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STRESZCZENIE

:\WVRND ZLDGRPR i VSR&AHF]JH VWZD EH]SR UHGQLR SU]JHI
I ZLHONR U0 VSR*\FLD SURGXNWyYyZ SURJGURZRWQ\FK 'R WL
RZRFH ERUYZNLDZR/ARNWHM UR OLQO RDMMRAKHWDER®DYFF]D
DOQWRF\WrBzQyURVQ F\P SRS\WHP QD VSR*UNyIZK) RF KE¥bRHI H P XV
SURGXNFMD W\¥RGRRRHWZ &KF F Z\SURGXNRZDUO GX* LOR
QDOH*\ V¥prawlRad&® HWRG\ L WHFKQRORJLH NWyYyUH SR]ZDOD
wyniki. -HGQ ] WDNLFK PHWR @ vitro URWYIUHQSHRIXBOWRAH P QR *H
JHQHW\F]QLH LGHQW\F]Q\F KOdp&viedhi®agydiectinikd SRANZY K@ IOH *
naZ]JURVW QLHNWYU\FK SR* GDQ\FK SUJH] NRQVXPHQWyYZ VX
V PL G]\ LQQ\PL SROLIHQROH ,VWRWQH MHVW E\ ]DVWF
RUJDQLF]JQHJR D WDN*H PLD&\ NRU]J\VWQ\ E G( SU]\QDMP (
'X*D ]PLHQQR U JHQHW\F]Q VaZinkui WWoiymbdsund 3VRKARNGX MH  *H
LVWQLHM XQGRGHWNILO QMWYUH Z MHGQDNRZ\ VSRVYE E
naSR* GDQHJRHFGKQ®

&HOHP QDXNRZ\P SUDF\ GRNWRUVN L H Mody \ndilRo R S JUPIYACR DQ D
WUJHFK RGPLDQ ERUYEBENG IXQV R NA$&W Z Rl pchepnickingehoraz
GRGDWNyZ IXQNF\MQ\FK SRFKRG]J]HQLD QDWXUDOQHJR QT
fitotronu.

ODM F QD XZDGdleSRZHEUHRZDG]|RQRWYNG REEBDMPRZDA\ RS
RSW\PDOQHJR SRGA&AR*D GOD LQLFMDFML QDPQD*DQLD R
NaHWDSLH PLNURSR[PWDBYWRIDER]LWHWNTHOLH SUHSDUDW X
(+\GURSOXVIEd®RB&MWEZVROJIJDQLF]Q\FK L $SR]|ZRRABIEIOD
corymbosumKolejny etapEDGDWDQRZLAD DNOLPDW\]DexWiDoUR OLQ GF
Ponadtp EDGDQLRP SRGGDQR WDN*H RZRFH ERUYZNL Z\VRNL
RSDUW\FK QD FKLWR]DQLH QD MDNR 0 RZRFyZ ERUYZNL
QDZDGQLDQLD ZLHONR FL MDJyG RZRWHZRQGDRILIGH |DEMJ
UHK\GUDWDFM

Maj F QD XZDG]H LVWRWQ\ Z SURGXNFML UR OLQQHM D\
NDONXODFM NRV]WyZ ]DVWRVRZDQLD Uy*Q\FK URG]DMyZ
Z\VRNLHM Z ZDUXQNDFK ILWRWURQX 1LH]JE GQH V GD«



naJOREBBPIWQ PR*OLZR FL ZSURZDG]JHQLD RV]F] GQR FL GR
MDNR FL VDG]JRQNL UR OLQ GR KRGRZOL SU]JHP\VARZHM

BRGVXPRZXM F yltyDEDGRZDXPR*OLZLa RSUDFRZDQLH SUF
w kulturachinvitro Z\EUDQ\FK RGPLOYRANRUWHM NRIUD] SR]ZROL& ]Ja EL
ELRORJL BURWRNya WHQ PR*H E\U VWRVRZDQ\ GR SL
ZHIHWDW\ZQHJR OXE Uy*Q\FK FHOYyZ ELRWHFKQRORJLF]Q\

64RZD NOXRHBYZEND Z\WVRND PLNU R URJtRQENDQthkozad,X O W X U\
ZLDWAR /(' Sl®izaclaQR O H



ABSTRACT

High public awareness directly translates into dietary decisions and the amount of consumption
of healthpromoting products. Such gutucts undoubtedly include highbush blueberries.
Theberries of this plant contain a large amount of phytochemicals, especially anthocyanins.
With the growing demand for consumption, the rapid production of these fruits and seedlings
must go hand in hand at the same time. In order to produce a large qohgbtiyd quality

plants, it is necessary to use proven methods and technologies that allow for predictable, reliable
results. One such method is plamtvitro cultures, which allow the mass multiplication of
genetically identical plants on a large sc8mmper agrotechnology also influences the growth

of certain consumetdesired substances contained in fruit, which include polyphenols. It is
important that the solutions used are of organic origin and have a beneficial, or at least neutral,
effect on the evironment.

The high genetic variability within the speckaccinium corymbosummeans that there are no
universal additives that will have a uniformly stimulating effect on desirable plant traits.

The scientific objective of the dissertation was to dgwvebn effective method for
micropropagation of three cultivars of highbush blueberry and to study the effects
of physicochemical factors and functional additives of natural origin on plant growth
anddevelopment under phytotron conditions.

With these objetives in mind, a series of studies was conducted, which included the
development of an optimal medium for the initiation, multiplication and rooting of highbush
blueberry plants. At the micropropagation stage, the effects of the silicon preparation
(HydroSOXVE $FWLVLO RUJDQLF DGGLWLYHYV DQG S+ RI
Vaccinium corymbosurplants were also tested. The next stage of the research was the
acclimatization of plants tex vitroconditions.

In addition, highbush blueberry fruits veealso tested. The effect of chitodaased sprays on

the quality of highbush blueberry fruit was studied, and the effect of irrigation, berry size and
fruit preparation technology on freedeying and rehydration was checked.

Taking into account the ecomic aspect, which is important in crop production, a cost
calculation of the application of different types of light in the propagation of highbush blueberry
plants under phytotron conditions was carried out. Further experiments are needed to globally
as®ss the possibility of introducing savings into production, obtaining the best quality plant
cuttings for industrial breeding.



In conclusion, the completed research cycle has made it possible to develojfitranculture
propagation protocol for selectevarieties of highbush blueberry and to explore its biology.
This protocol can be used for the production of certified vegetative material or various

biotechnological purposes.

Key words: highbush blueberry, micropropagatiamyvitro culture, zeatin, chitosan, LED

light, polyphenols, freezdrying.
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SRIPQD*DQLH RUD] MDNR U RZRWacZinkm ¢tobgymbosuzd\.y RNLH M

Lp. 7\WXa SXEOLNDFML Pkt.* | IF**
P1 | Figiel- . URF]\ VNKXrufe ODANLHZLF] 0 @BXRP| 40 | 1.249
Efficient micropropagation protocol of three cultivars of highbush

blueberry ¥accinium corymbosuin). Notulae Botanicae Horti

Agrobotanici CluiNapoca, 50(4).

P2 | Figiel- .URF]\ VNXrupaODANLHZLF] 0 2FkKp| 100 | 0.730
Effect of Actisil (Hydropluste RUJDQLF VXSSOHPI
medium on the micropropagation ¥accinium corymbosunActa
Sci. Pol. Hortorum Cultus, 21(5)

P3 | Figiel- . URF]\ V N bchbnian, I, KruppODaNLHZLF] Q@ 100 | 0.730
Lachowicz, S. (2022)nfluence of various types of light on growth

and physicochemical composition of bluebeNgagcinium

corymbosunt..) leaves Acta Sci. Pol. Hortorum Cultus, 21(2).
P4 | Figiel- . URF]\ V N Dchtnian, I.,, KruppODaNLHZLF] QO 70 -
Effect of chitosarbased spraying on fruit quality of highbush

blueberry cvSunrise. Progress on Chemistry and Application of
Chitin and its Derivatives/olume XXVII.
P5 | Ochmian, I. Figiel- . UR F]\ V N,hacBowicz, S. (2020 he 140 -

quality of freezedried and rehydrated blueberries depending on {

size and preparation for freedeying. Acta Universitatis Cinbinesis
Series E: Food Technology, 24(1).

Suma 450 | 2.709
/ILFJED SXQNWyZ ZHGaxXJ OLVW)\ 01L6: ]JJRGQD ] URNLHP XN

6 XPDU\F]Q\ ,PSDFW )DFWRU ,) ZHGA&XJ ED]\ -RXUQDO &L\
wydania



1. 67 3 7(25(7<&=1<

%RUYZND X/avdNm corymbsum/ QDOH*\ GR URG]L (Bricateh® VR ZD W
RodzajVacchiumREHMPXMH RNRA&R JDWXQNyZ 'ILND ERUYZND
GOD NOLPDWX VXEWURSLNDOQHJR L XPLDUNRZDQHJIR ZH Z
iin. 5R OLQ\ ERUYZNL Z\VRNLHM V WIYRZ\FAITM RRURBD
1,82, P Z\VRNS$ng L Hancock, 2011 +RGRZOD ERUYZNL Z\VRNLHM
naVIHURN VNDO GRSLHUR RG ODW L PR*QD SRZLHG]LH
SRG XZDJ MHM GaxJL F]DV JH QH URighyapna Din\202N)PaXi®d D Z\ N |
WHJR RZRFH G]JLNLFK WNWa&aGmMueY\FKEUBDWX@HWNWZ VSR*\ZDQH
od W\VL F\EodMAZii SPHU\FH 3y &Qng FHaktdtk 200)IWLHONR U XSUD.
isSR*\FIRARF¥ERUYyZNL Z\VRNLHM QD ZLHFLH Z\ND]J]XMH WHQ
i in., 2007; Brazelton, 2013; Podymniak, 2015; Brazelton i Young, 2017; Ochmian i in., 2020).
I1DMZL NV]\PL SURGXFHQWDPL ZHG&XJ VNDOL gahrRda.XNFML
W Europie produkcja skoncentrowana jesHigzpanii, Polsce i Niemczech (Brazelton, 2013;
%UD]J]HOWRQ L <RXQJ 3ROVND |[DMPXMH GUXJLH PLHM
Z]JO GHP SURGXNFML RZRFyZ ERUYZNL DPHU\ND VNLHM %
IDVAWWZHP Z\VRNLHM L ZFL * URVQ FHM ZLDGR&®&viEL VSR
jest wzrost zainteresowania owocami o walorach nie tylko smakowyelQH WDN*H
prozdrowotnychWiedzanatematNR U]\ FL SaWHQ VSR K PUBKEU yda\zHrowia
ludzkiego MHVW SRSDUWD URVQ F OLF]E SR]I\W\ZQ\FK GR
obserwacyjnych i klinicznychn® XG]JLDFK D WDN*H EDGD PHFKDQLVW\]
PRGHOL ]ZL HriMitrB \(Kett i lin. &LHPQRQLHELHVNLH VAaRGNL
zeZ]JO GX QD SURJGURZRWQH ZaD FLZR FL ELRORJLF]Ql
AVXSHURZRFyZ’ ] DQUan AtV XSHU LUXLWSR*\ZDQH Z GX*HM L
w formie deserowej (Prodorutti i .in2007; Podymniak, 2015; Ochmian i.,in2000).
A6XHURZRF" WR WHUPLQ PDUN HAZW® thR& ina Pop@rtial KAMsK N R Z\
.RGHNVX )J)\ZQR FLRZHJR )$2 :+2 DQL NUDMRZ\FK DJHQFML
jednak WHUPLQ L NRQFHSFMD V OX(QR RSDUWH QD GDQ\FI
SRWHQFMDOQD ZDUWR iU JGURZRWQD GOD NRQVXPHQWyZ
RG*\ZLDQLD R JGURZRWQR FL SURGXNWX VSR*\ZF]JHJR GHI
2ZRFH ERUWZARNLHM V SRZV]JHFKQLH VSR*\ZDQH PL G]\ LQC
]DZDUWR 0 ]ZL I[NyZ ELRDNW\ZQ\FK D PLDQRZLFLH SROLIH
i in. %RJIJDWH Z SROLIHQROH RZRFH ERUYZNL Z\VRNL



zdrowotne, p&UDZLDM ZJURN PDM G]LDADQLH DQW\RNYV
przeciwnowotworowe i przeciwbakteryjne (Schuchovski i Bi@d19). -DJRG\ ERUYZN
wysokiej V. MHGQ\P ]| QDMERJDWV]\FK (UyGH& DBRRRANMQ\FKZ
na ZLHRARFyzZ ®BRLWSU*H V SROHFDQH JDUYZQR MDNR *\Z
I suplementacja dietgKalt i in., 2020; Yuan in., 2020).=DZDUWR FL DQWRF\MDQ
MHG\QLH ERUyXaddini@rl ¥nglskfliu;pm 6SR UyG Uy*Q\FK ILWRFKHE
DQWRF\MDQ\ PDM SUDZGRSRGREQURZRWRZULXNMWFMRQXOQ
(Kaltiin., 2020).2SUyF] RZRFRYYZNL Z\WHRQNQWMVXURZFHP V UyZQ
Przygotowywane iVSR*\ZDQ Hapgft NRERJDW\P (UyG&AHP VLOQ\FK SL
fenolowychi PDM EDBKXG]RDZDUfANEI i $RODE]Q JGROQR i UHGXNX
ztestem FRARPiljaccaHJDUDF L LQDSyM ] OL FL ERUYyZNL ZVSRPDJ
VIFIHIJYyOQLH SU]\GBIMWKQWSRVWSRK L FL *NRVWUDZQ\FK SF
ZaD FLZR FL REQL*DM FH SR]JLRP JOXNR]\ ZH NUZL GODWH
FXNUJ\F\ 6WRVXMH VL JR UyZQLH* Z VWD Qakarkoywegd.D O Q\F
Napar jest aromatyczny iargorzki, taniczny smalk \QLND MG KYHM LOR FL SROLIH(
iin., 2015).

ZDUXQNDFK VWUHVX UR OLQ\ Z\WZDU]JDM L DNXPXO>
DQW\RNV\GDF\MQD HNVWUDNWyYZ UR OLQQ\FK ZL * F\FK VL
MDN DQWRF\MDQ\ NzZDV\ IHQRORZH IODZRQRLG\d JIJDUE
(Ochmian i in, 'UyG4HP VWUHVX GOD UR L®OMZEARPRR*E@\ EA (U WD
VSR\WPYEQL I HXYSWMXEI VWURHFTHXWR EBViaQEAIRRVW UR]JZyM ]JPLDQ
VZRLFK WNDQHN ]ZL ]1DQD ] Z\WZDU]JDQLHP L DANXPWODFI
IHQRORZH PRJ FKURQLU RUJDQL]P\ SU]HGmM\pkxed idheP RNV
rodniki (Scalbert i in. 2005). Flawonoidy (w tym flawonole, antocyjaniarotenoidy
RGJU\ZDM JayZQ URO Z RFKURQLH UR OLQ SUJHBLYW®I O
nadfioletowego (UV 2800 nm) (Pilarski i Kocurek 9L GRY,RQLE, Qclmianin.,

2019).

'JURVW NU]JHZyZ ERUYZNL Z\VRNLHM MHhigkth i) Wigdy¢h]| RQ\ G

GREU]H QDSRZLHWU]RQ\FK R VWDELO®RXPHSR]DEPURNV R yrL .

organicznefFinni in., 1991 Ochmian i Kozos, 20240chmianiin., 2020 % DUG]R ZD*Q\|

DVSHNWHP MHVW |]DSHZQLHQLH RGSRZLHGQLFK ZDUXQNYyZz
3RPLPR ZLDWRZHJR Z]UWRyédel XGRIVW ERR YW NGSRZLHC

dla tego gatunku pozostaje problemem (Ochmian iin., 2018; Ochmian i in., 2020).
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=H Z]JO GX QD V]J\ENL ZJURVW SRZLHUJFKQL XSUDZ ERUYZ
produkowane szybko iZ GX*\FK LOR FLDFK 7UDG\F\MQLH ERUYZN|
VDG]RQNL JLHOQH Sya]J]GUHZQLDAH L JGUHZQLDaH /\UHQ
Z\QLNDM FH ] WHJR W\SX SURGXNFML WR EDUG]R QLVNL
V]F]HJy O QpatlkidsafizofekSRFKRG] F\FK ]H VWDU\FK ]JGUHZQLDA&\
GaxJL F]DV UR]PQD*DQLD L NRPHUFMDOL]DFML QF
EH]SLHF]H VWZR ILWRVDQLWDUQH -HGQ ] PHWRG UR]
PLNURUR]PQD@DQHH UyZQLH* UiR]WAtQD OXELH¥YXOW XU WND
OLNURUR]PGR"™W\EIHUR]PQD*DQLD NORQDOQHJR UR OLQ Z
lub FD&H RJgstjpdRym znajbardziej powszechifiterminy ZX *\ Z xipdo klonalnego
UR]JPQDURQQODQ ]D SRPRF Uy*Q\FK PHWRGRKR G RaBErantWND Q |
i Altman, 2010. Zastosowanie kultun vitro HOLPLQXMH RJUDQLF]JHQLD JZL ]I
UR]JPQD*DQLHP VDG]JRQHN VWDQRZL F DOWHUQDW\Z GOD
FR ]ZL NV]D Z\GDMQR U0 L RSADFDQRR4LN7SHFRQGKXNEMIR]IPRDE
NXOWXU WNDQNRZ\FK PR*QD VWRVRZDU MDNR V\VWHP G
odZLUXVyZ NWyUH V JHQW\iterafuze Btniefe MidisVddRiEQeQ D WHPDW
UR]JPQD*DQLI VErBU§HEDIN L 3DSUAWHLQ &SKHK Ll 6| N®H C
2017; Kruczek in., 2021).-HGQDN*H Z\QLND ] QLFK GX*H JUY*QLFRZDC
SRGaR*QDB®D*DQLD UR OLQQ\FK UZBUXOQINWRUZ KU RV WKV W
HNVSODgdbWSyELHUDQLD SUYEHN L VWDQX ILIMRORJLF]C
2012; KrupaODANLHZL EZJ17) IF®R ]ZL ]DIQEXYHM/Q QR RFHU ELH URG]D
Vacciium NLHNWyUH JDWXQNL L RGPLDQ\ QD Gdu@p@valRatp M GD
SR*\ZHKBMRQD*DQLD ., 201¥ FanQin20l Q.
ND Z]JURVW L UR]ZyW kidtinacBiomQ WD WYyZAl¥y ZQLH* RGSRZLHGC
SRGoORzZOHUYyGaR L QDW *HRQQWHQEZVNWHA DB+ SRQL*HM OXE
SRZ\*HM KDPXMH Z]JURVWinLvitid R ]-DyM VHXANJHIIXIVGHW ¥ ZH O X
THWVXPXUD L LQ 5XaLu L LQ 0 RKBd&3iH2B819) L Q
naMF] FLHM VWRVRZDQ\PL SRGaR*DPL GRInQBb®P YD*®POLD I
(Anderson's RhododendrpnVPM (McCown Woody Plant Mediuinpodczas gdy Cappelletti
i in. (2016) zasugerowalSR*\ZN ZH G a XNS YMigBhigeX i Skoopjako bardzo
VNXWHF]QH SRGaRV&ciGWD3UBWKQYNYXL FMDFML ZJURVWX HN
Z\VRNLHM MHVW F] VWR HWDSHIRPWrd (Reeqd LAbdeIMOUESGUINEI,N X O W )
1991).:]JURVW L S UR O lphehoviyEMKlt@ach sz G ReEjest zwyklewspomagana
SUJH] Z4 RN QLAWPKODWRUYZ ZJURVWX ]JZ\NOH F\WRNLQL
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(Georgei in. &\WRNLQLQ\ V UHJXODWRUDPL ZJURVWX C
PHU\WWHPyYyZ S GRZ\hKitd. N\X W/\W XIUDPEKS\ KRUPRQYZ |[DOLF]DP
F\WRNEQHRW\EXAaLU L 9XMRYLU 6WRVRZDQLH QDWXUI
dopR*\ZHN KRGRZOMMYP\GRKDMMBWWRZQH GODWHJIJR SRV]XN
UR]ZL ]D DE\ X]\WVNDi SRGREQ\ HIHNW SU]\ QL*V]\FK NRV
ZRGD NRNRVRZD OXE POHNR NRNRVRZH NWyUH V ERJDW
Jay Z Qokinin) (Ma i in, 2008). PonadtoX ZLHOX JDWXQNyZ UR OLQ ]
NRUJ\WWWQ\ ZzSa\Z NUJHPX QD Z]JURVW UR]JZyM SORQRZDQL
GUXJLP QDMEDUG]LHM ZVIHFKREHFQ\P SLHUZLDVWNLHP Z\
(Epsein, 1999 Richmond i Sussma003 Currie i Perry 2007 Sivanesan i Parik014).

2SUyYF] ]1ZL INyZ FKHPLF]Q\FK QD VW\P XOmwM GX]J RASEXZ L |
PD ZL By 2008 Massai in.,, 2008 Morrow, 2008 Hogewoningi in., 2010).

Kontrola QDW *HQLD ZLDWADMHV@WaXxRUBL FPORLHM VWRVRZI
w SURGXNFML UR i®lL 204 MdmoteBMADAN WL, 5R OLQ\ Z\NU\ZD
i UHDJXM QD ]PLDQ\ GaXJR FL IDO ZLHWOQRRKZ] Uy
ILWRFKURPDPL PRGXOXM F Z WHQ VSRWEBIrgé¢UiR\20¥4L UR]Z
* D O Y FeRkhauser2015 DemotesMainard i in, 3U]J]H] ODWD QDMF] FLH
(UyGAHP ZLDWA&D GmRVIiXSE\RX\ZURRORGL QLHQLRZH ODPS\ V
*DURZH ZLHWOyYZNL RUD] ODP S\inE BOAOIKONR K.D200% BdidaN R Z H
i Jatothy I1LHGRVWRVRZID®Q} GaYHHARNAD PR*H QLHNRU]J\VW
QD Z]JURVW L UR]ZyM UR OLQ RUD] ]ZL ,\2005DTC RNV W]\ SURK
]IDVWRVRZDQLH ]QDMGXM GLRG\ HOHNWUROXPLQHVFHQF!
w ograniczonyclprzestrzennie uprawach (Hogewonirig., 201Q Mengxi i in,, 201Q Gupta

L -DWRWKX 'LRG\ /(' 1QDOD]4\ VZRMH ]DVWRVRZDQLH
S EH]SLHF]QLHMV]H Z REVaXG]H QL* REHFQH ODPS\ jSRQLH
temperatury dotykoweL QLH J]DZLHUDNMy &3W FH.Z R G QUHNREZIH J&bdy W a D
LED) nad WHFKQRORRUHVFHQF\MQ \db&mujZ IPHRWONZRNi ]DSHZQL
Z\VRNLFK QDW *H ZLDWaD ] QLVNLP SURe3paktnh RZEXJIRHP F
fai) NWyUD SR]ZDOD QD SRSUDZ RSW\P DGt 42 RywhLidzze\ G D M Q
kondycji UR OUQPS\ /(' FKDUDNWHU\]bEpiHVIH e®W ZhiBkim
]JDSRWU]JHERZDQLHR @D HQH H IR BQriotD 2008)V ] W \

:LHOX DXWRUyZ 3LZ2RBEBUFAOMANLABZLF] L2D)BRHAABVWDZLE
QHJIJDW\ZQ\ DE&\D\FK F]\QQLNyZ URG RYDYDBRWWHW K SLJF
fotosyntetycznego.:HGaXxXJ -OB&NLHZLF] L &DORPPH ]DZDU\
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IRWRV\QWHW\F]QHJR Z OL FLDFK MHVW FL OH VNRUHOR.:
RVL JDM FD RGSRZLHG,QddpowiRdaio dlaG €&erni i bieli) jest zwykle
Z\NRUJ\WVW\ZDQD GR DO\ HQVkBQIRCEhQiani in., 2012 HGaxJ
Krupy-ODANLHZLF] L LQ ]PLMEINVE D DINFOHHVIZX 1DQD ] IL]N
DWU\EXWDPL ZL]XDOQHUR Z\JO GX MDVQR

.RQVXPHQFL ] NUDMyZ Z\VRFH UR]ZLQL W\FK REIDHNXM Q
ZLH*\FK RZRFyZ RFHQLDM QD SRGVWDZLH LFK Z\JO GX QD
VSHaAQLU Z\VRNLH RF]JHNLZDQLD RGELRUFyZ SURGXFHQF
by WUDILDWBUJEEBWRGXNW E\a VDW\A\VIDNFMRQXM F\ - FH
QDMZ\*V]HM MDNR FL VWRYVR i@eRdtaty, Z \\G@a»Q 1B MV A IF KRINRUOHRJ L P
RZRFyzZ D WDN*H SRSUDZLDM: FHRELIHD \G FUAKYyQOQHM IGED &'l
*\ZLHQLH LVWEWQHHMRIMWDWQLF]DU NRUJ\WWWQ\FK GOD ]JGUF
ZaD FLZR FL RZRFyZz D VWRVRZDUO MHG\QLH HNRORJLF]QH
UR]ZL |]DQLHP Z\GDMH VL E\U0 EH]JSLHF]Q\ GOD URGRZLVN
zkrewetek i innFK VNRUXSLDNYyZ n.,320M)UChiRdzarRj€3HIrugim po celulozie
najbardziej rozpowszechnionym biopolimerem na ziemi (Negm .i 2020). Tworzy
przezroczysty, nietoksyczny, biokompatybilny, biofunkcjonalny i biodegradowalny film (Dias

i in., 2013; Ban i in, 2018; KrupaODANLHZLF] L )RUQDO &KLWR]DQ
Z PHFKDQL]PDFK RGSRUQR FL L REURQLBD@AWR LOHZQ FFUJH® W
2018; Shiekh i in ODOHUED L &HUDQD 2SU\WNLZOOQLH |
SRZ4ARN FKLWR]DQRZ zZ\GaX*D LFK RNUHV SU]J\GDWQR FlL
RGG\FKDQLD L JPQLHMV]DM E2808)UDW ZRG\ 6KLHNK L LQ
-HGQ\P ] LVWRWQ\FK SUREOHPYZ Z XSUDZLH ERUYZNL Z\VR
Z\VWDUFPDOWMIEMMUDFRZQLNYyZ VHIRQRZ\FK GR JELRUX RZR
\QDJURG]HQLH GOD RVyYE ]JELHUDM F\FK F] VWR MHVW
JHEUDQ\FK RZRFyZ FR VSUDZLD *H Z Z\QLNX WHJR QD NU]
niekomercyil FK RZRFyZ 2ZRFH WH QDGDM VL JAayZQLH GR
2FKPLDQ L .R]JRV .D*GHJR URNX RNRA&R JELRUyZ
SUJHIQDF]IDQH MHVW GR SUJHWZRU]JHQLD %UD]JHOWRQ
NRQVXPHQFNLHM MMNR PLHU UHGQLFPRL-MVYW QLR X]DOH
od RGPLDQ\ L Z\PDJD RGELRUF\ :DFK -DIJRG\ NWyUF
zeZ]JO GX QD LFK PDa4H UR]JPLDU PR*QD ]DPUR]JLU OXE Z\V>
]JPQLHMV]D |DZDUWR U0 SROLIHQROL L JGROQR U DQW\RNV'
=LHOL VND & OLFKD®X¥INRWUZDAD HNVSR]J\FMD QD Z\VRNLF
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]QDF]QH SRJRUV]J]HQLH MDNR FL SURGXNWX =LHOL VND
na]DFKRZDQLH Z\VRNLHM MDNR FL VXV]RQ\FK RdAdwgyZ MHYV
8]\VNLZDQH Z W\P SURFHVLH RZRFH FKDUNDROMNHIHPXRULDNL Q
]JDZDUWR FL ZRG\ FR JZDUDQWXMH GAXJRWHURWRKR ZH SL
SRIRVWDM DWUDNF\MQH GOD NRQVXPHQWD 3RQDGWR SU
VXV]HQLD SR]ZDOD QD ]DFKRZDQLH ]ZL [NyZ ELRDNW\ZQ\
6DGRZVND L LQ 2ZRFH R PQLHMV]BzBgoRcRaSUL H Z\F
liofilizacji (Kozos i in SURFHV WHQ RGE\ZD VL Z QLVNLFK
UHGXNXM F SURFHV\ HQ]\PDWF]@RREOERHPLH}OKRZDQLH
VNADGQLNyZ RG*\ZF]J\FK -DNR U0 RZRFyZ X]\V Nd3thaFl£o Z WD |
Z\VRND 5] FD 15 DIMWKR DDV /ILRILOL]DFMD SUJHG&a&X*D
i in., 2007) i pozwala na zachowanie oryginalnego koloru owocu w znacznie lepszym stopniu
QL* LQQH PHWRG\ VXVIhNHQLD 3:IIRW U R BgK hrodukiNjest jego
]JGROQR 0 GR V]J\ENLHJR L FDANRZLWHJIR QDZR@GkdaHQLD
i Marinos .RXULYV 6 XVIRQH W PHWRG RZRFH FLHV] VL F
ODM F QD XZDG]H SRZ\*V]H UR]ZD*D @lLzint&r&oWwani# toratermrF L * |
ERUYZNL Z\VRNLHM X]QDQR D zZzaD FLZH SU]JHSURZDG]F
na]J4 ELHQLH ELRORJLL WHJR JDWXQNX
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2.

CEL PRACY

82]JO GQVBMMILN EDGDQHJR JDWXQNX RUD] GX* ]PLH
ZDUXQNXM F NRQLHF]JQR U RSW\PDOL]DFML SURFHVX Pl
DVSHNW\ HNRQRPLF]QH L HNRORJLF]QH Z\NRRGN WIRQE D CRY
NWyUH PLD &e Q&hibzescxd

X

X

opracowanieSURWRNR&X PLNURUR]PQD*DQLD ERUYZNL Z\VRN
RSUDFRZDQLH RSW\PDOQHJR VNa4aDGX SR*\ZNL GR UR]P(
wysokiej w kulturachn vitro;

RNUH B$@lH $FWLVLOX +\GURSOXVE GRGDWNyZ RU
na P LN UR UR ] PMadoiniDrdorymbosum

ocenaVNXWHF]QR FL XNRUJHQLDQLDnUtR PUR] 3 Fy D K OZLCPUDXA
GR ZDU Xy Z

DQDOL]D HNRQRPLF]Q\FK DVSHNWyYZ SURGXNFML (UyC
GURJLFK GRGDWNyYZ WD V]\PL RGSRZLHGQLN®jRch) Z\NRU
Z FHOX X]\VNDQLD |DGRZDODM FHJR JZURWX ] LQZHVW\F
ocenaPR®A®LZR FL X*\FLD QDWXUDOQ\FK 1Z BNRGRNMFMQ\BK
i RZRFyZ ERUYZNL Z\VRNLHM

RFHQD zZzSéa4\zX Uy*Q\FK URG]DMyzZ ZLDW&D QD Z]JURVW
wysokig;

SRUYZQDQLH VNXWHF]QR FL GZyFK PHWRG SU]JHFKRZ\ZD
RNUH OHQLH zZzSa\ZzX RSU\WNX FKLWR]DQHP; QD MDNR 0 R
SRUYyZQDQLH ZS4\zX |[DOH*QR FL ZLHONR FL RZRFyZ RU
Z\VRNLHM QDOWLDRARD Q\FKRRIZRFYZ
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3. 0$7(5,%a , 0(72'< %$'$

A '2 ,$'&=(1,% : .8/785%$&+INVITRO

MIkURUR]PQD*DQLH ERUyYZNL Z\VWR Xhatddde Gdnétyks UHRIDIG]R QR
i WLRWHFKQRORJLL 5R OLQ =DFKRGQLRSRPRU®Xtedigi® 8QLZ
ODWHULD& UR OPYRGCWWDBQRZHaA\LQWS GV \WM@RIGHIFBKRY ERHyY Z 1
wysokiej (Elizabeth, Liberty i Meader SRFKR|GN WHH Zy Z X S UnaekblBgigxrgjK
SODQWDFMRNFRER*RRPIMDPD ZVFKYG RG 6]F]JHFLQD

'"H]\QIHNF M Dingjasjg Kultur tkankowych

Po defoliacji, S G\ SaXKNDHH JRSRIXQ ELH* F XRGLHP URGN|I
powierzchniowo czynnego S4\Q GR P\FLD QDF]\ [/XG&teiizowbo QDV W
powierzchniowo 70% (v/v) etanolem przez 30 sekuPal.tym czasiegeksplantatymoczono

w Y Y SRGFKORU\QLH VRGX 1D2&0 SU]JH] PLYXW L
przez 10 minut. EkspfaaW\ SU]JHSAXNDQR WUJ\NURWQLHSRWHNRPRU Z
] SUJHS&4\ZHP ODBPGY RU®ARZ & kicjowanona SR*\ZFH :30 :RRG\
Plant Medium (Lloyd i McCown, 1980) zdodatkiem 0,1 mg t zeatyry. Kultury
przechowywan@rzez 35dniZz ILWRWURQLH R VWDA4H®aAWIHP 5§ HUDMDXNIG B
(dzZiH QRF  QDW *HQLX ZLDWABRWELDAHORRWQR B0%Z]JO GQHI
SR*\ZRDPQD*P\UFDQR QD SRGVWID IZH Ix@anHsiepubBliKowane)

(Ryc. 2a)

NamnD*DQLH

=DLQLFMRZDQH GR ZJURVWERHNXIS$IO rJODNHHY B M RAHG ZD
pachwinowe (pachwinowe) SDVD*RRPMQBR*\ZNL O0: PLHV]DQLQD UyZ
SR*\ZHN xMé@rashige i Skoog (1962) oraz WPM) z dodatkie®A (kwas indolilo-3-
PDVARZWW *HQLX " (odpowiednid MW 1 i MW 2); WPM z dodatkiem IBA

Z VW *HQLX 1 (odpowiedniéo WPM 1 i WPM 2) oraz WPM + 0,2 mg IBA +

0,4 mg L* GAs (kwas giberelinowy- WPM 3; AN (Anderson'®Rhododendron(Anderson,

1984)z dodatkiem, % $ Z VW *HQL X *(odpowiedPid AN 1i AN 2) oraz AN + 0,4

mg L' IBA + 0,4 mg L GAs (AN .D*GD NRPELQDFMD SR*\ZHN ]DZLHU
0,1 mg L! zeatyny.Po 35 dniachw fitotronie HNV S O D Q W D]W \ VAR Qg Bt &R
GHMRQL]RZVYHIRGBAOX GRNRQDQ@hiErz8BBARWURZI S GyZ OLI
QRZ\FK S GyZ ZLH* L \RAFKH PR RRSIBRFHODNFML S GyZ
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PDV R]QDFIDQR BSBMMAXHQIRU F\P SREPBHWWDPMPEXEZ]H Z28&
godziny.

S8NRUJHQLDQLH L DNOLPDW\]DFMD GR ZDUXQNyZ H[ YLYR
1DPQR*RQH S G\ ERUyNL FUDRANEHMSR G ZDukdrAgnan®GrmaFKZ L Q
SR*\ZFH $1 $1 $ L $1 % L :30 :30NPIGIBQ GRGDWNLHP
zeatyny i IBA lub 1AA (kwas indolile3-octowy) Z VW *HQL X O XPB 35 dniadh /
inkubacji w fitotronie RNUH SBRMRHQW XNRU]JHQLHQLD GaxXJR i S
QRZ\FK S GyZ QIR BLHRUWDLY XFIKH *P .V
S8NRUJHQLRQH S G\ DXENXWRYPDQRN®MUQLRZ\FK %R FOOLMX
zGREU]H UR]ZLQL W\PL S GDPL L NRU]JHQLDPL SU]JHQLHVL
o UHGQLF\ FP Z\SHAQLRQ\FK PLHV]D Q#rlitty SIRvddy GIJRIQ ]
RIJYOQRXVWURMRZHIR IXQJLF\GX R ZLHORPLHMVFRZHM DN
=DVWRVRZDQ\ RSW\PDOQ\ GOD ERUYZNL Z\VRNLHM WRUI ]
0,24mS/cm,PDVD REM WR FLRZBHAQBIQRRWHERGQD YY L S+
'RQLF]NL XPLHV]F]JRQR QD VWRA&DFK R Z\VRNR FL FP
20 f& f& G]LH QBRW tHQLX ZhdWw%$ Z RNUHVLH GR ZLDGF
7HPSHUDWXUD ZHZQ WU] V]N O b Quonatyaiie bRv@ahe BIOdRZ D Q L
ZHQW\ODF\MQH 3R V]H FLX W\JRGQLDFK UR OLQ\ SUJHQLH"

QD GRQLF]N R UHGQLF\ FP L SRMHPQR FL PO L Z\
copoprzednio. Policzono OLF]E Waak®natzowanych oraz REOLF]RQR VWR
DNOLPDW\]|DFML 5R OLQ\ QD ND*G\P HWDSLH DNOLPDW\

w tygodniu fungicydem (Switch 62,5 WG; Syngenta).
3R GZyFK PLHVL FDFK UR OLQ\ |RVWD&\ SUJHQENVLRQGH HO
wDNWXDOQLH SDQXM F\FK ZDUXQNDFK SRIJRGRZ\FK KRGRZ

B. '2 :,$'&=(1,$ :),727521,(
'R ZLDGF]JHQLH SU]JHSURZDG]RQR Z JRVSRGDUVWZLH WR
ERUYZNL Z\VRNLHM Z JP Lzgchdtinildp&Emdie\ ZRM

Charakterystyka (UyGHABDWaD

1) Lampa /(' 7 VWRS\ PP ELDADRNKQED ]ZDQD GDOHM
/(' GA&XJR 410HDOIQP ZLDWAR SU}\m2 fotdsi@tydze] J VW R
VWUXPLHQLD IRWRQyZ 33)'
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2) Lampa/(' 7 )ORUD GOD UR OLQ NRORP Uy*RZ\ *UHHQLH ]
fioletowym /(' G&aXJR U #d@B80+x QP ZISWYWAR PRGPPFD;
3)LDPSD UW FLRZD ] OXPLQRZIRhbaHkRL,/LIKWHFK ]1ZDQD GDO
IOXRUHVFHIQOHFWNOQ ZEM XJR U HS@OBBOS50,i 580+ QP ZLDWAR P
s?m2 PPFD;

4)LDPSD UW FLRZD ] OXPLQRIRBHPLE/'3KLOLSYV ]1ZDQD GDOH
IOXRUHVFHIOHFWNDQ GER XJR U+l DGOQP ZLDWAaR m!PPFDO V

C.LIOFILIZ OWANIE 2:2&1:

Badania przeprowadzono w Katedrze Ogrodnictwa Zachodniopomorskiego Uniwersytetu
Technologicznego w Szczecinie. OwWo&R FK R GEZAWFK J RV SRaaBda\AW B)
VSHFMDOL]XM F\FK VL Z XSUDZLH ERUyYZNL Z\VRNLHM S
od Szczecina, wPuszczy Goleniowskie).’) R RNUH OHQLD L @dRogtdwidnycll DNR |
RZRFyZ QD NU]H ZZbiErkno wzysikreNdXoaed 50losowo wybragch krzewy Z

2ZRFH ]J]H Z]JO GX QD ZLHONR 0 S&mnjled @R,&RMAD WU]\ JUXS
PlantaciaA QDZDGQLDQD NURSHOMNRZ BlelalniheraliipidseR fiddlty,

] D Z D Udng&icznemateri Z JLHO RUJDQLF]Q\mS/m, pH#-4,2.

Plantacja B bez nawadniania, powierzchnia pola 4,3@&Bba mineralna glina piaszczysta,
]DZDUWR 0 PDWHULL RUJDHQO RIQHMLF]Q\ e&s-46. P6 P

Proces liofilizacji i rehydratacji

2ZRFH SUJHG VXV]BAQWHPQIRVWIPAIR*RQH Z QWAdARISRHAIRD W X U | F

godziny. 1DVW BQUOIRG\ SRGGDQR OLRILOL]DFML 8*sMhBdeGR WH.

Alpha 1:2. 2ZRFH UR]JGUREQLRQR Z J]DPNQL W\P FRHaQ ® N\XN O YHEHRQ

czasl VXV]HQLD RZRHHQHE\HM

a. QDNAXID&® R UHGQLF\ PP QI thé £RN\RR Q@ DRIR QDNA&
naREZRG]JLH RZRFyZ PDa\FK PP ZL NV]\FK ! QDNaXx

b. przeci WPID Sya Z]GaX* RVL UHGQLF\

c. FDa\ REKdMtrola.

7DN SUJ\JRWRZDQH RZRFH JRVWDa\ SRGGDQH SURFHV VXV]

3R SHZQ\P F]DVLH ]DZDUWR U ZRG\ Z RZRFX E\4D WHVWRZ

90/A- 75101/03).

6 XVIRQH RZRFH SRGGDQR UHK\GUDWDFML Z ZRG]JLH GHVW

JRG]LQ 3R RNUH ORQW KZRGOBLRQ SUYEN RGG]JLHORQR
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ELEX4 L ]ZD*RQR | GRN4DGQR FL JiwodhibBegd @Wo&IU J\UR
wyznazono jako VWRVXQHN PDV\ DNWXDOQHM SUYENL GR PD
SUJHSURZDG]RQR Z WU]JHFK SRZWYU]JHQLDFK

D.$1%$/,=< :a$ &,:2 &, ),=<&=1<&+ , &+(0,&=1<&+ 2:2&1: [/, &,
25%= 3 'l: %251:., :<62.,(-

SBRGVWDZRZH SDUDPHWU\ MDNR FL RZRFyZ
MDWZRFERUYRNUH [@WR{ARRVRAG elektronicznej: 3 ; ] GRNaDGQR FL
0,01 g(RADWAG, Polska).

=DZDUWR U0 UR]SXV]F]IDOQ\FK VXEVWDQFML VWDa\FK R]Q
(PAL-1, Atago, Japonia).

.ZDVRZR U0 R]QDF]DQR S Ud ekktrakitDadtthEgNCRLZvDdQrotlenkiem sodu
(NaOH) do pH 8,1 (Elmetron GX SROVND ]IRGQLBOA-7TA®ROL 31
=DZDUWR L INNV2DR/KELQRZHJR L D]IRWDQYZ PLHU]JRQR UHNZD
Niemcy).

JGUQR i L RGSRUQR UNIDERWNWZANLF PH H/ANR QR DSDUDWHP )|
86% QD ORVRZR Z\EUDQ\FK MDJRGDFK ] WU]JHFK SRZWy
R UHGQLF\DUPWPR U Z\UDraRQRANDDINRZRG XM FD Z\JL FLH SRZL

01l mm.

Polifenole

=ZL ]NL IHQROOROI U]\ X*\FLX V\VWDARMS/MS Maters ACQUITY
:DWHUV OLOIRUG 0% 86% VNabDGDM FHJR VL ] ELQDUAQ
SUYEHN PHQHG*HUD NROXPQ\ GHWHNWRUD | PDWU\F
kwadrupolowego s N\WURPHWUX PDVRZHJR 74" ] MRQL]JDFM SU]F

SNW\ZQR 0 DQW\RNV\GDF\MQD

ABTS (2,2-azobis(3etulobenzotiazoling-sulfonian)oznaczono zgodniePHWR G $UQDR L
(2001).$NW\ZQR U DQW\RNV\GDF\MQ R]Rrans\\Mlliars iid.RIGIY, H | P H
z u‘yciem rodnika DPPH(1,1-difenylo-2-pikrylohydrazy), SRMHPQR G DQW\RNV\
Z\UD*RQR Z PRO GUR®RALDU\ $%76wyktnahnd $D SR PRF
6SHNWURIRWRPHWU -D3I&KR QAL P B B 7 X-asWoiRindwhlgd niédZzono
rekwantometrem RQflex 10 (Merck, Niemcy).
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BUROLQD GLDOGHK\G PDORQRZ\ 0'$ L DNW\ZQR FL NDWD
6W *HQLH SUROLZOG K@D BaRA) M. (1973 SUJ\ X*\FLX VSHNWURII
SU]\ QP Z ZLH*\FK OL FLDFK ERUyYZNALH*RIBOR B FDQRV R 0il
dialdehyduPDORQRZHJR 0'$ SURGXNWX SHURNV\GDFML OLSLG
PHWRG RSLVDQ &W]H) 6 X G é&dIAbbliczono z absorbancji przy 600,

5321 QP D |]DZDUWR U0 0'$ RV]IDFRZDQR ]D SRPRF QDVW S
0'$ QPRWOZ > T $A600) + $ @191z

gdzie:V+REM WR (U Sdabyddicja$wtPDVD ZLH*D

$NW\Z @draléizy (CAT)oznaczonoZHG aXJ S UR FXN(®RB3).Spadek absorbanciji
VSRZRGRZDQ\ LR 4D PR HWRURZDQ\ Z VSRVYE FL Ja\ SU
VHNXQG -HGQD MHGQRVWND HQJ\PX WRGLORUW BLA]JE GQD

6NADGQLNL PLQHUDOQH

=DZDUWR U0 SLHUZLDVWNyZ 1 3 . L &D Z OL FLDWFKS&QDF]R
(96%, Chempur, Polska) i HCIQ70%, Chempur, Polska), natomiast Cu, Zn, Mn i Fe
oznaczono po mineralizacji w HN@65%) i HCIQy (70%) w stosunkiB:1 (IUNG 1972).

6W *HQLH D]J]RWX FDANRZLWHJIR R]JQDF]ROQW\ PV/HN\WIRIKB)L @ HV W
=DZDUWR U0 . ]JPLHU]J]RQR ]D SRPRF DWRPRZHM VSHNWURPH
&D &X =Q 0Q L )H PLHU]JRQR PHWRGEVRWRPRIZHN \] SBI\N ¥
wSaRPLHQLX =DZDUWR U0 3 RV]DFRZDQR PHWRG NRORU\PI

Testy mikrobiologiczne

$QDOL] VWRSQLD SRUD*HQLD RZRFyZ SU]H] JU]J\E\ GUR
HXURSHMVNLHM ,62 3R Z\KRGRZADARX] EQHKN XDWDREGIQ L biu
SRGGDQR RFHQLH WDNVRQRPLF]QHM WUDG\F\MQ PHWRG
REVHUZDFML PLNURVNRSRZHM J]JDURGQLNyYZ L ZayNLHQ
OLNRWRNV\Q\ RIQDF]DQR ]D SRPRF Z\VRNRV&dadedcmdiM F KU
spektromet) LL PDVRZHM 06J/&UYEN RF]J\WWIJFIRQR QD NROXPQD
LPPXQRORJLF]QHJR $IOD7HVW ILUP\ 9LFDP 86®Bioth@®® DIOD
$* 1LHPF\ GOD RFKUDWRNV\Q\ $ ]JJRGQLH ] SURFHGXUDEF
SDWXORRV\@QHZDOHQRO 7 WRNV\Q +7 L JHDUMS/M®RQ DQ
BUYENL RF]\W]F]JRQR QD NROXPQDFK %RQG (OXWS O0\FRW\
SUYEND J]RVWDabD SUJHEDGDQD Z WUJHFK SRZWYyU]JHQLDFK
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Barwa

3LIJIPHQW NRORU OL FL SHGXURRAMRIZR®@RFE MU\ELH WUL
IRWRNRORU\PHWU\F]Qa*#? 8 WWXREHX& V(S HN W-U®dEiRaP HW U X
Minolta, Osaka, Jamia) (Hunterlah 2012. UHGQLFD RWZRUX SRPLDURZHJF
W\S REVHUZIRWRIUHDNODFD ' a* PRLBIWFR.AD VL Z ]DNUH&)LH RG
do czerwonego @). Parametb* RSLVDa NRORU Z ]D N@)HIY hiebidzKeegby a W H .

(b* :DUWR U SIDWIRORBWIDXPRQRFKURPDW\F]QR U0 Z [DNUHVL
ELDa\

E. ANALIZA STATYSTYCZNA
'VI\WWNLH DQDOL]\ VWDW\VW\F]QH SU]JHSURZDIHRYR SU]\
6WDW6RIW 3ROVND .UDNyZ 3ROVND ,VWRWQR i VWDW\

WHVWXM F MHGQRURGQR i 2DGDO QF IDMWQ RQPB GQRI 1] WR
7XNH\D ,VWRWQR i XVWDORQR QD S
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4. 2001:,(21,( :<1,.7: %$'$

5R]SUDZD GRNWRUVND VNADGD VL ] FANOX SXEOLNDFML
w czasopismach naukowych listy MNISW2SUDFRZDQLH ]DZLHUD RSLV ED
dobraniaoptymalnych ZDUXQNyZ URWMkQtrach@ vibo WU]J]HFK RGPLDQ ER
wysokiej uprawianych w Polsce : SURZDG]RQ\FK GR ZAddimGibdaikQuoD FK |E
Z S a\ktzemy wody kokosowejoraz mleczka kokosoweg® D aDJR G]H Q &tidstlv N X W N
Z\ZRA4DQHJR ]PLW Q@QWEhBwitro ERUYZNL Z\VRNLHM 2FHQLH S
ZSA\ZUy*Q\G&XJRZEIDWAaD QD RzZDWR\ABY&ochemiczny OL FRUYZNL
Z\VRNLHM 3U]J]HEDGDQR UyZQLH* MDNR U0 RZRFyZ ERUyZI
liofiliz acji i rehydratacjiZ |DOH*QR FL RG 4pbsSbipizihotdhania L L

P1. Figie-.URF]\ VND Kr@pa ODANLHZLF] 0 2 R20R)). DEJficient
micropropagation protocol of three cultivars of highbush blueb&fagginium corymbosum
L.). Notulae Botanicae Horti Agrobotanici Cidjapoca, 50 (4).

Skutkiem Z\VRNLHJR VSR*\FLD RZRFyZ B&aUSREEAIL NVYYERM L MW M HI
upraw tego gatunkulDVW SVWZHP WHJR MHVW URVQ FH J]DSRWU]I
VDG]RQHN WBMBRUGLIOHM HIHNW\ZQ\P VA\VWHPHP UR]JPQD*C
WysRNLHM MHVW PLNHRAROP@X P GEK* [JPLHQQRadciziulREU EL
QLHNWYyUH JDWXQNL L RGPLDQ\ QDGDO Z\PDJZMUBQNYI\F
QDPQD*MREABAX\ZHNMHOHP SU]JHSURZD G]R@adokaie pr@dRR £XaR R
PLNURUR]PIQEH RGPLDQ ERUYZMNa podstanvie Lddnvich literaturowych,

do SRUYyZQDQLD Z\E WB,QWMsdRazZOZNPLHV]IDQLQD UyZQ\FK F] Fl
MS i WPM).

:\QLNL EDGD Z\ND]D&\ LVWRWQDBOWY RQZIDFH FAK Z322DUW/DP FW Uy Z
Z\VRNLHM Z |IDOH*QR FL RG |IDVWRVRZDQHJR GR QDPQD*DQ
(Ryc.1). Najz\*V] zZDZWE8yaF{dQEILIHQHUDPMULGE a&9®buzyskano

GOD Uy*Q\FK NRPELQDFM LD&txidhdN* H3 G R *0Z NPz d8datkiem

GA:; E\aD QD MRH QD|PQdimiagyLLUiberty (Ryc. 1a, b) W przypadku odmian
Elizabeth | Meader najlepsze wynikP DPQD*DQALDQL WR VWRVXIRENARNEASRZ
MW 2 i MW 1. Istotnie QL*V]\ ZVSyaF]\QQLN QPP QODRDWANDL Z\VR
obserwowano neodyfikowanychpR*\ZNBRKDREVHUZRBDEER UWMZNL QD W\
SRGaAaRVLDOA|HUZRQH |J]DEDUZLHQLH OL FL L aRG\J D SR(
ale Z\VW SRZD&a\ 1O\ R@LBDMWR US ddxlan Elizabeth i MeaderQDPQD*DQH
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naSRGaR*DFK 0: L :30 E\A\ MDVQR]J]LHORQH3R ®LOGWRG X C
odmianyLiberty rHJH Q H U R Z ibaad 0% I&iejZz SRUYZQDQLX HiRbRIGPLDQ
i Meader(Tab. 1)

3 G\/LEHUWVWU yE KM=V J(Bdpowiednio 0 21 i 37% L E\4AR LFK R ZL |
wSRUYZQDQLXpGBLIDEWHAN K TNLe za0bhds@vBitdnd istotnyddy*QLF PL G]\
OLF]JE S GyZ X (OL]DESWK URDMWDJGIHUHQLH UR OL®h /LEHU
zZL NR/QPDV5R OLQ\ PLD4\ RGSRZILHGQLR R\*V] VXFK PD)\
w SRUYyZQDQLX GR (OL]DEHWK L OHDGHU
I1DMZD*QLHMV]\PL FHFKDPL ZLDGF] F\PL R VXNPWYNVH XNRL
OLF]ED L G&XJR U NRU]HIDNRWDJORFK UMHIBNR. it OLF]E L G:
(odpowiednio 2,14; 0,77 cmptrzymano u UR @HKo@enianychna SR*\ZFH :30

z dodakiem0,1 mg L* zeatynyi 1,0 mgL? ,$$ :30 % 6NXWHF]QR U SURFHV.
E\aD VNRUHORZDQD ] ZDUWR FL UHGQLHM ZLH*HM PDV\ L
R QDMZ\*VIHM UHGQLHM ZLH*HM PDVLH W\ EINVIWQBBL
SRQDG UD]\ GAX*V]H NRU]JHQLH Z SRUYZQDQRyX 1f).LQQ\PL
Natomiast HNVSODQWDW\ (OL]DEHWK Z\W Z2R3%] ndniej k@Z2R ZLHG
w SRUyYZ QD @dméanGReaderL /LEHUW\ -HGQDN LFK G&aXJR i QL
VWDW\VW\F]QLH RG GaXJR FL NRRENE U ZR@RORQ QBIRGE®HD
OHDGHU L /LEHUW\ QLH Z\WZRU]J\4\ NRUJHQL SXU]\]BR® PR G\
do ryzogenezy aobserwowanoW\ONR Z SUJ\SDGNX HNVSODQWDWyZ |
ZVND(QLN X NiRvitrpH83%}Hugyskano dla ‘Liberty' "8 R*\ZFH :30 $ +8%

mg LYIAA +0,1mg L JHDW\Q\ RUD] SR*\ZFH 1,84’ IABG 0,1 mg

LT JHDW\Q\ JBMOQGOMN\REX (OL]DEHWK L OHDGHU XNRU]H
$ 3U]\ ]IDVWRVRZDQLX SR*\ZNL :30 $ L :30 % VWUXNWXUD
NRUJHQLH E\a\ GaxX*V]H JUXEV]H L OMtibHMmdyRciDa LR
do ZDUXQNyZ V]NODUQLRZ\FK Z\EUDQR W\ONR sys2@igRQNL
korzenbwym.

SURFHQW UR OLQ ]DDNOLP DRKIREAYHRyK 16 8 2\ QRX QE4YZG
GOD VDG]RQHN RGPLDQ\ /LEHUW\ QD PdpBbD @laFskdzQriek S R *\ Z
RGPLDQ\ OHDGHU QDPQD*DQ\FA. GR GBIRI\ZOD SBR*\ZFH :3(
zdodatkiem IAA Z VW *HQ@QmX LT Z\ND]\ZZAY V] R SUJH*\ZDOQR 10
w SRUYZQDQLX vaia PROKIMAe/RL*VINIWR *HQLD WHJIB RKWUMDR Q >
WPMA). Ponadtp | DREVHUZRZDQR GRGDWQL NRUHODFM PL G
w warunkachnvitro RUD] V]\ENR FL DNOLPDWVBFMUGCRWBDUWREPZL
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RGPLDQ ERUYZNUR\VREHM\ ZRQDNDPDEAV]\ SURFHQW ]DDGI
UR @0%))zQ DM OHS L H i sysRin2hikQrzeniiym.

1D SRGVWDZLH X]\WNDQ\FK Z\QI®RD EM® G DX NRQ LH@L D'GIL D
EDUG]R ]JUy*QRPR Z®Harni odmiarami ERUYZNL 3R*\ZND :30 | GRG
IAAi01mgL! ] HDW\Q\ E\4D QDMVNXWHF]QLHMV]D Z LQGXNFI
ukorzenionych sadzonek zanotowano dla odmiany Liberty (85%E\& Q LVWRWQLH Z'
w SR UYZQ Do@niaty Meéader Elizabeth. Ponadio) DREVHUZRZ® @R QH ZV]\VWN
EDGDQ\FK RGPLDQ XNRUJHQLDQ\FK QD SRGAaR*X $1 QLH Z\1I
B3UJHGVWDZLRQH Z\QLNL SR Wageheit liboWacciriunscoribesvmU
]DOH*\ RG RGFPIZDWXQNYZ ZJYRRY MM

2SUDFRZDQ\ SURWR Myido HHRIHZMNUDAMRNLHM PR*H SRPyYF Z
PHWRG\NL UR]JPQD*DQLD LQQ\FK RGPULPR @a@gkuwadcinidi VRN L H
i PR*H E\0 SU]\GDWQ\ QS GR SURGXNFM Wegethtywiega NIR ZD Q H
do FHOYyZ ELRWHFKQRORJLF]Q\FK

(b)
Ryc. 1 5R OLQ\ ERUYZNL Z\VMNLHMLRMDEFHWMDV\IE QDPQD*D

aklimatyzacja, (e) owocowanie.
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Tabela 1. :S4\Z Uy*Q\FK SRG&R*\ QD FHFK\ PRUIRGRiOF]QH L
V. corymbosun'Elizabeth', 'Liberty' i 'Meader' po 35 dnialcbdowli

3R*\ZND
Odmiana 'aXJR U S(cmyZz
AN1 AN2 AN3 WPM1 WPM2 WPM3 MW1 MW2 5('1,%
Elizabeth 1.41bf* 1.49bg 1.83ff 1.27ad 1.59¢h 1.78fi 1.80fi 1.91gk 1.62B
Meader 0.86a  0.98ab 1.23ac 1.34be 1.56¢h 1.81fj 1.89gk 1.56c¢h 1.43A
Liberty 1.67¢h  1.81fi 1.71ei 2.10ik 223k 227k 1.91gk 1.94hk 1.96C
5('1,$ 134A 154AB 1.60B 1.57B 1.83C 198C 1.87C 1.82C
/ILF]JED QRZ\FK S GyZ
AN1 AN2 AN3 WPM1 WPM2 WPM3 MW1 MW2 5('1,%
Elizabeth 1.00a 1.13a 1.75ac 1.80ac 2.25be 2.38¢f 2.63cg 2.75¢h 1.95A
Meader 1.13ab 1.25ac 1.13ab 1.90ac 2.13ae 2.75ch 2.88ch 2.00ad 1.94A
Liberty 2.00ad 2.20ae 1.80ac 3.20eh  3.50fh 3.80gh 3.10d¢h 3.90h 2.94B
5('1,% 1.42A 1.64A 158A 2.30B 2.69BC 3.04C 2.88C 2.96C
ZLH*D @)V D
AN1 AN2 AN3 WPM1 WPM2 WPM3 MW1 MW2 5('1,%
Elizabeth  40.90bc 41.40bd 48.69e¢g 43.20ce 49.00cg 52.70fg 50.80eg 54.30fi 48.56B
Meader 30.70a 32.70ab 35.89ab 45.78cg 48.10eg 51.41fg 55.95gi 50.10cg 43.89A
Liberty 50.24dg 52.28fg 49.00cg 67.24] 68.10j 70.12] 61.22hi 64.98ij 60.40C
5('1,$ 43.82A 43.89A 45.51A 53.24B 59.41C 56.36C 57.73C 59.30C
Sucha masémg)
AN1 AN2 AN3 WPM1 WPM2 WPM3 MW1 MW?2 5(1'1,$%
Elizabeth  13.30ac 12.90ac 10.98ab 10.30ab 11.05ac 15.05ac 15.25ac 15.40ac 12.22A
Meader 9.65a 9.75a 9.95a 1.68ac 10.75ab 14.83ac 15.70ac 14.95ac 12.84A
Liberty 15.14ac 16,74bc 14.54ac 18.22c  18.34c 18.58c 16.78bc 17.86c 17.03B
5('1,$ 13.51AB 14.33AB 11.43A 13.77AB 15.03AB 15.80B 16.20B 16.67B
:VSyaF]\QQLN UHJHEHMUDFML NRUJHQL
AN1 AN2 AN3 WPM1 WPM2 WPM3 MW1 MW?2 5(1'1,$%

Elizabeth 0 12.50 62.50 80.00 100 87.50 100 100 67.81
Meader 12.50 25.00 12.50 90.00 100 87.50 100 87.50 64.38
Liberty 70.00 80.00 70.00 100 100 100 90 100 88.75

5('1,A 2750 39.17 48.33 90.00 100.00 91.67 96.67 95.83
"UHGQLH Z NROXPQDFK R]JQDF]RQH W\BL*QDP WL @ HBKMKHD PIH QD MEH\R R
LVWR W QW5 L

P2. Figiel- . URF]\ VNDKrupa ODANLHZLF] 0 2FKP EBQ of, Actisil
+\GURSOXVE RUJDQLF VXSSOHPHQWV DQG S+ RI WKH

Vaccinium corymbosuncta Sci. Pol. Hortorum Cultus, 21(5)

'R ZLDGFREQMIMP RZD aR Wedipfrepawddidaeteksperymenty EDGDQR ZSa\Z
komercyjnegaoztworu krzemu+\GUR SO XV E b WWIH\VQLD F K S wody PJ GF
kokosoweji mleka kokosowegaZ VW *H QWD FKobnacechy morfologiczneERUY ZN L
wysokiej odmiany Liberty UR]JP QD mDvirei M WDINKH ZSA\ZDJRG]JHQLX VW
]ZL I1DQHJR ]JH |BtH®RGRAR*DpH 530; 55 i 6,00W pierwszym etapie

GR ZLDeéewprkamlVW *HQLH NRJMFZDR UX G UR S @XaKarzgsmisjszym O
G]LDA@ IFX FK\ PRUIRORJLF]QH Z\WRNR iU UR OLQ\ OLF]E
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EDUZ OL FL ERUYZNL Z\MmR Nttod M D M gP&RHDIabt&) KM2 cm)
ZzQDMZL NV] OLF]JE QRZ\FK S GB,16J X[\VANMHIRRDPN SRGaR*
z dodatkiem 200 mgm3, F R Ezgb&he z zaleceniami producenta podstawie uzyskanych
Z\QLNyYyZ ] SLHUZV]HJRIGRISZWDETFGHQ LD EUD Q R\ ®RR\S 2 )XW E
Actisil w koncentracji200 mg drv.

W drugimeksperymencisGR SR*\ZNtdodédh0ZRG NRNRVRZ RUD] POHF]N!
jako naturalny dodatek organicznyN WKy a ED V \idr8d. zeatyn. Podobe do zeatyny
G]lLmeA D/ W\P XOX]M FFHW XJRVAD@QR JG\ GR SR*\ZNL ZBWGGRGD
NRNRVIRI NWXYB\WR GR GDOSAIXRMREDHGOLH RWUZ\RODQHR]XAQL !
]IDVWRVRZDQLH GR PLNURUR]JPQD*DQLD ERUYZN(CMJ\VRNLFEF
DRGDQLH &0 GR SREDANRZIBEDWRZDARL 2JBRARMX S GyZ ERI
in vitro.

W trzecm GR ZL D Gusidtb@dZ S 4 KBmercyjnego roztworu krzemd VW *HQL X P.
dm?3 i VW *HRI®D NRNRVRZHM Z aDJRGJHQLX QHJIDW\ZQH
i UR] 24 dbrymbosunm vitro. ENV S O D Q W DWysokieR UlyZIMU W\ Z\ND]\ZDa\ ]C
Uy*Q L badlarg/ch cechach morfologicznyc (V R N,Rickhe QRZ\FK S GQi&*

mase) (Tab. 2) oraz parametrach biochemicznychSUROLQD 0'$S L DNW\ZQR
w ]DOH*QR]FVYWRR R Z D QMWNV &RR ZiNddmiagylL®ertyZ\QRV L&D FP
QLH]DOH*QLH RG S+ SRGaR*D 'rBzGVDrWKHAZEMETFS H\Radzigdt : 30
Z\VRO RIR ©10% natomiast dodatetKW VSRZR GRZMD@HN Z\VRMNMR%L UR
WSRUYZQDQLX ] NR®@\WoddReRkrzeBRSSREZAGRZDA4 Z]URVWLHUHRQ
masy UR O 2689 adodatekCW £+t VSDGHN R Z SRUYZQDQLX.] NRQ
Ponadtpdodatek + \GUR SO X V,Bk BAWVE R LR *VASRIZRGRZDa | HRQyHMV]H
QRZ\FK Sodpgwiednioo 40% i 286. Natomiastnie zanotowano]QDF] F\FK Uy*Ql
ZDUWROI. WDNLFK FHFK MDN UHGQLD Z\VRNR URURLQLQ)
W SUJ\SDGNX ]DVWR \pR BIRO LAWY * B GRKD R *GIL Q\ URY G FE*HZ F H

0 Z\*V]\P S+ PhBjggdeOL ELEHRUYZ GRQOQKRF D LSQR *\ DHhidkim pH.

redne ZLH*D RRVOLQ GDER]QLHEpLpWVUyZQ6Pna SR*t&WPM

w SRUYZQD QL Zslodo@apywiR. ZD UW RHFTaR B.L

: QLQLHMV]\P EDGDQLX ]JDREVHUZRZPRFRZNH ZUJyVEH SA LLR\P\
Z UR OLQDFK JUXS\ NRQWUROQHM QD FR MHGQR]QDF]QL
VW *HQLD SUROLQ\ 0'$ L DNW\ZQR FL NDWDOD]\ "'RGDWHN
VSRZRGRZDa VSDGHN VW *HQL DQ®WR®DL Q\HGCRREFYHAQDLAHL % U]
UyZQ\P SQBAVAJURVW VW *HQLD 0'$ L DNW\ZQR FL NDWDO|
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nast SL4& VSDGHN ZDUWR FL W\FK SDUDPHWUyZ Z SRUYZQDQI
SRzL IDQD ]H VSDGNLHP VWAREHQMXIHY RERUIPRIIJIHUXMH *
RNV\GDF\MQH PR*QD ]JPQLHMV]\U SRSU]JH] GRGDQLH GR SR
W Z\QLNX GRGDWNX ZRG\ NRNRVRZHM GR SR*\ZNL :30 QU
SDUDPHWUyZ SUROLQ\ 0'$ LASZ]JUBWARHQHGQUR®R RNRAE
ZDUWR U 0'$ ]ZL NV]\aD VL R RNRA&R QDWRPLDVW U
ZIURVAD R RGSRZLHGQLR Z SRUYyZQDQLX ] NRQWURO
Ponadto,zaobserwowanastotnH Uy*QLEMUZLH OL FL ED/GADRLHRHKERBYQ@ N(
wysokiej z SR GaaVPMo S + E\a\ QDMFR HFR\PL M D GIF]\AD ZDUWR
L" (barwa od ciemnej do jasnef\QRV B&ID. :DUWR { S xU(BaPad \dtzXlone;

do FIHUZRQHM R]JQDF]JRQD QD SRZL htiddziel® bdOn (kdndold LH FL
pH 5,0) do 11,90 (WPM+200mg fmr\GURSOXVE $FWLVLO S+ wraz=DREYV
]JH ZJURVWHP S+ SR*\ZNL Z]U D \awQdavidtre Dvighiki Radbs8ridawBre H W U )
dla parametrt EDUZD RG *yawH MWS/RN\I RAHE BFOB Kkbrttrda, pH 5,0)

do 8,52 (WPM + 200 mg dh+\GURSOXVE $FWLVLO S+ 'RGDWHN -+
ZRG\ NRNRVRZHM GR SRO\Adytywd8d QDSZ\EDUZLHQLH OL FL
wysokief WSRUYZQDQLX ] JUXS NRQ@WUURGQERYYNNEIRINMRNLHM
WPM zGRGDWNLHP &: E\a\ EDUG]JLHM DUEFBRMZWPI)L* OL
z dodatkiem200 mg dm? + \GURSOXVE $FWLVLO

Niniejsze badana Z\NDYyD&HIHNW\Z2QR UWR UR ] RY.2éMprabbsunodmiany

Liberty PR*Q®R S U pdpriez dodatek do SR *\ZMddtworu +\GURSOXVE $FWI
w VW *FQLg dmé. Zastosowaniewody kokosowe] jako naturalnego kompleksu
RUIJDQLF]QHIRWAPX\@BRM JWURVW L URIZRMy@dRIitO LQPR*H E\{
stosowana jakazamiennik zeatyny 1DMZ\*V] HIHNW\ZQR 0 PLNURUR]PQD
QD SRGAR*X :30 BSR+Uggtospwany-FK [ZhyZtylko URIWZyU NU]JHP
+\GURSOXVEZSRHW|ENBLUR EG] G]LDADQLH QHIJDW\ZQ\FK VNXWI
SRGZ\*V]RQ\P S+ SR*\ZNL
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Tabela2. :Sa\#Zodatku200 mg dm?® +\GURSOXVE $FWLVLO L ZRG\ N
do SR*\Z8D R Uy*Q\P S+ QD FHFKV.Edyohb&OrRibdrtl Wntdrunkach
invitro SR GQLDFK KRGRZGRZ®/ YUBHGL QD

3 R*\ZWPM
pH kontrola Zog\gigi?”? 15% CW 5('1,%

‘\VRNR 5.0 1.9308 2.07c 1.91b 1.97A
UR OL'55 1.86b 2.33d 1.51a 1.90A
[cm] 6.0 1.91b 1.83b 1.88b 1.87A

5('1,% 1.90B 2.08C 1.77A
Liczba 5.0 2.9f 1.3a 1.9cd 2.0A
nowych 5.5 2.2de 1.7bc 1.8bc 1.9A
S GyZ 6.0 2.5e 1.6b 1.8bc 2.0A

5('1,% 2.5C 1.5A 1.8B
ZLH*D P 5.0 95.7d 75.2¢ 40.0a 70.3B
UR OL'55 71.4c 123.4e 34.6a 76.5B
[mg] 6.0 55.1b 81.3c 40.9a 59.1A

5('1,% 74.1B 93.3C 38.5A

*UHGQLH Z NROXPQDFK R]QDF]RQH W\PL VDP\PL OLWHUDPL DOI
QD SR]JLRPLH4AOM&WRWQR FL

P3. Figiel- . URF]\ VNDOclmian, I., KrupafODANLHZLF] O /DFKRZLF] 6
Influence of various types of light on growth and physicochemical composition of blueberry

(Vaccinium corymbosuin) leavesActa Sci. Pol. Hortorum Cultus, 21(2).

ZLDWAR PD NOXF]RZH ]QDF]JHQLH GOD UR OLQ SRQLHZD*
wytwarzania HQHUJLL D W\P VDP\P SU]JHWUZDQLD :D*QH MH\
VWRVRZYDEZRDWNWYUH PD SR]\W\ZQ\ ZS4a\Z QD UR @kQ\ 'Ol
QDG UzraéhiePD QDWRPLDVW RVL JQL FLH MDN QDMQL*V]\F
NZHVWLL VWDQRZL RVL JQL FLH NRPSURPLVX PL &N HIHNW
MDNR FL SURGXNDVMNNRRQRREZNJBURGXNFML

1LH]DOH*QLH RG URG]DMX ZLDWAaD JDVWRVRZDQHJR Z ILW
$XURUD E\a\ Z\*V]H PLDa\ MD QLHMV]H OL FLH R Z\*V]HN
]JDZDUWR i SUROLQ\ D LBRbiany @@ LR TLR{ W0 R @hLHdmian
ILROHWRZ GURREZRGRZB\dRe OH*V]H L PLDa\ PQLHMV]H OL FI
*HUyYyGAR ZLDWA&D MHVW F]\QQLNLHP VWUHVRZ\P GOD UF
parametru CIEa* i b* RUD] Z\VRND |DZPUMWR FDARABZLMQRWILL 5R
uprawianeZ ZDUXQNDFK ELDAHJR IOXRUHVFHQF\MQHJR ZLDWa
SROLIHQROL QDUVRR/RLBMW ZRUWXNMNDFK RZILDAYAD ELDQHIR]
]JDZDUWR i SROISRQRAEDREXNDZ\ SRG ILROHWRRbdzaE LR G
]JDVWRVRZDQHJR DyRQAHAZSING @ SRZLHQFKQL NMMGEQID
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SRZLHU]JFKQL O%f PLDBR OGRP\ZL HWIgRDAZH. BWALED, natomiast
najmniejse- ILROHWRZ\P Z(6B3catiP /('

W\ELHUDM F ORFVSI\LIVRRRIR AR RV]F] GQR FL Z SRUYyZQDQL X
ZLHWOYZHN (NRQRPLND SUR@xdtNMIR DNQ]DADWRWGRQLH
VWRVRZDU (UyBADLQQH (UyGRyD. 2 ZTdb.VB)A IV wielkotowarowe;
SURGXNFML UR OLQ ER/WYIDIQA\MRINMHMWRVRZDQLH ELDaH
PD SR]\W\ZQ\ ZS4\Z HNRQRPLF]Q\ QB SURGENXNFQD QR VONLGIQ
energii elektryczneji NRU]\ FL GOD URGRZLVND SRSU]H] HOLPLQDF
8]\VNDQD SRG W\P (UyGAHP ZLDWAD MDNR U UR OLQ MH\)

fluorescencyjnego

Tabela 3. Wynik ekonomicznyURF]J]QHJR XWU]J\PDQLD V]J]NODUQL Z |DOH
(1 Euro = 1,08 USD)

5RG]DM ZL

RV]W X*\WNRZDQL E(DAD - |
fluorescencyjna b L ®lampa.ED 10 etoLvl\E/% ampa
ZLHWOY:

&HQD  ZLEWDYZNI 8.84 3.78 15.93
=X*\FLH HQHUJLMH 36 18 18
J\ZRWQR 0 ZBHWO) 15 000 40 000 50 000
J)\ZRWQR i ODPS\ Z 257 6.85 8.56
ERF]QH ]X*\F Lpized D

Z L H W QB 865 dni*W) = 210 105 105
KWh
Cenal kWh (EUR) 0.14 0.14 0.14
RV]W ]X*\FLD HQHU
ronzi(EUR) 29.34 14.67 14.67
5RF]Q\ NRV]W

Z L H W EYR)Ndszt energiir 32.78 15.22 16.53
FHQD ZLHWOyYZNL
(REOSé';y koszt pracy fitotroni  gg5g 5g 3044.00 3305.60
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Vaccinium corymbosum
‘Aurora’ and ‘Huron’

Ryc.2. :]JURVW UR OLQ ERUyYZNL Z\VRNLHM Z JDOH*QRIFL RG
E L Oladpescencyjna ZLHW Oy ZND fluolddde@cRi@ ¥ LHWOFEEZNBD GLRGD /(
fioletowa dioda LED

P4. Figiel-. URF]\ V N DOclonian, I, KrupapODaNLHZLF] (Effect of chitosan
based spraying on fruit quality of highbush blueberry Sunrise. Progress on Chemistry

andApplication of Chitin and its Derivative¥,0lume XXVII.

-DNR 0 RZRFyZ PD GX*\ ZzSa\Z QD St B6FWADH Q\HR @ YA X FWH QN L\HW
metody uprawy E\a\ QDWXUDOQH KKHNRGRAWFDEHI MDNR 0 RZR
Z\VRNLHM RUD] zZ\GaXx*\iu LFK ZLH*R 0 SRGF]DV SU]JHFK
chitozarem (CH). 3ARZaRND FKLWR]DQRZD WZRU]J\SQBSYRHAEMV]F KX
flm SURZDGR B y@tRltempm oddychania, zmniejgniautray ZDJL JDFKRZXM
MHGQRFYHD QR HI L SUJHG&aX*DM F RNUHVRZEBRyWOAIeR FL GF
zastosowandc KLWR]DQ R W|*QWM FCRIRBZ 2 M1, 50, 125, 500 kDa).
ODVD F] VWHF]NRZD FKLWR]DQX PD GHF\GXM F\ ZS4\zZz QD |
chemiczne, jki biologiczneZastosowanie chitozanus\*V ]ABPVLH F] VWHF]NRZHM
D ]ZaDV]F]D ]JZLNNM]J\ARGmat RZRFYRZGSRUQR U QD SU]JHELF
M GUQR U.RZRRAYVZ]\aD VL]DZYAQN R *Eiaskobbanego szkodliwych
N-NO; SRUYZQDQLX ] JUXab. ) RNgWhieR O RZRFH ]JHEUDQR ]
RSU\WNLZDQ\FK FKLWR]DQHP R PDVL poddan¥ UpiidkieMCBEHM N
kDa FKDUDNWHU\]RZD&\ VL QDW@N-N®] ]DZDUWR FL 1
EDGDQ\FK RZRFDFK VWZLHUG]R Qa&w&ifikeMaQykh do cztSd&RIO L | H Q
grup. IDMOLF]QLHM Z\VW SXM F\PL E\4\ DQWRF\MreQiczn@ DVW ¢
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flawonole i flawar3-ole. OJQDF]RQR & F]JQLH Uy*Q\FK*\D]QDVZDR) W B Qly 2
DQWRF\MDQyYZ PpripskivaReZ ¢hifodanens00 kDa ponad UD]\ ZLQEHM

w owocach opryskiwanychCH 12kDa.DRPLQXMZLMHANLHP JDOLF]RQ\P GR &
E \liwas chlorogenowyQDOH* F\ GR JUXS\ NZDVyZ on QRGRA\R KR GG W D
GR FDaNRZLWHM ]DZDUWR FL SROLIHQROL Z RZRFDFK

]IDOHYQR RG PDV\N\ F] VWHF]I]NRZHM |JDVWRVRZDQHJR &+
zczerwonegoQD QLHELHVNL QD FR ZVND]XM LVWIEWQbt. |[PLDQ
IDMFLHPQLHMV]\ L QDMEDUG]LHM LQWHQV\ZQ\ QLHELHV
po zastosowaniuCH 500 L N'D FR MHVW QLHZ WSOLZLH ]JZL ]DQ
DQWRF\NDQWPLDVW QDM fibRto@yd H W\R]XPR. ]DED EXddare X
opryskwanechitozDQHP R PDVLH FJODAHF]J]NRZHM
3R JELRUJH ] RZRFyZ ERUYZNLQDOHEORYDOEBPLX]\WEY*Q\FK U
(Acremonium, Alternaria, Aspergillus, Aureobasidium, Cladosporium, Fusarium, Penigillium
1 D M Z LER &fdyby Zz rodzajuFusarium(44- 5yZQLH OLF]QLH Z\VW SRZ
z rodzajuPenicillium (16-80%) i Aspergillus(35- IDMPQLHM OLF]JQLH Z\VW S
z rodzajuAcremonium 3RMDZL4\ VL RQH WN\ONR Z JUXSLH NRQWUR
FKLWR]DQHP R QDMQL*V]HNN'PDX LD R|FLWRHFSRREZHGIQLR L
RZRFyZysiv@nych FKLWR]DQHP R PDVLH F] VWHF]NRZHM N
licznie grzyby z rodzajdPenicillium (80%), apo zastosowaniCH 21 kDa grzyby z rodzaju
Cladosporium(73%).

EDGDQ\FK SUYENDFK Z\NU\WiRykdidhayH U'S DY XQ@H QW \ D10 D W
deoksyniwalenol i zearalenon. Zidentyfikowameykotoksyny Z\VW SRZD&\ QD QL
SR]JLRPLH =DZDUWR-U0 SDWMXQJIEQ&D LVWRWQLH QL*V]D Ql
dopuszczaQH VW *HQLH SDWXOLQ\ Z VRN XstMdDE&E arXe? AVRO. J
Mykotoksyny SRMDzZLa\ VL W\ONR Z JUXSLH NRQWUROQHM L C
F] VWHFINRZHM FKLWR]D Qugkotokéyn Z N6'Dy E REUFKN PyJ4a E\iU ]Z|
zZ\VW SRZDQLHP Z SUyMdé&skivi DEyZ RQH UmRykdtaki3yayp U
SRSU]JH] V]ODNL PLNURELRORJLF]JQH :\ND]JXM VLOQ\ D¢
]JDQLHF]\V]F]IDM F\FK RZRFH L V Z VWDQLH ]J]DSHZQLU VNX
UYyZQLHNXORZ DU *H FKLWR]DQ R Z\*V]\FK PDVDFK F] VW
mykotoksyn
Przeprowadzore badania GRZRG] pryskivenie RZRFyZ FKLWR]DBHWP PR
]JDOHFDQH Z HNRORJLF]QHM XS W&l dzyskRriayM NI_U @ L\HRVNWL] MR\
RZRFYWZR NV]RRAPKFLZR FLDFK SUR]JGURZRWQ\FK
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Tabela4d. -DNR U0 L |]GROQR U DQW\RNV\GDF\MQD ERUYZNL DPHL
chitozanu

Molekularnamasa chitozanu (kDa)
Kontrola 5 12 21 50 125 500

274ab 262a 288bc 302c 335d 342d 291bc

ODVD RZF
9

Przebicie 124bcd  130cde  108a  117ab  121bc 142  133e
(G mm)
- GUQR G 358bc  366bc  317a  359bc  352b  428d  375¢C
(G mnt)

Rozpuszczalne
VXEVWDQFM 15.3b 15.8¢ 15.6¢ 15.2b 14.5a 14.4a 15.1b
(%)

-ZDVRZR 1 0.88d 0.8lbc 0.85cd 0.87d 0.74a 0.77ab  0.80b
(9 100 @)

L-askorbinowy kwas 5o op 5549 207a 27.8b  357c  36.2c  39.6¢
(mg 100 d¢})

N-NOs

(mg 1000 ) 37.3bc  415c 33.4ab 302a 36.1b 559d  52.3d
N-NO,

(mg 1000 ) 0.11ab 0.13bc  0.14c  0.09a 0.15cd 0.15cd  0.17d
$%76

(ol TE ¢ 14.7a 17.8b  202c 21.3c 18.4b 17.7b  155a
FRAP

PRO 7 J 8.11bc 7.36b 955d 8.78cd 5.77a 10.12e  9.84d
DPPH__ 222b 157a 31.0d 284c 216b 155a  16.3a
( mol TE gh

"UHGQLH Z NROXPQDFK R]QDF]RQH W\PL VDP\PL OLWHUDPL DOI
SR]JLRPLH LV@ORWQR FL

P5. Ochmian, I.,Figiel- . URF]\ V N DLacBiowicz, S. (2020)The quality of freezalried
and rehydrated blueberries dependorgtheir size and preparation for freeging. Acta
Universitatis Cinbinesis, Series E: Food Technology, 24(1).

2ZRFH ERUyZNL Z\VRNLHM NWyUH JH Z]JO GX QD VZRM PD
Z IRUPLH ZLH*HM ZVNRGSGUYWWZRPOWWZLH -HGQ ] PHWRG
WDNLFK RZRFyZ MHVW VXV]HQLH &HOHP SUJHSURWEDG]RQ
VSRVREX FL FLD OXE QDNaXzZDQLD QLHNRPHUF\MQ\FK RZFR
procesu suszenia sublimacyjnegdO LRILOL]DFML 2FHQLH SRGGDQR UyZ(
ZLH*\FK OLRILOL]RZDQ\FK L XZRGQLRQ\FK RZRFyZ

,OR U RZRFWRAVWDZLRQ\FK QD NUJHZDFK |[DOH*DabD RG SRJR:
]ZaDV]F]D Z RNUHVLH JELRUyZ O0ODVD RZRFyZ SR]JRVWDZLR
ldo 2t/hacostanowido5%DaNRZLWHJR SORQX GOD %ULJLWWD %C
SBRPLPR PDa\FK URRFYBUYWKRUDNWHU\]RZDabD MH Z\VRND
]Z4DV]FNM]HZyZ QLHQDZDGQLDQ\FK ORJAR WR E\li VSRZR
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]ZL INyZ PLQHUDOQ\FK L RUJDQLF]Q\FK QD FR ZVND]\ZD:
Z\*V]D VXFKD PDVD -HGCQRFENAQIQDEIQEH PQLHMV]H
= MHGQHJR NLORJUDPD ZLH*\FK MDJyG X]J\WVNDQR RNRA&R
SROLIHQROL ZJURVADD MHG\[@QIOHH*R FL RG ZLHONR FL RZ
naURJNADG W\FK ]ZL JNyZ Z SURFHMNL S ROOIRHQ@R PDLFINDIE K'RIG LD
VWRSQLX Z RZRFD&HAR QGR*WKR PyJa PLHU Z\Ga4X*RQ\ GR JR
W celu uzyskanigpodobnegoSR]LRPX ZLOJRWQR FL SU]JH] PDaH RZRFH
przez 32 godziny.
4D FLZR FL IL]\NFOARMKRHPQE]J]REDQ\FK L SRQRZQLH XZRGQLR
od PHWRG\ LFK ZFIJH QLHMV]HJR SUJ\JRWRZDQLD :F]JH QLHM
QD REZRG]LH RZRFyZ SR]JZROLAR JQDF]QLH VNUyYFLU F]DV &
JRVWDA&\ Z\VEMWHERPHQPMPQLHMV]H SR JRGILQDFK D GX
JRG]JLQDFK 2ZRFH QDN&XZDQH QD REZRG]JLH UyZQLH* ]QD
RZRFDFK PRF]JRQ\FK Z ZRG]JLH SU]JH] JRG]JLQ SR]LRP
dopoziomuw ZLH*\FKa¢éhZzRERFH SU]J]HFL WH ]ZaDV]F]D PDaH 2Z\N
Z]1JO GQ\ SUJ\URVW PDV\ SRGF]DV QDzZDGQLDQLD 3RGF]DV
RZRFX ] ZRG QDVW SL4 EDUG]JR QLHZLHONL SU]J\URVW |
uwodnienia owocu. Po 30 miWDFK Z]JO GQ\ SUJ\URVW PDV\ Z\QL)
w SUJ\SDGNX RZRFyZ WHGRMRQ\FK
W trakcie SRQRZQHJR XZRGQLHQLD RZRFyZ ]DREVHUZRZDQR
OLRILOL]RZDQH E\a\ FLHPQL%WM YV JH JQL6E R LOF BbRZVIBRHMIER (
SUJ\JRWRZDQLD GR VXV]J]HQLD LFK EDUZD VWDZD&D VL
SDUDP Br\WHY grdz parametru kolortt 1DMZL NV]H JPLDQ\ EDUZ\ |[DRE\
RZRFyZ QDNAXZDQ\FK 3R OLRILOILICBEMLa pdbas gdRinaénl HP Q |
nawadniania paramet* RVL JQ &4 QDMZ\*V] ZDUWR
‘\QLNL SU]JHSURZDG]J]RQHJR GR ZLDGF]J]HQLD SRWZLHUG]D
odmiany Brigitta Blue SROHFD@QBaX*V]J]HJR SUJHFKRZ\ZDQLD &KDU
JUXE V Niptgridywhym nalotemZRVNRZ\P NWyU\ FKURQL RZRFH SU]
2ZRFH NWyUH QLH QDGDM VL GR VSU]JHGD*\ ]JH Z]JO GX QI
OXE zZ\VXV]J\i /LRILOL]DFMD MHVW GREU PHWRG NRQVH
SR]ZDODM F QD XWU]\P bo@drdwormhgudb na wydekimlpodiomie.
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5. WNIOSKI

2VL JQL WR ]DAR*RQHNWKOH HDRUBARIENRIDIRC) stanowi F\P
SRGVWDZ GR XELHJDQLD VL .R VWRSLH QDXNRZ\ GRNWRL

1. : FHOX X]J\VNDQLD SU]H] SURGXFHQWD |]DGRZDODM FHJR
DQDOL]D ND*GHJR HWDSX SURGXNFML URRGIL Q& HIR-CEM Z)\
SR*\ZNL GR QDPQD%IQ LS QXORPDOWR\FK GRGDWNyZ +\GUI
chitozan, woda kokosowa), (UyGaD ZLDWabD ] D fiwtRM&R ZDQHJ
orazzagospodarowani LHNRPHUF\MQ\FK RZRFyZ OLRILOL]DFMD

2. =H Z]JO GX QD GX* ]JPLHQQR U JHQWHMYRIGSUNZQRBUP REGDID
]IDVWRVRZDiU XQRZHEWVWVYDGRHQDPQD*DQLD W\FK UR OLQ
PLNURUR]PQD*DQLD ERUYZNL Z\V RE\dabelh, Guery, Me&D Q \ F K
1IDMZ\*V]\ ZVSYyaF]\QQLNL UHJHQHUDFML S GyZ X]\VNDQ
z dodakiem zeatyny 0,1 mg£(80 do 100%).

3. Zastosowanie substancji biologicznie czynnyclad& R ]\W\ZQH HIHNWVIf®@ UyZQR
L Z XSUDZLH SRORZHM EBERNENLZ BDNRORJIHBSEKIHMC XWNIM /G
dospo*cia. Woda kokosova jako naturaly kompleks substancji organicznychP R * H
VWDQRZLU |deP kdméexr€yjnid stosowanej zeatyny.RPHUF\MQ\ UR]JWZyl
+\GURSOXVE $FWLVLO PR*H E\U ]kStRrZdRiG\|iHQERIPYY WIR V R
Z\NRNLHM MDHEBJRGRGHNY WAUMHWNPZ\ZRGZ\*BHR G\R*\ZNL
ZastosowaniechitozanX Z IRUPLH RSU\WNX Z RNUHVLH LQWHQV\.
SR]\W\ZQLH &PALFK MDNRnig ZRURDWLEFPW RIHQWZrodtU]\ER Z
may RZR FpaprawaM G d QRN ach@miczregg.

4, =DVWRVRZDQLH ELDAHJR GUNRFIDVLHL.BPQYRDOHALD UR OLQ E
wILWRWURQLH ZS4\Q 4R QD QDMAOWFVR rZUYyRY W/ QR DO
ekonomicznie uzasadnien SRG Z]J@is@dhPNRV]WyZ URF]JQHJR XWL
ILWRWURQX /(' SU]J\QRVL UyZQ.LBR]RRODP\ RID HHW®R QLD
ze (UyGaD RWUDWaA®Padsgtanicime | X * \debergii elektryczne;.

5. Liofilizowanie VSRZRGRZID-AR. HONL VSDGHN ][DZDKiyWhchFL ][ZL
WSRUYZQDQLX GR ZLAHNUFKHRIIRHFYIDVX VXV]HQLD RZRFyZ
SR]ZROLAR QD KoLty ApodiktQ VKV]IRQ\FKw RAhRByZSa\Zz
na]DFKRZDQLH ZL NVJHM LOR FL ]JZL ]NyZ SROLIHQRORZ\F
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ZDUWR U ELRORJLF]Q :DUWR ]JDWHP Z\NRUJ\VW\ZDii GR
ERUYZNL NWyUH Z\ND]XM ]JQDE]JQLH NUyWV]\ FIDV VXV]t
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OF Vaccinium corymbosum

D}v]l &]P] or<@VUIDWEIlI o]v <Eu%Pr S Al ®1Zu] v

1 % ESu v8 }( ,}JEY HoSUE U t «3 W}u & v] v hv]A E+]3C }(d Zv}o}PC ~1 1 ]JvU ~s}A 1] P}
2 % ESu vs }(Wovs'vYe.eU E JvP v 1]}8 Zv}o}PCU t «3 W}u & v] v hv]A E-]8C }( d Z
AT Jv 6irdiduU Wlo v

r"dz d

7KH HuHFW RI FRPPHUFLDO +\GURSOXVE $FWLVLO FRFRQXW ZDWHU F
on the micropropagation &f corymbosunlLiberty’ was studied. Three experiments were performed with
GLUHUHQW FRQFHQWUDWLRQV RI VLOLFRQ +\GURSOXVE $FWLVLO 6L
GLUHUHQW S+ DV D VWUHVYV IDFWRU 6L ZDV DSSOLHGhHe ghestFt RQFHQWUL

H[SODQW FP ZLWK WKH KLIJKHVW QXPEHU RI QHZ VKRRWYV DQ
RQ :30 PHGLXP ZLWK WKH DGGLWLRQ R I6éxge@énRQ$HHIG W 0.DMIL R Q PJ
dm*]HDWLQ H[SODQW JURZWK ZDV DFKLHYHG ZKHQ &: ZheV DGGHG WF

XVH RI &0 GLG QRW KDYH D SRYVL WhLvitrbl THaurdstiNg oReQpeEi@ext-BEndichtétd JUR Z W K
WKDW H[SODQWV RI EOXHEHUU\ EHWWHU GHYHORSHG ZKHQ S+ ZDV ORZ
DQG IUHVK ZHLJKW J +RZHYHU WKHUH ZHUH QR VLJQL{FDQW
used. The application of 200 mgdm$FWLVLO EHQH¢ ¢ WV WKH QHJIJDWLYH HuHFW RI KLJK
on micropropagation of blueberry in case of plant height, fresh weight, and biochemical parameters (proline,
PDORQGLDOGHK\GH + 0'$ DQG FDWDODVH + &%$7 DFWLYLW\

Key wordsblueberryinvittro JHDWLQ VLOLFRQ :RRG\ 30DQW OHGLXP FRFRQXW ZC

/IEdZK h d/KE

Highbush blueberryMaccinium corymbosumis  blueberry, which is closely related to global industri
increasingly important in fruit production due to itsalization. Currently, China has become the world’s
high content of biologically active substances, mairfastest-growing highbush blueberry producer [Guo et
O\ ADYRQRLGVY DQWKRF\DQLQ Val.2019RtR he/rapli@padsiviy @ QIiREexy- cul
procyanidins, and phenolic acids [Brazelton 2013ivation scale and variety renewal, the increase in de
Schuchovski and Biasi 2019, Ochmian et al. 2020fand for healthy blueberry seedlings worldwide s in
Rich in polyphenols, blueberry fruits show numerousvitable. The growth of highbush blueberry bushes is
health properties, improve vision, have antioxidantimited to sites with low pH and moist soils with high
DQWL LQADPPDWRU\ DQWLFDU eiggnR iai@i contehJEn Bt @QWRE D F\additioh D O
HUHFWYV >6FKXFKRYVNL DQG % Labnajor chal@ngesfer Eshnércial grovisrsl ig the low
has been a trend of renewing old varieties of highbushoting percentage and the time required to propagate

mkrupa@zut.edu.pl
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and market newly obtained cultivars [Schuchovsldium used for the propagation of highbush blueberry.
and Biasi 2019]. $Q DSSURSULDWH FRQFHQWUDWLRQ R

The use oin vitro cultures eliminates the limita selected for the micropropagation of highbush blue
tions associated with traditional seedling propaggEHUU\ DQG WKH HUHFWLYHQHVYV RI XVL
tion, providing an alternative to faster plant growtmilk in the propagation medium as a substitute for the
WKURXJKRXW WKH \HDU ZKLFKmo@ Exgp&hBiné hhentytdowiks pédulktarR-Qeadin, was
FLHQF\ DQG SUR{WDELOLW\ >0DGHWRUPWQHIGE OR@SKROEHWWO SODQ
plant growth undein vitro conditions can be achievednew shoots, fresh weight) and biochemical (proline,
by using the right composition and pH of the mediunPDORQGLDOGHK\GH 0'$ FDWDODVH &$
for the species and even the cultivar. Too low a plls well as leaf colour (CIE*a*b*) of highbush blue

EHORZ RU WRR KLJK D S+ BHRYM SURBQKDBMHNV RQKRHGLD RI GLu
growth and development af viro H[S O D Q W Varel dH Mérée dbserved.

@ )RU WKH L@bivddioreS&KdovH R

bination of cytokinins- mostly zeatin can usuallybe D d 2/ > E D d,K 7
XVHG >5XaLu HW DO @ 7KH XVH RI QDWXUDO JHDWLQ DV
an additive to the culture media is expensive, therefore Z & § E]*Y « }( 32 E }( E « €& Z
GLUHUHQW VROXWLRQV DUH EHWL GJEJTRoXEIdeNdraty BxpaiinyeHts vend céhdu@tBdJ
HuHFW DW D ORZHU FRVW 6XFHK @®@ OW H U@QDBERIUVCHVRID R IEW KRR FHRSD U W P |
nut water and coconut milk, which are rich source8s UHHGLQJ DQG %LRWHFKQRORJ\ DW W
RI SODQW SK\WRKRUPRQHV P DI@OAHRN\WLRWN LRILTHFKQORDORW LQ 6]F]JHFL
DO @ ORUHRYHU LQ QXPHURXY]S@®OWKMH V;SHAL AW DVKH WKH H[SHL
EHQH¢FLDO HuHFWV RI VLOLFR@nR(silitthRsdlWtdh cahteitididmR Bith Hh@ Wost
yield, and disease resistance have been observed. $DYRXUDEOH HuHFW RQ WKH PRUSKRO
icon is the second most ubiquitous element found the tested blueberry plants was performed. The plant
soils worldwide [Epstein 1999, Richmond and SussPDWHULDO FRQVLVWHG R/ cort PP VK

PDQ &XUULH DQG 3HUU\ yntblo B 'QilbekyD ehtdin@dSrénd Etdtile stabilized

@ 6LOLFRQ FRQWHQW LQ V mlvido/ FECDQV X D H\ FKRDQWLYDHNWHDE BQ WKH OF
IURP WR Rl GU\ ZHLJKW >6RRB8HXPHMW: I0O>/ORWE DQG O0F&RZQ
ZKLOH LQ SODQWYV IURP WR %LRAKGEBLH L PK WKHODHWKHUODQGV @
DQG 7DNDKDVKL @ +HQFH ZP0DAWWMIZEVHEBFOBEWRHGBO0 PHGLXP Z
LOQWR DFFXPXODWLQJ SODQWVRH FREPKUWEIHUW\WVEORURYDZOXWLRQ
DQG 6DLJXVD JLJLHO .URFKRDUNMD3IRQBQBFKIRKL FRQFHQWUDWLRQV
an 2019], and non-accumulating plants e.g. petunia PJ GP7KH VLOLFRQ 6L- FRQWDL

>.UXSD ODaANLHZLF] DQG &DORPPHRSO®V @& XFHHURMXYW ZDV LQ WKH IRUP

authors described a positive role of Si in improvingH SiO ), stabilized with choline. The pH of all media

crop growth and yield under abiotic and biotic strese DV DGMXVWHG WR

conditions by increasing the activity of antioxidant } Jvud A S E ~te v } }vpFhea]ol ~ DeX

HQJ\PHV OLNH &%$7 LQFUHDVHG sBderdxeRpé@nerntiial’k QonRuctSdlidresStatid the ef

DQG PDORQGLDOGHK\GH FR QF Heptsvdi theAbptiRn@l cobcéntratidhikaHd &bbirce of pro

cretion of endogenous hormones, and the productiamting growth substance (coconut water and coconut

of lignins, chitinase, phenolic compounds, phytoalexmilk) on the morphological growth parameters of

LQ DQG JOXFDQDVHYV >6DKHE L VHaymosunmLiberty XasFaNdheldpatr suilistitute for

ODQGOLN HW DO @ SODQW JURZWK KRUPRQH = JHDWLQ (]

7KH H[SHULPHQW DLPHG LQ VAWUGN MMKHVHEBEWGRR Y LMDKH :30 PHGLX

FRQ LQ WKH IRUP RI D FRPPHUFILDNX +&G DRSO 2V E @ FWHKNLEPRQFHQWUD\V

VROXWLRQ <DUD 3RODQG DQG FREFEROQKW/KBWARD QR @ LADN RQ0 PHGL

PLWLIJDWLQJ WKH HuHFWYV RI- F&doitpd bf@.1 nvg Kriflzeatin. Rhle piA KHheedium
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ZDV DGMXVWHG WR %RWK FRFRQXW]PLO M EQHVZOWHUYVZHOHZC ~
DGGHG WR WKH :30 PHGLXP EHIR¥VHERMWRKFQGDYEQIs ~ de YA]SC ~

Based on the two initial experiments, the concerrhe concentration of proline was determined accord
WUDWLRQ RI +\GURSOXVE $PFPWLQLIOWRT WXH WRWKRRE) REPl%DWHYV HW LC
DQG FRFRQXW ZDWHU ZKLFKSKBRWR PHWHBRIYW EHQH LQ EOXHEHL
¢FLDO HuHFWYV RQ WKH PRUSKRKFORFXF®IDW FIRN. R feSMEaY i sh@vhhaffovid R |
theV. corymbosurtiiberty’ explants were used inthe LDOGHK\GH 0'$ D SURGXFW RI OLSI
third (target) experiment. plant tissue was determined by the method described

% ,U *]o] }vU } }Vhesthid &x@Etment E\ 6 XGKDNDU HW DO > @ 7KH FRQ
ZDV FRQGXFWHG WR HVWDEOLVZOWKDBD GFRXO-DW RG ARRPHWRHDOEVRUE
silicon solution and coconut water in alleviating the QP DQG 0'$ FRQWHQWY ZHUH HVW
QHJDWLYH LQA XN .QdrnbosugBwth R @llowing equations:
DQG GHYHORSPHQW 7KH H[SODQWYV + PP ZHUH
WUDQVIHUUHG WR WKH :30 PHGLXP ZLVOK$ GQ R ROWREW S+

DQG ZLWK RU ZEWKRXW, PJ GP . $ @19):
GURSOXVE $FWLVLO <DUD RU FRERQXW zowhu * '
'v E 0 HOSHUE 3O DY PHELD- WH KH VDPSOH
SOHPHQWHG ZLWK zZY VXFU% Ugdﬁ AP HREBLY SOH
ZY DJDU %LRFRUS BROD PJ GP

P\R LQRVLWRO 'XFKHID %LRFKHWKH HBDIWDRBVIHHWSAU DFWLYLW\ ZIL
ODQGYV KHDWHG DQG PO ZHRRUSR QU MR LWKWHR PHWKR® E\ /FN >
ADVN 1H[W WKH\ ZHUH D XW R FiOahsoHh@cp, wausedfhy the degognposition,6f,H
during the time required according to the volume oEDV PRQLWRUHG FRQWLQXRXVO\ DW
medium in the vessel. Cultures were incubated it of enzyme is the amount necessary to decompose
D JURZWK URRP DW D WHPSHUDWXQ@g'RMmIin%* f& XQGHU
KRXUV SKRWRSHULRG ZLWK D "$KRWR¥\QYWEAMXW DIKIRMWRGEDO DQ

AX[ GHQVLW\ 33)' RtprovideBBRO PHUIRUPHG XVLQJ 6WDWLVWLFD
1DUYD *HUPDQ\ HPLWWLQJ GDRARZIRROPRREO ZKLWH (DFK
combination included 32 shoots (8 replications with 6 WDWLVWLFDO VLIJQL{FDQFH RI Wi

H[SODQWY SHU ADVN $IWHU meagsDwag dete[rsico gy Yesiing thehamggeneity of
moved and wash with deionized distilled water, andariance and normality of distribution, followed by
shoot and root length (cm), number of new shoot$$129% ZLWK 7XNH\TV SRVW KRF WHVW
and determination of colour were measured. Thé DV VHW DW S 7KH UHODBWLRQYV
explants were weighed for estimation of plant freslogical (plant height, number of new shoots, and fresh
mass (g). ZHLJKW DQG ELRFKHPLFDO SUROLQ

§ Eulv Y}v }( The pjgGEext (colour) ty) traits of highbush blueberry grown undervitro

of leaves (from the middle part of the shoot) wasonditions was illustrated.
measured in transmission mode by photocolorimetric
method in CIEL*a*b* system [Hunterlab 2012Jusing Z ~h>d”" E I~ hA""KE
VSHFWURSKRWRPHWU &0 G .RQLFD OLQROWD -DSDQ
The diameter of the measurement hole was 3 mm, the
observertype 0 DQG WKH LOOXPLQD@\%o'0] YKH}(YLOEH0oOUsi Ye]lo ]v §Z tW
of a* was range from green &) to red (+a*). The 30DQW WLVVXH FXOWXUH PHGLD
parametelb* described the colour in the range fromganic and organic nutrients that support healthy plant
yellow (+b*) to blue (b*). The value of parametér  growth. To improve growth and morphogenesis
means monochromaticity in the range from 0 (blackjitro, the culture medium is often optimized and the
to 100 (white). HIWHQW RI PRGL¢{¢FDWLRQ GHSHQGV
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RU HYHQ WKH FXOWLYDU >6DKHEL@QHWFBRUGLQ@ WRH RHUHNDWD DQG 61
of Si in the nutrient solution was studied by severas not known to be an essential element for the growth
DXWKRUV B5RGULJXHV HW DO »f blue@er@esl Yakherlitewvds thekel2nenythad AcElRnQ

as a sodium silicate at a concentration of 1-2 mg dnfated mostly in the leaves. In addition, Si is not inelud

promotes better yamD{oscoreaspp.) development ed in any commercial basal medium for plant tissue

in vitro. Gallegos-Cedill et al. [2018] showed that theulture, may only be present in trace amounts.

inclusion of Si (Silifort€) to the nutrient solution of ,Q WKLV VWXG\ WKH HuHFW RI FRPPI
V. corymbosum/ FY 9HQWXUD EHQH /WNRIQRP\GWRSOKME $FWLVLO VXSSOH
tative growth. However, Costa et al. [2020] have usqghological traits (plant height, number of new shoots,
SRWDVVL X PSIO) @tlakE@nééhtration of 1 mg fresh weight) and colour of the blueberries leaves

mgdm® LQ OLTXLG 06 PHGLXP W Rrdpayet&in JiraVdépended bhl its concentrations

Cavendish’ banana in bioreactors. Their study demo(Tab. 1, Fig. 1). It was observed that concentrations of

strated that silicon solution improved plantlet growth. DQG “PstatigtiPally decrease plant

However, the mechanism of the supplementation eKHLJKW IURP WR LQ FRPSDULVRC
IHFW RI 6L RQ SODQW KHLJKW ltrdtiog @QF20HMgWwn® . DPHORGRPOWMR/ DVMKH QXP!

d o &Hect of different concentrations of siicon{(GURSOXVE $FWLVLO LQ WKH :30 P
and leaves colour (using CIE‘a*b* system) of V. corymbosum ‘Liberty’ under in vitomndition comparison to t

:30 PHGLXP ZLWK ]JHDPNL/Q DIWHU GD\V RI FEam&UH Q VKRRWV SHU W
:30 PHGLXP
Zeatin (mg dri) +\GURSOXVE $FWLVLO PJ GP
0.1 100 200

L* F D EF F DE
Color parameters . 0.22
CIE leaves a D 10.22a b b D

b* D D D 21.00b D
SODQW(@EOHLIKW E 1.19a 1.02a 2.02b 1.02a
1XPEHU RI QHZ VKRRWVF D 1.38a 1.91b 1.13a
Fresh weight (mg) D D DE E 38.83a

OHDQV IROORZHG Em GLIITHUHQW OHWWHUV LQ FROXPQV DUH VLJQLILFDQWOm (

tWD = iXi #RatintWD = fii uP We]dWD = iii uP We]otWD = 7ii uP Ye]JOWD = fiii uP ¥e]o

& ] P Xinivgro grownV. corymbosump/LEHUW\Y] SODQWOHWY DIWHU GD\V RI FXOWXUH RQ
0.1mgdm* |HDWLQ DQG GLUHUHQW FRQFHQWUDWLRQV RI +\GURSOXVE $FWLVLO
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of new shoots per plant and plant fresh weight stati€W improved the number of shoots per explant; pro
WLFDOO\ GHFUHDVHG IURP Whitted cdllid GhdudtierPand $@riRatic embryogenesis,
UHVSHFWLYHO\ ZKHQ WKH FR QférihQande DNVdoRrgboRuUnjFira et al. 2DB]Gleaf-
PJ DV XVHG LQ :30 PHGL XteaMetria maderaspatangBaskaran et al. 2009],
Our results and the reported literature [Sivandemon grassCymbopogon pendulufBhattacharya
VDQ DQG 3DUN 5R G ULJXHVetthM20D0OD Based ongerpinidd exp&kimentation in
al. 2020] indicated the positive role of silicon on theolving a range of concentrations of CW, these studies
growth and development of several species, includirngave determined the optimum concentration of CW
an increase in the number of leaves and fresh weightKk LFK ZRXOG DOORZ D VLPLODU HuH
of plants grownin vitro 7KH SRVLWLYH HmH EdtlinRid G/bulRlig a less expensive alternative.
plants growth may be due to increased nutrient uptake The addition of 0.1 mg dh |HDWLQ RU DQ
and photosynthetic activity. &: WR WKH :30 PHGLXP KD& D VWL
,Q RXU VWXG\ LW ZDV FRQ¢WAHGDWKDWuBFWRR@ MXEWRT XHQW JU
the producer recommendation the commercial silicdncreased mean values for all shoot parameters in com
VROXWLRQ +\GURSOXVE $FWL\EIDWLYRWQDWHR Q/KHHQ&OU DMBER Q RILJ
200 mg dm?® is optimal for blueberry cv. Libertin DQG QXPEHU RI VKRRWY JURZQ RQ
vitro cultivation. &: ZHUH VLPLODU FRPSDUHG WR W
The obtained results of the colour determinatiowith the addition of 0.1 mg drhzeatin. Whereas, the
of the leaves analyzed in the transmitted mode usilGGLWLRQ Rl &0 WR WKH :30 PHGLXP
the photocolorimetric method in the ClEa*b* sys and shoot development of blueberry. On this medium
WHP > . UXSD ODANLHZLF] HW D Oplants gidw 8laviy Zridl @o Wek Bhabts\pKrhplant were
addition of 200 mgdm® +\GURSOXVE $FVBEIHMHO RVRHE KSIOVR ITUHVK ZHLJKW ):
:30 PHGLXP DuHFWHGL\gfKHe P UDBRWHU WR ORZHU WKDQ IRU SODC
bush blueberry leaves as compared to the three otl@rm containing 0.1 mg dfhh |JHDWLQ 7KH XVH R
concentrations used in this study (Tab. 1). The valueQ WKH :30 PHGLXP GLG QRW KDYH
Rl ZKLFK UDQJHG IURBRmM $FWLV LR blwélserry growtlin vitro. The reason for this may
RO $FWLVLO , W ZD V- REaVeHiganHat iveKnyivfay ¢oBtent of coconut milk
LFRQ VROXWLRQ GLG QRW DuHMFWQVKB YIH) W HED/AMN\L QI WKHFN HRHQ F T
colour (parametea* 7KHUH ZHUH QR VDBEDR HW D@W GL® 7KH IDW PD\ KDYH
ferences among the examined four groups of plantRQG ARZ LQ WKH PLFURSURSDJDWHC
However, the colour of highbush blueberry leaveSherefore, coconut water was chosen for later studies.
with an addition 200 mgin® +\GUR SO XV E $ mwhis\study, it was observed that the addition of
ZDV IURP WR PRUH \HOORZFWRRQXWKHAHDRMAKIHDQW KJHDIMW LQ WR WK
groups (Tab. 1). ed the colour of the highbush blueberry leaves as com
pared to the medium with coconut milk (Tab. 2). The
% % 0] Y}v }( } }vus A § E ~ te \eavds p¥pldnts on medium with CW and zeatin had
ulJol ~ De Jv §Z tWD u Jpu WKH VLIQL{FDQWO\ EULJKWHVW FROC
Coconut water and coconut milk were used to ey parametet*. It was observed that the addition of
hance axillary shoot growth compared to the mor& 0 DQG &: WR WKH :30 PHGLX-P UHJID
expensive zeatin, to precondition potential explantE HQWUDWLRQ KDG QR VLIQL¢FDQW I
that were later used as a source of shoot explantsointhe green colour (parametar OHDVXUHG RQ V
a further experiment. To stimulaite vitro responses, blueberry leaf surface, that valus ranged from —1.83
CW is usually added to the medium at concentration &0 WR &: LQ FRPSDULVF
UDQJLQJ IURP WR +RZHYHW1 nyy nl [RRBWILBXRE FRQ +RZHYHU LW Z
centration varies among plant species and must WKDW DGGLWLRQ WR WKH :30 PHGL>
HPSLULFDOO\ GHWHUPLQHG >$ @dukdd thélparame@r (irfblic@tedRHe tbthtion along
RI DXWKRUV VXJJHVWHG WKDW thW Exit lix@/eeh Yelldv@ndR blue). BRigberry leaves
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d o (KHFW RI GLITIHUHQW FRQFHQWUDWLRQV RI FRFRQXW ZDWHU L
and leave colour (using CIE.*a*b* system) of V. corymbosum ‘Liberty’ under in vitomndition comparison to t

:30 PHGLXP ZLWK JHDPNL/Q DIWHU GD\V RI FXOWXUH Q VKRRWY SHU WUF
:30 PHGLXP
0.1 mg dm® coconut water coconutwater coconut milk coconut milk
zeatin

L* F EF F D DE
Color parameters
CIE leaves - E 2.12a 1.18a 2.21a 2.28a

b* F F F 20.03a 20.88ab
30DQW KHLJKW FP E 1.98b 2.13b D 1.29a
1XPEHU RHo@H Z E 1.13a E 1.00a 1.00a
Fresh weight (mg) E 31.33b 30.13b D 19.00a

OHDQV IROORZHG Em GLIITHUHQW OHWWHUY LQ FROXPQV DUH VLIJQLILFDQWOmMmM (

tWD = iX? UPYwtWD = ii9 DIWD = ii9 DWD = ii9 ttWD = ifi9 t

& ] P ¥aiit¥o grownV. corymbosump/LEHU W\ SODQWOHWY DIWHU GD\V RI FXOWXUH
with the addition of 0.1 mg dfh |HDWLQ DQG GLUHUHQW FRQFHQWUDWLRQV RI FRFR

coconut water (CW)

JURZLQJ LQ WKH :30 PHGLXP ZZWK LMDIGH FIDGVGH.GV IWVRK@ VR IWKH DGGLWLRC

zeatin or CW (independence of its concentrations) ilrPHG L X P RI FRFRQXW PLON FDQ LPS
dicated a higher value of parameler * sponses ofn vitro grown kiwifruit, both males and
as compared to the other explants (Tab. 2). IHPDOHV $V 3HL[H HW DO > @ DQG

ODQ\ DXWKRUV >3HL[H HW D O points ow,RH@ diskl ¥ nBt@al organic compounds to
$O0 .KD\UL @ UHSRUWHG W K Dréplde® ExReRsive/ cizehidaHdduees @\pRant @rawth
PDLQO\ ZDWHU DQG JUR ZW kgSlaidRsPdamredpck th& EdgtVwDridropropagation
HV WK DW inv@rd dulu@ek kcluding inorganic and consequently lower the market price for seedlings.
ions, amino acids, nitrogenous compounds. CW and
&0 DOVR DSSHDU WR KDYH JURZWKSUHAXGEDWR %, 8URSHWWLKHY } }vus A
HJ DX[LQ YDULRXV F\WRNLQUQW]ZEY DO G }%u$VvEK K FAZERAZ Zo
DUH D FODVV RI SK\WRKRUPRQbeWwy>%RDVH HW DO oD
HW DO <RQJ HW DO @ $FHFRUGHQOHFPWRRRQW UHMVEBORQ -SODQW J
[2009] the cytokinin found in coconut water supportWHUPLQHG E\ PHDVXULQJ VKRRW DQG
cell division, and thus promote rapid growth. OthetSD ODANLHZLF] HW DO Taaivi/RZ S+ K
than in our study results described Boase et al. [1998]) can directly inhibit plant growth and development

30 Z©%sWIl 1 ¢}%]eu Xpu% Xop o]vX%ol]v /EX



&]P] or<@&} ICwel U DXU <Eu% rD sl] A} 18 PXUYK]@ ], QUED%o0litieX }EP v] *Uu% %0 u vieU
Hu }v 8Z u] E}% EVYaeciFul goryhtbosud » 1X W}oX ,JES}IEPU poSpeU Ti~AeU TALIOX ZO@% *WII }]1X}

>.LGG DQG 3URFWRU SDYORRY MLQHFWHDO/HG R SRM PHDQ ): FRF

VLEO\ WKURXJK DGYHUVH HuHFWROQMNW RVXH URRW $SQ BPRBIWOBYWO ER'

as well as through reduced uptake and translocaticA X FHG WKH QXPEHU RI QHZ VKRRWYV

RI PLQHUDO QXWULHQWV >0DUWLQVHWSE HDFOVLY H@\ 2TOHE RI WKKH OH QI

limiting factors for the development and productonof HUHQFHYVY ZHUH REVHUYHG IRU GLuUH

blueberry is the pH of the soil. It is well known thaimedium for such traits as mean plant height and mean

EOXHEHUULHY GHYHORS ZHO O h@nieFdf hodtspdr plant Zagieeld viith $he vislial ob

WR DQG ZLWK ORZ OHYHOV Rivatibnd Wdt @lan® grownDaOh@ked pH/wérél about

GLOOR HW DO @ $FFRUGL Qthe \8aRe Heighd bt WadBDaller leave® aid Kvete less

pH recommended for the media used for Blue @nop vigorous when compared with the plants at low pH

vitro SURSDJDWLRQ LV 7DE $OWKRXJIJK WKH PHDQ SODQW
When the blueberry ‘Liberty’ explants were cul O\ ORZHU RQ S+ Rl :30 PHGLXP FRF

WXUHG RQ PHGLD ZLWK GLuUHU lt@eWptsuse@ SivhithOrgsulbsQveére D htained Wy K-tin

DGGLWLRQ RI +\GURSOXVE $F ¥ blV[191]RvbenRte FdReeance/ of highkrHbd in the

VKRZHG VLIJQL¢{FDQW GLuUHUHQ BétdingRof@ @rigy@ifolinidihd\K ¥érynitb oQUXiP

ber of new shoots, FW, and biochemical traits-testitro was studied. They have proposed ¥augusti

HG SUROLQH 0'$ DQG &%$7 DFWlumtcawd be & Bolrce of @én&s for tolerance to high

Fig. 3). In cultivar Liberty the mean plant height wasS+ ,Q RWKHU KDQG 7VXGD HW DO >

1.90 cm, regardless of the pH of the medium. TheaddUHVSRQVH RI KLIJIKEXVK EOXHEHUU\ !

WLRQ WR WKH :30 @fRUXRGURPIOIVEURP WR RI FXOWXUH PHGLXF

$FWLVLO KDV LQFUHDVHG LQ Wrididat8dataif) Wirolsdidedikgvkhefidd couldDég@ne

&: FDXVHG D UHGXFWLRQ LQ VK®&WRrMuddiuRtdoNdt tikelselectio@ofrgRrEhplasm with

parison to the control. Similarly for the mean FW, Siolerance to higher pH with very small planting within

VROXWLRQ FDXVHG DQ LQFUHD ¥ shGrt frie. Rl PHDQ ): EXW

d o EXectof 200 mgdifHydroSOXVE $FWLVLO DQG FRFRQXW ZDWHU &:
on morphological traits o¥. corymbosuniLiberty’ under in vitro FRQGLWLRQ DIWHU GD\V RI FXOWX

treatment)

:30 PHGLXP

pH control 200mgdm® $FWLVLO CW mean
1.93b F 1.91b $
30DQW KHLJKW FP E 2.33d D $
1.91b 1.83b 1.88b $
Oean 1.90B 2.08C $
2.9f 1.3a 1.9cd $
1XPEHU RI QHZ VKRR W.Xe EF 1.8bc $
H E 1.8bc $
Oean & $ 1.8B
G F D %
FW plant (mg) F H D %
E 81.3c D $
Oean % 93.3C $

OHDQV IROORZHG Em GLIIHUHQW OHWWHUV LQ FROXPQV DUH Verd@d ILFDQWOm (
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d o Bfféctof 200mgdm +\GURSOXVE $FWLVLO DQG FRFRQXW ZDWHU
on biochemical traits o¥/. corymbosumLiberty’ underin vitro FRQGLWLRQ DIWHU GD\V RI FXOWXUF
treatment)

:30 PHGLXP

pH control 200mgdm® $FWLVLO &: mean

E 12.2a H $
3UROLQHY) PRO J 19.8cd E 33.1f $%

G EF H %
Oean 19.2B $ 30.9C

18.8a 22.3b | $

0'$ QPRp J F D 39.3e $

G 19.8ab GH $
Oean % $ &

D EFG GH $
&DW D O], gbmin?) EF DE | $

FG DEF 83.2¢f $
Oean $ $ %

OHDQV IROORZHG EM GQIFHROKEPWVOBWWWLIQLILFDQWOmM GLITHUHQW DW OHYHO DFFRUGLQC

Ye]o Yelo t  VYela t } vebElo control
%o, A %0, AXA %80 0f %, AXA %, O %860 ,AA UM %o, O

& ] P ¥aitxo grownV. corymbosump/LEHUW\Y] SODQWOHWYV DIWHU GD\V RI FXOWXUH RQ :3
of 200mgdm* +\GURSOXVE $FWLVLO 6L RU FRFRQXW ZDWHU &: DQG GLUHUHC

.UXSD ODANLHZLF] DQG &DORPPHPO RRVILOYLHRQYWLBIDWLIRUWHS EHQHV
HG WKH HuHFWV RI GLUHUHQW F ReQdtati@ \WahEh\WfLbRIELE R planddtoimd asdnv &
$FWLVLO RQ WKH PRUSKRORJLFD ¢v. Zett@a)ENhByrokddridd Fiat@hckddddtheighy e |
petunia undein vitro and greenhouse conditions. twasH O W R GHFUHDVHG WKH GU\ ZHLJKW
found that the addition of commercial silicon solutiontoRl EOXHEHUU\ OD[LPXP YHJHWDWLYH (
WKH 06 PHGLXP GHFUHDVHG S ODREW BHQ HKWD B/Q&+ URDFOX FD\H QDWKLQJ IUR
EXW LQFUHDVHG SUROLQH 0'$ ¢ BWHRWD® RW\RMHB KKHDRD® Q6 HW DO >
&$7 DFWLYLW\ ZKLFK PD\ LQGLFibpMdsibly to Dy OV O thé REYiuBnUrRtedRl Mftzdatin
a stress response of timevitro plants. In contrast, Gal but a low number of new shoots were obtained and the
legos-Cedillo et al. [2018] indicated that application oéxplants grow slowly.
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1} Z u] 0 % E u § Ee }( 8Z +5E &SE L%}JOLQNHG ZLWK GHFUHDVLQJ ¢
$FFRUGLQJ WR PDQ\ DXWKRUYY'$ %DOXBERIWINV HQW DMKDW R[LGDWLYH
.UXSD ODANLHZLF] DQG 6PROLN GXFK¥H G CEN YWDKMH G GHIRWLRG RI $FWLVL
DQG 0'$ OHYHOV LQ SODQW WLWVRQHW @WHDWKILRVH LM BBRBVIHEG IURP
GLFDWRU RI WKH QHJDWLYH HuMKMVFRIQYWIUR @ XXKWHEQ UW ¥ M DDGFGVLRAULR
RQ D SODQW 8QGHU WKH LQAXZfFXKVHGYWURNVODIDEW RUKH WE&AaLWL
production and accumulation of proline occurs, which30 UHJDUGOHVYV RI WKH S+ LQFUHI
provides protection to the cells by lowering the osR1 0'$ IURP WR DQG &%$7 DFWLY
PRWLF SRWHQWLDO DQG GULYHWRDWH U RKBS\NDNHG OWCRQ WKW XFERLPIW U R (
GHPRQVWUDWH WKDW SODQWYV WWROEH UIDUHNVL @ RO LG Hh HZUWL MVEXWS B YW IL RIDR\C
mental stress factors accumulate more proline, the&hL DV D SODQW EHQH¢{¢FLDO HOHPHCQ
VHQVLWLYH SODQWYV $Q LQFUHLRWHGDMDLVRRORV HD EXLRMWLYAA WWRBHV VH)
also indicate that a stress factor is acting on the plafallegos-Cedillo et al. 2018].
$FFRUGLQJ WR 6 GIJLN HW DO > @ &%$7 LV WKH PDMRU
antioxidant enzyme associated with scavenging oxy> ( }o}p@&E
gen species (ROS). ODQ\ DXWKRUV >3LZRZDUF{\N HW
In the present study, it was observed that as tt#D ODaNLHZLF] DQG &DORPPH @
pH of the medium increased, stress levels in plantd QYLURQPHQWDO VWUHVYV IDFWRUYV
increase, as indicated by increasing concentrationld KH SKRWRV\QWKHWLF SLIPHQW FRC
RI SUROLQH 0'$ DQG FDWDODVS$IDDODMNYHELFYDR G &ODBRPPH > @
DGGLWLRQ RI +\GURSOXV E $F WasynthetiopigmenkitHieagss apeiedely Porrelated to
increased the concentrations of the tested biochertfieir colour. In this study, it was observed that leaves
FDO SDUDPHWHUY RQO\ ZKHQ SRI KLRKBBWK FEFHODIIHKEPHREDYV GLUHUHG VI
used, and decreased when the pH of the medium wakL J 7KH YDO XH* geachindSfiora A W H U
RU FRPSDUHG WR WKH FtR QW bla&loand MWIDtE, Wespe@ively) RsQusirlly used

44

42 b

40 ab

- ab

3

5

3 I
30

Actisil pH5 ActisilpH ActisilpH6 Coconut  Coconut  Coconut Control pH Control pH Control pH
5:5 water pH 5 water pH 5.5 water pH 6 = 515

L*

=]

=

2]

&P X uddF BORMg dm* +\GURSOXV E $F Wtovilt @aterQ@W) Q WKH :30 PHGLXP ZLWK GLuHL
pH as a control on leaves colour using CHa*b* systemL WKH OLJKWQHVYV FRHVFLHQW DW WKH H(
(¢JXUH LQGLFPRRELO®DWLRQV RI :30 PHGLXP Q VKRRWY SHU WUHDWPHQ
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b*
20
.
CpH 5.5
1™
cW pH 5.5
15 !A_p:l et
b CWPHS , s
1o L ]
® ApHG
[
& a*
-10 5 0 5 10 15

&P X( @M FVEZORmhg dm* +\GURSOXVE $F WL ¥dcanut$vatdd Q G

(CW) LQ WKH :30 PHGLXP ZLWK GLUHUHQW S+ DV D FRQWURO & RQ C
using CIEL*a*b* system,a* (green colour) and* (yellow colour) at the end

experiment, n = 32 shoots per treatments

for tracking the colour changes [Ochmian et al. 2010]. ,Q WKH VWXGLHV RI .UXSD ODANLHZL
$FFRUGLQJ WR .UXSD ODANLHZEBF] @®W WKH DSS@FMWHRQ RF$SFWLVLO
change in the parametet is usually related to phys JDUGOHVV RI FRQFHQWUDWLRQ KDG D
iological attributes of the visual appearance of brighthe intensity of the green and yellow colours of petu

ness. However, the highbush blueberry leaves growim leavesn vitto $FFRUGLQJ WR % DUERVD HYV
RQ :30 PHGLXP S+ ZHUH W K HinG&aklng Hmakophyll conce@ration in leaves can

the case of leaf colouration from the other combinamprove light interception and better performance of
WLRQV RI WKH H[SHULPHQW WpKdios@thetit gadanEtekry, ZHUH VOLJKW

The value of* parameter (colour ranging from green

to red) determined on the surface of leaf ranges fromK E >h"/KE "

+ FRQWURO S+ WR dm® :30 PJ

$FWLVLO S+ )LJ ,W ZDV REMtudionHtbs sdyDas stiown takKrikicroprop

pH of the medium increased, the value of the pararagation oV. corymbosurav. Liberty can be enhanced

etera* increased. Opposite results were observed ftoy supplementing the culture medium with 200 mg

the parametdr* (colour ranging from yellow to blue), dmm®* +\GURSOXVE $FWLVLO VROXWLRQ |
UDQJLQJ IURP FROQWURO SB\ WKWRSURGXF0HU ORUHRYHU UHVXO
200 mgdm= $FWLVLO S+ )LJ uZiKgHoPoBUG Wwaket & @ rfatural complex of organic
$FWLVLO VROXWLRQ RU FRFRQXWKEZDWBQFMR WHEAXEBQAHGERPQW KHLJ
DuHFWHG WKH FRORXU RI WKH KWMKKEWYKDEOX FBIQUUMH ®GIDFHH HDMWLQ (
compared to the control group. Whereby, the leaves dévelopment of blueberry explants was obtained at
KLIKEXVK EOXHEHUU\ JURZQ-RQ@ES#30 RIRFPPHUELWD/® BIG VROXWLRQ +\GU
GLWLRQ RI &: ZHUH JUHH Q H Garblig Gudoddsflly used @sRar ageKtDnbluelierry
OHDYHV JURZQ RQ :30 PHGLXP XitrdVcklt$ &, WtiokglyOstimulating plant growth and
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reducing stress at higher pH of the medium. CocontSVWHLQ ( 6LOLFRQ $QQX 5HY !
ZDWHU GLG QRW DOOHYLDWH-WKH @HIJDWLYH HuUHFWV RI WKH KLJK
HU S+ RI WKH :30 PHGLXP LQ PILBURS URIDIVPWIL ROQ RFKPHBW -RI DS

highbush blueberry. SO\LQJ $FWLVLO WKH TXDOLWK RI KLJK
cinium corymbosurh.). : % DGDQLD L UR]JZyM PAal
AKhZ K& &hE /E' QDXNRZFyZ Z 3BROVFH 1DXNL SU]J\URGQ
UDQ O 1\UNRZLDN - UHG 0aRG]L 1D

7KLV UHVHDUFK ZDV VXSSRUW \ WRH :H 3RPH Q
8QLYHUVLW\ Rl 7HFKQRORJ\ *UDQ QE% & RN ARPHERRNY % - sveke
Evaluationin vitro of blueberry germplasm for higher

S+ WROHUDQFH - $P 6RF +RUWLF 6F

Z & ZE 7 J)LUD $ &ODSD ' %DGHVFX & $)
thein vitro propagation of highbush blueberry cultivar

$0 .KD\UL -0 6RPDWLF HPEUWROHKWR HWIRS R¥% XETDOWHWLQ 8$690 +RUWLF

palm Phoenix dactyliferd..) improved by coconutwa *DOOHJRYV &HGLOOR 90 EOYDUR -

WHU %LRWHFKQRORJ\ * +DFKPDQQ 7/ &DUUDVFR * S8UUHVW

%DUERVD 0$0 GD 6LOYD 0 +4 9LQGFW RIOSHHWGBIWVLOLFRQ LQ WKH IHI
UD 75 GH &DUYDOKR 6RX]D & / yeget®RieDgWikh df Bluéberry plants in organic agri
GD 6LOYD /REDWR $ . %HQH A OWXIHS HURXWY ERRQRFIHKW WSV GRL
silicon (Si) application on photosynthetic pigments in R UJ +2576&,
PDL]H SODQWYV $XVW - &URS 6FIXR <; =KDR << =KDQJ 0 =KDQJ / -

%DVNDUDQ 3 9HOD\XWKDP Imvitro- D\ D fzebphi2@ of & noveh vitro rooting culture system for
regeneration oMelothria maderaspatanaia indirect the micropropagation of highbush blueberkadcini
RUJDQRJHQHVLV ,Q 9LWUR &HOO uftc¥rynitdsB®V HHGDQWJIYV 30DQW &HOO 7

KWWSV GRL RUJ \Y +

%DWHV /6 :DOGUHQ 5 7HDUH ,+DUNDBEPS2® GHWHULLQOHV ' / -U :DC

WLRQ RI I[UHH SUR OLQH IRU ZDWHU VWUHWWVYRMDOQDWANVR @ RD BW LBIRRLOR Q W I

+ ELOLW\ LQ WKH RUDO UHK\GUDWLRQ A)

%KDWWDFKDU\D 6 %DQGRSDGK\D\ YDU\LIQRVIDWE FRQWHQW *- KWAREV

Somatic embryogenesis irCymbopogon pendulus GRL RUJ 6

DQG HYDOXDWLRQ RI FORQDO ¢(GXOQWWURDEJHIHQHUBQWYUK®IIABERORU X'

,665 PDUNHU 6FL +RUWKWWSV GRHUVXV &lLta*b $1 SS +- $YDLO

RUJ M VFLHQWD able:zZzZ KXQWHUODE FRP DQ E SGI
%RDVH 05 :ULJKW 6 OF/HD\ 3.DPHQLGRRFRQZWYLQV 7 - ODWUHN 6

milk enhancement of axillary shoot growith vitro of plements afect horticultural traits of greenhouse-pro

NLZLIUXLW 1 = - &URS +RUWLF 6FXFHG RUQEPHQWDO VXQARZHUV +RU
Brazelton, C. (2013). World blueberry acreage and produc KWWSV GRL RUJ +2576 &,

WLRQ 1RUWK $PHULFDQ %YOXHEHUGBG&BXQFBORBEWRIWODEOH RQ:K\ SODQW)
OLQH KWWS Z727ZZ FKLOHDOLPHQWRNUFRFLG BKIRFD GIRIKYP HFRORJLVWYV F
ORDG $SURFHVDGRVBFRQJHODGRV([QD BFBW ZRUOGKRBAWIY GRL RUJ
EHUU\ DFUHDJH SURGXFWLRQ SGI MBIFERWYV ODUFK @

&RVWD % 1 6 5~ELR $ &KDJIDV.UXSD ODKNIBKVZLR &0 &DORPPH-0
3DVTXDO 0 9HQGUDPH :$ - FOQWXIRQF BuRIFWNVOJURZWK ARZHULQJ
icon andin vitro culture systems on the micropropaga  rameters in petunim vitro DQG JUHHQKRXVH 30L
WLRQ DQG DFFOLPDWL]DWLRQ RI p7ZBVI ZDMHDR GXOWM ERQDRWWSYV GRL
$FWD 6FL $JURQ H

&XUULH + $ 3HUU\ & & 6LOLEBRSNOPGNQWA.FELRORERRDON %
ELRFKHPLFDO DQG FKHPLFDO VW Xiéktstdichitdsarandastdkbic acid Petunia x atkin
+ KWWSV GRL RUJ DREiaRFP 'RWMGHU VDOLQLW\ (XU - +RI
lable onlinewww.aob.oxfordjournals.org + KWWSV GRL RUJ H-+6
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.UXSD ODANLHZLF] O 6PROLN % 6 FRIRSIRVLWLRQ,RI KLIKEXVK EOXHEHUU\
AXHQFHV RI DVFRUELF DFLG DQG J)ERBUGFQOLF DFLG LQ DOOHYLDW

LQJ HuHFWYV RetwRde@riwiid LIK\WRIDYORYNLQ - 3DOYRYH %DODQJ 3 .ROTC

, QW - ([S %RW + 9 *URZWK DQG IXQFWLRQDO UHVSR
/OR\G * OF&RZQ % & R P P-H U F cutiZa@ \ofLbt i3 ¢driHddlatusd laluminum and low pH

cropropagation of mountain lauré&almia latifolia, by VWUHVYV - 30DQW 3K\VLRO +

XVH Rl VKRRW WLS FXOWXUH &RPEUBURF MWMSQOSRQW 3URS

6RF + SHL[H $ 5DSRVR $ J/RXUHQoOR 5 &DUG
/[*FN + &DWDODVH ,Q OHWKRGWR({ HQ]\PDARIFRQRWOZDWHU BPQG %$3 V.

\VLV + 8 %HUJPH\HU HG 9H U O D plaged Betinkh ollve(fea<cRridgded .) micropropaga

/IRQGRQ + WLRQ 6FL +RUWKWWSV GRL RUJ

/IX\FN[ 0O +DXVPDQ - ) [/XWWV 6 *XHIHQWDR *

Silicon and plants: current knowledge and technologicaBs LHULN 5 / OlIn vitro culture of higher plants.
SHUVSHFWLYHV )J)URQW 30DQW 6FBESULQJHU 6FLHQFH %XVLQHVV OHGLD
OD - ) T7DNDKDVKL ( 6RLO IHUWLOL]JHU DQG SODQW VLOL

FRQ UHVHDUFK LQ -DSDQ (OVHYBHEREPVUWHNGDBWP 7RNDU] . BePL VND ,
0D = *H |/ /HH $ 6 <RQJ - : + 3doiges 6f grass p€xteedlings to salinity stréssvin

(6 6LPXOWDQHRXY DQDO\VLtw RXKGWXHUHERQ GIOWMVRGY 30DQW &HOO 7
of phytohormones in coconu€¢cos nucifera..) wa- + KWWSV GRL RUJ \%

ter using high-performance liquid chromatography ané LFKPRQG . ( 6XVVPDQ O *RW VL
liquid chromatography—tandem mass spectrometry after QRQ HVVHQWLDO EHQH,{FLDO SODQW QX)
VROLG SKDVH H[WUDFWLRQ $QDO %KR® $FWD = +

281. KWWSV GRL RUJ M DFD 5RGULJXHV ) $ $OYHV /DUD 6LOYD 5H]HQ
ODQGOLN 5 7KDNUDO 9 5DWXUL *6REKLHNGH '6 3DIVNKOIOG 00 GH 20OLYHLUD |
7ULSDWKL ' . 6RQDK + 'HVUKPXNKSOLFDWLREBQJIRI VLODBRRQeaspp¥ UFHYV LQ
QL¢(¢FDQFH RI VLOLFRQ XSWDNH WPDRYBRURS DDQ@® IGHS RMAVWW.RMOLQ &URS
SODQWV - ([S %RW + 5XaLu ' 9XMRYLU 7 J/LELDNRYD * &HUR
ODULQR 6 5 :LOOLDPVRQ - * 20PYWHBG - : oDRUPRBURSEG O hWUsR Q

3) IHIHWDWLYH JURZWK RI BuMéberty WaddiRidbWeldrimtb@sukL JK - % HUU\ 5HV
bush blueberry cultivars obtained from micropropa + KWWSV GRL RUJ -%5
gation and softwood cuttings in two Florida locatons6 DKHEL 0 +DQD¢ 00 6LWL 1RU $NPDU $
+RUWGB6FLHQFH + KWWSYV $]GIRL RUIHQJIRXD ) 1XUXO ODYDLWXO $]Z
+25768&, PRIUDG O ,PSRUWDQFH RI VLOLFRQ I
ODUWLQV 1 *RQoDOYHV 6 3DOPD RT EISRWPIIDQARD$RUPDWLRQ LQ SODQWV %L}
7KH LQAXHQFH Rd vidRgiov@h aipie 6DKHEL 0 +DQD¢ 00 $]L]L 3 $SS
chemical parameters #flantago almogravensiandP. VLOLFRQ LQ SODQW WLVVXH FXOWXUH
algarbiensis 30DQW &HOO 7LVV 2UJDQ IXDW +* KWWSV GRL RUJ
KWWSV GRL RUJ \Y,
ORULNDZD & . 6DLJXVD O BLFXEXE B @ YRVR\ALS R&/ BW LR PDWirh estaBlish
and accumulation of silicon in tissues of bluebevgg{ PHQW RI p'HOLWHY UDEELWH\H EOXHEHU
cinum corymbosusFY % OXHFURS FXWWL®I1LWFXDIOWDXYWH6RLO
+ 6 GILN 0 G6PROLN % .UXSD ODANLHZLF]

2FKPLDQ , %a4DV]DN O /DFKRZLF] féctoBhicbRiamide-ih\dleviating stress caused by lead

(2020). The impact of cultivation systems on the nutritional LQ VSULQJ EDUOH\ VHHGOLQJ - (OHP
and phytochemical content, and microbiological contami KWWSV GRL RUJ MHOHP

nation of highbush blueberry. Sci. Rep. * 6LYDQHVDQ 3DUN 6 : 7TKH UROF
2FKPLDQ , *UDMNRZVNL - 6NXSLHSODQW WLYWVEKHWFROWXUHKWWBE®W GRADQ\
VXEVWUDWH W\SH RQ WKH (¢HOG SHUIRUPDQEBVDQG FKHPLFDO
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INFLUENCE OF VARIOUS TYPES OF LIGHT ON GROWTH
AND PHYSICOCHEMICAL COMPOSITION OF BLUEBERRY
Vaccinium corymbosun®> X BAVES
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ABSTRACT

W LV LPSRUWDQW WR XVH OLJKW WKDW KDV D SRVLWLYH HuHFW RQ SO
FRVW Rl VKUXE SURGXFWLRQ LV FUXFLDO :H LQYHVWLJDWHG WKH LQA
AXRUHVFHQW ZKLWH DQG UHG OLJKW RQ WKH URRWLQJ DQG JURZWK R
DQG p+XURQT %OXHEHUU\ FXWWLQJV FP WDOO ZHUH SODQWHG LQW
WRWURQ DW f& DQG LOOXPLQDWHG IRU KRXUV D GD\ 7KH SODQWYV (
WKHUHIRUH ZH GLVFRQWLQXHG LWV XVH 7KH RWKHU WKUHH OLJKW V
GHYHORSPHQW 7KH OLJKW VRXUFH KDG OLWWOH HuHFW RQ WKH FRQW
XQGHU ZKLWH AXRUHVFHQW DQG ZKLWH /(' OLJKW GLG QRW VLIQL¢(FDQ

* PRO DQG SRO\SKHQRO FRQWHQW,Q ERWK FXOWWLYDUV WKH YL
light reduced plant growth and increased the content of polyphenols (6,448 mg§ 100Q G SUROLQH +

P R*Qinjdthe leaves, which may indicate abiotic stress.
"XULQJ WKH URRWLQJ RI KLIJIKEXVK EOXHEHUU\ FXWWLQJV LW LV DGYL
HFRQRPLF LPSDFW RQ FURS SURGXFWLRQ GXH WR ORZ HOHFWULFLW\ F
HOLPLQDWLQJ PHUFXU\ 7KH SODQW TXDOLW\ LV VLPLODU WR WKDW RI

Key words: SK\WRWURQ /(" OLJKW SRO\SKHQROV SUROLQH PDFUR DQG PL

INTRODUCTION

The genus Vacciniunwhich belongs to the family been an increasing consumer interest in blueberry fruit
Ericaceae, comprises approximately 400 species. Timainly because of its taste and health-promoting-prop
largest producers of blueberry are the USA, Chile, amfties. The average annual growth rate of blueberry pro
Canada [Brazelton and Young 2017]. In Europe,-blueluction worldwide is 8.2% (FAO UN 2018). Despite
berry production is concentrated in Poland, Germanje increase in blueberry cultivation, the selling price of
and Spain [Brazelton 2013]. In recent years, there hlalsieberries still remains very high [Podymniak 2015].

iochmian@zut.edu.pl
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Also the leaves are a very valuable material besidesRRG FRVW HVFLHQF\ UHODWLYHO\ K
the fruit. Blueberry leaves, prepared and consumed 88RQYHUVLRQ UDWH GLUHUHQW FRORU
tea, are a rich source of potent phenolic antioxidanty, low surface temperature, long life, gas-free semi

DQG KDYH YHU\ KLJK 73 FR QW H@nludbQdnsfrucliqhl et€& PBQuget)20aB XNForrow

ing capacity according to the FRAP assay [Piljac2008, Olle and VirSile 2013, Kozai 2016]. Of the-var
aHJDUDF HW DO @ %OXHEHRXY QIDDIURAD/ YXBWRY® O GIKWY WKF

gestion and is especially useful after eating fatty arate most commonly used for plant growth. The wave

hard to digest foods. This tea also has blood glucoseHQJWKYV RI EOXH DQG UHG /(" OLJKW\

lowering properties, hence it is recommended in thd HVSHFWLYHO\ DUH KLJKO\ HuUHFWLYF

HDUO\ VWDJHV RI GLDEHWHV - phyll. résidtiBgvrRoptindatpBotioynih €id iz PaPaie &

ry conditions of the urinary and digestive systems. Th# plants [Massa et.al. 2008, Johkan et.al. 2010, Gupta

infusion is aromatic and has a bitter, tannic taste daed Jatothu 2013]. The results of numerous exper

to the high amount of polyphenols [Wang et al. 2015iments have shown a variable response of plants to

/ILIKW LV WKH SULPDU\ HQYLUR @RHRW D G HIDHQRLY ¥iRpeWokH VSHFLH
lating plant growth and development [Bourget 2008GLWLRQV >+DKQ HW DO *AaRZDFND
ObDVVD HW DO ORUURZ DDRIJHZR®@XQJ HW DO @

2010], and its control is an increasingly used tool in Phenolic compounds can protect organisms from
production [Zoratti et al. 2014, Demotes-Mainard ebxidative stress caused by free radicals [Scalbert et

al. 2016]. The intensity and composition of the radial. 2005]. The antioxidant activity of plant extracts
DWLRQ UHDFKLQJ WKH SODQW Vs khtéd B theHiEseNod of RIQtdche@idaXsH @ Hs

on the formation of the aboveground plant partsand BQWKRF\DQLQV SKHQROLF DFLGV AD)
a key factor in morphological development and leafhich increase in stressful situations [Cao et al. 1996,
formation of plants [Pilarski and Kocurek 2014].Ochmian et al. 2015]. In addition to glycine betaine

Plants detect and react to changes in light wavelengi{@B), proline is one of the main organic osmolites

ZLWK GLUHUHQW W\SHV R SkR & aceLlmbli&aNmplants inréspddse ®le@virorgiehtal
tochromes, thereby modulating their growth and devedtress, such as drought, salinity, extreme temperatures,

opment [Kami et al. 2010, Burgie et al. 2014, GalvabV radiation, and heavy metals [Rzepka-Plevnes et al.

and Fankhauser 2015, Demotes-Mainard et al. 2016]. $VKUDID DQG )RRODG .UXSD 0L
Phytochromes can be inactive or active, and the ball. 2018]. Excessive proline accumulation is a €om

ance between these two forms changes dynamicathon physiological reaction of plants under biotic and

with changes in the light spectrum compositioninth®@ ELRWLF VWUHVYV FRQGLWLRQV >9HUE
UDQJH + QP DQG LW LV VWURQ6BRM FHPWRYD®DWWGDDOL W K /ILDQJ H
the red/far red (R/FR) ratio similar as for blue light UXSD ODaNLHZLF] HW DO @
>+ROPHV DQG 6PLWK 6DJHU HWHDODLP RI WRKMHIHH®HULPHQW ZDV WR
al. 2018]. For years, the most commonly used lighRl GLUHUHQW W\SHV Rl OLJKW RQ WKH
sources fotin vitro plant cultivation were high-pres -chemical parameters of blueberry cuttings of Aurora

VXUH VRGLXP ODPSV LQFDQGHNMNGBQOMWURMPEXOWXRDHVFHQW

DQG PHWDO KDOLGH ODPSV >+DKQ HW DO .LP HW DO

2005, Gupta and Jatothu 2013]; the wavelength MATERIALS AND METHODS

these light sources may not always be appropriate for

SODQWYV WKHUHE\ DGYHUVHO\ Sudy-hFew/dn@ glarg @d&e@aV JURZWK DQG
increasing production costs [Kim et al. 2005]. In re  The experiment was carried out in a commodity

FHQW \HDUV OLJKW HPLWWL Q Jfaen tRab ptoduceés 'Nightiddh Yikede @yplanil@svin Do

ingly been used as a light source for plants in limitebrzany Municipality (Zachodniopomorskie Voivade

VSDFH FXOWLYDWLRQ >0RUUR Zship, Polan® ahtrRieg Lo of theVegau@nent of Plant

2010, Mengxi et al. 2010, Gupta and Jatothu 2013kenetics, Breeding and Biotechnology, West Pemer

/('V KDYH IRXQG WKHLU DSSO LanRWUriversity HF DeshvidlogR | Sxvz€dihl. Boland.
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Shoot cultures were incubated in a growth chamber forB[FHOOHQW (UPQHVY DQG VXSHULR
months at 22°C under four light sources witha 16 A phd XOO\ ULSHQ >+DQFRFN @
WRSHULRG DQG SKRWRV\QWKHW L Flt &KapiR@vd XdriGripenivig wultivas dith very
XQLIRUPO\ PDLQWDLQHG Div. The) RiXgD GeshimarketREality End a long storage life.
UHVHDUFK PDWHULDO LQFOXGHG $XURUD DQG +XURQ FXOWLYDUV RI
highbush blueberryaccinium corymbosuri H«VPe v s e3E & Z E § E]eY »
Shoots were taken from mother plants that grew in
Z E § E]*Y » }( 8Z o0]PZ3% «}uCE tme phytotron. The cuttings were cut into 3 cm frag
,Q WKH H[SHULPHQW WKH IRORORXYW® JZDOWE®&HDUR/ ' Q\DHLSYR G H V OH
were used: been removed. The prepared material was planted into
7 W PP /(' WXEH FR PbaxeZ Kéaduking 35 cm x 25 cm x 7 cm, and substrate
7TRVKLED KHUHDIWHU UHIHUU Hligit Radb\¢mZ I eathtbox(thereZnerg B x 25 plant
OHQJWK fight atbP mol s* m* photosya OHWYV RI D JLYHQ FXOWLYDU DUUDQ
WKHWLF SKRWRQ AX[ GHQVLW)\ pstts (Fig. 1)Four boxes were prepared for each
7 )ORUD /(' OLJKW VRXUFH tembirgtidD QONe/repetitio Eonsisted of 25 plants.
18 W, pink color, Greenie (hereafter referred to as vidhe substrate used in the experiment was a mixture
OHW /(' ZDYHOHQJWK + lighbQG P/ RI 3QP YLFXU (®Qystehdid multi-6ite
at 60 mol s* m* PPFDQ fungicide /| ZDWHU DQG /| SHDW 3HL
DV ZHOO DV WKH IROORZLQJ Oryaitl Dndttek, XECU G124 FrHSICW ol@neP \8eight
PHUFXU\ ODPS ZLWK D O XP I0QRKg HR tuHwater capacity 85.2 %wnd S+ LQ
&RRO :KLWH J/LIJKWHFK KHUH DKGN3HY. [twhis| tharddtdrizedbiRoindal £ehtewi for
AXRUHVFHQW ODPS ZDY H O H Qlugtetry [Komosa 2007]#N-NG N-NO, + PJ
DQG + lighxRAt 36 mol s* m* PPFDQ 100" 3 = PJ: . X PJ <, high
PHUFXU\ ODPS ZLWK 7/'" OXFaQRIMWRAH DQG 0J = P.J J
5(' 3KLOLSV KHUHDIWHU UHIHUUHG WR DV UHG AXRUHVFHQW
ODPS ZDYHOHQJWightat 33 moQ® D *uE u v3e v } « EA Y}ve
m* PPFD > (¢ u%olBdnaRalyses, 2 leaves were collect
ed after 8 weeks from the middle part of all shoots
Z E § E]*Y «}(8Z poYA E- from 20 plants from each box. All measurements (leaf
‘Aurora’ (U.S. Plant Patent 15,1853Bushes have area and colour) and analyses (proline, phenolic and
moderate vigor, are stocky, and with a spreadingineral contents) were performed on these leaves. All
growth habit, especially when young. It begins to yieldhemical determinations were performed in triplicate.
fruit at the end of July and continues to yield until the Plant size Plant height was measured four times
cUVW GD\V RI 6HSWHPEHU >6W WLNorithWy imde@vals usi@ a measuring tape with an
%HUULHY DUH PHGLXP WR O D dctgttatylof H@m. At the end of ti@ BXpétiment (after
EOXH ¢UP ZLWK D VPDOO VF Bhonts) Qe lcARyviete kalkenkakt staredifanfurther
needs to be let to hang on the plant to fully ripen arahalyses. On a representative sample of 100 leaves,
sweeten, and it hangs for much longer time, withotdlhe area of each leaf was measured with a DIAS
shriveling, than Elliott cultivar does. VFDQQHU ',$6 ,QIUDUHG *PE+ *HUI
‘Huron’ (U.S. Plant Patent 21,777Fhe plants of an et al. 2012].
this cultivar are vigorous and upright. Canes are nu Color measurementColor parameters by model
merous and moderately branched, and the fruits a€RPPLVVLRQ ,QWHUQDWLRWeEOH GH C
well exposed. Yield is medium (performs better with.* (L* = 100 indicated whitd;* = 0 indicated black),
cross-pollination) [Strik et al. 2014]. Plants possess® (+ta* LQGLF D W H & indit&ied igreeviness),
H[FHOOHQW ZLQWHU KDUGLQHVad D 3 QG HFORZHH® ihgicRtedRate).i
, WV EHUULHV DUH PRGHUDW HOlor co@rdinhtés weretdeterrdined4rithe ICtE*b*
small, dry picking scars, medium blue colored, witlspace for the 10° standard observer and the D 65
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substrate
level

& ] P Bluiekerry cuttings

standard illuminant. CIE*a*b* was measured was ic emission spectrometry, whereas the content of Mg,
measured using the CM700d spectrophotometer cdaD &X =Q O0Q DQG )H ZDV PHDVXUH
a representative sample of 100 leaves from each coatomic absorption spectroscopy. The P content was as
ELQDWLRQ .RQLFD OLQROWD 2assedly the boobrietricmexh@dV HU O D E
2012, Ochmian et al. 2013].
§ Eulv Y}v }( % E}olhe coheehtras XS YeY 0 v 0Ce]e

tion of free proline was measured three times in each All statistical analyses were performed using
blueberry leaf, and proline accumulation was deteBtatistica 12.5 (StatSoft Polska, Cracow, Poland).
mined according to Bates et al. [1973]. 1RQ SDUDPHWULF PHWKRGYVY .UXVNDO:

I vY. Y}v }( %Z v}o] Polyphel v us¥d if neither the homogeneity of variance nor the
QROLF FRPSRXQGV ZHUH D Q D Ongrah&ityXo¥ digiribu8@/ &a8 'ektablished previous
-MS/MS Waters ACQUITY system (Waters, Milford, O\ 6 WDWLVWLFDO VLJQL¢{FDQFH RI Wk
MA, USA) consisting of a binary pump managermeans was determined by testing the homogeneity of
sample manager, column manager, photo diode arrggriance and normality of distribution, followed by
(PDA) detector, and tandem quadrupole mass-speE XOWLIDFWRU $129% ZLWK WKH 7XNH\?
trometer (TQD) with electrospray ionization (ES)7KH VLIJQL¢{FDQFH ZDV VHW DW S
[Mijowska et al. 2016].

/ vY. Y}v }( u]v E o ThHev&nté&n RESULTS AND DISCUSSION
of elements in leaves were determined after miner
alization: N, P, K, and Ca were determined after wet
PLQHUD O L ]SON26BThe@pur, Polajdand Wo v PE}ASZ
+ & Q @0%,Chempur, Polandwhereas Cu, Zn, Mn, ,Q RXU H [SHULPHQW ZKLWH DQG YLF
DQG )H ZHUH GHWHUPLQHG DJWHKLMWMH AMBOHNAHICRY QQIJKI2 KDG D SR

DQG #(&W062intheratioof 3:1[IUNG JURZWK RI EOXHEHUU\ SODQWV ZKHU

1972]. The total N concentration was determinedd LJKW GLG QRW KDYH WKH SUHGLFWHC(
by the Kjeldahl distillation method, and N-jjéend $OWKRXJK WKH OLJKW VSHFWUXP RI U
11+ zDV GHWHUPLQHG SRWHQWLRPHWQIPFOLYOXXESHERMNNHBIWR-LQFUHDYV
et al. 1976]. The K content was measured using-atom activity, plant growth was not observed in either
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blueberry cultivar since the beginning of the experiPennisi et al. @19, Chiang et al. 2020]. Therefore, we
PHQW ORUHRYHU GRXEOLQJ WEBHFQBPEBHWRNVWRBUWYFAH®MHULPHQ\
ODPSV LQ RUGHU WR LQFUH DV kghwHkl plantsRiildié XeweldprievGhGots) IBakes,
KDYH D SRVLWLYH HuHFW RQ S ODd@isysidinR, Avd el stdrtedHtQ dry ok Ga/EsW
JURZWK PD\ KDYH EHHQ QHJDW ZHHG®\ DUWHHHFOHV D@ &\ WRHEXRZ JUDGXDC
SKRWRV\QWKHWLF SKRWRQ A X firigal OnLtha bthBrlhandKtkievbHie@ iy iants-illu

7KH\ DOVR HPLW ZDYHOHQJWKVPLQDWHG YZH W KOW RHWRHVEKH W WKUHH C
700 nm range. Studies have shown that blue light h&sSHQW ZKLWH /(" DQG YLROHW /(' VK
D VLIQL{FDQW HuUHFW RQ R&D RgrREKTIR Qlakts Raked Wpical, Wadva wivid green

iya et al. 1981, Shin et al. 2008, Klamkowski et alcolor, and similar internode lengths. Under phytotron

2013. It was found that the low concentrations of Chtonditions, we found that plants of the Aurora eulti

a andb, which in plants have been treated with monoYDU ZHUH KLIJIKHU WKDQ WKH SOD
chromatic red light, have even led to photooxidatvéJ HIDUGOHVYVY RI WKH OLJKW VRXUFH
stress in plants due to an increase gfO Q ©@,.+tad DQDO\VLV RI WKH W\SH RI OLJKW VK
LFDOV >%DH DQG &KRL + R JighZ Ra@ th® wotdtimdadd on plar@growth. Despite

$ PLQLPXP RI i* m*PFbe ghtis nee having a similar photosynthetically active radiation

essary to reach natural-like growth and plant morphdlPAR) value, the plants of both cultivars had the-low

ogies [Barnes and Bugbee 1992]. Other experiendd VW KHLJKW FRPSDUHG WR WKH AXR
VKRZV WKDW WKH PRVW HuHFWIlighkrap 1 JMgW).QJ LV UHG DQG EOXH

in the correct ratio for the specie€3tjtake et al. 2018,

d o KKDUDFWHULVWLFV RI WKH LG KIEXVR @D SHBHQG\L QWX R @ UNDKHD

Type of light
Plant parameters Cultivars
fluorescent white lamp ZKLWH /(' YLROHW /(' mean
Aurora 25.8 +1.7d 241 +1.2 205 +1.a 23.5B
+HLIJKW RI SODQWWUFR® 229 +1.3b 22.0+1.5b 20.6 £1.4 21.8A
mean 24.4B 23.1B 20.6A
Aurora 6.6210.422b 7.63+0.4D 7.15+0.3%b 7.13A
/HDI DUHD FP +XURQ 7.12+0.3%b 6.95+0.44b 6.11+0.3@ 6.73A
mean 6.87AB 7.29B 6.63A
Aurora 4.67+0.17a 5.85+0.2D 8.11+0.2d 6.21A
3UROLQ Ht§ PRO #XURQ 7.23+0.24&d 6.71+£0.2% 9.06+0.2% 7.67B
mean 5.95A 6.28A 8.59B
Aurora 46.49 +3.1d 42.59 +2.58¢ 41.28 +3.3B 43.45B
L* +XURQ 39.96 £1.97a 39.69 +1.84a 43.06 £2.99c¢ 40.90A
mean 43.23A 41.14A 42.17A
Aurora 82.29+1.7%c 83.03t1.4% £9.58+1.3% -31.63A
g:rlgr‘:]r:ters — +XURQ  £9.14:+1.4( 81.85:0.9% £8.51+1.17% -29.83A
mean 80.72AB 832.44B 29.05A
Aurora 24.42 +1.84 21.4 £0.98 18.16 £1.06a 21.33A
b* +XURQ 20.83 +1.38c 20.89 +1.156¢ 20.11 +1.36 20.61A
mean 22.63B 21.15B 19.14A

Mean values denoted by the same letter do not differ statistically significantlysaad6rding tahe Tukey$ test. Small letters indicate 1
interaction between factors (cultivars and light), larg¢teie indicate the main factors
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&IPX3DOQWYV RI WKH KLIKEXVK EOXHEHUU\ p$XURUDY DQG p+XURQYT GHSHQGLQC
AXRUHVFHQW ODPSV YLROHW /('

Analysis of the light types showed that the plantsy cultivar Sharpblue, which had a higher resistance to
had the largest area of one leaf (7.29)amder white elevated temperatures but also a higher proline content
/(" OLJKW DQG WKH VPDOOHVW RMKHD @ QWGKHH RMERBUH W FKOONUKBWUY + 'XNH
(6.63 cm) (Tab. 1). Plants of both cultivars illumirat
HG ZLWK YLROHW /(' OLIJKW ZHMatrdd ¥ Ricodtemehtd UHHQ + LW LV
indicated bya* andb* parameters. This suggeststhat & RPSDUHG WR WKH RWKHU OLJKW VR
the plants illuminated with this light had less amourtias increased the accumulation of N, K, and Ca in the
of chlorophyll. The leaves of the Aurora cultivar wereu$ X URUDY OHDYHYVY DQG WKH RSSRVLWH
OLIJKWHU WKDQ WKRVH RI +XURXQSVDIYNHYZDBY QRAEEVE EY WAGK HQ& p(+ XUR QT
parametersé* (Tab. 1). The brightest leaves of Auro on the standards for highbush blueberry developed by
ra cultivar were measured on plants that were ilumiG L u H U H Q VEclD1988,KBRI 1987>Komosa 2007,
QDWHG ZLWK D AXRUHVFHQW ZRthwith €@ 8.Re]1ridst-bf th®itvistgared Makrsl
L* parameter (reaching from 0 to 100, black to whiteslements in the leaves were at an optimal level. The
respectively) is usually used for tracking color changexception was calcium; although it was at a high level
es [Ochmian et al. 2019a]. The leaf color determindd the substrate 38.9 mg 100,gpptimum 1080 mg
by the CIEL* parameter was typical for highbushl00g® 7DE ZH IRXQG WKDW-LW ZDV V
blueberry and similar to that of plants in other studidew the recommendations for blueberry leaves; &.40
[Ochmian 2012]. 0.80 mg 100 §. The content of macroelements in the

According to several authors [Yang and Zhangeaves of both cultivars was similar to that in the leaves

.UXSD ODANLHZLF] HW DO RI &0 DHXOMHY DWRHAD) S QRSHDWhHFQGHU ¢ HC

line levels in plant tissues are fairly good indicators ain et al. 2019®@ +RZHYHU LQ ¢(¢HOG FRQGLW
WKH QHIJDWLYH HuHFWV R Y D U saRd,Nownitragencuntedr vse RetbitieR Q thie GaveswW V
In the present study, 23.5% higher proline level wasven after the application of the optimal doses of ni
REVHUYHG LQ p+XURQY SODQWikoged PEnQIah € al 30IBTR&Mitfierd CobtEnWrY
7KLV PD\ LQGLFDWH WKDW FR Ri#®IebdGs dgRodiindicat® QffplaitnDtQivval sta
HEXURUDY SODQWYV KDYH KLJKHW X\H QARAMIYYHLUNV \L @Y RV R H IKDW M VRU HEXD\K H E
Moreover, higher proline values were observed lEH GLVFXOW WR GHWHUPLQH EHFDXVH
SODQWYV RI ERWK FXOWLYDUV JURHUHQWQ GSMFWKAD WQRRONWQRH WKH R

RI' YLROHW /(' OLJKW 7DE - 6deRdirCelzertsHdrxexawiple K HUMUeBearty leaves
scribed by Chen et al. [2012] in the highbush blueber  + >+DQVRQ @ >6PRODU]
92 Z©%sWIl 1 ¢}%]eu Xpu% Xop o]vX%ol]v /EX



URFADZ 8QLYHUVLW\ RI (QYLURQPHQWDO DQG /LIH 6FLHQF

'RZQORDGHG IURP 5HSRVLWRU\ RI

EZWHVW XSZU HGX SO

MRS 3REUDQR ] KWWSV

&]P] or<@&} ICwel U DXU K Zu] vU /XU <Ep% rD sIVAU W DXUA XEJFHA] I0Q % X HT1dTPZS }
0  }u%o}e]Y}WakCiniunu corgm@@ms> X+ o A

V. %ZCe] } Z u]

ZO%WIIl }IXIEPITIX131101 *%Z XT11T1XT1X06

A X s

A IX WloX

YES}E U
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on the type of light

Mineral _ Type of light
clement Cultivars
fluorescent white lamp ZKLWH /(" YLROHW /(hean
g 100 ¢!

Aurora 1.78+0.0& 1.89+0.0%b 1.95+0.0D 1.87A

N +XURQ 2.24+0.0.07c 2.35£0.08 1.97+0.0b 2.19B
mean 2.01A 2.12A 1.96A

Aurora 0.23+0.01a 0.25+0.01ab 0.22+0.0G 0.23A

P +XURQ 0.29+0.0%k 0.28+0.0bbc 0.31+0.0% 0.29A
mean 0.26A 0.27A 0.27A

Aurora 0.41+0.0D 0.37+0.0%a 0.46+0.02 0.41A

K +XURQ 0.50+0.0Zd 0.52+0.02le 0.56+0.02 0.53B
mean 0.46A 0.45A 0.51A

Aurora 0.23£0.0(a 0.24+0.01ab 0.27+0.0bbc 0.25A

Ca +XURQ 0.28+0.0c 0.26%0.01ac 0.29+£0.0 0.28A
mean 0.26A 0.25A 0.28A

Aurora 0.15+0.01a 0.17+0.0lac 0.16+0.01ab 0.16A

Mg +XURQ 0.18+0.01bc 0.19+0.01c 0.15+0.01a 0.17A
mean 0.17A 0.18A 0.16A

mg 1000 g*

Aurora 473 2.4 53.2 +3.4b 58.9 +3.2b 53.1A

Fe +XURQ 84.4 +5.4 67.8 #4.3c 77.5+4.9d 76.6B
mean 65.8AB 60.5A 68.2B

Aurora 5.23+0.1% 5.74+0.23 7.05+0.2& 6.01A

Zn +XURQ 7.11+£0.2 7.85+0.24 8.36+0.2( 7.77B
mean 6.17A 6.80B 7.71C

Aurora 72.1 +0.2b 65.8 £0.2 83.4 0.2 73.8A

Mn +XURQ 94.2 +0.4d 99.4 +0.3d 80.6 +0.3bc 91.4B
mean 83.2A 82.6A 82.0A

Aurora 1.77+0.0dc 1.82+0.0% 1.64+0.0% 1.74A

Cu +XURQ 1.73+0.03 1.94+0.04 1.79+0.03c 1.82A
mean 1.75A 1.88B 1.72A

Explanationsn Tab. 1
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OHUFLN @ + >* 0O R Q H Bl light@dsrce RnBrRely Ehe range of light wavelengths).
@ + >(FN @ + JOBORYRILBY LQFOXGLQJ ADYRQROV
@ * >6DJRR HW DO c@otenoids play a major role in protecting plants

7KH QLWURJHQ FRQWHQW LEQ DNRHQWMD WHW KRD WKIK QuEUIHEWY RI VKEF

UDY DQG p+XURQY SODQWV KDGOLJKDQ @9 PJ QB >3LODUVNL DQG
respectively (Tab. 2). The high nitrogen content i LGRYLUO HW DO 2FKPLDQ HW DO
WKH OHDYHV RI WKH p+XURQYT 88D9QME KIURKZ @ RQAWGHUIN ZKILW-HUHUHQW
/(" OLJKW ZDV DOVR FRQ¢ UPHGbéy Waids L[ddpandeaV iHainly Lod itheRyp© of light,
RU 7DE 7KH W\SH RI OLJKWhbi &3¢ Rn th® AuXivaQmahts ilMminatet Witk Qiolet
content in the leaves of the two cultivars. The aver/ (* OLJKW KDG WKH KLJKHVW SRO\SKH
DJH LURQ FRQWHQW LQ WKH S w&&QaRo/théllpaéesivaddhadtRe sirialest leaVed. (This
light was 11.3% higher than in plants exposed to whiteay explain the increased accumulation of Fe and Zn
/(" OLJKW up+XURQYT SODQWYV KDi6 |davgs Dreatedvinth Miolet light? Relsd elements are
LURQ WKDQ pu$XURUDYT SODQWVimpdnidnt for theHACH/ityW\bH the/ &Enidyn@ R Létdlase
DPRXQW RI )H LQ WKH OHDYHYV [Fe)afikdupetdxide ddnutxse \FeWAKR)DEhovikD &V
in the recommendations by Eck [1988], the plants dial. 2013]. This suggested that this type of light was
QRW VKRZ DQ\ HIWHUQDO VLJQ ¥ steks)fdct@ oy, BllleHedr¥ plargd. Pla@Dillliminat
WR 1 WKH VWDQGDUGYV IRU YH AR QZINMXWZ & L WHHU ADXFRRRIGINV FMQX(\E OLJKW
LHY E\ GLUHUH®W X W KK GNnek of polyphenols in their leaves; in addition, they were
DQG .RPRVD + *iRHck 1988 the tallest and had the largest leaves. There was also
In both cultivars, Zn and Cu contents were loweD VLJQL¢;FDQW GLUHUHQFH LQ SRO\SK&
than those in the standardegpectively; optimum the cultivars. The average content of the determined

+ PJ +t DQG £ PJ*),andJow SRO\SKHQROV LQ pu$XURUDfatD V
copper content in peat soils is common [Ochmian &t W ZDV KLIKHU WKDQ WKDW LQ p+.
DO D@ +RZHYHU LQ RWKHWBRMWGEHIR B UHRPHYMWYW WRHBVKH OHDYH
iron content in the leaves was at a higher le@alif  lar to that in the leaves &accinium myrtillus >'H-- L U
mian et al. 2019bcompared to the plants grown InPHQFLR+OX HW DO @ /L HW DO >
a phytotron. Glonek and Komosa [2006] found similaki et al. [2011] indicated that the leaves of highbush
Fe content in blueberry leaves ( * P J) &¢J blueberry are richer in polyphenols compared to the
WKRVH LQ WKH OHDYHV RI p$XlddavésDffpthdd U plErits] Ketiding idackiiR 1@y, rasp
tent ( + P J) thah those in the leaves ofberry, honeyberry, and strawberry.
both cultivars from the present study. Mn is an essential A positive relationship was observed between the
element that is bound to a number of essential enzymesntent of two main groups of polyphenols, phenolic
for example, the activity of superoxide dismutaseissuDFLGY DQG ADYRQROV LQ SODQWV JUI
pressed by low Mn statu¢ [ D QG =KRThe opti light. The content of these polyphenols was very high
PXP 0Q FRQWHQW LQ OHDYHV VKR e piahts. ©On averhge, thd results for both- culti

[Eck 1988 Rivera et al. [2015] concluded that the FeY DUV 7DE VKRZHG WKDW FRPSDUHC
content of the soil depends on how it is used. FHQW OLJKW DQG ZKLWH /(" OLJKW YLF
an increase in leaf polyphenols by as much as 29% and
Polyphenols 23%, respectively. Additionally, plants illuminated
6WXGLHV >2V]PLD VNL HW DOZLWK YLREOMW O(' OLJKW KDG KLJK SUR
'"H+LUPHQFLR+OX HW DO - @ leld DsvtacovdiuReZtiat WibkeDighit dalsé& stress in the

bush blueberry leaves are a valuable source of polgxamined plants. The highest total polyphenol content

phenols. In the leaves of the two investigated bluebdi7440.44 mg 100 ¥ was recorded in Aurora culti

U\ FXOWLYDUV ZH LGHQWL¢{HG YDSKHQEROXFLDMVENWG HALWNK MIDROHW /(!
YRQROV DQG VL[ ADYDQ ROV CGRZKORAQBKHHFREFBRDB HQW+XURQ FX
PD\ LQGLFDWH WKH HuHFW RI DZ VWK XY W B FAWRW HVF QW VO E DR/\M
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d o MKH FRQWHQW RI SRO\SKHQROV LQ OHDYHVRRITKE BISEXQ\GKL @ O R!

Cultivars Aurora +XURQ Aurora +XURQ
. fluorescent . orescent .
Type of light white lamp ZKLWH Y(RO HW it/e lamp ZKLWH YL R OHWmégh mean
1 2 3 4 5 6 7 8 9
Compounds (mg 100*gDW) Phenolic acid
30.89 10.19 11.65 14.23 8.26 9.91

1-O-Caffeo/iquinic acid +0.068  +0.02b  +0.02c

538.37 476.26  1030.20
+1.08c +0.95b +2.06e

17.06 7.86 14.53
+0.03e +0.02b +0.03d

72.46 23.82 40.39
+0.11d +0.05b +0.08c

270432 2624.76  2964.60
+4.33d +5.25d +5.93e

20.01 13.16 23.55
+0.04b +0.03a +0.05¢c

269.52 372.83 688.64
+0.53b +0.75d +1.38f

trans-3-O-Caffeoylquinic acid
cis-3-O-Caffeoylquinic acid
3-O-p-Coumaroylquinic acid
5-O-p-Coumaroylquinic acid
trans-5-O-Caffeoylquinic acid

5-O-Caffeoylquinic acid

L 31.72 7.44 5.42
4-O-Caffeoylquinic acid +0.06d  +0.0lc  +0.01b
3-p-coumaroyi5-feruloy- 18.1 0.39 1.32
Iquinic +0.04f +0.00a  £0.00b

. L 6.28 41.88 21.21
3,5-Di-O-caffeoylquinic acid +0.01a +0.08e +0.04d

. L 6.28 7.01 8.12
4,5-Di-O-caffeoylquinic acid +0.01a +0.01b +0.02¢
cis-5-O-p-Coumaroylquinic 3.65 3.98 6.25
acid +0.01b +0.01b +0.01c

3718.66 3589.58 4815.89

+0.03d +0.02a +0.02b 17.588  10.80A

327.89 480.60 933.40
+0.66a +0.96b +1.87d
10.46 10.64 5.49

+0.02c +0.02c +0.01a

8.76 11.50 206.36
+0.02a +0.02a +0.41e

894.97 1072.78 1483.00
+1.79a +2.15b +2.97¢

22.69 28.04 27.90
+0.05¢c +0.06d +0.06d

183.31 328.33 529.83
+0.37a +0.66¢ +1.06e

681.61B 580.63A

13.15B  8.86A

45.56A 75.54B

2764.56B 1150.25A

1891A 26.21B

443.66B 347.16A

ig-.gib i‘(‘;-‘gib i"é-_%)%a 14.86B  4.01A
tg.ﬁb i%-.ggc fg_-llgf 23.12A 27.35B
ig-.ggd ilg.-g;‘rf il(igs?e 7.14A  12.63B
3.59 2.81 251

10.01b  +00la  +001a 4638  2.97A

1496.37 1974.92 3282.66

Total +7.65d +7.18d +9.63e  +2.99a +3.95b +657c 041.37B2251.31A
Flavonols
o . 13.09 1658  31.89 1.83 6.71 13.35
Myricetin 3O-galactoside  ,553.  1903d +0.06e +0.00a +0.01b  +0.03c 20-52B 7.30A
o . 8.10 0.68 0.97 0.11 0.30 0.64
Myricetin 3-O-glucoside +0.02d  +0.00bc  +0.00c  +0.00a +0.00ab #0.00bc °>2°B  0.35A
o . 1.19 0.92 2.34 0.40 1.55 2.39
Myricetin hexosideacetate 5750, 4o 00p  +0.00d  +0.00a +0.00c  +0.00d  L48A  1.45A
0.33 0.37 1.92 0.41 0.64 3.21

Quercetin 30-diglucoside +0.00a +000a +0.00C

26.59 29.14 82.59
+0.05¢c +0.06d +0.17

1.81 1.77 5.55
+0.00c +0.00c +0.01d

Quercetin 30-rutinoside

Quercetin 30-rutinoside

£000a +000b :001d O87A 1428

14.99 19.17 34.98
+0.03a  *0.04b +0.07e

0.25 1.05 0.95
+0.00a  +0.00b +0.00b

46.11B 23.05A

3.04B 0.75A
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HEXURUDYT 9HU\ KLIJKO-RQWHR YRR SWID) V FKHDSHU WKDQ D YL
nic acid (1030.20 mg 100*y and 50-p-couma DQG FKHDSHU WKDQ D ZKLWH /(
roylquinic acid (2964.60 mg 100*jwere alsore LQWR DFFRXQW WKH SXUFKDVH SULF
FRUGHG LQ $XURUD FXOWLY D Utlle plicR afCelextGe®/Hahergy osbvgtion ' photo
light. Generally, among the 35 examined polyphenolpgriods, bulb life, and the annual cost of bulb main
5-O-p-coumaroylquinic acid occurred in the highestenance, we calculated the annual cost of phytotron
amount in the investigated plants. Degree of polymemaintenance (Tab. 4). Considering all costs generated
ization is an important structural feature determiningn the annual cycle in our phytotron, we found that
the bitterness and astringency of taste and the biolog KH FKHDSHVW VROXWLRQ ZHUH ZKL
ical activity of proanthocyanidins [Waterhouse andos a piece). Despite the high price for a single violet
Ebeler 1998]. Thus, in measured samples were notéd' ODPS WKH FRVW RI PDLQWDLQLQ.
WKH VWDWLVWLFDO GLuH U H Q F $lightlf tighez (3308 60AexiRg). TMFWwhe Meécaniseloiv H
ODPS DQG /(' ZKLWH DQG YLROMWH DKRH KHUKWNWY LF ADWLIH RI AXRU!
IRXQG LQ WKH VDPSOH DIWHU AXRMH HP\DFRHDQ D/F I WHHU QA DPS XVIKG:KLWF
DQG zZDV KLIKHU WKDQ LQ W Wdie th®Rd&SCGekpeDdive kb Whafiftain. Despite the low
price of this light source, because of its very short ser
WE} p Y}v  }viu] - vice life (15.000 h), its maintenance cost was 6.555
When choosing a particular light source, manufacHXURV +RZHYHU DFFRUGLQJ WR W]
WXUHUV DUH SULPDULO\ JXLGHSKRWHRARQWKRIHFNEBE RHEWFLHRHA\ RI WKH
expect a good quality product that is also energy-eflecreases remarkably after 12.000 h. In practice, after
¢FLHQW DW D ORZ SULFH 9LROHWDUVO WKV ARG LRHYWLEDPSV LC
H[SHULPHQW ZHUH PRUH H[SH @ Xeplacdd avek D Qey A€ Istil Working.
ODPSV DQG ZKLWH AXRUHVFHQW ®WDPERRYQQIFRQRPPSWVDDH DFKLHY
culations (Tab. 4), we noticed the scale of savings thADYLQJV FRPSDUHG WR XVLQ-J AXRUF
FDQ EH DFKLHYHG ZLWK /('V VROXR\L MG R QIR IFKMWKWIRQ WKDW LW
in which we have conducted the experiment, allowsources than other light sources for plant production
us to produce 20.000 plantlets in one cycle. This ren phytotrons. Fluorescent lamps are economically
TXLUHV AXRUHVFHQW O D P S \disadvivitdgadus) &h@ the/rkeréuty BoBtRiDewin them
FP ,Q WKH SUHVHQW VWXG\V DOAKL B QAKRBHVFIIRUOWWKH HQYLU

d o BcEnomic effectsf theannual greenhouse maintenaepending on the type of light

Type of light
fluorescent white lamp  ZKLWH /('YLROHW /('

Cost of using lamp

Price of 1 lamp (EUR) 8.84 3.78 15.93
Electricity consumption (W) 36 18 18

Uptime (h) 15 000 40 000 50 000
Uptime in years 2.57 6.85 8.56
:(Alr;snrl:[ac:ap;oiv grsgog:;Smf gggrlxl?;nrr?p power kW) = kW/year 210 105 105

Price 1 kwh (EUR) 0.14 0.14 0.14

Power consumption cost for 1 lamp per year (EUR) 29.34 14.67 14.67
Annual cost of using 1 lamp (EUR) energy + lamp price 32.78 15.22 16.53
Annual cost of phytotron work (EUR) 6555.29 3044.00 3305.60
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for the user and the environment because they are bt 1 DQG :HVW JRPHUDQLDQ 8QL
made of brittle glass, do not heat up, and do not co? HFKQRORJm RI JUDQWYV QU
tain any dangerous materials such as mercury [Olle Presented here research received external funding
and VirSile 2013]. in project “ZUT 2.0 - Modern Integrated University”
The results of research on production economiggant number POWR.03.05.00-00-2205/17.
VKRZHG WKDW WKH XVH RI D ZKLWH /(' OLIJIKW VRXUFH LV
a good solution for blueberry production. Its mainCONFLICT OF INTEREST
WHQDQFH ZDV VLIJQL¢{;FDQWO\ FKHDSHU WKDQ AXRUHVFHQW
lamps, and plants grown under this light source had 7KH DXWKRUV GHFODUH WKDW WKH
the largest leaf surface area among all investigatéddRPjHWLQJ ¢QDQFLDO LQWHUHVWYV RU
light sources. In addition, on average, the plants grow/ KDW FRXOG KDYH DjjHDUHG-WR LQAX
XQGHU ZKLWH /('V ZHUH YLYLG BHGHH® WISV GDBHORW GLUHU
LQ KHLJKW IURP WKH SODQW-V JURZQ XQGHU ZKLWH AXRUHV
FHQW OLJKW +RZHYHU DFFRUCGCUOHORFOWRIBUTION XOWYV RI RXU HJ
periment, in order to obtain polyphenol-rich plants for

commercial purposes, we recommend the use of violet &RQFHjWXDOL]DWLRQ 0 ) ;2 0.
/(" OLJKW VRXUFHV 7DE 7 K HMBEBIYMyR/ K W\PBG , 2 0.
under this light source could be used as infusions  / JRUPDO DQDOmVLYV DQG LQYHVWLJ

provide antioxidant substances. In theiwitro stud 0 -0 6/ ULWLQJ + RULJLQDO GUDIV

LHV 3LOMDF a&HJDUDF HW DO % F?QQ OUP%GG\K/KMV‘ELOQ)@ + UHYLHZ
berry leaf-based tea is a very good source of stro XQGLQJ DFTXLVLWLEF
antioxidants. sion:
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RI WKH +XURQ FXOWLYDU :KHQ J Pész@ytkf@%ﬂﬁmaﬂﬁ' t@?gb mtwacmg prOte'“S
lights, the plants of both cultivars were lower and ha]g,iaI J% (1);97)5 glzeb:rro DQW: %L
y culture in greenhouses tunnels
smaller leaves. This light source is a stress factor for ’ DQOG XQGHU UDLQ FRYHUV $FWD +RUWLF
the plants, which was evidenced by low GiEand %DWHVY / 6 ‘DOGUHQ 5 3 7HDYUH
b* leaf color as well as high contents of total proline  mination of free proline for water-stress studies. Plant
DQG SRO\SKHQROV 7KH SODQWV6RIRZQ XQGHU AXRUHVFHQW
white light had a 22.7% lower total of polyphenolsBourget, C.M. (2008). An introduction to light-emitting
DQG WKH SODQWV JURZQ XQGHUWBUYRGIKLWRUGERKHR FKiDps:/doi. =+
D ORZHU WRWDO WKDQ WKRVHRYJRZQ X(géW@&YLROHW/('
light. In large-scale production of highbush blueberr{a™es. C.. Bugbee, B. (1992). Morphological responses of

SODQWV LW LV DGYLVDEOH WR X8 g"g’m\/%“g\()ﬁ%%@’w%ﬂx@ﬁ\ R 5

the high quality of the plants grown under this light as responses of antioxidant enzymes to_aluminum texici
ZHOO DV WKHLU EHQH¢FLDO HUHFWinR{ mddhiza’hiifal R G KR FRAF Y Lwk PD
presence and elevated activity of Fe SOD and enhanced
SOURCE OF FUNDING activities of Mn SOD and catalase in aluminum tolerant
FXOWLYDU 30DQW *URZWK 5HJXO
7KLY UHVHDUFK ZDV VXjjRUWaikZeltdanT. {80K3H Warkd Qllebeky dtle&e and produc
LVWU\ RI 6FLHQFH DQG +LJKHU ti¢rGNoRDAWeicQBIughe Dy @iuncill Rvailable-on
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load/Aprocesados_congelados/nabc_2012-world-blue VDG]RQHN S GRZ\EXoRiPdn@sculdn
berry-acreage-production.pdf [access: 4.05.2020]. tumMill.). $SFWD 6FL 3RO +RUWRUXP &XOW

Brazelton, C., Young, K. (2017). World blueberry statistic&upta, S.D., Jatothu, B. (2013jundamentals and appli
DQG JOREDO PDUNHW DQDO\VLV BBHWILRKEXRIKOWIKNHHIRPUWWDQEAtGLRGHYV
Council Folsom CA. https://staticl.squarespace.com/ growth and morphogenesis. Plant. Biotechnol. Rep., 7(3),
static/581373dbe4fch5675436dbf7/t/58dd0a421b10e38 +  https://doi.org/10.1007/s11816-013-0277-0

a0al9447f/1490881114392/Cort+Brazelton+GBC2017+ DK Q ( - .R]DL 7 (208@.HBNe anckred
pdf [access: 3.02.2020]. light-emitting diodes with or without sucrose and ven
Burgie, E.S., Bussell, A.N., Walker, J.M., Dubiel, K., Vier W L O D W LiR@trolyokvth \Wf Rehmannia glutinosa
stra, R.D. (2014). Crystal structure of the photosensing plantlets. J. Plant. Biol., +
module from a red/far-red light-absorbing plant phyto + DQFR F N ) - %OXHEHUU\ SOD
FKURPH 3URF 1DWO $FDG 6FL HG 3+XURQ™ 8QLWHG 6WDWHRFBODQ
https://doi.org/10.1073/pnas.1403096111 USOOPP21777P3. Patent No.: US PP21,777 P3. Date
&DR * B6R¢F ( 3ULRU 5/ $OMILEDVGHD@QW FOBDFLW Vacciniub\wbk Q 1DPH
of tea and common vegetables. J. Agric. Food. Chem., ymbosum 9DULHWDO '"HQRPLQDWLRQ +XU
+ 3SDWHQW DQG 7UDGHPDUN 2vFH KW'
&KHQ : &HQ : &KHQ / 'L [/ /L <storag&kgoogleapis.com/ce/6f/4e/174a266bc33184/

"'LuHUHQWLDO VHQVLWLYLW\&RI |RXUSPRRITREPHdCess OLX B7E2EA1]U \
cinium corymbosumi  FXOWLYDUV WR KHDWWRMQUHVY 3DN -1LWURJHQ IHUWLOL]

%RW + EOXHEHUU\ $FWD +RUWLF +
&KLDQJ & %nQNHVWDG ' +RFK * RUJ G5S5HDFEEQD QRUWLF

UDO JURZWK OLJKW TXDOLW\ HuHFIJHZ R@LQO DA W BHIRXRBERDQWH *L Q0D OMD

indoor growth facilities. Plants, 9(10), 1273. https://doi. YDQ ,HSHUHQ : +DUELQVRQ - %

0rg/10.3390/plants9101273 responses of leaf photosynthesis, morphology, and ehemi

'"H+LUPHQFLR+0OX 1 *eUE-°] 2 . D U Dc' ¢d@positivn(0Cucunié savuI URZQ XQGHU GLuUHLI
,QAXHQFH RI KRW DLU GU\L @dmtimatiosskoHreiRadLbfue Fighe J. Exp. Bot. 61(11),
pounds and antioxidant capacity of bluebeigacink + KWWSV GRL RUJ M[E HUT
um myrtillug fruit and leaf. J. Appl. Bot. Food. Qual.,90, +t ROPHV 0 * 6PLWK + 7TKH IXQFV
+  https://doi.orgl0.5073/JABFQ.2017.090.014 FKURPH LQ WKH QDWXUDO HQYLURQP
'"HPRWHY ODLQDUG 6 3pURQ 7 &R WRMYyetdtionWaddpskonl Ddrdpatitral enetrgly distribu
*RXUULHUHF - 3HOOHVFKL 7UDY LtidriJof Baturél dayligi®.HQotothend. RPhokbkiol., 25(6),
3 +XFKp 7KpOLHU / %RXPD]D 5 91DQ $ *XpULQ 9
IHGXF 1 6DNU 6 30DQW HMHMS RQVHYRWR WH& DQB 6 . /HH . +
far-red lights, applications in horticulture. Environ. Exp. 1DP 0 : &KRL "+ [/HH + | /(" O
%RW + KWWS G[ GRL R UnvitroandexMitrel @ YHIHQW JURZWK RI HFRQR
bot.2015.05.010 portant highbush blueberrygccinium corymbosuri
Eck, P. (1988). Blueberry Science. Rutgers University Press, Acta Physiol. Plant., 38(6), 152. https://doi.org/10.1007/
New Brunswick. V + N F
FAO UN (Food and Agriculture Organization of the United+ XQWHUOD E OHDVXULQJ &RORU XV
Nations). (2018). World Food and Agriculture Statisti  versus CIE 197&*a*b*. $ 1 + ZZZ KXQ
cal Pocketbook 2018. Food supply, Crop production26. WHUODE FRP DQ E SGI ¢ O-H & 8\
http://www.fao.org/3/CA1796EN/cal796en.pdf  {ac loads/an-1005b.pdf [access: 6.05.2020].
cess: 27.02.2020]. IUNG (Institute of Soil Science and Plant Cultivation).
Galvao, VC., Fankhauser, C. (2015). Sensing the light en (1972). Methods of laboratory tests in chemical- lab
vironment in plants: photoreceptors and early signaling oratories. Part Il. The study of plant material. [UNG
steps.& XUU 2SLQ 1HXURELRO - BX4AaRWWSY GRL RU
0/10.1016/j.conb.2015.01.013 -RKNDQ 0O ©6KRML . *RWR ) +DVKLGI
Glonek, J., Komosa, A. (2006)/ KH HuHFW RI [|HUOW0I0).Bie RdDt-emitting diode light irradiation of
on the nutrient status and yield of highbush blueberry seedlings improves seedling quality and growth after

cv. %OXHFURS $FWD +RUWLF WHDQUWSWW QWL GRLQ UHG OHDI OHWWX
RUJ $FWD+RUWLF KWWSV GRL RUJ +2576 &,
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/[LIKW UHJXODWHG SODQW JUfBoae¥d8 DQG GHYHORSPHQW

Curr. Top. Dev. Biol., + KWWSV GRL/RDQJ ; =KDQJ / 1DWDUDMDQ 6 . %HF
S0070-2153(10)91002-8 Proline mechanisms of stress survival. Antioxid- Re
.DPL\D $ ,NHJDPL , HMHWHWWM RI OLJBER[ FBQJQDO + KWWSV GRL F

chlorophyll formation in cultured tobacco cells |. Ghlo ars.2012.507

rophyll accumulation and phototransformation of proto/ LW\ VNL 7 -XUNRZVND + *RUODFK (

chlorophyli(ide) in callus cells under blue and red lightt DQDO\VLV RI VRLO 3:1 :DUV]DZD +

30DQW &HOO 3K\VLRO + ObVvvD = .LP  + + :KHHOHU 5 0 OLWF
.LP + + :KHHOHU 5 0 6DJHU - & (20608)PRant préductivi®/LiQrésponse to led lighting

* ! /[LIKW HPLWWLQJ GLRGHV+RVYWD Q6 ED O XRL QhbpstLdeiQrg/10.21273/

source for plants: a review of research at Kennedy Space +257 6 &3.7.1951

&HQWHU +DELWDWLRQ + OHQJ[L / =KLJDQJ ; <DQJ < <LMLH )
.ODPNRZVNL . 7TUHGHU : 7UHGHU R{I GRXWUHHQWFWEHBWUDO OLJKWYV RQ 2QF

sak, E. (2012): S4A\Z GR ZLHWODQLD O D P 9®HdrafioR @i plaRtlregeneration. Plant Cell Tiss Org

L OHG QD DNW\ZQR 0 IRWRV\QWHW\F]Q RUDHW\MSRVWGRR RPULIY \%

pomidora.3U ,QVW (OHNWURWHFK OLMRZVND . 2FKPLDQ , 2VilPLD VNL -
Komosa, A. (2007). Guide values and soil nutrient contents of pact of cluster zone leaf removal on grapes cv. Regent

highbush blueberryVaccinium corymbosumv  SODQWBRO\SKHQRO FRQWHQW E\ WKH 83/& 3'%

tions in Poland. Int. Con¥/accinium VVS DQG /HVV MNpRaxgs, 21(12), 1688. https://doi.org/10.3390/mole

6PDOO )UXLWV &XOWLY BithaRAga® Q G eEBDWRI68BH HQH ¢ W

HP\ RI 6FLHQFHV 1LWUD SS + ORUURZ 5 & /(" OLIJKWLQJ LQ KRUWI
Kong, Y., Stasiak, M., Dixon, M.A., Zheng, Y. (2018). Blue 6FLHQFH + KWWSV GRL RU

light associated with low phytochrome activity can-pro +2576 &,

mote elongation growth as shade-avoidance responsedehmian, I. (2012). The impact of foliar application of-cal

comparison with red light in four bedding plant species. cium fertilizers on the quality of highbush blueberry

(QYLURQ ([S %RW + I[UXLWYV EHORQJLQJ WRRMKHWHRWNHREBEWQ!
Kozai, T. (2016). : K\ /(' /LIJKWLQJ IRU S8UED®IBREIRRO&OXM 1DSRFD +

WXUH" ,Q .R]DL 7 )XMLZDUD . 25FX@ND®@ (, H®YRV/(' &KHaSL VNL 3 6]F

lighting for urban agricultureSpringer, Singapore. pp. (2015).Comparison of berry quality in highbush blue

* KWWSV GRL RUJ berry d@lltivars grown according to conventional and

.UXSD OD&NLHZLF] O .UXF]IHN $ 3dtigariic methoBF¥RO NN - %$JULF )RU

Ochmian, I. (2018)$OOHYLDWLQJ HuHFWYV HpsDdoirorRylEI9B6/EaF14CG4-18

on lead toxicity in goji llycium Barbarum / in vitro. =~ Ochmian, I., Kozos, K., Jaroszewska, A., Malinowski, R

Folia Pomer. Univ. Technol. Stetin., Agric. Aliment. (2021). 8 KHPLFDO DQG HQJ\PDWLF FKDQJH)\

B3LVF =RRWHFK + VRLOV GXULQJ WKHLU DFLGL¢(+DWLRQ W
.UXSD ODANLHZLF] O 6PROLN In% 6 ti@jiarNbf highbush bluebernjgronomy 11(1), 44. ht

AXHQFHV Rl DVFRUELF DFLG DQG Jiis#@oHoyH @I3A0FagipRdnG110000840 O H'Y L

DWLQJ HuHFWV RI VDOiQittaVRhy Q Celinx Q, IKDbuX, MG Bldbrowolska, A. (201B)escrip

WRQ ,QW - ([S %RW + tion of plants and assessment of chemical properties
XULOpPLN % OLNOX&a\Wi yDQRYD 5 of thies speQiesHiOm thé Ameldnchier geridendro

OLQVNDLW; 6 . XULOpPLN * 7D P XEIDRA\RLM  * "XEKRYXMWS G[-GRL RUJ

3 aXNDXVNDVIn $itro culture of Chrysan bio.070.006

themum plantlets using light-emitting diodes. Cent. EuOchmian, |., Malinowski, R., Kubus, M., Malinowska, K.,

I+

- %LRO + KWWSV GRL Badiek, Z., Raceky M. (2019a)he feasibility of growing

008-0006-9 highbush blueberr{ corymbosum/ RQ ORDP\ FDOFLF
/L & =KRX + 0 7KH UROH R Bdi @ithDh® tk¥ of ovgdisc-ubRtfatésF L + RUWLF

LGH GLVPXWDVH LQ L @AzpnrePRed/,L R QLOSGRO. Hia/Hoi.org/10.1016/j.scienta.2019.108690

+ KWWSV GRL RUJ 2FKPLDQ , 2V]PLD VNL - -D NLHZLF] %

/L & JHQJ - +XDQJ : < $Q 7 M. (201®.F58ISaRd/ highbush blueberry responses to

tion of polyphenols and antioxidant activity of rabbit  fertilization with urea phosphate. ROLD +RUWLF

eye blueberry (Vaccinium ashei) in Nanjing. J. Agric. + KWWSV GRL RUJ IKRUW
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3LOMDF 4HJDUDF - %HO&pDN $ O92IGRWDE & ORULG@GDWLRQLOLO 6 =HFKP

dant capacity and polyphenolic content of blueberry :LQNOHU - % 9HOMRYLU -RYDQRYLU
(Vaccinium corymbosum/ OHDI LQIXN¥dRQ\Met B component of sunlight stimulates photosynthesis

JRRG + DQG ADYRQRLG DFFXPXODWLRQ LQ YD
B3OLVIND . %RUYZND Z\VRND 3cdé¢oidesDdawes D&pbnding on background light. Plant
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Rivera, M., Rodriguez-Saona, C.R., Jennings, D.E.,-Kop ZLQH ADYRU $PHULFDQ &KHPLFDO 6RFLF

SHQKRuHU $ 0 $VVHVVLQJI<ORH LPSDFMDRAI FXOWIHL ; <R X -
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The consumption of highbush blueberries has been growing rapidly
in recent years due to their taste and health-promoting qualities. Various
solutions have been sought to obtain the highest quality fruit after harvest.
In the era of eco-friendly products, it is important that the methods used are
QDWXUDO DQG HFRORJLFDO )RU WKLV SXUSR
times on highbush blueberry bushes before harvesting. Different molecular
weights of CH (5, 12, 21, 50, 125, and 500 kDa) were used in this study.
The physical and biochemical characteristics of the fruit were investigated.
The antioxidant activity, microbial contaminants, and mycotoxins in fruit were
also analysed. Application of CH affected the quality of highbush blueberries
DIWHU KDUYHVW 7KH PROHFXODU ZHLJKW RI &+
traits. The application of high-molecular-weight CH improved physical
FKDUDFWHULVWLFV VXFK DV WKH DYHUDJH ZI
and puncture. Furthermore, the blueberries had a more intense blue colour;
were characterised by a higher content-@scorbic acid and polyphenols,
especially anthocyanins; and did not contain mycotoxins. Spraying with
CH can be recommended in the organic cultivation of highbush blueberries
to obtain robust fruit with health-promoting qualities.

Keywords chitosan, highbush blueberry, fruit quality, mycotoxins,
polyphenols, fungi
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In recent years, there has been marked growth in blueberry acreage and yield [1-5].
Recent global data indicate yearly blueberry production of nearly 1.0 million ton [4]. The
largest global producers of highbush blueberries are the United States; Chile; Canada;
and European countries such as Spain, Poland, and Germany [2, 4]. Dark blue and sweet
EOXHEHUULHV DU FDOONG(IHMXKXBNWRRGYT GXH WR WKHL
properties [6] and are highly consumed among the public, mainly in dessert form [1, 3, 5].

%OXHEHUULRAK DRXUBFH RI YDOXDEOH QXWULHQWYV VX
and polyphenol§7, 8]. Numerous studies indicate that blueberries amiece of natural
antioxidants. Many of the health-promoting properties of blueberries are attributed
WR SKHQROLF DFLGV DQG YDULRXV ADYRQRLGV HVSH
blueberries have the highest anthocyanin content; hence, they are recommended as
a functional food as well as a dietary supplement [6].

Consumers judge the quality of fresh fruit based on their appearance and freshness on
the store shelf [10]. Various measures and technologies are used to achieve the highest
TXDOLW\ IUXLW W LV LPSRUWDQW QRW WR UHGXFH Q
human health by using chemicals — ecological solutions should be favoured. The optimal
solution seems to be environmentally safe chitosan (CH), extracted most often from the
shells of shrimp and other crustaceans [11]. CH is the second most abundant biopolymer on
earth after cellulose [12]. It forms a transparent, non-toxic, biocompatible, biofunctional,
DQG ELRGHJUDGDEOH ¢(OP > @ ,Q DGGLWLRQ LW
DFWLYLW\ PXFRDGKHVLYH SURSHUWLHV DQG H[FHOO
capabilities) [13]. CH shows activity against multidrug-resistant bacteria and fungi, which
pose a challenge to modern medicine [16]. CH plays an important role in plant pathogen
resistance and defence mechanisms [15, 17, 18]. Coating fruit and vegetables with edible
CH extends their shelf life by minimising respiration rates and reducing water loss [17].

Physicochemical characteristics such as the degree of deacetylation and molecular
weight play a key role in the quality of CH in its diverse applications. CH can be divided
into four groups according to the degree of deacetylation: low (55%-70%), medium
(70%-85%), high (85%-95%), and ultra-high (95%-100%) [19]. Moreover, there is low-
molecular-weight CH (LMC) and high-molecular-weight CH (HMC). Molecular weight
DIIHFWV WKH ELRORJLFDO DFWLYLW\ RI &+ > @ /0& XV
properties than HMC [21]. HMC (500-1,000 kDa) is readily soluble in dilute acids but
insoluble in water [20].

This study aimed to investigate the effect of CH of different molecular weights on
physicochemical changes in highbush blueberries of the Sunrise cultivar after harvest.
The type and amount of microbial contaminants and mycotoxins in the fruit were also
analysed.

ODWHULDOV DQG OHWKRGYV
&KDUDFWHULVWLFV RI WKH 5HVHDUFK $UHD DQG 3C

The experimentwas conducted in the Department of Horticulture at the West Pomeranian
University of Technology in Szczecin from 2018 to 2020. Highbush blueberries of the
Sunrise cultivar were harvested from bushes grown on a specialised highbush blueberry
farm, located about 25 km east of Szczecin, in the Goleniowska Forest. The plantation
FRQWDLQKDD;HOG LUULJDWHG E\ GURSOHWY DQG KDYV
matter 2.21%, organic carbon 0.56%, electrical conductivity 0.29 mS/m, and pH 4.0-4.2
[22].
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&KDUDFWHULVWLFV RI WKH &+ DQG 7UHDWPHQW $S

Depolymerised CH obtained by controlled free-radical degradation was used in the
experiment. Chitosan was produced by the Center for Bioimmobilization and Innovative
Packaging Materials of the West Pomeranian University of Technology in Szczecin.
Different molecular weights of CH (5, 12, 21, 50, 125, 500 kDa) wittegree of
deacetylation of 85% were used in the study.

&+ ZDV VSUD\HG ¢(¢YH WLPHV RQ KLIJKEXVK EOXHEHUU\
and after the second and third harvests. The control group consisted of bushes sprayed
with water.

*HQHUDO )UXLW 3DUDPHWHUYV

Every year, the blueberry yield and weight were measured (usWgPd 4500
instrument, with precision of £ 0.01 g; RADWAG, Poland). The content of soluble
solids was determined by an electronic refractometer (PAL-1, Atago, Japan). Acidity was
determined by titration of the aqueous extract with 0.1 N sodium hydroxide (NaOH) to
an endpoint of pH 8.1 (Elmetron CX-732, Poland), according to the PN-90/A-75101/04
standard [23]. The DVFRUELF DFLG DQG QLWUDWH FRQWHQWYV
requantometer (Merck, Germany) [22].

&RORXU
The CIEL*, a*,andb* SDUDPHWHUV GH¢{QHG E\ WKH &RORXU (
WKH 6RFHHWM BQG &RORXULVWYV &O0& RDHEH PHOR A WD
700d spectrophotometer (Japan). The colour parameters and indices were averaged ovel
35 measuremenia4].

JLUPQHVYV
Firmness and puncture resistance of the blueberry skin was measured with a FirmTech2
apparatus (BioWorks, USA) on 100 randomly selected blueberries from three replicates.
Punctures were made using a stamp with a diameter of 3 mm [24]. It is expressed as
a gram-force causing the blueberry surface to bend 1 mm.

([ WUDFWLRQ DQG ,GHQWL¢(FDWLRQ RI 3RO\SKHQRO"

Three replicates of 1000 g of randomly chosen blueberries were kept frozen in
polyethylene bags at -65°C until analysis, then prepared according to the methodology
described by Lachowicetal.> @ &RPSRXQGV ZHUH H[WUDFWHG ~
with 2.0% formic acid. The separation was conducted twice by incubation for 20 min under
VRQLFDWLRQ 6RQLF ' JROVRQLF JRODQG IRIGBI@RZH(
WLPHV RU UDUHO\ G6XEVHTXHQWO\ WKH VXVSHQVLRQ

0J: 0(" ,167580(176 JRODQ@ fobM min. Prior to analysis, the
VXSHUQDWDQW ZBVGERWBIKJHODERZUWK D —P PHPEUDQH
Filter, Merck).

,Q EOXHEHUU\ H[WUDFWV SRO\SKHQROV ZHUH LGH
Performance LC system with a binary solvent manager, a photodiode array detector
(Waters Corporation, USA), and a G2 Q-TOF micro mass spectrometer (Waters, UK)
equipped with an electrospray ionisation (ESI) source operating in both negative and
SRVLWLYH PRGHV 8J/& J'$ 47RI 06 06 > @

S$QWLR[LGDQW $FWLYLW\
For the 2,2-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) assay, the
procedure followed the method of Arnabal. [26]. The ferric ion reducing antioxidant
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SRZHU )5%$J DQG GLJKHQmMO jLFUmOKmGUD]mO
according to the method of Brand-Willianet al.[27]. The antioxidant capacity is
H[SUHVVHG DV —PRO 7URAam weitit{dwy. Meds@aments (for dhe
ABTS* DQG )5%$J DVVD\ LQYROYHG WKH 89 J& VSHF
Japan). The DVFRUELF DFLG FRQWHQW ZDV PHDVXUHG ZLW|
Germany) [24].

)XQJDO ,QIHVWDWLRQ DQG O\FRWR[LQ &RQWHQW LC

Analysis of the degree of fruit infestation by fungi (yeasts and moulds) was based on
the European standard 1ISO 70 [28]. After cultivation of spore-forming fungal inoculates,
samples were subjected to taxonomic evaluation using the traditional method of
PDFURVFRSLF REVHUYDWLRQ RI FRORQLHY DQG PLFUR'

Mycotoxins were determined by using high-performance liquid chromatography—
WDQGHP PDVV VSHFWURPH@UVKHIADPBE O6 ZDV SXUL¢H
LPPXQRORJLFDO DI¢QLW\Y FROXPQV IURP 9LFDP 869% |
5 %LRjKDUP $* *HUPDQ\ IRU RFKUDWRI[LQ $ DFFRUGLC
manufacturers. Patulin, deoxynivalenol, T2, HT2 toxin, and zearalenone were analysed
E\ +J/& 06 06 7KH VDPSOHV ZHUH SXUL{HG RQ %RQG (
Agilent (USA). Each sample was run in triplicate.

6WDWLVWLFDO $QDO\VLV
$00 VWDWLVWLFDO DQDO\VHYVY ZHUH SHUIRUPHG ZLW
The data were subjected to one-way analysis of variance (ANOVA). Group comparisons
ZHUH SHUIRUPHG XVLQJ 7XNH\YV OHDVW VLJQL,{FDQW (
at j <0.05.

BHVXOWY DQG 'LVFXVVLRQ
%OXHEHUU\ 4XDOLW\

7KH PHDQ ZHLJKW RI EOXHEHUULHV SXQFWXUH ¢
acidity (TA), nitrate nitrogen (N-N@, and nitrite nitrogen (N-NQ were determined in
fresh blueberries soon after harvest. Blueberries from bushes sprayed with CH 125 kDa
had the highest weight (342 g/100 fruit), while fruit sprayed with CH 5 kDa had the lowest
weight (262 g/100 fruit). The average weight of 100 blueberries was much higher than in
the study by Ochmiaet al.[30] on the highbush blueberry Patriot cultivar, where it was

J RQ DYHUDJH 7KH KHDYLHVW I|UXL'and bad tlieO VR

highest puncture value (142 G mmFruit that had been sprayed with CH 21 kDa had the
lowest N-NQ and N-NQ contents (30.2 and 0.09 mg 1009 espectively), while fruit
sprayed with CH 125 and 500 kDa had the highest N-&@ N-NQ contents (N-NQ
55.9 and 0.15 mg 1000'grespectively; N-NQ 52.3 and 0.17 mg 1000 grespectively).
Ochmianet al. [30] obtained lower N-NQ(19.3-31.4 mg 1000 and higher N-NOQ
(0.75-0.95 mg 10007 (Table 1).

L $VFRUELF $FLG DQG $QWLR[LGDQW $FWLYLW\

TheL-ascorbic acid content ranged from 20.7 to 39.6 mg $0@ghmiaret al.[30]
reported a vitamin C content in highbush blueberries of 23.4-26.2 mg-416% the
Patriot cultivar, depending on the substrate. Zia and Alibas [31] reported a vitamin C
content for mighty fresh blueberry of 40.29 mg 100dg. Kaltet al.[32] reported that
theL-ascorbic acid content of fresh blueberries was 7-20 mg 108avever, Lopezt
al. [33] reported that the vitamin C content of fresh blueberries was 20.97 mg'100 g
Blueberries sprayed with CH 500 kDa had the highestcorbic acid content; it was
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almost twice as high as the content in the blueberries sprayed with CH 12 kDa. Compared
with the control group, spraying with CH 50, 125, and 500 kDa increaseeasworbic

acid content, while spraying with CH 5 and 12 kDa decreasadakeorbic acid content
(Table 1).

The FRAP method was used to determine the antioxidant capacity of the blueberries.
7KH DQWLR[LGDQW FDSDFLW\ YDULHG GXH WR WKH PR
gh). The blueberries treated with CH 125 kDa had the highest value, even higher than in
the study by Ochmiaetal. > @ ZKHUH WKH )5%$3 Y DO XH¥AMhdhg
the treatments, the blueberries treated with CH 12 kDa had the highest antioxidant activity,
denoted by DPPH and ABTSradical scavenging. The antioxidant activity, determined

E\ "33+ ZDV DV PXFK DV WZLFH B¥s fLtB&K125 kDa sam@e 7 ( J
P R O y(Table 1).

7D E OFhe quality and antioxidant capacity of highbush blueberries depending on the
molecular weight of the applied chitosan.

OROHFXODU ZHLJKW RI FKLWRVDQ

&RQWURO

Weight of 100 | o711 | 262a | 288bc | 302c | 335d | 342d | 291bc
blueberries (

Puncture |4 oabed | 130cde| 108a | 117ab| 121bc | 142e | 133e
(G mm?)

FIMNess | 35epc | 366bc | 317a | 350bc| 352b | 428d | 375¢
(G mm?)

Soluble solid (%) 15.3b 15.8c | 15.6c | 15.2b | 14.5a | 14.4a| 15.1b

Tiwatable acidity o gy | o g1pc| 0.85cd | 0.87d | 0.74a | 0.77ab| 0.80b
(910049)

L-ascorbic acid
(mg 100 §) 26.5b 22.4a | 20.7a | 27.8b | 35.7c | 36.2c | 39.6¢C

N-NO,
(mg 1000 ) | 37-3b¢ | 4150 | 334ab| 302a | 36.1b | 55.9d | 52.3d

N-NO,
(mg 1000 ) | O-l1ab | 0.13bc| 0.14c | 0.09a | 0.15cd | 0.15cd| 0.17d

ABTS-*
PRO 7)( I 14.7a 17.8b | 20.2c | 21.3c | 18.4b | 17.7b | 15.5a

FRAP
PRO 7 b 811bc | 7:36b | 9.55d | 8.78cd| 5.77a | 10.12e| 9.84d

DPPH
PRO 7( b 222 | 157a| 310d | 284c | 21.6b | 1552 16.3a

Note.*Control — not spraying* OHDQV ZLWK WKH VDPH OHWWHU GR QRW
to Tukey’s test (p > 0.05).

%OXHEHUU\ &RORXU
One of the key parameters affecting consumer acceptability of fruit is the surface
colour. Highbush blueberries have a blue-black skin but due to the waxy coating, they
appear light blue [34]. The colour of the studied blueberries was determined Iby, the
a*, andb* parameters. Ahange in thé&* parameter indicates blueberry darkening [35].
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Depending on the molecular weight of the applied CH, the blueberries changed from pink
WR EOXH DV LQGLFDWHG E&* ¥ndbQharam&eps\WrhE Hdokesi &hd L Q
most intense blue shade was observed in blueberries treated with CH 500 and 125 kDa
(Figure 1), which is undoubtedly related to the high anthocyanin content. The darkest
blueberries had the highest anthocyanin content (Figure 1 and Table 2). On the other hand,
the blueberries treated with CH 50 kDa exhibited the lightest purple-pink colouration.
Ochmianet al.[35] reported similat* (26.2 to 32.6) antd* (-28.3 to - 25.9) values.

control 5kDa 12kDa 21kDa 50kDa 125kDa  500kDa

30 40
® 12kDa
W 50kDa
W 21kDa
® 5kDa
® control

W 125kDa
W 500kDa

) L J X UEhange in highbush blueberry colour depending on the molecular weight of the
applied chitosan.

3RO\SKHQROV
Highbush blueberries are r@ch source of polyphenols such as phenolic acids,

DQWKRF\DQLQV DQG RWKHU ADYRQRLGYV > @ 7KH VW
polyphenols (Table 2). The most abundant were anthocyanins followed by phenolic acids;
WKH OHDVW DEXQGDQW ZHUH ADYRQROV DQG ADYDQ

a large extent on the molecular weight of the applied CH (Table 2). There were nine
anthocyanins detected in the blueberries (Table 2). Anthocyanins are the most important
polyphenols in blueberries [8] and are responsible for their black, blue, and red pigments.
Blueberries treated with CH 500 kDa had the highest anthocyanin content (499.70 mg
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100 gY; it was 2.05 times greater than the anthocyanin content of blueberries treated with
CH 12 kDa. Similarly to the studies by 8tal. [35] and Ochmiart al.[5], chlorogenic

acid (aphenolic acid) was the dominant polyphenol. On average, it accounted for between
29.57% and 36.49% of the total polyphenol content in highbush blueberries (Table 2).

7D E ORblyphenol content in blueberries [mg 109.g

&RPSRXQGV OROHFXODU ZHLJKW RI FKLWRVDQ N'D
PJ £J" &RQWURDO
Caf-glu 1.71 1.13 0.55 6.28 0.57 0.33 0.82
Caf-glu 4.59 5.15 5.71 1.32 7.33 4.63 10.03
Caf-glu 0.60 0.85 1.10 2.54 2.20 2.05 2.35
Neochl acid 6.08 4.38 2.68 3.56 3.72 3.88 3.56
Chlo acid 271.92 | 242.03 | 212,14 | 217.83 | 238.49 | 254.21 | 269.58
&UmFKOR| DEGBAG 1.13 0.62 2.69 2.22 3.07 1.37
JKHQROLHK DFLG EF D DE EF FG G
OmU JDO 3.79 3.57 3.35 3.80 10.96 9.99 11.92
Que diglu 1.16 0.78 0.40 0.99 0.85 0.96 0.74
Que 3-rha-hex 6.27 5.46 4.66 4.38 1.44 1.16 1.72
Que 3-rut 3.44 3.29 3.15 2.72 1.67 0.70 2.63
Que 3-gal 4.62 7.63 10.65 5.59 16.22 13.48 18.97
Que 3-methex 3.01 4.48 5.94 3.41 4.22 412 4.33
Que 3-glu 1.03 1.45 1.87 2.42 1.10 0.73 1.47
Que 3-ara 4.11 5.52 6.93 2.55 2.99 2.38 3.60

Que 3-cafgal 1.19 1.13 1.06 0.80 0.49 0.32 0.67
Que 3-cafglu 0.68 0.61 0.54 0.45 0.28 0.25 0.32
4XH R[DjH®.18 10.79 15.41 4.23 1.85 0.13 3.57
Que 3-rha 0.55 0.89 1.23 1.18 1.40 2.19 0.61
Que
GLPHWKR[mMOKD 253 4.02 0.21 0.35 0.63 0.07
4XH T DFHWmMQ

gal 0.08 0.32 0.55 0.51 0.15 0.15 0.14
4XH T DFHWmQ
gal 0.40 0.51 0.62 0.26 0.03 0.02 0.04
JODYRQROV D EF G D E D F

JURFmMDQL|GLEBAGLLP 6.70 7.56 9.63 6.11 6.19 6.03
JURFmMDQL|GLSEBAGIL P 6.01 6.68 6.71 5.60 4.59 6.61
JURFmDQL|G1R0EG IL P40.34 67.63 19.80 23.27 30.50 16.03
Cat 13.01 9.80 6.60 9.22 17.99 32.00 3.99
(JLFDW 4.25 7.94 11.64 8.45 8.77 6.38 11.16
JURFmMDQLGLQ WULP

-B3 0.89 2.63 4.38 2.23 3.76 3.03 4.49
)ODYDQ |ROV D GH I EF FG H DE
Del-3-O-glu 91.75 71.34 50.92 61.18 87.16 55.54 | 118.78
Del 3-ara 2.28 2.11 1.95 1.27 2.39 2.36 241
J HVO-glu 68.61 53.66 38.72 39.34 69.79 | 103.94 | 91.21

& m DO-glu 47.04 43.43 39.82 44.49 51.96 71.58 66.38
&mD DUD 8.33 11.96 15.58 10.45 20.98 26.39 15.57
JHW DUD27.19 24.99 22.79 20.47 34.34 49.14 42.24
Mal 3-gal 79.98 63.51 47.04 49.97 59.56 86.48 98.63
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&RPSRXQGV OROHFXODU ZHLJKW RI FKLWRVDQ N'D
PJ ] &RQWURO
Mal 3-ara 4.75 5.08 5.41 8.40 7.70 8.53 6.87
Mal-3-O-glu 32.77 26.99 21.20 40.42 49.06 40.51 57.62
Anthocyanins F E D DE F G H
TOTAL F E D D F G H

"&DI JOX &DIIHRmMO JOXFRVH 1HRFKO DFLG 1HRFKORURJ
&UmMFKOR DFLG &UMjWRFKORURJHQLF DFLG OmU JDO Oml
diglucoside; Que 3-rha-hex - Quercetin 3-rhamno-hexoside; Que 3-rut - Quercetin 3-rutinoside; Que
JDO 4XHUFHWLQ JDODFWRVLGH 4XH PHWKH[ 4XHUFHWI
JOXFRVLGH 4XH DUD 4XHUFHWLQ DUDELQRVLGH 4XH
4XH FDIJOX 4XHUFHWLQ FDIIHRMOJOXFRVLGH 4XH R[D
UKD 4XHUFHWLQ UKDPQRVLGH 4XH GLPHWKR[mMUKD £
T DFHWmMO JDO 4XHUFHWLQ T DFHWmMO JDODFWRVLGH
&DWHFKLQ (JLFDW (JLFDWHFKLQ JURFmDQLGLQ WULP
'"HOJKLQLGLQ 2 JOXFRVLGH 'HO DUD 'HOJKLQLGLQ DUI
JOXFRVLGH &mD 2 JOX &mDQLGLQ 2 JOXFRVLGH &mbD I
JHWXQLGLQ DUDELQRVLGH O0ODO JDO O0ODOYLGLQ JDODF

Mal-3-O-glu - Malvidin-3-O-glucoside.
“Note. OHDQV ZLWK WKH VDPH OHWWHU DUH QRW VLJIQL¢{(FDQ!
0.05).

)XQJL DQG O\FRWRI[LQV

Filamentous fungi are widely distributed throughout the world [37, 38]. They are
found in soil, water, and materials of organic origin, and their spores are found in the air
and on the surfaces of all kinds of materials. Some specigspefrgillus Penicillium,
Alternaria, andFusariumproduce toxic secondary metabolites called mycotoxins, which
threaten human and animal health [39]. Fresh fruit, including blueberries, are susceptible
to fungal infections that occur both on plantations and at harvest [40]. Toxigenic species of
FusariumandAlternaria DUH RIWHQ FODVVL¢{¢HG DV ¢HOG IXQJL E
substrate moisture for growth and mycotoxin synthesis [41]. Fungi belonging to seven
different generaAcremonium Alternaria, Aspergillus Aureobasidium Cladosporium
Fusarium and Penicillium) were isolated from blueberries after harv&sisariumspp.
were dominant in the samples (44%-56%) (TableP&nicillium spp. (16%-80%) and
Aspergillusspp. (35%-37%) were also very abundadremoniumspp. were the least
abundant: they appeared only in the control group and blueberries that had been sprayed
with CH 5 kDa (5% and 7%, respectiveliPenicilliumspp. were highly abundant (80%)
in blueberries that had been sprayed with CH 125 kDa Cdadiosporiumspp. (73%)
were highly abundant in blueberries that had been sprayed with CH 21 kDa.

Four different types of mycotoxins were detected in the tested samples: patulin,
DADWR[LQ GHR[\QLYDOHQRO DQG ]JHDUDOHQRQH O\F
(ODPHQWRXYV IXQJL DQG WKHUHIRUH RFFXU QDWXUDC
different mycotoxins, and one mycotoxin can be produced by several different fungi [42].
7KH P\AFRWR[LQV ZHUH IRXQG DW ORZ OHYHOV 7DEOH
1 7TDEOH ZDV VLIJQL¢{FDQWO\ ORZHU WKDQ WKH PDJ[L
DSSOH M XL BE)H43] set By bhd World Health Organization. Mycotoxins appeared
only in the control group and the two groups that had been sprayed with the lowest
molecular weights of CH (5 and 12 kDa). The absence of mycotoxins in the samples
may have been related to the occurrencé&wkobasidiumspp. in the samples. They
can degrade mycotoxins through microbial pathways [44]. They show strong antagonism
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to fruit-contaminating moulds and can provide effective bioprotection [45]. It can also
be speculated that HMC inhibited the growth of mycotoxins. According to Gutierrez-
Martinezet al. [40], CH could be an environmentally friendly alternative to the use of
chemical fungicides in controlling postharvest diseases of fruit.

7DEOBXQJIJDO JHQHUD DQG P\FRWR[LQV LGHQWL¢HG LQ

ghétcg’z””o HUFHQWDJH RI IXQJDO YYeR oD

ZHLJKW | N'D (%) (—J NJ
Fusarium 44 Patulin 1.03
Control Aspergillus 25 Deoxynivalenol 0.88
JHQLFLOO|LX® :
Acremonium 5
Aspergillus 36 $ADWRI[LQ |1.79
Penicillium 32 )
5 kDa Alternaria 22 Patulin 0.65
Acremonium 7
Cladosporium 3
Fusarium 54 Patulin 3.04
Aspergillus 37 .
12 kDa Deoxynivalenol 0.59
Cladosporium
9 Zearalenone 0.10
Cladosporium 73
21 kDa Penicillium 19
Aureobasidium 8
JHQLFLOO|L %@
Aureobasidium 27
S0 kDa Alternaria 13
Cladosporium 4
JHQLFLOOIL 8@
125 kDa Aureobasidium 13
Cladosporium 7
Fusarium 51
500 kDa Penicillium 44
Alternaria 5

&RQFOXVLRQ
The results of the study indicate that spraying highbush blueberries with CH improved
their quality after harvest. The molecular weight and high deacetylation degree of CH have
DGHFLVLYH LQAXHQFH RQ LWV SK\VLFDO FKHPLFDO D
of HMC (125 and 500 kDa) improved blueberry physical parameters such as mean weight
RI I[UXLW SXQFWXUH DQG ¢ UP QiadctdtbicaQdz NWE®3J\ KD
and FRAP content relative to the control group. These blueberries also had the most
intense blue colour and high polyphenol contents, especially anthocyanins, and were not
contaminated with mycotoxins. Based on the trend of improvement of the studied traits,
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it can be assumed that using higher molecular weight CH than that used in the experiment
would produce even better results.
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