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PE3OME

Plum pox virus (PPV) e npnunHute-
NAT Ha Wapka, Hali-onycTolmTenHara Bu-
pycHa 6onect npu poa Prunus. MbpBute
cBefeHua ca ny6svKyBaHM OT ATaHacoB
npe3 1932 B bvarapua. PacTteHuaTa
rOCTONPUEMHMLYN C UKOHOMUYECKO 3HauYe-
H/e ca CWMHA C/MBa, Nnpackosa U Kalicus,
HO u3crefBaHuATa MNoKasBar CblUo U
HAKOW TPEBOXHW Hannuus npu yepetua u
BuLWHa. NMopaan n3mMeHYMBOCTTa Ha BUPY-
ca ca OTKpUTWU [OEeBET MOJIEKYNAPHO pas-
nnyHn PPV wama. B YHrapusa npeobna-
pasat wamose PPV-M, PPV-D n PPV-
Rec. V3cneasaHusa oT pas3nyHn AbpxKasu
rnokassar, Ye BUPYCHUTE LLamMoBe npeano-
yuTart cneunduyHM rocTonpueMH1LM Uam
Mo-4ecToTOo MNPUCHLCTBME Ha pas/NyHU
N3TOYHMLN.

3a fa ce n3cnefpa Tasu xapakre-

SUMMARY

Plum pox virus (PPV) is the
causative agent of Sharka disease, the
most devastating viral disease on Prunus
species. The first report was published by
Atanasoff in 1932 from Bulgaria. The
economically important host plants are the
plum, peach and apricot species but
studies show some disturbing
occurrences on cherry and sour cherry as
well. The variability of the virus shows that
nine molecularly different PPV strains
have been discovered. In Hungary the
PPV-M, PPV-D and the PPV-Rec strains
are in majority. Surveys from different
countries suggest that the virus strains
have some host preference or more
frequent presence on different hosts.

In this research 36 leaf samples
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puctuka Ha Bupyca B HaCTOALLOTO W3-
cnegpaHe ca B3eTu 36 SIMCTHM Npo6u oT
€CTeCTBEHO 3apa3eHo neTHageceTrogmLL-
HO HacaxgeHve, no 12 npobu oT BCeku
Bua (CMHA cnvBa, MpackoBa W Kaicus).
TpuTe BMAa ObpBeTa ca PasnosIoKeHU
elH1 [0 ApyrM B OBOLIHATa rpajuvHa,
pasgeneHn OT MbT C LWKMpPOYMHA 2 m,
KOeTO BOAM [0 CEepuO3eH LUaHC 3a 3apa-
351BaHe OT BCEKU HasIMYEeH BUPYCEH LLaM.
BupycHaTa umHbekuus e noTebpheHa oT
nncTHuTe npobu, kato PPV wamoBe ca
yCTaHOBEeHM ype3 TpaanunoHHua RT-PCR
mMeToz. Cnopef pesynratute ca ycTaHo-
BeHn PPV-D, M, n Rec n3onartu, Kakto un
CMeCeHN UHtekuuu.

Knrwouosn aymu: PPV, wawmose,
npegnoynTaH  roCTONPUEMHWK,  CUHA
C/nvBa, npackoBa, kacus

CbkpaweHus: PPV = Plum pox virus,

M = Marcus, D = Dideron,
Rec = Recombinant, RT = ob6patHa
TpaHckpunuua, PCR = nonumepasHo-

BEpPWKHA peakums

yBO/.

Plum pox virus (+ssRNA) e
yneH Ha cemeictBo Potyviridae.
MbpBUTE CMMMNTOMU ca Habnwaa-
BaHM npe3 1917-1918 npun cuHATa
chmBa B bbarapusa, a nbpBuAT
Joknaj e npeacrtaBeH npes3 1932
oT ATaHacos. lNbpBMAT goknaj 3a
KOCTU/IKOBM C WMKOHOMWYECKO 3Ha-
yeHVe B YHrapus e HarnpaBeH OT
Szirmai 3a kalicun (1948), ot Husz
n Klement 3a cuHute cnmeun (1950)
m ot Németh 3a npackosute
(1963). PPV 3apa3fBa He camo
KOCTU/IKOBM BUAOBE, HO U 6agem
(Pribék et al., 2001), Kakto u
TpbHka (Salamon and Palkovics,
2002), KOATO e ecTeCcTBeH AUB roc-
TONPUEeMHMK, 3acTpallaBsall, OBOLL-
HUTE rpajuHn, KaTo pe3epBoap Ha
3apa3a. 3Ha4yeHMeTo Ha pacTeHus-

were taken from naturally infected, 15-
year-old plantation, 12 samples from each
significant species (plum, peach and
apricot) to investigate this attribute of the
virus. In the orchard this three species
located next to each other separated by a
2m wide road, resulted a serious chance
for infection by any present virus strain.

The virus infection was verified from the
leaf samples and the PPV strains were
identified by conventional RT-PCR
method. According to the results PPV-D,
M, and Rec isolates, furthermore mixed
infections were detected.

Key words: PPV, strains, host
preference, plum, peach, apricot

Abbreviations: PPV
M = Marcus,

Rec = Recombinant,
transcription, PCR =
reaction

= Plum pox virus,
D = Dideron,

RT = reverse
polymerase chain

INTRODUCTION

Plum pox virus (+ssRNA) is a
member of the Potyviridae family.
The first symptoms of the presence
were observed in 1917-1918 on

plum in Bulgaria, and the first
report was taken in 1932 by
Atanasoff.

In Hungary the first report from the
economically important stone fruits
was taken by Szirmai from apricot
(1948), by Husz and Klement from
plum (1950) and by Németh from
peach (1963). PPV infects not only
stone fruits but almond (Pribék et
al., 2001) and blackthorn (Salamon
and Palkovics, 2002) as well,
which is a natural wild host species
endanger orchards as a reservoir.

The importance of the reservoir
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Ta pe3epBoapu Ha 3apasarta ce
nogueHssa, aduaute BUPYCOHO-
cuTenu (NMMCTHU BbLUKKM - 6.1.) pas-
npocTpaHsaBaT BMpyca Mo Henep-
3UCTEHTEH HauuH. JINCTHUTE BbLU-
KW UrpasT Hali-3Haunmara pons 3a
pa3npocTpaHeHNeTo Ha BMUpyca Ha
MasIky pascTtosHus. Hai-edekTms-
HW NpeHocuTenu npu BugoseTe OT
poa Prunus ca Bugosete Myzus
persicae n Aphis spiraecola, HO
CbLL0 TO/SIKOBa 3HauYMMK 3a pas-
NpoCTpaHeHNeTo My npu  Apyru
pacTteHus ca Aphis fabae nnn Aphis
hederae (Labonne et al., 1995).
TpuTe Hali-4ecTo CcpeLlaHu
wama Ha PPV B YHrapua ca
PPV-M, PPV-D n PPV-Rec (Adam
et al., 2015). WambT D ¢ dopeHckun
npoun3xop e yCTaHOBEH Npu Kamncu-
eBn gbpBeTa. OCHOBHO ce cpeLla
NPV CUHA CNuBa U Karcnata, psako
npn npackoBara (Myrta and
Boscia, 2001), Bbnpeku 4ye Dallot
et al. onuceat HAkou PPV-D un3ona-
TW, KOUTO MoraT e(eKkTMBHO Aa 3a-
pasAaT npackoBeHn abpeeTa (1998).
WambT PPV-M nponsnusa ot
Mpuma (Myrta et al.,, 1998), Ho e
LUMPOKO pasnpocTpaHeH B udAna
EBpona n npuuMHABa CepUO3HU
npobsieMun B NPackoBEHN Hacaxe-
HUA, HO MOXe fa 3apasn CbLo
CUHATa cnmBa 1 Kancusata. Aduau-
Te pa3npocTpaHaBaT TO3M Lam no-
edpekTUBHO, 0TKONKOTO PPV-D.
MoBeueto PPV-Rec wn3onatn
ca OT C/IMBOB TOCTOMNPUEMHUK, HO
kalicmaTa n npackoBata (M pasinyHm
roctonpueMHuuy oT Buga Prunus)
morat ga 6baar uHekTupaHm uypes
M3KYCTBEHO 3apassiBaHe. W3rnexaa

plants are underrated, the aphid
vectors spread the virus in a non-
persistent manner.

The aphids play the most important
role in the short distance spread of
the virus and the form of
epidemics. The most effective
vectors are the Myzus persicae
and the Aphis spiraecola, but
during the dissemination the role of
the aphids from non Prunus plants
could be equally significant such
as the Aphis fabae or the Aphis
hederae (Labonne et al., 1995).

The three common strains in
Hungary the PPV-M, PPV-D and
the PPV-Rec (Adam et al,
2015).The Dideron isolate origins
from France, and it was collected
from an apricot tree. The PPV-D
strain mainly occurs on plum and
apricot, and it is rare on peach
(Myrta and Boscia, 2001), however
Dallot et al. describe some PPV-D
isolates that can effectively infect
peach trees (1998).

The Marcus isolate collected
from peach, origins from Greece
(Myrta et al.,, 1998). The PPV-M
strain is widely spread all over
Europe and cause serious
problems in peach orchards, but it
can also infect plum and apricot.
Aphids can propagate this strain
more effectively than PPV-D.

Most of the PPV-Rec isolates
are from plum host, but the apricot
and peach (and different Prunus
hosts) can be infected by artificial
inoculation.

It seems that the host preference
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ye npegnoynTaHuATa KbM TOCTOMNPU-
emMHuka Ha PPV-Rec wu3onatn ca
cxogHu ¢ PPV-D (Glasa et al., 2004).

MATEPVANT N METOAN

Mpe3 nartoto Ha 2015 r. ca
B3eTW ABaHafeceT JINCTHU Nnpoowu:
OT c/imBa — copT "HavaHcka neno-
TnMya", BBPXY nognoxka Prunus
cerasifera; npackosa — copT "Pep
XeBbH" BbBLPXy nognoxka Prunus
amygdalus (6agem) u kancmsa —
copt "TOMKOT", BbpXy [OXaHKoBa
nogsioxkka. 36 ot npobuTte npous-
XoxpaT OT [pYyrn eK3eMnisgpu Ho

OT cbuwarta rpaguHa 6nm3o Ao
Bypanewa.
CnvBoBuUTE, MNPAaCKOBEHU WU

KalicmeBu ObpBeTa ca pasfesieHun
OT NbT WNPOK 2 meTpa (Pur. 1).

Morth

47.428349, 18.801234

Prunus domestica ‘'Cacanska Lepotica’

dur. 1. EKCnepMmMeHTasiIHO noJsie
Fig. 1. The experimental field

Prunus persicae 'Redhaven’

of the PPV-Rec isolates is similar
to PPV-D (Glasa et al., 2004).

MATERIAL AND METHODS

Twelve leaf samples were
collected from Prunus domestica
‘Cacanska Lepotica’ on Prunus
cerasifera (myrabolan) rootstock,
from Prunus persicae ‘Redhaven’
on Prunus amygdalus (almond)
rootstock and from  Prunus
armeniaca ‘Tomcot’ on myrabolan
rootstock in the summer of 2015.
The 36 samples were originated
from different specimens but from
the same orchard near Budapest.

The plum, peach and apricot
trees were separated by a 2
metres wide road (Fig. 1).
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M3BnnuaHeto Ha PHK e
n3BbPLUEHO Ype3 Spectrum Plant
Total RNA Kit (Sigma-Aldrich) n
GenelJet Plant RNA Purification
Mini Kit (Thermo Scientific), cno-
pen PbkoBOACTBOTO Ha MPOM3BO-
antensa. 3a nogrotoBkata Ha
kOHK upe3 obpaTHa TpaHcKpunTa-
3a (Thermo Scientific) e nsnonsea-
Ha 1500 ng PHK. lMNpu peakunata
oT (Maiss et al., 1989), obpart-
HUAT npaiimep e M4T (Chen and
Adams, 2001) pasnonoxeH Ha 3’
Kpas, Ha nonvA-onawikata Ha
BMpyca. 3a pga ce noTBbpau
npucbcTtemeto Ha PPV wn 3a
naeHTMdukauma Ha TpuTe Hain-
yecTto cpewaHn PPV wama B YH-
rapus ca M3nonssaHu nparvimepu
mM5, mD5, mM3 wu mD3
(Ta6nmua 1) (Subr et al., 2004) 3a
PCR, HacoyeH/ KbM pekoMbuHa-
LUMOHHaTa Touka pas3nosioxeHa B 3’
Kpaii Ha reH Nlb. Pesyntarute ca
BMU3yann3npaHn 4vpes esiekTpodo-
pe3a ¢ 1 % arapo3eH ren. Ypes
TO3M MeToh, TpuTe LwWama wumart
pa3nimyHn PCR npoayktn (dwr. 2).

RNA extraction was
performed by Spectrum Plant
Total RNA Kit (Sigma-Aldrich) and
GenelJet Plant RNA Purification
Mini  Kit (Thermo  Scientific)
according to the manufacturer’s
instruction. For cDNA preparation
by RevertAid Reverse
Transcriptase (Thermo Scientific)
1500 ng RNA were used. In the
RT reaction (Maiss et al.,, 1989)
the reverse primer was the M4T
(Chen and Adams, 2001) located
at the 3’ end, at the polyA tail of
the virus. To confirm the presence
of PPV, and for the identification of
the three most common PPV
strains in Hungary the mM5, mD5,
mM3 and the mD3 primers (Table
1.) were used (Subr et al., 2004) in
the PCR, targeted the
recombination breakpoint located
in the 3’ end of the NIb gene. The
results were visualised by gel
electrophoresis on 1 % agarose
gel. By this method the tree strain
have different PCR products in
length (Fig. 2.).

Tabnuua 1. OpneHTaumna Ha NnpaimMmepun, CEKBEHLUVM U Lies1IEBU FTEHOMHU y4acTbLu
Table 1. The primer orientations, the sequences and the targeted genomic

regions
Mpaiimep (opueHTayus) CekBeHuust eHOMEH y4acTbk
Primer (orientation) Sequence (5'-3)) Genomic region

MAT (-) GTTTTCCCAGTCACGACT 5 polyA tail
mM5 (+) GCTACAAAGAACTGCTGAGAG 3'NIb-5'CP
mM3 (-) CATTTCCATAAACTCCAAAAGAC 3'NIb-5'CP
mD5 (+) TATGTCACATAAAGGCGTTCTC 3'NIb-5'CP
mD3 (-) GACGTCCCTGTCTCTGTTTG 3'NIb-5'CP

128



M PPV-M PPV-Rec PFV-D M

1000 bp  Se— —
664 bp
— — 605 bp

®dur. 2. MNMpoaykT Ha PCR oT Tpu wama B 1% arapo3eH ren
Fig. 2. The PCR product of the three strains on 1 % agarose gel

PE3YNITATU N OBCBXOAHE
Pe3yntatute oT u3cnenBaHe-
TO nocoysat, 4ye Plum pox virus
npucbTBa B OBOLLHATa rpajuHa
npu wuscnefBaHNTe AbpBeTa Ha
CWHW C/IMBW, NPackoBu u Kalicun. B
36 MUCTHM nNpobwu ca OTKPUTKU
wamose PPV-D, PPV-M u PPV-
Rec upe3 TpaguumoHHa RT-PCR.
Cepem npobwn ca oTpuuaresiHu
(20%), pecet ca 3apaseHu camo C
PPV-M (28%), wecT ca 3apa3eHu ¢
PPV-D (16.5%), n B eauH cnyyai e
HabnogaBaHa UHQpekuna ot PPV-
Rec (2.5%). YcTtaHOBeHMU ca geBeT
cMmeceHn uHdekumn Ha PPV-M+D
(25%), n TpN wWHpekunun PPV-
M+Rec (9%) (dwur. 3).

RESULTS AND DISCUSSION

The results of the study
indicate that the Plum pox virus
was present in the orchard on the
investigated plum, peach and
apricot trees. In the 36 Ileaf
samples PPV-D, PPV-M and PPV-
Rec strains were detected by
conventional RT-PCR. Seven
samples were negative (20%), ten
was individually PPV-M infected
(28%), six was PPV-D infected
(16.5%) and in one case PPV-Rec
infection was observed (2.5%).
Nine PPV-M+D mixed infection
(25%), and three PPV-M+Rec
infection (9%) were identified
(Fig. 3) among the trees.
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North

47.428349, 18.801234

Prunus domestica ‘Cacanska Lepotica’

Prunus persicae '‘Redhaven’

negative
PPV-K
PPV-D
PPV-Rec
PPV-M+D

PPV-KW+Rec

800000

®dur. 3. Pe3ayntartn OT eKCNepMeHTasHO none
Fig. 3. The results on the experimental field

B cnyvante Ha npobute ot
npackosn, 50% oT mn3cnenBaHuTe
AbpBeTa ca 3apas3eHn camo OT
PPV-M, HO B eanHageceT npobu e
oTKput PPV-M Kkato npu 42% vnma
nHpekuna ot PPV-M+D. M3onatu
Ha PPV-D He ca OTKpUTu camocCTO-
ATEJIHO NMpPU NPacKOBEHN AbPBETA,
a nsonarbT PPV-Rec n3o6uwo He
€ OTKPWUT.

42% OT n3cnefBaHuTe Kaicu-
eBu Npobu ca oTpuLartesiHM CNpsimMo
Tpute PPV wama. 16% oT npobute
ca mnscnegsaHn ot PPV-M, 8% ca
3apaseHn camo oT wama PPV-D.
Mpu kancumte, 32% OT npobute
CbAbpXaTr cMeceHaTa WHpeKLma
M+D, cnopep Hawute pesyntartu
wamose PPV-M n D ce nosssasart
npuénusntenHo npu 50-50% ot

In case of peach samples
50% of the studied trees were
infected by only PPV-M, but in
eleven samples PPV-M was
detected as in 42% PPV-M+D
infection occurred. PPV-D isolates
were not detected solo in peach
trees, and PPV-Rec isolate was
not detected at all.

42% of the examined apricot
samples were negative to these
three PPV strains. 16% of the
samples were infected by PPV-M,
8% were infected by PPV-D strain
individually. In case of apricot 32%
of the samples contain M+D mixed
infection, according to our results
the PPV-M and D strains occur
approximately 50-50% on the
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n3cnefBaHuTe Kancmesn gbpeeTa.
PekombuHaHTeH un301atr He e
OTYETEH HUTO NPU KalCcMeBun, HATO
npv NpackoBeHu obpBeTa.

Mpy NpobuTe OT CUMHMU CIMBU
e 3abefia3aH camMo eauH oTpuua-
TeneH pesynrtar, U ca OTKPUTK
BCMYkKM Tpu wama. 40% ot
C/IMBOBUTE NPO6K ca 3apas3eHn C
PPV-D, 16% c PPV-M un 8% ca
3apaseHn ot PPV-Rec. B Tpu
cnyyaa (24%) e noTBbpAeHa
nHekuunsa ot PPV-M+Rec.

n3BO4UN

Mpn wun3cnepsaHUTe npacko-
BEHW ObpBeTa, cnopen oyakBaHUS-
Ta, npeobnagasa wam PPV-M. OT
12 pwbpBeTa, 11 ca 3apaseHu c
TO3M WamMm U1 efHa oTpuuatesHa
npoba npousnu3a OT AbPBO B
MHOrO JIOWO CbCTOsAHME. Bbnpeku
ye nsonatnte PPV-D He ce npeHa-
CAT e(EeKTMBHO OT JIUCTHUTE
BbLUKW M He ce cpeLlarT 4yecTo npu
npackosuTe, MNOYTU MOMOBUHATA
n3cneaBaHn nNpackoBeHW npobwu
6axa CbC CMeceHa WHekuna ot
PPV-M+D.

EcTecTBeHUTE 3apasnm Ha
npackosn c¢ PPV-Rec ca MHoro
peakn 1 He ycnsaxme ga oTKpuem
PEKOMOUHAHTHM 130/1aTu B Npobu-
Te OT npackoBa (Hanpumep B
npoekTa SharCo, oT 223
pPeKOMOWHAHTHM un3o0/1aTa, efuvH
npousnu3a ot npackosa).

TpyaHo e pa ce Hanpasu
3aK/loyeHre Mo OTHOLWeHWe Ha
kaiicueBute  gbpBeTa, MNOHexe
noytM nosioBMHaTa npobu ca
oTpuuarenHu. [lpu 3apaseHuTe

examined apricot trees.
Recombinant isolate was detected
neither on apricot nor on peach
trees.

From plum samples one
negative result was observed, and
all of the three strains were
identified. 40% of the plum
samples were infected by PPV-D,
16% with PPV-M and 8% was
PPV-Rec infected. In three cases
(24%) PPV-M+Rec infection was
verified.

CONCLUSIONS

Among the examined peach
trees the PPV-M strain was in
majority as it was expected. From
12 trees 11 were infected by this
strain and the one negative sample
was originated a tree which was in
very bad condition. Despite the
PPV-D isolates are not effectively
transmittable by aphids and not too
common on peach, almost the half
of the studied peach samples were
infected by this strain in a mixed
infection with PPV-M.

Naturally PPV-Rec infected
peach trees are very rare
according to studies (e.g. in
SharCo project  from 223
recombinant isolates one
originated from peach), and in

connection with these results we
do not manage to detect
recombinant isolates in the
samples.

It is hard to make conclusion
in regards of apricot trees,
because almost the half of the
samples were negative. In the
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AbpBeTa wamose PPV-D n PPV-M
ce nosiBABaT MO OTAENIHO U B
CMeCeHN NHgekuunn.

OuvakBaHeTO 6e 3a npeobna-
pasal, PPV-D, HO B Ta3n 4acT Ha
oBoOLHaTa rpaguHa PPV-M ycnsasa
NIECHO fJa ce pa3npocTpaHn KbM
kalicneBuTe AbpBeTa OT NpPackoBu-
Te, ype3 Hal-eheKTUBHMUA MPEHO-
cuten M. persicae, KOeTo BoAu A0
npnénunsntenHo 50-50% 3apasa oT
wamose Marcus u Dideron. B
HacCToALWOTO u3cneABaHe He ca
YCTaHOBEHW PEKOMOUHAHTHU WK30-
natn npu Kancusra.

Mpn cnuBoBUTE AbpBETA,
cnopef, oyakBaHWATa, ca OTKPUTU
TpuTe wama obuyaliHn 3a YHra-
puA, KaKTo N cmeceHaTa HJeKums
Ha PPV-M+Rec. /IHTepecHO e, 4e
n3mexzay npoomute OT NPackoBu K
kalicum cmeceHata WHGEKUMs Ha
D+M e uyecTto cpeliaHa, npu
C/IMBOBUTE MpPo6M e OTKPUT camo
M+Rec. PekoMGUHaHTHUTE n30na-
TW ce cpewiar camo npu CUHATa
CN1Ba B TO3UN €KCMNEPUMEHT.

Cnopep Hawwute pesynrtartu,
B eKcnepumeHTasiHata OBOLUHA
rpagmHa npeobnagasa wam PPV-
M; oT 36 npobu, 22 cbabpxaT
TO3Y BUA, U30/1aT B CaMOCTOATEIHA
UM cMeceHa 3apasa. 15 npobu ca
3apaseHu ot wam PPV-D u B 4
npo6u e otTkpuT PPV-Rec.

Bposat Ha npobuTe e npeka-
NNEHO MaJTbK 3a Cepuo3HU 13BoaM,
HO npegnouyMTaHneTo Ha PPV wa-
MOBETe KbM TOCTONPUEMHULMTE,
cromeHaTu B npoy4saHeTo
n3rnexaja ce noTBbpxaasa

virus infected trees PPV-D and
PPV-M strains occur individually
and in mixed infection.

The expectation was PPV-D
dominance, but in this part of the
orchard PPV-M could spread
easily to apricot trees from peach
by the most effective vector M.
persicae, result the approximately
50-50% infection by Marcus and
Dideron strains.

In this study recombinant isolate
was not identified on apricot.

On the plum trees the three
strains common in Hungary were
identified as it was expected, and
PPV-M+Rec mixed infection was
detected on this part of the
orchard. It is interesting that
among the peach and apricot
samples D+M mixed infection was
frequent; in the plum samples only
M+Rec was detected.
Recombinant isolates only occur
on plum in this experiment.

According to our results in the
experimental orchard the PPV-M
strain is dominant; from 36
samples 22 contain this type of
isolate in solo or mixed infection.
15 samples were infected by PPV-
D strain and in 4 samples PPV-
Rec were detected.

This number of samples is
too low for serious conclusions, but
the host preference of PPV strains
mentioned by studies seems to be
confirmed.
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PE3IOME

M3cnepsaHa e guHamukara npwu
BKOpEeHsIBaHe Ha 3penun 1 3eNeHn pesHu-
UM OT HOBMS OBOLUEH BUJA KuTalcka 4ep-
Huua (Cudrania tricuspidata (Carriére.)
Bur. ex Lav.). Bur. ex Lav.). Npwu nscnep-
BaHe Ha CcrnocobHocCTTa 3a BeretaTtuBHO
pa3smMHOXaBaHe Ha BUOBETe pe3Huuun ca
W3M0M3BaHN Pas/iMyHN YCNOBUA U ayKCUH
(IBA 1%) 3a BKOpeHsiBaHe. 3eneHute
pesHuun ce BkopeHsiBaT no-gobpe (53,8
%), OTKO/IKOTO 3peninTte pesHnum (28,3%).
Hail-BMCOK NpPOLEHT Ha BKOpPEHsIBaHe €
noslydyeH BbB BapuMaHT CbC 3€/IeHN PEe3HU-
LM, NOKpUTK € npo3payHo ¢oamo (61,1%).
Hali-BucoK  npoueHT  KanycoobpasyBaHe
(40.0%) e nocTurHaT npu BapuaHT CbC
3e/1eHN pesHuLM, TpeTupaHu ¢ aykcuH (IBA
1%). 3eneHnTe pe3HWUM TpeTupaHu c
ayKCUH nmat Hai-gobpe ohopmMeHa KOpeHo-
Ba cuctema.

Kntouosu oymMu: KTancka
yepHuLa, pe3HuK, BKOpeHsBaHe, ayKCuH

SUMMARY

The rooting dynamics of
hardwood and semi-hardwood cuttings
from new fruit species Storehouse bush
(Cudrania tricuspidata (Carriere.) Bur. ex
Lav.) is investigated. Different conditions
and auxin (IBA 1 %) to root cuttings are
used for the investigation of species ability
for vegetative propagation. The semi-
hardwood cuttings are rooting better (53.8
%) than the hardwood cuttings (28.3 %).

The highest rooting percent is obtained in
variant of semi-hardwood cuttings
covered with transparent foil (61.1 %).
The highest callusing percent (40.0 %) is
achieved in semi-hardwood cuttings
treated with auxin (IBA 1 %). The semi-
hardwood cuttings treated with auxin have
the best formed root system.

Key words: Storehousebush,
cutting, rooting, auxin
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YBO/

Kutaiickata uepHuua — Wu3-
BecTHa owe u karo: Cudrang,
Mandarin melon berry, Silkworm
thorn nnn Che (Cudrania
tricuspidata (Carriére.) Bur. ex
Lav.) e HOB nnogeH BuA, KOWTO
OTCKOPO € BbBeAeH B oBoLlap-
cTBoTO. [lpom3nmsa oT W3TOUeH
Kntan  (npoBuHUMK  [A35HCK M
lWaHayH) [o Henasicknte Xuma-
nan. Bbnpeku, 4ye npousnusa oOT
o6nactm cbC CyoTPONUYEH Kn-
Mart, TO31 BUA N04 e [OCTaTbyHO
TONepaHTeH fga UM3ObpPXM  Ha
3umaTta B MakefoHusA, wau nog —
20 °C. B EBpona e BbBefgeH npes
1870, a B CALl npe3s 19009.
ObpBOTO AOCTUra BUCOYMHA OT 6-8
MeTpa, U C MoAXo4AWN pe3nTomn
TO3M BUL MOXe ga Obge
KyNTMBMPaAH B HacCaXAeHus KaTo
MasIKO NJI0AHO ABLPBO WU XpacT.
Kutaickara yepHuua npuHaanexu
KbM CeMelcTBO YepHuueBn un e
AByaomeH osoleH sug (Jo et al.,
2015), KkoeTo O3HayaBa 4e efHO
ABbPBO MMa CaMO MBXKU NN caMo
XXEHCKMW LBeToBe, Taka u4e B
OBOLLHaTa rpagnHa Tpsibea aa nma
MBXKM (Hennogogasallin) ek3em-
nasapu 3a onpatlusaHe 1 Nao[onpo-
N3BOACTBO. TA AaBa N300UNHN [O0-
61BN OT 4epBeHU MNI0[0BE CbC
cpefeH guameTbp oT 2.5 cm, C
BKYC MeX/y YyepHuLa n CMOKUHSA. B
KuTtali, ocBeH nnogoseTe, nicrara
Ha 4yepHuUaTa ce Wu3non3sar 3a
n3xpaHBaHe Ha KonpuHeHata ne-
nepyga. Kopata Ha CcTb6/10TO U
KOpeHuTe Ha To3W BWUA, Ce W3MoJl-

INTRODUCTION

Storehousebush, also known
as: Cudrang, Mandarin melon
berry, Silkworm thorn or Che
(Cudrania tricuspidata (Carriere.)
Bur. ex Lav.) is a new fruit kind
which  recently introduced in
agriculture. It is originated from
East China (Jiangxi and Shandong
provinces) up to Nepalese sub-
Himalayas.  Although, it is
originated from areas  with
subtropical climate, this fruit kind is
an enough cold hardy to tolerate
the Macedonian winter, or below —
20 °C. In Europe it was introduced
in 1870, and in USA in 1909.

The tree reaches high of 6-8
meters, and with appropriate
pruning this kind can be cultivated
in plantations as small fruit tree or
as shrub. The Storehousebush
botanically belong to Moreaceae
family and it is dioecious fruit
species (Jo et al., 2015), which
mean that, one individual tree has
functionally only male or female
flowers, so in the orchards should
be include also a male (infertile)
individuals for pollination and for
fruit production. It gives abundant
yields of red fruits in average
diameter of 2.5 cm with taste
between mulberry and fig.

In China, except the fruits, the
leaves of Storehousebush are
used in feeding of the silk moth.
The stem and root bark from this
fruit kind are used as a traditional
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3Ba KaTo TpaAuUMOHHO NekapcTBO
NPOTMB BB3NAJIEHUA W TyMOpPU
(Lee et al., 1996). MHoro mnscneg-
BaHVA MNOTBbPXAaBaT WHXUOUTOP-
HOTO [JeWCTBME Ha eKcTpakTta oT
AbpBecHata Kopa npuv TYMOPHMU
knetkm (Chang et al., 2008).
EKCTpakTbT nomara 3a Jfie-y4eHue
Ha pasnnyHn 3abonsBaHnsa Ha
KOCTHara cuctema, Karto Hanpu-
Mep peBmartongeH apTput (Lee et
al., 2010).

Cnocob6HocTTa 3a BeretaTus-
HO pa3MHOXaBaHe Ha [afleH Bupg,
onpepensa HeroBoTo NPUCHLCTBUE B
CeJICKOTO CTOMaHCTBO. BKopeHsiBa-
HETO Ha pe3HuLM OT OBOLLHN BUAO-
BE € Hali-NleCHUAT, Hal-6bp3 U
Hal-eBTUH Ha4YMH 3a NPON3BOACTBO
Ha efHaKBN 1 Ka4eCTBEHWN NOAJ/10X-
kn (Markovski et al., 2015). Ha
Nue e pas/IMyHO BUAHWE Ha
yCnoBuATa Ha OKoJiHaTa cpega u
eTana Ha pas3BuTVe Ha YyacTuTe Ha
pacTeHMeTo, BbPXY KOpeHOo-BaTta
edeKkTMBHOCT Npu pas/InyHn Naosa-
HW BUAoOBe. B Hskou cnydaum, BKO-
PEHSABAHETO Ha 3penn pesHuum
n3rnexaga no-epeKkTMBHO, OTKOJIKO-
TO BKOEHsIBaHe Ha 3e/leHN pes3Hu-
un (Markovski et al., 2015). Pa3s-
MHOXaBaHeTO 4pe3 3pesii pe3Hu-
UM € Bb3MOXHO HaM-€BTUHWUAT U
neceH 6e3nosoB MeTof 3a C/MBO-
BUTE copToBe. TO He M3uckBa cne-
unanHo obopyaBaHe, pacTuTes-
HUAT Martepuvasl He e TOJIKoBa
HEeXeH KOJIKOTO Mpu pasmMHOoXaBa-
He CbC 3e/IeHV pe3Huun n morar
NIeCHO pa 6bAar CbXpaHeHn W
TpaHcnopTtupaHu (Shandor, 2011).
Pe3HnunTe OT HAKOM BUOOBE ce

medicine for curing inflammation
and tumors (Lee et al.,, 1996).
Many investigations confirm the
inhibitory activity of the extract
from tree bark over tumor cells
(Chang et al., 2008).

The extract helps in the curing of
different kind of bone diseases,
such as rheumatoid arthritis (Lee
et al., 2010).

The ability of one fruit kind for
vegetative propagation determines
its inclusion in the agriculture. The
rooting of the cuttings from the fruit
kinds is the simplest, the fastest
and the cheapest way for
production of uniform and quality
rootstocks (Markovski et al., 2015).

There is different influence of
environmental  conditions and
development stage on the rooting
efficiency of the plant parts in
different fruit kinds. In some
instances, the rooting of the
hardwood cuttings appears more
efficient than the rooting of the
softwood cuttings (Markovski et al.,
2015). Propagation by hardwood
cuttings is potentially the cheapest
and simplest asexual method for
plum stocks.

It requires no special equipment,
the plant material is not delicate
such as on softwood cuttings
propagation, and can easily be
stored and transported (Shandor,
2011). Cuttings from some species
root readily  without  auxin
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BKOpeHsABaT BegHara 6e3 TpeTupa-
He C ayKCVH, AOKaTo pe3HuuuTe oT
APYrM He ce BKOpeHsBaT JIeCHO
(Avci et al., 2010). Ot Agpyra
CTpaHa, NpUCbLCTBUETO Ha /ICTa €
B&)XHO 3a BKOpPEHsIBaHe Ha 3es1eHu
AN NETHU PE3HMUM, BBLIPEKN 4e
noapsi3BaHeTO Ha suctara U oT-
CTpaHABaHETO Ha HAKOM sucta oT
pPe3HUUM C MHOrO Bb3enyeta e
TpaguuMoHHa MpakTMka 3a Hama-
nsBaHe Ha wusnapeHusita (Leakey,
1989). MHoro nscnepgsaHusa nNOcoY-
BaT ro/IIMOTO 3HaYeHMe Ha Han-
yneTo Ha nucta 3a nogobpssaHe
Ha BKOPEHSBAHETO Ha pe3Huun
(Suarez et al., 1999). Hewo nose-
ye, HAJIMYMETO Ha NncTa Npu CTbo-
NIeHNTe pe3HuuM e Heobxoam-mo
3a ONTMMa/IHO BKOpPEHsiBaHe, Tbil
Kato 06e3/1MCTBaHeTO MNOHU-XaBa
BKOPEHsBAHETO, [0pW Korato ne-
pnoabT 3a BKOpeHsiBaHe € yAbJl-
XeH oT 5 go 10 gHmn (Malik et al.,
2012). Mo BpemMe Ha ekcnepuMmeH-
Ta 3a BKOPEHsIBaHe Ha pe3Huum ce
HabnogaBa 3Ha4YUTE/IHO B3auMMO-
felnictene mexpgy cybcerpata wu
nncTHata o6nact no OTHOLLeHue
npoLeHTa Ha BKOpeHs-BaHe,, koe-
TO CbLO Taka MoBMMsBa 3Ha4u-
Te/IHO 6posA Ha KopeHuTe OT efuH
pe3Hnk (Mpeck et al.,, 2007). B
noakpena Ha Te3n M NoJo6HM
n3cneaBaHus, ce CTUrHa [o uenta,
ype3 wu3cneABaHe Ha pas/INyHU
ycnoBusi U buoctumynaTtopu ga ce
OTKpMEe Hal-4o6puAT HaunH 3a
e(peKTMBHO pa3MHOXaBaHe Ha
TO31 HOB OBOLLEH BUS,

treatment, while cuttings from
others do not root easily (Avci et
al., 2010).

In other hand, the presence of
leaves is essential for rooting in
softwood or summer cuttings,
although leaf trimming and the
removal of some leaves from multi-

node cuttings has been a
traditional practice to minimize
water stress caused by

transpiration (Leakey, 1989). Many
investigations suggest the great
importance of the leaf presence for
improving the rooting of the
cuttings (Suarez et al., 1999). Even
more, the presence of leaf with the
stem cutting is necessary for
optimal rooting as defoliation
drastically reduced rooting, even
when the rooting time is extended
from 5 to 10 days (Malik et al.,
2012).

Significant substrate and leaf area
interaction on rooting percentage is
observed throughout the
experiment of rooting cuttings, also
this affect significantly on the
number of roots per cutting (Mpeck
et al., 2007).

Encouraged by these and similar
investigations is built in the aim,
that through investigation of the
different conditions and
biostimulators, to find best way to
effectively propagate this new fruit
kind.
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MATEPVANT N METOU

M3BbplleHO e wu3cnensaHe
Ha CrnocobHOCTTa 3a BKOpeHse-
MOCT Ha 3penun 1 3e/leHn pe3Hnum
Ha Cudrania tricuspidata, B nepwo-
ha 2014-2015. 3a BKOpeHsBaHe ca
N3MN0N3BaHN efHOroANLHN Pe3HU-
un ot mnaam (4-5 roguwHn) mai-
YNHW ObpBETa, 3a/10KEHVN B OpaH-
XEPUNHN YCNOoBMSA, C Bb3AyllHa
Temnepatypa oT 20 °C 1 BNaxHoCT
Hag 80%. 3penute pesHnum ca
CbC cpefHa AbmkmHa 20-25 cm, u
6-8 mm pgeb6ennHa, 3a/0KeHN Ha
15 HoemBpwu. J[okaTto 3eseHuTe
pe3Huum ca ¢ 10-15 cm AbKUHa,
c 1-3 nucta n ca 3asioXeHn Ha 15
centemspu. Pe3Huumute ca 3aso-
XeHn B [ABa BapuaHTa: 1%
TpetnpaHn ¢ ouoctumynatop 1%
IBA (C12H13NO2 (nHpon-3-
Mac/ieHa KncennHa)) B Cba C Tasik;
2 — 5 cm OT ropHua kpai Ha
pe3HnuMTEe MNOKPUTU C MpPO3payvHo
dponimo; n koHTpona. BB BapuaHT
1, ponHata 4acT Ha pesHuKa e
TpeTupaHa ¢ 6uoctumynatop. KoH-
TponaTa 1 BapuaHT 1 ce nosivear C
aBTOMarmyHa cuctema 3a npbCkaHe
C BOAHA MblNa, [AOKaTo BbB
BapuaHT 2 ce U3nosi3Ba KanunspHa
NOAI0XKA.

Pe3HnumMte ca npbCcKaHn c
[MpeBukyp u beHomun BeaHara
cnepn Kato ca 3a/lokKeHW, U Ha
Bceku 10-12 aHun cnep ToBa.

Pe3HnumMTe ca BKOpeHeHu Ha
AbnbounHa ot 10 cm B peuyeH
NACHLK, Npu pasctosaHne ot 15 x 10
cm. AnHamukata Ha BKOpeHsiBaHe 1
MPOUEHTLT Ha KasnycoobpasyBaHe
ce n3yncnsasa ¢ NPOU3BOJIHO U3BaX-

MATERIAL AND METHODS

Investigation of rooting ability
of the hardwood and semi-
hardwood cuttings of Cudrania
tricuspidata in the period
2014-2015 is performed. One year
old cuttings from young (4-5 years)
mother trees for rooting are used
and set in greenhouse conditions
with air temperature of 20 °C and
humidity over 80 %. The hardwood
cuttings are in average 20-25 cm
long, and 6-8 mm thick. They are
set on 15th November, while the
semi-hardwood cuttings are 10-15
cm long, with 1-3 leaves and set
on 15" September. The cuttings
are set in two variants: 1 - treated
with  biostimulator 1 % IBA
(C12H13NO> (Indole-3-butyric acid))
in talc carrier; 2 — covered with
transparent plastic folio — 5 cm
from the top of the cuttings; and
control. In variant 1, the cutting
basal part is treated with
biostimulator.

The control and the variant 1 are
watered with automatic misting
system, while in the variant 2
capillary mating is used.

The cuttings are protected
with proper solution of Previcur
and Benomil immediately after
cuttings set, and every 10-12 days
after that.

The cuttings are rooted in 10
cm deep river sand, on 15 x 10 cm
distance between the cuttings. The
dynamics of rooting and callusing
percent is calculated at the cuttings
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AaHe Ha pe3HuUN Ha BCcekn 15 aHuw.
[JaHHUTe ca CcTaTUCTUYECKN
aHanusmpaHn ¢ ANOVA u kpute-
puini Ha duwep 3a MHOXECTBEHO
cpaBHeHue npu HMBO 0.05 kaTo e
n3non3eaH coptyep "Minitab".

PE3SYNTATU N OBCBXXOAHE
MaliunHnTe abpBeTa, OT KOou-

TO ca B3eTW pesHuuyute, ca B OT-
NINYHO CbCTOAHME U 3apaBe. 3ere-
HUTE pe3HUuU ce Xxapakrtepuaupar
C paHHO opmMmunpaHe Ha Kasyc
(15.8%) Ha 30" peH, Haii-Beue B
JoNHata 4YacT Ha pesHuyuTe.
HannumneTto Ha nucrta 3HaunTesiHo
6naronpuaTcTBa Kaslycoobpasysa-
HETO M OYOPMSHETO Ha KOpeHa,
KaTo CbLL0 HamansBa unmn MHxXmou-
pa u3pacTBaHeTO OT MbNKA [0
dunu3n npu macnumHata (Sudrez
et al.,, 1999). B nogo6Ho nscnen-
BaHe e YCTaHOBEHO, Ye Hamune-
TO Ha /icTa noBuvWwasBa HuBaTa Ha
NyTPecuMH, a Pe3HUuUmM KOUTO Hs-
MaT /iucTa He nokassaTt yBe/n4va-
BaHe Ha HMBaTa Ha NyTPEeCUUH K
He npou3BexgaT KopeHu npu
PE3HUUN OT KUTaNCKN FOPYMB Mb-
new (Malik et al., 2012). B HaweTO
n3cnegBaHe, KOHTponara nokassa
6BbP30 yBE/NMYaBaHe Ha MpoLeHTa
Ha Kaslyca npu 3eneHu pe3Huun
(36.3 %) mo 60™ geH oT 3anaraHe-
To (Purypa 1). TMpoueHTBbT Ha
KanlycoobpasyBaHeTo Ao 90" neH
He ce NPOMEeHsI 3Ha4MTesIHO, JOC-
Tvra MmakcumasiHo 37.8%. 3acTtoli B
kaslycoobpa3yBaHeTO HacTbnBa B
nepvoja Ha Havaslo Ha BKOpPEeHs-
BaHeTOo Ha pe3HuuumTte (okoso 60-u
AeH). Cnep okosio Tpyu Meceua,

random extraction every 15 days.
The data are statistically
analyzed by ANOVA and Fisher’s
multiple comparison test at a level
of 0.05 using the Minitab software.

RESULTS AND DISCUSSION

The mother trees from which
are taken the cuttings are in
excellent condition and health. The
semi-softwood cuttings are
characterized with early beginnin%
of the callusing (15.8 %) in the 30"
day, mostly in basal part of the
cuttings. Presence of leaves
significantly favoured callus and
root formation and decreased or
inhibited the outgrowth of buds to
shoot in olive (Suarez et al., 1999).

In the similar investigation is
recorded that the presence of leaf
promoted the levels of putrescine
and cuttings that did not have leaf
did not show an increase in
putrescine levels and did not
produce roots in cuttings of bitter
melon (Malik et al., 2012). In our
investigation, the control shows the
rapid increasing of the percent of
callusing cuttings (36.3 %) up to
60th day from the set, at semi-
softwood cuttings (Figure 1). The
callusing percent until 90th day did
not change significantly, when
reaches maximum 37.8 %. The
stagnation in the callusing is at the
same time with the beginning of
the cuttings rooting (around 60th
day). After about three months
from the set of the cuttings it can
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NPy 3a/10KEHUTE PE3HULN MOXe
Aa 6bae 3abefnisi3aHo MoHwkaBaHe
Ha NpoueHTa Ha Kanyca, Tbil KaTto
NMOBEYeTO ca Beye BKOPEHEHU, UK
npegu ToBa ca npemaxHaTu, 3allo-
TO ca U3CbXHaIN WU U3THUAW. 3a
pasnnka oT AMHamukara npu Kasy-
coobpa3yBaHeTO, BKOpPEHSBaHeTO
Ha 3e/1eHN pe3HuumM ce yeBesinyasa
NOCTOSAHHO A0 105™ aeH (19.8%) u
B Kpas TO p[octura MakCUMasiHO
21.4%. VIHTepecHO e ga ce oT6ese-
X1 nepuogbT (4o 30" aeH), korato
mcTata Ha pesHuuMTe nagaT, Taka
ye NoBEYETO PE3HULM Ca BKOPEHEHM
kato 3penn. OcBeH TOBa, nNpu
NMOBEYETO Ppe3HMLM OT KOHTponara
ce nosiBABa BTOPUYEH pacTex
(Tabnuuya 1).

be noted decreasing of the
callusing cuttings percent, because
most of them have been already
rooted, or before removed as dried
out, or rotten.

Unlike the callusing dynamic, it is
recorded that the rooting of semi-
hardwood cuttings is in continuous
increase until the 105™ day (19.8
%), and at the end it reached
maximum of 214 %. It is
interesting to note the period (until
30th day) when cuttings leaf drop,
so the most of the cuttings are
rooted as hardwood cuttings. Also,
at the most of the control cuttings
the secondary growth is appearing
(Tablel).
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(rooted — BkopeHeHu; callused — kasnlycoobpasyBaHe)

dur. 1. KanycoobpasyBaHe 1 BKOPEHsIBaHE Ha 3e/1eHN Pe3HNLM (KOHTPOTHa

rpyna)

Fig. 1. Callusing and rooting of semi-hardwood cuttings (control group)
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Tabnumua 1. XapakTepucTMKa Ha KOpeHoBa CUCTEMA Ha BKOPEHEHW Pe3HNLN
Table 1. The characteristics of root system on rooted cuttings

PacTex O6em Ha Bp. Kopenn  ObmkuHa
3anoxeHu npes / Setin KOpEHN Ha akopeHi
P Growth Root volume Root humber Root length
(cm) (cm®) (cm)
CentemBpu NOKPUTK € hONNO
September, covered with folio 3,2ab 0.43 b 5,0ab 582
CentemMBpu B NapHUK (KOHTPOAA) 015 ¢ 352
/September, in greenhouse (control) 2,1 abc ' 2,8 bc '
CentemBpu, B napHuUk/IBA 1%
September, in greenhouse/IBA 1% 42 a 0.79a 75a 63a
Hoewmspu, B napHuk/IBA 1%
November, in greenhouse/IBA 1% 3,8ab 0.2 bc 3,7 bc 432

* CTOMHOCTWTE C/iefBaHu OT CcbluaTa 6ykBa BbB BCSKA KOSIOHA HAMAT 3Ha4YMma passmka
npu P <0.05 no kputepwuii Ha ®uLiep 3a MHOXECTBEHO CPaBHEHNE.
* The means followed by the same letter in each column are not significantly different at

P <0.05 by Fisher's multiple comparisons test.

3eneHnTe pesHnymn Tpetupa-
HN ¢ aykcuH (IBA 1 %) ce Bkope-
HSABaT MOYTM C ABOMHO MO-ToOsIAIM
npoueT Ao 30" geH (35.0%), 3a
pasninka OT KOHTPOJIHUTE pe3HuLM
(Purypa 2). YBenuyaBaHeTO Ha
NpoLEeHTa Ha Kayca npu pesHu-
uMTe, npoagb/xaBa Ao 60" aeH
(49.3%), koraTo ocTaBa B 3acCTOW
WNn ce noHuWxasa. [1pouEeHTBLT
Kaslyc ce MnoHWXaBa, Korato ce
[OCTUTHE Hali-roNsiMo yBesimyeHune
Ha KopeHoBaTa cucrtema. Pe3Hu-
uuTe TpeTupaHm C aykCuH ce
Xapakrepuaupar C Kaslyc B fo/Ha-
Ta 4YacT M C O4YMYKM B [oNHaTa
yacT Ha pesHuyute. [pyro us-
c/refBaHe nokassa, Ye KOpPeHOBO-
TO pas3BuUTME Ha PE3HULUN Ha HUIM
€ CWU/IHO MOBJ/IMSAHO OT JIUCTHaTa
obnact u IBA, a oTtam 1 pacTtexa
Ha BKOpPEHeHnTe pe3Huun
(Kamaluddin, 1996). BkopeHsiBa-
HETO Ha pe3HUUn TpeTupaHn c
aykCuMH 3anoysa camMo Tpu [HU
cnepj 3alaraHeTo UM M ce

The semi-hardwood cuttings
treated with auxin (IBA 1 %) are
rooted almost in doubled percent
until 30™ day (35.0 %), than the
control cuttings (Figure 2). The
increasing of the percent of
callusing of the cuttings, runs to
the 60" day (49.3 %), when begins
the stagnation or decrease of the
callusing percent. The callusing
percent decrease, when reached
the largest increase of the rooting
percent. The cuttings treated with
auxin are characterized with
callusing of the basal part and with
the lenticels callusing at the
bottom of the cuttings. Another
investigation shown that, the root
development in cuttings of Neem
is highly influenced by the leaf
area and IBA, and hence the
growth  of rooted  cuttings
(Kamaluddin, 1996). The rooting of
the cuttings treated with auxin
beginning only thirty days after set
of the cuttings, and increasing
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yBenuyaea 6bp30 A0 75-M [AeH,
korato pgoctura 42.1%, kato no-
KbCHO NPOLEHTLT Ha BKOpPEHsBaHe
ce yBe/fmMyaBa MOCTENEeHHO [0
MakcumasiHo 46.4%. [opu npwu
cnaba KoHueHTpauusa Ha IBA (100
ppm), BKOpPEHABAHETO Ha
Cudrania tricuspidata nokasBa
pobpn  pesyntatm  (Kim et al,
2004). BKOpeHeHUTe pesHuun oT
Tasu rpyna, ce xapakrepusmpar c
Hali-0obpoTO  KayecTBO, OT W3-
cnepfBaHUTe BapuaHTu, CbC cTaTu-
CTMYECKM 3HaAyYMM BTOPUYEH pac-
TeX, Hanl-rosisM O6poi KopeHn W«
Hali-ronsiM 06emM Ha KopeHoBaTta
cuctema (Tabnuuya 1). Cratuctu-
YeckM 3HauyMM € TMPOLEHTbT Ha
BKOPEHEHW 3e/1IeHN Pe3HuLM TpeTu-
paHun C ayKCcuH, B CpaBHEHMe C
KOHTpO/HaTa rpyna.

rapidly up to 75th day, when
reached 42.1 %, and later the
rooting percent increase gradually
to maximum 46.4 %. Even at small
concentrations of IBA (100 ppm)
the rooting of Cudrania
tricuspidata showed good results
(Kim et al, 2004). The rooted
cuttings from this group of
cuttings, are characterized with the
best  quality, in treatment
comparison,  with  statistically
significant the bigger secondary
growth, the largest number of
roots, and the biggest volume of
the root system (Table 1). Also,
statistically significant the bigger is
the rooting percent of the semi-
hardwood cuttings treated with
auxin, compared with the control
group cuttings.

70%

60%

50%

40%

30%

20%

10% 1

0% M . .

M rooted

callused

30 45 60 75

90 105 120

OHW cnep 3anaraHe/days after set

(rooted — BkopeHeHu; callused — kasnlycoobpasyBaHe)
dur. 2. KanycoobpasyBaHe N BKOPEHsIBAHE Ha 3€/IeHU PEe3HULUN TpeTupaHu C

ayKcuH (IBA 1%)

Fig. 2. Callusing and rooting of semi-hardwood cuttings treated with auxin (IBA 1%)
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MokpuT € npo3payHo ¢o-
Mo 6e3 TpeTupaHe C ayKCuH, 3e-
JIEHUTE pe3HULN ce XapaKTepusu-
pat c OT/IMYHO KaslycoobpasyBaHe
n BKopeHsBaHe (Purypa 3). Kany-
CbT 3anoysaT WHTEH3MBHO 0O6pa-
3yBaHe npes3 NbpBUs Mecel, Kora-
To pocturat 28.5%. MNeprnoabT Ha
3a/bpXxaHe Ha nucrtata npoabII-
XaBa go 60-un geH, a npn 16% ot
pe3HuunTe [0 Kpas Ha u3cnensa-
HeTo (120-u pgeH). 3a pa3mMHOXa-
BaHe ype3 pe3Hnuu, efHa OT BaX-
HUTE NPOMEH/INBU, KOUTO NOBINSA-
BaT BKOpPeHWTenHara CrnocobHOCT
e 3aAbpXaHeTo Ha nmcTa (Bona et
al.,, 2010). Karto wusano, kanyco-
o6pasyBaHeTo e no-cnabo B cpas-
HeHVe C ToBa Mpu 3e/IeHnTe pes-
HULUW TpeTupaHu ¢ aykcuH (Purypa
2). BkopeHssBaHETO Ha pes3HuuuTe
OT Tasu rpyna, 3anoysa YyCW/eHO,
HO npogv/mkasa cnep 90-n AOeH,
3a pasnuka OT TpeTupaHute
pe3HuymM c aykcuH (durypa 3).
MokpuTUTE 3€MEeHN Pe3HuLM nmat
Hali-BMCOK MNPOLIEHT BKOPEHsiBaHe
(61.1%). OcBeH TOBa, NOKpPUTUTE
pesHnUn ce xapaktepusupaTr C
[o6po  KayecTtBO, HO He ca
TOJIKOBa J06PW KOJIKOTO 3e/ieHuTe
pe3HNUM TpeTupaHm C aykcuH
(Tabnuua 1). YctaHOBEHO e, 4e
3e/1eHMTe Pe3HULM NOKPUTK C Nnpo-
3payHo  osmMo  Mmart  cTaTuc-
TUYECKM 3HAYMM MO-BMCOK MPOLEHT
BKOpPEHsIBaHe, B CpaBHEHME C
KoHTponarta (21.4%) n cbC 3penuTte
pe3HMLM  TpPeTUpaHn C  aykCuH
(28.3%).

Covered with transparent foil

without auxin treatment, semi-
hardwood cuttings are
characterized with excellent

callusing and rooting (Figure 3).
The callusing begins intensively
even in the first month, when is
reached 28.5 %. The period of leaf
retention, lasts almost to the 60™
day and at 16 % of the cuttings to
the end of the investigation (120"
day). During cutting propagation,
one of the important variables that
influence the rooting capacity of
cuttings is the leaf retention (Bona
et al., 2010). In general, the
callusing is weaker compared with
semi-hardwood cuttings treated
with auxin (Figure 2). The rooting
of the cuttings in this group of
cuttings, beginning intensive, but
continues after the 90th day,
unlike the treated cuttings with
auxin (Figure 3).

The covered semi-hardwood
cuttings are prominent by the
highest percent of rooting (61.1
%). Also, the covered cuttings are
characterized with good quality,
but not as good as the semi-
hardwood cuttings treated with
auxin (Table 1). It has been
determined that the semi-
hardwood cuttings covered with
transparent foil have statistically
significant higher rooting percent
compared to the control (21.4 %)
and to the hardwood cuttings
treated with auxin (28.3 %).
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npo3spayHo ¢osinmo

Fig. 3. Callusing and rooting of semi-hardwood cuttings covered with transparent

foil

3HaunTesIHO MOHWXeHa cno-
COBHOCT 3a obpasyBaHe Ha Kasyc
N BKOPEHsIBaHe e 3abesia3aHa npu
3penn pesHuun, noctaBeHu Mnpes
HOEMBPU N TpeTupaHn CbC Chblla-
Ta KOoHueHTpaumsa Ha IBA (1%)
(Purypa 4). BnvsHMeTo Ha ayKCuH
BbpPXYy 3pesinte pe3Huun Cbllo e
MOHWXEHO, Taka 4e AuMHaMmukarta
npu KasycoobpasyBaHeTo € CX0of-
Ha C Tasu Npu HeTpeTupaHuTe C
ayKCWH 3efieHn pesHuun (durypa
1). BkopeHsiBAHETO Ha pe3HUuM
3anouysa cnepg 45-u geH, a 6poAt
Ha BKOpEHeHuTe pe3Hnun 6bp30
HapacTBa A0 75-n geH n Ha 120-n
heH poctura 28.3%. BKopeHeHuTe
pe3HuuM ce xapakrepusmpar c
nowo kayectso (Tabnmua 1).

Considerably decreased
ability for callusing and rooting is
noted at the hardwood -cuttings
placed in November and treated
with same concentration of IBA (1
%) (Figure 4). The influence of the
auxin over hardwood cuttings is
also decreased, so the dynamic of
callusing is similar to that of the
untreated with auxin  semi-
hardwood cuttings (Figure 1). The
rooting of the cuttings beginning
after 45 days and the rooted
cuttings number rapidly increases
until the 75" day, and at the 120™
day is reached 28.3 %. The rooted
cuttings are characterized with
poor quality (Table 1).

144




70%

60%

50%

40%

30%

20%

10%

W rooted
callused

0%
30 45 60 75

90 105

120

OHW cnep 3anaraHe / days after set

(rooted — BkopeHeHu; callused — kasnlycoobpasyBaHe)

dur. 4. KanycoobpasyBaHe 1 BKOPEHsIBaHE Ha 3penun pe3Huum TpeTmpaHm ¢
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Fig. 4. Callusing and rooting of hardwood cuttings treated with auxin (IBA 1%)

3eneHnTe pes3HUUnN TpeTupa-
HW C ayKCVMH MMaTt CTaTUCTUYECKU
3HauMma pasfnnka npu BTOPUYHUSA
pacTex 1 npu obema Ha KopeHuTe,
B CpaBHEHWe C Apyrute BapuaHTu.
BposT Ha KopeHuTe B Tasu rpyna
ce oOT/M4yaBa CTaTUCTUYECKN B
cpaBHeHMe C KOoHTponata (Tabnu-
ua 1). OT rnegHa Toyka Ha Kasy-
coobpa3yBaHeTo He e yCcTaHOBeHa
CTATUCTMYECKN 3HauYMma pasfnka
cpepn TpetupaHuaTa (durypa 5).

The semi-hardwood cuttings
treated with auxin statistically
significant differ by secondary
growth of the cuttings and by root
volume, compared with the other
treatments. The roots number of
this group of cuttings significant
distinguished compared with the
control (Table 1). In terms of the
cuttings callusing, it is not found
statistically significant difference
among the treatments (Figure 5).
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Fig. 5. Comparison of callusing and rooting of the treated cuttings

n3BO4M

Te3n uncnegsaHnA nokassar,
ye HOBUMAT oBouweH Bua Cudrania
tricuspidata (kuTalickaTa 4yepHuLa)
MMa BUCOKA BKOPEHWTEsIHa Chno-
COBHOCT. BKopeHsiBaHETO Ha cen-
TEMBPUICKUTE 3e/IEHN Pe3HUUN ce
oKasBa 3HauUTesIHO Mo-edpeKkTuB-
HO, OTKOJIKOTO BKOPEHSIBAHETO Ha
3peniv pesHuuM, 3aloKeHn npes
HOemMBpW. JlecHMAT MeTogh Ha
HUCKO NMoKpMBaHe Ha pe3HuuuTe C
npo3pavyHo ¢posIMo, KOeTo MO3BO-
nsBa No-npoAb/HKUTENIHO 3a4bp-
XaHe Ha 5ucTa, npefoctaBs Mno-
[obpa cnocobHOCT 3a BKOPEHsIBa-
He Ha 3e/IeHN pe3HuuK, B cpaBHe-
HWe CbC 3e/IeHN pe3HnLn TpeTupa-
HWN Cc aykcuH (IBA 1 %). MNpenopbuy-
Ba ce ynortpebara Ha TO3U WK
CXOLEH MeTo4 M XMMUKann 3a no-

CONCLUSIONS

These investigations show
that the new fruit kind Cudrania
tricuspidata (Storehousebush)
have high rooting ability. Rooting of
the September semi-hardwood
cuttings has proved significantly as
more efficient, than the rooting of
the hardwood cuttings, set in
November. The simple method
such as using of the cuttings low
covering with transparent foil,
which  enables longer leaf
retention, gives the better rooting
ability of the semi-hardwood
cuttings, compared with the semi-
hardwood cuttings treated with
auxin (IBA 1 %).

It is recommended using of this or
similar methods and chemicals for
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[06po 3aAbpxaHe Ha nucrata Ha
3eneHn pesHnym Ha Cudrania
tricuspidata, Tbii kaTo Te wumaT
roNsiMO  BNSIHUE BBPXY CNOCO6-
HOCTTa 3a BKOPEHsIBaHe.

better leaf retention of the semi-
hardwood cuttings at Cudrania
tricuspidata, because they have
high influence over cuttings rooting
ability.
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PE3IOME

PaBHOMepHOCTTa Ha pasnpegene-
HMETO Ha BHAcsHWTE C MonvMBHaTa BoAa
arpoxvmMukanu 4Ypes cuctemara 3a MUKpO-
HanosiBaHe € pellaBalla 3a TO3U HauYuH
Ha W3MON3BaHeTO WM, W3BECTEH KaTo
xumuraums. OueHkata U e npeameT Ha
ekcnepumeHT, nssegeH B 0.55 ha kankoso
HanosiBaHa 4epelloBa rpagvHa. 3a uenta
B 30 TOYKM, paBHOMEPHO pasnpeaeneHu
BbpPXYy TEPUTOPMSATa Ha MOMMBHaTa cUcTe-
Ma, ca onpegeneHn oebutuTte Ha M3TUYa-
He, KOHLEeHTpauuuTe M Konu4yectsaTta Ha
WHXeKTupaHuTe TopoBe [HuTpaTeH (N-
NO3) u amonunes (N-NH,") asoT, dbocdop
(PO,") n kanuin (K")], kakto u pH Ha
nonveHata Boga. Owe egHa npoba e
B3eTa OT COHOaxHaTa Boda npeauv
npeMyvHaBaHeTO W Mpe3 TOpOCMEecuTenNS.
PaBHOMepHOCTTa Ha pasnpegeneHve e
onpegerneHa 4pe3 koeduumeHTa Ha
Kpuctusincen (UC). BbB BTOpM ekcnepwu-
MEHT e wu3cnegBaHO BPeEMETO 3a Mpu-
OBWKBaHe Ha pa3TBOPEHUTE B MOMMBHAaTa
BOAa CyOCTaHUMM OT MSICTOTO Ha MOCTbI-
BaHeTO MM B KankoBaTa cucTeMa [0 Hal-
oTAaneyYeHnTe TOYKM Ha MOMETOo, KakTo U

SUMMARY

The distribution uniformity of the
agrochemicals applied with the irrigation
water through a microirrigation system is
decisive for this mode of their usage
known as chemigation. The uniformity
was evaluated in an experiment carried
out in a 0.55 ha drip-irrigated cherry
orchard. For the purpose, the dripper’s
discharge, the concentrations and the
quantities of the injected fertilizers [nitrate
(N-NO3) and ammonium SN NH4+)
nitrogen, phosphorus (PO,”) and
potassium (K")], as well as the irrigation
water pH were estimated/measured in 30
locations, uniformly distributed over the
irrigation system territory. An additional
sample was taken from the ground water
in a point before the fertilization tank. The
distribution uniformity was evaluated
using the Christiansen’s  uniformity
coefficient (CU). A second experiment
studied the time necessary for the
dissolved substances to travel from the
entrance to the most distant points of the
drip system, as well as their
concentrations’ change in these points at
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M3MEHEHNETO Ha KOHUEHTpauusTa uMm B
Te3n TOYKM MpU CTapTUpaHe u npekparts-
BaHe Ha pepturaymaTta. B To3m cnyyan
npobu 3a aHanM3 ca B3emMaHu B HA4arnoTo
M B ABETE CUMETPUYHU KpamHW TOYKM Ha
cuctemMaTa npe3 BCeKM MeT MUHYTU B
TedeHve Ha 30 MUMHYTM crieq cTapTa Ha
xumurauuata n 30 MUHYTU cnep npekpa-
TABaHeTO M. Pe3yntatuTe nokaseaTt egHa
MHOro [obpa paBHOMEPHOCT Ha pasnpe-
genenne (UC = 80+90%), cboTBETCTBA-
LLia Ha U3UCKBaHMSITA HA XMMUraumsTa.

KnrouoBu aymu: xumuraums, asor,
docop, kanuin, pH, MHEPUMOHHOCT Ha
cuctemaTta

yBo[

OcBeH npegumcTBaTa cu npu
ocurypsisaHe Ha bnaronpusiteH Bo-
AEH PEXMM 3a KynTypHUTE pacTe-
HWKA, CUCTEMUTE 32 MUKpOHanosiea-
He npeaocTaBAT Bb3MOXHOCT 3a
BHacAHe C nMonvBHaTa Boja Ha
HAKOM OT M3MON3BaHUTE B pacTe-
HMEBBACTBOTO XMMWKanu. Tasu
npakTuKa e U3BecTHa nog TepMuHa
"Xumurauusa" n Moxe ga BKMNOYBa
BHaCcAHETO Ha TopoBe, xepbuunau,
MHCeKTUUMAKN, ymuraHTn, Hema-
TouMAW, NoYBeHM nogobputenu m
apyrn cybcertaHuum (Aitken, 1985;
Burt et al., 1995; Haydock et al.,
2006; Neilsen et al.,, 2000;
Waterman, 2001; Ajwa et al., 2002;
Burt, 2003, Morales-Sillero et al.,
2008; Tognetti et al., 2008).

TexHn4eckn BLNPOCHT C BHa-
CAHETO Ha XMMW4YHU areHTu C no-
nuBHaTa BoAa Npwv MUKpPOHanosBa-
He e pelleH Ha eQHO BUCOKO HMBO
Kato ca paspaboTeHu udana rama
OT CpeAcTBa 3a CMecBaHe, MHXEekK-
TMpaHe n posupaHe (Burt, 1995;
Rolston et al., 1986). He Taka

both the start and the cessation of
chemigation. In that case samples were
taken at the entrance and at the two
symmetrical most distant points of the
system, at time intervals of five minutes
for periods of 30 minutes following the
start and the cessation of chemigation.

The results show a very good distribution
uniformity (UC = 80+90%), which
corresponds to the chemigation
requirements.

Key words: chemigation, nitrogen,
phosphorus, potassium, pH, lag of the
system

INTRODUCTION

Besides the advantage of
providing favourable water regime
to crops, the microirrigation
systems can be used for
application of some chemicals,
used in crop production.

This practice is known as
"chemigation" and can include the
application of fertilizers, herbicides,
insecticides, fungicides, fumigants,
nematicides, soil amendments,
and other substances (Aitken,
1985; Burt et al., 1995; Haydock et
al., 2006; Neilsen et al., 2000;
Waterman, 2001; Ajwa et al., 2002;
Burt, 2003, Morales-Sillero et al.,
2008; Tognetti et al., 2008).

The application of chemical
agents with the irrigation water is
developed to a high technical level.
There is a gamma of devices for
mixing, injecting and dosing (Burt,
1995; Rolston et al., 1986).

From technological point of view,
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CTOAT Hewata obaye OT TEXHOMO-
r’MyHa rnegHa Todka, KbOeTo W3-
cnegBaHusTa ca Marnko, a uHop-
MauuMaTa 3a CpOKOBETE M O03uTe
Ha BHAcsiHEe, NPUOBWXBAHETO Ha
arpoxumMmukanuTe B nodsara, guHa-
MMKaTa Ha YCBOABaHETO MM OT
pacTeHusTa M BpeMeTo 3a pas-
rpaxgaHeTo UM € HegocTaTbuyHa.
BaxxHa 3a nogobpsiBaHe TeXHOsO0-
rMaTa Ha XMMUraumsa e cbLo Tema-
Ta 3a NpUABWMXBAHETO M pPaBHO-
MEPHOCTTa Ha pasnpeaeneHneTo
Ha pasTBOpPeHWTe B MoNMBHaTa
Boga cybCcTaHumm B paMKuTe Ha
cuctemaTa 3a MUKpOHanosiBaHe,
Ha KOAITO € MocBeTeHa HacTosuia-
Ta nybnukaums.

MATEPUANT U METOOU

PaBHOMepHOCTTa Ha pasnpe-
AeneHneTo Ha BHacsiHUTe C NonmBe-
HaTa BoJa arpoxvMukanu B cucrte-
MaTa 3a MWKpOHanosBaHe € Wus-
cnegBaHa npe3 2015 r., no Bpeme
Ha bepTuraums CbC CNOXHUA TOpP
"KpuctanoH" Ha YARA. 3a uenta B
30 TO4YKM, paBHOMeEpPHO pasnpepe-
neHun Bbpxy Teputopudata Ha 0.55
ha oBoLlHa rpaguHa, BbpXy nonme-
HUTE Kpuna ca MOHTUPaHW MUKPO-
TpbOMYkM ¢ pebut 4 | s’ kaTo
M3TMYaLWMAT  npe3  TAX BOAEH
pa3TBop € cbbupaH B nnactma-
coBu GUOOHU B NpoabIDKEHME Ha
uenusa uMKbn Ha ddepTuraumsaTta
(dur. 1). Owe egHa npoba e B3eTa
OT COHOaxHaTa Boda npeau npe-
MWHaBaHETO N Nnpe3 TopoCcMecuTe-
na. TopocmecuTenaT e oT Tuna ¢
HenpeKkbCHaTO paspexgaHe.

however, the investigations are
rare and the information is scarce
concerning the timing and the

application doses, the
agrochemicals’ migration and
localization in the soil, the

dynamics of their absorption by
plants, and the time for their
decomposition.  Another issue,
important for the improvement of
chemigation technology, is the
transportation and the distribution
uniformity of dissolved substances
throughout the system of
microirrigation, and this is the
objective dealt with in the present
publication.

MATERIAL AND METHODS

The distribution uniformity of
dissolved agrochemicals in a
system of microirrigation was
studied in 2015, during a fertigation
event with the complex fertilizers
“Kristalon” of YARA. For the
purpose, microtubings with
discharge of 4 | s were mounted
onto drip laterals in 30 locations
uniformly distributed over the
territory of a 0.55 ha orchard.

The running out solution was
collected in plastic cans during the
whole span of the fertigation,
(Fig. 1). An additional sample was
taken from the well-water before it
passed through a differential
fertilization tank.
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Fig. 1. Experimental setup for distribution uniformity estimation

CvbpaHuTte npobun ca aHanu-
3MpaHu 3a CcbAbpXaHWe Ha HuTpa-
TeH (N-NO3) u amoHues (N-NH4")
asot, dochop (PO,>) u kanwi
(K"), kakTo u 3a pH. EaHOBpeMeH-
HO cbCc cbOupaHeTo Ha npobuTe e
usmMepeH n 4ebuTbT Ha MUKPOTPb-
Buykmute. OT ycTaHOBEHUTE KOH-

The collected samples were
analyzed for content of nitrate
(N-NO3") and ammonium (N-NH;")
nitrogen, phosphorus (PO,”) and
potassium (K'), as well as for pH.
The discharge of microtubes was
measured in the same time with
the samples collection. The
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LeHTpaumMm Ha MUHepanHuTe ene-
MeHTU n gebuta Ha mM3TM4aHe ca
N34yncneHn nogageHnTe KonnmyecT-
Ba OT BCEKM MUHeEpPAreH efneMeHT,
cneg KoeTto onpedeneHutTe CTon-
HOCTM ca pefyumpaHu ¢ Konn4yecT-
BaTa B cCOHOaxHaTa Boga. PaBHo-
MEpHOCTTa Ha pasnpegeneHue e
onpegeneHa 4pes3 koeduumeHTta
Ha KpuCTUSIHCEH:

uc

Tljn-
_EI l_‘-tﬂv _III

applied quantities of each mineral
element were calculated from its
estimated concentrations in the
irrigation water and the measured
discharge. Then the obtained
values were reduced with the
element’'s quantities in the well-
water. The distribution uniformity
was evaluated using the
Christiansen’s coefficient:

100,%

NXay

KbOETO X, € CpedHOTO aputme-
TUYHO OT BCUYKN U3MEPBAHUSA, a X;
€ NopeaHOTO N3MepBaHe.

BbB BTOpM eKCNepuMeHT e
n3cneaBaHo BpemMeTo 3a  npu-
ABWXBaHe Ha pas3TBOpeHuTe B
nonueHata Boga cybcTtaHumMuM OT
MSACTOTO Ha MOCTbMBAHETO UM B
KankoBaTta cuctema [[O Hawn-
oTAaneyeHUTe TOYKM Ha MnoneTo,
KaKkTO M M3MEHEHMETO B KOHLEH-
TpauuaTa MM Npu crtapTypaHe wu
npekpaTaBaHe Ha depTuraumara.
3a uenta npobwu 3a aHanu3 ca
B3eMaHW B Hayanoto v B ABaTta
CUMETPUYHM Kpasi Ha cuctemarta
npes3 BCEKMN NeT MUHYTU B TeYeHne
Ha 30 MWHYTM cnep cTapTa Ha
depTturaumarta u owe 30 MUHYTU
cneg  npekpaTaABaHETO M Ha
Tpuagecetata MMHyTa OT HavyanoTo
Ha ekcnepumeHTa. Kato uHauka-
TOpPU Ca U3NON3BaHW CbAbpPXaHU-
eTo B MoNMBHaTa BoAa Ha HUTpaTn
(N-NO3), docchop (PO4>) 1 kanwit
(K™), kakTo 1 pH cTonHocTUTe.

where x,, is the average of all
measurements, and x; is the i-th
measurement.

A second experiment studied
the time needed for the dissolved
in the irrigation water substances
to travel from the inlet to the
endmost points of the drip block,
as well as the change of their
concentrations in the sampling
locations with the time after
starting and holding the fertigation.

In that case, water samples were
taken every five minutes in a
period of 30 min from the start till
the termination of the fertigation,
and for another 30 min after the
fertilizer injection had been
terminated.

The content of nitrate (N-NO3)
and ammonium (N-NH,") nitrogen,
phosphorus (PO4>) and potassium
(K), as well as the pH values
were used as indicators.
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PE3YNTATU N OBCBXOAHE
Peayntatnte OTHOCHO paBHO-
MEPHOCTTa Ha pasnpegerieHne Ha
pa3TBOPEHUTE B MONIMBHATa BoAa
pasnuyHu cybcTtaHumu, uspaseHa
ypes KoeduuMeHTa Ha paBHOMeEp-
HOCT Ha KpuctusiHceH, ca npecra-
BeHn B Tabnuua 1. CtonmHocTUTe
Ha koeduumeHTa Bapupat oT 80%
no 97% w pokasBaT eoHa MHOro
pobpa paBHOMEPHOCT Ha pasnpe-
JeneHne, CbOTBETCTBAlLLA Ha Le-
nuTe Ha XxMmurayusita.

RESULTS AND DISCUSSION
The Christiansen’s coefficient
values representing distribution
uniformity of the substances
dissolved in irrigation water are
given in Table 1.

The obtained values of 80% to
97% prove very good distribution
uniformity, corresponding to the
requirements of chemigation.

Ta6nuua 1. CtonHoCcTM Ha KoedmumeHTa Ha paBHoOMepHocT Ha KpuctusiHceH
(CU) no oTHOWeHMe Ha KOHLUeHTpauusiTa B MONMUBHaTa BoAa U BHECEHOTO
KONM4ecTBO OT U3crnegBaHUTe CyGCTaHLMM 3a eAUH LUMKBN Ha chepTuraums

Table 1. Cristiansen’s coefficient values regarding the concentrations in
irrigation water and the applied quantities of the studied substances for a

fertigation cycle

Mokasatenu CToMHOCTM Ha KoeuumeHTa Ha paBHOMepHOCT Ha KpuctusiHceH, %
Indices Cristiansen’s coefficient values, %
N-NOs; | N-NH, | POS K' pH \;B\/‘;;t‘:r
KoHueHTpauus
Concentration 89.5 874 80.0 86.7 97.1 -
Konn4yectso
Quantity 88.5 87.2 79.8 85.9 - 96.5
PasnpeneneHneto Ha noga- The distribution of the
AeHuTe Konuyectsa TopoBe W BO- | applied  fertiizer and  water
Aa BbpxXy TepuTopusiTa Ha oBoOLW- | quantities over the orchard
HaTa rpagwHa 3a wuscrnegaHus | territory during the  studied

UUKBI Ha dpepTuraumsi e nokasaHo
Ha dur. 2.

TpsabBa pa ce oTbenexu
obaye, Yye B KpamHaTa OLEHKa Ha
paBHOMEPHOCTTa Ha pasnpenene-
HWe ce BKMYBaT CbLLO Taka npo-
NM3BOACTBEHATa M XuapasnuyHaTta
HepaBHOMEPHOCT, KakTO U rpeLlka-
Ta Ha XMMUYHUS aHanms.

fertigation cycle is shown on Fig.
2.

It has to be noted, however,
that the final estimates of the
distribution  uniformity comprise
also the production and the
hydraulic non-uniformity, as well
as the errors of the chemical-
analysis methods.
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Fig. 2. Distribution of the quantities (mg) of dissolved in irrigation water
substances and of the applied water volumes (dm®) over the orchard territory

M3ameHeHWsATa B KOHUEHTpa-
LUMMTE Ha TopoBeTe B MOMUBHAaTA
BoJa W B CTOWHOCTUTE Ha pH Ha
nonueHata BOAa, W3MEpeHu B
HayarnoTo Ha nonueHata GaTtepus
W B ABeTe W Halh-oTaanevyeHu Tou-
KW ca oHarnegeHn Ha Purypa 3.
Kato npaBuno BCUMYKM uacregpaHu
cybcTaHuMM ca gocturHanu kpau-
HUTE TOYKUM C 15-MUHYTHO 3aKbC-

The alterations of the
fertilizer concentrations and the pH
values in the irrigation water,
measured at the inlet and at the
utmost parts of the drip-irrigation
block, are illustrated on Fig. 3.

Generally, all studied substances
reached the endmost points with a
15-minute delay as compared to
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HEHMe Mo OTHOLWIEHME Ha BxoAda B
nonumeHata ©Oartepmda. CbwoTO
Bpeme e 6uno HeobxoamMmo u 3a
npoMMBaHeTO Ha cuctemata. B
Ha4yanHaTa TO4Yka Ha nonMBHaTa
Gatepus HUTpaTUTE gocTuraT Ham
BMCOKA KOHLeHTpaums Ha 15-ta mu-
HyTa OT Ha4yanoTo Ha depTuraums-
Ta, cnej KoeTo 3anoyBa paspexaa-
HEeTO UM, a BegHara cnep npekpars-
BaHe Ha depTturaumsta Ha 30-Ta
MWHYTa — U MPOMMBAHETO UM.

the irrigation-block inlet. The same
space of time was needed to flush
the system. At the inlet of the
irrigation  block, the nitrates
reached their highest
concentration 15 minutes after the
start of fertigation. That was
immediately followed by progress-
sive dilution and, respectively, by
system flushing immediately after
the fertigation termination at the
30-th minute.
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®dur. 3. U3ameHeHMA B KOHLUEHTpauuuTe Ha pa3TBOPeHU B MNONIMBHaTa Bopa
cyb6cTaHUuuM U B CTOMHOCTUTE Ha pH Ha nonuBHaTa BoAa, U3MepeHU B Ha4anoTo
Ha nonvBHaTa 6aTepusa v B ABeTe U Han-oTAane4vYeHn TOYKU

Fig. 3. Changes in the concentrations of dissolved in irrigation water substances
and in the irrigation water pH measured at the inlet and at the both endmost
points of the drip block

BepoatHo TOBa e cnegcteue ot | Probably, this  pattern  was
BMUCOKaTa pa3TBOPUMOCT Ha | determined by the high solubility of
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HUTpaTHWUS a30T, B pes3yntar Ha
KOSITO TON GMBa U3HECEH OT TOpO-
cMmecuTensa no-6vp3o OT apyrute
MUHepanHu enemeHTn. logobHu
pe3yntatn ca cbobuweHn n ot Do
Bomfim et al. (2013).

doccopbT OT Apyra cTpaHa
noaabpka MOCTOsIHHA KOHLEHTpa-
LuMs B NnoniMBHaTa Boda BbB hasa-
Ta Ha WMHXEKTMpaHeTo My M 6bP30
6vMBa NpomMuT cnen npekparaBaHe
Ha depTuraumarta, T.e. HEroBOTO
npuaBwxBaHe B KankoBaTa CUCTe-
Ma € NO-KOMMaKTHO.

Kannat e 3aen MeXxguHHO
MonoXeHne, KOETo CbOTBETCTBA
Ha HeroBaTa yMepeHa pasTBoOpU-
MOCT W NOABWMXXHOCT KakTO BbB
BOAA, Taka 1 B no4sara.

depTuraunaTa € noHWxKKUna
pH Ha nonusBHaTa Boga c 0.8 mo
1.0 eguHuua kaTto TeHAeHuusaTa
Ha W3MEHeHMeTO N e crnegsana
Tasn Ha UHXEKTUpaHUTE TOPOBE.

n3soau

[MonyyeHuTe pesyntatn pgo-
KasBaT egHa MHoro gobpa pasHoO-
MEPHOCT Ha pasnpegeneHve Ha
pa3TBOpeHUTe B MNONMBHaTa Boja
cybcTaHuuK, cbOTBETCTBAWlA Ha
uenuTe Ha XxMMuraumsaTa.

KaTto npaBuno BCUYKM WU3-
cnegBaHu cybcTtaHumm ca JocTur-
Hann KpanHUTE TOYKM Ha NOSIMBHA-
Ta batepmnsa ¢ 15-MUHYTHO 3aKbC-
HEeHVe No OTHOLLEeHWe Ha BXxoAa B
nonusHata 6artepus.

MpunoBmxeBaHETO N U3MEHE-
HUATA B KOHUEHTpauumte Ha Wu3-
crneaBaHuTe cybCcTaHUMM B paMKu-
Te Ha cuctemara 3a MUKPOHanos-

the nitrate nitrogen, which was
washed out of the fertilization tank
faster than the other mineral
elements. Similar results were
reported also by Do Bomfim et al.
(2013).

On the other hand, phospho-
rus maintained constant concen-
tration in the irrigation water during
the injection phase and was
rapidly flashed after the fertigation
termination, i.e. its transportation
through the drip-irrigation system
was more compact.

The pattern of potassium
behavior was intermediate, which
corresponds to its moderate
solubility and mobility in both water
and soil.

Fertigation lowered  the
irrigation-water pH values by 0.8 to
1.0 and its alteration trend
followed that of the injected
fertilizers.

CONCLUSIONS

According to the obtained
results, the distribution uniformity
of the dissolved in irrigation water

substances is very good and
agrees with the chemigation
requirements.

Generally, all studied

substances reached the endmost
points of the drip-irrigation block
with  a 15-minute delay as
compared to the irrigation-block
inlet.

The travel and the
concentration alterations of the
studied substances throughout the
drip irrigation system manifested
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BaHe ce NnposiBsiBa C U3BecTHa cne- | themselves with some specifics
undguka, obycnoBeHa oT TaxHaTa | determined by their solubility in the
pa3TBOPUMOCT B NofiMBHaTa Boda. | irrigation water.
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