOCT M E€KOI0rocbobpasHoCT.
ToBa e TEXHO/OrMs, M3NCKBalla BUCOKO
HMBO Ha TEXHWYECKA BbOPBXEHOCT, BUCO-
Ka U MHOronocoyHa kBasmdmKaumsi Ha
OBOWAPS M CTPUKTHO W3MNbJIHABAHE Ha
BCSKa MpakTuka. HeoTMeHUMY enemeHTu
Ha TexXHO/0rusATa ca MUKPOHAaMNosBaHeTo,

SUMMARY

There is an increasing interest in
the raspberry crop because of the good
international market conditions and the
quick pay back of investments.

In Bulgaria, the occupied areas increase
steadily, expanding to regions without
traditions in raspberry production.

However, the indispensable qualitative
breakthrough can be achieved only by
intensification of raspberry production,
which necessitates introducing of state of
the art equipment and crop management
approaches. In order to meet these
requirements, a technology for growing of
the ‘Lyulin’ primocane-fruiting raspberry
cultivar was developed at the Fruit
Growing Institute in  Plovdiv. It is
environmentally friendly and provides high
yields and fruit quality, fast pay back of
the investments and very good
profitability.

This is a technology, which requires
modern equipment, grower education,
awareness, access to technological
resources, and adherence to strict
scheduling of each operation. Micro-
irrigation,  fertigation and  process
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hepTuraumaTa M MexaHu3MpaHeTo Ha
Npou3BOACTBEHNUTE nNpouecu. TexHoso-
rmata e npuioxvMa v 3a Apyrm pemoH-
TaHTHY Ma/IMHOBW COPTOBE.

Kntouosn paymu: Rubus idaeus,
UHTE3N(PMKaLUMs, KarnkoBO  HanosiBaHe,
hepTuraums

[JHec e Hanuue HapacTsBaly
WHTEpPEC KbM MasmHoBaTa KynTy-
pa, KOMTO ce obycnaesa OT Aobpute
YCNoBUA Ha MeXAyHapoaHua W
BbTpPELLUHMS na3ap, 6bp30TO Bb3-
BpbllaHe Ha WHBECTUUUUTE U
HenpekbCcHaATOTO nogobpsiBaHe Ha
TexHonoruitTe 3a oTriexgaHe wu
npepadoTKa, BK/IOUUTESTHO Ceslek-
LUMATa Ha HOBM COPTOBE C BUCOKMU
TEXHOJIOTMYHM M BKYCOBM KayecTBa
(Xpuctos u gp., 1977; XpuctoB U
BoiiueBa, 1982; PaHrenos, 1990;
Pritts, 1991; Stiles et al., 2002;
Knight, 2004; Bushway and Pritts,
2008; Fernandez and Krewer,
2008; Velkovic et al., 2008;
MeTtpoBuh n Jlenocasuh, 2011).
Cnopep paHHn Ha FAOSTAT npes
2012 r. CBETOBHOTO MPOU3BOACTBO
Ha ManuHoBum nnogose e 543030
TOHa. Haii-ronemusaT npousBoguTen
e Pycusa cbc 133000 ToHa roguLiHo,
cneasaHa ot MNMonwa ¢ 127055 ToHa,
CveguHeHuTe wartm ¢ 100775 ToHa
n Cobpbua c 96078 ToHa K, Kato
yeTupute cTpaHun ocurypsasaT 72 %
OT CBETOBHOTO M&J/IMHOBO MPOU3-
BOACTBO. Chbluara craTUCTMKa Ha-
pexaa bbnarapna Ha 12-T10 MACTO C
rogvwHa npoaykuusa ot 6109 ToHa.

TeHaeHUMNTE B NPOU3BOA-
CTBOTO Ha Ma/IMHOBM nN/1040BE
npes nepuoga 1980-2012 r. ca
oHarnegeHn Ha durypa 1 — 3a

mechanization are
elements of that technology. It is
applicable to other primocane-fruiting
raspberry cultivars as well.

Key words: raspberry,
intensification, drip irrigation, fertigation

indispensable

There is an increasing
interest in the raspberry crop
because of the good international
and national market conditions, the
quick pay back of investments and
the permanent management and
processing improvements,
including selection of new cultivars
with  high  technological and
gustatory characteristics (Hristov et
al.,, 1977; Hristov and Boycheva,
1982; Rangelov, 1990; Pritts,
1991, Stiles et al., 2002; Knight,
2004; Bushway and Pritts, 2008;
Fernandez and Krewer, 2008;
Veljkovic et al., 2008; Petrovic and
Leposavic, 2011).

Accordinf to FAOSTAT data, in
2012 raspberry production in the
world is 543030 tons. Russia is the
biggest producer with 133000 tons
per year, followed by Poland with
127055 tons, U.S.A. with 100755
tons and the Serbia with 96078
tons.

Bulgaria is on the 12" position in
this rating with annual production
of 6109 tons.

The trends of raspberry
production in the period 1980-2012
are illustrated on Figure 1,
respectively for Bulgaria, Russia
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Bbnrapua, Pycua wn  obwo 3a
nbpeute 20 CTpaHu-npounsBoauTes-
Kn B ceTa. lNpe3 nepuoga npous-
BOACTBOTO B CBETOBEH Mallab ce e
yasowusio. CnagbT B Kpas Ha OcCeMm-
JeceTTe U HayanoTo Ha [AeseTtje-
ceTTe roAuHN Ha MUHaIUA BEK ove-
BUOHO € C/eACTBMe OT CbTPEeceHus-
Ta B UKOHOMUK/TE Ha OGuBLUUTE CO-
LMasIMCTMYEeCKn CTpaHn 1 Hali-Beye
B Hail-ronemuss npoussoamuTesn
Pycua. AcHo u3pas3eHa € TeHOeH-
uuATa KbM yBenuyasaHe Ha Npous-
BOACTBOTO Ha MasIMHOBM M/1040Be
npe3 nocnegHute 20 roguvHu Kato
TEMMNoBETe Ha HapacTBaHe B bura-
pua ca MAEHTUYHU CbC CBETOBHUTE
n c Tesn B Pycua. Buxpa ce, ye
npes nocnegHuTe roguHu bBuvnrapua
JOCTuUra HuBa, CpaBHUMU C Te3u

and totally for the first 20 producing
countries in the world. For that
period, the world production had
doubled. The production decline in
the end of eighties and the first half
of the nineties is obviously due to
the perturbations in the economies
of the former socialist countries
and mostly of the biggest producer
— Russia. In the last 20 years,
however, the trend towards
increasing of the raspberry fruit
production is unambiguous, the
growth rate in Bulgaria being
identical with that in Russia.
Apparently, in the last years
Bulgaria has reached levels
comparable with those before the
changes.
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dur. 1. MNpou3BoACTBO Ha MasIMHOBWU niofoBe (ToHa) oT 1980 o 2012 r. B
Bbnrapus, Pycus (np. 6mBwmna CbBEeTCKN CbHo3) 1 00W0 3a NbpBuUTe 20 CTpaHu-
npousBoAnTeNKM B cBeTa (No gaHHW Ha FAOSTAT, 2016)

Fig. 1. Production of raspberry fruit (metric tons) from 1980 till 2012 in Bulgaria,
Russia (former Soviet Union) and total for the first 20 countries-producers in the

world (data from FAOSTAT, 2016)
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MpernegbT Ha  TpuaeceT-
roguwHMTe OaHHW 3a 3aeTute
Ma/IMHOBM  HacaXaeHus  naoLu
(Purypa 2) paskpusa cunHa kope-
naums mexay 3aetute nowm u
NPOM3BOACTBOTO HA MaJIMHOBU NJ0-
[l0Be; (hakT, KOUTO MOXe Ja ce pas-
rnexga n kKarto CBUAETeNCTBO 3a
EeKCTEH3VBHUA XapakTep Ha npowus-
BOACTBOTO. HamcTuHa, OT AaHHuUTe
3a cpefHuTe nobusn (Purypa 3) ce
BMXAa, Ye B OTAes1-HUTe CTpaHu, a
N B CBETOBEH mauiab, nobusute ot
eouHUUA now, ce 3anassBaT OTHO-
CUTEJIHO MOCTOSIHHW npe3 nocnepj-
HUTe aeceTuneTus: 5-6 mg ha™.

ul
o

The examination of the 30-
year data about the area of the
raspberry plantations (Figure 2)
reveals strong correlation between

the cultivated area and the
produced fruit, which may be
considered indicatory for the
extensive  character of the

production. Indeed, the average-
yield data (Figure 3) show that in
both the individual countries and
the world the yields have remained
relatively constant during the last
decades: 5-6 mg ha™.
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dur. 2. Mnowmn, 3aetm ¢ Ma/IMHOBU HacaxpgeHus, ot 1980 r. go 2012 r. B
Bbnrapus, Pycus (np. 6mBwmnsa CbBETCKM CbHO3) M 06WO B cBeTa (MO AaHHU Ha
FAOSTAT, 2016)

Fig. 2. Area occupied by raspberry plantations from 1980 till 2012 in Bulgaria,
Russia (former Soviet Union) and total for the first 20 countries-producers in the
world (data from FAOSTAT, 2016)
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dur. 3. CpegHu gobmsm OT mMaiMHOBM naogoBe oT 1980 r. go 2012 r. B
Bbnrapus, gpyru cTpaHm u cpegHo 3a ceeTa (Mo gaHHW Ha FAOSTAT, 2016)

Fig. 3. Average yields of raspberry fruit from 1980 till 2012 in Bulgaria, other
countries and average for the world (data from FAOSTAT, 2016)

Bbarapmna He npaBu U3KMO-
yeHne. Hewio noseye, y Hac ce
HabngaBa TpariHa TeHAeHUNs 3a
paswmnpsBaHe Ha NpPou3BOACTBOTO
M KbM panioHn 6e3 Tpaguumn B
OTI/IeXXAAHEeTO Ha  MasnHaTta,
BK/IIOYUTENHO U B paBHUHaTa. Kak-
TO MOXe f[a ce Buau OT Wukoc-
TpupaHuTe Ha durypa 4 AaHHN Ha
M3X 3a nocnegHoto pgecetwuse-
TVe, NPOM3BOACTBOTO Ha MaJIMHO-
BW N/1040BE N 3aeTUTe 0T MaJIMHO-
BUTE Hacax[eHua njowmn ca ce
yBE/IMUYU/IM  Hal-CbLEeCTBEHO B
FOXeH ueHTpasieH palioH u To 3a
cmeTka Ha CeBepeH LeHTpasleH n
CeBepoun3ToueH paiioH. CpegHute
[obuBM ce 3agbpXaT Ha HuBa
okono 4 mg ha®, kato cpes Haii-
BUCOKUTE OTHOBO ca Te3n B HOXxeH
LleHTpasieH paiioH.

Bulgaria is not an exception.
Moreover, in our country we
observe stable trend extension of
the production towards regions
without traditions in the growing of

raspberries, including lowlands.
Data about the raspberry
production in the last decade,

provided by the Bulgarian Ministry
of Agriculture and Food, are
shown on Figure 4. It can be seen
that the increase of the area
occupied by raspberry plantations
IS most significant in the South
Central region, and this is on
behalf of both North Central and
North  Eastern regions. The
average yields remain at levels
about 4 mg ha™, the highest ones
again being those in the South
Central region.
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dur. 4. MNpon3BoACTBO, 3aeTM MoWwWu U Ao6uBM OT Mas/IMHOBM M/1040BE MO
paiioHn n obwo 3a Bbarapusa 3a nepmoga 2001-2011 r. (gaHHM Ha Aupekuusi
LArpocrtatncTmka” Ha M3X, http://www.mzh.government.bg)

Fig. 4. Production, occupied area and yields of raspberry fruit by regions and
total for Bulgaria for the period 2001-2011 (data from the Agrostatistics Dept. of
the Bulgarian Ministry of Agriculture and Food, http://www.mzh.government.bg)
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HanpaBeHuAT npernes nokas-
Ba, 4e 3a nocnegHute Tpuaecet
roAVHU MNPOM3BOACTBOTO Ha Man-
HOBM M/I04OBE € HapacTBaslo
BC/MIeACTBME yBe/iMYaBaHETO Ha
3aeTuTe C MaIMHOBU HacaxAeHus
nnowwm. OT Agpyra cTpaHa n3BefeHo-
TO B UMMNepaTuB YCTONYMBO pa3Bu-
TMe 1 HenpekbCHaTo HamansAsalla-
Ta Naow, Ha 3emejenckara 3ems
Hanarat nogob6psBaHe Ha MpoaykK-
TMBHOCTTA W MKOHOMMYecKaTa
e(peKTMBHOCT Ha MasIMHOBOTO Mpo-
n3BoAcTBO. OUEBUOHO €, Ye MepKU-
Te 3a pellaBaHeTO Ha TakaBa C/10X-
Ha 3ajavya TpaA6bBa pa Obaar
MHOrOnoco4YHn. Ha NbpBO MACTO U C
HenocpeacTBeH ed)ekT e nosuLla-
BaHETO Ha TexHosiornyHara agmcumn-
nvHa. bbnrapus e egHa ot cTpaHu-
Te C noTteHuuan ga ysenvyar nobu-
BUTE CU ABa-TPY MbTU B PpaMK1TE Ha
TpaguumMoHHaTa TexHoNorms 3a oT-
rnexpgaHe Ha MaMHata  (BMX
durypa 3). KayectBeH CKOK ob6auye
MOXe fAa Ce OCblLUecTBU efuHCTBe-
HO 4pe3 WHTeH3uduuupaHe Ha
MaJ/IMHOBOTO MNPOM3BOACTBO, KOETO
N31CKBA BHeApsBaHe Ha BbPXOBUTE
TEXHONIOTMYHY peLleHNs BbB BCUYKM
efleMeHTn Ha NPOu3BOACTBEHUSA
npovec.

3a uenta npe3 eceHta Ha
1998 r. B VIHCTUTYT NO OBOLLAPCTBO-
Mnosaue, 6e 3a/10KeH N U3BeAeH
11-roguieH ekcnepumeHT c pe-
MOHTaHTHMA copT JlionuH®. W3-
cnegBaHn 6sxa BogonoTpebne-
HWETO Ha KyntypaTta U NOJIUBHUAT
pexunmMm npu KankoBO HarnosiBaHe,
NMPOCTPaHCTBEHOTO W  BPEMEBO
pasnpegesnieHne Ha KOPEHOBOTO
n3BNnYaHe, yCBOSABAHETO Ha TOPO-

The review shows, that for
the last thirty years producing
raspberries newer fruits is growing
due to the increase in employed
with raspberry plantations areas.
On the other site, the drawn into
imperative sustainable
development and the gradually
decreasing agricultural land
impose improvement in both the
productivity and the economic

efficiency of the raspberry
production. Apparently, such a
complicated task requires

comprehensive measures. The
adherence to technological
specifications is at the first place
and will have immediate effect.
Bulgaria is one of the countries,
which have the potential to
increase the yields two-three times
within the framework of the
traditional management of the
raspberry crop (see Figure 3).
However, a qualitative leap
forward is possible only throw
intensification of the raspberry
production, which requires
adopting the state of the art
technological achievements in all
stages of the production process.
For that purpose, an 11-year
experiment with the ‘Lyulin’
primocane-fruiting cultivar was set
up in 1998 on the territory of the
Fruit Growing Institute in Plovdiv,
Bulgaria. The crop water use, the
irrigation management under drip
irrigation, the spatial and temporal
distribution of the root uptake, the
fertilizer assimilation by plants
under fertigation, timing and
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BETe OT pacTeHuATa npu deptura-
Uns, OO3U N CPOKOBE Ha BHacsHe-
TO VM, KakTO N MKOHOMUYecka edek-
TMBHOCT Ha MaJINHOBOTO NPOU3BOA-

application doses, as well as the
economic  efficiency of the
raspberry production were studied
(Kornov et al., 2009, 2010, 2011,

ctBo (Kornov et al.,, 2009, 2010,
2011, 2013; Koumanov et al., 2006,
2009).

B pesyntar e paspaboTeHa

TEXHOJ/IOMMA 3a OTiexgaHe Ha | g technok)gy for growing of the
PEMOHTaHTHUA  Ma/InHOB  COPT | “Lyulin" primocane-fruiting cultivar
JIONMH" B PaBHWHHM YCNOBWA, | in lowland conditions, which is
KOATO C€ Xapakrepusmpa Cc BUCOKW | environmentally  friendly  and
AOGVBN 1 Ka4eCTBO Ha N/I0A0BETE, | provides high yields and fruit
6bp30 BbL3BPBLIAHE HA WHBECTW- | quality, fast pay back of the
unnte, MHOrO fAobpa  peHTa- | jnvestments and very good
OUNHOCT U eKonorocbobpasHoCT profitability, Table 1 and Figure 5.
(Tabnmua 1 n durypa 5).

Tabnuua 1. VIKOHOMUYECKN MNokKasaTesin (3a efuH XeKTap) Ha Npou3BOACTBOTO Ha
Ma/IMHOBM MNOAOBE OT PEMOHTAHTHUA COPT «/IHO/IMH» B PaBHUHHM YCNOBUSI NpU
M3NMTBaHMUTe BapuaHT! Ha KankoBO HamnosiBaHe C perynvpaH BogeH aecovunt

Table 1. Economical indices (per one hectare) for raspberry fruit production of the
‘Lyulin’ primocane-fruiting cultivar under the studied variants of regulated deficit
drip irrigation

2013; Koumanov et al., 2006,
2009).

The investigation resulted in

BapuaHtn [lo6us  Pasxoam Mpuxoau npu nocoveHara Meuan6a npv nocoyeHarta
Variants'  Yield Costs LieHa B BGN kg™ LieHa B BGN kg™
Incomes at the indicated Profit at the indicated price
price in BGN kg™ in BGN kg™

(kgha™) (BGN®)  1.50 2.00 2.50 3.00 1.50 2.00 2.50 3.00
(BGN) (BGN) (BGN) (BGN) (BGN) (BGN) (BGN) (BGN)
Vc-100 92480 143353 138720 184960 231200 277440 -4633 41607 87847 134087
(-3.2%) (29.0%) (61.3%) (93.5%)
V1-75 81620 133320 122430 163240 204050 244860 -10890 29920 70730 111540
(-8.2%) (22.4%) (53.1%) (83.7%)
V1-50 100970 144414 151455 201940 252425 302910 7041 57526 108011 158496
(4.9%) (39.8%) (74.8%) (109.8%)
V2-75 86760 129474 130140 173520 216900 260280 665 44045 87425 130805
(0.5%) (34.0%) (67.5%) (101.0%)
V2-50 77180 121317 115770 154360 192950 231540 -5547 33043 71633 110223
(-4.6%) (27.2%) (59.0%) (90.9%)
V3-75 97610 138285 146415 195220 244025 292830 8130 56935 105740 154545
(5.9%) (41.2%) (76.5%) (111.8%)
V3-50 77790 121417 116685 155580 194475 233370 -4732 34163 73058 111953

(-3.9%)

(28.1%)

(60.2%) (92.2%)

" BapuaHTn Ha HanosBaHe C perynupaH BofeH AethLuT: Npe3 OCHOBHUTE heHodasn — 1) UHTEeH3MBeH
pactex, 2)ubdTex n 3) y3psBaHe Ha N10A0BETE — Ca NOJaBaHV NOSIMBHU HOPMW, Bb3/IM3aLLM CbOTBETHO Ha
100 %, 75 % 1 50 % oT onTuMasHaTa. > BGN: Bbnrapckn nesa (o6MeHeH kypc: 1.95583 BGN 3a 1.00 EURO
1 1.58817 BGN 3a 1.00 USD)

! Variants of regulated deficit drip irrigation: during the main phenophases — 1) intensive growth, 2) blossom,
and 3) fruit ripening — the application rateequaled 100 %, 75 % and 50 % of the optimum. > BGN: Bulgarian
Lev (Bulgarian currency was exchanged at rates of 1.95583 BGN for 1.00 EURO and 1.58817 BGN for 1.00
uUsD)
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dur. 5. banaHc Ha npuxoguTe M pasxoauTe 3a NPOU3BOACTBO Ha Mas/IMHOBU
nJofoBse OT PEeMOHTaHTHUA copT ,JIlonH” B paBHMHaTa OT Cb3gaBaHeToO Ha
HacaxaeHneTo A0 gecetarta Beretauus; BGN: 6barapcku neea

Fig. 5. Cash flow of the ‘Lyulin’ primocane-fruiting raspberry production in
lowland conditions from planting to tenth leaf; BGN: Bulgarian Lev (Bulgarian
currency was exchanged at rates of 1.95583 BGN for 1.00 EURO and 1.58817

BGN for 1.00 USD)

HeoTMeEHUMN enemMeHTM Ha
TEXHOMOMMSATA ca MUKpOHanosiBa-
HeTo, dhepTuramaTa U MexaHusu-
pPaHeTo Ha MNPOM3BO/ACTBEHUTE
npouecun. TexHonormsiTa e npuio-
XUmMa M 3a ApYrM PeMOHTaHTHY
MaJIMHOBW COPTOBE.

NNTEPATYPA
1. MetpoBmh C. n Jlenocasuh A.
MannHa — HoBe TexHonorvje rajema,

3awTtnute un npepage. WNHCTUTYT 3a
gohapcTBO, Havak, 2011, 237 cTp.

2. PaHrenos J1. lNpon3BoACTBOTO Ha
MasIMHU B  CBeTa n y  Hac.
CenckocTonaHcka Hayka, 1990, XXVII
(1): 16-22.

3. XpuctoB J1. u bBoiueBa P.
Cenexkuma 1 MHTPOAYKUMA Ha ManuHaTa y
Hac, W3UCKBaHUSA KbM MPOMULLSIEHUTE
coprtoBe. OsowapcTBO, 1982, 7: 30-33.
4. Xpuctos Jl.,, ViBaHOB B,
ViBaHOB A., CtosaHoB C., lepros W,

Microirrigation, fertigation
and process mechanization are
indispensable elements of that
technology. The technology is
applicable to other primocane-
fruiting raspberry cultivars as well.

REFERENCES

1. Bushway L. and Pritts M.
Introduction. In: Bushway, L., M. Pritts
and D. Handley (Eds.), Raspberry and
Blackberry Production Guide for the
Northeast, Midwest, and Eastern Canada,
2008, NRAES-35: 1-2.

2. Fernandez G.E. and Krewer G.
Southwest Regional Bramble Production
Guide, NCSU and A&TSU Cooperative
extension, 2008, AG-697-W: 30 pp.

3. Hristov L. and R. Boycheva
Selection and introduction of raspberry
country, requirements for industrial
varieties. Fruit culture, 1982, 7: 30-33. (in

167



Kmetcka WM., AumoB C. CbCTosHUE U
npo6s1ieMn Ha MaJIMHOBOTO NMPOU3BOACTBO
y Hac. CenckocTonaHcka Hayka, 1977,
XV (4): 16-22.

5. Bushway L. and Pritts M.
Introduction. In: Bushway, L., M. Pritts
and D. Handley (Eds.), Raspberry and
Blackberry Production Guide for the
Northeast, Midwest, and Eastern Canada,
2008, NRAES-35: 1-2.

6. Fernandez G.E. and Krewer G.
Southwest Regional Bramble Production
Guide, NCSU and A&TSU Cooperative
extension, 2008, AG-697-W: 30 pp.

7. Knight V.H. Rubus breeding
worldwide and the raspberry breeding
programme at Horticultural Research
International, East Malling. Jugoslovensko
Vocarstvo, 2004, 38(145-146): 23-38.

8. Kornov G., K. Koumanov,
Tsareva |. Regulated deficit drip irrigation
impact on the fruit chemical composition
of the ‘Lyulin’ primocane-fruiting raspberry
cultivar. Journal of Mountain Agriculture
on the Balkans, 2011, 14(6): 1319-1330.
9. Kornov G., Koumanov K,
Tsareva |. Content of mineral elements in
the leaves of the "Lyulin® promocane-
fruiting raspberry cultivar under regulated
deficit drip irrigation and fertigation.
Journal of Mountain Agriculture on the
Balkans, 2013,16(4):1009-1019.

10. Kornov G., Koumanov K., Kolev
K., Rankova Z., Milusheva S., Tsareva |.
Regulated deficit drip irrigation impact on
the growth of the ’'Lyulin’ primocane-
fruiting raspberry cultivar. Journal of
Mountain Agriculture on the Balkans,
2010, 13(5): 1374-1384.

11. Kornov G., Koumanov K,
Milusheva S., Kolev K., Rankova Z.,
Tsareva |. Regulated deficit drip irrigation
impact on the vyield of the ’Lyulin’
primocane-fruiting  raspberry  cultivar.
Journal of Mountain Agriculture on the
Balkans, 2009, 12(6): 1553-1565.

12. Koumanov K., Kornov G., Kolev
K., Rankova Z. The daily yield impact on
the harvesting economical efficiency for
primocane-fruiting raspberry varieties.

Bulgarian)

4. Hristov, L., V. lvanov, A. lvanov,
S. Stoyanov, |. Gergov, Mayor’s J. and
S. Dimov Status and Problems of
raspberry production in the country.
Agricultural Science, 1977, XV (4): 16-22.
(in Bulgarian)

5. Knight V.H. Rubus breeding
worldwide and the raspberry breeding
programme at Horticultural Research
International, East Malling. Jugoslovensko
Vocarstvo, 2004, 38(145-146): 23-38.

6. Kornov G., K. Koumanov,
Tsareva |. Regulated deficit drip irrigation
impact on the fruit chemical composition
of the ‘Lyulin’ primocane-fruiting raspberry
cultivar. Journal of Mountain Agriculture
on the Balkans, 2011, 14(6): 1319-1330.
7. Kornov G., Koumanov K., Kolev
K., Rankova Z., Milusheva S., Tsareva |.
Regulated deficit drip irrigation impact on
the growth of the ’'Lyulin’ primocane-
fruiting raspberry cultivar. Journal of
Mountain Agriculture on the Balkans,
2010, 13(5): 1374-1384.

8. Kornov G., Koumanov K,
Milusheva S., Kolev K., Rankova Z.,
Tsareva |. Regulated deficit drip irrigation
impact on the vyield of the ’Lyulin’
primocane-fruiting  raspberry  cultivar.
Journal of Mountain Agriculture on the
Balkans, 2009, 12(6): 1553-1565.

9. Kornov G., Koumanov K,
Tsareva |. Content of mineral elements in
the leaves of the "Lyulin® promocane-
fruiting raspberry cultivar under regulated
deficit drip irrigation and fertigation.
Journal of Mountain Agriculture on the
Balkans, 2013,16(4):1009-1019.

10. Koumanov K., Kornov G., Kolev
K., Rankova Z. The daily yield impact on
the harvesting economical efficiency for
primocane-fruiting raspberry varieties.
Journal of Mountain Agriculture on the
Balkans, 2006, 9(6):1065-1076.

11. Koumanov K.S., Tsareva I,
Kolev K., Kornov G. Fertigation of
primocane-fruiting raspberry — leaf and
soil nutrient content between applications.
Acta Horticulturae (ISHS), 2009, 825:

168



Journal of Mountain Agriculture on the
Balkans, 2006, 9(6):1065-1076.

13. Koumanov K.S., Tsareva I,
Kolev K., Kornov G. Fertigation of
primocane-fruiting raspberry — leaf and
soil nutrient content between applications.

Acta Horticulturae (ISHS), 2009, 825:
341-348.

14. Pritts M. Introduction. In: Pritts M.
and D. Handley (Eds), Bramble
Production Guide. 1991, NRAES-35: 1-2.
15. Stiles H.D., Donohue S.J.,

Baker J.C. Selected topics for raspberry
producer in Virginia. Virginia Cooperative
Extension, 2002, Publication 423-700, 5
pp.

16. Veljkovic B., Glisic I, Leposavic
A. An analysis of raspberry production
conditions in Serbia. Acta Aagriculturae
Serbica, 2008, XIII (25): 9-16.

341-348.

12. Petrovi¢ S. and Leposavi¢ A.
Raspberry — new technologies of
cultivation, protection and processing.

Fruit Research Institute, Cacak, 2011, 237
p. (in Serbian)

13. Pritts M. Introduction. In: Pritts M.
and D. Handley (Eds), Bramble
Production Guide. 1991, NRAES-35: 1-2.
14, Rangelov L. Production of
raspberries in the world and in our
country. Agricultural Science, 1990,
XXVIII (1): 16-22. (in Bulgarian)

15. Stiles H.D., Donohue S.J.,
Baker J.C. Selected topics for raspberry
producer in Virginia. Virginia Cooperative
Extension, 2002, Publication 423-700, 5
pp.

16. Veljkovic B., Glisic I., Leposavic
A. An analysis of raspberry production
conditions in Serbia. Acta Aagriculturae
Serbica, 2008, XIII (25): 9-16.

169



Journal of Mountain Agriculture on the Balkans, vol. 19, 5, 2016, (170-184)
Research Institute of Mountain Stockbreeding and Agriculture, Troyan

OnTnMmnanpaHe AbA60YNHATA Ha MoJsiaraHe Ha NOINBHUTE
Kpu/ia npu KarnkoBo HanosiBaHe Ha UHTEH3UBHU KyNnTypu
N 3eN1eHYyLN

Becena lNMeTpoBa-bpaHnyeBa*, PymaHa Kupesa

VIHCTWTYT Mo NoYBO3HaHWE, arpoTexHO0ru 1 3awmrTa Ha pacTeHnsaTa, H. lNywkapos”,
LWoce baHks N7, 1331 Codwms, Bvnarapus

*E-mail: vessil@abv.bg

Optimization on laying depth for subsurface drip
irrigation of intensive crops and vegetables

Vesela Petrova-Branicheva*, Rumiana Kireva

Institute of Soil Science, Agrotechnologies and Plant protection "N. Pushkarov”,
7 "Shosse Bankya” Str.,1331 Sofia, Bulgaria

PE3IOME

WNHTEH3UBHUTE KYyNTYpW, KOWUTO ce
OTINeXaar B palioHn C ymMepeHo KOHTU-
HeHTasleH knumat B bBbarapusi, Havat
JIOCTaTbYHO ECTECTBEHO OB/AXHsIBaHe
npe3 /feTHUTEe Meceuu, Mnopagy KoeTo
HarnosiBaHETO Ce sABsIBA KaTo pellaBallo
arpoTexHMUYecko Meponpustue, 6e3 KoeTo
noflydaBaHeTo Ha ycToiuvMBM [A06MBM C
BUCOKM KauecTBa Ha NpoAyKUMaTa oT nose-
UeTOo OTIIEXAAHN KY/ITYPN € HEBB3MOXHO.

B TOBa OTHOLWIEHWE OCOGEeHOo nep-
CNeKTUBHM ca KarnkoBOTO HarnosiBaHe, Koe-
TO OT BCUYKM MpwnaraHn B npakTukara
MEeTOAN U TEXHOSIOTMM 32 MUKPOHAarosBa-
He, OCHOBaBall Ce Ha M3MO0M3BaHETO Ha
PasfIMyHM HaYMHU 3a fIoKaNM3npaHo no-
[laBaHe Ha BoAaTa W XpaHWUTesHUTE efle-
MEHTM B MoyBaTa, ca Bevye C [oKazaHu
Bb3MOXXHOCTU 3a NPUIOXEHUE B NMOJIMBHO-
TO 3eMefesmeTo.

Bb3 ocHOBa Ha NOYBEHO KAMMATUY-
HWTE YC/I0BMSI B palioHa ca W3BbPLIEHU
aHa/IMTUYHN K3C/leABaHns U aHa/IM3n U
ca yCTaHOBEHM ONTUMana/iHuTe Abn6oun-
HW 3a noJsiaraHe Ha NosIMBHWTE Kpuna npu
MO/MOYBEHO KanKoBO HarnosiBaHe, B 3aBUCU-

SUMMARY

Intensive crops that are grown in
regions with moderate continental climate
in Bulgaria do not have enough natural
moisture during the summer months, so
irrigation appears to be a decisive
agrotechnical event, without which
provide stable yields with high quality
output of most crops is impossible.

In this respect especially promising
for drip irrigation, which all applied in
practice methods and technologies for
micro-irrigation  based on  different
methods for localized feeding of water
and nutrients in the soil have already
proven capabilities for use in irrigated
agriculture.

Based on soil and climatic
conditions in the region are carried out
analytical studies and analyzes and
established optimum depth for laying
irrigation line in subsurface drip irrigation,
depending on the contours the distribution
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MOCT OT KOHTYpUTE Ha pa3npocTpaHeHne Ha
Brarata npu MW3fyXXeHo KaHeneHo ropcka
noyea, B paiioHa Ha CohuincKoTo none.

MoBeyeTo aBTOpPU Mpeasiarat nosive-
HWTE Kpuna ga ce nonarat Ha AbA6oynHa
0,50m no cpepata Ha fexuTe Npu 3bpPHEHN
KyNnTypu cnbHYOrnef, LapeBuua, namyk,
TIOTIOH U Ap., KaTo ce cbobpassBaT C Tex-
HUKaTa 3a 06paboTka Ha noysaTa. OCHOB-
HUAT KpUTEpPUM NpU N36op Ha AbN60o4YNHA
Ha MNOJIMBHWUTE Kpwu/ia B HACTOALOTO W3-
cnefBaHe e nnaowra, KoATo cnenga ga ce
HaB/aXXHW OKOJ10 BCAKO pacTeHue, B 3aBu-
CMMOCT OT pa3BMTUETO Ha KOpeHoBaTa My
cuctema.

Llenta Ha u3cnegBaHe e oONTuMu-
3upaHe Ha gbnbounHaTa Ha nojsaraHe Ha
Nno/sMBHWTE  Kpuia  B3aBMCMMOCT  OT
AbnboymMHata Ha KOpeHoBaTa cucTema
npv NOANOYBEHO KarkoBO HanosiBaHe npu
WHTEH3VBHWN KYITYPU U 3e/1eHYYLN, KONTO
ocurypsiea MecteNMBo W paunoHasHO
u3pasxofBaHe Ha BOAaTa, CbXpaHsiBaHe
Ha MOYBEHOTO NJ0AOpOAUE WM OnassaHe
Ha BOAWTE U MOYBUTE OT 3aMbpCsBaHe.

KntoyoBn  gymn:  noanoyBeHo
KankoBo HanosiBaHe, onTuMasiHa
AbN60YMHA, KOPEHOBA CUCTEMA

yBO/,

MognoyBeHOTO KankoBoTO
HarnosiBaHe Hamupa npUIoXeHne
rNaBHO MPU UHTEH3VBHW 3emefern-
CKW KyNTYpW, KaTO OBOLLHM Hacax-
AeHnsA (A06bJIKK, NPackoBK, KPyLUW,
Karicum n gp.), N03s, 3esieHYyum
(aomatun, nunep, KpactaBuuy u
Ap., OTrexaaHn Ha OTKpUTO U B
opaHxepuu), Aroau, MaavHu W”
Kacuc, TIOTIOH, nNamyk, 3axapHo
uBekno, usetsa u ap. MNMonaraHeto
Ha NOMIMBHUTE KpWa ce n3BbpLuBa
MeXaHM3MpaHoO C nomouwita Ha
npo6uBall, HOX B no4yBata W
pascTuiaHe Ha Heobxoaumara
AbJ/DKMHA OT MapKyya.

Oco6eHo noaxogsawo e us-

of the water on leached maroon forest soil
in the region of Sofia field.

Most authors offer drip irrigation
lines to make a depth of 0,50m in the
middle of the beds in cereals sunflower,
maize, cotton, tobacco etc. taking into
account the processing techniques of soil.

The main criteria when choosing a depth
of irrigated wings in this study is the area
to be wet around each plant depending on
the development of the root system.

The objective of this study was to
develop a optimizing the placement depth
of drip lines depending on the depth of the
root system in subsurface drip irrigation
for intensive crops and vegetables that
provides sparingly and rational
consumption of water, preservation of soil
fertility and conservation of water and saoil
pollution.

Key words: subsurface drip
irrigation, optimization dept drip irrigation,
root system

INTRODUCTION

Subsurface drip irrigation is
used mainly in intensive crops
such as fruit trees (apples,
peaches, pears, apricots, etc.).,
vineyards, vegetables (tomatoes,
peppers, cucumbers and more.
growing outdoors and in
greenhouses), strawberries,
raspberries and currants, tobacco,
cotton, sugar beets, flowers and
more. The laying of irrigation line is
done mechanically by means of
drilling knife in the soil and
spreading the required length of
drip line.

Particularly appropriate is its
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NnoN3BaHEeTO My MPW MO-C/I0XKHU Te-
PEHHW, MOYBEHN, XNOPOTrEe0s1I0XKKN U
KNMMMaTU4HU YCNOBUA, KbAETO APY-
rMTe HauYMHW Ha HanosiBaHe ca He-
NPUIOXUMU WU U3MON3BAHETO UM
€ CBbp3aHo C rosemn pasxoaun —
CNOXeH pened 1 ronsamM Hak/oH Ha
TepeHa (0o 45° n noseye), B paiio-
HA C MNPOAB/KATENHM 3acyllaBa-
HUA N C MOCTOAHHU CW/THM BETPO-
BEe, MECTHM BOAOU3TOYHULM C MaUl-
KO BOAHO KO/IMYEeCTBO, MO4YBU C
Masika MOLLHOCT, C MHOrO Hucka
WNn  BUCOKa BOAOMNPOMNYCK/INBOCT,
NMoyBM NpeapasnonoXeHn KbM 3aco-
nsiBaHe, BOAOM3TOYHULU C BUCOKO
CbAbpXaH/e Ha BOAOPa3TBOPUMU
CoMu, Npu BUCOKa LieHa Ha Bojarta
3a HanosiBaHe.

Ot uscnensaHusaTa (lMeTposa,
2013) e pokaszaHo, 4e 3a 3afo-
BO/NISIBAHE Ha MNOTpPebHOCTUTE Ha
pacTeHusATa OT BOAa € Heobxoau-
MO Aa ce HaBnaxHsasa 50-70% ot
KopeHoBaTa 3o0Ha. [lopagn TOBa
MKOHOMUATA Ha Bofda W edpekta OT
KankoBOTO HanosiBaHe U MUKPOLbX-
[yBaHeTO 3aBUCAT [0 rosismMa cre-
MeH OT OocCuUrypsiBaHeTO Ha onpeje-
neH o06emM onTumasiHa B/&XHOCT 3a
pacTeHussiTa npe3 LUenusa BereTa-
LIMOHEH nepuoga,

OCHOBHUTE NPUHLMNN Ha MoA-
MOYBEHOTO KankoBOTO HarnosiBaHe ca:

- BojaTa ce nogasa au-
PEKTHO B 30HaTa, B KOATO ca pasno-
NIOXEHN KOpeHWUTe Ha Kyntypute,
KaTo HaB/aXHABa camMo OrpaHuyeHa
4acT OT mo4YBaTa 1 NOYBEHNS NPON.

- HaNosiBaHeTO Ce M3BbpLUBA
C Ma/iKm U YecTu NOJINBKWN, CHOT-
BeTCTBaLM Ha BOAONOTPe6/IeHNeTo
Ha KynTypuTe, KOeTO MOo3BOsisiBa

use in more complex terrain, soil,
hydrological and climatic
conditions where other methods of
irrigation are inapplicable or their
use is associated with high costs —
complex topography and large
slope (up to 45 ° and more) in
areas with long droughts and
constant strong winds, local
sources with a small amount of
water, soils with low power, very
low or high water permeability soils
prone to salinisation, water
sources with high soluble salts in
high cost of irrigation water.

Research (Petrova, 2013) has
shown that the need of plants of
water is necessary to moisten
50-70% of the root zone.

Therefore, saving water and the
effect of drip irrigation and spraying
systems depend largely on
ensuring a certain volume with
optimum moisture for the plants
throughout the growing season.

The main principles of
subsurface drip irrigation are:

- water is fed directly into the
area where are the roots at crops
and wet only a limited part of the
soil and the soil profile.

- irrigation is done with small
and frequent irrigations through
emitters. Irrigation rates correspond-
ing to the water consumption of the
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BNAXHOCTTA B KOpPEHOO6UTaemusi
C/IOi fa ce nogabpxa npes Lenms
BEreTaunoHeH nepuog okosio egHa
BMCOKA W ONTUMasiHA CTOMHOCT,
6e3 noctaBsiHe Ha pacTeHnsiTa BbB
BOAEH CTpec.

MATEPVAJT N METOOU

3a nocturaHe Ha MNocTaBeHU-
Te uenu n pewaBaHe Ha OCHOBHU-
Te 3ajayn Ha uscnefBaHuATa ca
npoBefAeHn MHOFOroANLLIHA NMOJICKU
n3cneaBaHua Cc pas/iMyHN 3eieH-
YyKOBMW, ArogonogHN N OBOLLHU
AbpBeTa kKbM UMA3P «H. lMyuwika-
poB» N 6uBMSA MXM Ha ONUTHOTO
nosne B KB. «YenoneyeHe», npes
nepmnoga 1998-2015 roguHa. lNopg-
XOA4bT NPU U3NbJIHEHNE Ha OCHOB-
HaTa Uesl e eKcnepumeHTaneH u
aHaIMTUYEH.

[MouBaTa € WU3NyXeHO KaHe-
JNIEHO ropcKa, /1eKO NecbYIMBO -
HecTa B OpHMA C/OW. lNouBeHuTe
xapaktepuctnkm B cnosa 0-0,60m:
MnB-22,1%, 06eMHO Terno npwu
MMB 1,47g/cm®. 3a nouBeHns cnoii
0-1,00m cbwuTe nokasarenn umart
nmaT  CTOWHOCTWU: MnrnB-21,8%,
o6emHo Terno npu MNriB 1,50g/cm3.

3a un3yeptaBaHe KOHTypuTe
Ha pasnpegeneHve Ha Bnarata B
noysata e M3nosi3BaH NporpamMmHus
npoAaykt Surfer8.

PE3YNTATU 1 OBCBXXOAHE
OT npoBefeHNTE MHOTOroAmLL-
HW U3cneABaHUsl aBTopuTe ca ycTa-
HOBWW, CNefHUTe npeaumMcTBa U
HegoCcTaTbuM  Ha  NOAMOYBEHOTO
nonaraHe Ha MOMMBHWUTE Kpuia npu
KankoBO HamnosiBaHe.

crop, allowing moisture in the root
layer is maintained throughout the
growing season about a high and
optimum value without placing the
plants in water stress.

MATERIAL AND METHODS

The approach in implement-
ing the main objective is
experimental and analytical. The
field experiment was carried in
ISSAP "N. Pushkarov" and former
IHM in Chelopechene during the
period 1998-2015 year berries —
raspberries and  strawberries,
some vegetable crops and fruit
trees.

The soil is leached maroon
forest, slightly sandy loam to plow
layer. Soil characteristics in layers
0-0,60m layer is: 22.1%, a bulk
density is 1,47g/cm®. For soil layer
0-100m same indicators have
values: 21.8%, a bulk density is
1,50g/cm?.

Drawing the contours of the
distribution of moisture in the soil
used the software Surfer8.

RESULTS AND DISCUSSION

From the many years
researches the authors have
established the following

advantages and disadvantages of
underground laying of irrigation
wings in drip irrigation.
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MpegMmcTBa Ha noAnoYBeHo

KankoBOTO HarnosiBaHe, B CpasHe-
H/Me C NOBBLPXHOCTHO pa3nosioxe-
HVe Ha NoONNBHUTE Kpuna.
1. 3HaumTenHa MKOHOMWA Ha BoAa
ot 20% po 30%, nopagu nunca Ha
n3napeHne OT MNOBBLPXHOCTTA Ha
TepeHa (MeTposa, 2013).

2. lMo-pobpa paBHOMEPHOCT Ha
pasnpocTpaHeHne Ha nosvBHaTa
Boga (Purypa 1).

3. HamansiBa ce cTOMHOCTTAa Ha
KanuTtasiHuTe B/IOXEHUS Ha Ccucte-
MaTa 3a KankoBO HarnosiBaHe U
n3nos3BaHaTa eHeprus.

4. Bopata 1 TOpoBeTe ce nojasa
OVPEKTHO B 30HaTa Ha KopeHoBaTta
cuctema, Nno TO3W HauuH ce npea-
nassaTr pacteHuaTa OT BpeaHOTOo
Bb34eNCTBME OT M3NapeHneTo Ha
Bogata. [lpyn 3eneH4YyKoBU KyNnTypwu
NoNIMBHUTE Kpwuna ce nonarar Ha
AbnbounHa 0,10-0,15m., a npwu
TpaHNU HacaxXAeHust N035, MaslMHK
n oBowHM abpeeTa 0,30-0,40m.

5. lNoBuwaBa ce noyseHaTa aepa-
Uuusa, Malkute yactuum He ce OTMU-
BaT OT MNOBBLPXHOCTTA M MNoysBaTa
ocTaBa poxka, nogobpsisa ce passu-
TUETO Ha KopeHoBaTa cucTema.

6. loyBeHaTa MOBBLPXHOCT Cce 3a-
nassa cyxa W ToBa 3aTpygHsaBa npo-
pacTBaHeTO Ha MseBenun, KoeTo BO-
AN [0 HamMasleHVe Ha cpefcTeaTa 3a
Xepouuman n pactutenHa sawmTa.
7. TlonuBHUTE Kpuna 0BUKHOBEHHO
ca ot PVC wnu nonvectep u ce
pasnonaraT noA MNOBBLPXHOCTTa Ha
noysara, 3a fa ce npegnasar ot
pa3nagaHe, CKbCBaHe AbJKalo ce
Ha C/bHYeBaTta paguvauusa, rpa-

AYLKN 1 ap.
8. Hamansasatr ce nospeaute no

Advantages of subsurface
drip irrigation compared with
surface disposal of laterals.

1. A significant the water saving of
20% to 30% due to absence of
evaporation from the surface of the
ground (Petrova, 2013).

2. Better evenness of distribution
of the irrigation water (Figure 1).

3. Reduce the value of capital of
investments of a drip irrigation
system and reduced energy usage.

4. Water and fertilizer are
submitted directly into the zone of
the root system, thereby protect
against the plants from harmful
effects of evaporation of water. At
vegetable crops irrigated line are
applied at a depth of 0,10-0,15m.,

for perennials, vineyards,
raspberries and fruit trees is
0,30-0,40m.

5. Increases the soil aeration,

small particles are not washed
away of the surface area and the
soil remained loose, improves the
development of the root system.

6. The soil surface is retained dry,
which impedes the growth of
weeds, which leads to a reduction
of the means for herbicides and
plant protection products.

7. The irrigated lines, usually made
from or polyethylene hose and
should be buried below ground
because they easily degrade when
exposed to direct solar radiation
hail and others.

8. Reduces the faults per irrigation

174



NMOSIMBHUTE Kpwu/a, Ab/hKawmy ce Ha
XMBOTHM W NTULM W BaHOA/ICKO
BMeLLaTesICTBO.

9. TlonMBHUTE Kpuaa He npedyar Ha
MexaHusnpaHata obpaboTka Ha
noysara.

10.Mogno4yBeHOTO KankoBO Hanos-
BaHe Hamupa LWWNPOKO MPUIOXeHMe
NMPY WHTEH3VBHW OBOLLUHW KYNTYpW,
crnomara 3a yabsiboyaBaHe Ha Kope-
HoBara cucrema.

11.Hamansasar ce ekcnjioaraynoH-
HUTe pa3xogun, BbB Bpb3ka C OTCTpa-
HsABaHe Ha Bb3HWKHa/IUTE aBapumTe.

lines caused by livestock, poultry
and the vandalizing interference.

9. Irrigation lines not interfere with
the mechanized cultivation of the
soil

10. Subsurface drip irrigation finds
wide application in intensive
orchards, contributes to deepening
of the root system.

11. Decrease is reported in
exploitation expenses in connection
with the elimination of an accident.

dur. 1. HaBnaxHsiBaHe Ha nouBarta noj KankoobtpasyBaTensi B 3aBUCUMOCT OT
pPasnosioxXeHNeTo Ha NONIMBHUTE Kpuia (Ha NOBBbPXHOCTTa UK NOAMNOYBEHO)

Fig. 1. Moistured zone the soil under the dripper according to location of
irrigation lines (laterals), (on surface or subsurface)

HepocTaTbuU
1.MexaHu3npaHo nonaraHe Ha no-
NIMBHUTE Kpuia U MexaHuU3npaHo
npuéupaHe Ha NOVBHUTE Kpwusa
npu 3efieH4YyKoBUTE KyNTypu B
Kpasi Ha Beretayusra.
2.YacTmyHo 3anyliBaHe Ha Kanko-

obpasyBaTenurte
lNocoueHnTe npegumcTBa OT
N3M0N3BaHEeTO Ha NOoAMNOYBEHOTO

KankoBO HanosiBaHe cBuaeTesncTear
3a UenecbobpasHoCTTa OT Mo-
LLIMPOKOTO BHEApsiBaHE Ha TO3W Me-
TO/, VI TEXHOMOMUA B NPaKTUKTa Y Hac.

OCHOBHUTE  €/IeMEeHT! Ha

Disadventages
1. Mechanized laying the irrigation
lines and mechanized retraction of
irrigated vegetable crops laterals
at the end of vegetation

2. Partial clogging of the drippers

The above advantages of
using subsurface drip irrigation
attest to the appropriatenes of the
wider introduction of this method
and the technology in the practice.

The main elements of the
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cMCTeMUTE 3a KarnkoBO HarnosiBaHe
ca BOLOWM3TOYHMK, Nnomna, BOAOB-
3eMeH U KOMaHAeH Bb3esn, usi-
TpU 3a nouyucTtBaHe Ha BoOAaTa,
rnaBeH n pasnpegenutentHn Tpb-
6onpoBoAn, MNOMUBHM Kpuia W
CbOPBXEHUS MO TPbOHATa Mpexa.

Upe3 nomneHoTo BOAOXBa-
LiaHe ce ocurypsisa Heob6xoaMMo-
TO Ha/siAraHe 3a 4ocTaBka Ha Boja
B HanopHata TpbbonpoBoAHaTa
cuctema.

NMopaBaHeTO Ha TOpOBETE
(TeyHn wnn pobpe pasTBOPUMU
TBBbPAU) U Xepouunante B Mpexa-
Ta eJHOBPEMEHHO C Bojarta ce
M3BbPLUBA, 4Ype3 MOHTMpaHe Ha
TOpPOCMEeCUTENT NN UHXEKLUNOHHA
nomna.

BruAbT M OCHOBHUTE XapakTe-
PUCTMKM Ha KankoobpasyBaTtenure
Tps6Ba pa 6baar M3bpaHn Cb-
o6pas3HO C BMAa Ha HanosiBaHuTe
KynTypy “ Heob6Xxo4uMMOTO Bpeme
3a peanmsnpaHe Ha nosiMBHaTa
HOpMa OT efHa cTpaHa W OT
Apyra— C KOHKPETHWUTE MOYBEHO-
MEeNNOPaTMBHU  XapaKTepUCTUKK
Ha HanosiBaHUTe 3eMW.

Te morat ga ce B3emar OT
Katasiora Ha Npou3BOAUTENS UMK
[la ce yctaHoBsiBaT OMUTHO.

B cnyyaute, Kkorato Karko-
obpasyBaTtenuTe ce rpynupar camo
OKOM0 OTAENHUTE AbpBeTa, OPosT U1
pa3nosioKeHNEeTo UM ce onpeaenst
OT YCNOBMATA 3a HaB/IAXHSIBAHE Ha
HeobxoaMMaTa 30Ha OT noyeaTta, B
KOSATO Ce HamupaT KOpeHuTe Ha
pacTeHuaTa. LlenecvobpasHo e
kankoobpasyBatenimte pa oObaar
MOHTMPaHN Ha pasCTOsiHMe He Mo-

drip irrigation system are water
source, pump unit, water taking
and control head, filters to clear
the water, main and distribution
lines, laterals, irrigated facilities of
pipework.

The pump unit takes water
from the source and provides the
right pressure for delivery into the
pipe system.

The submission of fertilizer
(liquid or a good solubility solid)
and the herbicide in the network
simultaneously with the water is
carried out by fertilization
installation or a injector.

The type and the main
characteristics of the drippers
must be selected according to the
type of irrigated crops and the the
time needed for the realization of
the irrigation rate on the one hand
and the on the other — with specific
soil characteristics of irrigated
lands.

They can be taken from the
manufacturer's catalog or can be
established by tests.

In cases where the drippers
are grouped only around of trees,
the number and location are
determined by distribution the
roots.

It is appropriate the drippers use to
installing at distance not fewer
than 0,25-0,30m from the stem of
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Mauiko ot 0,25-0,30m. oT cTb610TOo
Ha AbpBeTarta.

O6uKHOBEHO Cce npuema, 4e
30HaTa, B KOATO ce pasnpocTtupar
KOpeHUTe, e paBHa Ha NnoLiTa,
NnoKpuTa OT KOpoHaTta 1 T4a cfegsa
[a Ce HaB/laXXHU U 3a NoBeYyeTo
OBOLWHM AbpBeTa e 1,5-2,5m B
anamMeTbp.

Pa3npoctpaHeHneTo Ha Bfa-
rata B rnoysarta 3aBUCU [lAaBHO OT
NMOYBEHUTE XapakTepuctukn (durypa
2), Kato noA BCeku Kankoobpa-
3yBaTen ce ob6pasyBa HaB/laXHeEH
o6eM C [Be XxapakTepHU 30HWU:
BOoJOHacuTeHa 30Ha, KOATO uMma
yOob/keHa popma 1 ce cTecHsiBa B
AbN60YNHA NPU NEeCcbKIMBM CUJTHO
NMpPOonyCKBU nousu, a npu
rMMHECTUTE NOYBU TS € NOo-NAnUTKa u
C no-rofiiMa WnprHa; HaB/laXHeHa
30Ha, B KOATO [ABWKEHWETO Ha
BoJarTa B rnoysara ce M3BbpLIBA MO
NMOCoOKa Ha Hai-rosieMus rpagueHT.

trees.

It is generally accepted that
the area where the roots spread is
equal to the area covered by the
the crown and the it should be
moistened and the for most
orchards is 1,5-2,5 m in diameter.

Dissemination of moisture in
the soil depends mainly on the soill
characteristics (Figure 2), under
each dripper is formed moistened
volume with two characteristic
areas: saturated zone, which has
an elongated shape and getting
thinner in a depth in the sandy
highly permeable soils, and for
clay soils, it is more a shallow and
the with width greater; wetted zone
in which the water movement into
the soil is carried out in the
direction of the largest gradient.

A

dur. 2. Xapaktep Ha HaBNaXXHABAHETO Ha nousaTa MnoJ, kankoobpasysBaresinTe B
3aBMCMMOCT OT: pa3nosioXeHNeTo Ha KankoobpasyBaTenuTe; Buga Ha no4ysara;
A-cpenHu 1 TeXKN noyusun; b-necbunuem Noysu

Fig. 2. Character of the wetted zone in the soil depending on: the location of the
drippers; soil type; A-clay soils; B-sandy soils

Amount of the wet zone
determined the number and
quantity of water from the drippers
and laterals the duration of
irrigation, irrigation systems

Pa3mepbT Ha HaBNaxHeHaTa
30Ha npegonpeaensa 6pos n Bo4-
HOTO KO/IMYECTBO Ha Karnkooobpasy-
BaTenMTe no MNOSIMBHUTE Kpuna,
KakTo M Npoab/HKUTESTHOCTTAa Ha
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NnosIBKATE W NapamMeTpuTe Ha
nonvBHuUTe 6aTtepun. HasnaxHeHu-
Te 30HW OT OTAEeNHUTE Karnkoobpa-
3yBaTenun cnejsa fa ce 3acTbnsaT
N pasCTOAHMETO Mexay TAX ce
onpegensa oT AuvaMeTbpa Ha Tesn
30HMU.

Taka Hanpumep, 3a U3NnyXeHu
KaHesIeHn TOpCKW MOoYBU, CpPenHo
Nnecby/IMBO-T/IMHECTU, € YyCTaHoBe-
HO, 4Ye e Hail-moaxogswo ga ce
n3non3eaT ABa Karnkoobpasysaresns
Ha eflHO AbpBO/ABE MOMNBHU Kpyna
Ha pasctoaHve 0,25-0,30 m ot
CTb6-/10TO Ha AbPBOTO, Tbil KaTo
HaBna-XHeHWss o06eM noj BCeku
kanko-obpasysaten ¢ geébut 4,5 I/h
nma dopmata Ha nykosuua, C
AnameTbp Ha nosbpxHocTTa 0,30. U1
Ha Abn-604nHa 0,60m-0,80-0,90 m,
a Kope-HoBaTa cuctema gocrtura ao
2,0-3,0m B WKpurHa, KaTo cMykartes-
HaTta CnocoBOHOCT B Kpas Ha KOpeHu-
Te e Hal-BMCcoKa WM KPbroBo pas-
nonoxexve — durypa 3 (MeTkoB n
ap., 2007).

parameters of batteries. The wet
areas of individual drippers should
be overlapping and a distance
between them is determined by
the diameter of these wet zones.

For example, for leached
maroon forest soils, medium
sandy clay, was found it most
suitably to use two drippers a
tree/two laterals off 0,25-030 m
tree stem because the wet volume
under each dripper at a rate of 4,5
I’/h has the form of a bulb with a
diameter of 0,30 m and the a
surface a depth 0,60m-0,80-0,90m,
a root system reaches 2,0-3,0 m in
width, as the intake capacity in
end of root is the highest or
circular available on laterals —

Figure 3 (Petkov et al., 2007).

®ur. 3. KpbroBo pasrnosiokeHne Ha MOJSIMBHUTE KpuWia 3a KankoBO HamnosiBaHe

0KOJ10 IbPBO

Fig. 3. Circular available on the laterals of the drip irrigation around tree
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lNpn noanoyBeHO KarnkoBO
HanosiBaHe C TMO/IMBHA HOpMa
10m*/da, npy U3nyxeHo KaHeneHo
ropcka nouysa (®Purypa 4) ce Hab-
nojaBa 3aHWkaBaHe Ha rno4yseHa-
Ta Bnara B ropHus cnoin 0-0,05m
kaTo goctura go 60-70% ot MNMB,
TOBa Ce [Ob/IKA Ha BUCOKUTE
CpefHOL4EHOHOLWHN  TemnepaTypu
Ha Bb3gyxa MW CbOTBETHO Ha
rnoyseHarta NoBbPXHOCT.

The subsurface drip irrigation
with irrigation rate 10m®/da, for
leaching maroon forest soil (Figure
4) was observed lowering soil
moisture in upper layer 0-0,05m,
reaching up to 60-70% of FC, this
is due to highest average air
temperatures and soil surface.

Y NNN B
BONAOEONAOBONAARONEORONSOBO0

dur. 4. HanpeyeH npodua Ha pa3cnpocTpaHeHMe Ha JIECHO AOCTbMHUSA BOAEH
3anac B e4HOMETPOBMS NMOYBEH C/10 NMPU NOANOYBEHO KankoBO HanosiBaHe CbC
100% nosimBHa HOpMa NpPu N3JTY)XKEHO KaHesIeHO ropcka no4ysa

Fig. 4. Transversal profile of distribution of easily accessible water reserve in the
one-meter soil layer under subsurface drip irrigation with 100% irrigation rate

leaching maroon forest soil

Mpn 0,10 m abnb6oumHa ce
HabnogaBa yBennyeHve Ha Bia-
rara, BC/Ie4CTBME Ha KannnsapHOTO
nokaysaHe Ha NogaZeHoTo BOAHO
KONIMYeCTBO B MOJIMBHUTE Kpuia
(pasnonoxexHn Ha 0,15 m). 3a
nouseHuns cnoin 0,10-0,30 m nou-
BeHaTa Bnara e B AuanasoHa oT
85 no 95% ot MNrB B paguyc o
0,40 m. Mog 0,70 m KOHTYypUTE Ha
HaBnaxHaBaHe ¢ 80% ot T[1MB

At 0.10 m depth is an
increase of moisture due to
capillary rise of water quantity
submitted in irrigation laterals
(located at 0,15 m). For soil layer
0,10-0,30 m soil moisture is in the
range of 85 to 95% of PPW within
a radius of 0,40 m.

Under 0,70 m wet contours of
moistening with 80% of FC
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pocturat go 0,60m B paguyc.

Mpu arogm 1 MasIHN KOHTYpU-
Te Ha ONTMMa/IHO HaB/IAXHABaHe
100% ca npwn pasnosiokeHne Ha
nonueHuTe Kpuna Ha 0,10-0,12 m
ca 0,40 m B paanyc Ha Abn6o-
ymHa ot 0,50 go 0,70m npwn akTmB-
HaTa KopeHoBa cuctema 24 4aca
cnepd nopgasaHe Ha nonmeka. lep-
NeHAVKYNAPHO Ha MOIMBHUTE Kpu-
Nna noyseHarta B/IaXKHOCT Ha Cblia-
Ta AbnéoumHa goctura go 0,60 m
C noyBeHa BnaxHoct 80% ot
MrB, kodATa e gocTtaTbyHa 3a pas-
BUTUETO Ha Kyntypute (lMeTposa,
2012; 2013; lNeTpoBa-bpaHnyesa n
BaHuwika, 2014).

3a HAKou OT dArogonsogHuTe
N 3e/IeHYyKoBUTE KYyNTypu ce
YCTaHOBM ONTUMaNIHUA 6Guosioru-
YeH MOJIMBEH pexum 1 dpopmupa-
HUSA [0o6uB. pu TO3M HauMH Ha
HanosiBaHe ce Habnwagasa MNo-
BMCOKa B/I&XXKHOCT B aKTUBHUSA MOY-
BEH cnioit oT 15% pno 20%, KoeTo
ce Ob/DKM Ha nuncara Ha nsnape-
HMe OT NOBBLPXHOCTTA Ha TepeHa.

Mpe3 pasnvyHuTe dasun oT
pa3BUTMETO Ha 3e/IeHYyKoBUTe
KYNTypu, yabnboyaBaHeTO Ha Ko-
peHoBaTa cuctema u noTpebHoCT-
Ta OT BoAa ca pas/inyHu.

[MonnBHUTE HOpMUK Bapupat
oT 3 go 17m%da. 3a HyxauTe Ha
3emefesickute npovssoguTenn B
Tabnunua 1 ca gageHn ocpeaHeHn
CTOMHOCTM Ha Nosly4yeHuTe pesysnra-
™. B Tabnuua 1 ca npeacraBeHu
6pOoAT Ha NONUBKMTE, MOJINBHUTE U
HanouTeslHUTEe HOpMM 3a nepuoja
Ha Beretauna n nosiy4yeHuTe p,06I/IBI/I
NPV NONMBHW 1 HEMOJIMBHM YCIOBUS.

reached 0,60 m within a radius.

In strawberries and
raspberries fields wet zone of
optimal moisture 100% irrigation
rate are in the the disposal of
irrigation lateral 0,10-0,12 m are
0,40 m within a radius a depth of
0.50 to 0,70 m in the the active
root system 24 hours after
submission of irrigations.
Perpendicular to the lateral soill
moisture at the same a depth
reaches to 0,60 m soil with soil
moisture to 80% by FC, which is
sufficient for the crop development
(Petrova, 2012, 2013, Petrova-
Branicheva and Banishka, 2014).

For some berries and
vegetable crops  established
optimal irrigation regime and

formations yield. In this method of
irrigation has been observed in
high moisture in the active layer of
the soil of 15% to 20% which due
to a missing of evaporation from
the the terrain surface.

During the different phases
of the development of vegetable
crops, deepening of the root
system and the need for water is
different.

Irrigation norms vary from 3
to 17m°/da. For the needs of
farmers in the Table 1 are given
the average of the obtained
results. In Table 1 are presented
the number of irrigations, irrigation
norm and applied water for the
growing season and the resulting
yields in irrigated and non irrigated
conditions.
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Ta6nmua 1. MoNMBEH PEXMM Ha 3e/IEHUYYKOBU U SSTOA0M0AHU KYITYPU

Table 1. Irrigation scheduling of the vegetable and berries crops

MonvseH pexum / Irrigation scheduling [o6wus / Yield
Bpoii MonuneHa HanoutenHa MonveHu HenonveHu | JonbiHUTeneH 1o6us
Kyntypu MOJINBKMN Hopma Hopma ycnosus ycnosus OT HanosiBaHe
Cultures | Number of | Irrigation | Irrigation norms| Irrigation Without Additional yield from
irrigations norm irrigation irrigation
Bp. m°/da m°/da kg/da kg/da kg/da

JomaTtm 26 15 390 5500 0 5500
Tomatoes
Munep 26 10 260 3500 0 3500
Peper
UTyk 6 10 60 2800 1800 1000
Onion
ManuHn 20 15 300 860 220 640
Raspberry
Arogn 20 10 200 1400 600 800
Strawberry

Tabnuua 2. Abnb6oumHa 3a nonaraHe Ha NOSIMBHUTE Kpuia
Table 2. Depth of laying the irrigation lines

Pa3cTosHusa Ha 3acaxgaHe | [AbnbouvHa Ha BronornyHn nsncksaHus Obn6ounHa Ha
Distance between cultures | nonaraHe Ha non | Ha kynTypata KbM BoAa |KOpeHOBa cucTema
Kyntypu m kpuna / Depth of Biological demands Depth of the
Cultures laying the irr. line on water roots zone
Mexay pefoseTe| B pefa M - M
between rows in row

lo3s 4 1,5-2,0 0,30 Bnaronobrsa 1,50-2,00
Vines moisture growing
AOBIKN 4 1,5-2,0 0,40 Braronio6rsa 1,50
Apples moisture growing
KpyLin 4 1,5-2,0 0,40 Bnaronobusa 1,50
Pears moisture growing
Cnusa 6 4,5-5,0 0,40 yMepeHo Bnarositbmsa 1,30
Plums sparingly moisture
YepeLun 6-7 5,0-6,0 0,40 yMepeHo Bnarositbmsa 1,50
Cherries sparingly moisture
Kancumn 6 4,5-5,0 0,30 cyxoycToiumsa 1,20
Apricots drought resistant
Mpackosu 5-6 3,0-5,0 0,30 ymepeHo Bnarontobmsa 1,20
Peach sparingly moisture
MauimHm 2,0-2,8 0,30- 0,50 0,15 MHOro Bnarontobusa 0,50
Raspberries very moisture growing
Aroan 0,8/0,35 0,20 0,10 MHoro Bnaronto6rsa 0,30
Strawberries| [Bypefa nexa very moisture growing

double-breasted

bed

Jdomatn 1,50-2,2 0,50-0,80 0,20 MHOr0 Bfaron6muesa 0,50 (1,0)
[Tomatoes most moisture growing
Munep 0,7 0,20 0,10 MHoro Bnaronto6rsa 0,30 (0,70)
Peper very moisture growing
Kpomug, nyk 0,20 0,10 0,10 cyxoycToiumBa 0,30
Onion drought resistant
Kpactasuum 0,70 0,20-0,50 0,15 MHOro Braroniobusa 0,20-0,30
Cucumbers very moisture growing

* NbnbouynHaTa Ha KopeHoBaTa cucTeMa U 6MOMOTMYHUTE W3UCKBAHUA KbM BOAATa € 3auMCTBaHO OT
(Oackanosa, 2012)
* The depth of the root system and biological water requirements is taken from (Daskalova, 2012)
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B Tabnuua 2 e nokasaHa
onTuMasniHaTa AbN60o4YMHa Ha nona-
raHe Ha NosiMBHUTE TPHLOONPOBOAM,
B 3aBMCMMOCT OT AbsibounHaTa Ha
KopeHoBata cuctema K ycTaHoBe-
HAUTE KOHTYpU Ha pascrnpocTpaHe-
HWe Ha Bnarara, npu onTuMasieH
NMOJSIMBEH PEXMM NpU  U3NYXKEHO
KaHesIeHO ropcka rnoysa.

n3BO4UN

Bb3 ocHoBa Ha ekcnepumeH-
TanHUTe aHHU 1 aHaIn3 Ha nosy-
yeHUTe pes3ynTatn 3a KaHesieHo
ropcka nouysa, e paspaboTeHo
onTMMu3NpaHe Ha AObn6oynHaTa
Ha nosiaraHe Ha MOJIMBHUTE KpUna,
B 3aBUCMMOCT OT AbNi6oYnHaTa Ha
KopeHoBarta cuctema, npu noanou-
BEHO KankoBO HarosiBaHe, npu
WHTEH3UBHWN KYNTYpPU U 3e/1eHYyLN,
KOeTo ocurypssBa nMecTesiMBo U
pauMoHa/IHO M3pas3xofBaHe Ha
BOJaTa, CbXpaHsaBaHe Ha NoYBeHO-
TO NnJo4opoAve 1 ona3BaHe Ha BO-
AnTe 1 NoyBmUTe OT 3aMbpcsABaHe.

1. MNpn nogno4yBeHO KamnkoBO
HanosiBaHe C MOJIMBHA Hopma
10m*/da npu u3nyxeHo KaHeneHo
ropcka nousa, 24 yaca cnep nopa-
BaHe Ha MNo/MBKa, ce Habnwpgasa
3aHMXaBaHe Ha noyseHata Bfara
B ropuua cnoin 0-0,05 m, karto
poctura po 60-70% ot [MNB. 3a
nouseHns cnor  0,10-0,30 m
noyseHarta Bnara e B AuanasoHa
oT 85 10 95% ot NlNB B paaguyc oo
0,40 m. MNMopg 0,70 M KOHTYpUTE Ha
HaBnaxHaBaHe c 80% ot T[1MB
pocturat paguyc go 0,60 m.

2. bnbounHarta Ha nonaraHe
Ha MOMMBHUTE Kpuna npu OBOLLHU

In Table 2 is shown the depth
of the laying of irrigation pipes,
depending on the depth of the root
zone and the established lines of
distribution  moisture at an
optimum irrigation regime in
leached maroon forest soil.

CONCLUSIONS

Based on the experimental
data and analysis of results of
maroon forest soil was developed
optimizing of placement depths of
irrigated laterals depending on the
depth of the root system in
subsurface drip irrigation for
intensive crops and vegetables
that provides economically and
rational consumption of water
conservation of soil fertility and
conservation of water and soil
pollution.

1. Subsurface drip irrigation
with irrigation rate  10m®da
leaching maroon forest soil 24
hours after submission of watering
has been observed reduction of
soil moisture in the upper layer
0-0,05 m reaching up to 60-70% of
FC. For soil layer 0,10-0,30 m soill
moisture is in the range of 85 to
95% of FC within a radius of 0,40
m. Under 0,70 m contours of
moistening with 80% of FC reach
0,60 m radius.

2. The depth of laying the
irrigation laterals in fruit trees
(grapes, apples, pears, plums,
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AbpeeTa (N034, SA06bJKM, KpyLww,
C/IMBW, 4Yepelun, Kalicuu, npacko-
BW) C KopeHoBa cuctema 1,30-
2,00m, npu cpegHa nMoJsiMBHa
HopMma 10-15m°/da e 0,30-0,40m.

3. Abn6ounHaTa Ha nonaraHe
Ha NOMMBHUTE Kpwia npu Arogo
NNOAHU KYNTypu (Arogn n MasmHm)
c kopeHosa cuctema 0,30-0,50 m,
npn cpegHa nNosvBHa  Hopma
10m°/da, e 0,10-0,15 m.

4. Abn6oynHaTa Ha nonaraHe
Ha NOJIMBHUTE Kpwua Npu 3es1eHYy-
KOBW KynTtypu (gomartu, nuvnep,
KpomMuz NyK, KpactaBuum), C Kope-
Ho Ba cuctema 0,30-0,50 m npwu
cpegHa nonmeBHa Hopma 10-15
m®/da, e 0,15 m.

5. YcTtaHOBEHO €, Yye Abnbo-
ynHata Ha nonaraHe Ha MoNBHU-
Te Kpuna npu KarnkoBo HanosiBaHe,
e 1/3 o1 gbnboynHata Ha aKTUBHa-
Ta KOpeHoBa CUCTeMa, HO He Mo-
Abnoéoko ot 0,40-0,50 m.

Mogno4yBeHOTO KankoBO Ha-
nossBaHe He e 3amecTuTesn Ha
Apyrute, gokasasnm cBosTa npusio-
XUMOCT MeToAM 3a HanosiBaHe.
To3n HaurH 3a gocTaBsiHe Ha BoAa
ce npwniara npv Baaronbmsm Kyn-
TYpW, N3UCKBALLY YECTU NOJIUBKU U
BOAOU3TOYHULM C KayecTBa Ha
BOAA OTroBapsLM Ha U3MCKBaHMATA
(pH<8, Fe<lmg/l, Mn<1,5-2mgl/l,
HCO<300mg/l, CO3<200mg/l, SO4<
400mg/l) (MetkoB wn Aap., 2007;
Petrova et. al., 2008).
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thakynTeT, 2012, cTp. 254-255.

cherries, apricots, peaches) with
root system 1,30-2,00m with an
average irrigation rate 10-15m®da

experimentally established
0,30-0,40 m.

3. The depth of laying
irrigation  laterals at berries

(strawberries and raspberries) with
root system 0,30-0,50 m with an
average irrigation rate 10m3/da, is
0,10-0,15 m.

4. The depth of laying
irrigation laterals at vegetable
crops (tomatoes, peppers, onions,
cucumbers) with root system 0,30-
0,50 m with an average irrigation
rate 10-15m*/da, is 0,15 m.

5. It is found that the depth of
the laying drip line is 1/3 of the
depth of the active root system, but
not deeper than 0,40-0,50 m

Subsurface drip irrigation is
not a substitute for other proven
viable method of irrigation.

This water supply is used in
moisture-growing plants requiring
frequent irrigation and water

sources water quality compatible

(pH<8, Fe<lmg/l, Mn<1,5-2mg/l,
HCO<300mgl/l, C0O3<200mg/l,
S04<400mg/l), (Petkov et al.,

2007; Petrova, et al., 2008).

REFERENCES
1. Daskalova A., Gaidarova St.
Land Reclamation Agromelioration.

Hydraulic Engineering, 2012, pp. 254-255.

183



2. Metkos n., TlletpoBa P,
Mampkancka H. n ap. Jobpu npakTuki 3a
HanosiseaHe Ha 3emefesickuTe KynTypu.
HapbuHuk, 2007, 218 cTp.

3. MetpoBa B. “N3cnegsaHe Ha
HOBW  TEXHOMIOTMM M TEXHUKM  3a
NMOBBPXHOCTHO, noAno4BeHo n
MUKpPOAbXAyBaHe Ha ManuHu B palioHa
Ha CodouiickoTo nosne”,
M3cnepgoBaTenckm npoekT Ne 120
"Mi3cnepBaHe Ha HOBW BooOcnecTABaLLU
TEexHoMormmn n TEXHUKN 3a
MUKpOHarnosBaHe Ha AroAy U Ma/iMHW B
paiioHa Ha CodmiickoTo none”, NnaHosu
npoekTu kbM CCA, 2012.

4. MeTtpoBa-bpaHnyeBa B. V3cnesn-
BaHe Ha MoAno4YBEHO KarkoBO HanosiBaHe
Ha droga B NNacTMacoBX OpaHXepuu.
OucepTaynoHHeH Tpyga, 2013, 244 c1p.
5. MNeTpoBa-bpaHnyeBa B.,
BaHuwka H. TexHonorua 3a noanoyseHo
KankoBo HanosieaHe. FoguwHuk, YACT,
2014, tom XLVII, cTp.79-89.

6. MetpoBa B., bBbaHnwka H.,
Kanuesa C., Torma S., Vilcek J.
EkcneptHa cuctema 3a u3nosi3BaHe Ha
nosiMBHaTa BOoJa CbOOpa3HO KayecTBaTa
U — MeToAmMKa ¥ NMporpamHo OCUrypsiBaHe.
HayyHo npakTuyecka KOHepeHuus
“HaTypa 2000° B CeBepo3anagHa
Bbarapua n TpaHCrpaHNyHUA pernoH —
npob6aemMn ©n NEepcnekTuBnU, COOPHUK
foknaan, Bpaua, 2008, cTp.127-143.

(in Bulgarian)

2. Petkov PlL., Petrova R.,
Gadjalska N. et al. Best practices for
irrigation of crops. Book, 2007, pp. 218.
(in Bulgarian)

3. Petrova V. Researching at
technologies and techniques for surface,
subsurface and  spraying  systems
raspberries in the region of Sofia field"”,
Research project Ne 120" Researching
water-saving technologies and techniques
for micro irrigation strawberries and
raspberries in the region of Sofia field”,
2012. (in Bulgarian)

4. Petrova-Branicheva V.
Investigation of subsurface drip irrigation
of strawberry in plastic greenhouses. PhD
Thesis, 2013, pp.244. (in Bulgarian)

5. Petrova-Branicheva V.,
Banishka N. The Technology for
Subsurface  Drip  Irrigation. Jubllee
International Conference Technical 65
anniversary Faculty = of  Hydraulic
Engineering  and 15" anniversary
Hydraulic  Engineering in  German,

UACEG, 6-7 November, 2014, vol. XLVII,
pp. 79-86, (in Bulgarian)

6. Petrova V., Banichka N.,
Kalcheva S., Torma S., Vil€ek J. Expert
system for use of irrigation water

depending on its quality — methodology
and software development. Scientific
practical conference “Natura 2000 in
north-western Bulgaria and cross border
region — Problems and Future, Vratza,
Proceedings, 2008, pp.127-141.

184



	Mira Milinkovic et al_final_latest.pdf
	Aleksandar Leposavic et al_paper   2_final_latest.pdf
	Georgi Kornov et al_final.pdf
	Vesela Petrova_paper 2_final.pdf

