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PE3OME

CamocTepuiHOCTTa, 4Ype3 pasnos-
HaBaHe M OTXBbP/ISHE Ha COGCTBEH Wau
reHeTUYHO WAEHTUYEH NOJSIEH, MPU OBOLL-
HWUTE KyNTypwW, He No3BoJisiBa camoonpaltu-
BaHe. osBaTa Ha rameTonTHa HECHB-
MECTUMOCT € MnpuapyXeHa OT HepasBHO-
MEepHO HapacTBaHe Ha nosieHosarta Tpbba
C 06U/IHO HaTpynBaHe Ha Kayc B Hed. 3a
nepuog OT TpW TOAWHM € MNpoy4yeHa He-
CbBMECTMMOCTTA Ha MnosieHoBaTa Tpbba B
CTb/iI64eTo Ha cnmBoB copT "lMo3Ha
Mnasa" npwu Tpu BapuaHTa Ha onpaLliBa-
He, KaTto Ce 13Mosi3Ba aHUINMHOBO CUHbLO
ouBeTsABaHe 3a  HabnwgeHve  nof
hiyopecueHTeH MuKpockon. BapuaHtute
Ha onpawsaHe ca cBO60HO, KPbCTOCAHO
¢ "YauaHcka Haibonsa", "TlpeseHTa",
"XaHuTta" n camoonpatlisaHe.

BbB BCUYKM M3C/ieaBaHu BapuaHTu
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SUMMARY

Self-incompatibility in fruits
prevents self-fertilization by recognition
and rejection of its own or genetically
identical pollen. Occurrence of
gametophyte incompatibility is
accompanied by irregular pollen tube
growth with an abundant accumulation of
callose in it.

In a three-year period, pollen tube
incompatibility in the style of the plum
cultivar ‘Pozna Plava’ in three pollination
variants was analysed using fluorescent
microscopic aniline blue staining method.
Pollination variants were open, cross-
(‘Cacanska Najbolja’, ‘Presenta’, ‘Hanita’)
and self-pollination.

In all the analysed variants, the
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€ YCTaHOBEHO Haulnyue Ha MNosiIeHOBMU TPb-
61 C TUNNYHW NPU3HALY HA HECBBMECTU-
MOCT. B noBeyeTo criyqyan HeCcbLBMECTU-
MUTE MONEHOBM TPBLOM cnvpaTr pacrexa
CV B ropHaTa TpeTuHa Ha CTbnbueTo. Mpu
KPBCTOCAHOTO OrpatlBaHe CbC COPTOBETE
"XaHuta" un "YauaHcka Haibons" ca
HabnwogaBaHW HeCHLBMECTMMU MOJSIEHOBU
TpbOM BLB BTOpaTa TPETWHA Ha CTb/b6-
yeTo. Hai-BMCOK NpPOLEHT Ha HecbBMeEC-
TMW nosnieHoBu Tpbou 4.84% e oTuyeTeH
BbB BapuaHTa Ha camoorpallBaHe.

[MO-HMUCBK NPOLIEHT HA HECHLBMECTU-
MW MONEHOBM TpbOM € OTYeTEH BbLB
BapuaHTa Ha KpbCTOoCaHO onpallBaHe CbC
copT "YauvaHcka Haibona" (3.06), koeTo
MOXe fia ce 06ACHM C TOBa, Ye e poauTen
Ha copTa "lMo3Ha MnaBa". Hal-HUCKUAT
npoueHT (no-manko ot 1.3%) Ha HecbB-
MEeCTUMW MONEHOBUN TPBLOU € OTKPUT Nnpu
BapuaHTa Ha KpbCTOCaHO onpallBaHe Cbe
coprtoBeTe "lpe3eHTa" 1 "XaHuta".

KniouoBn gymu: cnvBu, CTbfbue,
dhriyopecLeHTeEH MMUKPOCKOM, HECHBMECTUMM
NoJIEHOBU TPBHOK

yBO/[,

Mpu BugoseTe oT pog Prunus,
CTB/IGYETO Ha LUBeTa MPUHALIEXN KbM
T.H. B/I&XEH TWN, C KNETbYHU CEKPETOPHU
NpoAyKTN BbPXy 6n3anuerto, KoeTo gasa
BBb3MOXHOCT 3a Kb/IHAEMOCT Ha MnosieHa u
3a MPOHUKBAHe Ha nosieHoearta Tpbba B
TbKaHTa Ha 6nusanueto (Nasrallah et al.,
1991). MpoBOAAWMAT KaHaN e B UeHTbpa
Ha CTb/64YeTO, CbCTaBEH OT YAb/IKEHU
KNeTKM, KOWTO OTAENAT neKkTuHasHaTa
n3BbHKNeTbYHa MaTpuua (Crawford and
Yanofski, 2008). Cnep kato MONeHbT
nosernHe no 6aM3anueTo, Nno-HatarTbLUHK
npoLecu, BKIYBALWM XuapaTauus, Kbi-
HAEMOCT, pacTex npes nposojdwara Tb-
KaH Ha CTb/I6YeTo, HacoyBaHe KbM MUK-
ponuaa u B KpailHa CMeTKa B3anmopeii-
CTBME C XEHCKUTE rameTouTn, ce pbKo-
BOAAT M perynupaTt OT XEHCKUs cnopodut
(Higashiyama and Hamamura, 2008;
Palanivelu and Tsukamoto, 2011).

WN3cnepBalikn pacTexa Ha nosieHo-
BUTE TpbOWM npu uepewwute, Radicevic

presence of pollen tubes with typical signs
of incompatibility was found. In most
cases, incompatible pollen tubes stopped
their growth in the upper third of the style.
In a cross-pollination with the cultivars
‘Hanita’ and  ‘Cacanska  Najbolja’
incompatible pollen tubes in the second
third of the style were seen as well. The
highest percentage of incompatible pollen
tubes 4,84% was found in a self-
pollination variant.

Somewhat lower percentage of
incompatible pollen tubes was found in a
cross-pollination variant with the cultivar
‘Cacanska Najbolja’ (3,06%), which can
be explained by being a parent of the
cultivar ‘Pozna Plava’. The Ilowest
percentage (less than 1,3%) of
incompatible pollen tubes was found in a
cross-pollination variant with the cultivars
‘Presenta’ and ‘Hanita’.

Key words: plum, style, fluorescent
microscope, incompatible pollen tubes

INTRODUCTION

In the genus Prunus, the style
belongs to the wet type with secretory cell
exudates on the stigma which enabling
pollen germination and pollen tube
penetration into the tissue of the stigma
(Nasrallah et al., 1991).

Conductive channel is in the centre of the
style composed of elongated cells which
excreting the pectinase extracellular
matrix (Crawford and Yanofski, 2008).
After pollen adhesion on the stigma,
further events including hydration,
germination, growth through the
conductive tissue of the style, guidance to
micropyle and in the end, interaction with
female gametophyte are guided and
regulated by the female sporophyte
(Higashiyama and Hamamura, 2008;
Palanivelu and Tsukamoto, 2011).

By examining the growth of pollen
tubes in cherries, RadiCevi¢ (2013) points
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(2013) nocoyBa No-6bP3 pacTex Ha none-
HOBUTE TPBLOW B CTHNOYETO, OTKOJIKOTO B
ANYHMKa, KOeTO MokKassBa 3aBUCUMOCTTa
Ha ©6posi Ha nojfeHoBUTE TpbLOU U
CKOpPOCTTa Ha pacTexa Ha M3nonsBaHuTe
onpalumTenin Ha cnopouTMTe Ha Manym-
HOTO pacTeHue. HamansiBaHeTo Ha 6pos
Ha MOJIeHOBMTE TPLOU B CTbLAGYETO €
CBbp3aHO C HamaisiBaHe Ha MPOBOAMMMS
KaHan W crefoBaTefiHO HaMuMeTo Ha
XpaHuTesnHu Belwlectsa (Herrero, 1992).

CamocTepuiiHOCTTa € eguH OT Hali-
B&XHUTE MEXaHW3MM Ha pacTeHuATa, 3a
HefonyckaHe Ha camoornpallBaHe u 3a
CTUMYy/IMpaHe Ha KPbCTOCAHO onpallBaHe
(Frankling-Tong and Franklin, 2003). MNpwn
pacTteHusTa nva aBa BMaa
CaMoCTEPUIHOCT —  crnopouTHa U
rameTodTHa. CnopodmtmHarta ce cpelia
npv MasbK 6poii pacTeHuss oT cemelicTea
Brassicaceae, Asteraceae n Convolvulaceae,
Jokato rametoUTUYHUAT Tun € Mo-
pasnpocTtpaHeH (lgic and Kohn, 2001).

3a pasnvka OT Apyru BugoBe OT
poga Prunus, npu KOUTO nma ramMeTopuTHa
CaMOCTepuUIHOCT, Npy AoMallHaTta c/vBa
ce Habnwpasat u gesaTa Buga. (Botu et
al., 2002). CnopodmTtHaTta camocTepusi-
HOCT ce obycnass OT JIOKyCHa MyTauus,
OTroBOpHa 3a obpa3yBaHeTO Ha NoJieH U
ymtonnasmeHuns ctepunutet (Kota and
Lacis, 2013). N'ameTochmuTHaTa cuctema ce
OCHOBaBa Ha asiefiHns MNoaMMopgn3bM
Ha S-RNase Ha kogupawms reH mnm S-
reHa n Bb3 OCHOBa Ha HeroBaTa MnposiBa,
copToBeTe ce knacucumuupar B Tpu
rpynu: camoepTu/iHM, YacTUYHO CcaMo-
epTnnHM 1 camoctepunHm (Botu et al.,
2002).

TpaguuUNOHHNAT noaxon 3a
TecTBaHe Ha CamMOCbBMECTMMOCTTa Mpu
OBOLUHWTE ObpBETA € OonpefeneH upes
npocnefsasaHe Ha NpoLeHTa Ha NIogHUS
3aBpb3 Npv NOJCKM ycrioBus. Apyr MeTos
€ fa ce mscriefBa pactexa Ha MofeHoBU
TPBOU B CTHLNGYETO U Aa ce OTKpUAT
HECBBMECTUMWTE, WU3MOM3Baikn  onyo-
pecueHTeH mukpockon (Kho i Baér, 1971).
Hanocnegbk ce v3nos3Bart ABa MOJIEKY-
NApPHW MeToda 3a TecTBaHe Ha CcTepwu/i-

to a faster growth of pollen tubes in the
style than in the ovary, indicating the
dependence of pollen tubes numbers and
the growth rate of used pollinators of the
sporophytes of the mother plant.
Reduction in the numbers of pollen tubes
along the style is associated with the
reduction of the conductive channel, and
therefore the availability of nutrients
(Herrero, 1992).

Self-incompatibility is one of the
most important mechanisms of plants to
prevent self-pollination and enhance
cross-pollination  (Frankling-Tong and
Franklin, 2003). In plants, there are two
types of self-incompatibility, sporophytic
and gametophytic. The sporophytic type is
found in a small number of plants from the
families Brassicaceae, Asteraceae and
Convolvulaceae, while the gametophytic
type is more prevalent (lgic and Kohn,
2001).

Unlike other species of the genus
Prunus, in which there is a gametophytic
system of incompatibility, both types of
self-incompatibility are seen in domestic
plum (Botu et al.,, 2002). Sporophytic
incompatibility is conditioned by locus
mutation, responsible for pollen formation
and cytoplasmic sterility (Kota and LAacis,
2013). The gametophytic system is based
on the allelic polymorphism of the S-
RNase of the coding gene or S-gene, and
based on its manifestation, cultivars are
classified into three groups: self-
compatible, partially self-compatible and
self-incompatible (Botu et al., 2002).

A traditional approach to test self-
compatibility in fruit trees have been
determinated by monitoring the fruit set
percentage under field conditions.
Another method is to examine the growth
of pollen tubes in the style and to detect

incompatible pollen tubes using a
fluorescence microscope (Kho i Baér,
1971). More recently, two molecular

methods for testing self-incompatibility
have been used: determination of style
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HOCTTa: onpefensiHe Buaa Ha pUBOHYK-
neasata (S-RNase) n OHK amnnaudwmka-
umsa 1 naeHtTudmkauymsa ypes PCR aHanms
(Halasz et al., 2010).

N3cnegsaHuaTa B HacTosliarta
cTatvsa LenaT ga onpefensrt HavuneTo
Ha HecbBMECTUMMW MOJSIEHOBU TPbLOU B
CTbfibyeTo Ha 'lMo3Ha [nasa" B Tpwu
BapvaHTa Ha onpatisaHe: CBOGOAHO,
KpbCTOCAHO M camoorpallBaHe.

MATEPVAJT N METOOU

Mo BpemMe Ha TPUroauULLIHUA nepuros
(2008 r., 2010 r. 1 2011 r.) ca npoBeneHU
nuscnenBaHnsa B HacaxjeHuwe OT CMUBMK B
6aza "/wbuy" Ha W3cnegoBaTesicku
WHCTUTYT nNo oBoLwapcTeo. OsowHaTta
rpagvHa e cb3gageHa npes 2002 r. cbC
copToBe, npucageHn BbpPXy MOASI0XKKa
DxaHka (Prunus cerasifera L.), npu cxema
6,0x5,0 m. Karo TectoB Mmartepuan e
msnonssaH copt "lNMo3Ha lNnasa", cb3ga-
geH npe3 1980 r. B W3cneposartencku
WHCTUTYT MO OBOLWAPCTBO, 4Ype3 camo-
onpaliBaHe Ha copT "YayaHcka Hanbons",
npusHat e 3a copt npe3 2008 r. B
cbTpyaHuyectBO ¢ r-H Klaus Ganter
(HacaxaeHus Ha Klaus Ganter
Markenbaumschule, Wyhl, TepmaHus)
TO3M C/MBOB COPT € 3awuTeH B EBponeii-
ckus cbio3 nog nmeto "Cacak Spathe”.

EKCnepyMeHTBLT € 3anoXeH npu
MOJICKM YCNOBKSA, NO BPeEMe Ha (ha3aTta Ha
Mb/IEeH UbMTEX, C TPU HAYMHA Ha OnpaLl-
BaHe: CBOOOAHO, KPpbCTOCAHO (C MOMEH OT
copT "UauaHcka Halibons", "lMNpeseHTa" n
"XaHuta") u camoonpatisaHe. lMocTass-
HETO Ha nNoMeH BbPXY M/0JHUKA Ha
6/1M3asILeTo ce npasu B MOMEHTa, Korato
ce HabnogaBa cekpeuuaTa BbpPXy 6/u-
3anueto. lMpu onpaluBaHeTo, onpalleHu-
Te NAOLHULUM Ca MOAJ/OXKEHN Ha TPOWHO
nocnefoBaTtenHo ukcupaHe — 72, 144,
240 vyaca. 3a ga ce dmkcupatr npobute,
nnogHuuuTe BedHara ce HakuceaT B
pa3TBop Ha FPA (70% eTaHon, NpOMMOHO-
Ba kucenvHa u dopmangexma, 90:5:5) n
ce cbxpaHsasar npu 4°C. 3a u3cnenBaHe
pactexa Ha rnosieHoBuTe TPbOU B CTHG-
4eTo € Wu3non3BaH /IyopecueHTHO-

ribonuclease (S-RNase) and DNA
amplification and identification by PCR
analysis (Halasz et al., 2010).

The research in this paper was
aimed at determining the presence of
incompatible pollen tubes in the style of
‘Pozna Plava’ in three variants of
pollination: open, cross- and self-
pollination.

MATERIAL AND METHODS

Investigations were carried out
during the three-year period (2008, 2010
and 2011) within the plum plantation at
the Ljubic facility of the Fruit Research
Institute Calak. The orchard was
established in 2002, with cultivars grafted
on a myrobalan (Prunus cerasifera L.)
rootstock, with a spacing of 6.0x5.0 m.
The plum cultivar ‘Pozna Plava’ was used
as a test material, created in 1980 at the
Fruit Research Institute from the self-
pollination of the cultivar ‘Cacanska
Najbolja’, recognized as a cultivar in 2008.
In cooperation with Mr. Klaus Ganter
(plantations of Klaus Ganter
Markenbaumschule, Wyhl, Germany) this
plum cultivar has been protected in the
European Union under the name ‘Cacak
Spathe’.

Under field conditions, during the
full flowering sub-phase, experiment was
set with three pollination vartiant: open,
cross- (pollen of the ‘Caganska Najbolja’,
‘Presenta’ and ‘Hanita’ cultivars) and self-
pollination. The application of pollen on
the pistil stigma was made at the time
when the secretion on the stigma was
observed. Upon the pollination, pollinated
pistils were subjected to the triple
successive fixation — 72, 144, 240 hours.

To fix the samples, pistils were
immediately soaked in FPA solution (70%
ethanol, propionic acid and formaldehyde,
90:5:5 percentages by volume) and stored
at 4°C. A fluorescence-microscopic
method  with aniline-blue as a
fluorochrome (Preil, 1970; Kho and Baér,
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MWKPOCKOMNCKUAT MeTof, C aHWIMHOBO
cnHbo Kato chnyopoxpom (Preil, 1970;
Kho and Baér, 1971) .

MosieaTa Ha HECBLBMECTUMW Mose-
HOBM TPbOM B CTbHIOUETO € yCTaHOBEHa
upes hyopecueHTeH MWKPOCKON
(Olympus BX61) c ynTpaBuosieToBa
CBET/IMHA, KaTo ce u3nonsea codryep
Multiple Image Analysis in AnalySIS.

PE3YJITATN N OBCb)XXAAHE

MosieaTa Ha rameTouTHa HECHB-
MEeCTMMOCT € CbMNpOBOJeHa C Henpasu-
NeH pacTex Ha MnosieHoBuTe TpboOW, C
n306MNHO HaTpynBaHe Ha kanyc. BbB
BCMYKN M3CNeABaHN BapuaHTW e yCTaHo-
BEHO Ha/MuMe Ha MosieHoBM Tpbbu C
TUMWYHU MPU3HaAUM Ha HECbBMECTUMOCT
(durypa 1).

B noseyeTto cryyan, HeCbBMECTU-
MUTE MONEHOBM TPBLOM cCnMpaTr pacrexa
CM B ropHata TpeTuHa Ha CTb/64YeTo
(durypa 1a, 1b). Haii-ronsim 6poit HecbB-
MeCTMMU NOJIEHOBU TPBLOW ca XapakTepu-
3UpaHn C yab/DKEH BPBbX, KOWTO € noseye
Unn no-masnko doyopecueHteH. Habnto-
JaBaHu ca noneHoBu TpbOM, yaebeneHu
no usanaTa cn Ab/DKMHA, KOUTO CbLLO Taka
ca no-tpnyopecumpaiiy ot apyru. Manbk
6poil HeCbBMECTMMU NOSIEHOBU TPBLOU ce
Habnwogaesar B 30HaTa TOYHO MO[,
6nmzanueto (durypa 1c) wam BbLB
BTOpaTa TPeTUHAa Ha CTb6YeTOo.

Camo npe3 2010 r. ce Habnogasa
Ha/IMyme Ha HEeCbBMECTUMU MOSIEHOBU
TpebM BBB BTOpara TpeTuHa Ha
CTb/6YETO, NPV BapmaHTa Ha KpbCTOCAHO
onpatuBaHe cbc copT "XaHuta" (60%) n
cbC copT "YavaHcka Hanbonsa" (17%) .

BpbxueTo Ha HecbBMecTMMAaTa
noseHosa Tpbba e Hain-4ecTo KPbro, HO
CbWoO Taka ca HabnwgaBaHW HeCHB-
MEeCTMMU NOMIEHOBMN TPBLOM C HENpasuUIHO
odhopmeHn BbpxoBe (Purypa 1d, 1le).
OCBEH TUMUYHWUTE NPU3HALM Ha HEeCHB-
MeCcTMMOCT, ca HabnwgasaHu MNoseHOBU
TpBOM € NO-CUAHW UM NOo-Cnabwu
paskIoOHeHUs, NO-MaKo Ha  6poi,
(Purypa 1f, 19).

1971) was used to examine the growth of
pollen tubes in the style.

The occurrence of incompatible
pollen tubes in the style was done on the
fluorescent microscope (Olympus BX61)
under ultraviolet light, using Multiple
Image Analysis in AnalySIS software.

RESULTS AND DISCUSSION

The occurrence of gametophytic
incompatibilty was accompanied by
irregular growth of pollen tubes, with an
abundant accumulation of callosis in it. In
all pollination variants, the presence of
pollen tubes with typical signs of
incompatibility was found (Figure 1).

In  the majority of cases,
incompatible pollen tubes stopped their
growth in the upper third of the style
(Figure la, 1b). The largest number of
incompatible pollen tubes was
characterized by an extended tip, which
was more or less fluorescence. Pollen
tubes that were thickened all over their
length were also observed and more
fluoresced than other pollen tubes. In a
small number, incompatible pollen tubes
were observed in the region just below the
stigma (Figure 1c) or in the second third
of the style.

Only in 2010, the presence of
incompatible pollen tubes was observed
in the second third of the style, in the
cross-pollination variant with the cultivar
‘Hanita’ (60% of the total number of
incompatible pollen tubes was in the
second third of the style) and with the
cultivar ‘Cacanska Najbolja’ (17% of the
total number of incompatible pollen tubes
were in the second third of the style).

Tip of the incompatible pollen tube
was most often round, but incompatible
pollen tubes with an irregularly shaped tip
were also observed (Figure 1d, 1e). Apart
from the typical signs of incompatibility,
pollen tubes that have had stronger or
weaker branches were seen in smaller
number as well (Figure 1f, 19).
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dur. 1. HecbBMeCTMMU NO/EHOBU TPbOU: a-6) TUNUYEH yAb/DKEH BPbX Ha
noneHoBa Tpb0Oa; B) TAXHOTO NPUCHCTBME B 6/IM3aNLETO; r-e) Henpasu/eH BPbX
Ha nosieHoBaTa Tpb6a; f-g) pa3k1oHABaHe Ha HeCbBMeCTMMA NoJsiIeHOBa TpbbOa

Fig. 1. Incompatible pollen tubes: a—b) typical extended tip of pollen tube; c) their

presence in the stigma; d—e) irregular tip of pollen tube; f-g) branching of
incompatible pollen tube
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Mpe3 TpuTe OMUTHW TOAWMHKW, Haii-
ronemMmaT 6poit HeCbBMECTUMU MOSIEHO-
B TpbOM cCpegHo ca OTKPUTM BbB
BapvaHTa Ha camoonpaiiBaHe (4,84%),
[OKaTo Hail-Mmanbk O6pol € OTKPUT BbB
BapuaHTMTE Ha KPbCTOCAHO OmnpallBaHe
¢ "MpeseHta" n "XaHuta" (1,10% wu
1,25%) (Tabnvua 1).

Mpe3 2010 r. e ycTaHOBEH Haii-
ronsiMm 6poii HECBBMECTUMU MOJSIEHOBU
TpbbM BbB BapMaHTUTE CbC caMoomnpaLw-
BaHe M KPbCTOCAHO onpaluBaHe, a npu
BapuaHTa Ha cBOGOJHO onpaluBaHe npes
2008 r.

For all three years, the highest
number of incompatible pollen tubes, on
average, was found in the self-pollination
variant (4.84%), while the smallest
number was found in the cross-pollination
variants with the cultivars ‘Presenta’ and
‘Hanita’ (1.10% and 1.25%) (Table 1).

Observed by the year of study, the
largest number of incompatible pollen
tubes in the self- and cross- pollination
variants was found in 2010, while in the
open pollination variant, in 2008.

Tabnuua 1. NpucbCcTBNE HA HECHBMECTUMW NOSIEHOBU TPBOU (%) B CThI6UETO
Ha cnmBoB copT "lMo3Ha Nnasa”, no BapnaHT 1 NO roAUHU
Table 1. Presence of incompatible pollen tubes (%) in the style of the plum
cultivar Pozna Plava, in variants of pollination, by years

BapuaHT Ha onpalwBaHe |30Ha Ha cTb/ibyeTo| NognHa | NoguHa | FognHa |O6LWo
Pollination variant Style region Year 2008|Year 2010|Year 2011 | Total
‘Pozna Plava’ 1/3 2,65 6,75 5,11 4,84
‘Cad ibolia® |- 13 | . 1,92 | 5,64 | 346
Cacanska Najbolja 53 / 115 ] 3,06
‘Hanita® e 13 .. 182 | . 129 | __. 0,10 __.
Hanita 53 ] 177 j 1,25
‘Presenta’ 1/3 - 1,70 0,49 1,10
CBoGoaHo onpalusake 1/3 4,56 3,42 433 | 4,10
Open pollination

BbB BapuaHTa cbC camoornpallsa-
He, Mpe3 roAuHUTE Ha Wu3CcnefBaHeTo,
6poAT Ha HecbBMECTUMUTE MOIeHOBU
TpBOU Bapupa oT 2,65% pno 5,11%. Mpwu
BapvaHTUTe C KPbCTOCAHO OnpaLllBaHe,
6pOAT Ha HECbLBMECTUMW MOJIEHOBM
TpbOU e B AnanasoHa 1,92-6,79% npwu
copta "YauvaHcka Haibona"; 0,10-3,06%
c "XaHuta" un 0,49-1,79% cbC copT
"Mpe3eHTa". MNpn BapnaHTa CbC CBOOOA-
HO onpaLluBaHe, 6posT Bapupa oT 3,42 1o
4,56%.

FeHeTUYHUAT KOHTPON Ha cTepus-
HOCTTa ce perynupa oT MHoroasesieH S-
IOKyC, MpW KOMTO CHLBMECTMMOCTTa Npwu
KpbCTOCBaHe ce onpejens OT xanioua-
HUSA MOMEHOB TEHOM W OT AWUNOUOHUA
reHoOM Ha nnogHuka. PacTexsbT Ha none-
HoBaTa Tpbba cnupa ako S-anensr,

In a self-pollination variant by the
years of study, the number of
incompatible pollen tubes ranged from
2,65% to 5,11%. In cross-pollination
variants, the number of incompatible
pollen tubes was in the range 1,92—
6,79% with the cultivar ‘Cacanska
Najbolja’; 0,10-3,06% with ‘Hanita’ and
0,49-1,79% with the cultivar ‘Presenta’.
In an open-pollination variant, the number
ranged from 3,42 to 4,56%.

Genetic control of self-
incompatibility is regulated by a
multialellic S-locus, where the

compatibility of crossing is determined by
the haploid pollen genome and the diploid
genome of the pistil. Stopping of the
pollen tube growth occurs if the S-allele
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CbAbpxall ce B MOJIEHOBOTO 3bPHO, €
B3aMMeH C efMH OT ABaTta S-anena Ha
niogHvka. [lBa HanbAHO pasUyHn S-
JIOKYCHW reHa ydvacteBarT B WAEHTUULM-
paHeTo N OTXBBLP/SAHETO Ha TeXHUS cobce-
TBeH noneH: S-RNase (rnukonpoTenH ¢
pUboHyKNear) Karto S-KOMMOHEHT Ha
nnogHuka n F-box gene, SLF (S-nokyc F-
box) (kod Prunus mume) n SFB S-
xannotun-specific F-box gene) (npu
Prunus dulcis, Punus avium un Prunus
cerasus), KaTo S-KOMMOHEHT Ha MosieHa,
YMATO  (PYHKUMS B  HecbBMecTumara
peakuuMss BCe Olle He e ycTaHOBeHa
(Hauck et al., 2006).

Mopaaun dakTa, Yye rameTohuTHaTA
HECBHBMECTUMOCT Npeyn Ha CamoOonsIoxX-
JaHeTo, BOJEL0 [0 HamansBaHe Ha
n1oAHUA 3aBpPb3, OnpalBaHeTo CbC CbB-
MECTUM MOJIEH € U3K/THUUTESTHO BaXHO.
MposBata Ha CaMOCTEPU/IHOCT npu
OBOLLHUTE KYNTYpU W3K/IKYBA €aHOCOop-
TOBO 3acaxjaHe M U3UCKBA Hanume Ha
ABa Wiu TpU CbBMECTUMU copTa — onpa-
wutenn (Dicenta et al., 2002). N3cnea-
BAHETO Ha CaMOOMN/IOXAAHETO, KakTo U
non3mTe OT HAKOM OnpawnTesnu, Hain-
4yecTo ce onpefensaT oT NA04HUS 3aBPb3
WNM 4ypes uscsefBaHe Ha pacTexa Ha
nosieHoBMUTEe TPbLOW B CTLNGYETO cnep
onpatuBaHeTo. WpgeHTuduumpaHeTo Ha
S-RNase n SFB reHa gaBa Bb3MOXHOCT
3a xapakrepusupaHe Ha S-xannoTuna B
npeacrasutenvre Ha CeMencTeo
Rosaceae u4pe3 PCR aHasin3. To3u
MEeTOo/, € He3aB/UCUM OT BPEMETO U Ce30-
Ha Ha UbgTex, Tbi KaTo 3a aHa/IMTUYEH
MaTepuan ce Wu3nos3Ba BeretaTtuBHa
TbkaH (Kitasiba et al., 2007).

V3non3saliku oNTlyopecueHTHUSA
MMWKPOCKOMNCKM METO[, Ha ouBeTsaBaHe C
aHW/IMHOBO CUHLO, BPOAT Ha HecbBMEC-
TAMWUTE NOJSIEHOBN TpPbOW Bapupa OT
1.10% npun BapmaHta Ha KpPbCTOCAHO
onpawsaHe cbc copT "lpe3eHta" A0
4.84% npun camoonpatlisaHe. B noseyeto
cnyyan  HeCbBMeECTUMUTE  NONEHOBU
TpbOM cnupaT pacTexa cu B ropHaTa
TpeTuHa Ha cTbnbueto. MNpe3 2010 r. BLB
BapvaHTa C KpbCTOCAHO OnpatlBaHe CbC

possessing a pollen grain is mutual with
one of the two S-alleles of the pistil. Two
completely different S-locus genes are
involved in identifying and rejecting their
own pollen: S-RNase (glycoprotein with
ribonucleate) as an S-component of the
pistii and F-box gene, SLF (S-lokus F-
box) (kod Prunus mume) and SFB S-
haplotype-specific F-box gene) (in Prunus
dulcis, Punus avium and Prunus
cerasus), as an S-component of the
pollen, whose function in the incompatible
reaction haven't been established yet
(Hauck et al., 2006).

The fact that the gametophytic
incompatibility system prevents self-
fertilization, leading to reduced fruit set,
pollination with compatible pollen is

extremely important. In fruits, the
occurrence of self-incompatibility
excludes one varietal planting and

requires the presence of two or three
compatible pollinators (Dicenta et al.,
2002). Examination of self-fertility, as well
as the benefits of certain pollinators, have
been most often defined by fruit set or by
examination of pollen tubes growth in the
style after pollination.

Identification of S-RNase and SFB gene
enabled the characterization of S-
haplotype in the representatives of
Rosaceae family using PCR analysis.
This method is independent of flowering
time and season, because vegetative
tissue is used as the analysis material
(Kitasiba et al., 2007).

Using fluorescence microscopic
method of aniline blue staining, the
number of incompatible pollen tubes
ranged from 1.10% in the variant of cross
pollination with the cultivar ‘Presenta’, up
to 4.84% in self-pollination.

In most cases incompatible pollen tubes
stopped their growth in the upper third of
the style. In 2010, in the cross pollination
variant with the cultivars ‘Hanita’ and
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copTtoBe "XaHuta" n "HavyaHcka Hanbonsa"
ce HabnwpgaBat HECbBMECTUMU MOSIEHO-
B TpbOM BBLB BTOpara TpeTuHa Ha
CTb164eTO. MPMGAN3NTENHO CbLUUS Bpoli
HECbBMECTVMW  NONEHOBU TpbOU e
yCTaHOBEH BbB BapuaHTa Ha camocTos-
TeHO “ CcBOGOAHO oOnpawBaHe npe3
BCUYKWATE TPW TOAMHU Ha U3CNenBaHeTo,
KOETO BEPOATHO ce 06ycnaBes, Hapepg C
ApYyrv ycnoBus, OT Ha/IMYMETO Ha cobce-
TBEH MOJIEH BbPXY 6/M3anueTo, BbB Ba-
pvaHTa cbC CBOGOAHO onpaiwuBaHe. lo-
Ma/IKUAT Gpoit HECHBMECTUMU MONIEHOBU
TpbOM BLB BapuMaHTa Ha KpPbCTOCAHO
onpawsaHe CcbC copT  "YauyaHcka
Hanbonsa" (3.06%) moxe aga ce 06SICHU C
TOoBa, 4Ye e poauten Ha copT "lNo3Ha
Mnaea". Hali-mankuat 6poli (no-manko oT
1,3%) HeCcbBMECTUMM NOJSIEHOBU TPBLOU €
onpefesieH BbB BapuaHTa Ha Kpbe-

TOCAHO oOfpalBaHe CbC COpPTOBETE
"MNpe3eHTa" n "XaHuta".
FameTohmTHaTa cTepuHocT

BK/IOYBA HENpaBWIHO OYHKLMOHMpaHe
Ha noneHoBute TpbLOM W roaaAmo
oTnaraHe Ha kanyc B Tax (Unal et al,
2013). MNpu Hes, peakymsaTa Ha OTXBbp-
NsiHE Ha MoJieHa e Hali-4ecTo cpellaHa B
ropHata TpeTVHa Ha CTbnbyeTo ¥ €
npuapyxeHa OT CWIHO OT/naraHe Ha
Kaslyc No CTEHUTE Ha NOJIEHOBUTE TPbLOU
W yTasiBaHeTO MYy B rOpHWSl Kpali BOAU A0
obpasyBaHe Ha XapaKTepHO pasLlinpeHue
Ha BbpXxa Ha nosieHoBara Tpbbumuka.
MonyyeHnTe pesynTaT CLOTBET-
CTBaT Ha pe3yntatu OT MpPoyyYBaHUS Ha
apyrn Bugose OT pof Prunus: kaiicus
(Milatovi¢ n Nikoli¢, 2007), cuHa cnvBa
(MiloSevi¢, 2013; Djordevi¢ et al., 2014),
npy KOMTO HANMYMETO HA HECHBMECTUMU
NoMeHOBY TPLOY € CBbP3aHOo MMaBHO ChC
30HaTa B ropHata TpeTuHa Ha CTbnbuye-
TO. Ype3 TecTBaHe Ha camoornpallBaHeTo
npu 37 copTta Kalicumu, Milatovi¢ and
Nikoli¢ (2007) nocouyBaTr Ha/MuYMeTO Ha
HEeCBbBMECTMMU MOJSIEHOBU TPLOW, KOWUTO
cnvpaTt pacTtexa B [OSIHUTE 4acTu Ha
ARYHMKa. ChlUUTe pe3ynTatn 3a Hannune
Ha HeCcbLBMECTUMMW MNOSEHOBU TpbLOM B
JONHUTE  YacTh  Ha  AlldHMKa  ce

‘Cacanska Najbolja’, incompatible pollen
tubes were observed in the second third
of the style. Approximately the same
number of incompatible pollen tubes was
established in the variant of self- and
open pollination in all three years of
study, which is probably conditioned,
among others, by the presence of their
own pollen on the stigma in the open
pollination variant.

A somewhat smaller number of
incompatible pollen tubes in the variant of
cross pollination with the cultivar
‘Cacanska Najbolja’ (3.06) can be
explained by it being a parent of the
‘Pozna Plava’ cultivar. The lowest
number (less than 1.3%) of incompatible
pollen tubes was determined in the cross
pollination variant with the cultivars
‘Presenta’ and ‘Hanita’.

Gametophytic incompatibility
system involves irregular behavior of
pollen tubes and a large callose

deposition in them (Unal et al., 2013). In
this incompatibility system, reaction of
pollen rejection is most common in the
upper third of the style and is
accompanied by a strong callose
deposition in the pollen tubes walls and
its sedimentation at the very top leading
to the formation of a characteristic
extension of the pollen tube tip.

The results obtained agree with the
results of the study with larger number of
species of the genus Prunus: apricot
(Milatovi¢ and Nikoli¢, 2007), plum
(MiloSevi¢, 2013; bordevi¢ et al., 2014) in
which the occurrence of incompatible
pollen tubes is mainly related to the
region of the upper third of the style.

By testing self-fertility in 37 cultivars of
apricot, Milatovi¢ and Nikoli¢ (2007) state
the presence of incompatible pollen tubes
that stop growth in lower parts of the
ovary. The same results of incompatible
pollen tubes occurrence in lower parts of
the ovary were observed in eight apricot
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Habnogasar B OCEM copTa KaWcum, aHa-
NM3nMpaHn npu BapuaHTUTE CbC CcaMo-
onpallBaHe M KpbCTOCAHO oOnpallBaHe
(Milatovi¢ et al., 2010).

AHanusupaiikm pactexa Ha nose-
HoBaTa Tpbba B CTbNOYETO Ha copT
~-HayaHcka nenotuua“ B Tpu BapmaHTta Ha
onpawwsaHe (CBOOOAHO ornpalliBaHe, KpbC-
TocaHo ¥ camoonpatisaHe), Kuzmanovi¢
(2008) oTkpuBa Ha/IM4Me Ha HECHBMECTU-
MW MOSIEHOBU TPbOW B ropHarta TpeTuHa
OT cTbnbueto ot 12.1 go 17%. N3cnepq-
Baliky pacTexa Ha nosieHoBaTa Tpbba B
CTbN6YeTO Ha TpWM copTa  C/IMBMU,
Milosevic (2013) ycTaHOBSIBa Ha/lMune Ha
HECBHBMECTUMW MOSEHOBU TpbOU B 3,70-
23,81% o1 nnogHuunTe.

Mopagn TpuUTE KOMMOHEHTa Ha
reHoma e TPy4HO Ja ce Hamepw anesnHa
dopmyna wunam CTpykTypa 3a gga copTta
AOMallHW C/IMBW, TbiA KaTO BCEKU FEHOM
UMa CBOI COOCTBEH S-TeH C MHOXECTBO
anenu. Mopagn TasW MNpUYMHA BCEKU
C/IMBOB COPT C MOJIEHOBA KbJ/IHAEMOCT
MoXe pfAa Obge onpawmTen Ha Apyr
C/IMBOB COPT, HO B pasnyHa CTeneH
(Selesses and Bonnet, 1994). Mopaawn
noavnaongHaTa u CrioxHa CTpyKTypa Ha
reHoma, JomallHata cnmBa e nocnepg-
HWAT u3cnepsaH Bug OT MOACEMENCTBO
Prunoideae (Tao and lezzoni, 2010).
Mopagn TasuW MpuuMHa CbBMECTUMUTE
rpynu Mpu CUHUTE C/MBW He ca onpe-
OENeHN N HAMA HajexgaHa MHdgopMauus
3a [EHeTM4YHOTO pasHoobpasne  Ha
ctepunHmn anenu (Kota and Lacis, 2013).

N3BOAN

Tbii KaTo TOBa ca HECHLBMECTUMU
Nno/sIeHOBM TpbOW, UYMATO OGPOK CNpPsSMO
06Wma 6poit noneHoBM TPLOM B ropHata
TpeTrHa OT CTbA6YETO € MO-MaTbK OT
5%, BAUAHMETO WM € He3HaAuYUTESHO,
Jopun 1 BbpXy 6pos Ha MOJIeHOBUTE
TPbOU, KOUTO MPOHMKBAT B SANYHKKA,
cnefjosarenHo Te Morat ga  umar
3HayeHWe camMo OT [/lefHa ToYyka Ha
ONMCaHMeTo Ha pasnyHU MOPOIOTNYHN
(hopMM Ha HECHBMECTMMOCT.

cultivars analysed in the variants of self-
and cross pollination (Milatovi¢ et al.,
2010).

Analyzing the pollen tube growth in
the style of the plum cultivar ‘Caganska
Lepotica’ in three variants of pollination
(open pollination, cross- and self-
pollination), Kuzmanovi¢ (2008), finds the
presence of incompatible pollen tubes in
the upper third of the style from 12.1 to
17%. By examining the pollen tube
growth in the style of three plum cultivars,
Milosevic (2013) found the presence of
incompatible pollen tubes in 3.70-23.81%
of pistils.

Because of genome’s three-
components, it is difficult to find the same
allelic formula or structure for two
domestic plums, since each genome has
its own S-gene with multiple alleles. For
this reason, each plum cultivar with pollen
fertility can be a pollenizer to another
plum cultivar but in varying degrees
(Selesses and Bonnet, 1994). Due to the
polyploidy and complex structure of the
genome, domestic plum is the last
studied species from the subfamily
Prunoideae (Tao and lezzoni, 2010). For
this reason, compatible groups in plums
have not been defined yet and there are
no reliable information on the genetic
diversity of self-incompatible alleles (Kota
and Lacis, 2013).

CONCLUSIONS

Since these are incompatible pollen
tubes whose counts in relation to the total
number of pollen tubes in the upper third
of the style was less than 5%, their
influence is insignificant, even on the
number of pollen tubes that penetrate into
the ovary, therefore they can only be of
significance here in terms of description of
(the incidence of) different morphological
forms of incompatible pollen tubes.
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PE3IOME

3a nepunopga 2016-2017r. B NHCTK-
TYT MO MNNAHUHCKO >XWBOTHOBBACTBO MU
3emefenve - TposaH ca npocneneHun
BereTaTUBHUTE U PENpPOAYKTUBHU MoKasa-
Ten Ha CAMBOBM [AbpBeTa OT CcopT
“Terepa“, cnep npuioxeHne Ha KOHBEH-
LUOHA/THN 1 BMONOrMYHM TOPOBE.

OT nonyyeHnTe JaHHW e ycTaHoBe-
HO, Ye B pe3ynTar Ha NpoBeAeHOTO Tope-
He, HapacTBaHEeTO Ha CTBOJIOBETE € Haii-
CUIHO M3pa3eHo NpU KOHBEHLMOHASTHOTO
TopeHe — 49,18 cm (2016r.) n 50,25 cm
(2017r.).

MNpe3 nbpBara onuTHa roguHa, C
Hai-ronsam obem ca KOpOHMTE Ha AbpBe-
Tata oT BapuaHTa c 610 TopeHe - 26,59
m®, a npes cnegpaliata npu nuIeLKus

SUMMARY

The vegetative and reproductive
characteristics of plum trees of 'Tegera’
cultivar were followed after the application
of conventional and biofertilizers in the
period of 2016-2017 in the Research
Institute of Mountain Stockbreeding and
Agriculture - Troyan.

The most pronounced growth of
tree trunk was found after the application
of conventional fertilizer — 49.18 cm (2016
g) and 50.25 cm (2017).

The biggest volume of tree crowns
was found in the first experimental year in
the application of biofertilizer - 26.59 m?®,
and during the next year in the application
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Top — 23,81 m®. 3a CcpaBHeHVe, pe3y/nTa-
TUTE OT KOHTPOJIHNA BapuaHT ca CbOTBET-
Ho 14,25 m®n 8,99 m°.

BapnaHtTuTte Ha KOHBEHLMOHA/THO
TOpeHe 1 TOPEHETOo C NUAeLLKn Top npes
OBYroAuLLIHUA ONUTEH Mepuoj, ce oT/imya-
BaT M C MO-BUCOKM A06MBM Ha naonose
(kg/obpBO).

KnwoyoBn pgymun:. cnvBea,
TOpeHe, Terno Ha nioaa, fobvs

copr,

YBO/,

CnuBaTa € BaXHa W LWNPOKO OT-
rnexpgaHa nnofosa Kyntypa B permoHute
Ha ywmepeHus knumatr (Kumar et al.,
2018). 3aema MbPBO MACTO MO CTOMNAHCKO
3HayYeHVne 3a MJIaHMHCKNTE paioHn Ha
Bbvnarapua (Mondeshka et al.,, 2002;
Vitanova et al.,, 2006). Ta dopmupa
OBOLUHO ObPBO € Aobpa pacTexHa cuna,
Bb3eliCTBUE BbPXY KOATO OKa3Bar copTa,
noanoxkara v ycnosusita Ha MecTornoso-
XeHue (Lichev et al., 2004). CnuBoBuTe
copToBE ca pa3Hoo6pasHu Mo OTHOLIEeHne
Ha M1040BUTE CU XapakTepuCTUKW, KaTo
pa3smep, dopma, LBAT, TEKCTypa, apomar
n aop. (Baden and Byren, 2012).

3a noslyyaBaHETO Ha BUCOKa, exe-
rofiHa 1 kayecTBeHa NnnoJoBa peKkonTa e He-
06xo04MMo n3BbpLUBaHaTa pe3ntba fa e Cb-
obpaseHa KOHKpPETHO C BCEKW COPT, B 3aBU-
CMMOCT OT Tuna M Bb3pacTTa Ha nnogona-
Bawa gbpeecuHa (Dzhuvinov et al., 2014).

KyntypHuTe pacteHus BbB hasute
CW Ha pacTex MMaT 0COBGEHO roNIeMU HYXAu
OT XpaHuTenHu BellecTsa. MNMoaxpaHBalloTo
TOpeHe B TakbB MOMEHT BOAM A0 MoJlyyaBa-
HeTO Ha no-BMCOKM [06MBM, Ype3 K3non-
3BaHe Ha NoaxoAslum TakvMBa, B ONTUMaiHa-
Ta copma un KoHueHTpaumsa (Todorova and
Boteva, 2015).

Llenta Ha wn3cnegBaHeTo e npocne-
AsiBaHe BMSIHUETO Ha GUO/OMMYHO, KOHBEH-
UVOHa/IHO M OpraHW4yHO TOpeHe, BbPXY
BereTaTuBHWUTE U PENpPOAYKTUBHY NPOSIBU Ha
JbpBeTaTa oT copT “Terepa”.

of chicken manure - 23.81 m® For
comparison, the control results were
14.25 m® and 8.99 m>.

The variants with
fertilizer and chicken
characterized by higher

conventional
manure were
average fruit

yields - kgltree over the two-year
experimental period.
Key words: plum, cultivar,

fertilization, indicators, yield

INTRODUCTION

Plum is an important and wide-
spread fruit tree in temperate climates
(Kumar et al.,, 2018). It takes the first
place of economic significance for the
mountainous  regions  of  Bulgaria
(Mondeshka et al., 2002; Vitanova et al.,
2006). Its tree has good growth power,
which is influenced by the cultivar,
rootstock and the habitat conditions
(Lichev et al., 2004). Plum cultivars are
varied in terms of their fruit characteristics
such as size, shape, color, texture,
aroma, etc. (Baden and Byren, 2012).

In order to obtain a high, annual
and quality fruit harvest, the pruning
should be conducted specifically to each
cultivar, depending on the type and age of
the fruit-bearing wood (Dzhuvinov et al.,
2014).

Crops have particularly high
nutrient needs in their growth phases.
Nourishing fertilization at such a time
results in higher yields, using suitable
ones, in the optimal form and
concentration (Todorova and Boteva,
2015).

The aim of the study is to follow the
influence of biological, conventional and
organic fertilization on the vegetative and
reproductive characteristics of 'Tegera’
cultivar trees.
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MATEPVAT N METOON

B WIDK3 - TposH, CNAvBOBOTO
HacaxnaeHune oT HeMckuns copT “Terepa” e
cb3fafeHo npe3 nposnetra Ha 2001 r.
[bpBeTara ca 3acajeHun B TpaHwen cbC
3anacssallo OpraHuW4yHo TopeHe ¢ obop-
cku Top (130 kg/1 m?) npu pascTosHUs Ha
3acaxgaHe 4/2,5 m. MexaypeaoBoTo
pascTosiH/e e 3aTPeBEeHO C TPBLCTUKOBUA-
Ha B/flacaTka, a BbTPepenoBOTO Ce Noj-
ObpxXa B 4yepHa yrap. KynTtypara ce oT-
rnexga cboOpa3Ho arpoTexHuyeckute U
N3UCKBaHMA.

Mpe3 nponetta Ha 2016r. B C/MBO-
BOTO HacaXfeHWe e 3as/I0KeH OMuT CbC
c/iefH1UTe BapuaHTV Ha TOpeHe:

- | BapuaHT — bBuo TOpeHe -
BK/lOYBaLLO TopoBseTe: Arpudyn (nouyse-
Ho) — 5l/da, TekamuH ®naybp (IMCTHO) —
0,3%, TekHoken AmuHO Ca (IMCTHO) —
0,4%;

- |l BapmaHT — KOHBEHUMOHa/THO —
Yara Mila Complex (nouseHo) — 0.500
kg/obpBo, YaraVita Frutrel (nuctHo) —

0.500 ml/da, Yara Vita Universal Bio
(nncTHO) — 0.500 ml/da;
- Il BapmaHT — [paHynunpaH

Munewkn Top — 0.500 kg/abpPBO;
- IV BapuaHT — KoHTpona.
Meproan Ha BHacsHe Ha TOpoBeTeE:
- Arpndoyn — NpuIoXeH neTkpaTHo

OT Haya/lIoTO Ha BeretauuAta npes
nepuog ot 15-20 aHu;
- TekammH ®naybp — BHeceH

OBYKpaTHO. lMpunaraH npean UbTeEX U
no BpeMe Ha obpasyBaHe Ha 3aBpb3;

- TekHoken AmMuHO Ca — BHeceH
OBYKpaTHo. [lpunaraH cnepg ubgTex u
Mecey, npeaun npubupaHe Ha pekonTara,;

- Yara Mila Complex — BHeceH
efiHokpartHo npes 2016r;

- AMOHMeBa cesinTpa — BHeceHa
efHokpaTtHo npe3 2017r — 0.220 kg/abpBo;

- YaraVita  Frutrel —  BHeceH

yeTMpukpaTHo. MbpBO BbLB (pasa 3MMHU
Nbhkn, BbB hasa 6511 6YTOH, N0 BpEME Ha
obpasyBaHe Ha 3aBpb3 UM Mecel npeau
npubnpaHe Ha pekonTara,

MATERIAL AND METHODS

RIMSA-Troyan, the plum plantation
of the German cultivar 'Tegera’ was
created in the spring of 2001. The trees
are planted in trenches with organic
stockpile fertilizing with manure (130 kg/1
m?) at planting distances of 4/2.5 m.

The row spacing is grassed with tall
fescue and the intra row spacing is kept in
black fallow. The cultivar is grown
according to its agro-technical
requirements.

The experiment with the following
fertilization variants was set in the spring
of 2016:

-1 variant - Bio-fertilization -
including fertilizers: Agriful (soil) — 5 l/da,
Tecamin Flower (leaf) — 0.3%, Tecnocel
Amino Ca (leaf) — 0.4%;

- II variant — Conventional — Yara
Mila Complex (soil) — 0.500 kgltree,
YaraVita Frutrel (leaf) — 0.500 ml/da, Yara
Vita Universal Bio (leaf) — 0.500 ml/da;

- Il variant — Granulated Chicken
Manure - 0.500 kg/tree;

- IV variant — Control.

Fertilization periods:

- Agriful — applied five times from
the beginning of the vegetation for a
period of 15-20 days;

- Tecamin Flower — 2 applications.
Applied before blossoming and during the
formation of a fruit-set;

- Tecnocel Amino Ca - 2
applications. Applied after blossoming and
a month before harvesting;

- Yara Mila Complex — 1 application
in 2016;

- ammonium nitrate — 1 application
in 2017 - 0.220 kg/tree;

- YaraVita Frutrel - four
applications. The first application was at
the phase of winter buds, at the phase of
white button, at the fruit-set formation and
a month after the harvest.
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- Yara Vita Universal Bio - BHeceH
TpukpaTtHo. [lpwnaraH npegu W cneg
LubdTex 1 cnes npubupaHe Ha pekonTara;

- MpaHynupaH nunewkn TOp -—
BHeceH efHoKpaTHo npe3 2016r.

Bcekn BapmaHT Ha TOpeHe BK/IHOYBa
no YyeTmpu abpeeTa.

CbrnacHo metogvkara 3a usydyasa-
He Ha pacTtutenHute pecypcu (Nedev et
al., 1979) ca oTtueTeHn BereTaTnBHUTE "
PenpoayKTMBHY NOKa3aTesiv Ha OBOLLHUTE
AbpBeTa:

- O6ukonka Ha cTBosia (cm)

- BucounHa Ha kopoHute (m);

- lupwuHa Ha kopoHuTe no pega (m);

- lUnpuHa  Ha  KOPOHUTE  KbM
vexaypeaune (m);

- O6em Ha KopoHuTe (M3);

- ObmKMHa Ha epgHorod. npupact
(cm);

- CymapeH egHorog. npupact (cm)

- Maca Ha nnoga (g)

- fo6us ot AbpBo (kg)

PE3SYNTATV N OBCBbXOAHE

MpocnepexHnTe BeretaTMBHU MOKa-
3aTenu npu cAnBoB copT “Terepa” ca no-
coueHn B Tabnuua 1. OT pe3yntatute ce
BXKAA, Ye npe3 [ABeTe roAvHW Ha Bere-
Tauus, cnef nposefeHoOTo TOpeHe, B pas-
NMYyHUTE BapuaHTn ce Habnwpasa Ha-
pacTBaHe Ha CTBOJIOBETE, Hal-CUHO W3-
paseHo npu KOHBEHLMOHa/IHOTO TOPEHE —
49,18 cm (2016r.) n 50,25 cm (2017r).

B nepvoga Ha nbpBaTa ONUTHa
rofiHa KOpoHWTe Ha CNNBOBUTE AbpBeTa
ca C Hail-ronama cpefHa BWUCO4YMHA Mpu
6uo TopeHeTo — 5,42 m. 3a cpaBHeHue
ObpBeTara OT KOHTPOJIHUA BapuaHT ca
CbC cpefgHa cToiHocT oT 4,11 m. 3a
2017r. € Hali-BUCOKM pe3yntatu no
OTHOLUEHME Ha BWCOYMHA, LWKUPUHA NO
pefa v KbM Mexaypeaneto ce oTnyvasa
BapuaHTBLT Ha TOPEHEe C MUELLKN Top.

- Yara Vita Universal Bio - 3
applications. Applied before and after
bloom and after harvest;

- Granulated chicken manure — one
application in 2016.

Each fertilizer variant includes four
trees.

According to the methodology for
study of plant resources (Nedev et al.,
1979) the vegetative and reproductive
indicators of the fruit trees are taken into
account:

- Trunk diameter (cm)

- Crown height (m);

- Crown width in the row (m);

- Crown width in the row spacing

(m);
- Crown volume (m3);
- Annual shoot length growth (cm);
- Total annual shoot length growth
(cm)

- Fruit weight (g)
- Yield per tree (kg)

RESULTS AND DISCUSSION
The following vegetative indicators
for 'Tegera’ are shown in Table 1. The
trunk grew in both years in the vegetation
period, after the fertilization.

The most pronounced was the variant of
conventional fertilization — 49.18 cm (2016
g) and 50.25 cm (2017).

During the first experimental year,
the plum tree crowns have the highest
average height in the variant of organic
fertilization — 5.42 m. For comparison, the
trees of the control variant have an
average of 4.11 m. In 2017, the variant of
chicken manure showed the highest
results in terms of height, width in the row
and in the row-spacing.
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Tabnuua 1. BeretaTMBHU NokasaTtesin rnpu copt “Terepa” 3a nepmoga 2016-2017r.
Table 1. Vegetative indicators of 'Tegera’ cultivar for the period 2016-2017

BucounHa LupuHa Ha Wunpuna Ha [bmkuHa Ha CymapeH
O6wukonka p KopoHuTe kKbM  O6em Ha ymap

MNokasaTtenu Ha cTBOMa Ha KopoHuTe Mo Mexaypeave  KopoHute EAHOTOA. EAHOTOA.

> KOpOHUTE pepa S npupact npupact

Indicators Trunk Crown Crown width Crown width in Crown Annual shoot Total annual
BapwuaHt/Variant diameter ) ; the row volume
height in the row . 3 length growth shoot length
cm spacing m
m m m cm growth cm
2016
gﬁ)”?e:t‘l’lf’g::) N 45,95 5,42 3,78 4,88 26,59 9,24 36,97
ggr?::ne;;;opm 49,18 5,05 373 3,95 19,49 7,50 30,01
'(':'h'l-'clf(’;f]ﬂ‘gnﬁz 44,55 4,57 3,75 3,86 17,31 10,03 40,12
g/orf?rgpona 42,60 411 3,87 3,41 14,25 7,90 3161
St error 1,38 0,28 0,03 0,31 2,62 0,59 2,35
St Dev 2,77 0,57 0,06 0,62 5,25 1,17 4,69
CV % 6,08 11,91 1,63 15,33 27,03 13,55 13,53
LSD o5 ns 0,74 ns 0,62 7,78 1,84 -
2017
Lo Topene 47,00 5,27 3,32 4,01 18,52 10,28 41,12
EE,?&':&?;‘,;;""S”S 50,25 5,16 3,56 3,96 19,09 9,21 36,86
'(':'h'l‘;'(’;iﬁgn?rz/ 45,95 5,40 3,89 4,32 23,81 8,55 34,19
g/oiri?rgpona 42,48 383 2,86 3.13 8,99 10,48 41,93
St error 1,60 0,36 0,22 0,25 3,10 0,45 1,82
St Dev 3,20 0,73 0,43 0,51 6,21 0,91 3,64
cV % 6,88 14,85 12,72 13,20 35,29 9,46 9,46
LSD o5 ns ns 0,94 ns 9,59 ns -

MonyyeHuTe pesyntatu 3a o06em
Ha KOpOHWTEe 3Ha4uMTesIHO Bapupart npes
nepvoja Ha oTyMTaHe 1 nopaan Tosa ca
C NO-BUCOK KOe(UUMEHT Ha Bapuauus,
CnpsAMO oOcCTaHa/uTe nokasaTtenu. [llpes
nbpBaTa rogvHa c Hai-ronsm obem ca
KOpOHMTE Ha AbpBeTara OT BapuaHTa C
6uo TOpeHeTo — 26,59 m®, a npes
cnegsawa 2017r. npy Te3n OT NUIeLKna
Top — 23,81 m°. U npe3 gseTe roauHu
OBOLLHMTE [AObpBeTa OT  KOHTPOJIHUA
BapuaHT ca C Hal-HUCKM pesynTaTty,
cbOTBETHO 14,25 m®1 8,99 m®.

Mo OTHOWEHWe Ha efHOroAMLLHKA
npupact Moxe fda ce OTyeTe, 4Ye TOli e
cpaBHUTEsIHO MasTbK. Mpes3 nbpBaTa 2016 T.
Hail-ronsAima cpefHa Ab/HKMHA € n3mepeHa
npu BapuaHTa ¢ nunewkns Top — 10,03 cm,
cnefBaHn B HU3XOAALL pej, OT Tesn Ha 6uo
TOpPEHEeTO, KOHTpo/aTa U KOHBEHLMOHA/THO-
To TOopeHe (CV-13,55%). CpefHuAT cyma-

The results of the crown volume
significantly fluctuate during the reporting
period due to a higher coefficient of
variation compared to other indicators.

In the first year, the trees with the bio-
fertilization variant have the largest
volume — 26.59 m° and in 2017 those
with the chicken manure — 23.81 m>. In
both years, the fruit trees from the control
variant have the Ilowest results,
respectively 14.25 m* and 8.99 m®.

The annual shoot length growth is
relatively small. In the first year (2016),
the largest average length was measured
in the chicken manure variant — 10.03
cm, followed in descending order of bio-
fertilization, control and conventional
fertilization (CV-13.55%). The average
total annual shoot length growth follows
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pPEeH efgHoroAMleH npupacT cnejsa cbllia-
Ta nocnepoBaTenHocT. 3a 2017r., Hai-
BUCOK CpefieH WU CymapeH efHoroguileH
npupact e OT4yeTeH npu AbpBeTata oOT
KOHTPOMIHUS BapuaHT — 41,93 cm, a Haii-
Ma/TbK € OT BapuaHTa C Nuelkus Top —
34,19 cm. BepoaTHa npuuMHa 3a Mo-
HUCKUTE CTOMHOCTM Ha nokasaTtenss oT
BapuaHTUTE C KOHBEHLMOHa/THOTO TOPEHe U
Ha MWIELWKMa TOp € MOSyYEeHUAT NO-BMCOK
[o6uB Ha NnogoBe OT TSX.

OT4yeTeHnTe PenpoayKTUBHU NPOS-
BW 3a Wu3NUTBaHWA nepuon ca npen-
cTaBeHu B Tabnuua 2.

the same sequence. For 2017, the
highest average and total annual shoot
length growth was recorded for the trees
of the control variant — 41.93 cm, and the
smallest in the chicken manure variant -
34.19 cm. The probable cause for the
inferior values of the conventional
fertilization and chicken fertilizer variant is
their higher fruit yield.

The reported reproductive
performance for the experimented period
is presented in Table 2.

Tabnuua 2. PenpoayKTMBHU NPOsSiBU Ha copT “Terepa” 3a nepmoga 2016-2017r.

Table 2. Reproductive manifestations o

f 'Tegera’ cultivar for the period 2016-2017

Mokasatenu / Indicators Mapa 7104 'D'OGV'B oT ABPBO
) Fruit weight Yield per tree
BapwuaHT / Variant
g kg
2016
| Brno TopeHe/Bio-fertilization 30.00 1.05
Il KoHBeHu,. TopeHe/Conventional fertilization 32.40 2,01
Il Mnnewkn Top/Chicken manure 31.20 2,81
IV KoHTpona/Control 29,20 1,47
St error 0,70 0,38
St Dev 1,40 0,76
CV % 4,56 41,39
LSDg o5 ns ns
2017

| Bruo TopeHe/ Bio-fertilization 31,16 14,30
Il KoHBeHu,. TopeHe/ Conventional
fertilization 28,12 33,92
Il NMunewkn Top/ Chicken manure 29,96 21,55
IV KoHTpona/ Control 24,48 17,42
St error 1,46 4,30
St Dev 2,91 8,61
CV % 10,25 39,50
LSDy. 05 1,82 13,67

3a 2016r. cpegHata maca Ha eaviH For 2016, the highest average
nnog € Haih-Bncoka npu KoHeBeHumoHan- | weight of one fruit was found in
HOTO TopeHe — 32,40 g, cnegBaHa OT | conventional fertilization — 32.40 g,

BapuaHTa C NueLLK1s Top, 610 TopeHe U
koHTponata. Mpe3 cneppallata roauHa,
Hali-BiICOKA CTATUCTUYECKM [AoKasaHa
cpeaHa CTOMHOCT 3a efjpvHa Ha njoja e
oTyeTeHa Npu BapuaHTa Ha TpeTupaHe c
610 TOpoBETE OT MbPBU BapuUaHT, C

followed by the chicken manure, bio-
fertilizer and control. In the following year,
the highest statistically proven mean
value for fruit size was recorded in the
variant of bio-fertilizers of the first variant,
with a result of 31.16 g, compared to the
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pesyntat ot 31,16 g, cnpAMo oT4yeTeHarTa
npu KoHTponata 24,48 g.

CpefHusatr o6 Ha nnofgose 3a
2016r. e Hai-BMCOK Mpu TPeTn BapuaHT
(nmnewkn TOp) — 2,81 kg/AgbpBO U HaW-
HUCBK MpPK NbpBU BapuaHT (1Mo TopeHe) —
1,05 kg/gbpBo. Kato usino mMasikoto Komu-
4ecTBO MJIOLOBE MpPU BCUYKM BapuaHTu
npe3 cbOTBETHATA rofMHa e B pe3ynTaTt Ha
HUCKMTE Temnepatypu No Bpeme Ha ubd-
Texa, BOJewM [0 M3MPb3BaHe U U3CbX-
BaHe Ha niogHuum n 6nmusanua. OTtyete-
HUAT [O6MB OT BapuaHTUTe npes3 crejsa-
wara 2017r. e 3Ha4YMTENHO NO-BUCOK. Haii-
MHOrO C/IVBOBW N/IOJ0OBE Ca NOJlyyeHu OT
BapuaHTa C KOHBEHLMVOHa/IHOTO TOpeHe —
33,92 kg/abpBO, a Hal-mManiko nNpu TO3n Ha
6uo TopeHe — 14,30 kg/abpBo. 3HAaUNTETHO
BapupalmaT gobus 1 npes ABeTe OMNUTHU
rOAVHU MeXAay pasnuuHuTe BapuaHTh Ha
TOpeHe onpefensaT BUCOKUSA BapuaLvoHeH
koedmumeHt oT 41,39% 3a 2016r. un
39,50% 3a 2017r. Pasnukute ca martema-
TUYECKN JoKa3aHW.

N3BOAN

Bb3 ocHoBa Ha nony4yeHuTe [ABYro-
OVLIHN JaHHW, MOXeM Aa 0606LWWmM, Ye npu
CNMBOB copT “Terepa”, MpPUMIOXEHOTO KOH-
BEHUMOHA/IHO TOPEeHe OKa3Ba MoJIOXUTESTHO
Bb3AeliCTBME BbPXY MO-BUCOKNTE CTONHOCTM
Ha obuKonkaTa Ha CTBOJIOBETE Ha OBOLL-
HUTe pabpeeta. [lMpe3 onutHata 2016r. c
Hali-ronsim o6em Ha KOpoHWTe ca AbpBeTa-
Ta OT BapuaHTa Ha 610 TopeHeTo, a npes
2017r. npy nunewkunsa Top. CpegHuAT egHo-
rofuLeH n cymapeH npupacT npes nbpsata
roovHa e HaW-BMCOK Mpu MuneLlkus Top,
KaTo npe3 cnejsaw@ara C Hai-BUMCOKM
CTOMHOCTU € NPV KOHTPOJTHUS BapuaHT.

Hesasucumo OT Huckusa p[obus, B
pesyntat OT MOHWKEHMETO Ha Temnepa-
Typarta Ha Bb3fyxa Mo Bpeme Ha ubrexa,
JoBena [0 U3Mpb3BaHe M M3CbXBaHe Ha
nnogHvuM 1 6nmsanua npes 2016r. u 3Ha-
YWUTESIHO MO-BUCOKOTO KOSIMYECTBO MonyYe-
HU nnogose 3a 2017r., BapuaHTUTE Ha
KOHBEHLMOHAIHO TOPEHE U NMUELLKM TOP U
npes ABeTe roAuvHW ce OT/MyaBaT C Haii-
BUCOK A00uB.

24.48 g control.

The average fruit yield in 2016 is
the highest in the third variant (chicken
manure) — 2.81 kg/tree and the lowest in
the first variant (bio fertilization) — 1.05
kg/tree. In general, the small amount of
fruit in all variants during the year is the
result of low temperatures during
blossoming, resulting in frost and drying
of ovary and stigma. Reported yield from
variants in the next 2017 is significantly
higher. The highest amount of plum fruits
are obtained from conventional
fertilization — 33.92 kg/tree, and at least
from organic fertilizers — 14.30 kg/tree.
The high variation coefficient of 41.39%
in 2016 and 39.50% in 2017 was
determined by the significantly variable
yield over both experimental years
among the different fertilization variants.
Differences are mathematically proven.

CONCLUSIONS

The conventional fertilization has a
positive impact on the higher values of
trunk diameter in 'Tegera’ plum cultivar.

The greatest crown volume was found in
bio-fertilization variant in 2016, and in
2017 in the variant with chicken manure.

The highest average annual shoot length
and total growth was in the first year in the
chicken manure variant, as in the next
year the highest values were found in the
control variant.

Despite the low yield, resulting from
the decrease in air temperature at the
time of blossoming, leading to freezing
and drying of ovary and stigmas in 2016,
and the significantly higher quantity of fruit
produced in 2017, the conventional
fertilization options and the chicken
fertilizer have the highest yield over both
years.
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PE3IOME

YnpaBneHneTo Ha MNOSMBHUA NPO-
Lec ce oCHOBaBa Ha pasHoobpasHu MeTo-
[V 3a oueHka Ha atMocyepHU, NOYBEHM 1
pactutenHn napameTpu. Cuuta ce, e
Bb3MOXHOCTTa 3a W3MepBaHe Ha efHu
WA Opyrn pacTUTeNHW rfokasatenu e
npeaMMCcTBO, AOKO/IKOTO OCUTypsiBa HEMO-
cpeacTBeHa MHhopmauust 3a BOAHMA cTa-
TYyC Ha KynTypHuTe pacteHus. Taka Ha-
npumep 6apokamepaTa (pressure bomb)
n3MepBa noTeHuuasa Ha BogaTa B /iucTa-
Ta unn CcTbb/0TO, KOWTO AMPEKTHO ce
CBbp3Ba C pacTexa WM eBeHTyaslHO C
HMBOTO Ha BOAHMA CTpec B pacTeHuATa.
ZIM coHfiaTa e 6e3paspylumTenieH CceH-
30p, KOWTO OTUMTa U3MEHEHMATA B Typro-
pa Ha nMcTata npu OBOAHSBAHE WM BO-
JeH cTpec. [eHgpomeTpuTe u3mepsar
U3MEHEHNS] OT Mopsiibka Ha MWKPOHM B
pasmepa Ha BeretTaTuBHUTE opraHu (nso-
[OBe, K/MOHM, CTb6/10) Mpu OBOAHSABaHE
WM BOAEH CTPEC, AOKOMKOTO CbOTBETHU-
Te MW3MEeHeHMs BbB BOAHUA 3anac Ha
TbKaHUTE NPUYUHABAT TAXHOTO pasLlunps-
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SUMMARY

The irrigation management is
based on various methods for estimation
of  atmospheric, soil and plant
characteristics. The possibility to measure
one or another plant characteristic is
considered to be advantageous, because
it provides immediate information about
the crop-plants water status.

Thus, for instance, the pressure chamber
measures the leaf/stem water potential,
which is directly related to the growth or,
eventually, to the level of water stress in
plants. The ZIM-probe is a non-
destructive  sensor measuring  the
changes in leaf turgor caused by their
watering or by water stress.

Dendrometers measure changes of the
order of microns in the size of vegetative
organs (fruit, branches, stem), as far as
the respective changes in the tissue water
storage make them to swell/shrink.
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BaHe WM cBuBaHe. MeToguTe Ha
TOMIMHHMA GanaHc/MMNync cnyxaTr 3a
n3MepBaHe Ha TpacnupauvoHHNA MOTOK B
cTbbnata Ha pacTeHusaTa W U3pasxof-
BaHata oOT TaX Bofa. HdpayepseHaTa
TepMoMeTpusa usmepsa 6e3 aupekTeH
M3MYECKN KOHTAaKT pasfnvkata Mexay
TemnepaTtypara Ha pacTuTenHara mnok-
pvBKa M Ta3n Ha OKOJIHMA Bb3OyX, yYpes3
KOATO pas/iMka ce Cbau 3a BOAHWUA cTaTyc
Ha pacteHuaTa. MopomeTpuTeE N NHApPa-
YyepBEHNTE rasosy aHaNM3aTopu UMep-
BaT YycTMyHaTa MPOBOAMMOCT, KOATO €
UHOMKaTop 3a BOAHWA CTpec B pac-
TeHusATa. [NoBeyeTo OT N36POEeHNTE MeTo-
AW nossBonsAsBar BMCOKA YecToTa MU
aBToMaTMsMpaHe Ha  u3MepBaHuATa,
KOeTo 1 npasu noaxoadawy 3a efHa
MHopMaLMOHHO-CbBETBALLA cUCTEMA 3a
yrnpaB/ieHue Ha HanosiBaHeTo, cBexaalla
B peasiHO BpeMe MHgopMaLmnsa U MHCTPYK-
UM A0 MOOW/THO YCTPOWCTBO (TenedhoH)
Ha npoussogutenmTe. [pegmetr Ha
JOMbNHUTENIHA ONTUMK3AUMA e BPoAT Ha
CeH3opuTe Ha eguHuLA NoLLY, Taka vye fa
ce rapaHTMpa Heobxogumata npefcra-
BUTENHOCT Ha U3MepBaHuATa.

KntouoBu gymu: 6apokamepa, ZIM-
COHAA, AEHAPOMETBP, TON/IMHEH GanaHc u

UMMy/C, UWHgpauepBeHa TepMoMeTpus,
NopOMEeTHP, UHpaUepBeH ra3oB aHa/IM3aTop

OBoOLWWHMTE KyNTypu ce passuBat
HOpMa/IHO U MposiBABAT B MakcMMasiHa
CTeneH cBoWTE NPOAYKTUBHU Bb3MOXHOC-
TW, ako ca 3aJ0BOJIEHN MOTPEeBHOCTUTE
UM OT Boga npe3 uanarta Beretauusi. Oc-
HOBHM M3TOYHWULM Ha BOAA 3a OBOLLHUTE
pacTeHusi ca BOAHMAT 3arnac B noysaTta
OT NpeALlecTBall Beretauusita Basexm,
BereTauvoHHMTE Ba/IEXU 1 HanosiBaHeTOo.
Mpy eauMH TEeXHONOTUYHO U3 bPXaH
MOJSIMBEH PEXUM TPAINKBLT Ha NOSIMBKUTE
1 pa3MepbT Ha NOJIMBHUTE HOpMU TpsibBa
Aa 6bae cbobpaseH ¢ 0cobeHOCTUTE Ha
KynTypata W XapakTepucTuKMTe Ha
kKnMmata M nodysarta. [lnaHMpaHeTo u
ynpaBfiEHNETO Ha MOSIMBHUS MpoOLLEC ce
OCHOBaBa Ha pa3HOO6pas3HM MeToaM 3a

The heat balance/pulse methods are used
to measure the transpiration flow in the
stems, which is indicative of the water
used by plants.

The infrared thermometry measures,
without direct physical contact, the
difference between the ambient and the
canopy temperature which is indicative of
the plant water status.

The porometers and the infrared gas
analyzers measure stomatal conductivity,
which is related to the water stress levels.

Most of the listed methods enable high
frequency and automation of the
measurements suitable for an irrigation
management information system, bringing
in real time information and instructions to
a farmer’s mobile device (telephone).

The number of sensors per unit area is
subject of additional optimization against
the necessary representativeness of the
measurements.

Key words: pressure chamber,
ZIM probe, dendrometer, heat balance
and pulse, infrared  thermometry,
porometer, infrared gas analyzer

INTRODUCTION

Fruit crops grow normally and
exhibit  their maximum  productive
potential if their water requirements are
met throughout the vegetation season.
Water for the fruit plants is provided
mainly by the storage accumulated in the
soil prior to vegetation, rainfalls during the
growing season and irrigation.

The regime of irrigation is technologically
consistent when both the timing of
applications and the application rates
conform with the crop specificity and the
climate and soil characteristics.

and
various

scheduling
based on

The irrigation
management is
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OueHKa Ha atmMocepHu, NOYBEHU N pac-
TUTEeNHN napameTpu (Boyer, 1995; NEH
15-1, 1991). CuuTa ce, 4e Bb3MOXHOCTTa
3a onpegensHe/usmepBaHe Ha efHU Unu
Opyrv pactuTeniHM nokasatenu e npe-
LMMCTBO, [OKOJIKOTO OcuUrypsiBa Henocpes-
CTBEHa MHAopMaumsa 3a BOAHMA CTaTyc
Ha KynTtypHute pacteHus (Smith and Allen,
1996; Jones, 2007; Fernandez, 2017).

BusyasnHo
BOAHWA CcTaTyC

MoBeyeTo BMAUMU CUMMTOMMU Ce OT-
KpvBaT MbpBO MO sicTara u ce nspasasart B
3abaBeH pacTex, npomMeHeHa dopma U
npoMsiHa B Mo3uuuMsaTa CNpsMO C/TBHLETO.
O6UKHOBEHO BU3yaslHUTE CUMMTOMU Ce
nposiBABaT Cnepj kato pacTeHusTa Beye ca
[OCTUTHaUIM BMCOKN HMBA Ha BOJEH CTpec,
KOWTO MOHWXaBaT HeobpaTumo fobusa u
KauyecTBOTO Ha Nnofosete. Te3n HexenaHn
edpekTn MmoraTt ga 6bgatr wmsberHatm c
M3NoN3BaHeTO Ha WHAOMKATOPHW pacTeHus,
KOUTO ca MO-4yBCTBUTE/IHM Ha MOYBEHO
3acylwiaBaHe ¥ curHanusupar 3a Heoo6-
XOAMMOCTTa OT HanosiBaHe npeau BOAHWUAT
CTPecC B KyNTypHUTE pacTeHns Aa [OCTUTHe
KPUTUYHM CTOMHOCTU. HSKONKO OT KynTyp-
HWUTe pacTeHus CbLO Morar ga 6baar npe-
BbpHaTN B MHOMKATOPHW, KATO KOpeHoBaTa
UM cucTema 6uBa orpaHuMyeHa ypes mexa-
HUYHM Gapvepyu UM NbK BOJO3a4bPXKA-
lwaTta cnocobHOCT Ha no4ysaTa B obxBaTa
Ha KopeHoBaTa cuctema 6bAe HamasieHa
ype3 cmecBaHe Ha noysarta c nsacbk (NEH
15-1, 1991).

onpeaensiHe  Ha

N3mepBaHe Ha BOAHWA NOTeHUMasT

BogHuAT noTeHuMan AUPEKTHO ce
CBbp3Ba C pacTexa WU €eBEHTyasIHO, C
H/BOTO Ha W3NWTBaHMA OT pacTeHusTa
BoAeH cTpec. MoTeHunansT Ha BojaTta B
nuctata u cTtbbnara Ha pacTeHusiTa ce
n3mepsa ¢ 6apokamepa (Scholander et al.,
1965). OcHOBHM efieMeHTn Ha 6apokame-
paTa ca kamepa, MaHOMETbp, cnupaTeneH
KpaH u 6yTunka ¢ asoT nog Hansarade. Mpu
U3MepBaHe OTKbCHAT JIUCT OT pacTeHUeTo
ce nocTtaes B 6apokamepara, kato yact oT
OpbXKaTa ce ocTaBs Ja CTbpyYM HaBbH
npes ynnbTHABALWA Tana. o npesymnuus,
C OTKbCBAHETO Ha NNCTa, CbabpXallaTa ce

methods for assessment of atmospheric,
soil and plant parameters (Boyer, 1995;
NEH 15-1, 1991). The opportunity to
determine/measure one or the other plant
parameter is considered advantageous,
because it provides firsthand information
about the water status of the crop (Smith
and Allen, 1996; Jones, 2007;
Fernandez, 2017).

Visual estimation of the water
status

Most visual symptoms are firstly
detected on leaves and are expressed by
retarded growth, changed shape and
altered position in relation to the sun.
Usually, the visual symptoms become
visible when the plants have already
reached high levels of water stress, which
cause irreversible reduction of the yield
and the fruit quality. These undesired
effects can be avoided using indicator
plants that are naturally more susceptible
to soil water deficits and provide a visual
signal for a needed irrigation before the
plant water stress reaches critical values.

Some of the crop plants can be turned
into test plants as well, either by
restriction of their root systems using
mechanical barriers or by planting them
in a soil that is mixed with sand to reduce
its available water storage (NEH 15-1,
1991).

Measuring the water potential

The water potential is directly
related to the plant growth and,
eventually, to the level of the water stress
developed in plants. The water potential
in leaves and stems is measured using a
pressure chamber. The primary features
of the pressure chamber are the
chamber, pressure gauge, control valve,
and a small nitrogen-gas tank to serve as
a pressure source. To start the
measurement, a leaf is cut from the plant
and placed into the chamber leaving
sufficient petiole length to extend through
a sealed stopper. Presumably, once the
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B KCuiema Boja 6uBa 3acMykaHa HaBbTpe
nopagu pasjuvkata Mexay Mo-BUCOKOTO
aTMOCc(hepHO HanaraHe W HUCKUA BOAEH
noTeHuvan B MNPOBOAALLIMTE €/eMEHTU Ha
kcunema. C MOCTENEHHO pasBMBaHe Ha
KpaHa a30THMAT ra3 HaB/nM3a B kamepaTta,
yBENMuaBaiku MNOCTENEHHO HaAaraHeTo
BbpPXY /IUCTa, KOETO M3T/ackea BojaTta B
Kcunema obpaTtHO KbM  OTpe3a Ha
OpbxkaTa. [lMpuema ce, 4ye B MOMEHTa,
Korato B Kpas Ha gpbxkata ce obpasysa
Karnka OT u3T/iackaHaTta OT Kcunema BoAa,
HandraHeTo B KamepaTa CbOTBETCTBA Ha
BOAHMS MOTEHUMan B KCuiema Ha sucta
npean oTKbCBaAHETO My.

3a onpegensHe Ha CTbOMEHUS
BOAEH MOTeHUuan ce u3bupa nucT, pas-
nosioxeH 6nu30 Ao cTubnoTO WAKM Ao
ckeneTeH KknoH. EpuH-gBa vaca npegwn
U3MepBaHeTO NUCTLT TpsAGBa Aa ce 3aBue C
HenpospayeH HenponyckiMB MaTepuan
(nognnateH c PONO KHMKEH MN/MK), Taka
ye fga ce npeausBMKa 3aTBapsiBe  Ha
ycTuuaTa M cnupaHe Ha TpaHcnupauusita.
CunTta ce, 4Ye npu Te3n ycnoBuUs BOAHUAT
noTeHuvan B /MCTa € efHaKkbB C TO3M B
cbbioto. TpsAbea fa ce otbenexun obauve,
ye oTyeTUTE OT 6Gapokamepara ce Mpo-
MEHAT 3HAYMTENHO Npe3 AeHs: CTOWHOC-
TUTE Ha BOAHUSI NMOTEHUMAN ca Hali BUCOKU
npeau W3rpeB CAbHUE W Hal-HUCKM NOo
obea. ToBa ca W Haill-nogxoasuwmute
MOMEHTM OT AEHOHOLLMETO 3a U3MepBaHUs
C Uuen ynpasneHWe Ha HanosiBaHeTo,
3all0To ToraBa OTYeTUTE Ce cTabunuaupar.
Hskon pactuTtenHu Bugose obadye ycnssat
Ja noaabpxaT OTHOCUTESTHO MOCTOSIHEH
BOAHMSA CWM cTaTyc, upe3 3aTBapsHe Ha
ycTuuaTa npv nosisata Ha BOAeH CTpec uiu
ypes ocmoperynauus, KOeTo U3KpMBsBa
oTyeTUTE Ha Gapokameparta npu obegHuTe
U3MepBaHuns Ha BOAHMS NoTeHuman. B Tesmn
cyyaun  M3MepBaHuMATa Npeau  U3rpeB
CMTbHUE ce cuuTaT 3a no-HagexaHu. O6Lo-
NMPUETO € CbLLO Taka, Ye CTbOIeHNAT BOAEH
noTeHuman e no-afekBaTHUAT WHAMKATOp
3a BOAHMS CTaTyC Ha pacTeHusiTa.
Mpoueaypata Ha M3MepBaHe He MOAEeXM
Ha aBTOMaTM3auusl. MeToabT ce M3Mon3Ba
rnaBHO 3a m3cnegosatencku uenu (Boyer,
1995; UC-ANR, 2014; Fernandez, 2017).

petiole or spur is severed, water
withdraws within the xylem vessels,
because of the pressure difference
between the higher external

(atmospheric) pressure and the water
potential inside the conducting tissue.
Through unwinding the valve, the
nitrogen gas is let to enter the chamber
pressurizing the leaf and forcing the
water in the xylem back to the cut petiole
surface. It is presumed that the positive
chamber pressure in this moment
matches the negative potential of the
xylem water before cutting the leaf.

The stem water potential is
measured using a leaf located close to
the stem or to a limb. One-two hours
before the measurement, the leaf has to
be wrapped in an opaque water/vapor
impermeable material (foil lined paper
bag) in order to induce stomatal closure
and prevent transpiration. It is presumed
that under these conditions the leaf water
potential is identical with the stem water
potential. It should be noted, however,
that the pressure chamber readings
change drastically during the day: The
water potential values are highest just
before  sunrise  and lowest  at
approximately solar noon. These are the
most suitable periods of the day for
measurements related to irrigation-
management, because the readings
remain relatively stable. Some crops may
have rather erratic midday readings due
to their ability to maintain relatively
constant water stress, either closing the
stomata or through osmoregulation. In
such cases, the predawn readings are
considered more reliable. The stem water
potential is regarded as the more
adequate indicator of the water stress in
plants. The measurement procedure
cannot be automated. The method is
applicable mainly for research purposes
(Boyer, 1995; UC-ANR, 2014,
Fernandez, 2017).
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M3mepBaHe Ha
npPoOBOANMOCT

Upe3 oTBapsHe © 3aTBapsHe Ha
ycTuuata pacteHusTa perynvpart JIMCTHUSA
rasoobMeH 1 B 4acTHOCT 3arybara Ha Boga
nog opmata Ha BOAHM napu (TpaHc-
nupaumsaTa), KoATo ce obycnassa OT YyCTUY-
HaTa NpoBOAMMOCT. [OKOIKOTO HOpMaTa Ha
TpaHcnmpaumsa e 06paTHO NponopLuoHasiHa
Ha BOAHMSA CTpec, yCTUYHaTa npoBoAvMOCT
Ce 13Mnon3Ba karo WMHAMKATOp 3a BOAHMA
cTaTyc Ha pacTeHusiTa. 3a M3MepBaHEeTo i
ce u13nosnssar nopomMeTpu wnu wuHdpa-
yepBeHW ra3oBWM aHanusatopu. W pgBata
WHCTPYMEHTa Ca CbOPBbXEHW C Kamepa, B
KoATO ce u3onupa, 6e3 ga ce otaens ot
pacTteHneTo, uan NANCT WAKM YacT OT Hero.
MeToabT ce OcCHOBaBa Ha 6OanaHca Ha
mMacarta Ha Bojarta BbB Bb3AyLUHUA MOTOK,
npoTuyaly, npe3 kamepata. B cnyuyain uye
NIUCTHaTa KyTUKy/na e nponycknuea, ana-
patbT M3MepBa /MCTHaTa MNPOBOAUMOCT.
Mpouenypata Ha M3MepBaHe He NoAIexu
Ha aBTOMarusauus. MeToAbT ce M3Mnon3sa
rnaBHO 3a u3cnepgosartesicku uenu (Pearcy
et al., 2000; Fernandez, 2017).

yCTU4YHaTa

VHdpauepBeHa TepMoMeTpuUsA

Mpn TO3M MeToL 6e3 AupekTeH
hr3nyecKn KOHTaKT ce u3MepBa pasnukara
Mexay Temnepartypata Ha pacTuTenHarta
NOKpUBKA (T ycra) M TA3M HA OKOJTHUS BBb3AYX
(Tewsnyx): UPE3 KOATO C€ CbAU 3a BOAHMA
cTatyc Ha gbpeeTaTa. lNpe3ymnuuaTa e, ye
TemnepaTyparta Ha o6pe BOAOCHa6AeHNTE
pacTeHusi e cpaBHUTE/THO NO-HWUCKa B Cref-
CTBME Ha MHTEH3MBHATa TpaHcnupauus, fo-
KaTo CbC 3acyllaBaHeTO W pas3BMTVETO Ha
BOJEH CTPEC B pacTeHusiTa TsAxHaTa Temne-
paTypa ce nosBuwasa. Bb3 ocHoBa Ha
TemnepatypHaTta pasfvka ca paspaboTeHu
WHOekcn Ha BogHus ctpec (WSI) kato
WHAMKATOPW 3a HyXaata OT HarnosiBaHe.
ToBa ca eMnNMpUYHM 3aBUCMMOCTM OT BUAA
WSI = f(Thera Tonanyx): KOUTO OCBEH
TemnepaTypHaTta pasfvka otuiTaTt u BAus-
HVEeTO Ha Apyru hakTopy Ha OKosiHaTa cpe-
Ja. OCBeH 3a ynpaB/fieHVe Ha HanosiBaHe-
TO, MH()payepBeHaTa TEPMOMETPUS MOXE
Ja ce u¥3non3Ba W Kato MHAMPEKTeH
nokasaren 3a BOJHWUA 3anac B aKTWBHUS
nouseH o06emMm WM  3a  yCcTUYHaTa
NpoBOAMMOCT Ha fcTata. V3mepBaHusaTa

Measuring the stomatal
conductance

Plants use stomatal opening and
closure to regulate the leaf gas exchange
and, particularly, the water loss in vapor
state (transpiration), which is governed by
the stomatal conductance. Because the
transpiration rate is in inverse proportion
to the water stress, stomatal conductance
is used as an indicator for the water
status of plants. The  stomatal
conductance is  measured using
porometers and infrared gas analyzers.
Both instruments have a chamber in
which an intact leaf or part of it is isolated
without detaching it from the plant. The
method is based on the mass balance of
the water contained in the air flowing
through the chamber. When the leaf
cuticle is permeable, the apparatus
measures the leaf conductance. The
measurement procedure cannot be
automated. The method is applicable
mainly for research purposes (Pearcy et
al., 2000; Fernandez, 2017).

Infrared thermometry

This method relates plant water
status to the difference between the
canopy (Tea) and the ambient-air (Ty)
temperatures, which are measured
without direct physical contact. It is
presumed that the temperature of well
watered plants is relatively lower, due to
the intensive transpiration, while the
development of drought-induced water
stress increases plant temperature. The
need of irrigation is determined by water
stress indices (WSI) developed on the
basis of the temperature difference.

These are empirical relationships of the
type WSI = f(Teas — Tair), Which may also
account for other environmental factors.
Besides irrigation management, the
infrared thermometry can serve as an
indirect indicator for both the water
storage in the root zone and the stomatal
conductance. Readings are taken
between 11:00 and 14:00 hours in a clear
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ce n3BbpuBat mexay 11:00 n 14:00 yaca B
ACHO Bpeme. 3a Lenta ce U3non3sat pbyHU
WH(payYepBeHn TepMOMETpU Uy Tepman-
HW Kamepwu, MOHTMpaHW Ha HMBOTO Ha Kyn-
Typarta, HO CbLLO Taka Ha MayTu, APOHOBE,
camonetu, u carenutu. WMN3obpaxeHusTa,
NnoJsly4eHn OT AUCTaHUMOHHWUTE U3MepBaHus
ocurypsiBat MHgopMaumss U 3a npocTpaH-
CTBEHOTO BapupaHe BbB BOAHUA CTATyC Ha
HacaxzeHneTo. WHdpavepBeHata TepMmo-
MeTpusA Mo iexy Ha aBTomaTu3aums, Ho e
HeHagexaHa npu BATbP WM 06sa4YHOCT,
KOETO OrpaHuyaBa MNpPUIOXEHWEeTo i
(Jackson, 1982; Martin, 2001).

JeHapomeTpuda

[eHpapomeTtpute usmepsar u3MeHe-
HWS OT Mopsifibka Ha MWKPOHM B pa3mepa
Ha pasIMyHu opraHn Ha KynTypHuTe
pacteHnss — cTbb/a, KNOHW, SICTa, KOPEHU
nnn nnogoBseTe — Npeau3BMKaHn oT Bapua-
UMM BbLB BOAHMA WM cTaTyc. lpu BOAeH
CTpec HeJOCTUIbT OT BOJA Ce KoMMneHcupa
OT BOAHWA 3anac B TbKaHuTe, KOeTo npe-
[n3BuKKBa cBMBaHeTOo M. CBrBaHeTO obave
e obpaTyMo npu nocnefBalo OBOAHABaHe
Ha pacTteHveTo. [opagyn pasnmkiTe B HOP-
MaTa Ha TpaHcnupauus npes AeHs U HoL-
Ta, B pa3Mepute Ha HabnwaasaHua opraH
ce HabnwpasaT Bapuauuu, KouTo ca C
[EHOHOLHA LMKANYHOCT. VIHAuKaTopu, us-
Nnosi3BaHu 3a ynpas/ieHVe Ha HanosiBaHeTo
ca MakCMManHOTO [HEeBHO CBUBaHe M
HopMaTa Ha HapacTBaHe Ha CbOTBETHUA
opraH. W pBaTa wuHamkatopa obadve ce
B/IMAAT OT XapaKTepucTUKM Ha Kyntypara
Kato Bb3pacT, COPT, Cuna Ha pacTex,
HaToBapBaHe C njaogose, eHodasu un ap.
HeobxoamMmocTTa OT Tekylla ekcrnepTHa
npeueHka obaye orpaHumyaBa Bb3MOXHOC-
TMTe 3a aBToMaTtu3auus Ha noAMBHUA
npouec. CamuTe AeHAPOMETPU ca 34pasu,
npeunsHn, noaxoAswmn 3a aBTOMaTUYHO
oTunTaHe, CbxpaHsBaHe W TpaHcdep Ha
JaHHuTe. C Te3n yCTpolicTBa BOAHUAT
HeJOoCTUr U CbOTBETHO HeobxoAMMOoCTTa OT
HanosiBaHe Cce YCTaHOBABaT 3HAUYUTESTHO
npeau nosieara Ha BUAMMUTE CUMNTOMU Ha
BOAHUA CTpec W [opv npean nosiBata Ha
U3MEpMMU MNPOMEHW B CTOWHOCTUTE Ha
BOAHUA noTeHunan. OCHOBHUAT npobnem
€, 4Ye MOoHAKora pacTeHuATa pearmpar no
CbLUMSA Ha4YMH U MpU U3INWBK Ha BOodA B

day using either infrared handheld
thermometers or thermal cameras
mounted at the crop level, but also on
booms, drones, planes and satellites.

The images captured by the thermal

infrared remote  sensing provide
information about the spatial variation in
plant water status. The infrared

thermometry can be automated but yields
unreliable data in windy or cloudy
weather, which limits its application
(Jackson, 1982; Martin, 2001).

Dendrometry

Dendrometers  measure  small
changes, of the order of microns, in the
size of various plant organs (stems,
branches, leaves, roots, or fruit) caused
by variations in their water status. Under
water stress, the water shortage is
compensated by the water stored in plant
tissues, which makes them shrink. The
shrinking is, however, reversible at
subsequent  plant rehydration. The
differences between the daily and the
nocturnal  transpiration rates cause
fluctuations with daily recurrence in the
size of the surveyed organ. The
maximum daily shrinkage and the stem
growth rate are the most widely used
indicators in irrigation  scheduling.
However, both indicators are highly
dependent on parameters of the crop as
age, cultivar, vigor, crop load,
phenological phase etc. The need of
regular expert interpretation limits the
potentialities of the irrigation process
automation. The dendrometers themselves
are robust and precise, suitable for
automatic reading, recording and data
transmission under field conditions.
These devices enable detection of the
water deficit, respectively the need for
irrigation, well before the appearance of
the water stress symptoms and even
before the appearance of measurable
changes in the values of the water
potential. The main problem encountered
is that, sometimes, the same response is
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noysata (Bormann and Kozlowski, 1962;
Clark et al., 2000; Fernandez, 2017).

MeTtogm Ha
6anaHc/mmnysnc

TonnuHata ce u3nonsea kato Tpa-
CbOp Mpu onpefgensHe Hopmara Ha TpaHc-
nupaums uauM ¢ gpyru gymMum KOnM4ecTBoTO
Ha Bb3XOAAWMA BOAEH TOK B KCWiema Ha
pacTeHusTa (Sakuratani, 1981; Smith and
Allen, 1996; Green et al., 2003; Fernandez,
2017).

Mpn MeTofa Ha TOM/IMHHMA GanaHc,
B OMnpefesieH yyacTbK MO Ab/HKMHA Ha
CcTL6/10TO Temnepartypara Ha BogaTta B
Kcunema ce nosuliaBa, 4pe3 MOCTOSHEH
TOMJIVHEH TMOTOK, NPWIOXEH paBHOMEPHO
no obukoskata Ha cTb6/10TO. 3a uenta ce
n3non3sa nosiyrbBKasa JfleHTa-HarpesaTen
C LMPOYMHA HAKOJSIKO CaHTUMeTpa, yBuTa
OKOpO CTBO/MIA M MNOKpUTa C Tepmousona-
LUMOHEH W BOAOHENPONyCK/IMB MaTepuar.
KonmyectBoTO Ha Bb3XOAALMA BOAEH TOK
ce onpefens Bb3 OCHOBA Ha U3HECEHOTO C
HEro KOJIMYeCTBO TOM/MHA — pas3xofeH
enemeHT B 6anaHca Ha TOMJIMHHWUTE NOTO-
LW, HacoyeHn HaBbTPE M HaBBLH OT 3arps-
BaHWS yyacTbK Ha CTb06/10TO. XapakrepHa
3a TO3M MeToh e HeobxogumocTTta oT
nepuoanyHo NpemMecTBaHe Ha ceH3opa, npu
NPOABb/IKUTENHN U3MepBaHus, obycnoseHa
OT HapacTBaHeTOo Ha cTbbn0oTo. MNpn fede-
nn cTbbna ce yBenuyasaTt KakTo pasmepu-
Te Ha CeH3opa, Taka W MOLLHOCTTa Ha
HarpsiBallaTa sieHTa, a onpegensHeTo Ha
efleMeHTUTe Ha TOMIMHHUA G6anaHc e no-
TpyAaHo. ETO 3aWlo B npakTukaTa MeToabT
Ha TOMJIMHHUSA NOTOK PAAKO Ce u3nonsa npu
cTbb6n1a ¢ gnameTbp Hag 10-12 cm.

Mpn meToda Ha TOMIUHHUA UMNY/C
HopMaTa Ha TpaHcnupauus ce onpegens B
3aBVICUMOCT OT CKOpPOCTTa Ha KpaTtbk (1-2 s)
TOMN/IMHEH WMMMY/C, NPEHAcsH OT Bb3X0A4s-
LLUMA BOAEH TOK B KCU/lemMa Ha pacTeHusTa.
TON/IMHHMAT UMMYJIC Ce Cb3hasa OT Harpsi-
Ballla coHpa (urna oT HepbXaema cToma-
Ha C BrpajeHa HarpsiBalla Xu4ka), vHcTa-
NipaHa pajuasiHo B CTBOMA Ha [AbPBOTO.
Ha pasctosaHue ot nopsgbka Ha 10-20 mm
Haf Harpssawara COHAa pajvanHo e
WHCTa/IMpaHa CeH3opHa coHja — urna ot
HepbXJaema cTomaHa C BrpafeHun no Abf-
XuHaTa i eguH UNAN HAKOMKO TepMUCTOpH,

TOMJIMHHUA

obtained with an excess of water in the
soil (Bormann and Kozlowski, 1962; Clark
et al., 2000; Fernandez, 2017).

Methods of heat balance/puls

Heat is used as a tracer for
estimation of the transpiration rate or, in
other words, the upward sap flux in the
plant xylem (Sakuratani, 1981; Smith and

Allen, 1996; Green et al., 2003;
Fernandez, 2017).
With the stem heat-balance

method, the xylem-water temperature is
increased applying heat to the entire
circumference of a stem section, typically
a few centimeters long. A constant heat
flux is provided by a semi-flexible heating
band which is wrapped around the stem
and enclosed in thermo-insulation and
water-proof materials.

The sap flow is determined as a function
of the heat uptake by the moving sap
stream, which is a loss term in the stem
heat balance. In long-term studies, the
sensor positions must be periodically
changed because of the stem growth.

In large stem sizes both the heater band
and the energy requirements becomes
too large, and the calculation of the heat-
balance terms becomes difficult.

That is why, in the practice these
methods are rarely used for stem
diameters larger than 10-12 cm.

With the heat-pulse method, the
sap flux is calculated by the velocity of a
short (1-2 s) pulse of heat carried by the
sap stream in the plant xylem. The pulse
of heat is released from a heater probe
(needle of stainless steel housing a
resistance wire) installed radially into the
stem. A sensor probe is installed above
the heating one, at a distance of 10-20
mm. It is a needle of stainless steel
housing one or several thermistors set at
a distance of 8-15 mm.
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pasnonoxenu npe3 8-15 mm. AuamMeTbpbT
Ha coHauTe e OT nopsagbka Ha 1.5-2.0 mm,
a Ab/KkuHata UM 1 6poAT Ha BrpageHuTe
TepMucTopn? 3aBucu OT JebenvHarta Ha
nposogsAwara AbpsecuHa. CKopocCTTa,
CbOTBETHO KO/INYECTBOTO Ha Bb3XOAALLMSA
BOLEH TOK B TOYKMTE Ha U3MepBaHe, ce
u3uncnsaBa B 3aBMCUMOCT OT BpPEMETO 3a
JocTuraHe Ha TOMJIMHHWA  UMNYAC [0
CbOTBETHUS Tepmuctop. Hopmata Ha
TpaHcnmpaumsa ce onpegens kato nHTerpan
Ha efleMeHTapHMTe BOAHM KOJM4yecTBa
BbPXY M/IOLLTA HA HANPEeYHOTO CeyeHre Ha
npososllaTa AbpBecrHa. Hakpas Hopma-
Ta Ha TpaHcnupauus ce kopurmpa 3a edek-
Ta OT CbMbTCTBALMUTE NPOLECK Ha pasceit-
BaHe Ha TonnmMHaTa npu npeHoca i npes
cTbbnieHaTa MaTpuuara oT AbpBeCcHUN nb-
pv, BoAa v ra3. 3a otuntaHe Ha Te3un edek-
TW, Ha pascTosHue 5-10 mm nofj Harpsisa-
LaTa coHfia ce MHCTasiMpa BTopa CeH30pHa
CoHpa. B npakTukaTa 3a efgHO pacTeHve ce
N3non3sar YeTupy KOMIMJIEKTU COHAM — NO
€QVH 3a BCEeKM KBagpaHT OT HanpeyHoTo
ceyeHne Ha cTbb6s10TO. MO pasbupaemm
NPUYMHN METOABT Ha TOMMHHUSA UMMYSC €
NPUIOXNM camo Npu AbPBECHUTE BUAOBE U
npu AuameTbp Ha cTBosla Hag 30 mm.
N3mepBaHuATa morat ga 6baar Hamb/HO
aBToMaTM3upaHu.

N3mepBaHe Ha NUCTHUSA Typrop
(ZIM-coHpa)

BogHuAT cTtaTyc Ha pacTeHusiTa ce
onpefens B 3aBMCUMOCT OT Typropa Ha
nuctata. ToBa e aBToMatnsmpaH 6espaspy-
luMTEeNEeH MeToA, Mpu  KOMTO uacT oT
MOBBPXHOCTTA Ha JIACT, KOWTO He ce
oTAensi OT pacTeHueTo, GuBa MpuTUCHaTa
MeXay [Ba KpbrvM marHuta. 3a HuBaTa Ha
BOAHMS CTpec ce CcbAM NO pasjuvkata
MeXAy VHAYLMPaHOTO OT MarHMTHOTO nosne
HasisiraHe, BbpXy 30HaTa MeXay MarHutute
n Typropa (HansaraHeTo Ha BojaTta B KneT-
KWTe Ha finucTta), KoATo € NpaBo NPOoNopLMO-
HanHa Ha BOAHMA cTpec. Pasnukata B
HasisiraHeTo ce wu3MepBa upe3 CeHsop,
MOHTVpaH B €AWHUA OT MarHuTuTe, a kaben
ocurypsiea npeHoca Ha aHHUTe KbM 3anuc-
BalLLo YCTPONCTBO wnn pagvonpepasaTer.
Pa3cTosiHMeTo Mexay MarHuTuTe (CboTBeT-
HO cunaTa Ha HaTWCK) MOXe Ja ce perynu-
pa B 3aBMCMMOCT OT TBBbPAOCTTA U enac-

The heating probes are usually 1.8-2.0
mm in diameter; their length and the
number of the thermistors depend on the
thickness of the sapwood. The velocity,
respectively the sap flux is determined by
the time required for the sap stream to
move the peak of the heat pulse from the
heater to the respective thermistor.

The transpiration rate is calculated from
the integral of the sap flux profile over the
sapwood cross-sectional area. Finally,
the transpiration rate is compensated for
the dissipation of heat by conduction
through the matrix of wood fibers, water
and gas within the stem.

In order to account for these effects, a
second sensor probe is installed 5-10 mm
below the heating one. In practice, four
sets of heat-pulse probes per tree are
typically used to measure sap flow, one
installed in each quadrant of the stem.

Because of practical reasons, the heat
pulse method can be used on stems with
diameters larger than 30 mm. The
measurements can be fully automated.

Measuring the leaf turgor (ZIM-
probe)

Plant water status is related to the
leaf turgor. This is an automated non-
destructive method. Part of the leaf
surface is placed between two toric
magnets and subjected to the magnetic-
field-induced pressure.

The plant water stress is assumed to be
proportional to the difference between the
magnetic pressure and the turgor (the
water pressure in the leaf cells). The
pressure difference is measured by a
sensor integrated in one of the magnets
and connected by a cable to a data-
logger or to a radio transmitter.

The distance between the magnets
(respectively the pressing force) can be
regulated for providing close contact

179



TMYHOCTTA Ha NucTa C orneq ocurypsiea-
HETO Ha MbTEH KOHTakKT. V3mepBaHusTa
cbC ZIM-coHfa ca HagexaHvu npu gobpe u
cpeaHo oBogHeHn nucta (Fernandez et al.,
2012; Zimmermann et al., 2013; Fernandez,
2017).

N3BOAN

OCOGEHOCT Ha BCUYKW, M3MO/3BALLM
BOJHUA CTaTyC Ha pacTeHusTa, MeToau 3a
ynpaBfieH/e Ha HamnosiBaHETO e, Ye Te
[OVPEKTHO onpefensT Hyxgara oT Hanos-
BaHe, HO He W pasMepa Ha MosiMBHaTa
Hopma. ETo 3awo Te3u metoau TpsibBa ga
ce cbyeTaBart C onpegensiHe/usmepsaHe Ha
BOJHUA cTaTyc Ha noysaTa wiu npunara-
HeToO MM fa ce npejwecTsa OT Kannépu-
paHe, KOeTo Aa 06BBbPXe UHAMKATOpUTE Ha
BOAEH CTpPec C KOHKPETHUTE MOYBEHO-
KIMMAaTWUYHN YCI0BUS.

MNMoBeueTo OT M3GPOEHUTE MeToAU
no3Bo/IsiBaT BMCOKA YecToTa ¥ aBTOMaTu3m-
paHe Ha M3MepBaHUsTa, KOETO [V MpaBu
noaxogslm 3a efHa WH(OPMAaLMOHHO-
cbBeTBalla cucTeMa 3a YnpaBfieHWe Ha
HanosiBaHeTo, CBex/jalla B peasiHO Bpeme
WHpopMauma M MHCTPYKUUM A0 MOGBUIHO
YCTPOWCTBO (hanp. TenedoH) Ha
npou3BoanTENS.

MpeamMeT Ha AONb/HUTENHA ONTUMK-
3auua e 6poAT Ha CeH3opuTe Ha eAuHuLa
njow, Taka 4ye fa ce rapaHTMpa Heobxo-
AumaTa npefcTaBUTENHOCT Ha M3MepBa-
HusATA.

according to leaf rigidity and elasticity.
The ZIM probe works well with hydrated
and moderately hydrated leaves
(Fernandez et al., 2012; Zimmermann et
al., 2013; Fernandez, 2017).

CONCLUSIONS

Peculiarity of all methods involving
plant  water status in irrigation
management is their ability to directly
estimate the time for irrigation but not the
water application rate. Therefore, the use
of plant sensing methods have to be
combined with estimation/measurement of
the soil water status or preceded by
calibration relating the water stress
indicators to the specific soil and climatic
conditions.

Most of the presented methods
allow for a high frequency and automation
of the measurements, which make them
appropriate for an irrigation management
information system bringing in real time
information and instructions to the
producer’s mobile device (e.g. telephone).

Additionally, the number of the
sensors per unit area has to be optimized
in order to guarantee the needed
representativeness of the measurements.
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PE3HOME

YnpaBneHMeTo Ha MNOSMBHMS NpO-
LleC Ce OCHOBaBa Ha pasHoo6pasHN MEeTo-
[V 3a oueHKa Ha aTMOCHEepPHM, NMOUYBEHM U
pactTutenHu napameTpu. Haii-pasnpoc-
TpaHeHWTe ca CBbp3aHuUTe C BOAHUA CTa-
TYC Ha no4ysarta Mopaju KOHTPO/MpaLLus
echbekT Ha noyBeHaTa BoJa BbpXy BOAHUS
cTatyc Ha pacTeHusita. Cy6eKTUBHOTO
Bb3NPUATME NPU CTUCKAHE N MayKkaHe Ha
noyseHa npoba ¢ pbka € BEepOsATHO Hali-
CTapusAT U Hail-npocT MeTopn 3a onpege-
NsIHe Ha noyBeHaTa BfiaXHOCT. Ters10BHO-
TepMoCTaTHUST MeTOo4 onpegenst av-
PEKTHO MOYBEHATA BNAXHOCT Ype3 npobwu,
B3€TW OT M36PaHN MecTa U AbN6OUYNHN B
MOSIMBHUS yyaCcTbK M Cce u3nosssa 3a
KannmbpupaHe Ha WHAWPEKTHUTE MeToAN.
HeyTpoHHNST BRaromep € 34paB W
npeunseH, a c e41MH MHCTPYMEHT MoraT Aa
Ce HanpaesAT HeorpaHW4yeH 6pon mamep-
BaHMA Ha pas3NnyHM MecTa U Ab60UNHN,
KaKTo U MHOTOKpaTHW n3MepBaHusl B egHa
M Cblla Touka. AuenekTpuyHMTe MeTOo-
an (TDR, FDR) ce ocHoBaBaT Ha Bpb3ka-
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SUMMARY

The irrigation management is
based on various methods for estimation
of  atmospheric, soil and plant
characteristics. The most common ones
are related to soil water status because of
the soil-water controlling effect on the
plant water status. The feel and
appearance of soil when squeezed and
pressed in hand is probably the oldest
and the simplest method for soil moisture
determination.

The gravimetric method directly
determines the soil moisture of samples
taken from predefined locations and
depths in the irrigation plot; it is used, as
well, for calibration of the indirect
methods. The neutron probe is a robust
and precise instrument which can be used
for taking unlimited number of readings in
different locations and depths, as well as
for multiple readings in one and the same
point. Dielectric methods (TDR, FDR) are
based on the relationship between the
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Ta Mexay BOAHOTO CbAbpxaHue WU
AvenekTpuyHata KOHCTaHTa Ha noysaTta,;
COHAWTE U3NCKBAT MIbTEH KOHTaKT MexXay
efieKTpoanTe 1 OKoNHata noysa, M ce
HYXOAAT OT MO-C/NIOXKHO KanubpupaHxe.
TeH3noMeTpUTE [AUPEKTHO U3MepBar
MaTpu4yHUA nNoTeHUuMas Ha no4ysaTa, HO
mMoraT fga 6baaTr uM3non3BaHM camo B
YC/I0BUS HA BUCOKA MOYBEHA BAXKHOCT.
EnekTpocunpoTuBMTENHUTE JaTuuum
onpefenat MaTpuyHUSA MOoTeHuuan Ha
Bojara B rnoysara B No-rofsgM AvanasoH
OT CTOMHOCTW KaTo u3mepBaT enekTpu-
4YeCcKOTO CbMNPOTUB/IEHME MexXay [OBa
efieKkTpoja, BrpaZleHn B CeH3opa; Te ca
TeMnepaTypHo 3aBUCUMW W HETOYHW B
3aC0/1eHM MOYBU UM NPU KOHLLEHTPUPaHO
BHacsiHe Ha TopoBe. MeToAbT Ha Ton-
IMHHOTO pasceliBaHe ce OCHoBaBa Ha
Bpb3KaTta Mexnay TOMN/uMHHaTa MpoBoau-
MOCT Ha no4yBaTta U HelHNst BOAEH NOTEH-
uman; usnonseat ce garunuyu/6nokyeTa ot
nopbO3eH MaTepuasn, B KOUTO ca Brpage-
HW U3TOYHUK Ha TOMIMHA W NPeLM3eH Ton-
NMHEH ceH30p. [MoYBEeHMAT ncuxpome-
Tbp onpefens BOAHWA MNOTEHUMa Ha
noysara B 3aBMCUMOCT OT M3MepeHaTa
OTHOCUTEeNHaTa BNaXHOCT Ha Bb3ayxa B
nopbo3Ha kamepa; Heobxogumo e cne-
umanHo obopyaBaHe 3a npueBexjaHe Ha
CeH3opa B paboTHO CbCTOAHUE N N3BBPLL-
BaHETO Ha oTyeTu. NpegMeT Ha A0Mb/HU-
TesiHa onTMMu3aLmsa e 6posaT Ha ceH3opu-
Te Ha ejuHuua nnow, Taka 4ye fga ce
rapaHTMpa HeobxoauMmara npeacraBuTen-
HOCT Ha n3mepBaHuaTa.

KntouoBn aymun: rpaBUMeTpuyeH
MeToA, HeyTpoHeH Bnaromep, TDR, FDR,

TEH3MOMETbHP, E€/IeKTPOCHNPOTUBUTENEH
[aTuuk, TON/IMHHOTO pasceiiBaHe,
NCMXPOMETHP

YBO/,

OBOLIHUTE KyNTypu ce pasBuBat
HOPMasIHO M NposBsSiBAaT B MakcumasHa
cTeneH CBoMTe NPOAYKTUBHU Bb3MOXHOC-
TN, aKo ca 3a/l0BOSIeHN MNoTpeGHoCTUTE
UM OT Boga npes uanarta seretauust. Oc-
HOBHM M3TOYHWLM HA BOAA 3a OBOLUHUTE
pacTeHus ca BOAHUAT 3anac B noysara oT

water content and the dielectric constant
of the soil; the probes require immediate
contact with the soil and soil specific
calibration.

Tensiometers directly measure the matric
potential of the soil water, but they can be
used only in conditions of high soil water
content. Resistance blocks determine the
matric soil water potential in a larger
range of values measuring the electrical
resistance between two electrodes
embedded in the sensor; they are
temperature dependent and inaccurate
under either high soil salinity or
concentrated fertilizer application.

The heat dissipation method is based on
the relationship between the heat
conductivity of the soil and its water
content; a thermal heat probe consists of
a porous block containing a heat source
and an accurate temperature sensor.

The soil psychrometer determines the
matric soil water potential depending on
the measured relative humidity of the air
in a porous camera; specialized
equipment is required for the sensor’s
excitation and reading.

The number of sensors per unit area is
subject of additional optimization against
the necessary representativeness of the
measurements.

Key words: gravimetric method,
neutron probe, TDR, FDR, tensiometer,
resistance sensor, heat dissipation,
psychrometer

INTRODUCTION

Fruit crops grow normally and
exhibit their maximum productive potential
if the crop water requirements are met
throughout the vegetation season. Water
for the fruit plants is provided mainly by
the storage accumulated in the soil prior
to vegetation, rainfalls during the growing
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npejllecTealln BeretauuaTa Balexu,
BereTalWMOHHUTE Ba/IEXWN 1 HaNosIBaHETO.
Mpu eanH TEXHONOTMYHO U34bPXaH Noau-
BEH pexuM rpadukbT Ha MNOAUBKUTE U
pasMepbT Ha NOMMBHUTE HOpMU TpsbBa
ha 6bae cbobpaseH ¢ 0ocobeHOCTUTE Ha
KynTypata u XapakTepUCTUKATE Ha K/u-
MaTa u no4ysata. [1aHMpaHeTo n ynpas-
JIEHNETO Ha NOJIMBHKSA NPOLLEC CE OCHOBA-
Ba Ha pasHOOb6pa3HM MeToAM 3a OLeHKa
Ha aTMocd)epHU, MOYBEHU W PaCTUTENHU
napametpu (Boyer, 1995; NEH 15-1,
1991). Hali-pasnpocTpaHeHuTe ca CBbp-
3aHWTe C BOAHMA cTaTyc Ha no4ysarta no-
pagv KOHTponupawms edekT Ha noYBeHa-
Ta BoAa BbpXy BOAHMA cTaTyCc Ha pacrte-
HMATa. Hewlo noseye, faHHWTE 3a BOAHUS
pexuM Ha noysaTa ce M3MNo3Bar 3a kaiu-
OpvpaHe Ha BCMYKM ApyrM MeToau 3a
naaHvMpaHe u ynpas/ieHe Ha HamnosiBaHe-
TO. BogHuAT cTaTyc Ha noysata MoOXe ga
Oble xapakTepusupaH 4pe3 fnoyBeHaTa
B/I2XXHOCT (BOAHO CbAbPXaHUE) UK ypes
noteHuymMana (eHepruaTa) Ha no4vBeHaTa
Boza. o npaswnio, nusmepsaLmTe BOAHUA
noTeHUMasn WHCTPYMEHTM Morat fja ce
Kanmbpupart 1 3a onpepensHe Ha nouyse-
HaTa B/I&XHOCT.

OnpepensHe
B/12XKHOCT

Cy6eKTUBHOTO Bb3NpUATME NpU
CTMCKaHe M MadvkaHe Ha noyBeHa npoba ¢
pbka € BEpOSATHO Hal-CTapusaT W Haii-
NpoCT MeTOo/ 3a OnpeaensiHe Ha NoYBeHa-
Ta B/I&QXHOCT. TOYHOCTTA HA MeTo4a He e
rofsMa u 3aBucuM OT onuTa W WHAWBU-
JyanHaTta npeueHka Ha nonveava. lMpw
NPOABL/KATESTHO NPAaKTVKyBaHe rpelukara
MoxXe fa 6bae ceegeHa o 10-15% ot
aevictButenHara nouseHa BaxHocT (Klocke
and Fischbach,1984; Niederholzer and
Long, 1998; Storlie, 2004).

TernoBHo-TepPMOCTATHUAT
MeTOg Oonpegens AMPEKTHO MoyBeHarta
BNXKHOCT 4pe3 npobu, B3eTn OT usbpaHu
MecTa ¥ AbA60YMHIN B MOSIMBHUSA Y4aCTbK.
MacaTa Ha BogaTta B nouyseHaTa npoba e
pasfnvkata Mexay macata Ha ceexarta
noyseHa npoba M macata Ha npobata

Ha noyBeHara

season, and irrigation.

The regime of irrigation is technologically
consistent when both the timing of
applications and the application rates
conform with the crop specificity and the
climate and soil characteristics. The
irrigation scheduling and management are
based on various methods for
assessment of atmospheric, soil, and
plant parameters (Boyer, 1995; NEH 15-1,
1991).

The commonest ones are related to soll
water status because of the soil-water
controlling effect on the plant water status.
Moreover, the soil water regime data are
used to calibrate all other methods of
irrigation scheduling and management.

The soil water status can be characterized
by either soil moisture (content) or soil-
water potential (energy).

As a rule, the water-potential measuring
instruments can be used for soil moisture
estimation as well.

Soil moisture estimation

The feel and appearance of sall
when squeezed and pressed in hand is
probably the oldest and the simplest
method for soil moisture determination.
The accuracy of the method is not high; it
depends on the experience and the
individual judgment of the irrigator. After
long practicing, the error can be reduced

to 10-15% of the actual soil moisture
(Klocke and Fischbach, 1984;
Niederholzer and Long, 1998; Storlie,
2004).

The gravimetric method directly
determines the soil moisture of samples
taken from predefined locations and
depths in the irrigation plot. The mass of
the water in the soil sample is obtained by
subtracting the mass of the dry sample
(after drying it at 105°C till reaching

184



cnep wu3cywasaHe npu 105°C  po
noctosiHHa Maca. MacaTta Ha Bogarta ce
pasfesnsa Ha macata Ha cyxata no4yseHa
npoba, 3a Aa ce nosyyun TernoBHata nou-
BeHaTa BnaxHocT. ObemMHaTa no4yBeHa
B/I2XXKHOCT Ce noJslyyaBa Kato TersioBHarta
rnoyseHaTa BIAKHOCT CE€ YMHOXMW MO
obemHata NAbTHOCT Ha no4ysata. [pe-
AVMCcTBaTa Ha MeToja ca, Ye e OUPEKTEH,
€[HaKBO HaJeXJeH B Lesmsa gnanasoH oT
CTOMHOCTMTE Ha MOYBEHATA BJIAXHOCT,
HSIMa HyXZa OT kanmbpupaHe U e eBTVH.
MeToabT ce u3non3sa 3a KanmbpupaHe
Ha MHAMPEeKTHUTEe MeToan. OCHOBEH Hepdoc-
TaTbk € HEBBL3MOXHOCTTA Aa Ce onpenenu
noyseHaTa B/I@XHOCT ABa NbTW B efHa U
cblwa Touka (ltier et al.,, 1996; Pitts and
Zazueta, 2001; Top and Ferré, 2002).
HeyTpoHHUAT Bnaromep usmepsa
OTHOCUTENHO 6BP30 M JIECHO NOYBEHATa
BMI@XHOCT. CbCTOM Ce OT [BE OCHOBHU
YyacTM — COHAA CbC 3alUNTEH €eKpaH W
eneKkTpoHeH 6/10k. B coHparta ca Brpage-
HA W3TOYHUK Ha OBP3N HEYTPOHU U
[EeTeKTop-0posiy Ha 6aBHM (TepMasiHu)
HeyTpoHW. Mo BpemMe Ha usMepBaHuATa
coHparta ce cnycka Ha xenaHata obnéo-
YysHa B noyBarta npe3 npeaBapuTesniHO
WHCTanupaHn obcagHn Tpbou. M3nbyeHu-
Te OT W3TOYHMKA OBbpP3N HEYTPOHW ce
pasnpbCcKBaT B C/EACTBUE HA MHOXECTBO
XaoTUYHM CONBCBUM C  BOAOPOAHMTE
aToMM Ha BOAHWUTE MOJIEKY/IM B NoYBaTa U
ryosaT eHeprusi, NpeBpbLLaiikM ce B 6aBHM
HeyTpoHW. [eTekTopbT 6pou 6GaBHUTE
HeyTpoHW, a npouecop npeobpasysa
cypoBuTEe pfaHHM B 0Opoii 3a eguHULa
Bpeme. Upes kanmbpupaHe 6posT Ha 6aB-
HUTE HEYTPOHM ce npeobpas3yBa B CTOW-
HOCTM Ha noyBeHarta B/iaxHocT. Mpu npa-
BW/IHO W3MO/3BaHE HEYTPOHHWAT Bnaro-
Mep e OT/IMYHO CPEACTBO 3a M3MepBaHe
Ha noyBeHaTa BfaxHocT. Toli e 34paB 1
npeumnseH, AeTeKTOpbT 06XxBalja cpaBHU-
TE/IHO roNsM NoyBeH obem, KOeTo Jonpu-
Hacs 3a NpeAcTaBUTENHOCTTA Ha e4UHNY-
HUTE W3MEepBaHWs, W OTYETUTE He ce
B/IMASAT OT MOYBEHO 3aconisBaHe. C eavH
WHCTPYMEHT Morat fa ce HanpaBaT Heor-
paHn4yeH 6poli n3MepBaHUs Ha pPas/iMyHn

constant readings) from the mass of the
fresh sample. The gravimetric soil
moisture is calculated dividing the mass of
the water by the mass of the dry soil. The
volumetric soil moisture is calculated
multiplying the gravimetric soil moisture
by the bulk density of the soil.

Advantages of the method: direct, equally
reliable throughout the whole range of soil
moisture values, cheap, and there is no
need of calibration. The method is used
for calibration of the indirect methods. The
main disadvantage is its inability to
estimate soil moisture twice in one and
the same point (Itier et al., 1996; Pitts and
Zazueta, 2001; Top and Ferré, 2002).

The neutron probe provides
comparatively rapid and easy
measurement of soil moisture. It consists
of two main parts: the probe with a shield,
and the electronic block. The probe
contains a source of fast neutrons and a
slow (thermalized) neutron detector/counter.
During measurements, the probe is
lowered to the desired depth in the soil
inside a previously installed access tube.
The fast neutrons emitted by the source
are scattered through multiple chaotic
collisions with the hydrogen nuclei in the
soil water and loose energy turning into
slow neutrons. The detector counts the
slow neutrons and the microprocessor
converts the row counts data into counts
per unit of time.

After calibration, the counts of slow
neutrons are converted into soil moisture
values. When used correctly, the neutron
probe is an excellent mean for measuring
soil moisture. It is robust and precise, the
detector ranges over relatively large soil
volume which contributes to the
representativeness of the single
measurements, and the readings are not
influenced by soil salinity.

One instrument can be used for taking
unlimited number of readings in different
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Mecta U AbNO60YUHW, KaKTO U MHOro-
KpaTHV u3MepBaHWs B efHa W Cblua
Touka. PaboTaTa ¢ UCTpyMeHTa obauye He
noanexm Ha astTomatusmpaxe. Mpunoxe-
HMETO MYy ce orpaHuyaBa OT (pakTa, ye
CbAbpPXa WM3TOYHUK Ha MOHWU3MpALLO b-
YyeHue, U3NCKBALY, INLEH3NS 3a N3N03Ba-
HETO My M KBanudpmkauma Ha onepaTtopa,
KaKkTo M OT OTHOCUTESIHO BUCOKaTa My
ueHa (Hignett and Evett, 2002; and
Bacchi et al., 2003).

OvenekTpnuHnTe MeTOAM Cce
OCHOBaBaT Ha Bpb3KkaTta MeXxay BOAHOTO
CbAbpPXaHne 1 gnenekTpnuyHata KOHCTaH-
Ta Ha nousarta (Ley et al, 1994; Ferré and
Topp, 2002; Starr and Paltineanu, 2002;
Evett, 2003; Topp et al.,, 2003; 2008).
PecnekToMeTpusaTa BbLB BpemeBaTa
o6nacT (Time Domain Reflectometry,
TDR) usnonsea pakta, Y4e CKoOpocTTa Ha
pasnpocTpaHeHne Ha efleKTpoMarHMTeH
uMmnysnc (Bb/iHA) NO Ab/DKUMHATA Ha MeTas-
HW enekTpoau, 3abuTn B noysata, 3aBuCKU
OT AMenekTpuyHaTa KOHCTaHTa Ha noysa-
Ta, KOATO ce JOMMHMpa NpeaguMHo OT au-
efnekTpuyHaTa KOHCTaHTa Ha Bogata (= 81),
[OOKOMIKOTO Te3n Ha Bb3gyxa (= 1) wu
MUHepanHata yacT (= 3 go 5) ca MHoro
no-HWckn. B HauanoTo Ha enekTpogute ce
nogasa BMcokoyecToTeH mmnync (0.6-1.2
GHz) n ce n3mepBa BpemeToO, 3@ KOeTo
CUTHa/TbT UM3MWHaBa Pa3CTOAHMETO [0
Kpas Ha efnekTpoja u ce Bpbla obpaTHO
cnep otpasaBaHeTo My. PechnekTomeTpuaTa B
yecTOTHaTa obnacT (Frequency Domain
Reflectometry, FDR) namepBa nouyseHarta
BNKHOCT KaTo (UYHKUMSA Ha paboTHaTa
yectoTa Ha efnekTpuyecka Bepura, B
KOATO moyBaTa ce U3nosi3Ba kaTo guesnek-
TpU4yHa cpefja Ha KOHAeH3aTop, npea-
CTaBfsiBal, WHCTa/MpaH/ B MoyBaTa
MeTas/IHA MJI0YKM unn enektpogun. Haii-
4yecTo TOBa € pe3oHaHCHa Bepura Ha
BMcokoyecToTeH (5-150 MHz) TpaH3ucTo-
peH ocuunatop. FDR coHauTe ce npous-
BeXJaT B pas/IMyHN BapuaHTu: NpeHocu-
MW, MOCTOSIHHO WHCTaMpaHu B no4ysarta
WUNN crnyckaHum B o6cagHn Tpbou. TDR un
FDR coHauTe u3ucksaT MbTEH KOHTaKT
MeXAy efeKTpoauTe 1 OKoHaTa noysa, 1

locations and depths, as well as for
multiple readings in one and the same
point. The measurement process,
however, cannot be automated. The
neutron probe application is complicated
by the presence of a radiation source,
which requires both a license to use and a
qualified operator. Another limiting factor
is the comparably high price (Hignett and
Evett, 2002; and Bacchi et al., 2003).

The dielectric methods are based
on the relationship between the soil water
content and the dielectric constant of the
soil (Ley et al, 1994; Ferré and Topp,
2002; Starr and Paltineanu, 2002; Evett,
2003; Topp et al., 2003; 2008). The Time
Domain Reflectometry (TDR) makes use
of the fact that the propagation velocity of
an electromagnetic pulse (wave) along
metal rods that are inserted into the soil
depends on the soil dielectric constant,
which is mainly dominated by the
dielectric constant of the water (= 81),
while those of the air (= 1) and sall
minerals (= 3 to 5) are much lower.

After applying a high frequency pulse
(0.6-1.2 GHz) at the beginning of the
metal rods, the soil dielectric constant is
estimated as a function of the time it takes
for the electromagnetic pulse (wave) to
propagate back and forth along the rods.

The Frequency Domain Reflectometry
(FDR) estimates the soil moisture as a
function of the operating frequency of an
electrical circuit, in which the soil is used
as a dielectric of a capacitor made of
metal plates or rods embedded in the soil.
Usually, this is a resonance circuit of a
high-frequency (5-150 MHz) transistor
oscillator.

The FDR probes are made in different
variants: portable, permanently embedded
in the soil or lowered into access tubes.
TDR and FDR probes require immediate
contact between the electrodes and the
surrounding soil. They can yield
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MOXe [a NoKaxaT CbLEeCTBEHN OTK/IOHEe-
HVWS B M3MEpBaHMATa NPy HaMuneTo Ha
KYXMHW W MyKHaTUHK, 06pasyBaHn Mo
BPEME Ha WHCTaNMpaHeTo WM Bcneg-
CTBME CBMBAHETO Ha noyBata npu
M3CbXBaHeTO Ii. EAMHWYHOTO M3MepBaHe
06xBallla Ma/Tbk NOYBEH 06€eM, a OTYETU-
Te ca TeMnepaTypHO 3aBUCMMWU U 4YyBC-
TBUTE/IHW KbM CbAbPXaHWETO Ha COoMn B
MouyBeHWs1 pas3TBop. Bpb3kaTa Mexay
M3MepBaHWTE BE/IMYMHU U BOJHOTO
CbAbpXaHne He e NHeliHa 1 3aBucK oT
NOYBEHWs TWUMN, KOETO npeanosara egHo
NO-C/IOXHO KanuépupaHe. VIHCTPYMEHTU-
Te ca CpPaBHUTE/IHO CKbMMW MOPaAU CrIoX-
HaTa eNeKTPOoHYKa.

OnpepensHe
noyseHata Boja

TeH3nomeTpuTE M3MEpBaT Mar-
pPUYHMS NOTEHUMan Ha Bogarta B no4yearta
Unu, ¢ Apyru Aymu, cmykatesiHata cuna, ¢
KOATO MoYBeHaTa MaTpuua 3agbpXka BO-
Jata, uspaseHa ypes3 eguHMLM 3a Hans-
raHe. TEeH3MOMETbPbT € LWIMHOPUYHA
Tpbba c BakyyMMETbP B ropHaTa 4acTt u
NnopbO3eH KepaMuyeH HakpaliHuK B [0N-
HaTa. KepaMuyHuAT HakpaliHuK nponycka
BOZa W MOHW, HO € HEeNpPOnyCcKNUB 3a Bb3-
ayxa. o T03n Ha4YMH MaTPUYHUAT NOTEH-
uuasn Ha noyeBeHaTta Boja Ce M3paBHsiBa C
TO3XM B NBAHOTO C BOAa TS0 Ha TeH-
3MOMEeTbPA, KOSITO ro Npegasa Ha BakyyM-
MeTbpa. BmecTo BakyymmeTbp MOXe Aa
Ce 13Mnosi3Ba PbYHONPEHOCHMM ENEKTPO-
HeH npeobpasyBartes Ha HasisraHe, KOWTo
no3BosisBa fa ce npaBAT OT4ETU Ha
HeorpaHnyeH 6poi TeH3nomeTpu. YpeabT
€ CHabaeH C Kyxa urna, Kosito npobusa
Tanata Ha TeH3uWoMeTbpa W npejasa
BakyymMa Ha 4yBCTBMTeNHaTa Memb6paHa
Ha npeob6pasyBaTens. 3a uenta nog
Tanata Ha TeH3MOMeTbpa Ce ocurypsisa
Ma/sTbk 06eM Bb3AyX, KOMTO NpeaoTBpars-
Ba [AMWPEKTHUS KOHTAKT Ha wurmata ¢
BogaTta. PaboTHMAT gnana3oH Ha TEH3MO-
meTpuTte e oT 0 go 850 HPa, T.e. Te morart
Ja 6baart n3nosssBaHu camo B YC/1I0BUS Ha
BMCOKa No4YBeHa BNaXHOCT. ObxBaHaTMAT
noyseH obem e c pagumyc okono 10 cm.

noTeHunasna Ha

significant reading deviations in case of
cavities and cracks formed either during
their installation or by shrinking of the
drying soil.

The sensing soil volume is relatively
small; the measurements are temperature
dependent and sensitive to high salt
concentrations. The non-linear
relationship between the sensor output
signal and the soil moisture calibration
require a more complicated and soil-
specific calibration. The instruments are
comparably expensive because of the
sophisticated electronics.

Estimation of the soil water
potential

Tensiometers measure the matric
potential of the soil water or, in other
words, the retentive force exerted upon
the water by soil matrix, expressed in
pressure units. The tensiometer is a
cylindrical tube with a vacuometer at the
upper end and a porous ceramic cup at
the lower one. The ceramic cup is
permeable to water and ions, but it is
impermeable to air. Thus, the matrix
potential of soil water is transmitted to the
water filling the tensiometer body and,
respectively, to the vacuometer.

The vacuometer can be substituted by a
portable pressure transducer, which can
read unlimited number of tensiometers.
The instrument is equipped with a hollow
needle, which punches the tensiometer’s
septum stopper and transmits the vacuum
to the sensible membrane of the pressure
transducer.

In order to prevent the direct contact of
the needle with the water, a small volume
of air has to be provided below the
septum stopper. The tensiometers range
of operation is from 0 to 850 HPa, i.e. they
can be used only in the conditions of high
soil water content. The sensing soail
volume is with a radius of about 10 cm.
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MouyBEeHOTO 3acosnisiBaHe He BUse BbPXY
TOYHOCTTA Ha u3mepBaHusaTa. He ce
M3ncKBa creunanHa ksanudmkauma Ha
oneparopa. Bb3MOXHM Ca MHOrokpaTHu
n3MepBaHusa B efiHa TouKa OT MOYBEHUS
06em 1 aBTOMaTU3MPaHE Ha U3MepBaHNA-
Ta. TeH3MOMeTpUTE Ce HyXAadaT OT YecTo
obcnyxBaHe W nposBABaT W3BECTHA
WHEPLMOHHOCT NpW peakuusata UM Ha
NPOMEHM B  MOYBEHATa  BI@KHOCT
(Smajstra and Harrison, 1998; Young and
Sisson, 2002; Storlie, 2004).

EnekTpocbnpoTuBATENHNTE
faT-uium (runcoBu 6/10K4YETa U CEH30pU
OT OPYrv XUrpOCKOMUYHW MaTepuanum) ca
NpoCTO, HAAEXAHO U eBTUHO CPeaCcTBO 3a
nU3MepBaHe Ha MaTpUyHWA NOTeHUMan Ha
BogaTa B no4yBata WM Ha MNoOYBeHaTa
B/I2XKHOCT. 3MepBaHeTO € UHANPEKTHO —
ypes esIeKTPMYECKOTO CbMNPOTUB/IEHNE
MeXay ABa efnekTtpoga, BrpageHu B CeH-
30pa, KOWTO OT CBOSI CTpaHa € 3apOBEH B
noysaTta Ha >xenaHata Abnb6ouyvHa. Tesu
AaTtunumn paboTaT Haii-e(hekTMBHO B MO-
CyXusi AManas3oH Ha noysBeHaTa B/I&XHOCT,
noteHyman Ha Bogata Hag 33 KPa. B
nekn nouysm obaye oTyeTUTE Morat ga
NPosIBAT U3BECTHA MHEPLMOHHOCT Npu no-
HWXaBaHe Ha NMo4YyBeHaTa B/IAXHOCT, Ab/-
Xalla ca Ha peTeH3VOoHHNS edhekT oT no-
MHMTE Nopu Ha ceH3opuTe. Te ca Tem-
nepaTypHO 3aBMCMMMW M HETOYHW B 3aco-
JIEHN MOYBM UMK NPU KOHLEHTPMPAHO BHa-
CsIHE Ha TOpoBe, A0KO/KOTO OHWTE Ha pas-
TBOPEHMUTE COSIM MoraT ja NOBMMUSIAT Ha en-
€eKTPMYECKOTO CcbnpoTuBneHne (Martin, 2001;
Scanlon et al, 2002; Van der Gulik, 2006).

MeTOoAbT Ha TOMIWMHHOTO pas-
celiBaHe ce OCHOBaBa Ha Bpb3Kara MeXx-
Ay TonAvHHaTa NPoBOAMMOCT Ha noysaTta
N HelHuA BoZeH noteHuuwan. Manonseart
ce gatumun/6nokyeTta OT NOPbO3EH Marte-
puvasn, B KOMTO ca BrpajeHn M3TOYHUK Ha
Ton/MHa (Harpesartesn) U nNpeuuseH Tom-
JIMHEH ceH3op. Cnepj nocturaHe Ha pas-
HOBeCcue Mexzay CTOMHOCTUTE Ha BOAHUSA
noTeHuvan B 6/10K4ETO M no4ysarta, TeMm-
nepatypara Ha 6/10K4eTo ce oTuuTa npe-
W 1 cnep nogaBaHETO Ha  HEKOJKO-

The readings are not influenced by sail
salinity. No special qualification of the
operator is required. Tensiometer can
take multiple readings in one and the
same point and there is option for
automation of the measurements.
Tensiometers require frequent
maintenance and their response time is
relatively slow (Smajstra and Harrison,
1998; Young and Sisson, 2002; Storlie,
2004).

Resistance sensors (gypsum
blocks and sensors of other hygroscopic
materials) are simple, robust and cheap
means for measuring either soil water
potential or soil moisture.

The measurement is indirect, based
electric resistance between two
electrodes embedded in the sensor, which
is buried in the soil at the desired depth.

These sensors are most efficient in the
dry range of the soil moisture, water
potential over 33 KPa. Because of their
very slow reaction time, however, they do
not work well in sandy soils, where soil
water drains more quickly than the sensor
can equilibrate. They are temperature
dependent and inaccurate under either
high soil salinity or concentrated fertilizer
application, as far as the ions of the
dissolved salts can affect the electrical
resistance (Martin, 2001; Scanlon et al,
2002; Van der Gulik, 2006).

The heat dissipation method is
based on the relationship between heat
conductivity of the soil and its water
potential. A thermal heat probe consists of
a porous block containing a heat source
and an accurate temperature sensor.
After the water potential in the porous
block is equilibrated with the soil water
potential, the block temperature is
measured before and after the application
of a few-seconds heat pulse. The soil
water potential is estimated as a function
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CeKyHAeH TOnAvHeH wmnync. BogHuAart
noTeHuuasl Ha noysara ce u3uucnssa B
3aBMCMMOCT OT OT4yeTeHaTa pasfvka B
Temneparypara Ha 6710k4eTo npeau wu
cnep TON/IMHHUA UMNyc. YpeabT paboTtn
B AnanasoHa 0.01-3.00 MPa kaTo oTtyeTu-
Te B uHTepBana 1.00-3.00 MPa ca c no
Masika npeuunsHoct. O6xBaHaTUAT NOYBEH
obem e ¢ paauyc okosio 10 cm. BegHbx
WHCTaUIMpaHu, JatynuuTe He ce HyxaaaTt
OT noggpwuxka. OTyeTUTE He ce BNUAAT
OT MOYBEHOTO 3aconsBaHe. MNpouecsbT Ha
n3MepBaHe Moxe pga Obae aBTOMaTu-
3npaH. M3mepBaHusATa ob6aye wusMckKsart
C/IOXHa efieKTpoHuka. B nekn nousn
oTyeTUTE MOrat fga MposiBAT WU3BECTHa
WHEPLMOHHOCT NpWU  MOHWXasBaHe Ha
rnoyseHarta BM&XHOCT, Ab/hkawa ca Ha
peTeH3noHHNA eddekT OT No-thuHUTE Nopu
Ha O6nokyetata. Yectute oTunTaHUA
W3UCKBAT CPaBHUTENIHO BMCOKA MOLLHOCT
Ha 3axpaHBaHeTo (Scanlon et al, 2002;
Mufoz-Carpena, 2015).

lMoyBEHMAT MCUXPOMETBpP onpe-
Jena maTpuyHuA BOAEH MoTeHuuas Ha
rnoyseHara Boja B 3aBMCUMOCT OT U3Me-
peHaTa OTHOCWTEsIHaTa BIAXHOCT Ha
Bb3yxa B MOpbO3Ha kamepa (Aartuunk) npu
ycnoBsmeTo 3a MOCTUrHATO pasBHOBecue
MeXay BOAHUSA MOTeHUWasl B CTeHWUTe Ha
Kameparta 1 BOAHMWA NOoTeHuMasT Ha noysa-
Ta. CreHuTe Ha KamepaTa wmoraT ja
6bAaT KepaMUyHM U MpeXa OT HEPBbX-
JaemMa CTOMaHa, Korato COJleBUTE KOH-
LeHTpauuy ca BUCOKK. Pu3nyecka ocHoBa
Ha MeToja e npsakara Bpb3ka Mexay
BOZHUSA MOTeHLUMas B CTEHUTE Ha Kamepa-
Ta W Ha/iAraHeTo Ha BOAHUTE Mapwu BbB
Bb3fyXa, KOeTo MbK Ce u3uucnasa oT
nafga Ha Temneparypara A0 Toukara Ha
opocsiBaHe, U3MEepPeH 4pes3 HAKOMIKO Tep-
MOABOVKM. YpeabT paboTu B AuanasoHa
0.05-3.00 MPa kato oT4yeTuTe B WHTEp-
Bana 1.00-3.00 MPa ca ¢ no manka npe-
LUU3HOCT. [JaTuukbT € C BUCOKa YYBCTBU-
TE/IHOCT B YC/IOBMATA HA HUCKA NOYBEHA
B/I&OKHOCT, HO MNPV BUCOKa B/I&XKHOCT TOY-
HOCTTa My € Mo-HuCKa. Xapakrepusunpa ce
C ronsiMa WHepLMOHHOCT nopagn 6asHO-
[OCTMTaHOTO paBHOBECME Ha BoAHuTE

of the difference  between the
temperatures in the sensor before and
after the heat pulse application.

The water potential measurement range is
1.00-3.00 MPa, but readings in the
interval 1.00-3.00 MPa are less precise.
The sensing soil volume is with a radius of
about 10 cm. Once installed, the sensors
do not need maintenance. The readings
are not affected by soil salinity.

There is option for automation of the
measurements. However, measurements
require sophisticated electronics. The
sensors can show slow reaction time in
light soils where soil water drains more
quickly than the sensor can equilibrate.

The frequent readings require comparably
large power consumption (Scanlon et al,
2002; Mufioz-Carpena, 2015).

The soil psychrometer estimates
the matric soil water potential from the
measured relative humidity of the air in a
porous camera (sensor), on condition that
the water potential in the camera walls is
in equilibrium with the soil water potential.

The camera walls can be either ceramic
or screen of stainless steel, in case of
high salinity environments. Physical base
of the method is the direct relation
between the water potential in the camera
walls and the vapor pressure in the air
inside the camera, which, in turn, is
calculated from the dew-point temperature
depression  measured by several
thermocouple junctions.

The water potential measurement range is
0.05-3.00 MPa, but readings in the
interval 1.00-3.00 MPa are less accurate.
The sensor is highly sensitive when
typical moisture conditions are very dry,
but its accuracy is much lower in the wet
range. It is characterized by a very slow
reaction time, because reaching vapor
equilibrium takes time.
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napu. Heobxoaumo e cneynanHo obopya-
BaHe 3a MpuBeEXfaHe Ha CeH3opa B
paboTHO CbCTOSIHME U U3BBPLUBAHETO HA
otyetn (Andraski and Scanlon, 2002;
Mufioz-Carpena, 2015).

O6uwm 6enexkn

KauecTBeHaTa OLeHKa Ha HAKOU OT
N36pOEHNTE MHCTPYMEHTU 3a onpejensiHe
BOAHWA cTaTyc Ha noysata e npejcra-
BeHa B Tab6nuua 1. KpaiiHata oueHka e
noslydeHa cnef U3NUTBAHETO UM BbPXY
pasnnuyHM  MNoYBEHW TuUNoBe U Npwu
pasNNYHN NONNBHU PEXNMMU.

Specialized equipment is required for the
sensor’'s excitation and reading (Andraski
and Scanlon, 2002; Mufioz-Carpena,
2015).

General notes

The qualitative evaluation of some
of the discussed methods for soil water
monitoring and the measurement tools is
presented in Table 1. The final scores are
obtained after tests on different soil types
and under different irrigation regimes.

Ta6smua 1. KauecTBeHa OLEHKA Ha HAKOW OT MHCTPYMEHTUTE 3a U3MepBaHe Ha
rnouyBeHaTa B/IQKHOCT; Hall-HeGnaronpusaTeH pe3yntaT — 1, Hali-6naronpusiTeH —

10 (no Ley et al., 1994)

Table 1. Qualitative evaluation of some of the soil water monitoring devices;
least favorable score — 1, most favorable score — 10 (after Ley et al., 1994)

YcTpoiicTBO
Kputepwia Device NP TDR | GM AP AQ ™ GB wB
Criterion
LleHa
Initial cost 3 1 8 2 7 8 8 8
MoparotoBka Ha N3MepBaHETO
Field site setup requirements 7 3 10 3 10 7 6 6
CNIOXHOCT Ha M3MepBaHeTO
Obtaining a routine reading 8 8 1 8 4 10 8 8
VIHTepnpeTupaHe Ha oTyeTuTe
Interpretation of readings 10 10 10 10 3 5 3 5
TouHoCT
Accuracy 10 10 10 8 2 7 2 3
Mopapbxka
Maintenance 9 9 8 9 7 3 9 9
CneuyuasiHm n3nckesaHms
Special considerations 2 8 5 8 9 7 5 8
CymapHa oueHkKa
Composite rating 49 49 52 48 42 47 41 47
NP — HEYTPOHEH Bnaromep TDR — Time Domain Reflectometry
neutron probe
GM — TernoBHO-TepMocTaTeH Metog AP — FDR (Troxler Sentry 200-AP)
gravimetric method
AQ — FDR (Aquaterr Probe) ™ — TEH31OMETbP
tensiometer
GB — rmncoBo 6/10k4e (en. cbnpoT.) WB — 6nok4e Watermark (en. cbnpor.)

gypsum block (el. resistance)

Watermark block (el. resistance)
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PE3IOME

PaspaboTteHn ca npogyktm —
CyWleHW M/I040BE OT pas/InyHN TeHOTUM-
OBe SAMNOHCKa AN, oTredaHn 1 npegoc-
TaBeHM OT WHCTUTYT MO M/IaHUHCKM
XMBOTHOBBACTBO 1 3eMefesnive, rp. TPposiH.

Ha nogbpaHuTte hopmm XxeHoMenec
N CylleHWTe MpoayKTW e u3cnefBaH
BGMOXMMUYHUAT CbCTaB B SlabopaTopust Ha
WHCTUTYT NO NAIAHNHCKN XXMBOTHOBBLACTBO
n 3emepgenuve, rp. TposiH.

TEexHOMOTMYHUAT NPOLEC CYLLEHE €
npoBefeH B TEPMOMOMMEH CTeHA 3a
CylleHe, Ha TbHbK C/I0/ MpU HanpeyHo
OPWEHTUPAH Bb3AYLWEH MNOTOK, CApPSMO
CNos NPOAYKT npu Temnepatypa 45+2°C u
HMCKA  OTHOCUTE/IHA  BM@KHOCT  Ha
uupKyvpawma  Bb3gyx  (cpegHo  3a
npoueca 10%). O6GLWNAT aHTMOKCHMAAHTEH
KanauuteT e OueHeH upe3 onpejensiHe
Ha pagukanoynasswara Cnoco6HOCT
(DPPH - TecT) 1 cbabpXaHue Ha obuim
nonMdEHOIN Ha CBEXUTe naoLoBe U

Accepted: 04.12.2018

Published: 21.12.2018

SUMMARY

Products were made, such as dried
fruits of different genotypes of Japanese
quince (Chaenomeles sp.) grown and
provided by the Research Institute of
Mountain Stockbreeding and Agriculture,
Troyan.

The biochemical composition of
some selected (genetic types of
chaenomeles and their dried products
was studied at the laboratory of the
Research Institute of Mountain
Stockbreeding and Agriculture in Troyan.

The technological drying process
was carried out in a heat pumping stand
for drying, on a thin layer with a crosswise
air flow direction towards the layer of the
product at a temperature of 45 + 2°C and
a low relative humidity of the circulating
air (10% on average for the process). The
total antioxidant capacity was assessed
by determination of antiradical capacity
(DPPH test) and total polyphenols content
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cyweHute npoayktm B VHCTUTYT 3a
uscnefsaHe 1 pa3BuUTUE Ha XpaHuUTe, rp.
Mnosgus.

KntoyoBn Aymu: AMoHCKa Alons,
Chaenomeles sp., cyweHu nnoaose,
aHTVMOKCUAAHTEH KanauuteT, pagukaso-
ynassia cnocobHocT

YBO[,
AnoHckata ptona  (Chaenomeles
Sp.) HapuyaHa oule A6byYe, NNaHUHCKN
JIMMOH € LUMPOKO pasnpoCcTpaHeHo AeKo-
paTtuBHO pacTeHue y Hac. OCBeH C Kpa-
CMBM LIBETOBE, XEHOMEIeCHT MpuBAMYA
BHMMaHMETO MpPe3 eceHTa CbC 3/1aTUCTU
apomartHu nnogose. B HskouM cTpaHu Te
HamMuMpaT NPUIOXKEHUE B XpaHUTesHaTa
MHAYPCTPMA 3a npepaboTku, nopaau
BMCOKOTO CY CbAbpXaHWe Ha 6MONorMyHO
aKTVMBHMW BELLECTBA: OPraHNyYHU KUCESTUHN,
ackopbuHoBa KucenuHa, noaudeHonu,
NeKTWH, apoMaTHu cbeanHeHns (Lesinska
et al., 2006). CbabpKaHMeTo Ha BUTAMUH
C B nnogosete Bapupa ot 41,2 go 105,8
mg 100 g L heHoNHUTE ChbeanHeHUs
Bapupat ot 523,9 go 1271,7 mg 100 g
(Krasnova et al., 2007). [pyro cBoiicTBO
OT roNsiM WHTEpec e npegnonaraemusaTt
MY BWCOK aHTMOKCUAAHTEH KanauuTerT,
Ab/mKall, Ce Ha CbAbpXaHWEeTO Ha BuUTa-
MUH C 1 (heHonHM cbeauHeHns. Cbabp-
XaHuneTto Ha ButammH C e 45 go 109 mg
100 ml ™ 1 (peHONHWUTE CbeAUHEHUs B
coka Ha Chaenomeles japonica ca 210-
592 mg 100 ml ™ (Hellin et al., 2003).
CyweHeTo e MeToA, KOWTo e npu-
JIOKEH KaTO HayMH 3a 3anas3BaHe Ha M/o-
poseTte. [pouechbT BK/AOYBA PA3/IMYHM
BapuaHTu Ha NpPWIOXeHne, 3a Ja ce Mno-
ly4n KpanHuaT NpoaykT. BaxeH enemeHT
B pas3/iMyHMUTE TEXHOJIOTUN 3a CYLIEHE €
fa ce u3cnedBat NPOMeEHUTE B GMOXMMUY-
HUTe cbecTaBu Ha nnogosete (Mezhenskii,
2004; Mondeshka, 2005; Graeme et al.,
2007; Rupasova et al, 2008; Figueiredo,
2009; Zhu et al.,, 2012; Zhang et al.,
2014). CyweHuTe nnogose nog opmara
Ha npax ca xpaHuTenHa gobaska, U3non-
3BaHa 3a npejoTBpartsBaHe Ha aTepo-
CKNepo3a M uma aHTUOKCUAAHTHO [Jeli-

of fresh fruit and dried products at the
Food Research and Development
Institute, Plovdiv.

Key words: Japanese quince,
Chaenomeles sp., dried fruit, biochemical
composition, antioxidant capacity,
antiradical capacity

INTRODUCTION

Japanese quince (Chaenomeles
sp.) is a widespread decorative plant in
Bulgaria. Besides its beautiful blossoms,
Chaenomeles attracts attention in autumn
with its golden aromatic fruits.

In some countries, they are used in the
food processing industry because of their

high content of biologically active
substances, such as organic acids,
ascorbic acid, polyphenols, pectin,

aromatic compounds (Lesinska et al.,
2006). Vitamin C content in fruits varies
from 41.2 to 105.8 mg 100 g *, phenolic
compounds vary from 523.9 to 1271.7 mg
100 g (Krasnova et al., 2007).

Another property of great interest is its
supposed high antioxidant capacity due to
the content of vitamin C and phenolic
compounds. Vitamin C content is 45 to
109 mg 100 ml and phenolic
compounds in the juice of Chaenomeles
japonica are 210-592 mg 100 ml t (Hellin
et al., 2003).

Drying is applied as a method to
preserve fruits. The process involves
different application variants to produce
the final product. An important element in
the different drying technologies is to
study the changes in the biochemical
compositions of fruits (Mezhenskii, 2004,
Mondeshka, 2005, Graeme et al., 2007;
Rupasova et al, 2008, Figueiredo, 2009,
Zhu et al. Zhang et al., 2014).

Dried fruit in the form of a powder is a
food supplement that prevents
atherosclerosis and has an antioxidant
effect, improves the health of the
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cTBMe, nogobpsisa 34paBOC/IOBHOTO CbC-
TOsiHMEe Ha opraHm3ama (Tang et al., 2000;
Dharmananda, 2005, Malgorzata et al,
2007; Tang et al., 2010).

CyweHu nnogose ot Chaenomeles
Sp. ce u3non3saTr OT XWIAgW FOAVHW B
KuTalickata MeguuMHa 1 3aema 3HauuTe-
neH obem B npegnucBaHuTe OT TAX
peuentn (Chace and Zhang, 1997;
Dharmananda, 2005; Sagar et al., 2010;
Figueiredo, 2009). PacTeHuneTo ycnewHo
ce npunara kato CpeAcTBO 3a 3acuiBaHe
Ha WMyHWTETa, CTaBHW, YEepPHOAPOOGHW,
npu pakoBu 1 MHOTO Apyry 3a6onsiBaHus.
Peguua CcbBpeMeHHM YYyeHW fokassar
emkacHocTTa Ha  njogosete  OT
Chaenomeles sp. npu eyeHneTo Ha
TYMOpPHWM 3abonseaHus, CIMWH, peBma-
TomAeH apTput u ap. (Zhao et al., 2008;
Graeme, 2007; Zhang et al., 2014; Lim,
2012; Watychowicz et al., 2017).

LlenTta Ha HacTosAwwaTa nybamkauus
e Aa ce uscnensa 6MOXUMUYHUAT CbCTas
N O6LWMAT aHTUOKCUAAHTEH KanauuTer,
OLeHeH upe3 onpejenaHe Ha pajuka-
noynassuwata cnocobHocT (DPPH - TecT)
N CbAbpXKaHMe Ha o6LM nomdieHoNN Ha
CBEXM NN0A0BE U CyLLEHUTE NMPOAYKTU OT
anoHckata awnsa (Chaenomeles japonica
(Thunb.) Lindl. ex Spach), B 3aBucumocT
OT (hopmMuUTE HA FeHoTUNa WM HayvHa Ha
ornexgaHe Ha naogoBseTe.

MATEPWNANT N METOA4WA

CypoBUHU

W3cnepBaHuTe reHoTunoBse ca 6es-
6oaunectu, oTbpaHy OT KOSIEKLNOHHU Ha-
caxaeHus Ha UIMXK3-TposH. PasctosaHns-
Ta Ha 3acaxpgaHe ca 1,5x2m. Ycnosudara
Ha oTrnexjaHe ca HenonusHu. Bucouu-
HaTa Ha xpactuTte e fo 150 cm. jobusute
OT npoy4yBaHuTe hopmMu ca B rpaHuumTe
oT 2 po 5 kg, nm cpegHo Terno Ha
nnogosete 40-60 g.

OnuTHa nocTaHoBKa

O6eKT Ha HaCToALWOTO MU3cneBaHe
ca 4 pas3nnyHn reHotuna AnoHcka Arons
(Chaenomeles japonica (Thunb.) Lindl. ex
Spach reHotun 3p8h; reHoTunn 2p2h BB/,
reHotun 4pSh [ v reHotun 4p10h BB/,

organism (Tang et al., 2000, Dharmananda,
2005, Malgorzata et al, 2007, Tang et al.,
2010).

Dried fruits of Chaenomeles sp.
have been used for thousands of years in
Chinese medicine and occupy a
considerable amount of prescriptions
(Chace and Zhang, 1997; Dharmananda,
2005; Sagar et al, 2010; Figueiredo,
2009). The plant is successfully used as a
means to enhance immunity, for joint,
liver, cancer, and many other diseases. A
number of contemporary scientists prove
the efficacy of Chaenomeles sp. fruit in
the treatment of tumor diseases, AIDS,
rheumatoid arthritis etc. (Zhao et al.,
2008, Graeme, 2007, Zhang et al., 2014,
Lim, 2012, Watychowicz et al., 2017).

The aim of the paper is to examine
the biochemical results of the total
antioxidant  capacity, assessed by
specifying the antiradical capacity (DPPH
- test) and total polyphenols content of
fresh and dried frruit of Japanese quince
(Chaenomeles japonica (Thunb.) Lindl. ex
Spach) depending on the forms of
genotype and the cultivation methods for
fruit growing.

MATERIAL AND METHODS

Raw fruit

The studied genetic types are
thornless, picked out in the collection
plantations of RIMSA, Troyan. The
planting distance is 1.5x2m. The
plantations are nonirrigated. The bush
height is up to 150 cm. The yields of the
studied forms are in the range of 2 to 5
kg, and the average fruit weight is
40-60 g.

Experimental design

The object of this study is four
different genotypes of Japanese quince
(Chaenomeles japonica (Thunb.) Lindl. ex
Spach genotype 3p8h; genotype 2p2h
BBD; genotype 4p9h D and genotype
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Mpuetata dopma Ha HapsA3BaHe e
HanpeyHo Ha PUINIAKN.

MpenBaputenHaTa MNoOArOTOBKA Ha
CypoBMHaTa € u3BbplleHa B cnegHaTa
nocnefoBaTesiHoCT: npremaHe -
n3MMBaHe ¢ Tevalla Boga - NpeTernsiHe
_ HapsasBaHe _ OTueXJaHe _ CYyLUeHe.

MnogoseTe 3a m3crnedBaHe ca U3-
nUTaHW B TEPMOMOMMEH CTEHJA, 3a Cylue-
He, B TbHbK C/10li NpY HaNpe4YHo OpPUEHTK-
paH Bb3gylleH NOTOK CApPsiMO C/10S Mpo-
AyKT. TepmMonomMneHOTO CylleHe npoTuya
npu temnepatypa 45+2°C 1 HUCKaA OTHO-
CuUTENHAa BJI@XHOCT Ha UMpKympalms
Bb3ayx (cpegHo 3a npoueca 10%). 3a
Kpail Ha ekcnepuMMeHTa Ha cCylleHe ce
npuema [OCTUraHe Ha MoCcTosiHHa Maca
Ha npob6arta. MpobuTe M3CyLIeHN U oxna-
[EHN ca ONaKkoBaHW B XapTUEHM M/IMKOBE.
CbXxpaHeHMETO Ce M3BbPLUBA NpY CTaiHa
TemnepaTtypa B OTCbCTBUE HA CBET/IMHA.

MeTtoawu:

- OnpegensiHe Ha CyxO BeLLECTBO
(TernoBHo), % - BAC EN 12143-00;

- CYX0 BELLEeCTBO
(pethpakTomeTpuyHoO), % - BAC 17257

- obwa TUTpyema KMUCesIMHHOCT, %
- BAC 6996-93

- 06wy 3axapu, % - bAC 7169-89

- onpegensHe Ha ackopbuHoBa
KncenunHa, mg % - 6AC 11812-91

- MektnH, % - no wMeToga Ha
MenuTy,

- AbbunHn BewectBa, % — no
MeToga Ha JleBeHTan-Halibayep

MoprotoBka
XUMUYHN aHaIn3un

5 g OT BCEKM BapuaHT Ha Mosyye-
HUTE MPO6U CylleHW NPOAYKTU ca mocTa-
BEeHW B MepuTenHa konb6a ot 50 mL.
CbabpxaHMETO Ha konbata e foBefeHo
0o ~2/3 ot obema ¢ nogkuceneH (2300uL
37% HCI B 1L meTaHon) metaHon. Cnepg
NpecToin OT efHa How, B XJaguiHu
ycnosus (10°C), cbAbpXaHMETO Ha Kon-
6ata e fonb/HEHO A0 Mapkata. Monyve-
HWTE METAHOJTHW eKCTPaKTW ca OUITPYBaHW
npe3 HarbHaT YUNTHP Y aHaIM3NPaHW.

Bcuukn namepBaHus ca U3BbpLLEHN

Ha npobute 3a

4p10h BBD.
The fruit was sliced across.
Prepreparation of the raw material
was done in the following order: accepting
- washing with running water -
weighing - cutting - draining - drying.

The fruits were tested in a heat
pumping stand, in a thin layer, with a
crosswise air flow direction towards the
product layer. Heat-pumped drying takes
place at a temperature of 45 + 2°C and a
low relative humidity of the circulating air
(average for the process 10%). The
constant sample weight is considered as
the end of the drying experiment.
Samples, after being dried and chilled,
were packed in paper bags. They were
stored at a room temperature in the
absence of light.

Methods:

- Dry matter assessment (weight),
% BDS EN 12143-00;

- dry matter
BDS 17257

- total titratable acidity, % - BDS
6996-93

- total sugars,% - BDS 7169-89

- ascorbic acid assessment, mg % -
BDS 11812-91

- pectin, % according to the method
of Melitz;

- tanning substances,
according to Leventhal-Neubaurer.

(refractometrically),

% -

Preparation of for
chemical analysis

5 g of each sample of the dried
samples obtained were placed in a 50 mL
volumetric flask. The content of the flask
were adjusted to ~ 2/3 of the volume with
acidified (2300puL 37% HCl in 1L
methanol) methanol.  After  staying
overnight under refrigeration conditions
(10 ° C), the content of the flask were
added to the mark. The resulting
methanol extracts were filtered through a
folded filter and analyzed.

All measurements were performed

samples

196



¢ UV-Vis cnektpocotometsbp Helios
Omega ¢ NHCTaMpaH cothTyep
VISIONIlite (Thermo Fisher Scientific,

Madison, WI, USA), nsnonseaiku KoBeTU
C onTu4yeH NbT 1 cm.

- OnpepgensiHe Ha o6LWw
nonmgeHonn - CbabpXaHNETO Ha 06K
noMAgIEHOIM € OonpefesieHo Mo meToga
Ha Singleton and Rossi (1965) B
cnepHata mogudmkaums: B MepuTenHa
enpyeetka or 10 mL ca oTnunetTupaHu
nocnepgosatesiHo 0.1 mL ekcTpakTt, ~7 mL
pectunupaHa Boga, 0.5 mL FC-peaktuns
(paspegeH 1:4 c pectunupaHa Boga) wu
1.5 mL 7.5% BofeH pa3TBOp Ha HaTpues
kap6oHat. Crief pasknawjaHe Ha enpy-
BETKNTE, 06EMBT € A0BeAeH C AeCTW/un-
paHa Boga o 10 mL. Cnep npecrtosiBaHe
3a 2 h B Nokoli Npu cTaiiHa TemnepaTypa
€ usmepeHa abcopbumsaTa Ha peakuuoH-
Hata cmec npy 750 nm. AHanorMyHo e
npuroTeeHa npasHa npoba ¢ nsnonssaHe
Ha JecTunvpaHa BOofa BMECTO eKCTpakT.
MonyyeHnTe pesyntatm ca OTYETEHM
CrnpsAMo cTaHJapTHa npasa v ca npepacra-
BEHN KaTO €eKBMBAJIEHTUW Ha rasosarta
kncenuHa (GAE) B mg 3a 100 g npob6a.

- OnpegensiHe Ha obwmTe
aHTouMaHn - KonmyectBoTo Ha obLwmTe
MOHOMEPHU aHTOUMaHW € onpegesieHo
ype3 pH-gudepeHymanHma metog (Giusti
and Wrolstad, 2001). MeTaHONHUAT E€KCT-
pakT e paspefeH napasnesnHo ¢ bydep ¢
pH 1.0 (0.025 M kanueB xnopug) n bydep
¢ pH 4.5 (0.4 M HaTpueB aueTtar). Cnepg
npecTosiBaHe B Mokoi 3a 1 h npwu cTaiHa
TemnepaTtypa ca M3mepeHun abcopbunmTe
npu 520 nu 700 nm. Pesyntatute ca
M3YUC/MIEHN  4ype3  M3Mo/s3BaHe  Ha
KoedmumMeHT Ha MosiapHa abcopbuus
26900 L/(mol cm) u MonekynHa Maca
449.2 g/mol u ca wu3paseHn kaTto
€KBMBA/IEHTU Ha LUMaHWOWH-3-TI0KO3US
(CGE) B mg Ha 100 g npob6a.

- OnpepgensiHe Ha obwms
aHTNOKCUOaHTeH KanauuteT - O6wmAT
aHTMOKCUAAHTEH KanmauuteT € OueHeH
ypes onpegensHe Ha pagvkaioynaBswa-
Ta cnocobHoct (DPPH - TecT). Trolox,
BOZ0OPa3TBOPMM aHaslor Ha BUTaMuH E, e

with a Helios Omega UV-Vis
Spectrophotometer with VISIONIite
software installed (Thermo Fisher

Scientific, Madison, WI, USA) using 1 cm
optical paths.

- Total polyphenols assessment -
The content of total polyphenols was
determined by the method of Singleton
and Rossi (1965) in the following
modification: 0.1 mL of extract, ~7 mL of
distilled water, 0.5 mL of FC reagent
(diluted 1: 4 with distilled water) and 1.5
mL of 7.5% aqueous sodium carbonate
solution.

After shaking the test-tubes, the volume
was brought to distilled water to 10 mL.
After staying for 2 h at a room
temperature, the absorption of the
reaction mixture was measured at 750
nm. An analogous blank sample was
prepared using distilled water instead of
extract. The results obtained are reported
in comparison with the standard straight
line and are presented as GAE in mg per
100 g of sample.

- Assessment of total
anthocyanins - The amount of total
monomeric anthocyanins was determined
by the pH-differential method (Giusti and
Wrolstad, 2001). The methanolic extract
was diluted in parallel with buffer pH 1.0
(0.025 M potassium chloride) and buffer
pH 4.5 (0.4 M sodium acetate). After
staying for 1 hour at room temperature
without motion, the absorptions at 520
and 700 nm were measured. The results
were calculated using a molar absorption
coefficient of 26900 L / mole and a
molecular weight of 449.2 g / mol and
were expressed as cyanidine-3-glucoside
(CGE) equivalents in mg per 100 ¢
sample.

- Total antioxidant capacity - The
total antioxidant capacity was assessed
by the antiradical capacity (DPPH - test).
Trolox, a water-soluble vitamin E
analogue, was used as a standard and
the results were expressed as Trolox
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M3MoN3BaH KaTo CTaHAapT v pesynratnte
ca 13paseHun KaTo ekBMBasieHTH Ha Trolox
(TE) B ymol 3a 100 g npoba.

DPPH-tecT

Mpouepypata e 6Ga3upaHa Ha
MeToga Ha Brand-Williams et al. (1995),
NpuaoXeH B cregHata MoAUdUKaUUS:
2250 pL meTtaHoneH pa3stsop Ha DPPH (6
x 10-5 M) ca cmeceHun ¢ 250 pyL meTaHo-
NleH ekcTpakT (pa3spefeH ¢ JecTunupaHa
BoAa B CbOTHoweHue 1:3, v/v); abcopb-
uma-tTa npu 515 nm e n3mepeHa cneg 15
min nNpecTosBaHe Ha peakLMoHHaTa CMec
B 3aTBOpeHa KiwoBeTa Ha TbMHO Mpu
cTaliHa Temneparypa.

- MaremaTuko-ctaTucTmyecka
ob6paboTka

MpenctaBeHuTe  pesynratm  ca
CpefHOapUTMETUYHN CTOMHOCTM OT Hali-
Manko TpW napanenHu onpeneneHuns,
KaTo KoeMUMEHTUTE Ha Bapuauus ca no-
MaUsiku oT 5%. CTaTuctuyeckata o6paboT-
Ka Ha JaHHWTE e ocCbliecTBeHa C
nporpamy ANOVA, Microsoft Excel.

PE3SYNTATU N OBCBbXOAHE

Ha durypn ot 1 go 16 ca npeg-
CTaBEHW JaHHUTE OT NpoBegeHnTe 61oXK-
MUYHN aHa/IM3n U pagukasioynassLwara
CMOCOGHOCT Ha MNPEecHn W©  CyleHu
ns040Be OT pas/IMYyHN OPMU Ha ANOHCKa
arons.

BruoxnMunyHaTa xapaktepuctmka Ha
nnofoBeTe OT XeHOMeJIec, OTr/exXaaHn B
rp. TposiH Nnoka3ea, Ye CbAbPXKaHNETO Ha
o6lWKMTe CyxM BellecTBa OnNpefesieHn
ypes3 TersioBeH metog e ot 13,81% npu
nnogose ¢ Homep 4pl0 h go 20,20% npwu
nnogose ¢ Homep 3p8h. CToliHOCTUTE Cca
CTaTUCTUYECKN pas3nnyuMu npu  npoba
CcBexu nnogose ¢ Homep 3p8h, cnpamo
ocTaHasMTe Tpy DOPMU Ha AMOHCKa NS
(durypn 1 n 2).

equivalents (TE)
sample.

in umol per 100 g

DPPH-test

The procedure is based on the
method of Brand-Williams et al. (1995),
applied in the following modification: 2250
pL of DPPH methanolic solution (6 x 10-5
M) were mixed with 250 pL of methanol
extract (diluted with distilled water in a 1:
3 v / v ratio); the absoprtion at 515 nm
was measured after 15 minutes of staying
of the reaction mixture in a closed vessel
in dark place at a room temperature.

- Mathematical and statistical
processing

These results are arithmetic mean
values of at least three parallel
determinations, with  coefficients  of
variation less than 5%. Statistical data
processing was performed with ANOVA,
Microsoft Excel programs.

RESULTS AND DISCUSSION
Figures 1 to 16 show the data from
biochemical analyzes carried out and the
antiradical capacity of fresh and dried
fruits of different forms of Japanese
quince.

The biochemical characteristics of
Chaenomeles fruits grown in the town of
Troyan shows that the total dry matter
content determined by weighing method is
13.81% for fruits with number 4r10h to
20.20% for fruit with number 3p8h. The
values are statistically identifiable in a
3p8h fresh fruit sample versus the other
three forms of Japanese quince (Figures
1 and 2).
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dur. 1. Cyxo BewecTBo (TersIOBHO) Ha
npecHn njofoBe OT sAMNOHCKata AloNs
(Chaenomeles japonica (Thunb.) Lindl. ex
Spach)

Fig.1. Dry matter (weight) of fresh fruit of
Japanese quince (Chaenomeles japonica
(Thunb.) LindlI. ex Spach)

O6LWOTO CbAbPXaHME Ha BbINexui-
patn e Hali-BMCOKO Mpu M/040Be C HOMeEpP
2p2h (9,55%), npn octaHanute naogose e
Hucko ot 4,70 pgo 5,35%. OnpegeneHuAt
NMPOLEHT Ha MHBEPTHa 3axap B N040BeTE €
CTaTUCTMYECKN Hepas/myMma npu nnogose
Cc Homepa 2p2h n 4pl0h n cTatucTuyeckn
pasnuumma npu nnogose ¢ Homepa 3p8h
CbC cbabpXaHne — 3,70%. KonvyectsoTo
3axapo3a onpejesieHo B MnogoBeTe e B
ronemn pasnvku ot 0,48% npw niogose C
Homepa 4plOh go 5,08% npu nnogose c
Homep 2p2h (durypa 3).
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2p2h65) [ |

3axaposa, %
®m MHBepTHa 3axap, %

= 06w 3axapm, %

4p10hBA ||

ELLLN ——|
e

0 2 4 6 8 10

dur. 3.061mM 3axapn Ha NpecHN niogose oT
japonica

anoHckata pgwons (Chaenomeles
(Thunb.) LindlI. ex Spach)

Fig. 3. Total sugars of fresh fruit of Japanese
japonica (Thunb.)

quince (Chaenomeles
Lindl. ex Spach)

Cyxo seuecTeo, pedpantomerpuyno, %
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dur. 2. Cyxo BelecTBO (pethpakToMeTpUHHO)
Ha MpPecHW nogoBe OT sAMOHCKaTa [Hosis
(Chaenomeles japonica (Thunb.) Lindl. ex
Spach)

Fig. 2. Dry matter (refractometrically) of
fresh fruit of Japanese quince (Chaenomeles
japonica (Thunb.) Lindl. ex Spach)

The total carbohydrate content was
highest in fruits with number 2p2h
(9.55%), as it was lower than 4.70 to
5.35% for the other fruits. The percentage
of invert sugar in fruit is statistically
indistinguishable in fruit with numbers
2p2h and 4pl0h and statistically distinct
in fruit with number 3p8h with a content of
3,70%. The sucrose amount in fruits was
in large variations of 0.48% for fruits with
numbers 4r10h to 5.08% for fruit with
number 2p2h (Figure 3).

4poh A

MekTiH, %
2p2h BB
B AHTOUMaHH, Mg/ %
4p10h BBS,

® JuOnann
BelecTsa, %

ipsh

dur. 4. bMonNorMyHo akTMBHU BellecTBa
Ha NpecHU NJoAoBe OT AMNoHcKaTta Arond
(Chaenomeles japonica (Thunb.) Lindl. ex
Spach)

Fig. 4. Biological active substances of
fresh fruit of Japanese quince (Chaenomeles
japonica (Thunb.) Lindl. ex Spach)
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3HaunTeNIHO BUCOKO CbAbpXaHue
Ha OpraHuyHW KUCEeNVHW, onpeaesieHu
Kato s6bnuyHa (Hag 2 %) 3a BCUYKM
uscnefBaHy Mogose, npasu  nioja
HenoaxoAsL, 3a KoHcymauusi B MpsSCHO
cbecTosiHME (Purypa 5).

MpecHuTe nnofose ¢ Homepa 3p8h
1 4p9h ca cbC CTATUCTUYECKM Hepasnu-
YMMU NPOLEHTHN CbAbPXaHUe Ha ackop-
6uHoBa KucesnvHa, (88,00 mg%), Ho ca ¢
no-BUCOKa CTOMHOCT B CpaBHEHMWE C OCTa-
HanuTe nogbpaHu dopmu nnogose 2p2h
n 4pl0h, unAto ctoiiHocT e 52,00 mg%

(durypa 6).

061a KUCeNMHHOCT,
(kaTo Aa6bAYHA), %
3
2,5 2 3
2 Y : 4 : 4
1,5
1
0,5
0 .
0 1 2 3 4 5
dur. 5. Ob6wa KUCEeMHHOCT Ha MpPecHu

nnopoBe oT sinoHckaTta atonda (Chaenomeles
japonica (Thunb.) Lindl. ex Spach)

Fig. 5. Total acidity of fresh fruit of
Japanese quince (Chaenomeles japonica
(Thunb.) LindlI. ex Spach)

MpPOUEHTHOTO CbAbpPXaHMEe Ha
ObO6UNHY BellecTBa e BUCOKO M Bapupa
o1 0,475% npw nnogose 2p2h go 0,810%
npy nnogose ¢ Homep 3p8h, KoeTo
npuzasa TPbNYMBUA BKYC Ha NoJOBETE.
[aHHnTe ca cTaTtucTUyYecku pasnuyunumu,
Ab/Kaly ce Ha pasnunuuata Ha dopmu-
Te Ha reHoTuna Ha nnogosete (dPurypa 4).

MekTMHOBMTE BellecTBa onpeje-
NleHn B npecHuTe NiofoBe Bapupar ot
0,50 % npu 4pl0Oh pgo 1,20 % npu
nnogose 2p2h, kaTo Npu ocTaHaUTe aBe
npo6u 3p8h 1 4p9h NpPOUEHTHOTO CbABLP-
XaHue Ha MNeKTUHW € CTaTUCTUYECKU

Hepaznuumumo 0,89 % (Purypa 5).

Significantly high organic acid
content, defined as malic (over 2%) for all
fruit examined, makes the fruit unsuitable
for fresh consumption (Figure 5).

Fresh fruit with numbers 3p8h and
4p9h had a statistically indistinguishable
percentage of ascorbic acid (88.00 mg%)
but the value is higher in comparison to
the other selected fruits 2p2h and 4p10h
with a value of 52.00 mg % (Figure 6).

AckopbuHoBa KucenmHa,mg /%

120
100 % %
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dur. 6. ACKOpOMHOBA KNCESIMHA Ha MNPECHU
nnogoBe OT sinoHckaTa Atonsa (Chaenomeles
japonica (Thunb.) Lindl. ex Spach)

Fig. 6. Ascorbic acid of fresh fruit of
Japanese quince (Chaenomeles japonica
(Thunb.) LindlI. ex Spach)

The percentage of tanning
substances was high and ranged from
0.475% for fruits 2p2h to 0.810% for fruit
with number 3p8h, which gives the tart
flavour of fruit. Data are statistically
significant due to the differences in the
forms of the genotype of fruits (Figure 4).

Pectin substances determined in
the fresh fruits ranged from 0.50% at
4p10h to 1.20% in fruits 2p2h, while in
the other two samples 3p8h and 4p9h the
percentage of pectins was statistically
indistinguishable 0.89% (Figure 5).
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YcTaHoBM ce, 4Ye Hail-noaxogsuia
dopmMa 3a cyweHe e Ha reHorun oT
cBexuTe nnogose e 3p8h cbCc cbabpXa-
HMe Ha Cyxu BOA0pa3TBOPUMM BellecTBa
11,5%, obwum 3axapu 4,85%, obuwa kuce-
nnHHOCT 2,51%, ackopbrHoBa KucennHa
88,0 mg %, ob6unHKM Bewectsa 0,81 %,
nektTuHoBu BewecTsa 0,89 %.

M3mepeHaTa Bnara 3a BCUYKK
npobu e ot nopsagbka Ha 11,4 no 12 %,
Kato npoba c Homep 3p8h u 2p2hBB[ ca
CbC CTATUCTMYECKM He  pasnnymmu
NPOLLEHTU, KakTo 1 npobu 4pl0Oh BB/ 1
4p9h [ (p> 0,05). AHanornyHu ca pesyn-
TatuTe nMpu onpefesieHuTe TErsI0BHO
cyxu Bewectea (durypa 7 un 8).

Cyx0 BewecTso, TernosHo,%

89

88,8 -

88,6
83,4
3p8h  4p10hbBA 2pZhBBA  4p9h 1

88,2

88
878
87,6
87,4
87,2

dur. 7. Cyxo BeWecTBO Ha CyLIeHU
niaogoBe OT sinoHckaTta atons (Chaenomeles
japonica (Thunb.) Lindl. ex Spach)
Fig. 7. Dry matter of dried fruit of
Japanese quince (Chaenomeles
japonica (Thunb.) Lindl. ex Spach)

AHanusvpaHuTe nokasatenu Ha
o6Lla KUCEeNUHHOCT W CbAbpXaHue Ha
ackopbuHoBa KMcenuHa 3a BCUYKM Npodu
ca CTaTUCTUYECKM  HepasiMumumMum U”
NpoLechT Ha CyLLeHe He OKa3Ba B/vsHME
BbPXY NPOLEHTHUTE CbAbpXaHUS
(p>0,05) (Purypa 9 n 10).

It has been found that the most
suitable form for drying is a genotype
3p8h with a content of dry water-soluble
matter of 11.5%, total sugars of 4.85%,
total acidity of 2.51%, ascorbic acid 88.0
mg%, tanning substances 0.81%, pectin
substances 0.89%.

The measured moisture for all
samples ranged from 11.4 to 12%, with
sample 3ss8h and 2p2hBBD having
statistically non-detectable percentages,
as well as samples 4p10h BBD and
4p9hD (p> 0.05). Similar results are given
for dry matter weight (Figure 7 and 8).

Bnara,%

12,4
122 + .
12 + ” T
11,8 +
11,6 -
11,4 4 :
11_2 I . = =} = i
11
10,8 +

3psh 4p10hBBA  2p2hBBA  4p%h ]

dur. 8. Bnara Ha cyweHu nsogoBe OT
AnoHckata Aatona (Chaenomeles japonica
(Thunb.) Lindl. ex Spach)

Fig. 8. Moisture in dried fruit of Japanese
quince (Chaenomeles japonica (Thunb.)
Lindl. ex Spach)

The analyzes of total acidity and
ascorbic acid content for all samples
were statistically insignificant and the
drying process had no effect on
percentages (p>0.05) (Figure 9 and 10).
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06Lwa KucenuHHocT, (kato A6bauHa), % Ackop6uHoBa KucenwHa, mg/%
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dur. 9. O6wa KuUCeNMMHHOCT Ha cyuweHun éur. 10. ACKOPOGUHOBA KMCENUHA Ha CyLleHU

nnogose OT sAnoHckaTta Atonsa (Chaenomeles
japonica (Thunb.) Lindl. ex Spach)

Fig. 9. Total acidity of dried fruit of
Japanese quince (Chaenomeles japonica
(Thunb.) Lindl. ex Spach)

CbabpXaHMeTo Ha obwy 3axapw,
MHBEPTHA 3axap 1 06LL, NeKTUH ca ¢ Hali-
BMCOKM CTATUCTUYECKM pasnyuvMmn CTOM-
HOCTW NpW CyLUEHUTE M040BEe C HOMep
2p2h BB, B cpaBHeHWe C ocTaHanute
npobu cyweHn nnogose (p<0,05). dax-
HUTe ca npeacTtaBeHn Ha durypmn 11 n 12.

nnogoBe OT AnoHckata atonsa (Chaenomeles
japonica (Thunb.) Lindl. ex Spach)

Fig. 10. Ascorbic acid of dried fruit of
Japanese quince (Chaenomeles japonica
(Thunb.) Lindl. ex Spach)

The total sugars, invert sugar and
pectin content had the highest statistically
distinct values for dried fruit with number
2p2h BBD, compared to other samples of
dried fruit (p<0.05). Data are presented in
Figures 11 and 12.

4p9h =
2p2hBBA e w 3axaposa, %
® UnBepTHa 3axap, %
4p10h BBA == ¥ 06w 3axapw, %
3pgh =

o 5 10 15 20

®ur. 11. O6LM 3axapu Ha CyLUeHU NI0A0Be
OT sinoHckaTta atonis (Chaenomeles japonica
(Thunb.) Lindl. ex Spach)

Fig. 11. Total
Japanese quince (Chaenomeles
(Thunb.) LindlI. ex Spach)

sugars of dried fruit of
japonica

MpOLEHTHOTO CbAbPXaHWe Ha Ob-
6UNHU BellecTBa AOMUHMPA B nNpobu oT
nnogose ¢ Homep 3p8h u cnep npoueca
Ha cyweHe (p<0,05). 3a ocTtaHanute Tpu

t

W

4pSh A

m 06wy nexTuH, %

2p2h 6B
B AHTOUMEHKW, ME

1%
4p10h BbA,
 Ju6unHu
il Bewecrsa, %
3p8h 1

T
02 46 810

dur. 12. BUONOrMYHO aKTUBHU BeLLEeCcTBa Ha
CylleHN n/040Be OT snOoHcKata [Asis
(Chaenomeles japonica (Thunb.) Lindl. ex
Spach)

Fig. 12. Biological active substances of
dried fruit of Japanese quince (Chaenomeles
japonica (Thunb.) Lindl. ex Spach)

The percentage of tanning
substances dominated in samples of fruit
with number 3p8h and after the drying
process (p<0.05). For the other three
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npo6u pesyntatnte No TO3W Nokasarten
ca cTatucTmyeckn Hepasnuuumm (p>0,05).
OnpegeneHara  pajukanoynass-
uarta crnocobHOCT 3a BCUYKU aHannsu-
paHu npobu e ¢ No-BMCOKWM CTOMHOCTYU, B
CpaBHeHWe C npecHUTe naogose nopaan
NMo-BMCOKOTO CbAbpXaHWe Ha Cyxu Be-
LecTsa, B pe3y/Tar Ha npoeca cylieHe
W He ce Ab/XW Ha CbAbpXaHWeTo Ha
obwute nonndgeHonun (durypm 13 n 14).

go00

7000 1~

5000 +

B npecHM NNog0eE

3000 V7 H Cywenn nnogoee

2000 +~
1000 4~

0+

3p8h 2p2hD 4pSh 4p10hD

dur. 13. Pagukanoynassilia CNocoO6HOCT Ha
MPecHW W CylweHWn MnI0A40BE OT sAnoHcKaTa
aronsa (Chaenomeles Japonica (Thunb.) Lindl.

ex Spach)

Fig. 13. Antiradical activity of fresh and dried
of Japanese quince (Chaenomeles

fruit
Japonica (Thunb.) Lindl. ex Spach)

C Han-BuCOKa pagukanoynassuia
CMOCOBHOCT ca CcylweHuTe naogoBe C
Homepa 4pl0hbb/[], cnegBaHn OoT NA0AO-
Be 3p8h, a C Hail-HMCKa CTOMHOCT B
pesyntaT Ha npoueca CyweHe ca
nnogosete ¢ HoMmep 2p2hbBA.

[aHHnTe ca cTaTtucTuyeckn pasnu-
UMM Ob/DKalWM Ce Ha TEXHOMOTMYHKA
npouec cyieHe (p<0,05).

B pe3synTtaT Ha NpUIoXeHns TEXHO-
JNIOTUYEH PEeXUM Ha CylleHe, CbAbpxa-
HMETO Ha 06WM NoMdEeHONN Hamansea
ot 1,7 npu npobu ¢ Homep 3p8h go 2
NMbTU NpPU CylWleHW N0L40BE C HOMep
4p10h D. C Hail-BMCOKM CbAbpPXaHUA Ha
06LWM NOMAIEHONN Ca CYLUEHW MI040BE
C Homepa 4p9h, cnegsaHy OT NI0LOBE C
Homep 2p2h D. [aHHWTe ca cTatuctu-
YEeCKM pasNuuMmK, Ab/kawy ce  Ha
NMPWIOXKEHNST TEXHOMOTMYEH Mpouec —
cyweHe (p<0,05).

samples, the results were statistically
indistinguishable (p>0.05).

Antiradical capacity for all analyzed
samples was higher than fresh fruit due
to the higher dry matter content resulting
from the drying process and was not due
to the content of total polyphenols
(Figures 13 and 14).

B NpecHu
nnogose

B CyLEeHN
nnogose

2]
ls,Qq’ 'LQ,"‘\ R

dur. 14. O6wm NoNUdEHOIN Ha NPecHn
M CyLLleHW N/Iof0Be OT AMNOHCKaTa A0
(Chaenomeles Japonica (Thunb.) Lindl.
ex Spach)

Fig. 14. Total polyphenols of fresh and dried
fruit of Japanese quince (Chaenomeles
Japonica (Thunb.) Lindl. ex Spach)

Dried fruits with number
4p10hBBD, followed by 3p8h had the
highest antiradical capacity, while fruit
with number 2p2hBBD had the lowest
value as a result of the drying process.

Data are statistically significant due
to the drying process (p<0.05).

As a result of the applied drying
regime, the total polyphenols content
decreased from 1.7 for samples with
number 3p8h to 2 times for dried fruit with
number 4p10h D. The highest contents of
total polyphenols had dried fruits with
number 4p9h, followed by fruits with
number 2p2h D. Data are statistically

significant due to the  applied
technological  process, i.e. drying
(p<0.05).
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YctaHoBeHa e oTpuuaresnHa nu-
HellHa 3aBMCMMOCT, C MO-BUCOK koedin-
LMeHT Ha geTtepmuHaumsa R 2 = 0,9056,
MeXOy aHTUOKCUAaHTHaTa akTMBHOCT U
CbAbpXaHNETO Ha o06Wwu nonudeHonn
npu npecHuWTe NaoJoBe, B CPaBHeEHMe C
aHa/M3mpaHuTe cyweHn npobu (Purypu
151 16).

Negative linear dependence, with a
higher determination coefficient R * =
0.9056, was found between the
antioxidant  activity and the total
polyphenols content in fresh fruit as
compared to the analyzed dried samples
(Figures 15 and 16).
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®dur. 15. JlnHeliHa 3aBMcUMOCT Mexay @ur. 16. JIMHeiHa 3aBUCMMOCT MEXAy
cbAbpXaH/e Ha 06wy NonMgEHONM U CbhAbpXaHue Ha 06wy nonudeHonn wu
aHTUOKCUJaHTHaA  akKTMBHOCT Ha  NpecHu aHTUOKCMAaHTHA akTUBHOCT Ha CylleHn
nnogose OT snoHckata Awonsa (Chaenomeles M/1040B€ OT ~ AnoHCkata  AtonA
japonica (Thunb.) Lindl. ex Spach) (Chaenomeles japonica (Thunb.) Lindl. ex
Spach)

Fig. 15. Linear dependence between content of
total polyphenols and antiradical activity of
fresh fruit of Japanese quince (Chaenomeles

japonica (Thunb.) Lindl. ex Spach)

N3BOAN

MpocnepasBa ce ehekTbT OT Npoue-
ca Ha CylleHe BbpXy OTAENHUTE GUOXK-
MWYHM NapameTpu ¥ pagukasioynassiia-
Ta CMNOCOGHOCT Ha MPEecHW W CylleHn
nnogoBe npu  pasnuyHM  copmMm  Ha
ANOHCKa Atons.

3HauuTeNIHO BWCOKO CbAbpXaHue
Ha OpraHU4YHM KUCESIMHW, AbOWIHU Be-
LecTBa 3a BCMYKM M3C/efBaHN NnoAoBe
npaBu nfoda HenoaxoAsl, 3a KoHcyma-
LMS B NPSICHO CbCTOSHUE.

Cnep npoueca Ha CylleHe, KOsu-
YyecTBOTO Ha ackopbuHoBaTa K1cesMHa ce
3anasea no-gobpe B MNJ04OBETE Ha
reHoTun 4p9h n 3p8h.

C Hai-Bucoka pagmkanoynassiia
CMNOCOGHOCT ca CcyleHuTe NaoJoBe C Ho-
mepa 4pl0OhBB/[, cnepgsaHn OT naogoBe
3p8h, a ¢ Hali-H1CKa CTOMHOCT B pe3ynTtaT

Fig. 16. Linear dependence between content
of total polyphenols and antiradical activity
of dried fruit of Japanese quince
(Chaenomeles japonica (Thunb.) Lindl. ex
Spach)

CONCLUSIONS

The effect of drying process on
individual biochemical parameters and
antiradical capacity of fresh and dried fruit
in different forms of Japanese quince is
observed.

Significantly high levels of organic
acids, tanning substances for all tested
fruits make the fruit unsuitable for fresh
consumption.

After the drying process, the
amount of ascorbic acid was better
preserved in fruits of genotype 4p9h and
3p8h.

Dried fruits with number 4p10hBBD
had the highest antiradical capacity,
followed by 3p8h fruit, while fruits with
number 2p2hBBD had the lowest value as
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Ha npoueca cylleHe ca nnofoBeTe C
Homep 2p2hBB4.

FeHotun 3p8h cbC CbabpPXKaHME Ha
Ccyxu Bogopastsopumn Belectsa 11,5%,
o6wu 3axapmn 4,85%, obLia KNCENUHHOCT
2,51%, ackopbuHoBa kucesnvHa 88,0 mg
%, Ab6unHu Bewectea 0,81 %, NEKTUHO-
B/ BellecTBa 0,89 % e Hail-noaxoasiy 3a

a result of the drying process.

Genotype 3p8h is suitable for
drying with a content of dry water-soluble
matter of 11.5%, total sugars of 4.85%,
total acidity of 2.51%, ascorbic acid 88.0
mg%, tannins 0.81%, pectin substances
0.89%.

CyLLEHE.
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