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Abstract

During the cool season within the Mediterranean region, vegetable growers frequently use
growth regulators to set eggplant fruit. Although this is a generally accepted technique to
permit eggplant production at a time when pollen formation and fertility is low, the effect
of growth regulator application on fruit quality and storage life has not been previously
documented. Therefore, between 2008 and 2011 four experiments were carried out with
the aim of defining in detail the effects of fruit-setting hormones not only on fruit set, but
also on the morphological and physiological characteristics of eggplant fruit during
growth, maturation and storage.

In the first experiment (2008-2009), four cultivars of eggplant, Tsakoniki and Black
Boy (elongate fruit), Black Beauty and Emi (flask-type fruit) were grown both in
greenhouse and open field during two consecutive cropping seasons: spring and autumn.
Plant growth regulators (PGR), viz. B-NOA (60 ppm), NOA (60 ppm) + BA (30 ppm), and
BA (30 ppm), were applied to emasculated flowers at anthesis to set fruit
parthenocarpically, while in the control treatment fruit set was achieved by natural
pollination. The morphological and physiological changes during growth and maturation of
the parthenocarpic (seedless) and seed-containing fruit were compared. NOA effectively
promoted fruit-set and improved all morpho-physicochemical characteristics of fruits
irrespective of seasons and growing conditions. The application of BA in combination with
NOA did not confer any particular benefit on fruit set and development, while the
application of BA alone was ineffective in setting parthenocarpic eggplant, irrespective of
cultivar, growing method (greenhouse or open field) and season (spring or autumn). Fruits
set by NOA or NOA + BA had a higher mean weight than seed-containing fruit due to
increased fruit length and diameter, but in most cases the dry matter content of
parthenocarpic fruit was lower than that of seed-containing fruit. No significant differences
were observed in the development of pericarp colour (L, C* and H°) between
parthenocarpic and seed-containing fruit at different days after anthesis. Other morpho-
physiological traits (e.g. peduncle and calyx length) were not affected by PGR application.
Measurements of pollen production, in vitro germination and pollen tube growth revealed
significant differences in heat/cold susceptibility of the cultivars and so confirmed the need

for PGR application during times of very high or low temperatures.



In the second experiment (2008-2009) the physico-chemical characteristics of
parthenocarpic and seed-containing fruit were compared. From the results, it was found
that the application of PGR (NOA or NOA + BA) did not affect the external or internal
firmness of the fruit. Both the ascorbic acid (except in autumn grown Tsakoniki and Black
Beauty) and the protein content of parthenocarpic fruit was similar to that of seed-
containing fruit. A high variability in the anthocyanin content of the pericarp was detected
and was independent of PGR application. It was also observed that the central region of the
fruit (i.e. in or near the placenta) contained higher levels of phenolics than the proximal
end of the fruit (tissue near the calyx) and that in general fruit set by PGR had a lower
content of phenolics in both regions of the fruit than seed-containing fruit. However, no
significant differences in the level of browning of the flesh (due to phenolics oxidation)
were detected between parthenocarpic and seed-containing. PGR application for fruit set
caused an increase in the concentrations of glucose and fructose in the fruit, whereas
sucrose, maltose and starch were unaffected. Irrespective of PGR application, fruits set in
spring tended to have higher sugar and starch levels than fruit set in autumn.

In experiment 3 (carried out in 2009 and 2011), the storage behaviour of fruit of
cvs. Tsakoniki and Black Beauty grown in the greenhouse or open field was recorded at 10
and 20°C for a period of up to 14 to 20 days. In all cases, fruits that were stored in air
rapidly lost weight and became unmarketable within 7 days due to shriveling. In contrast,
film-wrapped fruit lost weight at a greatly reduced rate and fruit firmness and colour were
retained during storage. Film-wrapping also reduced the rate of loss of ascorbic acid during
storage, while the phenolics content of wrapped fruit was lower than that of unwrapped
fruit. Overall, parthenocarpic fruit showed a similar storage behaviour to that of seed-
containing fruit, while storage at 10°C maintained fruit quality better than 20°C.

In experiment 4 (2011), fruit of cvs. Tsakoniki and Black Beauty were stored in
controlled atmospheres, viz. CA; (3% O, + 3% CO,), CA; (10% O, + 3% CO,) and CA;
(21% Oy + 0.035% CO,), at 10°C for 20 days. Early during storage (by day 7), decay
symptoms were observed in CA; and this treatment was therefore discontinue. No decay
was observed in the other two storage atmospheres. Both controlled atmospheres (CA; and
CA3) maintained better calyx and pericarp colour of the fruit. Within the controlled
atmospheres, the external firmness of parthenocarpic fruit of cv. Tsakoniki remained
higher than that of the seed-containing fruit, but internal firmness did not differ. Controlled
atmosphere storage effectively reduced weight loss and it was observed that water loss

through the calyx was 3-fold higher than via the pericarp; this accounted for the higher
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water loss in Tsakoniki than in Black Beauty because of the higher calyx : pericarp ratio in
the former. No detectable ethylene was found in the storage atmosphere, but a significant
reduction in ascorbic acid content was detected in the parthenocarpic fruit of both cultivars.
The protein and anthocyanin content of both parthenocarpic and seed-containing fruit was
relatively stable during controlled atmosphere storage. Moreover, the total phenolics
content was not affected by the storage environment, or by the presence or absence of
seeds in the fruit. Higher atmospheric O, and lower CO, enhanced the degradation of
starch with a concomitant increase in the concentrations of glucose, fructose and sucrose,
but not maltose.

In conclusion, the application of NOA (or NOA + BA) proved a satisfactory
method of obtaining fruit set in the eggplant cultivars examined in the present study.
Overall, the quality of prthenocarpic fruit was similar to that of seed-containing fruit
produced by natural pollination irrespective of cultivation method (greenhouse or open
field) and season. Parthenocarpic fruit stored equally as well as seed-containing fruit,
provided that fruit were enclosed in polyethylene film. Controlled atmospheres storage did
not confer any additional benefit on the storage life or quality of parthenocarpic or seed-

containing fruit beyond that obtained by fruit wrapping in polyethylene.
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Iepiinyn

Ta mepdpoto Tov TEPLYPAPOVTIOL GTIV TOPOVCH EPYACIO TPAYLATOTOMONKAY LE OKOTO
va peietnfel 1 mopeio TG avAmTLENG, TO TOLOTIKA YOPAKTNPIOTIKG KO 1) LETOGVAAEKTIKN
ouUTEPLPOPE TV TapBevokapmik®Vv (domepumv) kapmomv g peltldvag mov mponAbov
amd TNV EQUPUOYN] PLOMCTOV OVATTUENG O OYEON HE TV EVOTEPUMV KOPTAOV TOL
TPOEPYOVTAL OO PUGIOAOYIKY| ETLKOVIOON.

210 p®to Teipapa, 600 eEMnvikég mowidies pemtlavag (Toakdvikn kot Emi) ko
dvo gloaydpeveg mokidieg (Black Beauty kot Black Boy) kadiepynnkov 6to Beppoknmio
Kol 0TOV aypd o€ VO emoyég, TNV AvolEn (2009) kot to eBvorwpo (2008). H mopeia g
avamTuéng Kot To eEMTEPIKO YPOUA TOV KOPTOV KOTAYPAPNKOY 00 TNV KOPTOOEST £mG
KOl T1) CLYKOMON KOl Ol GUYKOUIGHEVTES KapTOol VoADKV G TPOG TO TEPIEXOUEVO TOVG
og Enpa ovoia. [Tapdiinia pe TV avATTLEN TOV KOPTAOV, KATOYPAPNKE 1) TOPAYOYN TNG
YOpNG avd dvBog katl mpoodiopictnkay 1 Prwotpdtnta kot 1 {oTikotnTa TS YOPNS HE T
ypnon in vitro doxku®v Prdotnone. Ta amoteléopota £0€i&av OtL T0 f-naphthoxyacetic
acid (NOA) mpomOnoe amoteAecpatIKG TV KOPTOIEST TOGO GTO BEPUOKNTIO, OGO Kot
otov aypo, oveEdptnto amd TNV €mOYN] KOAMEPYEWS, EVA 1 EQOPUOYY] HOVO
Bevloladevivng (BA) amétuye v emoymynq g Kapmddeong o€ Kapld TOKIAio Kot 1M
ocvvdvacuévn epapuoy] NOA pe BA eixe mopdupown emidpacn He TNV €QUpUOY| UOVO
NOA. To pnkog kot 1 SGUETPOS TOV TOPHEVOKOPTIKGOV KOPTOV 7OV £0e00V HE TNV
epappoyn NOA ntov peyoddtepa amd TIG OVTIOTOUEG TYES OTOLG EVOTEPLOVS TOV
mopNyONoaV e PLGIOAOYIKY] YOVILOTOINGT, ®G €K TOVTOV, Ol ToPOEVOKAPTIKOL Kopmol
ntav peyodvtepol o péyebog kar Poapvtepot, yeyovog mov pe tn oEpd tov avénoe v
amOO0GN Kol TV EUTOPELCIUOTNTA TV KopPTdV. Opmg, ot pubuotés avantuéng peiooav
TN GLGCAPEVOT| TOV ENPOV PAPOVE GTOVG KAPTOVS. AV Kot OV TapaTNPNONKOV CNUOVTIKES
Slapopég oTig TapaUETPoLs Tov Ypopatog L, C* ko H® petald tov mapbevokapmikdv Kot
TOV EVOTEPUOV KAPTOV OAMV TMOV TOKIAIMV KATA TNV OVOTTUEN TOVG, OMTIKE, KOTA TN
GLYKOMON TOVG 01 TapOEVOKPTLKOTL KAPTOL NTOV PMOTEVOL GE EUPAVION, LE EQAUAAT oV
oYL KOADTEP aVATTLEN YPOUATOG GE GYEOT UE TOVG Evomepprovs. Tnv dvoién ot kapmol
OA®V TOV TOKIMOV OTEKTNOAV TO YOPAKTNPIOTIKO TOLG Ypopo 21 muépeg petd tmv
dvinon (HMA), 6tav 10 pbvortmpo ypetdotnkav 28 HMA, vroonidvovtag 6Tt tnv avoiEn

N cvykopd| pmopel va mpaypatonomBel 7 nuépeg vopitepa oe oxéon Ue T0 POVOT®PO,
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aveEapTnTo amd TNV TOPOVGI 1) ATOLGIN TOV CTEPUATOV GTOVS Kapmovs. [Tapatnpndnke
emiong 0Tt o1 pLOGTEG AVATTLENG dEV EMNPEACAY TO UNKOG TOV KAAVKA 1) TOL UiG)OV.

H xoprddeon vnd kovovikég cuvOnKeg Yo TV KOAMEPYELD e£0PTATAL GE LEYOAO
Babud amd Vv emtvyio TG emiKkoviaong kot g yoviponoinong. Ta amoteAéopato g
Tapovoog perétng £0et&av 6t | PAacTikdOTTA KO 1 Prociudtta g yOpns Kabdg Kot M
EMUNKVVOT] TOV YUPEOCOANVOV SEPEPAV HETAED TOV TOKIM®MOV OO KOl HETOED TOV
enoyowv. H Tooakdvikn epeaviotnke dwitepa Oeppogvaicntm kot dev mapoatnpnnke
PAdoton g yopng Otav emikpatnoay moAd vyniéc (IovAog) M yaunAés (Iavovdprog)
Oepuokpacies. Avtifeta, n Black Boy enédeife avBextikdOmta otic VynAEg Kot yoUnAES
Bepurokpaoies, evdd ommv Emi polovott 1 frocipdmra g yopng ennpedotnke opvnTiKd
amd TIg VYNAEC M yaunAég Beppokpacieg (0nwg kol otnv Toakmvikn), mapoatnpnonke
KOPTOOEST, AOY® TNG QUOIKNG KAVOTNTOS TNG TOIKIAING OLTHG VO TTOPAYEL KOPTOVG
TapOevoKopmIKd. TOVOAIKA, 1 Tapoywyn yopng avd dvbog, n ProactikdéTnTO KOl 1M
LotodTnTo TG YOPNG NTay VYNAGTEPEG GE OAES TIG TOKIALEG KaTd To Mdo, e€attiog twv
euvoikav Beppokpacidv (kor mlavd Tov @oTicpuov). Opmg, yoo v mAnpéotepn
eEaxpifwon g enidpaong Tov TEPPAAALOVTOC GTNV Tapay®YT| Kot Blocidtnta g YOpns,
QTTONTEITOL TEPALTEP® EPEVVAL, LLE EPLPOAOT OTLG OLUPOPETIKES EMOYES KAAMEPYELOG.

Av ka1 ot puOuUIoTEG avanTLENG £YoVV MO TTPoTabEl G Eva LEGO Yo KOPTOJEDT|
Vo Un €uVoikéG KAMUOTIKEG ocuvOnkes, €€ dcmv yvopilovpe, otnv mTapodoa epyacio yio
TPAOTN POPE TEPLYPAPOVTOL TO, TOLOTIKG YOPOUKTINPIOTIKA TV TOPHEVOKAPTIKMOV KOPTAOV
g pehtlavoc. Emopévmg, oto debtepo meipapo emAEYUEVEG TOIOTIKEG TOPAUETPOL TOV
KOPTAOV  TEGGAPOV TOWIM®V  peatldvag mov mapnydnoav mapBevokopmikd 1o
Bepuoxnmio 1 otov aypd Koatd v dvoién (2009) 1 to eBvonwpo (2008) pe v epappoyn
puovo NOA 1 tov ocvvdvacuod NOA+BA, peret)Onkov oto €pyactinplo HETA TNV
GLYKOMOYT TOVG KOl cLYKpiOnKav pe auTég TV EVOTEPUOV KApTdV oL TponAbav amd
(QULOIOAOYIKT] €mKOVIOoT. ATO To OMOTEAEGHLATA, PAVNKE OTL 1] EPAPLOYT TOV PLOGTOV
avanTLENG OV emnpéace 0UTE TNV eEMTEPIKY OVTE TNV E0MTEPIKY] CLVEKTIKOTNTO TOV
Kapmov TG peMtlbvag, aveapmta omd v molkido, TV emoyn kot v péBodo g
KaAAEpyeog (Beppoknmio N aypdg). Opota, 10 TEPIEYOUEVO TOV KAPTOV G€ AoKOPPIKoO 0&h
OgV EMNPEACTNKE OO TNV EPAPLOYT TOV PLOGTOV ovATTLENG, £KTOG amtd TNV TooKOVIKN
kot Tv Black Beauty omv @Bwormpivi koAAiépyelo 6mov to emineda Tov aoKopPkov
oéoc Mrav yoaunlotepo. oTovg TapBevokapmikohs KopPmovg mov  maprxOnoav oto
Bepuoxnmio o€ oY€oM LE TOVG AVTIGTOLYOVS £VOTEPUOVS Kapmovs. To mepieyduevo o€

TPOTEIVEG 6€ OAEG TIG TOIKIALEG dev emmpedotnke amd T péBodo kapmddeonc, avesdptnta
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amd TV TowKMa, TV mtepiodo kat ) pEB0do KaAAEpyelag (oTo BepUoKNTIO 1| GTOV Aypo).
Avrtictoyya, av Kot mopatnpiOnKoy £vioves S1POPOTOGELS UETAED TMV TOIKIMAOV G
TPOG TIG TILEG TOV TEPLEYOUEVOL TOV TTEPIKAPTIOV TOV KAPTMOV € avOOKVAVEG, 1 EPUPUOYT
puOotTOv avamntuéng oev @dvnke vo emnpedlel to emimedo TV avBoxvavov. Ta
QOWVOMKAE, Mo GAAT ONUOVTIKY OHAd0 OVTIOEEWMTIKOV GUOTATIKOV TOV KUPTAOV TNG
peamtldvag, £0e1&av O1PopEG HETaE) TOV TOWKIAMMY Kol NTOV GYETIKO LVYNAOTEPO OTN
KEVIPIKY| TEPLOYN TOV EVOTEPUDV KAPTMOV GE GYECT LE TOVS TapOEVOKOPTIKOVS KOPTOVGE.
Ta amoteAéopata €01V OTL 1| EQUPUOYT TOV PLOGTOV OvVATTVENG UEIMGE TA OAIKA
QOVOMKE KOt GTNV TEPLOYN TOV KAALKO KOl GTNV KEVIPIKN TEPLOYN TOV KAPTMV, YEYOVOS
mov avénoe kot ) eotewvdtra (L) e odpros Tov Koprdv avtdv. Avtd Le T 6epd Tov,
oonynoe oe pio mbavd Betikn enidpaon Tov pLOUICTOV avdmTuéng oV TOWOTNTA TOV
KOPTAOV, HEC® NG MHelmoNg TG €viaong ToL HOVPIGUOTOS TOGO GTOVLG 1GTOVS TOL
TAOKOUVTO, 0G0 KOl G€ 10TOVG HOKPLY OO TOV TAAKOLVTO, OV KOl GE OYl GTOTICTIKA
onuavtikd eminedo. H @pouktoln, m yAvkoln, n ocokyopdln kot mn poAtoln
TPOGOIOPIoTNKOY ®G TO KLPLOTEPO. GAKYOPO GTOVC KAPmovS TG MeATlavog kol m
EQOUPUOYY PLOOTOV OVATTUENG Yo KOPTOOEST OVENCE ONUOVIIKO TO EMIMESO TV
AVOYOYIKOV GoKYapmv, YAukO(Ng kot epovktolne. Oume, ot pubuotég avdmtuéng doev
EMNPEOCAY TO TEPIEXOUEVO GE AUVAO TV KAPTOV TNG LeEMTLAVOC.

XTIG TEPIOGOTEPES TMEPMTMOGELS, Ol TMOLOTIKEG TAPAUETPOL TOV KOPTAOV TNG
peMtlavog mov HEAETNONKAY GTNV TOPOVCH EPYNCIN OEV EMMPEACTNKOV GE CTUTIOTIKA
oNUaVTIKO eminmedo omd v emoyn koAhépyswoc. Opme, m vymAdtepn évtacn Tov
QOTIGHOD Kot 1 AVENUEV PMTOTEPI0O0G KT TNV AvolEn edvnke yeviKd g PeAtimcay
HEPIKG Omd TOL TOLOTIKA YOPOKTNPLOTIKA, Wwitepa TO aoKopPiKd o0&V Kol To GdKyapa
(ppovktoln Kot YAvkOln) Kol 6TOVG EVOTMEPUOVS KOl GTOVS TTapHEVOKOPTIKOVS KOPTOVG.
Avtifeta pe dAAo €idn ™G owoyEvelng TV ZoAavmd®V (ToudTo Kot mmepld) O6mov 1
av&ivn Pedtiooe v Kapmddeon vwd Un vVoikég GLVOTKEG avamTLENG aALG og Bapog TG
TOLWOTNTOG TOV KOPT®V, ot peAtldva eivar Egxdbapo 6t 1 epappoyy NOA 1 NOA+BA
Oyl LOvo odnyel otV Topayw®yn Kopmdv, oAAG emiong Peitidver (] TOLAAYIOTOV dEV
emmpedlel) v mootTa TV Kopndv. Emopévmg, n péhodog avtn yio va mapdyovion
Kapmol VIO PN EVVOTKESG TEPIPAALOVTIKEG GUVONKEG UTOPEL VO GUCTNVETOL AVETIPVANKTOL.

A6y g EMewyng dabéciumv TAnpogopidv ot Piproypagio oxeTikd pe v
arofnkevodTTO TOV TOPOEVOKAPTIKOV Kapm®dv peAtldvoc, o610 Tpito meipapo ot
kapmol 6vo mowwv (Toaxmvikn ko Black Beauty) mov mporjABav amd 600 avol&iartikeg

KaAMEépyeleg oto Oeppoknmo (2009 wor 2011) wor amd pio otov aypd (2009)

Vi



anofnkednkay otoug 10 kot 20°C yia 7, 14 ko 20 nuépeg pe ) xopic TNV KAALYT ToVg te
TAOCTIKY LeUPpavn).

Ta aroteAéopata £dei&ov 0Tt T0 Ypopo Tov mepikapmiov (L, C* ko H®) ko otic
d00 motKiAieg Oev emnpedotnke and TV enéuPaon amodnkevone (kdAvyn N un Kaivym),
™ Oeppokpacio kot ™ ddpkela g amodnkevons. [apatnpndnke 0Tl 6TIG TEPIGGOTEPES
TEPMTMOOEI Kol Ol EVOTMEPUOL Kot Ol mopBevokapmikol kopmol mov KoAHEONKav e
pepPpavn datnpnoav KoOADTEPU TN CLVEKTIKOTNTA TOVG (EEMTEPIKN KO ECMTEPIKY)) OE
oY£0T LE TOVG U KOAVUUEVOVG KapTovs, aveEaptnta amd T Oeppokpacia kot Tn otdpKeLn
g amodnkevong. H kdAvym pe pepPpdvn pelmwoe amoTteAeGUATIKA TV AT®AELD BAPOVg
kaB’ OAn m OSdpkewn g amobnkevong (7-20 nuépeg), Evd ot un KaALUPEVOL Koprol
gywvav un epmopevoiuot petd omd amodfkevon ya 7 nuépeg otoug 10 f 20°C, ave&aptnta
amd TNV Tapovcia 1 arovcio Tov oneppdtov. Ot kapmol g mowidMag Toakdvikn (mov
elval EMPMKELS 08 GYNUO) NTOV TEPICCOTEPO EVAAMTOL GTNV OTAOAELD VEPOD GE GYECT WE
avtovg ¢ Black Beauty (mov éyovv oyfua @Adckag), Aoym e vynAoTeEPNS avaAoYiog
™G EMPAVELNS TPOG TOV OYKO TOL Kapmov. Ot kapmoi mov KaAveonkayv pe pepppdvn etyov
EekaBapa vYNAOTEPO PLOUO OVOTVONG GE GYECT LE TOVS U KOALUUEVOVG KOPTOVS, OAAG
avtd mlava opeiketar otV otadloky anekevBépwon CO;, mov elye cvoowPEVTEL GTOVG
KOAVDUUEVOVG KOPTOVS TPy TN UETPNON, Topd o€ avTh Kab' ovThy TNV ovVOmTVoN TOv
Kkapmo¥. ['evikd, To mepleyodUevo o aoKopPIKO 0EL TOGO GTOVE EVOTEPLOVS OGO KOl GTOVG
mopOevoKopTIKODS  KAPTOVG TPOOOEVTIKG HEWOVOTAY HE TNV adENCN TOL  XPOVOL
anoffKevonc, aALG Kuping og oToTioTikG onuovtikd eninedo povo otovg 20°C. H kddvyn
pe pepPpdvn mapovcioce thorn pHeiwong TG andAewg Tov ackopPucod o&éog mbava
nepropilovtag v 0eld®on| Tov, OALL GE YEVIKEC YPOUUES OYL O CTOUTIOTIKO GNUOVTIKO
eninedo. To mepleyOUeEVo TOV KOPTOV G€ TPOTEIVES Kol avBOKLAVES MNTAV YEVIKOTEPO
otafepd Katd TV amodnkevon kot 1 kKdAvyn pe pepPpdvn Kabvotépnoe TV ammdAELN
QVTOV TMOV GCLOTATIKMOV. ZYETIKA HE TO OMKE QOIVOAIKA TNG OAPKAG TV KOPT®V,
TapoTnpnOnKe 0Tt N KAALYN pe HeUPpavn Helmoe AMTOTEAECUATIKA TN GUYKEVIPWOOT] TOVG
KOl OTOLG £VOMEPUOLS KOl oTOLg mapbevokapmikovg Kapmovg otovg 10°C, evod
GLOCMPELGTN POIVOAIKOV TOpATNPNONKE GTOVE UN KOALUUEVOLS KAPTOUS. X OAEC TIG
TEPIMTOGELS, 1 amodnkevon otovg 10°C dratrpnoe T modTTe TOV KAPTAOV KOADTEPO OO
6t ot 20°C. Zvvolikd, ta. amoteAéopota Tov TEPduatog £deiEav Ot M KGALYT e
pepPpavec Pertinoe amoTeEAEGUATIKE TNV ATOONKEVSIUOTNTA TOV KOPTOV TNG peATlavog
€ OYE0MN WHE TOVG UN KaAvuuEvoug Kapmovs, Adym peimong oto pubud amdAelog Tov

vepob. Metd amd 20 nuépeg amobnkevon otoug 10°C ot kodlvpuévol pe pepppdvn kopmoi
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elyav yevikOTEPOL GPLOTN EUEAVION, VM £Yve €mioNg @avepd OTL Ol TapOBEVOKOPTIKOL
(Gomeppor) kapmoi giyov OLOW CUUTEPLPOPE KATA TV OmoOKELON GE GYECN UE TOVG
EVOTEPLOVG KOPTOVE TOL TAPNYONCOAV LLE PLGIOAOYIKT ETKOVIOO.

Me okomd va. amoktn0oOV TEPIGGOTEPES TANPOPOPIES GYETIKA LE TNV TOOTNTA TWV
TAPOEVOKOPTIKAOV KOl EVOTEPUOV KOPTOV NG MeATldvag katd Tnv  oamobhkevon,
TEPOLTEP® TEIPOUOTIGUOC TPOYHOTOTOMONKE, e KOAPTOVG TOV TOIKIAMDV ToaK®VIKN Kot
Black Beauty mov avartoyOnkav oto Beppoxnmio xatd tv avoién tov 2011 ko
amodnkevTnKav vto ereyyoupeves atpdsearpes [CA : 3% O, + 3% CO,, CAz: 10% O, +
3% CO, and CAj: 20% O, + 0.035% CO,] otovg 10°C émg ko 20 nuépec. Ady® g
avantuéng avaepoPfiov ocvvinkav oty enéuPacn CA; (3% O, + 3% CO;) ko oty
Tookovikn kor otnv Black Beauty petd 8 nuépeg and v évapén g amodnkevong kot
TOV EMOKOAOVOOV CUUTTOUATOV CNYNG OTOLG KOPTOVG, M EMEUPAOT OVTH OLOKOTNKE.
Opawg, otig emepPaceig CA;, (10% O, + 3% CO,) ko CAjz (20% O, + 0.035% CO,) xopmoi
Kot TOV OO0 TOIKIMAV amonkedtray €oc kKot 20 nuépeg otovg 10°C. Kar 1 «@peckddoy
TOL KEAAVKO KOl TO YPOUN TOV TEPIKAPTIOL OV OTOTEAOVV CNUAVIIKES TOPAUETPOVS
moldtTog Yoo v peatlavo eléyynkav amotedecpatikd and tic emepPdoeig CA; kot
CAj3. H ovvektikdtra, pior GAAN SNUOVTIKY] QUGIKY TOPAUETPOG TOLOTNTOGC, TOPEUELVE OE
peyaro Pabud avemnpéaotn and T EAEYYOUEVES ATUOCPULPES, OV KOl OT TEPITTOGCT TOV
TopOEVOKOPTIK®OV KOPTAOV TNG TOOKOVIKNG TO £EMTEPIKO TEPIKAPTIO NTAV MO GUVEKTIKO
o€ OYEON UE OVTO TOV EVOMEPUMV KOPTAOV, EVO 1 ECMOTEPIKN OCLVEKTIKOTNTO OEV
emnpedotke. [lapatnpnOnke eniong 01t 1 anmAglo vepod PECH TOV KAALKA NTOV 3 QOPES
VYNAOTEPN GE GUYKPLOT LE TNV OTADOAELD HECH TOV TEPIKOAPTION Kot AOY® TNG VYNAdTEPNG
avaloyiog Tov KOAVKO ®¢ TPOS TO TMEPKAPTo ot Kapmoi g Toakdvikng €&yoacov
TEPLGGOTEPO vEPH KOTA TNV amobnkevon Tovg oe oyéon pe avtovg g Black Beauty.
Ouwg, n kdAoyn pe pepPpaveg, Onme amodeiydnke 610 mPONyoLUEVO TEpapd, HEIMOE
OTOTELECUATIKA TNV OTAOAEWD VEPOD HECH TOL KAALKO KOl KOTE GUVETELN TEPLOPLOE TNV
amoAEl PApovg Katd TNV OmoONKELOT. ENUOVTIKY OTOAEW  AoKOPPKoy  0&E0G
mopatnpnnke kotd TV amobniKevLon 0TOVG TOPHEVOKAPTIKOVG KOPTOVS, EVM OEV
Bpédnkav Slopopég OTOVE EVOMEPUOVS KAPTOLG TOL AmodnkedTNKOV Kol OTIG 000
eleyyopeveg atpoceapes. Opota e TV KGALY™N pe pepPpavn 6to mTponyovUeEVo TeipapLa,
N amodnKevon o€ eAeyYOUEVEG OTUOCPOIPES EMIONG MAPEUTOOIGE TNV OATOOOUNCT TOV
TPOTEIVOV Kol TOV 0vOOKLOVAOV KOl GTOVG £VOTMEPUOVS KOL GTOVG TOPHEVOKOPTIKOVG
Kkapmovs. H amobnkevon oe eleyyOueves atuOGQUIPES TOPEUTOIICE TNV OTMOAELL TOV

QOVOMK®OV TNG GAPKOS Kol evd M HElwUEVT ovykévipwon O, ot CA; mapeumoddioe v

viii



amodOUNon TOL apdAov, M vynidtepn ovykévipwon O, g CA3 mpowbnce nv
AmOdOUNGT TOV OUVAOD, OONYAOVTIONS O CLENUEVY] CLYKEVTIPMOY CaKkydpmv (Kupiwg
YALKOING, PpovKTONG Kot Gakyopdlng) 6Tovg KOPTOUG HE TO TEPUS TS amodnKevonc.
Amo Tt0 mOpOmAvVe omoTEAEGHOTO cLVAYETOL OTL M KvupldTeEPN OeTikn emidpaon TG
amofnKevong oe EAEYYOUEVEG ATUOCPALPES POIVETOL VO Elval 1) STHPNON TNG PLGIKNG
euPaviong (KdAvKoG Kol PO TEPIKOPTIOV) TOV KOPTAOV, OTOV OAEC Ol VTOAOITES
TO10TIKEG TOPAUETPOL OV emnpedotnkay Betikd. Emopévmg, 1 amobrjkevon oe eheyyOueveg
ATULOCQOIPES OEV PUIVETOL VO TPOGPEPEL VAL CNUOVTIKO TAEOVEKTNO GTNV omofdnKevon
TOV KOPTOV TG HeMTLAVOS TEPO Amd oVTO OV TPOCPEPEL 1 KAALYT TOV KOPTDV LE
peuppdvec  moAvoiBuleviov, €V GCLUVOMKG M OTOONKEVLTIKY] GLUTEPLPOPH  TOV
mopOevoKopTIK®OV Kapm®V Tov mapdyovtal pe v eeappoyn NOA 1 NOA+BA yuw
KOPTOSEDT), EIval TAPOUOLD LE TV OVTIOTOLYN TOV EVOTEPUOV KUPTMOV TOL TOPBEYOVTal

Ao PLGLOAOYIKY EMKOVIOGT).
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CHAPTER 1

1 Introduction

1.1 Research Background

Eggplant (Solanum melongena L.), also known as aubergine and brinjal (Lester and Hasan,
1991; Lawande and Chavan, 1998), is one of the most widely distributed and cultivated
species of the Solanaceae family. Eggplant is believed to have originated in the Indo-
Burma region but has a secondary center of diversity in China (Vavilov, 1931; Boswell,
1949). Although eggplant originated in subtropical regions, today it is commercially
cultivated worldwide and with a growing reputation (Doganlar et al., 2002). Different
cultivars of eggplant are now globally available and characterized on the basis of plant
morphology, fruit size, shape and color and a variety of growth characteristics. The global
area under eggplant cultivation is estimated to be 1.66 million ha with a production of
41.84 million tons, and about 93% of world production comes from Asian countries
(FAOSTAT, 2011). Greece is the fifth largest producer of eggplant in the Mediterranean
region and contributes about 8.79% to total EU production (FAOSTAT, 2011).

Eggplant is a popular vegetable crop in the tropics and sub-tropic regions, where it
is cultivated for its physiologically mature but unripe fruits, which can be cooked or fried
whole, dried or pickled. Eggplant fruits have a great nutritive potential due to the presence
of ascorbic acid and phenolics, both of which are powerful antioxidants (Vinson et al.,
1998). During the last decades intense interest has been aroused on the activity of
antioxidants in eggplant, which enhance its total nutritional value in comparison with other
vegetables. As a common vegetable in traditional Mediterranean cuisine, eggplant is
widely consumed by the Greek people. In Greece, it took 6th place in the top-10 list in
terms of vegetable production in 2010 (Greek Ministry of Agriculture, 2011). In Greece,
most eggplants (90.23%) are grown in the spring and summer, mainly in the open field,
whilst the remainder (9.77%) are grown under cover during autumn and winter (Greek
Ministry of Agriculture, 2011).

Eggplant is considered to be a vegetable of hot climates (Romano and Leonardi,
1994; Lawande and Chavan 1998) requiring relatively higher temperatures during growth
and development compared with other Solanaceous crops, eg. tomato (Solanum

lycopersicon L.) and pepper (Capsicum annum L.). Low night air temperature and



insufficient light are detrimental to eggplant fruit-set (Sato and Ito, 1973; Wang et al,,
1980; Sun et al., 1990; Abeny and Russo, 1997). During winter in the Mediterranean
region, low minimum night temperature (<8°C) hamper fruit-set and development,
probably as a result of reduced pollen germinability (Nothmann and Koller, 1975).
However, the use of heating in greenhouses increases the cost of production; therefore,
fruit set is generally induced by applying plant growth regulators during the winter
production of eggplant in unheated greenhouses in the Mediterranean area (Nothmann and
Koller, 1975; Olympios, 1976; Donzella et al., 2000; Acciarri et al., 2002). Gustafson
(1936) first demonstrated the application of auxin to tomato to set parthenopcarpic fruit.
Exogenous application of auxins, gibberellins and cytokinins, or mixtures of these
hormones, has been reported to increase fruit set in eggplant (Nothmann and Koller, 1975;
Olympios, 1976), tomato (Kojima et al., 2003), pepper (Heuvelink and Korner, 2001) and
pepino (Ercan and Akilli, 1996). In contrast to tomato, where hormone reduces fruit quality
(Olympios, 2001), hormone-set, parthenocarpic eggplant fruits are appreciated by
consumers because they have no seeds, which harden during maturation impart a bitter
taste and interact with other constituents during cooking. In fact, parthenocarpy in eggplant
increases the commercial value of the fruit because they are easy to consume, they have a
minimal-waste, and they possess a relatively long shelf-life (Gillaspy et al, 1993;
Gonzalez et al.,, 2004; Habashy et al, 2004). However, to date no studies have been
conducted to evaluate the complete profile of fruit quality in response to growth regulator
application to eggplant fruit.

Although eggplant is a common vegetable in our retail outlets, it has a very limited
fresh shelf life for freshness (Mohammed and Sealy, 1986; Jha and Matsuoka, 2001). In
the majority of perishable fruits and vegetables, shelf life can be extended by storage at
low temperature from harvest until consumption and this is normally an effective means of
maintaining quality and nutritional value. However, most of the fruits and vegetables
originating from tropical regions, like eggplant, are sensitive to chilling, below about 10°C.
Chilling injury in eggplant is manifested mainly by the appearance of surface injuries, such
as discoloration of the calyx, darkening of the seeds and pulp tissue, in severe case pitting
and browning of the skin or surface scald, pitting and scald (Cantwell and Suslow, 1999;
Concellon et al., 2000, 2007; Prohens et al., 2007). These symptoms do not normally
appear during low temperature storage, but rapidly develop on the return of fruit to room
temperature. The susceptibility to chilling injury depends on the temperature and time of

exposure to low temperature, the cultivar and the period of harvest (Fallik et al., 1995). It



has been reported that wrapping eggplant fruits in film can satisfactory reduce the
symptoms of chilling injury as well as water loss (Mohamed and Sealy, 1986; Fallik et al.,
1995; Rodriguez et al., 2001; Pahlevi et al., 2009).

Apart from storage temperature and duration, the storage atmosphere can also
affect the physiological processes of fresh, stored produce such as eggplant. Storing fruits
or vegetables in controlled atmosphere (CA) enriched with high CO, and/or utilizing low
O; levels can be a very beneficial tool in maintaining product quality and extending shelf
life (Kader et al., 1989). Although several studies have documented the effect of CA
storage on eggplant (Kaynas ef al., 1995; Arvanitoyannis et al., 2005; Catalano et al.,
2007), the CA storage of parthenocarpic eggplant fruits has not previously been described.

1.2 Origin and distribution of eggplant

Although differences of opinion exist about the origin of Solanum melongena, there is a
general consensus that the Indo-Burma region is the primary centre of origin (Vavilov,
1931; Lester and Hasan, 1991). Strong support for this view point was provided by Isshiki
et al. (1994) based on the isozyme and morphological variation detected in a large
germplasm collection from India. There is wide genetic diversity among the species within
this genus, which comprises about 1500 species (D’Arcy, 1991), and it is believed that the
domestication of non-bitter, fruiting types of eggplant spread from the Indo-Burma region
into China, where small-fruiting types developed that were distinctly different from those
of Indian origin (Boswell, 1949; Nonnecke, 1989). The introduction of eggplant to the west
was primarily via the Mediterranean region by Arab traders and this is considered to be a
region of secondary domestication (Daunay et al., 2001). Historical records indicate that
Portuguese colonists took eggplant to Brazil before 1650 (Boswell, 1949). It was
introduced into North American gardens in 1806 where the purple and white varieties were
primarily an ornamental curiosity until the early 1900's (Boswell, 1949). It is now widely
cultivated in the tropical, subtropical and warm temperate zones of the world, and as a

heated greenhouses crop in more northerly cooler climates.

1.3 World production of eggplant

Eggplant is the third most important crop in the Solanaceae, after potato (Solanum
tuberosum L.) and tomato (FAOSTAT, 2011). In 2010, the global production of eggplant

was 41.84 million tonnes, of which 39.17 million tonnes came from Asia (mainly from



China and India), 1.55 million tonnes from Africa and 0.91 million tonnes from Europe
(FAOSTAT, 2011). China is the largest producer of eggplant in the world followed by
India, Egypt, Iran and Turkey (Table 1). European production of eggplant is concentrated
in the Mediterranean region (Table 1). In 2010, eggplant production in Europe amounted to

806 thousand tonnes which was less than the production of Turkey (FAOSTAT, 2011).

Table 1. Major eggplant producing countries of the world (FAOSTAT, 2011).

World region Country Area (ha) Production (ton)
Asia China 731547 24501936
India 612400 10563000
Iran 29300 888500
Mediterranean | Egypt 25017 1229790
Turkey 28000 846998
Italy 10741 302551
Spain 3450 190200
Greece 2400 70900
North Europe Netherlands 100 46000
France 645 19928

Greece is the fifth largest producer of eggplant in the Mediterranean region and
contributes about 8.79% to EU production. (FAOSTAT, 2011). The production of eggplant
in Greece increased from 68.130 tonnes in 2005 to 70.900 tonnes in 2011, but the total
production area showed a decreasing trend (Table 2) (FAOSTAT, 2011). In the
Mediterranean region, eggplant is usually grown in the open field during summer and
under cover during winter. In Greece, the area under open field cultivation was 2876 ha

whereas under cover was only 311 ha during 2006.

Table 2. Area and production trend of eggplant in Greece during 2005-2010 (FAOSTAT,
2011).

Year Area (ha) Production (ton)
2005 3186 68134
2006 3188 69341
2007 3121 67928
2008 2900 85300
2009 2800 82000
2010 2400 70900




1.4 Flowering and fruit-set of eggplant

1.4.1 Flower morphology

Eggplant flowers are large, violet-coloured, and consist of the calyx: sepals 5, united,
persistent; corolla: petals 5, united, usually cup shaped; androecium: stamens 5, alternate
with the corolla; gynoecium: carpels united, ovary superior (Rashid and Singh, 2000).
Flowers are extra-axillary (Shah and Patel, 1970) and are borne either solitary or in
clusters, only one flower of which is potent (Kakizaki, 1924). Anthesis starts from about
7.30 am and continues up to 11 am; the peak time for anthesis is 8.30 to 10.30 am (Rashid
and Singh, 2000). The stigma appears shiny and sticky when it is fully receptive. Prasad
and Prakash (1968) found maximum receptivity to occur on the day of anthesis, followed
by a gradual decrease with age, until on the fifth day after anthesis receptivity is almost
negligible. Kakizaki (1924), Tatebe (1938) and Pal and Singh (1943) noted similar
periodicity in the receptivity of the stigma in eggplant, and reported maximum receptivity

on the day of flower opening.

1.4.2 Types of flower

Heterostyly reduces the yield potential of eggplant (Kowalska, 2006). Four types of
flowers, viz. true short, pseudo-short, medium and long-styled, have been recognized in
eggplant by Prasad and Prakash (1968) and Chadha and Saimbhi (1977). However,
Nothmann et al. (1983a) divided eggplant flowers into two distinct morphological
functional types only: namely, long- and short-styled based both on style length and on
flower position in the cluster, instead of the commonly used descriptive methods, such as
reference to style length only. Style length in eggplant is a varietal characteristic (Chadha
and Saimbhi, 1977), but it is also influenced by external factors such as fruit load and plant
age (Lenz 1970) and the cultivation environment (Wang et al. 1980; Nothmann et al.,
1983a). In their experiment, Passam and Khah (1992) concluded that genotype is an
important factor in the regulation of flowering and fruit-set in eggplant, with concomitant
implications for fruit and seed production. Kabir (1981) noted that only long-styled and
medium-styled flowers can set fruits, whereas short-styled flowers do not set fruit
(Quagliotti, 1962; Prasad and Prakash, 1968; Siddique and Husain, 1974; Kowalska, 2003;
Kowalska, 2006). It has been reported by Smith (1931) and Muthukrishnan and Srinivasan
(1963) that under natural conditions and even with growth regulator sprays no short-style

flowers could be induced to set fruit. Therefore, high fruit set is attributed to the production



of large numbers of long-styled flowers, which are characterized by their plump ovary and
thick pedicel (Mohideen et al., 1977). Passam and Bolmatis (1997) found maximum fruit
weight and seed formation in those flowers in which the stigmata at maturity were situated
close to the anther pores. Kowalska (2006) recorded most intensive fruiting during July
and August in Poland, whereas Passam and Bolmatis (1997) reported under Greek
conditions, eggplants produced the greatest number of flowers about one month earlier i.e.

in June and July.

1.4.3 Effect of fruit load on flowering

Developing fruits reduce the growth of leaves, stems and roots in eggplant (Mochizuki,
1959). This may be due to competition for assimilates and nutrients, or alternatively,
growth may be inhibited by hormones produced in the fruits, as suggested by Fulford
(1962). This latter explanation is supported by Lenz (1970), who showed that developing
fruits of eggplant inhibit pistil growth in flowers formed later on the same plants, and this
retardation lasted longer in plants with four fruits than in those with two fruits. In contrast,
male flower organs were not affected. Passam et al. (2001) showed that not only style
length, but also flower and pistil (but not anther) mass are reduced during fruit
development, whereas auxin influences the number of flowers. They indicated that even
under climatic conditions that are favourable for fruit set, the fruit load of the plant may
impose a restriction on pollination through its effect on style length. Khah et al. (2002)
reported that during fruit growth, flower formation was reduced, style length and flower
mass declined, but the length of the anther cone was not affected. According to Claussen
(1986), fruit are strong sinks and partly hamper vegetative growth and the fruit set of new
flowers by withdrawing leaf carbohydrates, which otherwise might have been available for

nitrate assimilation.

1.4.4 Effect of climatic factors on fruit set

The eggplant is a warm-season vegetable and during the summer it is normally grown
under field conditions. Many factors were found to be associated with the change in fruit
set and flower-shedding, these included pollination and fertilization, previous fruiting
(Wang et al., 1980), climatic conditions (Qian, 1985; Sun et al., 1990) and field
management (Carter and Johnson, 1988). During the long, hot season, plant growth,

flowering and fruit development of eggplants are normal, but during the cool season many



abnormalities occur, including decreasing flower fertility, the production of seedless fruits
(Nothmann and Koller, 1975a) and abnormal colour development (Nothmann et al., 1978).
During winter and spring months in the Mediterranean region, the temperature regime
affects the growth of greenhouse crops (Romano and Leonardi, 1994; Uzun, 2006) and
hampers fruit-set and development, probably as a result of reduced pollen germinability
(Nothmann and Koller, 1975a). According to the findings of Hazra et al. (2003), fruit set
and fruit yield of eggplant were reduced by 14.3-71.0% and 66.3—-83.5%, respectively,
under protected and unprotected cultivation. In the hot summer months, less than 10% of
the flowers of a sensitive cultivar (Long Negro) set fruit in comparison with over 40% in a
tolerant cultivar (Emi) (Passam and Khah, 1992). Passam and Bolmatis (1997) noted that
low humidity coinciding with high daytime temperatures may reduce stigma respectively
and/or pollen germination. In heated plastic-covered greenhouses, Suzuki et al. (2005)
recorded a lower marketable yield at 14°C than at 16°C or 18°C. They also reported that
the fruit shape at 16°C was slightly more slender and the mesocarp of the fruit was less
firm than that at 18°C, but fruit colour and yield were similar at both temperatures. Studies
under glasshouse conditions by Saito and Ito (1973) showed that higher night temperatures
and/or low light intensity retarded the development of flowers, and smaller flowers with
smaller sepals, petals, anthers and especially smaller ovaries with shorter styles were
produced, and heavy flower drop ensued. Sometimes in summer, ovary growth ceased at
an early stage but the calyx continues to grow resulting in an enlarged ovary enclosed in a
hypertrophic calyx (Nothmann, 1983). During the warm season in Israel almost all the
‘additional’ flowers (i.e. the 2", 3™ or more flowers within a cluster) drop, but during the
cool season some of them set fruit (Prasad and Prakash, 1968; Nothmann et al., 1979).
Nothmann et al. (1983a) showed that low temperatures may adversely affect fruit-set
through a reduction in style length and can cause slow fruit development in eggplant
(Nothmann, 1986). On the other hand, Bakker (1990) reported that the average fruit
maturation period of eggplant in Holland in the autumn was 4 weeks, a week less than
during spring because of higher temperatures.

Wang et al. (1980) reported that rainfall, high relative humidity and insufficient
light intensity were detrimental to fruit set in eggplants. According to the findings of Sun et
al. (1990) fruit setting ability was affected neither by natural light duration nor by relative
humidity, but mainly by the average maximum temperature and precipitation during the
first 5 days after the flowers had opened. It was reported that under limited light

conditions, bud initiation in eggplant is poor and high flower abortion results, as well as



reduced flower bud occurrence due to the low availability of assimilates (Nothmann, 1986;
Passam and Khah, 1992; Mohamed and Amer, 2001; Nkanash, 2001; Khah et al., 2002).
Olympios (1976) stated that temperature alone may not be the only limiting factor
affecting fruit-set; light energy and photoperiod may also be involved. Uzun (2006) noted
that the leaf number subtending the first fruit in eggplant declined linearly with decreasing
temperature, particularly at the lowest daily mean light integral (1.9 MJ m™ d™"). In another
study, Uzun (2007) reported that the highest number of flower buds (35) and fruit (12) per
plant were obtained at the highest light intensity at 17°C whereas the lowest number of

flower buds (9) and fruit (4) per plant occurred at the lowest light intensity.

1.4.5 Pollen morphology and fertility

The anthers of eggplant dehiscence through apical pores within 15-30 minutes of the first
opening of the flower (Prasad and Prakash, 1968), thus favouring self-pollination
(Kakizaki, 1924; Rashid and Singh, 2000). The duration of dehiscence is very irregular and
is affected by the time of day, temperature and humidity (Pal and Singh, 1943; Prasad and
Prakash, 1968). In general, pollen release starts from 9.30 to 10 am. (Rashid and Singh
2000) or between 34 and 110 minutes after anthesis (Hazra et al., 2003). The pollen grains
appear as a fine, yellowish, powdery mass, which accumulates at the pore of the anther till
they are mechanically distributed, e.g. shaken by wind or similar agencies (Kakizaki,
1924). Normal pollen appears turgid, whereas non-viable or sterile pollen grains are
shriveled and elliptical (Prasad and Prakash, 1968). Depending on the variety, the
maximum size of pollen is 20.65 x 19.94 micron and minimum 17.23 x 16.59 micron
(Prasad and Prakash, 1968). Similar results for pollen size were also reported by Mishra
(1962).

Low temperatures affect the germinability of pollen in Japanese varieties of
eggplant (Hirose, 1965; Fujishita, 1965), for which the minimum temperature for normal
germination of pollen on the stigma is 20°C (Fujishita, 1965). In the Mediterranean region,
the protected cultivation of eggplant is conducted under non-heated cover and the night
temperatures during winter and early spring frequently fall below the biological limit and
then pollen viability becomes a problem for fruit set (Abak and Guler, 1994). As reported
by Abak and Guler (1994), the existence of 30-35% pollen viability is sufficient for the
normal production of eggplant and these authors found 35% pollen viability and 12%
pollen germination in a greenhouse in which the minimum temperature was set at 5°C.

According to the findings of another experiment, pollen viability and pollen germination



were respectively 52% and 13% inside a plastic-covered greenhouse heated only against
the risk of frost (Abak et al., 1995). As reported by Nothmann and Koller (1975a), low
temperature stress in eggplant during the cool season caused a gradual loss of pollen
fertility which led to the development of seedless fruit, but female fertility was not
affected. Temperature-induced male sterility is transient, and full pollen fertility is
regained with normal seed development, as temperature conditions improve. Passam and
Bolmatis (1997) emphasized the need for vibration or some other form of assistance for
pollen transfer when eggplants are grown under cover because air movement and insect
activity for pollen transfer may be insufficient even for the small differences in proximity
of the stigma and the anther pores. In Mediterranean countries, bumble bees are often
introduced into greenhouses to improve pollination, but these insects are more efficient if
the greenhouses are heated to a temperature of over 12°C at night during the most critical

period (between December 15 and February 15) (Abak et al., 2000).

1.4.6 In vitro germination of pollen

Different experiments have been carried out to determine a suitable method, medium and
incubation time for in vitro pollen germination of eggplant. This is important because
staining of pollen as a test for its viability is not reliable (Vasil, 1958). Prasad and Prakash
(1968) used a medium containing 5% sucrose with 0.01% H3;BOs for their pollen viability
tests. Guler et al. (1995) reported that the ‘agar in petri’ method is better than ‘hanging
drop’ and ‘saturated petri’ methods. They found 1% agar, 12% sucrose, 300 ppm H3;BO3
and 300 ppm Ca(NOs), the best medium for pollen germination. However, although the
percent germination was high in this medium, bursting of pollen grains and tubes was very
frequent. Khan and Perveen (2006) used the ‘hanging drop’ technique with different
concentrations of sucrose and boric acid (10% - 100%) for pollen germination. In another
experiment, Hirose et al. (1968) used 17% sucrose and 1% agar, and observed that the
addition of most inorganic salts inhibited both pollen germination and tube growth. To the
contrary, boron promoted germination markedly at all concentrations and in the medium
containing 57.13 ppm boric acid (10 ppm boron) the pollen tube grew at a rate of 375
microns an hour. Calcium and magnesium ions both inhibit pollen germination and tube
growth, but when either calcium or magnesium are used to supplement boron then pollen
germination and pollen tube growth are promoted (Hirose ef al., 1968). The germination
rate of eggplant pollen can be slightly increased by the addition of a-naphthalenacetic acid,

B-indoleacetic acid, 2-chloroethyltrimethylammonium chloride and N-dimethyl amino



succinamic acid (Hirose ef al., 1968). According to Guler et al. (1995), 2-3 hours at 25°C is
the most suitable time for counting the germinated pollen grains without bursting. Pollen of
eggplant can be stored for up to 48 weeks at low temperature (-3°C) and in 30% benzene
solution (Khan and Perveen, 2006). Rylski et al. (1984) used a 10% sucrose solution
containing 0.01% H3BO4 at 27°C for in vitro pollen germination and after 4 hours pollen
germination was observed under fluorescent illumination (2500 lux). Furthermore, these
authors tested pollen germination in vivo using cut styles (24 hours after pollination) and
fixing them in 2:1 ethanol and 96% glacial acetic acid, followed by florescence microscopy

(Martin, 1959).

1.4.7 Use of plant growth regulators for fruit-set in eggplant

Under field conditions in the Mediterranean region during summer, natural pollination
takes place and fruit invariably contain seeds (Olympios, 1976). However, during winter
and spring, ruit set under plastic cover is frequently poor and fruit development restricted,
probably as a result of reduced pollen germinability (Nothmann and Koller, 1975b). It has
been reported that the application of various growth regulators improves fruit-set in
eggplants both during the normal growing season (Krishnamurthi and Subramanian, 1954;
Muhukrishnan and Srinavasan, 1963; Sharma, 2006) and during the cool season
(Nothmann et al., 1974; Olympios, 1976; Nothmann, 1983; Nothmann et al., 1983b; Lee et
al., 2004). Selection of effective growth regulators, optimal concentrations and spray
intervals is very important to induce fruit set and development of eggplant during
unfavorable winter conditions, such as low light intensity and low temperature (Lee et al.,
2004). Handique and Sarma (1995) proved that hormones can modify heterostyly in
eggplant flowers through their impact on the flower’s anatomical structure and the
transition of nutrients within the pistil’s canals. Kowalska (2006) noted that naphthalene
acetic acid (NAA) reduced the occurrence of remarkably short-styled flowers, but
increased the number of long-styled flowers. Pessarakli and Dris (2003) reported that the
optimum and proper use of growth regulators and genetic engineering substantially
increase eggplant yield and improve fruit quality.

Plant growth regulators can be used to stimulate parthenocarpic fruit development
in eggplant, e.g. foliar sprays of 2,4-D at 0.00025% applied to freshly opened flower
clusters induced parthenocarpy (Sharma, 2006). Patel et al., (1997) reported that the
application of 2,4-D at 4 ppm to eggplant cv. Surati Ravaiya produced a higher yield
(54.11 t ha™) than the control (33.07 t ha™). Sharma (2006) sprayed the whole plant with
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several different types of plant growth regulator at different concentrations starting from
flowering, and others at 20 days intervals after first flowering. He found that plant growth
regulators had no significant effect on plant height and stem diameter but gave higher fruit
yield (17.76 t ha™') at 40 ppm NAA. Krishnamurthi and Subramanian (1954) reported that
2,4-D was not able to set fruit in the true short-styled flowers, but pseudo-short-styled
flowers could be induced to set fruits with 2,4-D with a maximum of 60% fruit set
obtained by the application of 0.01% 2,4-D compared with 27% in the untreated control.
According to Olympios (1976) the synthetic auxin B-naphthoxyacetic acid (NOA)
at 60 ppm alone, as well as in combination with 30 ppm 6-benzyl-aminopurine (BA)
applied to open flowers during winter and early spring, had a positive effect on fruit-set
and fruit development in eggplants, whereas early yield was induced by the application of
n-meta-tolyl-phthalamic acid at 250 and 500 ppm to the whole plant. It was noted that BA
alone benefited neither early yield nor total yield, but in fact reduced both, whereas auxin
application was apparently able to exert its maximum effect only when both auxin and
cytokinin levels were optimum (Olympios, 1976). According to Lee et al. (2004),
cloxyfonac (4-chloro-a-hydroxy-o- tolyloxyacetate) application at 490 mg 1" produced
higher marketable yield than 4-CPA (4-chlorophenoxyacetic acid) and CPPU [N-(2-chloro-
4-pyridyl)-N-phenylurea], but fruit set and development were similar in cloxyfonac and 4-
CPA. Application of 2,4-D (2.5 ppm) reduced flower drop and increased fruit number per
plant, which ultimately increased the yield per plant (Nothmann, 1983). During cool
months, plants produced undersized fruits with many ovaries, but Nothmann (1983) and
Nothmann et al. (1983b) observed that the occurrence of enlarged ovaries was limited and
fruit-set and fruit growth were much improved by the application of 2,4-D at 2.5 ppm,
especially in cultivars whose development was more affected by the unfavourable growing
conditions of the cool seasons. These results are in contrast to other reports on the effect of
2,4-D treatments (under hot conditions), such as the formation of ‘enlarged ovaries’ and
the restriction of the weight or size of the individual fruit (Muthukrishnan and Srinavasan,
1963; Matsumaru and Udagawa 1975). Van Ravestijn (1983) applied a spray mixture
consisting of 20 mg I 4-CPA and 500 mg 1" iprodion [3-(3,5-dichlorophenyl)-N-
isopropyl-2,4-dioxoimidazolidine-1-carboxamide] or 500 mg I vinchlozolin [3-(3,5-
dichlorophenyl)-5-methyl-vinyl-1,3-oxazolidine-2,4-dione] weekly to the flowers, and
found earlier and higher yields through an increased number of fruit and higher mean fruit

weight.
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Nothmann et al. (1983b) found that treatments with 2,4-D improved the fruit set of
basal and additional long-styled flowers which accounted for more than 90% of all fruit set
but fruit-set in short-styled flowers was very low (8%); this indicated that fruit-set was
more affected by style length than by flower position. Ramanandan et al. (1991) recorded
the highest number of long-styled flowers by the application of growth regulator 1-
triacontanol (5 ppm). It has been reported that different varieties react positively to plant
growth regulators, but not to the same degree (Van Ravestijn, 1983; Nothmann et al.,
1983b; Sharma 2006). Nothmann et al., (1983b) found no difference in fruit-set among the
three varieties, Black Oval, Pusa Purple Long and Pusa Purple Cluster, following
treatments with 2,4-D at 2.5 mg 1'1, but final yield differed.

Gibberellins are not preservable in solution, moreover they increase plant
elongation and reduce the rate of fruit ripening; for these reasons most experiments on fruit
set have been conducted using auxins (Van Ravestijn, 1983). Nothmann and Koller (1973)
stated that gibberellins caused irregularly developed (split) ovaries in eggplant flowers,
even during the warm season when the autonomous occurrence of ‘splitting’ is rare;
degeneration of corollas during the cool season was also enhanced by gibberellin
application. Split ovaries develop into deformed fruits. Nothmann and Koller (1975)
showed that the application of gibberellins during summer produced a malformation of the
ovary similar to that which occurs naturally during the cool season. Later on, Nothmann
and Koller (1975b) reported that the production of entirely seedless fruits in late winter
probably results from an increased level of gibberellins, with or without the auxins derived
from non-germinable pollen; exogenous gibberellin was also capable of inducing fruit-set
during summer in emasculated flowers. The results of a field study in the Dominican
Republic indicated that the yield of ‘Jira’ eggplants could be enhanced by treatments with
either folsystein [3-acetyl-1,3-thiazolidine-4-carboxylic acid;(2S)-2-[[4-[(2-amino-4-0x0-
1H-pteridin-6-yl)methylamino]benzoyl]Jamino]pentanedioic acid], NAA or gibberellic acid
(Morales-Payan, 2000). Seedless fruit developed after the application of gibberellin or
auxin-like substances (Krishnamurthi and Subramanian, 1954; Choudhury and George,
1962; Muthukrishnan and Srinavasan, 1963), but fruit size and shape were frequently
adversely affected (Krishnamurthi and Subramanian, 1954; Muthukrishnan and
Srinavasan, 1963). Nothmann and Koller (1975b) showed that gibberellin (GAj3) induced
the development of completely seedless fruits during all seasons. They also noted that the

auxin-like substances, 2,4-D, NAA and NOA induced the development of degenerated
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seeds, both in the period of normal seed development (summer) and in the period of

climate-induced seedlessness (winter).

1.5 Nutritive value and quality of eggplant

1.5.1 Nutritive value
Eggplant has constituted an important vegetable for our diet for many centuries. Due to its
nutrient composition, eggplant fruits rank among the most popular edible vegetables of the

world. The composition the edible portion of eggplant fruit is given in Table 3.

Table 3. The nutrient composition of eggplant fruit (Chen and Li, 1997); values are derived
from 100 g of edible portion.

Calories 24.0 Sodium (mg) 3.0
Moisture content (%) 92.7 Copper (mg) 0.17
Carbohydrates (%) 4.0 Potassium (mg) 2.0
Protein (g) 1.4 Sulphur (mg) 44.0
Fat (g) 0.3 Chlorine (mg) 52.0
Fiber (g) 1.3 Vitamin A(1.U.) 124.0
Oxalic acid (mg) 18.0 Vitamin B (mg)

Calcium (mg) 18.0 Thiamine (B;) 0.04
Magnesium (mg) 16.0 Riboflavin (B;) 0.11
Phosphorus (mg) 47.0 B-carotene (ug) 0.74
Iron (mg) 0.9 Vitamin C (mg) 12.0

Since the 90’s the nutritional value of eggplant has received attention by many
authors due to its valuable source of anthocyanins, phenols, ascorbic acid, sugars, proteins

etc.

1.5.2 Anthocyanin

The fruit colour of eggplant derives from two groups of pigments and their several
distribution patterns (Daunay et al., 2004b). The first group of pigments, anthocyanins, are
located in the cell vacuoles of the fruit epidermis. The second group of pigments,
chlorophylls A and B, are mostly located in the fruit sub-epidermal cell layers and are
responsible for the green colour of the flesh, as well as the epidermis. The green colour can
be masked by anthocyanins, if they are present, whereas in green and white eggplant
accessions there may be no anthocyanin (Daunay ef al., 2004; Azuma et al., 2008). The
combination of the presence of anthocyanins and/or chlorophylls, with various

combinations of their distribution patterns, is responsible for the great color diversity found
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in eggplant fruits (Nothmann et al., 1976; Daunay, 2008). Eggplant is ranked among the
top ten vegetables in terms of oxygen radical scavenging activity (Stommel and Whitaker,
2003) due to its anthocyanins, which are major phenolics in eggplant and among the most
important antioxidants, with a variety of physiological functions implicated in the
prevention of mutagenesis, cancer and cardiovascular diseases as well as vision
improvement (Todaro et al., 2009). Nasunin (delphinidin-3-p-coumarylrhamnosyl
glucoside-5-glucoside) is the major anthocyanin isolated from the skin of most eggplant
cultivars, it is a phenolic compound implicated in both the inhibition of hydroxyl radical
generation and superoxide scavenging (ROS) (Kaneyuki et al. 1999; Matsuzoe ef al., 1999;
Noda et al., 2000). Huang et al. (2004) reported that the total phenolics content of eggplant
skin is about two times greater than that of eggplant pulp. The fruit color of eggplant is
affected by environmental factors (e.g. light and temperature) and cultivation conditions
(Nothmann et al., 1978; Matsuzoe et al., 1999). In the hot season, fruit quickly develop a
dark color, which remains unchanged until marketable size (Nothmann et al, 1976);
however, during the cool season, poor-colored fruits are produced (Nothmann et al., 1978).
Successful commercial cultivars should have intense color with a low value of L, a and b

color coordinates (Munoz-Falcon et al., 2009).

1.5.3 Phenols

Phenolic compounds present in the flesh of eggplant have anti-oxidant properties and can
effectively scavenge free radicals (Hanson ef al., 2006). Studies have shown that eggplant
extracts suppress the development of metastasis (Matsubara, 2005), and inhibit radical-
mediated pathogenesis, carcinogenesis and atherosclerosis (Stommel and Whitaker, 2003).
Phenolic phytochemicals from eggplant also have a hypo-lipidemic and anti-microbial
action (Sudheesh et al, 1997). The first report on the extraction and identification of
chlorogenic acid and on browning in eggplant was published by Kozukue et al. (1979),
while Whitaker and Stommel (2003) confirmed the predominant compound of chlorogenic
acid (5-o-caffeoylquinic acid). The total content of chlorogenic acid accounts for 70-95%
of total phenolics in eggplant fruit flesh (Whitaker and Stommel, 2003; Singh et al., 2009).
It is well documented that the quantity and quality of phenolics present in eggplant fruits
largely depends on the cultivar (Stommel and Whitaker, 2003; Hassimoto et al., 2005;
Hanson et al, 2006; Prohens et al, 2007; Singh et al, 2009; Luthrie et al., 2010;
Bhattacharya et al., 2009; Akanitapichat et al., 2010) and growing season (Hanson et al.,
2006). Luthrie ef al. (2010) reported a higher total phenolic content in cv. Blackbell grown
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conventionally as compared to that grown in an organic environment, but eggplant cv.
Millionaire showed the opposite result with organically-grown fruit having a marginally
higher total phenolics content than conventionally grown eggplant. Like other Solanaceous
vegetables, glycoalkaloids present in eggplant fruits, at high concentrations

(>20 mg 100 g"' FW), may cause bitterness (Lawande and Chavan, 1998).

1.5.4 Ascorbic acid

Eggplant fruit contains ascorbic acid and phenolics, both of which are powerful
antioxidants (Vinson et al., 1998). Although most of the ascorbic acid is lost during the
cooking process, it has been shown to prevent fruit flesh browning and therefore, high
ascorbate content is desirable in eggplant cultivars (Jose ef al., 2010). The concentration of
ascorbic acid present in eggplant flesh depends on the cultivars (Hanson et al., 2006;
Rodrigues-Burruezo et al., 2008). Jose et al. (2008) found four times higher concentrations

of ascorbic acid in eggplant grown in greenhouses than in the open air.

1.5.5 Sugars

Large eggplant fruit and high sugar content are important quality factors for some
consumers (Hanson et al., 2006). Kozukue et al. (1978) identified fructose, glucose,
maltose and another unknown sugar in eggplant fruits; these accounted for more than 96%
of the total sugars. Recently, Boo ef al. (2010) reported that sucrose is another important
sugar present in eggplant fruit, but the concentration is lower than that of fructose and
glucose. During cultivation, low light and temperature are detrimental for the quality of
eggplant fruit (Sezgin, 2007). Light intensity plays an important role in sugar metabolism
during fruit growth, and can be increased by mulching treatments (Singh, 1992; Boo ef al.,
2010). Eggplant contains a medium level of starch (95.34 mg 100 g") (Kaynas et al.,
1995). Raigon et al. (2008, 2010) reported a lower level of protein (0.41-0.68 g 100 g') in
eggplant fruit landraces, whereas Nisha et al. (2009) found protein within the range of
0.69-1.66 g 100 g in different commercial eggplant cultivars in the market. Esteban et al.
(1992) observed a steady accumulation of protein until 42 days after fruit set, after which

protein synthesis ceased.
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1.5.6 Quality

The quality of vegetables is a complex matter and difficult to define. At purchase,
vegetable consumers do not judge the nutritional quality, but they may be able to assess
sensory aspects, such as shape, size, colour, freshness, firmness etc. The minimum
European requirements for the quality of eggplants are the following: fresh, undamaged,
firm, clean (without any visible extraneous material/water), with the calyx and some
portion of the peduncle attached to the fruit, sufficiently mature, and without any
inappropriate flavor or odours. Grading of fruit is either by diameter or weight, and all
fruits within a particular package should be at the same maturity stage, as well as uniform

in size and colour (Passam and Karapanos, 2008).

1.6 Postharvest quality and physiology

1.6.1 Freshness

The surface gloss and mean fruit weight are two important parameters to judge the
freshness of eggplant fruits. These parameters decreased quadratically with the length of
storage at 20°C and 80-84 % relative humidity (RH) for up to 96 hours, with major changes
being detected even within 48 hours (Jha et al., 2002). Another important parameter,
surface electrical resistance increased quadratically with the increase in storage period,
while the reverse trend was observed in both weight and surface gloss during storage at
20°C for 96 hours (Jha and Matsuoka, 2004). In a further experiment, surface gloss,
firmness, volume and fruit mass decreased linearly with the length of storage at 25 + 2°C

and 90 £ 5% RH (Jha and Matsuoka, 2002).

1.6.2 Rate of ethylene production and respiratory activity

Eggplant is a non-climacteric fruit, and the internal concentration of ethylene is very low,
or even below the level of detection. According to Rodriguez et al. (1999), the rate of
endogenous ethylene synthesis falls from 14 pl kg™ h™' at the stage of petal drop to 2 pl kg’
"h' on day 7, and subsequently remains at a low value (1.4 pl kg™ h™") until commercial
maturity. Cantwell and Suslow (1999) reported that the average ethylene production of
eggplant fruit ranges from 0.1 to 0.7 ul kg h™' at 12.5°C. Therefore, ethylene is not
considered crucial for ripening control, but there is wide evidence that different stress-
inducing factors, such as chilling, freezing, pathogen attack, salt stress and wounding,

induce ethylene production (Kacperska, 1997). Concellon et al. (2005) observed that
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chilling stress (0°C) stimulated the level of ACC (1-aminocyclopropane-1-carboxylic acid)
and MACC (1-malonylaminocyclopropane-1-carboxylic acid) and their levels remained
high until chilling symptoms became severe. Rodriguez et al. (2001) observed a gradual
increase in ethylene production from undetectable values to about 85 pl kg' h™' after
storage at 3°C for 8 days. When the refrigerated were transferred to 20°C, ethylene
production rapidly increased, reaching 100 to 300 times higher than that measured at the
cold storage outlet.

Depending on the cultivar, the respiration of fresh eggplant fruit ranges from 30 to
69 ml CO, kg h™' at 12.5°C (Cantwell and Suslow, 1999). During storage at 3°C, CO,
production decreased from 70 to 30 ml CO, kg™ h™' over the first 3 days after harvest and
remained around that value up to day 11, but when the fruits were transferred from 3°C to
20°C the respiratory intensity increased markedly (Rodriguez et al, 2001). Earlier
Kozukue and Kozukue (1975) found that CO, production increased to a high level after
transfer to room temperature and it was speculated that the degree of chilling-injury could
be estimated from the production of CO;. Ethanol vapour treatment effectively reduced the

respiration rate of fresh-cut eggplant during storage for 8 days at 10°C (Hu et al., 2010).

1.6.3 Weight loss

Fruit and vegetables are living tissues and continue to lose water after harvest, which can
become a serious problem because it causes shrinkage and weight loss. Most commodities
become unsalable as fresh produce after losing >7-10% fresh weight. Transpiration
through the stomata is considered the major cause of postharvest weight loss and poor
quality in eggplant (Diaz-Perez, 1998). Transpiration is inversely proportional to fruit size
and the surface area/mass. According to Diaz-Perez (1998), 60% of eggplant fruit
transpiration occurs via the calyx. Therefore, in small fruit, where the calyx area ratio is
higher, the proportion of water transpired through the calyx is greater than in large fruit.
Decrease of firmness during storage is a consequence of weight loss. Decrease in firmness
of eggplant was reported by Jha et al. (2002) and was attributed to fruit shrinkage and the
loosening of the upper cell layer (epidermis) during storage. Similarly, the firmness of
transgenic parthenocarpic eggplant pulp (both fresh and frozen) decreased rapidly at -20°C
(Maestrelli et al., 2003). To minimize the weight loss of stored eggplant, various research
has been carried out by different researchers. Hung ef al. (2011) recommended a nano-size
mist environment for reducing weight loss, as well as to control postharvest disease. The

weight loss rate of eggplant samples were 5.3 and 8.5% when they were stored under nano-
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mist (particle diameter <100 nm) and ultrasonic (particle diameter of 216 nm) humidifiers,
respectively for 10 days. Ethanol vapour treatment also effectively reduced weight loss
and maintained the integrity of cell membranes in fresh-cut eggplant, as indicated by the
low value of electrolyte leakage (Hu et al., 2010). 1-Methylcyclopropene (1-MCP) has also
been used to reduce water loss and maintain better firmness in stored eggplant fruit

(Massoloa et al., 2011).

1.6.4 Storage conditions

The quality and shelf life of fresh produce are highly dependent upon the storage
atmosphere. Vegetables of tropical and subtropical origin, like eggplant fruit, are
susceptible to chilling injury at temperatures well above 0°C (Nothmann, 1986; Concellon
et al., 2007), and the recommended storage temperature for eggplant fruits is >10°C
(Cantwell and Suslow, 1999). Ryall and Lipton (1979) recommended a storage
temperature of 10-12°C and relative humidity of 90-95%. In addition, rapid cooling to
10°C immediately after harvest is beneficial to retard discoloration, weight loss, drying of
the calyx and decay. According to Ganesan et al. (2004), the shelf life of eggplant (cv.
Pattabiram) could be extended by up to 9 days in a cost-effective cool chamber with the
addition of 100 1 water per day. Disinfected eggplant fruits could be stored at 8°C in
perforated polyethylene (PE) bags for more than three weeks without sustaining chilling
injury (Fallik et al., 1995). Massoloa et al. (2011) suggested that 1-MCP treatments delay
senescence, prevent the increase in sugars and are beneficial to complement low

temperature storage and maintain the quality of eggplant fruit.

1.6.5 Storage at low temperature

Eggplant is prone to chilling injury when exposed to temperatures below 10°C (Nothmann,
1986). Chilling injury of eggplant is characterized by darkening of the seeds and pulp
tissue, and in severe cases pitting and browning of the skin or surface scald were observed
(Cantwell and Suslow, 1999). Susceptibility to chilling injury depends on the cultivar as
well as on the degree of ripeness and period of harvest. In Israel, eggplants harvested
during winter (December- January) were more susceptible to chilling injury than those
harvested during spring (March-April), which had been exposed to low temperature during
fruit growth (Fallik et al., 1995). Abe et al. (1976) recommended storage of eggplant
harvested in the warm season (July) at above 10°C, while for fruit harvested in the cool

season (October) 10°C or below may be preferable, since severe pitting was observed in
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warm season-grown eggplant fruit stored at 6°C, but no pitting was found in cool season
fruit stored at the same temperature.

Kozukue and Kozukue (1975) observed chilling injury in eggplant fruit after 4 days
storage at 1°C. Concellon et al. (2000, 2007) observed chilling injury symptoms when
fruits were stored at 0°C and 5°C, but not at 10°C. Chilling injury caused a decrease in L
(lightness) and DL (oxidation potential). At 5°C, chilling injury occurred within 6-8 days
(Concellon et al., 2007), whereas Rodrigez et al. (2000) observed chilling injury at 3°C. In
contrast, Fallik ez al. (1995) reported chilling injury at a comparatively higher temperature
(12°C), which was manifested mainly by the appearance of surface injuries such as pitting,
seed browning and discoloration of the calyx. The symptoms of chilling injury become
extremely severe when the fruit is transferred to 20°C (Abe et al., 1976; Kozukue and
Kozukue, 1975). Concellon et al. (2007) reported that skin from the upper section of the
fruit was lighter and redder in colour, and had a lower concentration of anthocyanins
throughout the subsequent storage period at 1°C. Chilling injury was less in the central
section, where anthocyanins, which are known to have antioxidant properties, are more
abundant and therefore exert a protective role.

The level of phenolics has been shown to correlate with browning in different
eggplant varieties (Prohens et al, 2007). Browning is the result of reactions between
phenolic compounds and oxidative enzymes due to cellular disruption. Kozukue et al.
(1979) investigated the mechanism of browning by determining the changes in phenolic
substances, phenylalanine ammonia-lyase (PAL) and tyrosine ammonia-lyase (TAL),
either during storage at 1°C or after exposing fruit to low temperature for various periods.
They found a rapid turn-over of chlorogenic acid in the early stages of cold storage of
eggplant fruit, and the development of browning was closely related to chlorogenic acid,
PAL and TAL. Concellon et al. (2004) characterized the polyphenoloxidase (PPO) and
catecholase activity of eggplant fruit during storage at 0°C and 10°C. During storage of
fruits at 10°C, the activities of the soluble and insoluble PPO fractions increased, whereas,
at 0°C, the PPO activity of both fractions decreased and remained at lower levels, during
which browning of the pulp tissue was observed.

A number of techniques have been proposed to control chilling injury as well as to
reduce browning in eggplant. The activity of the enzymes PPO and POD (pyrogallol
peroxidase) involves the oxidation of phenolics compounds, and the application of 1-MCP
to eggplant fruits reduced their activity as a consequence of which browning was prevented

(Massoloa et al., 2011). Catalano ef al. (2007) found that higher levels of CO, (2% O, and
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5% CO,) in packaged fresh-cut eggplants reduced the activity of PPO, PME (pectin
methylesterase) and B-GAL (B-galactosidase) which were involved in fresh-cut eggplant
degradation during chilled storage. Ethanol vapour may also reduce enzymatic browning in
fresh-cut eggplant (Hu et al, 2010). Storing fruit in modified atmospheres reduced the
level of polyamines, putrescine and spermidine, which are found at higher levels (except
spermidine) in chilling-injured eggplant fruit at 3°C (Rodriguez et al., 2001). Temkin-
Gorodeiski et al. (1993) reported that dipping the eggplant calyx in a solution of fungicide
and plant growth regulators retarded calyx senescence and controlled decay for more than

two weeks of storage at 12°C.

1.6.6 Film-wrapping storage

Satisfactory lengthening of the shelf life of eggplants was achieved by enclosing fruit in
polyethylene film, and storing under controlled temperature and relative humidity
conditions. Mohamed and Sealy (1986) observed that, depending upon the cultivar, the
fruit of eggplants can be stored at an ambient temperature of 8-9°C for 17 days, preserving
perfect commercial quality, as long as the fruits are packed in shrinkable films of low
density polyethylene (LDPE) or high density polyethylene (HDPE). Similarly, Fallik et al.
(1995) and Rodriguez et al. (2001) reported that the refrigerated storage of eggplants can
be extended by enclosing the fruits in polyethylene (PE) bags, thereby reducing or
retarding chilling injury. In addition, eggplant fruit wrapped in HDPE maintained fresher
flavor, firmness and quality for a longer period (Ben-Yehoshua, 1985). Another report
showed that polyethylene film efficiently preserved the external appearance and reduced
the weight loss of fruits of eggplant cv. Embu, whereas a coating with cassava starch (3%)
was not so efficient in maintaining the shelf life of eggplant fruits stored for 15 days under
environmental conditions (26-29°C and 50-75% RH) (Pahlevi et al., 2009). Gajewski et al.
(2009) found an increased level of phenolics in the fruit skin when greenhouse-grown
eggplants were wrapped with stretch film and stored at 16°C. Although different sealed
plastic films (heat-shrinkable copolymer and, polyvinyl chloride stretchable film)
successfully reduced weight loss and maintained firmness, increased decay occurred
compared with tissue-wrapped eggplants or eggplants wrapped in perforated film during
storage at 7.2°C for 1,2 and 3 weeks (Risse and Miller, 1983). Significant decay was
observed even when the fruit were treated with chlorine and stored in different sealed

plastic films.
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1.6.7 Controlled atmosphere storage

To reduce respiration and maintain fruit quality, research has been carried out to find the
optimum conditions to preserve the freshness of eggplant fruits. Controlled atmosphere
(3% O, + 3% CO,) prolonged the shelf-life of eggplant fruit cv. Pala-49 for up to 6 weeks
and fruits had a better appearance, with little change in reducing and total sugars, starch
and ascorbic acid (Kaynas et al., 1995). In the same study, fruit injury occurred at a high
level of CO, (5%0, + 10% CO,). Catalano et al. (2007) reported that modified
atmospheres increased the shelf-life and quality parameters of fresh-cut eggplants. These
authors packed fresh-cut eggplant under a high CO, concentration (2% O and 5% CO)
and found decreased activity of PPO, PME and B-GAL. Modified atmosphere packaging
(MAP) resulted in better maintenance of vitamin C, firmness and prolonged the shelf life
of grafted eggplant cv. Tsakoniki in comparison with storage at 10°C (Arvanitoyannis et
al,, 2005). However, overall, controlled or modified atmospheres do not show great
benefits to eggplant. Reducing the level of O, (3—5%) could delay deterioration just for a
few days (Cantwell and Suslow, 1999).

1.7 Research objectives

To our knowledge, there is no accessible published information regarding the effect of
fruit-setting plant growth regulators (PGR) on the morphological and physiological
characteristics of eggplant fruits during growth, maturation and storage. This constitutes a
major research gap since fruit setting PGR are commonly used to obtain eggplant fruits in
the Mediterranean region during autumn and winter. Therefore, an attempt has been made
to evaluate the impact of fruit-setting PGR on fruit growth and development as well as on
physiological and quality parameters of eggplant. It is also of the utmost importance to
determine the physiological and biochemical profile of parthenocarpic eggplant fruit under
different storage conditions, and determine an appropriate storage protocol for quality
conservation and better shelf-life. With this background, the present investigation was
undertaken with the following objectives;

1. To study the effect of fruit-setting PGR on the growth and development of eggplant fruit
in the greenhouse and the field during two cultivation seasons,

2. To study the effect of fruit-setting PGR on the quality attributes of eggplant fruit,

3. To investigate the physiological and biochemical changes in parthenocarpic eggplants as

affected by different storage conditions.
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1.8 Outline of the chapters

There are seven chapters in this thesis. Chapter 1 reviewed the available literature on
eggplant relating to origin and distribution, world production, flower and fruit-set.
Following this, recent progress in postharvest physiology in relation to the quality of
harvested eggplant is detailed. Chapter 2 describes the general materials and methods for
all experiments. This chapter also describes the details of different biometric parameters,
storage conditions, physiological and biochemical measurements. Chapter 3 describes the
effect of fruit-setting hormones on the morphological and physiological characteristics of
eggplant. Chapter 4 details the effect of fruit-setting hormone on the physico-chemical
characteristics of eggplant, while the effects of temperature, film-wrapping and controlled
atmosphere storage on the postharvest quality of eggplant are described in chapters 5 and
6, respectively. Chapter 7 discusses the results of all the experiments and presents the

conclusions of the study. The references are presented in the bibliography.
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CHAPTER 2

2 General Materials and Methods

The investigation consisted of 4 experimental phases to achieve the research objectives.
This chapter describes the general materials and methods that were used in all the
experiments. Specific materials and methods for particular experiments will be discussed

in the relevant chapters.

2.1 Experimental site

All the experiments were carried out in the greenhouse and open field of the Laboratory of
Vegetable Production, Agricultural University of Athens, Athens, Greece. The
experimental site is situated at 37°58” North latitude, 23°32° East longitude and at an
altitude of 30 m above mean sea level. The area of the unheated plastic greenhouse was

300 m” and ventilation was by means of side windows.

2.2 Climate and weather

The climate is predominantly Mediterranean. The weekly meteorological data on rainfall,
temperature and global radiation during the experimentation period were obtained from the
Department of Meteorology, Agricultural University of Athens. By using a data logger
(Hobo Weather Station data logger, Onset Computer Corp., Pocasset, MA, USA), the
indoor air temperature and light intensity within the plastic greenhouse were recorded.
Inside the greenhouse, maximum and minimum monthly air temperatures of 50.66°C and
2.89°C was recorded during July and December, 2008 while in the open field maximum
and minimum air temperatures of 35.9°C and 4.3°C were observed during July and
December, 2008. The highest value for total monthly rainfall in 2009 was recorded in
January with 81.6 mm. In comparison with the first two years (2008-2009), 2011 was a
moderate year with a maximum air temperature of 47.9°C within the greenhouse during

July. The meteorological data are presented in Appendices 1, 2 and 3.
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2.3 Design of experiment

In the first and second experiment, each trial (open field and greenhouse) was arranged as a
completely randomized design with four replications. For the storage experiments, 40
plants were grown for each treatment. For all measurements of fruit quality and storage, 4

replicates of 3 randomly selected fruit each were used.

2.4 Plant material

At the beginning of the research program four cultivars of eggplant were chosen namely,
Tsakoniki, Black Beauty, Emi and Black Boy. Tsakoniki and Emi are grown commercially
in Greece, while Black Beauty is a popular cultivar around the world, known for its fruit
color and shape. One Asian cultivar, namely Black Boy, was tested in the first and second
experiment. The fruit of Tsakoniki is long and cylindrical with an attractive red-white
striped color, whereas, both Emi and Black Beauty produce large, flask-shaped or oblong,
purple fruit. Black Boy produced dark, long, cylindrical fruits and the seeds were obtained
from Phuja Seeds Pvt. Ltd., India. The seeds of Tsakoniki and Black Beauty were obtained
from Geniki Fytotechniki, Athens, Greece, while those of Emi were produced at the

Agricultural University of Athens.

2.5 Cultural practices

2.5.1 Seed sowing

Seeds of all eggplant cultivars were sown in seed trays containing 54 cells (4 cm x 4 cm)
filled with commercial peat-based compost (TS-2, Klasmann-Deilmann GmbH, Geeste,
Germany). The seed trays were kept in a glasshouse maintained at a temperature of 20+1°C
and seed germinated within 11 days. To maintain soil moisture during germination, hand-

watering was provided when necessary.

2.5.2 First transplantation

At 11 days after emergence in the spring, and 16 days after emergence in the autumn, the
seedlings were transplanted to 1 1 (12cm diameter) individual plastic pots containing the
same commercial peat-based compost and placed on a bench in the glasshouse. Irrigation

was provided by hand approximately twice a week until final repotting.
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2.5.3 Second (final) transplantation

Seedlings reached the four leaf stage by 23 days after emergence in the spring and 29 days
in the autumn, respectively. At this time, only uniform and healthy young seedlings were
transplanted to larger 11 1 (30 cm diameter) pots containing a 1:1 (v/v) mixture of
commercial peat-based compost (TS-2) and agricultural grade perlite (P4 Perloflor, Isocon,
Greece). Light irrigation was given immediately after planting to get quick and uniform
plant establishment. Both in the open field and greenhouse, plants were spaced at 75 cm

between rows and 45 cm apart within the row, giving a plant density of 3 plants m™.

2.5.4 Pruning

Pruning was carried out from 20 days after repotting and continued until the final harvest
of fruits. During pruning no side shoot was allowed to grow on the plants. The first flower
of each plant was removed to encourage plant development and avoid the chance of

parthenocarpic fruit set, a phenomenon commonly observed in the first-set fruit.

2.5.5 Training
In order to avoid lodging, the stems of the plants were trained on vertical cordons tied to

transverse wires 2.5 m above the ground.

2.5.6 Irrigation

Drip irrigation was used both in the open field and in the greenhouse. In the greenhouse,
the frequency of irrigation varied from 2 times per day in autumn to 3 times per day in
summer with 3 minutes irrigation for each cycle. In the open field experiment, irrigation

frequency varied depending upon soil moisture and climate.

2.5.7 Application of plant nutrient
Fertilizer was applied with drip irrigation throughout the cropping season and the nutrient
solution was prepared according to the recipe in Table 4 (Sonneveld, 2002). The electric

conductivity and pH of the nutrient solution was 2.1 dS m™ and 5.6, respectively
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Table 4. Composition of the nutrient solution.

Nutrient Nutrient solution
NO; 16.00%*
H,PO, 1.25%
NH," 0.80%*
K" 7.75%
Ca™’ 7.00*
Mg 4.00%*
Fe 15.00
Mn 10.00
Zn 4.00

B 25.00
Cu 0.75
Mo 0.50

The concentrations of macronutrients(*) and micronutrients are given in mM and uM,
respectively.

2.5.8 Application of plant growth regulators

Individual flowers were tagged on the day of anthesis (opening of the corolla) and in the
absence of hormone application the fruits were considered to be formed from natural
pollination. During autumn, insufficient amount of viable pollen caused lack of fruit set;
therefore, hand pollination was carried out to obtain seed-containing fruit. To obtain
parthenocarpic fruits, anthers were emasculated approximately 24 h before anthesis to
prevent self-pollination, and flowers were then sprayed with plant growth regulator (PGR)
to ensure fruit set. A hand sprayer was used to apply PGR and the flowers were tagged to
show the date of application and the PGR. Both hand-pollination (autumn crop) and
application of PGR was performed in the morning between 8 and 9 am. At the beginning
of the research program, two plant growth regulators, namely 6-benzylaminopurine (BA,
Sigma Chemicals) and B-naphthoxyacetic acid (NOA, Spyrou AEBE, Greece) were used
alone or in combination, but because BA alone did not effectively set fruit this treatment
was discontinued. Details of the treatments of each experiment are presented in the

relevant chapters.

2.5.9 Application of pesticides

To control mites (Tetranychus evansi), plants were sprayed with Vertimec 1.8 EC
(Syngenta) at 0.50 ml 1" 2 times in the spring crops. Confidor 200 SC (Bayer Crop
Science) was also used at 0.50 ml 1" in the spring crops to control white fly (Trialeurodes

vaporariorum).
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2.5 Collection of pollen and in vitro pollen germination test

Flowers of eggplant cultivars (Tsakoniki, Black Beauty, Emi and Black Boy) were
collected both from the plastic greenhouse and from the open field during the months of
May-July, 2008 and November, 2008-January, 2009. Only long-styled flowers at the
anthesis stage were collected early in the morning (between 8 to 9 am) to investigate pollen
production (weight of pollen per flower) and pollen viability. Pollen was extracted from
15-20 flowers of each cultivar, combined and weighed to determine the pollen productivity
per flower.

In order to evaluate the viability of eggplant pollen, germination tests were carried
out using the culture medium of Karapanos et al. (2006), which consisted of KNO; (100 g
1), MgS04.7H,0 (200 g '), H3BO; (100 g 1), Ca(NO3),.4H,0 (300 g 1), agar (10 g 1)
and 15% of sucrose. The pH of the medium was adjusted to 6.5. Germination tests were
carried out in 8§ cm glass Petri dishes containing 15 ml agar-based medium. Pollen was
smeared over the surface of medium with a soft brush and the dishes (three replicates per
treatment) were sealed and placed in the dark at 20+0.5°C for 6 h. After incubation,
germination was stopped by spraying the surface of the medium with 0.5% acetocarmine
(Merck, Germany) in 45% acetic acid (Heslop-Harrison and Heslop-Harrison, 1992).
Photographs were taken at five positions on each Petri dish (i.e., 15 photographs per
treatment) with a digital camera (resolution of 1024x768 pixels) fitted to an optical
microscope (Olympus BX 40; Tokyo, Japan). Germination was measured optically using
the computer image analysis programme Image Pro Plus 2.0 (Media Cybernetics Inc.,
Silver Spring, MD, USA) to pinpoint the pollen grains. Germination was defined as pollen
grains in which the length of the pollen tube was equal to, or longer than the diameter of
the pollen grain. Randomly, 3-5 pollen tubes were selected from each photograph and their

length measured by tracing and converting the pixels value to um.

2.6 Harvest

The fruits were harvested when they attained marketable size and a shiny, bright color. In
spring, fruits were harvested at 28 days after anthesis, starting from mid June and
continuing until mid July. During autumn, fruits were harvested at 30 days after anthesis,

starting from mid December until to mid January.
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2.8 Biometric observations

2.8.1 Weight of fruits
Individual fruit weight was measured at harvest using an electronic balance (Mettler,

Model PE-3600) and recorded in grams.

2.8.2 Length of fruit
The length of fruit was recorded individually from the proximal end of the fruit (site of the
calyx) to the distal end (point of abscission of the style) using a meter rule and recorded in

centimeters. Length was measured at 7, 14, 21 days after anthesis and at harvest.

2.8.3 Fruit diameter
After anthesis, the diameter of individual fruit was recorded using an electrical digital
caliper (ROHS, Germany) at weekly intervals and expressed in cm. Measurements of fruit

diameter were made across the widest part of the fruit.

2.8.4 Calyx length
At harvest, the length of the calyx was measured in centimeters from the end of peduncle

to the point where indentation is initiated.

2.8.5 Peduncle length

The peduncle length of the harvested fruits was measured individually from the base of the
calyx, which adheres to the fruit, to the point of attachment of the peduncle of the stem
using an electrical digital caliper (ROHS, Germany).

2.9 Fruit quality attributes

2.9.1 Pericarp colour

Eggplant fruit colour was recorded using a Chromameter (Minolta CR 300, Japan)
calibrated against a standard white plate. Chromatic analysis was carried out following the
CIE (Commission International de 1’Eclairage) system of 1976. Values of L*, a* and b*
were measured to describe a three dimensional colour space and interpreted as follows: L*
indicates lightness, read from 0 (completely opaque or ‘‘black’’) to 100 (completely
transparent or ‘‘white’’). A positive a* value indicates redness (negative a* indicates

greenness) and a positive b* value yellowness (negative b* indicates blueness) on the hue-
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circle (Hutchings, 1994; Voss, 1992). It was decided to express the pericarp colour in
terms of L, Chroma (C*) and Hue angle (H®) because the purple colour development of the
fruit was better described using C* and H° than a* and b*. The hue angle (H°), hue =
arctangent (b*/a*), represented red-purple (0°), yellow (90°), bluish-green (180°) and blue
(270°) (McGuire, 1992). The chroma (C*), obtained from (a** + b**)'"%, corresponded to
the intensity or colour saturation, in which low values represent dull colour while high
values represent vivid colour. In addition, the changes in fruit colour during storage were

measured using the following equations

AL=L;-L
AH°=H-H
AC=C,-C

Here Ls, Hy and C; represented the value of lightness, hue angle and chroma,
respectively after storage. In the first and second experiments, skin colour was measured
only at the central section of each fruit at 7, 14 and 21 days after anthesis and also at the
harvest stage. During the storage experiment, skin colour was measured at the proximal
end (near to the calyx) and in the central region of individual fruits from the beginning
until the end of storage. The data of each measurement are the average of duplicate
measurements at two opposite points on the equator of each fruit (all experiments) plus the

proximal part (storage experiments).

2.9.2 Firmness

The firmness (kg) of fruits was expressed as the force required to penetrate the fruit by a
6.3 mm-diameter conical needle penetrating to a depth of 0.6 cm at a constant speed of 200
mm min ' using a penetrometer (Chatillon DFIS-10, USA) mounted on a Chatillon TCM
201-M support. For external firmness, four measurements were made on each fruit, two in
the proximal pericarp and two in the pericarp of the central region of the fruit. Fruits were
transversely cut into halves in the central portion of each fruit and measurement of internal

flesh firmness was determined on two opposite positions in the cortical tissue.

2.9.3 Sample preparation

All eggplant fruits were peeled, and the skin (rind) and the flesh of the fruits were
separated. The flesh of the fruits was chopped immediately so as to prevent oxidation into
small pieces (1-2 cm) and stored in air-tight plastic bags. In the first and second

experiment, flesh was stored at —80°C (Kaltis, Taiwan) until chemical analysis or before
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being freeze-dried (Heto, Lyolab 3000, Denmark) at -60°C for 3 days. For determination of
anthocyanin content, freeze-dried skins were used in all experiments. The freeze-dried

eggplant samples were ground to a fine powder in a pestle and mortar.

2.9.4 Analysis of ascorbic acid

During the storage experiment, ascorbic acid content (mg 100 g” fresh weight) was
determined by the spectrophotometric procedure of Bajaj and Kaur (1981). Five grams of
fresh tissue were homogenized in 100 ml oxalic acid-EDTA cold solution. The
homogenate was centrifuged at 3000 rpm for 10 min at 4°C and the supernatant was
subsequently filtered with filter paper (MN 617, Macherey Nagel, Germany). A 5 ml
aliquot was then transferred to a 25-ml volumetric flask to which 0.5 ml metaphosphoric
acid-acetic acid solution, 1 ml sulphuric acid solution (5%), and 2 ml of ammonium
molybdate (5%) reagent were added. The mixture was adjusted to a volume of 25 ml with
distilled water and allowed to stand for 15 min, after which the absorbance at 760 nm was
measured with a UV/VIS spectrophotometer (Perkin-Elmer Lambda 1A, Waltham,
Massachusetts, USA). Ascorbic acid concentration was quantified using a standard curve
of L-ascorbic acid and expressed as mg 100 g fresh weight.

In the second experiment, ascorbic acid was measured with a RQflex reflectometer
method (Merck RQflex 2, Germany) and expressed as mg 100 g fresh weight. Five gram
of fresh sample was homogenized with cold 0.4% oxalic acid solution using a home-
blender, the homogenate was then filtered with filter paper (MN 617, Macherey Nagel,
Germany) and the ascorbate concentration was measured in the filtrate using the

appropriate Merck stick indicator.

2.9.5 Protein analysis

Protein concentrations were determined following the method of Bearden (1978). The
protein reagent used in the assay consisted of 0.04 mg ml™' Coomassie Brilliant Blue G-
250 (Serva 17524), and 85% ortho-phosphoric acid. Extraction was performed according
to McCown et al. (1968) using 1 g fresh sample. The eggplant flesh tissue was extracted
with 5 ml of 100mM Tris-HCI (pH 7.5) using a homogenizer (CAT Unidrive X1000,
Germany), the mixture was vortexed vigorously and kept in the refrigerator at 4-5°C for 1
hr. The homogenate was centrifuged at 5300 rpm for 15 min at 4°C. One hundred
microliter (100 ul) of supernatant was diluted with 1400 pl distilled water to which 1.5 ml

Bearden solution was added. After vortexing, absorbance was measured at 595 nm using a
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UV/VIS spectrophotometer (Perkin-Elmer Lambda 1A, Waltham, Massachusetts, USA).
The protein concentration was calculated using bovine serum albumin (BSA; Sigma

Chemical) as a standard and expressed as mg protein g fresh weight.

2.9.6 Evaluation of browning potential

Browning of mesocarp tissue was evaluated using a chromameter (Minolta CR 300, Japan)
as described by Concellon et al. (2005). To determine the colour parameter L* (lightness),
fruits were cut transversely at the midpoint between the blossom and stem ends (slice
thickness 1.0 cm). A sharp knife with a straight edge was used to produce clean cuts. Two
measurements in the central part of each slice of fruit were made: (1) near the placenta and
(2) at a distance from the placenta, immediately after being cut (L) and 30 min later (Lj).
During the storage experiment, measurements were taken only near the placenta tissue. All
measurements were made on five fruits from each treatment, and in duplicate. The
differences between L3y and Ly (AL = L3y - Ly) were used as a measure of the degree of

browning.

2.9.7 Analysis of total phenol

Total phenolic compounds were quantified using the Folin—Ciocalteu reagent (FC) and the
colorimetric method of Singleton and Rossi (1965). Extraction was performed according to
Velioglu et al. (1998) using 100 mg freeze-dried (experiment 2) or 1 g fresh flesh (storage
experiment). In the case of fresh samples, tissues were disrupted into the extraction
medium using a homogenizer. The eggplant flesh tissue was extracted with 4 ml 80%
aqueous methanol containing 2.7% HCI (37%), shaken for 2 h on an orbital shaker (200
rpm) at room temperature and centrifuged at 5300 rpm for 15 min at 4°C. The extraction
procedure was repeated twice and the supernatants were combined for the total phenolics
assay. Three hundred microliter (300 pl) of extract was added to 2.25 ml of Folin—
Ciocalteu reagent, followed by 2.25 ml of sodium carbonate solution (60g 1""). The samples
were vortexed and left to stand for 90 min at room temperature. After incubation,
absorbance was measured at 765 nm using a UV/VIS spectrophotometer (Perkin-Elmer
Lambda 1A, Waltham, Massachusetts, USA). Phenol content was estimated from a
standard curve of gallic acid and results were expressed as mg of gallic acid equivalents

(GAE) 100 g™ fresh fruit.
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2.9.8 Anthocyanin analysis

Anthocyanin was extracted from the skin of each eggplant fruit (proximal and central part
separately) and measured using the pH-differential method according to Lee et al. (2005)
and Todaro ef al. (2008). Eggplant skin (100 mg freeze-dried sample) was extracted with 2
ml 70% ethanol containing 1.35 ml HCI (37%). The solution was incubated in a water bath
at 40°C for 1 hr, and then centrifuged at 5300 rpm for 10 min. The supernatant was
removed and the extraction procedure was repeated with another 2 ml of extraction
medium, and the supernatants were combined. Two dilutions of each sample were
prepared, one for pH 1.0 using potassium chloride buffer (0.025 M) and another for pH 4.5
using sodium acetate buffer (0.4 M). The supernatant (1.5 ml) was diluted with each buffer
(3 ml) and after 20 min its absorbance was measured at 520 and 700 nm using a UV/VIS
spectrophotometer (Perkin-Elmer Lambda 1A, Waltham, Massachusetts, USA). The
concentration of anthocyanin (mg 1) in the extract was calculated according to the
following formula and expressed as delphinidin-3-glucoside equivalent:

Concentration of anthocyanin in the extract (delphinidin-3-glucoside equivalent, mg 1) =
(AXMWxDFx1000)/ & x 1

where A is the absorbance = (A4520nm — 4700nm) at pH 1.0 — (4520nm — A700nm) at pH 4.5, MW
is the molecular weight (g mol™) = 500.8 g mol™ for Del-3-glc, DF is the dilution factor
(1.5 ml sample is diluted to 3 ml, DF = 2), ¢ is the molar extinction coefficient (L mol™ cm”
1= 23,700 for Del-3-glc, L (path length in cm) = 1.

The anthocyanin content of eggplant skin was then expressed as mg anthocyanin 100 g™

fresh sample.

2.9.9 Sugar analysis

Soluble sugar concentration was determined wusing a high performance liquid
chromatography (HPLC) system equipped with an isocratic pump (Varian 9010, Inc.,
USA), a refractive index detector (Erma ERC-7511, Tokyo, Japan), and a Supelco
Supelcosil LC-NH; (S5um, 25¢cm x 4,6mm) column (Sigma-Aldrich, St. Louis, MO, USA)
maintained at 30°C, with 80% acetonitrile + 20% H,O (HPLC grade, Fisher Scientific,
Hampton, New Hampshire, USA) as eluent, at a flow rate of 1 ml min”. Sugars were
measured in ethanolic extracts of eggplant flesh, following the method of Piccaglia and
Galleti (1988), with few modifications. Five hundred milligrams of homogenized fresh
tissues were extracted in 2 ml 80% ethanol at 65°C for 25 min. The suspension was

centrifuged (5500 rpm, 15 min) and the supernatant was kept for sugar analysis. The
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procedure was repeated twice and all the supernatants were combined and evaporated to
dryness at 65°C with the aid of continuous ventilation (N;). The residue was re-dissolved
in 3 ml of HPLC grade water and filtered using 0.20 um polyester membrane filters
(Macherey-Nagel Chromafil PET 20/15). The solution was injected in a Rheodyne injector
with a 20 pl loop. The areas under the curves were computed by a software package (LC
Solution, Shimadzu Crop., Japan) and the concentration of fructose, glucose, sucrose and
maltose, which are the major sugars in eggplant fruit (Kozukue et al., 1978; Boo et al.,
2010), were identified by the retention times and their concentrations were calculated using
standards of known concentration for each sugar, and expressed as mg 100 g fresh

weight.

2.9.10 Starch analysis

Starch content was determined by using the ethanol-insoluble residues of the soluble sugar
analysis, as described by the method of Dekker and Richards (1971). Starch was digested
by adding amyloglycosidase (A7420 from Aspergillus niger, Sigma-Aldrich, St. Louis,
MO, USA) at approximately 1 mg enzyme g fresh tissue. The glucose content was
subsequently determined colorimetrically following the method of Barham and Trinder
(1972), using a GOD-POD (glucose oxidase/peroxidase) kit for glucose determination
(Biosis Ltd., Athens, Greece), in a spectrophotometer at 510 nm (Perkin-Elmer Lambda
1A, Waltham, Massachusetts, USA). Starch content was estimated from a standard curve

of starch and results were expressed as mg 100 g™' fresh fruit.

2.9.11 Respiration rate

For respiration measurements, individual fruits were weighed and placed in a 3850 ml
glass jar closed with an airtight glass lid for 3 min. The outflows from the glass jar were
connected via a manifold to an infra-red CO, analyzer (LI-COR model LI 6262, Lincoln,
Nebraska, USA). The respiration rate of the fruit was calculated based on the increase in

concentration of CO, within the glass jar and expressed as ml CO, kg™ h™".

2.9.12 Rate of ethylene production

Individual fruits were placed in a 530 ml impermeable plastic bag and sealed for 2 h and
kept at the fruit’s initial storage temperature. Previous experiments showed that ethylene is
not absorbed by this type of plastic bags. After this incubation period, gas samples were

taken with the aid of a 0.5 ml air tight syringe. The gas sample was immediately injected
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into a gas chromatograph (Perkin Elmer Sigma-300, Norwalk, USA) equipped with a
flame ionization detector and a column (120 cm x 0.2 c¢cm i.d. column of 80-100 mesh
activated alumina). The detector and oven were operated at 150°C and 100°C, respectively.
The detection limit of the instrument was 0.42 nmol. Ethylene production (ul kg™ h™") was
calculated based on the ethylene concentration of a series of standard samples (0.1-20 pl

ethylene 17).

2.9.13 Percentage dry weight

Fruits were cut into small pieces with a stainless steel knife. A known weight of the fresh
cortical tissue was placed in an oven at 85°C, until no further loss of weight was observed
in the samples. The dry tissue was weighed and the % dry matter calculated from the

reduction in the initial weight.

2.9.14 Percentage weight loss
Fruits from the storage experiments were individually weighed before the storage
treatment and also recorded after the storage period. Fruit weight loss was calculated as the

percent reduction in weight.

2.15 Statistical analysis

One factor analysis of variance (ANOVA) was conducted for all variables using the
Statgraphics Plus Version 2.1 statistical program (STSC, Inc., 1987). The means were
compared using Fisher’s Least Significant Difference (LSD), while the Student t-test was

used to compare pairs of means. All analyses were regarded as significant at P < 0.05.

34



CHAPTER 3

Effect of fruit-setting hormones on the morphological and physiological

characteristics of eggplant.

3.1 Introduction

Successful completion of pollination and fertilization is essential to trigger fruit set in most
flowering plants (Gillaspy et al., 1993). In Solanaceous vegetables, such as eggplant,
flowers are self-pollinating and during the summer in the Mediterranean region, fruit-set
occurs normally under field conditions, but during the cool season fruit-set and
development is hampered, notably as a result of reduced style length as well as low pollen
germinability (Nothmann and Koller, 1975). Rainfall, high relative humidity and
insufficient light may also be detrimental to fruit set in eggplants during the cool season in
the Mediterranean region (Olympios, 1976; Wang et al., 1980). In winter, therefore, plant
growth regulators (PGR) can be used to stimulate parthenocarpic fruit development
(Olympios, 1976; Lee et al., 2004; Kowalska, 2006) and in Greece, as in other
Mediterranean regions, the commercial production of eggplants during winter is frequently
achieved in greenhouses by means of PGR application. So far, information on the role of
fruit-setting PGR on the morphological and physiological characteristics of eggplant fruit
during growth and development is meager. Therefore, the aim of this work was to compare
morphological and physiological changes during the growth and maturation of eggplant

fruits set by PGR application with those set by natural pollination.

3.2 Materials and methods

The present investigation was carried out during two consecutive seasons of autumn (2008)
and spring (2009) to study the effect of fruit-setting hormone on the morphological
characteristics of eggplant fruit during growth and maturation. In both trials, four eggplant
cultivars, Tsakoniki, Black Beauty, Emi and Black Boy, were cultivated in an unheated
greenhouse and in the open field. Detailed information on crop husbandry methods is
presented in Chapter 2. Seasonal variation in pollen productivity and viability were also
studied under both greenhouse and open field conditions (methods detailed in Chapter 2).
Plant growth regulators (PGR), viz. f-NOA (60 ppm), NOA (60 ppm) plus BA (30 ppm),
and BA (30 ppm) were applied to set parthenocarpic eggplant fruits, while naturally
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pollinated fruits formed the control. Each trial was arranged in a completely randomized
design with 4 replications and 16 plants for each cultivar. After fruit-set, the diameter,
length and skin colour of the individual fruit were recorded at 7, 14 and 21 days after
anthesis (DAA), and also at harvest. To avoid competition among fruits on the same plants
only 1 to 2 fruits were allowed to set per plant. Fruits were harvested at 28 and 30 DAA
during spring and autumn, respectively, and the mean fruit weight, length of peduncle and

length of calyx were recorded (details described in Chapter 2).

3.3 Results

In the present investigation, the application of BA (30 ppm) alone failed to set eggplant
fruit in either season. Therefore, the results discussed here refer only to treatments with

NOA (60 ppm), NOA (60 ppm) in combination with BA (30 ppm), and the control.

3.3.1 Fruit color

Fruit colour is an important quality characteristic that affects the consumer’s decision to
purchase or not (Sloulin, 1990). In this study, color values of eggplant fruit were measured
on different DAA up to harvest and presented as chroma (C*), hue angle (H°) and L
values. In Tsakoniki, the value L for the fruit skin was minimum at 7DAA and afterwards
increased throughout the growing season, indicating that the fruit became increasingly
lighter in color as they approached maturity (Fig 1). The pattern of changes in L values
followed a similar trend in all cases and there were no significant differences (P < 0.05) in
L value between parthenocarpic and seed-containing fruit at different DAA up to harvest,
irrespective of the season and whether the plants were cultivated in the field or under cover
(Fig 1).

The chroma value (C*) of Tsakoniki fruit increased gradually from 7DAA and
reached its highest value at 21DAA, except in open field grown fruit during autumn,
indicating that the fruit became more red-purple in color at 21DAA than at 7DAA (Fig 2).
A decrease in C* value was then observed between 21DAA and harvest, except in open
field-grown fruit in autumn. In all crops, the C* value was higher in the fruit set with PGR
than in the naturally-set fruit. This result indicates that hormone-set fruit (especially those
set by NOA) have a more intense red-purple colour than those set by natural pollination,
but usually not to a statistically significant level (Fig. 2). The C* value for fruit from the

spring greenhouse and open field crop was higher than that of the corresponding autumn
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crop until 21DAA, indicating that the spring fruit were darker red-purple in color than
those of the autumn. Afterwards a sharp decrease in C* value was recorded in the spring
grown fruit between 21DAA and harvest, indicating that spring-grown fruits lost their
intense colour more rapidly than those of autumn-grown fruit. At harvest, fruit grown in
the open field tended to have a higher C* value (darker red-purple colour) than the
corresponding greenhouse-grown fruit, but the differences were not statistically significant
(Fig.2).

The Hue angle (H°) of Tsakoniki fruit calculated at different DAA up to harvest
increased with maturation (changing from negative to positive), indicating that fruit colour
changed from red-purple to whitish-purple (Fig 3). The value of H° did not differ between
parthenocarpic and seed-containing fruit (P < 0.05) and no major differences were
observed between greenhouse and open field-grown fruits. At harvest, however,
considerable differences were noted between spring and autumn grown fruit, with H® being
higher in the fruit grown in spring than in the autumn. Additionally, the H® value tended to
be higher in fruit that were formed parthenocarpically by treatment with NOA + BA than
by natural pollination, whereas the H® value of the NOA treatment was intermediate
between the two (Fig. 3), but these differences were not statistically significant. In
comparing the colour of Tsakoniki with the stage of maturity, it is also important to note
that the fruit of this cultivar is bi-coloured: red-purple and white. The change in C* and H®,
therefore, may not only indicate a change in the intensity of red-purple colour, but also a
change in the white striping of the fruit (hence the abrupt change in C* between 21DAA

and harvest in the spring crop).
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Fig. 1. Lightness (L) of fruit of eggplant cv. Tsakoniki at 7, 14, 21 DAA and at harvest as
influenced by natural pollination (--4---), 60 ppm NOA (--m--) and 60 ppm NOA + 30 ppm
BA (—>—). The cultivar was grown both in the greenhouse (A, B) and in the open field
(C, D) during spring (A, C) and autumn (B, D). Vertical bars indicate LSD value according
to Fisher’s least significant difference test (P < 0.05).
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Fig 2. Chroma (C*) of fruit of eggplant cv. Tsakoniki at 7, 14, 21 DAA and at harvest as
influenced by natural pollination (---#---), 60 ppm NOA (--m--) and 60 ppm NOA + 30 ppm
BA (—>—). The cultivar was grown both in the greenhouse (A, B) and in the open field
(C, D) during spring (A, C) and autumn (B, D). Vertical bars indicate LSD value according
to Fisher’s least significant difference test (P < 0.05).
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(C, D) during spring (A, C) and autumn (B, D). Vertical bars indicate LSD value according
to Fisher’s least significant difference test (P < 0.05).

In general, the fruit color of Black Beauty is uniformly dark purple and there were
no significant differences in the color coordinates L, C* and H°® between parthenocarpic
and seed-containing fruit of this cultivar at different DAA until harvest (Fig 4, 5 and 6).
Figure 4 indicates that the changes in L value of both seed-containing and parthenocarpic
fruit were minimum from 7 DAA to 21 DAA, i.e., there was little change in lightness.
Between 21 DAA and harvest, however, the L value increased sharply, indicating a
lightening of fruit colour during maturation (Fig. 4). Moreover, the mean value of L tended
to be higher in the greenhouse-grown fruit of Black Beauty than in those grown in the open

field, irrespective of treatment and season, but not to a statistically significant level.
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according to Fisher’s least significant difference test (P < 0.05).
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Fig 5. Chroma (C*) of fruit of eggplant cv. Black Beauty at 7, 14, 21 DAA and at harvest
as influenced by natural pollination (---4---), 60 ppm NOA (--m--) and 60 ppm NOA + 30
ppm BA (—>—). The cultivar was grown both in the greenhouse (A, B) and in the open
field (C, D) during spring (A, C) and autumn (B, D). Vertical bars indicate LSD value
according to Fisher’s least significant difference test (P < 0.05).
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Fig 6. Hue angle (H®) of fruit of eggplant cv. Black Beauty at 7, 14, 21 DAA and at harvest
as influenced by natural pollination (---4---), 60 ppm NOA (--m--) and 60 ppm NOA + 30
ppm BA (—>—). The cultivar was grown both in the greenhouse (A, B) and in the open
field (C, D) during spring (A, C) and autumn (B, D). Vertical bars indicate LSD value
according to Fisher’s least significant difference test (P < 0.05).

It was observed that at an early growth stage (7 DAA) C* was minimum in both
parthenocarpic and seed-containing fruit of Black Beauty and the fruit were dark purple in
color (Fig 5). No major changes were observed from 7 DAA to 21 DAA, irrespective of
season or growing conditions (greenhouse or open field), but thereafter C* increased
abruptly, reaching a maximum value at harvest, at which stage the fruit attained a lighter
purple color (Fig 5). C* value did not vary in fruits between spring and autumn or between
the greenhouse and open field.

The changes of H° in parthenocarpic fruit of Black Beauty followed the same
pattern as that of seed-containing fruit at different DAA until harvest (Fig 6). At 7 DAA,
H° was negative, indicating a purple color of the fruit. During maturation, the H® value
changed from negative to positive, indicating that fruit color changed from purple to red-
purple. This change occurred for both parthenocarpic and seed-containing fruit between 21
DAA and harvest. No major differences were observed between fruit grown in the
greenhouse and those grown in the open field, but fruit grown in spring had a higher H®

value at harvest than those grown in autumn irrespective of growing conditions (Fig. 6).
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In Emi, the value of L decreased between 7 and 14DAA, then increased during the
course of fruit maturation, reaching a maximum value at harvest (Fig 7). Increasing values
of L indicated that the eggplant fruit became lighter in colour towards harvest maturity.
Although the L value was usually lower in seed-containing fruit at harvest than in
parthenocarpic fruit, the difference was not significant (P < 0.05). Between seasons and
growing conditions (greenhouse and open field) no significant differences were recorded,
although, exceptionally, in the spring greenhouse crop the L value of the seed-containing
fruit was higher than that of NOA-induced fruit.

The chroma value of fruit of Emi decreased between 7 and 14 DAA but then
increased up to harvest, which coincided with the fading of fruit color during the process of
fruit maturation (Fig 8). However, the C* value did not differ (P < 0.05) between
parthenocarpic and seed-containing fruit at different DAA until harvest, when in the open
field crop in the spring the C* value of the parthenocarpic fruit was higher than that of the
seed-containing fruit. The autumn grown fruit were observed to have a more intense purple

colour than the spring grown fruit, although this was not reflected in the C* values except

at harvest.
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Fig 7. Lightness (L) of fruit of eggplant cv. Emi at 7, 14, 21 DAA and at harvest as
influenced by natural pollination (--#---), 60 ppm NOA (--m--) and 60 ppm NOA + 30 ppm
BA (—>—). The cultivar was grown both in the greenhouse (A, B) and in the open field
(C, D) during spring (A, C) and autumn (B, D). Vertical bars indicate LSD value according
to Fisher’s least significant difference test (P < 0.05).
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Fig 8. Chroma (C*) of fruit of eggplant cv. Emi at 7, 14, 21 DAA and at harvest as
influenced by natural pollination (---4---), 60 ppm NOA (--m--) and 60 ppm NOA + 30 ppm
BA (—>—). The cultivar was grown both in the greenhouse (A, B) and in the open field
(C, D) during spring (A, C) and autumn (B, D). Vertical bars indicate LSD value according

to Fisher’s least significant difference test (P < 0.05).
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BA (—>—). The cultivar was grown both in the greenhouse (A, B) and in the open field
(C, D) during spring (A, C) and autumn (B, D). Vertical bars indicate LSD value according

to Fisher’s least significant difference test (P < 0.05).

| | *
’
4
U4

Atharvest

C

Hueangle (H)

Hue angle (H’)

-15

TDAA» )A]S'KA 21DAA  Atharvest
e
¢« -~
B
f
T7DAA 14DAA Atharvest

~7 D

43



It was observed that the H® value of Emi decreased from 7 to 14DAA, but increased
sharply thereafter, reflecting the color changed from dark purple to light purple (Fig 9). In
all cases, however, the H° value remained negative from 7 to 21DAA, but between 21DAA
and harvest changed from negative to positive. As in the case of C*, the H® value did not
differ (P < 0.05) between parthenocarpic and seed-containing fruit of Emi at different DAA
until harvest. No difference in H° value was observed between fruit for the greenhouse and
that from the open field, except at harvest when the open field-grown spring fruit were
observed to be lighter purple in colour than the greenhouse crop.

In Black Boy, no significant difference (P < 0.05) was observed between
parthenocarpic and seed-containing fruit in relation to L, C* and H°® values at different
DAA up to harvest (Fig 10, 11 and 12). The L values of both parthenocarpic and seed-
containing fruit initially decreased (between 7 and 14DAA), but then increased, indicating
that the fruit became lighter in colour during maturation (Fig 10). The L values for the
field-grown crops (both spring and autumn) were initially lower (between 7 and 14DAA)
than those of the corresponding greenhouse crops, but by harvest these differences had
disappeared, except in the spring-grown open field NOA-induced fruit, which had a higher
L value at harvest.

In Black Boy, the C* value did not change significantly at the early stage of
development (from 7 to 14 DAA), but subsequently increased up to harvest, indicating that
fruit color changed from purple to orange-purple (Fig 11). In general, no major differences
in C* value were found between the spring and autumn crops but the open field-grown
fruit had higher C* values than those of the corresponding greenhouse-grown fruit at
harvest.

The fruit color of Black Boy changed from purple to orange-purple color during
maturation, Figure 12 showed that the H®° value decreased between 7 and 14DAA then
increased up to harvest, although a decrease in H°® value was observed in the seed-
containing and NOA-induced fruit of the autumn-grown open field crop at harvest. Except
for this, a similar pattern of H® value change was observed in both the spring and autumn
crops. No differences were detected between greenhouse and open field-grown fruits

irrespective of seasons.
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Fig 10. Lightness (L) of fruit of eggplant cv. Black Boy at 7, 14, 21 DAA and at harvest as
influenced by natural pollination (--4---), 60 ppm NOA (--m--) and 60 ppm NOA + 30 ppm
BA (—>—). The cultivar was grown both in the greenhouse (A, B) and in the open field
(C, D) during spring (A, C) and autumn (B, D). Vertical bars indicate LSD value according

to Fisher’s least significant difference test (P < 0.05).
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Fig 11. Chroma (C*) of fruit of eggplant cv. Black Boy at 7, 14, 21 DAA and at harvest as
influenced by natural pollination (--4---), 60 ppm NOA (--m--) and 60 ppm NOA + 30 ppm
BA (—>—). The cultivar was grown both in the greenhouse (A, B) and in the open field
(C, D) during spring (A, C) and autumn (B, D). Vertical bars indicate LSD value according

to Fisher’s least significant difference test (P < 0.05).
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Fig 12. Hue angle (H®) of fruit of eggplant cv. Black Boy at 7, 14, 21 DAA and at harvest
as influenced by natural pollination (---4---), 60 ppm NOA (--m--) and 60 ppm NOA + 30
ppm BA (—>—). The cultivar was grown both in the greenhouse (A, B) and in the open
field (C, D) during spring (A, C) and autumn (B, D). Vertical bars indicate LSD value
according to Fisher’s least significant difference test (P < 0.05).

3.3.2 Length of fruit

The length of greenhouse and open field-grown eggplant fruit was recorded at different
DAA until harvest during spring and autumn. In the spring, the fruit of all eggplant
cultivars grew quickly and frequently the length of the fruit was higher than that of
corresponding fruits grown in the autumn.

In Tsakoniki, fruit length increased faster than diameter, the fruit being elongate in
shape. The data on fruit length indicated a significant difference (P < 0.05) between
parthenocarpic and seed-containing fruit at different DAA during spring and autumn with
the hormone-set fruit (especially those set by NOA) being significantly longer than the
naturally pollinated fruit (Fig 13). In most cases, however, the differences in fruit length

between NOA and NOA + BA-treated fruits were insignificant (P < 0.05).
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Fig. 13. Length (cm) of fruit of eggplant cv. Tsakoniki at 7, 14, 21 DAA and at harvest as
influenced by natural pollination (--4---), 60 ppm NOA (--m--) and 60 ppm NOA + 30 ppm
BA (—>—). The cultivar was grown both in the greenhouse (A, B) and in the open field
(C, D) during spring (A, C) and autumn (B, D). Vertical bars indicate LSD value according
to Fisher’s least significant difference test (P < 0.05).
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Fig. 14. Length (cm) of fruit of eggplant cv. Black Beauty at 7, 14, 21 DAA and at harvest
as influenced by natural pollination (---4---), 60 ppm NOA (--m--) and 60 ppm NOA + 30
ppm BA (—>—). The cultivar was grown both in the greenhouse (A, B) and in the open
field (C, D) during spring (A, C) and autumn (B, D). Vertical bars indicate LSD value
according to Fisher’s least significant difference test (P < 0.05).
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Fruit length increased continuously from 7 DAA to harvest in both seasons and
almost 75% of the final fruit length was achieved in parthenocarpic fruits between 7 DAA
and 14 DAA, while during the same period the seed-containing fruit reached about 60% of
their final length. Between fruits produced in the greenhouse and those produced in the
open field, the former tended to have a consistently greater length, although not to a
statistically significant level.

The data on the length of fruit of Black Beauty is presented in Fig. 14. Although
some differences in fruit length between parthenocarpic and seed-containing fruit were
observed at different DAA these were only significant in the open field crop between 14
DAA and at harvest during autumn (Fig. 14). The length of the greenhouse-grown
parthenocarpic fruit almost doubled between 7 and 14 DAA and increased progressively
thereafter, whereas seed-containing fruit reached 65% of their final length within the same
duration. At harvest, the maximum length of fruit (15.43 cm) was recorded in greenhouse-
grown NOA-treated fruit in the spring, which was higher than that of NOA + BA-treated
(15.03 cm) and seed-containing fruit (12.63 cm) in the same cultivation. Overall, the length
of fruit grown in the greenhouse tended to be higher than that of the corresponding fruit

grown in the field.
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Fig. 15 Length (cm) of fruit of eggplant cv. Emi at 7, 14, 21 DAA and at harvest as
influenced by natural pollination (--4---), 60 ppm NOA (--m--) and 60 ppm NOA + 30 ppm
BA (—>—). The cultivar was grown both in the greenhouse (A, B) and in the open field
(C, D) during spring (A, C) and autumn (B, D). Vertical bars indicate LSD value according
to Fisher’s least significant difference test (P < 0.05).
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No significant differences (P < 0.05) were observed in the length of parthenocarpic
and seed-containing fruit of Emi at different DAA. However, the parthenocarpic fruit
(NOA-treated) grew more rapidly and tended to attain their maximum length earlier than
the corresponding seed-containing fruit. At harvest, parthenocarpic (NOA and NOA + BA-
treated) fruits were longer than seed-containing fruits, but no significant difference (P <
0.05) was found between NOA and NOA + BA-treated fruits or between parthenocarpic
and seed-containing fruit. Final fruit length was lower in the open field crop than in the
greenhouse crop in the autumn, but there was virtually no difference in the length of open

field and greenhouse fruit in the spring.
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Fig. 16. Length (cm) of fruit of eggplant cv. Black Boy at 7, 14, 21 DAA and at harvest as
BA (—>—). The cultivar was grown both in the greenhouse (A, B) and in the open field
(C, D) during spring (A, C) and autumn (B, D). Vertical bars indicate LSD value according
to Fisher’s least significant difference test (P < 0.05).

The length of fruit of eggplant cv. Black Boy increased with time. Both in the
greenhouse and in the open field, the treatments did not differ significantly (P < 0.05) at
different DAA, however at 7 DAA the NOA-induced fruits were already longer than those
of NOA + BA and seed-containing fruit and this difference persisted until harvest (Fig.
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16). By 21 DAA, the NOA-induced fruits had attained almost 95% of their final length;
they then continued growing at a slower rate until harvest. Between the autumn and spring
crops there was no significant difference in fruit length at harvest for each corresponding
treatment, although fruit in the open field in autumn tended to elongate at a slower rate

than those in the spring (7 and 14 DAA).

3.3.3 Diameter of fruit

The diameter of fruits of eggplant cvs. Tsakoniki, Black Beauty, Emi and Black Boy was
measured from 7 DAA up to harvest. In all the cultivars, fruit diameter showed a similar
trend to that observed for fruit length. The fruit diameter of greenhouse-grown eggplants
tended to be higher than that in the open field, particularly in the autumn. Similarly,
eggplant fruit grown in spring had a relatively higher fruit diameter compared with the

autumn crops.
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Fig. 17. Diameter (cm) of fruit of eggplant cv. Tsakoniki at 7, 14, 21 DAA and at harvest
as influenced by natural pollination (---4---), 60 ppm NOA (--m--) and 60 ppm NOA + 30
ppm BA (—>—). The cultivar was grown both in the greenhouse (A, B) and in the open
field (C, D) during spring (A, C) and autumn (B, D). Vertical bars indicate LSD value
according to Fisher’s least significant difference test (P < 0.05).
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The mean fruit diameter of Tsakoniki was higher in parthenocarpic fruit than in
seed-containing fruit from 7 DAA until harvest; however, significant differences (P < 0.05)
were only detected in the greenhouse crop during spring. It was observed that the diameter
of parthenocarpic fruit increased faster than that of the seed-containing fruit from 7DAA
until harvest. The increase in diameter of NOA-induced fruit was similar to that of fruit
induced by NOA + BA. During spring, at harvest, the mean diameter attained by the
greenhouse-grown NOA-induced fruit, NOA + BA-induced and seed-containing fruit was
6.96, 6.66 and 5.55 cm, respectively.
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Fig. 18. Diameter (cm) of fruit of eggplant cv. Black Beauty at 7, 14, 21 DAA and at
harvest as influenced by natural pollination (---4--+), 60 ppm NOA (--m--) and 60 ppm NOA
+ 30 ppm BA (—>—). The cultivar was grown both in the greenhouse (A, B) and in the
open field (C, D) during spring (A, C) and autumn (B, D). Vertical bars indicate LSD value
according to Fisher’s least significant difference test (P < 0.05).

The diameter of both seed-containing and parthenocarpic fruits of Black Beauty
showed an initial phase of rapid growth between 7 and 21 DAA followed by a slower
increase (21 DAA to harvest) (Fig. 18). The fruit diameter of parthenocarpic fruit tended to
be higher than that of seed-containing fruit at different DAA, but the differences were only
significant (P < 0.05) in the greenhouse crop during autumn. Although NOA-induced fruit

had a higher diameter than NOA + BA-induced fruit, this difference was generally
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insignificant (P < 0.05). The diameter of greenhouse-grown fruits was invariably higher
than that of fruit grown in the field in the autumn, but not in the spring. The NOA-induced
fruit with the largest diameter (13.15 cm) were obtained in the greenhouse during spring
and the lowest diameter was observed in seed-containing fruit (6.98 cm) in the open field

crop during autumn.
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Fig. 19. Diameter (cm) of fruit of eggplant cv. Emi at 7, 14, 21 DAA and at harvest as
influenced by natural pollination (--#---), 60 ppm NOA (--m--) and 60 ppm NOA + 30 ppm
BA (—>—). The cultivar was grown both in the greenhouse (A, B) and in the open field
(C, D) during spring (A, C) and autumn (B, D). Vertical bars indicate LSD value according
to Fisher’s least significant difference test (P < 0.05).

The fruit diameter of Emi from 7 DAA to harvest is shown in Fig. 19. No
noticeable differences in diameter were observed between parthenocarpic and seed-
containing fruit at 7 DAA in either season (P < 0.05). Afterwards, a rapid increase in the
fruit diameter of parthenocarpic fruit was observed, which continued until 21 DAA,
following which growth continued at a slower rate until harvest. On the other hand, the
diameter of seed-containing fruit increased gradually until harvest. Thus the diameter of
parthenocarpic fruit at harvest (both NOA and NOA+BA-induced fruit) was higher than

that of the seed-containing fruit, but not to a statistically significant level, irrespective of

season and the method of cultivation (greenhouse and open field). Fruit diameter in the
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spring tended to be higher than that of fruit in the autumn both in the greenhouse and in the

open field.
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Fig. 20. Diameter (cm) of fruit of eggplant cv. Black Boy at 7, 14, 21 DAA and at harvest

ppm BA (—>—). The cultivar was grown both in the greenhouse (A, B) and in the open
field (C, D) during spring (A, C) and autumn (B, D). Vertical bars indicate LSD value
according to Fisher’s least significant difference test (P < 0.05).

The data on fruit diameter of cv. Black Boy are presented in Fig 20. The diameter
of parthenocarpic fruit increased progressively with the advancement in growth up to
harvest. In spite of its initially similar growth rate (7DAA), the diameter of seed-containing
fruit was lower than that of parthenocarpic fruit from 14 DAA up to harvest, but not to a
statistically significant level (P < 0.05). At harvest, the maximum diameter of fruit was
recorded in the greenhouse in spring from the NOA + BA treatment (5.63 cm) followed by
NOA-induced fruit (5.25 cm) and seed-containing fruit (5.20 cm); however, the differences
were not significant (P < 0.05). The diameter of the greenhouse and open field-grown fruit
did not differ at harvest in either season, but fruit from the autumn crop tended to have a
smaller diameter than that of fruit from the corresponding spring crop, even it not to a

significant level.
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3.3.4 Mean fruit weight
The mean weight of individual eggplant fruit was measured at harvest and growth
regulators were found to have a significant effect on fruit weight both in the greenhouse

and in the open field crops, except in greenhouse-grown Emi.
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Fig. 21. Mean fruit weight (g) of greenhouse-grown fruit of eggplant cvs. Tsakoniki, Black
Beauty, Emi and Black Boy as influenced by natural pollination (m), 60 ppm NOA (0) and
60 ppm NOA + 30 ppm BA (). Means of each cultivars accompanied by the same letter
are not significantly different according to Fisher’s least significant difference test (P <
0.05).

In spring, the highest mean fruit weight of Black Beauty and Tsakoniki was 802.31
and 360.84 g respectively in NOA-induced fruit, whereas the highest mean fruit weight of
Emi and Black Boy was 620.72 and 320.34g respectively in NOA + BA-induced fruit.(Fig.
21). However, the difference between NOA alone or NOA in combination with BA was
not statistically significant (P < 0.05). In autumn, the same pattern was observed, but mean
fruit weight was lower than in the spring. The lowest fruit weight in all cultivars was found
in naturally pollinated fruit during spring and autumn, while growth regulator stimulation
of fruit development was higher in spring than in autumn.

The mean fruit weight of Tsakoniki, Black Beauty, Emi and Black Boy grown in
the open field is shown in Fig. 22. As in the greenhouse crop, the mean weight of Black
Beauty and Emi was larger than that Black Boy and Tsakoniki in both seasons (Fig. 22).

Similar to the greenhouse experiment, the application of growth regulators had a
beneficial effect on the mean fruit weight of open field-grown eggplant fruits. Statistical
analysis showed significant differences (P < 0.05) between the parthenocarpic and seed-

containing fruits of all cultivars.
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Fig. 22. Mean fruit weight (g) of field-grown fruit of eggplant cvs. Tsakoniki, Black
Beauty, Emi and Black Boy as influenced by natural pollination (m), 60 ppm NOA (0) and
60 ppm NOA + 30 ppm BA (). Means of each cultivars accompanied by the same letter
are not significantly different according to Fisher’s least significant difference test (P <

0.05).

Overall, NOA iincreased the fruit weight of field-grown eggplant cultivars more
than the same hormone applied in combination with BA, but only to a statistically
significant level in Black Beauty and Black Boy during spring. In all cases the lowest fruit
weight was recorded in the fruit of all cultivars derived from natural pollination, although
in Emi during spring and in Black Boy in both seasons the mean fruit weight of fruit set by
natural pollination did not differ significantly from that of the NOA + BA treatment. The

individual fruit weight of spring grown eggplants was higher in all cultivars than in the

autumn crops.

3.3.5 Length of peduncle
The peduncle length of greenhouse and field-grown fruit of eggplant cvs. Tsakoniki, Black
Beauty, Emi and Black Boy was recorded during spring and autumn.

The results showed that despite differences between cultivars the growth substances
did not influence (P < 0.05) the length of the peduncle of greenhouse-grown eggplant fruits
(Fig. 23). In general, the peduncle length was shorter in Black Beauty than in the other
cultivars (Fig. 23). Between seasons there were no differences in the peduncle length of
corresponding cultivars and treatments.

Similarly, the peduncle length of field-grown fruit of all eggplant cultivars did not
vary significantly between natural pollination and hormone treatments (P < 0.05) (Fig. 24).
The peduncle length of Black Beauty was shorter than in the other cultivars and no

differences were detected between seasons.
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Fig. 23 Length of peduncle (cm) of greenhouse-grown fruit of eggplant cvs. Tsakoniki,
Black Beauty, Emi and Black Boy as influenced by natural pollination (m), 60 ppm NOA
(o) and 60 ppm NOA + 30 ppm BA (). Means of each cultivars accompanied by the same
letter are not significantly different according to Fisher’s least significant difference test (P
<0.05).
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Fig. 24. Length of peduncle (cm) of open field-grown fruit of eggplant cvs. Tsakoniki,
Black Beauty, Emi and Black Boy as influenced by natural pollination (m), 60 ppm NOA
(0) and 60 ppm NOA + 30 ppm BA (). Means of each cultivars accompanied by the same
letter are not significantly different according to Fisher’s least significant difference test (P
<0.05).
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3.3.6 Length of calyx
The length of the calyx of fruit of eggplant cvs. Tsakoniki, Black Beauty, Emi and Black

Boy was measured at harvest during two consecutive seasons: spring and autumn.
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Fig. 25. Length of calyx (cm) of greenhouse-grown fruit of eggplant cvs. Tsakoniki, Black
Beauty, Emi and Black Boy as influenced by natural pollination (m), 60 ppm NOA (0) and
60 ppm NOA + 30 ppm BA (). Means of each cultivars accompanied by the same letter
are not significantly different according to Fisher’s least significant difference test (P <
0.05).
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There was no effect of hormone application on the calyx length of greenhouse-
grown eggplant fruit of any cultivar (Fig. 25). Additionally, calyx length was not affected
by season, but varied with cultivars, e.g. the calyx length of Black Beauty and Black Boy
was less than that of Tsakoniki and Emi in both seasons. The calyx length of greenhouse-
grown Tsakoniki varied from 4.38 to 4.99 cm, Black Beauty from 3.23 to 3.79 cm, Emi
from 4.77 to 5.17 cm and Black Boy from 3.42 to 3.99 cm, respectively, during spring.
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Fig. 26. Length of calyx (cm) of field-grown fruit of eggplant cvs. Tsakoniki, Black
Beauty, Emi and Black Boy as influenced by natural pollination (m), 60 ppm NOA (o) and
60 ppm NOA + 30 ppm BA (=). Means of each cultivars accompanied by the same letter
are not significantly different according to Fisher’s least significant difference test (P <
0.05).

From Fig 26, it is observed that the length of the calyx was not affected by the
application of growth substances (NOA and a mixture of NOA with BA) in the field-grown
fruit of any cultivar during spring and autumn. As in the greenhouse crop, the calyx length

was dependent on cultivar (Black Beauty and Black Boy having a shorter calyx than Emi

and Tsakoniki) irrespective of season.

3.3.7 Percentage (%) dry matter

The dry matter content of fruits of eggplant cvs. Tsakoniki, Black Beauty, Emi and Black
Boy was evaluated at harvest. The results revealed that the percentage dry matter in all
cultivars in both seasons was highest in the fruit from natural pollination, and to a
statistically significant degree in cvs. Tsakoniki and Emi (Fig. 27 and 28). Between the two
hormone treatments, no difference in the percentage dry matter accumulation was

observed, irrespective of cultivar.
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Fig. 27. Percentage dry matter accumulation of greenhouse-grown fruit of eggplant cvs.
Tsakoniki, Black Beauty, Emi and Black Boy as influenced by natural pollination (m), 60
ppm NOA (o) and 60 ppm NOA + 30 ppm BA (). Means of each cultivars accompanied
by the same letter are not significantly different according to Fisher’s least significant

difference test (P < 0.05).

The percentage dry matter content of field-grown eggplant cultivars during spring
and autumn is shown in Fig. 28. Similar to the greenhouse cultivation, in spring seed-
containing eggplant fruit accumulated significantly higher dry matter (P < 0.05) than
parthenocarpic fruit, except in cv. Black Beauty. Although dry matter accumulation tended
to be higher in seed-containing fruit in the open field crop during autumn, the differences
between hormone-induced and naturally pollinated fruit were not significant (P < 0.05).

Similarly, between the two hormone treatments no differences in dry matter content were

observed irrespective of season.
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Fig. 28 Percentage dry matter accumulation of field-grown fruit of eggplant cvs.
Tsakoniki, Black Beauty, Emi and Black Boy as influenced by natural pollination (m), 60
ppm NOA (0) and 60 ppm NOA + 30 ppm BA (). Means of each cultivars accompanied

by the same letter are not significantly different according to Fisher’s least significant
difference test (P < 0.05).

3.3.8 Pollen production

Results regarding the pollen production per flower of greenhouse and open field-grown
crops of eggplant cvs. Tsakoniki, Black Beauty, Emi and Black Boy during spring and
autumn are summarized in Fig 29. All the cultivars produced a higher amount of pollen per

flower under greenhouse conditions, except during the month of July when extremely high
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temperatures (maximum 50.7°C during flowering and mean 34.1°C) prevailed inside the

greenhouse (Fig 29).
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Fig. 29. Seasonal variation in pollen production of fruit of eggplant cvs. Tsakoniki
(—e—), Black Beauty (---m---), Emi (--A--) and Black Boy (--*--) cultivated in the
greenhouse (A) or the open field (B) during spring and autumn.

In both greenhouse and open field cultivation, pollen production per flower in
Black Beauty was relatively higher, followed by Emi, Black Boy and Tsakoniki,
respectively (Fig. 29). Pollen production in all the eggplant cultivars followed the same
pattern. In the spring crop, the highest pollen production per flower was recorded in May
in the greenhouse: Black Beauty (7.00 mg), Emi (5.67 mg), Tsakoniki (5.38 mg) and Black
Boy (4.65 mg), respectively, whereas in the autumn the lowest pollen yield was recorded
in January in the field grown crop: Black Beauty (1.05 mg), Tsakoniki (0.65 mg), Emi
(0.40 mg), and Black Boy (0.35 mg). It was observed that changes in solar radiation,
maximum and minimum temperature were associated with the seasonal variation of pollen
production of eggplant cultivars (Appendix 1 and 2 ). Comparatively high solar radiation

and temperature enhanced pollen production of the eggplant cultivars but excessively high

59



temperatures during July and low temperatures during January significantly reduced pollen

production.

3.3.9 In vitro pollen germination
The percentage of pollen germination in relation to the growing season and cultivars is
presented in Table 5.

All the cultivars showed a higher percentage of pollen germination in the open
field-grown crop than in the greenhouse crop in the spring (i.e. under favourable
temperatures, except the hot month of July), whereas during the autumn, when the outdoor

temperatures were low, pollen germination was higher in the greenhouse crop (Table 5).

Table 5. Mean germination (%) of pollen collected from the flowers of greenhouse and
field-grown eggplant cvs. Tsakoniki, Black Beauty, Emi and Black Boy during the course
of the spring (May-July) and autumn (November-January) crops.

Month In vitro germination of pollen (%)

Tsakoniki Black Beauty Emi Black Boy
Greenhouse
May 21.02+3.84 38.16 +6.42 10.55+4.05 41.67 +14.43
June 8.39+£4.51 14.74 £4.50 3.50+0.71 30.00 = 4.07
July * 6.28 £2.26 * 28.99 +2.83
November 18.71 £2.55 18.25+4.39 5.00+1.41 40.36 £ 5.65
December 6.91 £2.47 11.20£3.30 2.55+0.36 30.24 £3.06
January * 535+£147 * 8.19 £0.98
Open field
May 2922 +3.27 52.12+£5.54 17.36 £ 4.64 72.06 +7.89
June 22.14 £7.66 22.80+£5.89 9.21+£1.70 3246 +4.31
July * 7.57+£2.36 * 29.36+3.19
November 15.48 £2.26 14.68 £2.40 4.50+£0.71 21.47+11.86
December 6.00 £ 1.45 791+1.42 3.02+0.22 13.27+£1.74
January * 2.51 +1.07 * 6.14+1.01

* Pollen was not viable, i.e. germination was 0%.

In all cultivars, the highest pollen germination was recorded in May, irrespective of
whether the plants were grown in the greenhouse or outdoors. Subsequently, pollen
germination fell with increasing air temperature and the lowest pollen germination in all
cultivars during the spring crop was observed in July (Table 5). In autumn, maximum
pollen germination in all cultivars was recorded in the greenhouse-grown crop during
November whereas the lowest germination was observed in the field crop during January,
when the mean air temperature was low with wide fluctuations. Differences in pollen
germination were observed between cultivars. Black Boy showed the highest pollen

germination percentage both at high and low temperatures. Although Tsakoniki and Emi
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produced pollen during the months of July and January the pollen failed to germinate, due
to sterility, presumably as a result of the prevailing high (July) or low (January) air

temperatures both in the greenhouse and in the field.

3.3.10 Pollen tube length
Mean pollen tube length was recorded during pollen germination of the different eggplant

cultivars grown in the greenhouse and open field during spring and autumn (Table 6).

Table 6. Length of the pollen tube of pollen collected from flowers of greenhouse and
field-grown plants of eggplant cvs. Tsakoniki, Black Beauty, Emi and Black Boy during
the course of the spring (May-July) and autumn (November-January) crops and measured
after 6 h incubation at 20+0.5°C.

Month Length of pollen tube (mm)

Tsakoniki Black Beauty Emi Black Boy
Greenhouse
May 0.75+0.34 1.01 £0.33 0.22+0.12 0.86 £0.26
June 026 £0.11 0.43 +£0.15 0.06 +0.02 0.55+0.12
July * 0.21 +£0.08 * 0.27+0.11
November 0.56 £ 0.27 0.62+0.13 0.17 +0.04 0.66 +0.17
December 0.24+£0.10 0.21 +£0.05 0.07 £0.01 0.23+£0.13
January * 0.15+0.04 * 0.21+£0.14
Out field
May 0.77 £0.31 1.53£0.32 0.38 £0.18 1.02 +£0.36
June 0.37+0.17 0.75+0.16 0.14 £ 0.08 0.59+0.26
July * 0.28 +0.14 * 0.22 +0.07
November 0.11 £0.04 042 +0.16 0.16 £0.05 0.58 +0.13
December 0.06 £0.01 0.06 +0.02 0.04 £0.01 0.25+0.07
January * 0.05 £ 0.01 * 0.05 +0.02

* Pollen was not viable.

Pollen tube length ranged from 1.53 (Black Beauty) to 0.04 mm (Emi) at the time
of measurement (6 h incubation) and, similar to the percentage pollen germination, the
length of pollen tube was higher when the cultivars were grown in the open field in spring
and in the greenhouse in autumn. The length of pollen tubes generally decreased with
temperatures that were higher or lower than the 22.54°C optimum during flowering, and
the responses of the cultivars were different. All cultivars attained their maximum pollen
tube length in the germination test when pollen was collected from the flowers of plants
grown in the field during May, with mean values for Tsakoniki, Black Beauty, Emi and
Black Boy 0.77, 1.53, 0.38 and 1.02 mm, respectively after 6 h incubation at 20+0.5°C.
High temperatures in the greenhouse in July reduced the length of the pollen tube during

the germination test in Black Beauty and Black Boy, while minimum pollen tube length
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was recorded for pollen from the open field-grown plants of Black Beauty and Black Boy
during January (Table 6). At times of very low (January) or high (July) temperature the

pollen of Emi and Tsakoniki (as noted above) failed to germinate.

3.4 Discussion

The results of the present experiment not only confirm earlier reports of the positive effect
of auxin on fruit-set in out of season eggplant (Olympios, 1978; Nothmann et al., 1983) but
also show that auxin application positively affects fruit size and colour, both in greenhouse
and open field crops, irrespective of cultivar.

Fruit color is an important maturation indicator for fruit harvest and differs
considerably among cultivars. Fruits of Tsakoniki are bi-coloured with purple/red and
white stripes at maturity, while those of Black Beauty and Emi are predominantly purple,
but with a varying intensity of colour, and fruits of Black Boy are orange-purple. These
cultivar specific differences were present during the entire fruit development until harvest.
The color changes during fruit maturation were reflected by changes in the values of L, C*
and H°. In all cultivars, an increase in L value was observed during fruit development
corresponding to a lightening of fruit colour during maturation; however, the rate was more
pronounced in Tsakoniki, indicating a higher change in lightness in this cultivar towards
maturity. During early development of the fruit, a minimum change in C* value was
detected in all cultivars, but between 21DAA and harvest the C* value of Tsakoniki
decreased while that of the other cultivars increased. During fruit development, H° changed
from negative to positive in all cultivars. This change occurred earlier in Tsakoniki and
Black Boy than Black Beauty and Emi.

Fruit colour is a major indicator of fruit quality; therefore, it is important to harvest
fruit when colour development is optimal (Passam and Karapanos, 2008). In the present
experiment, minimum changes of colour coordinates L, C* and H® were observed in all
cultivars until 21DAA during spring whereas, in most cases in autumn the changes in
colour coordinates were minimum until harvest, indicating that during spring all the
cultivars reached marketable quality in terms of colour at 21 DAA, whereas in the autumn
fruits should preferably be harvested at 28 DAA. In our experiment, in most cases we did
not observe significant differences (P < 0.05) in L, C* and H° value between

parthenocarpic and seed-containing eggplant fruit of any cultivar, but overall visual colour
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formation in parthenocarpic fruit was as good or better than that of seed-containing fruit in
all cultivars.

With respect to seasonal variation, it was observed that color development in the
fruit of all cultivars was sensitive to temperature and probably light. Changes in the colour
coordinates of fruit of all cultivars were more rapid in spring than in autumn. Additionally,
in spring colour development of the fruit skin was uniform whereas, in the autumn some
green areas were observed on the fruit skin of Black Beauty, Emi and Black Boy.
According to Nothmann et al. (1978) cool season grown eggplant fruits usually show poor
colouration. It was also visually observed that open field-grown fruits of all cultivars were
darker in color than those of greenhouse-grown fruits, which might result from differences
in solar radiation in the two crops. In other Solanaceous crops, e.g. tomato (Cox et al.,
2003), the amount of light affects fruit colour by altering the lycopene content of the fruit.

The growth of eggplant fruit was assed in fruit length and diameter at different
DAA as well as in terms of mean fruit weight at harvest. Length and diameter of
developing seed-containing eggplant fruits were compared with those of fruit set
parthenocarpically by NOA and NOA in combination with BA. In our experiment, the
pattern of development of seed-containing and parthenocarpic fruit was similar in all
cultivars, but the parthenocarpic fruits showed faster growth than the seed-containing fruit.
The growth curve also showed that in most cases there was little or no difference in fruit
size at 7DAA in any treatment, but between 7DAA and 21DAA parthenocarpic fruit were
larger than seed-containing fruit. In summary, the growth curve might be described as
follows: during the initial 7DAA, enlargement of the fruit is mediated through cell
division. At this stage there are relatively small differences in growth between fruit
developing parthenocarpically and those developing from natural pollination, and it is
possible that the stimulus received by the ovary is the same in both cases. Afterwards (7-
21DAA), fruit development in parthenocarpic fruits was largely a result of cell expansion
as a result of the application of NOA or the mixture of NOA and BA. The application of
auxin has been shown to increase fruit size in eggplant (Nakansha, 2000) and cherry (Stern
et al., 2008), whereas a negative effect on fruit size was reported in tomato (Ho, 1996) and
pepper (Heuvelink and Korner, 2001). Fruit length and diameter on different DAA was
generally higher within the greenhouse thanks to the warmer temperature compared with
the open field. Moreover, fruit growth in spring was more rapid and resulted in early
maturity, whereas in autumn the eggplant fruit of all cultivars grew at a slower rate,

resulting in a longer period of fruit development and initially relatively smaller fruits.
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It is currently accepted that exogenous auxins play a significant role in fruit-set and
development in several crops, e.g. eggplant (Olympios, 1978; Nothmann et al., 1983,
1975; Van Ravestijn, 1983; Sharma, 2006; Nkansha, 2000), tomato (Sjut and Bangerth,
1982), pepper (Silveira et al., 1986; Thanopoulos 2012), strawberry (Thompson, 1969),
mandarin (Guardiola and Azaro, 1987), pepino (Ercan and Akilli, 1996). The present
results revealed that the application of growth regulators increased the mean individual
fruit weight of all the eggplant cultivars of the present experiment, except Emi in the
greenhouse. In most cases, the heaviest fruits were obtained with NOA followed by NOA
in combination with BA and natural pollination, respectively. The highest fruit weight
apparently results from the promotive effect of NOA on fruit growth and development by
securing maximum length and diameter compared with the other treatments. Earlier reports
also indicated that NOA increased the fruit weight in eggplant (Olympios, 1976),
strawberry (Thompson, 1969) and pepino (Ercan and Akilli, 1996). However, because in
previous experiments NOA and other plant growth regulators were applied to plants under
commercial growing conditions (i.e. without the removal of the stamens) it is likely that
the fruits contained seeds (Olympios, 1976), whereas in our experiments the hormone-
induced fruit were all parthenocarpic, i.e. contained no seed.

It was also observed that the stimulatory effect of NOA on fruit growth depends on
the growing conditions and season. Our results revealed that under decreasing light
intensity and temperature in autumn, fruit-set and the rate of fruit development were
limited, probably due to a lack of assimilate supply owing to the competition for available
metabolites between vegetative growth and reproductive development, as observed in
pepper (Thanopoulos, 2012). During autumn, however, it is clear that less favourable
environmental conditions markedly decreased the individual fruit weight of all cultivars,
more in the case of pollinated fruits than in those treated with NOA. This might suggest a
difference in hormone levels between the two treatments. Why the addition of BA should
reduce the effect of NOA is not clear. It is known that BA affects cell division rather than
cell expansion and possibly the presence of BA reduced the effect of NOA on cell
expansion. Olympios (1976) observed a beneficial effect of adding BA to NOA during
hormone application to eggplant, since both fruit set and fruit yield increased; however, as
indicated above, the fruits in this case probably contained seeds. In pepper, NOA induces
fruit set, but fruit size is small in the absence of seeds; if seeds are present, however, NOA
application increases fruit size beyond that of the seed-containing, untreated control

(Thanopoulos, 2012).
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Elongation of the peduncle in tomato was observed following the application of
gibberellic acid (GA) (Owen and Aung, 1990). According to our results, peduncle length is
primarily influenced by genotype and NOA alone or in combination with BA did not
significantly increase the length of the peduncle of eggplant fruits in any of the cultivars
examined, but the warmer environment of the greenhouse, especially during autumn,
favoured the elongation of the peduncle compared with the open field crop, but not to a
significant level.

The length of the calyx varied among the eggplant cultivars; Tsakoniki and Emi
had the longest calyx followed by Black Boy and Black Beauty. Genotypic differences are
primarily responsible for this variation in calyx length, since all the cultivars regardless of
season and growing conditions (greenhouse and open field) showed a similar response to
growth substances. Although the application of NOA and a mixture of NOA and BA
tended to increase the length of the calyx, this effect was statistically insignificant.

Dry matter content is also used to measure the productivity of the plant. Our results
showed that the application of NOA alone or in a mixture with BA caused a reduction in
the percentage dry matter content of eggplant fruit; however, in some cases the differences
in percent dry matter were not significant between parthenocarpic and naturally pollinated
fruit. From a physiological stand point, the decrease in percentage dry matter of the fruit
tissues may have resulted in part from an increased osmotic concentration of the cell sap of
the tissues due to their response to growth regulator application, which ultimately
increased the water absorbing capacity of the fruit. It has been reported earlier that
application of exogenous auxin reduces the dry matter content of tomato (Picken and
Grimmett, 1986) and strawberry (Al-Madhagi et al., 2011). No significant effect of season
or growing conditions on fruit dry matter was observed, although it might have been
expected that eggplant fruit would accumulate a higher percentage dry matter in the field
than in the greenhouse, especially in spring, because the light received by the plant for
photosynthesis was relatively higher in the field.

Although the number of flowers per plant and the amount of pollen produced at
certain times of the year was too low to permit satisfactory statistical analysis, it is
apparent from the results that each genotype showed a specific response to temperature
(and probably light) in respect of pollen production and germination. Black Beauty and
Emi yielded higher amounts of pollen due to their large stamens in comparison with the
small stamens of Black Boy and Tsakoniki. Genotypic differences in pollen production

have also been reported in several crop species e.g., in eggplant (Boyaci et al., 2009) and
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tomato (Damidaux and Martinez, 1992). In the present study, the rate of pollen production
per flower in all cultivars was severely reduced under both high and low temperatures as
reported for tomato by Karapanos (2007). Formation of viable pollen with high
germination capability is a prerequisite for fruit set. It is widely acknowledged that
temperature influences the viability of pollen (Abak and Guler, 1994) more than that of the
gynoecium (Karapanos, 2007). Tsakoniki and Emi were found to be more thermo-
susceptible than Black Beauty and Black Boy as no pollen germination was observed in the
former during the months when excessive high (July) or low (January) temperatures
prevailed. Overall, Black Boy showed the greatest tolerance to high and low temperatures
in terms of pollen germination and pollen tube growth. It was also observed that fruit set
in Emi was not affected by pollen viability as measured by an in vitro germination test,
because this cultivar has the natural ability to produce a parthenocarpic fruit (Passam and
Khah, 1992). Although pollen germination is a good indicator of male fertility, is also
important to know the rate of pollen tube growth because for fertilization it is necessary
that the pollen tubes reach the ovules and penetrate them (Karapanos, 2007). In our
experiment, pollen tube growth in relation to the season of pollen collection was similar to
that of pollen germination. High temperatures during spring and low temperatures during
autumn apparently exerted a negative effect not only on pollen viability (germination) but
also on pollen vigour, i.e. pollen tube length, as observed in tomato (Karapanos, 2007). In
eggplant, previous work has reported that under the Mediterranean climate better pollen
production and viability was obtained during May when the average temperature ranged
between 24 and 27°C (Abak and Guler, 1994). In this work we found similar results. Under
field conditions, lower temperatures, especially during autumn, reduced pollen production

as well as pollen germination.
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CHAPTER 4

The effect of fruit-setting hormone on the physico-chemical characteristics of

eggplant.

4.1 Introduction

Eggplants are known to be good sources of natural antioxidants, such as ascorbic acid and
phenolics, and in recent years have received considerable attention due to the presence of
these substances, which are beneficial for human health, e.g., by suppressing the
development of blood vessels required for tumor growth and metastasis (Matsubara et al.,
2005) and inhibiting inflammation that can lead to atherosclerosis (Han et al., 2003). A
number of studies have reported the use of plant growth regulators (PGR) to improve fruit-
set in eggplant (Olympios, 1976; Lee et al., 2004; Kowalska, 2006); however, no studies
have been conducted so far to evaluate the complete profile of fruit quality in response to
growth regulator application. In view of the importance of fruit quality in eggplant and the
role of plant PGR in improving fruit set, especially under low temperatures (Chapter 3),
this study was designed to evaluate the effect of exogenous application of PGR on the

physico-chemical characteristics of the fruit.

4.2 Materials and methods

The present investigation was carried out during autumn 2008 and spring 2009 to evaluate
the fruit quality attributes of naturally pollinated (seed-containing) and parthenocarpic
(seedless) eggplants. Eggplant cvs. Tsakoniki, Black Beauty, Emi and Black Boy were
grown both in the greenhouse and in the open field. Plant growth regulators (PGR) viz., B-
NOA (60 ppm), B-NOA (60 ppm) in combination with BA (30 ppm), and BA (30 ppm)
were applied to set parthenocarpic eggplant fruits while naturally pollinated fruits were
produced as the control. Fruits were harvested at 28 (spring crop) and 30 (autumn crop)
days after anthesis and quality was evaluated by determining the firmness, ascorbic acid
content, protein content, total phenolic content, anthocyanin content, browning potential,
sugar and starch contents by methods which are presented in Chapter 2. As noted in
Chapter 3, because BA (30 ppm) alone failed to set fruit, the results of this treatment are

not presented here.
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Each trial was arranged in a completely randomized design with 4 replications.
Results were analysed by ANOVA and differences between the means of treatments
assessed by the LSD test (P < 0.05). For differences between seasons (autumn-spring) and

indoor-outdoor crops, the student t-test was applied.

4.3 Results

4.3.1 Firmness

Both external firmness (measured proximally near to the calyx and midway between the
two ends of the fruit) and flesh firmness (measured in the central region of the fruit) of
fruit of eggplant cvs. Tsakoniki, Black Beauty, Emi and Black Boy were measured at
harvest. In most cases, the external firmness (proximal and centre) of eggplant fruit grown
either in the greenhouse (Table 7) or in the open field (Table 8) tended to be higher in fruit
set by NOA alone or in combination with BA than in the naturally pollinated control, but
in most cases not to a statistically significant level. For example, the firmness of seed-
containing fruit of Tsakoniki at the proximal end was significantly lower than that of
parthenocarpic fruit derived from NOA treatment in both the greenhouse (Table 7) and
field in the spring, as well as that from the NOA + BA treatment in the field (Table 8),
while in the other cultivars no significant differences occurred. Similarly, in the autumn,
significant differences were observed at the proximal end of fruit of Black Boy (in the
greenhouse) and both the proximal and central regions of the fruit in Black Beauty and
Emi (in the field). Internally, the flesh firmness of Tsakoniki and Black Beauty in the
autumn (greenhouse crop) and Black Boy in the spring (field crop) was significantly lower
in the seed-containing fruit (Tables 7 and 8).

In all cases, external firmness in the proximal region (near to the calyx) was less
than in the central region of fruit and, in general, the firmness of the flesh was higher in
fruit with high external firmness, but not to a statistically significant level. No significant
differences were detected (P < 0.05) between autumn-grown fruits and spring-grown fruits,
or between the external pericarp and the flesh firmness of open field and greenhouse-

grown fruit (Tables 7 and 8).
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Table 7. The firmness (kg) of greenhouse-grown fruit of eggplant cvs. Tsakoniki, Black
Beauty, Emi and Black Boy produced by natural pollination (T;), 60 ppm NOA (T,) and
60 ppm NOA + 30 ppm BA (Ts). Firmness was measured externally at two positions:
proximally (near to the calyx) and in the centre of the fruit, and internally in the centre of
the fruit.

Treatments Spring Autumn

Proximal Centre Internal Proximal Centre Internal
Tsakoniki
T, 2.86b 359a 1.66 a 3.10a 3.53a 1.09b
T, 370 a 422 a 137 a 298 a 3.14a 1.44 a
T; 3.59 ab 399a 1.39a 245b 2.79b 1.39 ab
Lsd 0.75 0.87 0.67 0.49 0.38 0.31
Black Beauty
T, 331a 3.63a 1.25a 2.79 a 2.64 a 0.83b
T, 391 a 424 a 1.46 a 290 a 2.76 a 1.13 a
T, 3.78 a 4.00 a 1.26 a 277 a 271 a 1.09 ab
Lsd 0.91 0.69 0.58 0.52 0.69 0.30
Emi
T, 3.70 a 3.89a 1.75 a 241 a 2.76 a 0.99 a
T, 3.82a 4.04 a 1.63 a 2.58a 2.65a 1.10 a
T, 372 a 427 a 1.59a 2.63a 254 a 1.12 a
Lsd 0.68 0.68 0.64 0.24 0.23 0.18
Black Boy
T, 253 a 295a 0.85a 2.36 ab 2.63a 097 a
T, 299 a 338a 1.03 a 3.02a 291 a 1.02a
T; 277 a 3.16a 1.07 a 221b 251 a 0.94 a
Lsd 0.67 0.65 0.51 0.67 1.10 0.35

In each column, means followed by the same letters for each cultivar are not significantly different
according to Fisher’s least significant difference test (P < 0.05).

4.3.2 Ascorbic acid content
Ascorbic acid is a powerful antioxidant and is considered to be an important quality
parameter of eggplant fruit (Vinson et al., 1998; Hanson et al., 2006; Rodrigues-Burruezo
et al., 2008). The ascorbic acid content of eggplant fruit was measured at harvest during
two consecutive seasons (spring and autumn) (Fig. 30). Among the cultivars, Tsakoniki
tended to have a slightly higher concentration of ascorbic acid than the others, but the
differences were not statistically significant (P < 0.05).

In most cases, parthenocarpic fruit produced in the greenhouse by the application of
NOA alone or in combination with BA had a slightly lower ascorbic acid content than the
seed-containing fruit, irrespective of season, but not usually to a statistically significant
level (P < 0.05), with the exception of Tsakoniki and Black Beauty during the autumn (Fig.
30). Between seasons, a slightly higher concentration of ascorbic acid was observed in all

treatments in the spring crop, except in seed-containing fruit of Black Boy.
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Table 8. The firmness (kg) of open field-grown fruit of eggplant cvs. Tsakoniki, Black
Beauty, Emi and Black Boy produced by natural pollination (T;), 60 ppm NOA (T,) and
60 ppm NOA + 30 ppm BA (Ts). Firmness was measured externally at two positions:
proximally (near to the calyx) and in the centre of the fruit, and internally in the centre of

the fruit.

Treatments Spring Autumn

Proximal Centre Internal | Proximal Centre Internal
Tsakoniki
T, 2.76 b 382a 147 a 377 a 3.55a 1.16 a
T, 445a 4.65a 1.50 a 297 a 294 a 1.53a
T; 395a 4.02 a 1.64 a 322a 343 a 1.29a
Lsd 0.84 1.04 0.66 1.08 1.09 0.76
Black Beauty
T, 3.74a 3.59a 1.27a 3410 335b 1.54 a
T, 431 a 447 a 1.39a 491 a 4.61 a 1.51a
T; 4.50 a 4,57 a 1.65a 4.25 ab 473 a 1.46 a
Lsd 0.91 0.98 0.53 1.38 1.06 0.56
Emi
T, 371 a 391 a 131a 2950 2.89b 1.80 a
T, 423 a 433 a 1.44 a 5.07a 4.77 a 143 a
T, 4.16 a 4.12 a 1.50 a 4.41 ab 4.18 ab 1.50 a
Lsd 1.29 1.04 0.42 1.76 1.67 0.67
Black Boy
T, 3.02a 321a 0.94b 351a 3.08 a 1.20 a
T, 3.19a 3.58a 1.73 a 2.69 a 2.63a 1.35a
T; 324a 339%a 2.08 a 395a 332a 143 a
Lsd 0.98 1.17 0.49 1.52 1.04 0.41

In each column, means followed by the same letters for each cultivar are not significantly different
according to Fisher’s least significant difference test (P < 0.05).
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Fig. 30 The ascorbic acid content (mg 100 g) of fruit of greenhouse-grown eggplant cvs.
Tsakoniki, Black Beauty, Emi and Black Boy produced by natural pollination (m), 60 ppm
NOA (o) and 60 ppm NOA + 30 ppm BA (=). Means of each cultivar in each season
separately followed by the same letter are not significantly different according to Fisher’s
least significant difference test (P < 0.05). Between seasons significant differences (P <
0.05) were detected by the t-test between T, and T3 of Tsakoniki, T; of Black Beauty and
T, of Emi.
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Fig. 31. The ascorbic acid content (mg 100 g'l) of fruit of open field-grown eggplant cvs.
Tsakoniki, Black Beauty, Emi and Black Boy produced by natural pollination (m), 60 ppm
NOA (o) and 60 ppm NOA + 30 ppm BA (=). Means of each cultivar in each season
separately followed by the same letter are not significantly different according to Fisher’s
least significant difference test (P < 0.05). According to t-test, no significant differences (P
<0.05) was detected between seasons.

As observed in Fig. 31, there was no significant difference (P < 0.05) in the
ascorbic acid content of seed-containing and parthenocarpic fruit grown in the open field,
nor were there any significant differences between the fruit treated with NOA and the
mixture of NOA and BA. A significant variation in ascorbic acid content was detected only
in the autumn, where seed-containing fruit had a higher ascorbic acid content than
parthenocarpic fruit produced by NOA + BA in cv. Tsakoniki (Fig. 31). Autumn field-
grown eggplant fruits had similar levels of ascorbic acid to those grown in the spring,
whereas in both seasons open field-grown fruits (seed-containing and parthenocarpic) had
a comparatively higher ascorbic acid concentration than greenhouse-grown fruit. But this
difference was statistically significant only in parthenocarpic fruit of Black Beauty (T3)

and Emi (T,) (Fig. 30 and 31).

4.3.3 Protein content

The application of PGR had no significant impact (P < 0.05) on the protein content of
greenhouse-grown fruit of eggplant cvs. Tsakoniki, Black Beauty, Emi and Black Boy in
either season (Fig. 32). In all cultivars, the seed-containing fruit appeared to have a slightly
higher protein content than the parthenocarpic fruit, but not to a statistically significant
level. Additionally, no significant differences were detected between the corresponding

treatments of the spring and autumn crop of any cultivar.
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Fig. 32. The protein content (mg g fw) of greenhouse-grown fruit of eggplant cvs.
Tsakoniki, Black Beauty, Emi and Black Boy produced by natural pollination (m), 60 ppm
NOA (o) and 60 ppm NOA + 30 ppm BA (=). Means of each cultivar in each season
separately followed by the same letter are not significantly different according to Fisher’s
least significant difference test (P < 0.05). According to the t-test, no significant
differences between seasons (P < 0.05) were detected between the corresponding
treatments of any cultivar.

Similarly, no significant variation (P < 0.05) in protein content was observed
between open field-grown, seed-containing and parthenocarpic eggplant fruit (Fig. 33).
Neither NOA alone or in combination with BA influenced the protein levels in the fruits of
any eggplant cultivar. Additionally, no differences in protein content were observed
between the two seasons. Although the protein content of open field-grown eggplant fruits
appeared to be slightly higher than that of the corresponding greenhouse-grown fruit, this
difference was statistically insignificant (P < 0.05) (Fig. 32 and 33).
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Fig. 33. The protein content (mg g fw) of open field-grown fruit of eggplant cvs.
Tsakoniki, Black Beauty, Emi and Black Boy produced by natural pollination (m), 60 ppm
NOA (o) and 60 ppm NOA + 30 ppm BA (=). Means of each cultivar in each season
separately followed by the same letter are not significantly different according to Fisher’s
least significant difference test (P < 0.05). According to the t-test, no significant
differences between seasons (P<0.05) were detected between the corresponding treatments
of any cultivar.
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4.3.4 Phenolics content

The total phenol content of eggplant fruit was measured at two positions (proximal and
central regions) after harvest during spring and autumn. Among the cultivars studied, the
phenol content of fruits was higher in Tsakoniki, Black Beauty and Black Boy than in Emi,

irrespective of the growing season and conditions (Table 9).

Table 9. The total phenol content (mg GAE 100 g fw) in the proximal and central regions
of fruit of eggplant cvs. Tsakoniki, Black Beauty, Emi and Black Boy produced by natural
pollination (T;), 60 ppm NOA (T,) and 60 ppm NOA + 30 ppm BA (T5).

Treatment Greenhouse Open field
Spring Autumn Spring Autumn

Proximal Central Proximal Central Proximal Central Proximal Central
Tsakoniki
T, 6947a 103.84a 7498a 8592a 7034a 9340a 77.87a 77.03a
T, 72.83a 9638a 68.6la 7959a 71.63a 7598a 61.74a 62.59a
T, 73.46a 86.15a 63.07a 70.75a 7324a 7520a 67.08a 70.57a
Lsd 18.48 20.18 18.84 24.33 26.15 25.89 18.13 20.56
Black Beauty
T, 75.09a 90.13a 73.85a 10023a 73.48a 87.64a 6734a 89.76a
T, 50.09b 73.57ab 7524a 6730b 51.65b 71.82ab 63.31a 64.97Db
T; 63.20ab 59.82b 6698a 71.86b 57.46ab 66.87b 70.74a 68.57 ab
Lsd 20.58 24.43 26.87 20.30 17.18 19.18 18.87 24.55
Emi
T, 60.44a 7883a 61.07a 8447a 7238a 89.56a 7345a 88.26a
T, 6295a 7223a 5736a 77.773a 6466a 68.6la 69.56a 68.89ab
T; 65.60a 81.20a 61.19a 66.00a 6647a 6486a 6639a 61.67b
Lsd 14.27 29.88 14.35 26.45 13.58 25.80 18.59 19.74
Black Boy
T, 65.75a 98.18a* 64.75a 7832a* 8693a 96.76a 89.19a 86.65a
T, 67.10a 73.05b 58.85a 58.47b 6637ab 6929b 71.62b 69.40a
T; 70.19a 84.01 ab* 61.38a 64.81 ab* 60.36b 80.59ab 70.09b 64.77a
Lsd 18.47 19.99 18.02 16.34 25.88 19.56 16.13 25.66

In each column, means followed by the same letters for each cultivar separately are not
significantly different according to Fisher’s least significant difference test (P < 0.05).
Comparison of means by the t-test showed that only treatments T(naturally pollinated)
and T3 (NOA + BA) differed significantly between the two seasons (spring and autumn) in
the greenhouse crop, while no significant differences between greenhouse and open field-
grown fruit were detected by the t-test (P < 0.05).

The results showed no significant differences (P < 0.05) between seed-containing
and parthenocarpic fruits with respect to the phenol content of the proximal region,
although seed-containing fruit showed a comparatively higher phenol content than the
parthenocarpic fruit, but the difference was significant only in greenhouse and open field-
grown Black Beauty during the spring and open field-grown Black Boy in both seasons

(Table 9). The results presented in Table 9 also show that in all cultivars, the proximal
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region of the fruit contained comparatively lower levels of phenolics than the central
region of the fruit regardless of PGR application, but significant differences were only
evident in seed-containing fruits of Black Beauty and Black Boy, while the differences
between fruit produced by NOA and the combination of NOA and BA were insignificant
(P < 0.05). The concentration of total phenolics of all cultivars was generally higher in the
open field-grown fruit than in the greenhouse-grown fruit in both seasons, but not to a
statistically significant degree (P < 0.05). Between seasons, no significant differences in
phenolics content in either the proximal or the central region of the fruit were detected,
with the exception of Black Boy, in the central region of the greenhouse-grown seed-

containing and parthenocarpic (NOA + BA) fruit (Table 9).

4.3.5 Degree of browning

The lightness (L) value of slices of eggplant fruit was recorded immediately after cutting
and 30 min later. The change in L value (AL) of the eggplant slices was considered to
indicate the degree of browning of the individual fruit and was evaluated at two positions
on each fruit: near to the placental tissue and at a distance from the placental tissue (i.e.
towards the proximal end of the fruit). A decrease in L value was evident in both positions
after 30 min, but was more pronounced in the position near to the placental tissue (Table
10). Although in both seasons the Ly value (lightness value immediately after cutting) for
seed-containing fruit was comparatively lower than for parthenocarpic fruit, the differences
were statistically significant (P < 0.05) only in greenhouse-grown Tsakoniki during spring.
Moreover, although the degree of browning appeared to show an increasing trend with the
advancement of time, the differences in values were in most cases not significant (P <
0.05), except in greenhouse grown Tsakoniki during autumn.

Table 11 presents the Ly value and degree of browning of the flesh towards the
proximal end of the fruit, i.e. at a distance from the placenta. The L, value of seed-
containing fruit did not differ from that of parthenocarpic fruit, except in greenhouse-
grown Emi and open field-grown Black Boy during autumn. In addition, there were no
significant differences (P < 0.05) between seed-containing and parthenocarpic fruit with

respect to the degree of browning.
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Table 10. The lightness (L) and browning index (AL) of the fruit flesh of eggplant cvs.
Tsakoniki, Black Beauty, Emi and Black Boy produced by natural pollination (T;), 60 ppm
NOA (T;) and 60 ppm NOA + 30 ppm BA (T3). Measurements were made in the central
part of each slice of the fruit near to the placenta.

Treatment Greenhouse Open field
Spring Autumn Spring Autumn

Ly AL Ly AL Ly AL Ly AL
Tsakoniki
T, 74.68b -9.02a 74.08a -9.73a 7596a -527a 7148a -4.08a
T, 82.86a -298b 76.70a -553b 73.19a -337a 7476a -3.18a
T, 81.28a -4.67a 74.07a -435b 75.15a -6.28a 78.63a -3.27a
Lsd 4.29 3.07 5.16 3.99 6.83 3.98 4.71 3.27
Black Beauty
T, 70.65a -8.04a 7646a -8.60a 6835a -496a 734la -58la
T, 7530 a -2.88a 7885a -754a 7526a -6.21a 7326a -5.58a
T; 77.59a -542a 80.78a -645a 77.62a -623a 7093a -6.62a
Lsd 8.09 7.10 4.40 2.51 6.91 6.23 6.49 2.94
Emi
T, 72.66a -430a 80.73a -3.62a 7462a -3.64a 78.10a -529a
T, 78.17a -1.71a 7894a -430a 77.73a -456a 73.60a -422a
T; 78.07a -237a 81.85a -5.11a 76.16a -422a 7538a -4.65a
Lsd 5.52 2.68 3.17 3.53 3.79 6.00 11.38 3.24
Black Boy
T, 72.72a  -535a 70.18a -552a 71.68a -2.67a 7439a -6.08a
T, 74.88a -299a 7547a -546a 7422a -3.08a 71.57a -339a
T; 74.57 a 2.6l a 7234a -470a 7435a 265a 73.79a -6.07a
Lsd 10.53 3.51 7.30 4.84 2.98 5.22 6.32 4.99

In each column, means followed by the same letters for each cultivar separately are not
significantly different according to Fisher’s least significant difference test (P < 0.05). Comparison
of means by the t-test showed no significant differences between fruit produced in the greenhouse
and the open field regardless of season, and no significant differences between the two seasons
(spring and autumn) at P < 0.05.

The Ly value near the placenta (Table 10) tended to be lower than that away from
the placenta, indicating that the colour of the tissue near the placenta was darker.
Additionally, a higher degree of browning was observed in the tissue near the placenta. All
cultivars of eggplant followed a similar pattern of browning. No significant differences

were detected between seasons or between greenhouse and open field-grown fruit.
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Table 11. The lightness (L) and browning index (AL) of the fruit flesh of eggplant cvs.
Tsakoniki, Black Beauty, Emi and Black Boy produced by natural pollination (T;), 60 ppm
NOA (T;) and 60 ppm NOA + 30 ppm BA (T3). Measurements were made in the central
part of each slice of fruit towards the proximal end of the fruit, i.e. at a distance from the
placenta.

Treatment Greenhouse Open field
Spring Autumn Spring Autumn

Lo AL L, AL L, AL Lo AL
Tsakoniki
T, 8291a -3.13a 82.28a -421a 80.78a -2.18a 7898a -2.65a
T, 85.22a -220a 80.83a -1.53a 8l.88a -1.79a 79.22a -1.50a
T; 85.05a -2.51a 8097a -337a 83.66a -338a 79.57a -235a
Lsd 291 3.46 3.04 3.16 3.25 4.43 4.54 2.83
Black Beauty
T, 81.15a -1.85a 82.67a -193a 77.07a -228a 81.79a -2.78a
T, 85.67a -1.74a 8382a -2.16a 8l.68a -138a 8234a -3.72a
T, 83.70a -024a 853la -243a 8345a -339a 80.04a -351a
Lsd 5.05 5.23 4.27 2.94 7.43 4.82 3.37 1.33
Emi
T, 7926a -045a 84.18a -1.19a 80.62a -1.78a 7826a -3.03a
T, 8341la -0.11a 81.54b -220a 83.8la -221a 8266a -3.19a
T; 83.67a -0.75a 84.17a -1.51a 84.36a -235a 8209a -2.19a
Lsd 4.59 3.71 1.61 2.08 4.42 2.42 5.70 3.32
Black Boy
T, 81.81a -1.76a 7634a -3.67a 7796a -2.82a 80.82a -2.88a
T, 81.04a -048a 79.38a -1.80a 79.65a -l14la 77.02b -1.69a
T; 83.65a -125a 7787a -1.75a 8232a -02la 8093a -3.79a
Lsd 2.68 3.99 6.15 7.01 4.79 3.02 3.28 3.70

In each column, means followed by the same letters for each cultivar separately are not
significantly different according to Fisher’s least significant difference test (P < 0.05). The t-test
revealed no significant differences (P < 0.05) between spring and autumn or between greenhouse
and field-grown fruit.

4.3.6 Anthocyanin content

In a preliminary analysis, anthocyanin was measured from the pericarp of the central
region of eggplant fruits at harvest. It was observed that the anthocyanin content varied
considerably between the eggplant cultivars, with Black Beauty and Emi containing
comparatively higher levels of anthocyanin than Black Boy and Tsakoniki. However,
within each cultivar considerable variation in anthocyanin concentration was observed; for
example, the anthocyanin concentration in Black Beauty and Emi ranged from 16.26-22.80
and 14.84-19.02 (mg 1" delphinidin-3-glucoside equivalent) respectively, which was
approximately 2-fold higher than in Black Boy (8.31-10.16 mg 1"") and 4-fold higher than
in Tsakoniki (4.07-4.88 mg I™"). The application of PGR did not appear to affect the
anthocyanin concentrations in the fruit pericarp of any cultivar, irrespective of growing

season and growing conditions.
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4.3.7 Sugar content

The concentration of sugars in seed-containing and parthenocarpic fruit of eggplant cvs.
Tsakoniki and Black Beauty was measured at harvest during spring and autumn (Table 12).
In the present study, we detected fructose, glucose, sucrose and maltose as the major

sugars in both eggplant cultivars.

Table 12. The concentration of sugars (mg 100 g fw) in greenhouse-grown Tsakoniki and
Black Beauty produced by natural pollination (T;) and 60 ppm NOA (T,) during spring
and autumn. Values are means + standard deviation

Spring
Treatments Fructose Glucose Sucrose Maltose
Tsakoniki
T, 53497 +£35.39 1 632.85+29.18 35.29+9.95 85.70+11.89
T, 643.25+44.44 %  739.96 +38.57 62.93 +£22.03 101.90 £ 19.54
Significance * * ns ns
Black Beauty
T, 863.78 £ 62.86 780.54 £ 46.97 31.64 +£7.29 124.14 + 13.70
T, 1024.14 + 79.67 1025.20 £ 77.31 4771 +19.01 133.12+£21.69
Significance * * ns ns
Autumn
Treatments Fructose Glucose Sucrose Maltose
Tsakoniki
T, 462.27 +£23.83 569.92 + 28.65 16.04 + 5.63 63.67 £13.56
T, 555.62+35.73+  658.24+39.38 7 35.69 £6.76 7825+ 16.46
Significance * * ns ns
Black Beauty
T, 699.84 + 52.51 772.53 £35.90 32.28 £5.81 91.54+10.12
T, 876.56 + 36.00 904.37 £47.23 46.71 +£9.86 106.26 + 14.93
Significance * * ns ns

Significant differences between seed containing and parthenocarpic fruit of each cultivar during
each season separately are indicated by asterisks (*) (P < 0.05); ns = not significant. Significant
differences in glucose and fructose levels between the spring and autumn grown fruit, according to
the t-test, are indicated by an arrow (7).

Table 12 shows that the fructose and glucose content of both cultivars was higher
than that of sucrose and maltose, regardless of seasonal variation. The results reveal a
significant difference (P < 0.05) between seed-containing and parthenocarpic eggplant fruit
for fructose and glucose content; however, no significant differences were observed for
sucrose and maltose. Therefore, it is evident that NOA enhanced the concentration of
fructose and glucose in eggplant fruit. In Tsakoniki, higher fructose and glucose
accumulation was observed in spring-grown seedless eggplant fruit than in the autumn-

grown fruit (T,), but in seed-containing fruit only fructose was significantly higher in the
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spring than in the autumn (T1). No differences in non-reducing sugars (i.e. sucrose and

maltose) were detected between seasons (Table 12).

4.3.8 Starch content

The starch content of fruits of eggplant cvs. Tsakoniki and Black Beauty cultivated in the
greenhouse showed a significant (P < 0.05) increase in parthenocarpic fruit compared with
seed-containing fruit during spring, but not in autumn (Fig. 35). In Tsakoniki, during
spring, the concentration of starch in NOA-set fruit and fruit set by pollination was 93.65
and 70.84 mg 100 g fw, respectively, while in Black Beauty, the corresponding values
were 123.80 mg 100 g fw and 93.07 mg 100 g fw, respectively. Similar patterns of
starch concentration were also observed in the autumn, but the concentrations were lower

compared to the spring.
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Fig. 34. The starch content (mg 100 g fw) of greenhouse-grown eggplant cvs. Tsakoniki
and Black Beauty produced by natural pollination (m) and 60 ppm NOA (o). The means
for each cultivar in each season separately accompanied by the same letter are not
significantly different according to Fisher’s least significant difference test (P < 0.05).

4.4 Discussion

Based on the results of the present study it is apparent that overall most of the quality
parameters were either not significantly affected by the application of auxin (NOA) for
fruit set.

Fruit firmness is an important quality attribute and depends on the cultivar,
maturity stage, growing season and cultural practices. The present study showed that

neither NOA alone nor NOA in combination with BA significantly influenced the external

78



and internal firmness of eggplant fruits. This result agrees with previous reports where the
application of different commercial auxins did not affect the firmness of pepper (Lopez-
Elias et al., 2005; Salas et al.,, 2009), although in other species, e.g. apple (Guak et al.,
2002; Curry (2006) and kiwifruit (Bregoli et al., 2006), hormones have been reported to
increase fruit firmness. By contrast, in stone fruit species, e.g. pear, plum and apricot,
exogenous application of auxin stimulates ethylene production which induces cell wall
degradation, and thereby decreases fruit firmness (Kondo et al., 2004; Forlani et al., 2010).
For good quality, eggplant fruits should have sufficient firmness to withstand transport and
handling, but should be relatively soft for consumption. Although hormones have been
used for many years to set eggplant fruit, especially during winter (Olympios, 1976; Van
Ravestijn, 1983), this is the first time to our knowledge that a comparison of firmness
between seedless (parthenocarpic) and seed-containing fruit has been made.

Ascorbic acid is a potent antioxidant, therefore a high ascorbic concentration in
eggplant fruit is a desirable quality trait. The present study showed some variation in
ascorbic acid content between cultivars but not to a statistically significant level. Several
other studies have also reported variation in the ascorbic acid content of eggplant cultivars
(Hanson et al., 2006; Rodrigues-Burruezo et al., 2008). The present results reveal that the
exogenous application of NOA alone or in combination with BA did not affect the ascorbic
acid content of the eggplant cultivars tested in this experiment, except in Tsakoniki and
Black Beauty grown in the greenhouse during autumn and Tsakoniki grown in the field in
autumn. In each case the ascorbic acid content was higher in seed-containing fruit than in
parthenocarpic fruit. In tomato fruit set by auxin, the fruit ascorbic acid content was not
affected by hormone application (Murneek et al., 1954), while Rotino ef al. (2005) did not
find any difference in ascorbic acid levels between the commercial hybrid Allfresh 1000
and the transgenic parthenocarpic tomato cv. UG82. In other species, however, the
ascorbic acid level in fruit was increased by hormone application, e.g. by foliar application
of NAA in pepper (Sridhar et al., 2009), or a commercial mixture of auxin (phenothiol) in
strawberry (Roussos et al., 2009), or 2,4-D in citrus (Saleem et al., 2007, 2008). In our
study, we found a generally higher ascorbic acid content in open field-grown eggplant
fruit; this difference might result from the lower light intensity inside the greenhouse. In
the greenhouse, plants have less exposure to low wavelength radiation than in the open
field, and in tomato, several studies have reported that greenhouse-grown fruit had lower
levels of ascorbic acid than fruit grown in the open field (Lopez-Andreu et al., 1986;

Stewart et al., 2000; Dumas ef al., 2003). Due to the lower light intensity and shorter days
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during fruit growth in autumn, eggplant fruit contained lower levels of ascorbic acid during
this season compared with fruit grown in the spring. This finding is consistent with an
earlier report by Venter (1977) who found increasing levels of ascorbic acid in tomato fruit
from early summer to late summer.

The results of the present investigation showed that PGR did not significantly
influence the protein content of eggplant fruits, and even though the protein content of
seed-containing fruits tended to be slightly higher than that of parthenocarpic fruits,
regardless of growing season and conditions, this difference was not statistically
significant. Chrominski (1967) reported reduced protein content in wheat grain after
treatment with Cycocel (4 to 12 kg ha™). On the contrary, Graham and Ballesteros (1980)
found increased levels of protein in tomato leaves after foliar application of gibberellic
acid. Evidently the type of PGR, as well as the method of application, affects the tissue
protein level. However, insufficient literature relating to the effect of growth substances on
fruit protein content is available to make a conclusive statement on eggplant fruit protein
content in relation to growth regulator application.

Eggplant is ranked among the top ten vegetable species as a source of fruit phenolic
constituents (Cao et al., 1996). The results of the present study showed a variation in total
phenolics among the eggplant cultivars. This confirms the findings of Stommel and
Whitaker (2003), Whitaker and Stommel (2003), Prohens et al. (2005) and Hanson et al.
(2006), all of whom found a wide variation in phenolics among eggplant cultivars.
Significant differences in the content of phenolics (both in the proximal and central regions
of the fruit) were observed between seed-containing and parthenocarpic fruits of Black
Beauty and Black Boy, the total phenolics contents of the fruit decreasing after the
application of PGR. The application of auxin has similarly been shown to decrease the
total phenolic substances in strawberry (Given et al., 1988; Roussos et al., 2009) and the
hypanthium of Rosa canina L. (Atalay and Kadioglu, 2001). On the other hand, the seeds
present in naturally pollinated fruits are a good source of phenolic compounds as reported
for different fruits (Bocco et al., 1998; Shi et al., 2003; Soong and Barlow, 2004), which
could explain the presence of a higher phenolics content in the central part of seed-
containing eggplant fruit than in parthenocarpic fruit. Both NOA and the combination of
NOA and BA had a similar effect on the phenol content of eggplant fruits of all cultivars.

The oxidation of phenolics causes browning of the cut surfaces of fruit and reduces
eggplant quality during cooking. The results showed that fruit with higher values for

phenol content had lower L, values, which is logical as the L value of the flesh is
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associated with the phenol content of the respective fruit. This meant that, despite a lack of
statistical significance (P < 0.05), seed-containing fruit had a slightly darker coloured flesh
(lower L value) than seedless fruit. The degree of browning near to the placenta of seed-
containing eggplants tended to be higher than that of parthenocarpic fruit, but in most cases
not to a statistically significant level. Presumably, this difference resulted from the
relatively higher total phenolics in the flesh of seed-containing fruit compared with
parthenocarpic fruit. In support of this finding, some authors reported a positive correlation
between the concentration of phenolics and the degree of browning in eggplant (Prohens et
al., 2007) and apple (Coseteng and Lee, 1987). However in our experiment, differences in
the degree of browning in the placental tissue of seed-containing and parthenocarpic fruit
were statistically insignificant. Although the degree of browning of tissue measured at a
distance from the placenta was less than that recorded in the placental tissue, there was no
significant difference here between seed-containing and parthenocarpic fruit. The
differences in phenolic contents between the proximal and central part of the fruit might
explain the lower changes in browning index of the non-placental tissue in seed-containing
and parthenocarpic fruit.

We found that fructose, glucose, sucrose and maltose are the major sugar
constituents of eggplant fruit. This result supports the findings of Kozukue ef al. (1978)
and Esteban ef al. (1992) that reducing sugars are the main sugars in eggplant. The results
showed that the content of fructose and glucose was comparatively higher than that of
sucrose and maltose in eggplant fruit, which is consistent with the results of Kozukue et al.
(1978). It was observed that the application of PGR for fruit set did not affect the
concentration of sucrose and maltose, but significantly increased the content of the
reducing sugars fructose and glucose. This result is in full accordance with the findings of
Wei-Ping et al. (2011) who found that 2,4-D reduced the activity of fructokinase in tomato,
leading to an increase in the level of fructose and glucose. Similarly, it has been shown that
the application of auxins increased the sugar levels in citrus fruits (Agusti et al, 2002;
Saleem et al., 2007; Nawaz et al., 2008) and grape (Bottcher et al., 2011), but in pepper
Belkbir et al. (1998) observed that NAA did not affect fructose, glucose or sucrose. In the
present study, a higher level of fructose and glucose in Tsakoniki was observed during the
spring compared to the autumn fruit. In tomato, Georgelis and Scott (2006) reported a
higher sugar content during spring, whereas Gautier et al. (2008) did not find any variation

in sugar content under different growing temperatures.
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The effect of growth regulators on fruit starch content was not significant, although
the application of NOA during spring slightly increased the level of starch in eggplant
fruits of both Tsakoniki and Black Beauty. In kiwifruit, Famiani et al. (2007) observed a
higher level of starch after applying 2,4-D. Regarding seasonal variation, starch in apple
progressively increased at higher temperatures (Warrington et al.,, 1999), and our results
appear to be consistent with these findings since parthenocarpic eggplant fruit had a higher
starch content in spring than in autumn. It is open to conjecture whether the slightly higher
flesh firmness of parthenocarpic fruit (Table 7), albeit to a statistically insignificant degree,
relates to the higher starch content of these fruits. From a nutritional point of view the fact
that parthenocarpic fruit contain both more starch and more sugar than seed-containing
fruit (whereas protein did not differ), indicates that the former may have a higher nutritive

value.
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CHAPTER S

The effects of temperature and film-wrapping on the postharvest quality of eggplant.

5.1 Introduction

Refrigerated storage is one of the most popular methods used for extending the postharvest
life of fresh horticultural commodities (Ryall and Lipton, 1979). Low temperatures slow
down the rate of metabolism of the produce and can also reduce the rate of growth and
spread of pathogens and decay. Eggplant is a warm season plant and the fruit are
susceptible to chilling injury at temperatures lower than about 10°C, depending on the
growing season (Ryall and Lipton, 1979). Wrapping of eggplant fruit with film appeared to
be a beneficial supplement to refrigeration (Mohamed and Sealy, 1986). Although film
wrapping has been reported to prolong the shelf life of eggplant by reducing weight loss
and decay (Fallik ef al., 1995; Rodriguez et al., 2001; Gajewski et al., 2009), the detailed
effects of film wrapping on the physiological and biochemical changes of eggplant fruits
during storage have not been fully defined, especially in parthenocarpic fruits. Thus, the
aim of this study was to detail the specific physiological and biochemical changes in
eggplant fruit as affected by different storage temperatures, with particular emphasis on

PGR-induced parthenocarpic fruit.

5.2 Materials and methods

This experiment comprised two cultivations, the first was started on 5 March 2009 and the
second on 7 February 2011, with a view to studying the storage behaviour of naturally
pollinated and parthenocarpic eggplant fruit of cvs. Tsakoniki and Black Beauty. The first
cultivation was carried out both in the greenhouse and in the open field, while the second
cultivation was confined to the greenhouse. Forty plants of each cultivar were grown in
each case and parthenocarpic (seedless) fruit were set by emasculation and spraying the
flowers at anthesis with B-NOA (60 ppm). The details of crop husbandry are presented in
Chapter 2. Both pollinated and parthenocarpic fruits of uniform size and shape were
harvested at 25 days after anthesis and immediately transferred to the laboratory. Both
types of fruit were either individually wrapped with film or unwrapped and stored at 10 or
20°C and 80 + 5% relative humidity (RH) in a storage cabinet (Lovibond, Germany) for 7

and 14 days (first cultivation) and 10 and 20 days (second cultivation). In all cases, 5 fruits
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were employed per treatment and storage condition. The rate of oxygen and water vapour
permeability of the flexible vinyl film (LMC-AT/8, AEP Industries Packaging, Spain) was
19000 cm® m™24h™ and 190 g m™24h™ respectively. The methods for the measurement of
weight loss (%) and the analysis of skin colour, ascorbic acid content, protein content, total
phenolic content, anthocyanin content, browning potential, sugar and starch content,

respiration and ethylene production are described in Chapter 2.

5 Results

5.3.1 Pericarp colour
Colour changes (L, C* and H°) of unwrapped and film-wrapped seed-containing and
parthenocarpic fruit of eggplant cvs. Tsakoniki and Black Beauty were monitored during

postharvest storage for 7 and 14 days at 10 and 20°C.

5.3.1.1 Pericarp colour of Tsakoniki

The L (lightness) value of film-wrapped and unwrapped eggplant fruit (seed-containing
and parthenocarpic) changed during storage at both temperatures; however, in most cases
the changes were insignificant (P < 0.05) (Tables 13-15). A significant increase in AL with
storage time was detected only in film-wrapped, parthenocarpic fruit (greenhouse crop of
the 2™ cultivation) stored at 10°C for 20 days (Table 15). At the end of storage, a
significant difference in AL was observed between unwrapped and film-wrapped, seed-
containing fruit (open field crop and greenhouse crop of the nd cultivation) stored at 10°C
(Tables 14 and 15). Between seed-containing and parthenocarpic (seedless) fruit, it was
observed that unwrapped seed-containing fruit exhibited a significantly higher change in L
value (AL) than unwrapped parthenocarpic fruit (open field crop and greenhouse crop of
the 2™ cultivation) at 10°C (Tables 14 and 15). At 20°C, no significant changes in L value
(AL) were recorded with time, nor were any differences found between wrapped and
unwrapped fruit, or between seed-containing and parthenocarpic fruit of any crop (Tables
13-15).

Changes in the C* value of both naturally pollinated and parthenocarpic fruit of cv.
Tsakoniki during storage at 10 and 20°C varied irrespective of treatment: in some cases
AC* decreased (indicating a loss of red colour intensity) whereas in other cases AC*
increased with storage time (Tables 13-15). Statistically significant differences in AC were

noted for unwrapped seed-containing fruit stored at 10°C (Tables 13 and 14) and 20°C
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(Tables 14 and 15) as well as wrapped, seed-containing fruit stored at 20°C (Table 14).
Between wrapped and unwrapped fruit, significant changes in AC* were detected in seed-
containing fruit of the ond greenhouse crops stored at 20°C (Table 15), whereas between
seed-containing and parthenocarpic fruit a significant difference in AC* was observed only
in fruit from the open field stored at 10 and 20°C (Table 14) and the 2™ greenhouse crop
stored at 20°C (Table 15).

The hue angle (H®) of fruit of eggplant cv. Tsakoniki increased slightly during
storage at both 10 and 20°C; however, the difference was only significant in unwrapped
naturally pollinated fruit from the open field crop stored at 10 and 20°C (Table 14).
Comparing storage treatments, AH® was higher in unwrapped naturally pollinated fruit
(greenhouse crop of ond cultivation) than in film-wrapped fruit stored at 10°C for 20 days
(Table 15). Between seed-containing and parthenocarpic fruit, AH was significantly higher
in film-wrapped, seed-containing fruit stored at 10°C (Tables 13 and 15).

Table 13. Changes in pericarp colour (L, C* and H°) of seed-containing and parthenocarpic
fruit of eggplant cv. Tsakoniki grown in the greenhouse (1% cultivation) in relation to
storage treatment (unwrapped and film wrapped), temperature (10 and 20°C) and duration
(7 and 14 days).

Treatments Changes in colour attributes during storage at 10°C
AL AC AH
7 day 14 day Lsd 7 day 14day Lsd 7day 14 day Lsd
Seeded fruit
Unwrapped 0.59a 253a 746 -053a -466b 392 0.19a 0.30af 0.20
Film -1.14a  394a 679 -040a -487a 587 0.18a 046at 0.29

Parthenocarpic
Unwrapped -1.15a -1.06a 9.05 -191a 236a 503 0.10a 0.16a 0.18

Film 140a -06la 434 -049a -079a 472 0.1la 0.19a 0.12

Changes in colour attributes during storage at 20°C

Seeded fruit
Unwrapped -0.62a -1.08a 3.68 -1.09a -24la 936 022a 0.25a 0.23
Film 032a 193a 467 -091a -121a 723 0.16a 023a 0.17

Parthenocarpic
Unwrapped 1.87a 2.09a 4.59 1.47a 232a 478 0.15a 0.20a 0.21

Film 0.89a 238a 436 2.14a -0.12a 403 0.10a 02la 0.14

In each row, means followed by the same letters for each colour attribute separately are not
significantly different according to Fisher’s least significant difference test (P < 0.05). Within each
column, no significant differences were detected between corresponding treatments of seed-
containing and parthenocarpic fruit, while significant differences between unwrapped and
wrapped fruit are indicated by an arrow () according to the Student t-test (P < 0.05).
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Table 14. Changes in pericarp colour (L, C* and H°) of seed-containing and parthenocarpic
fruit of eggplant cv. Tsakoniki grown in the open field (1* cultivation) in relation to
storage treatment (unwrapped and film wrapped), temperature (10 and 20°C) and duration
(7 and 14 days).

Treatments Changes of colour attributes during storage at 10°C
AL AC AH
7 day 14 day Lsd 7 day 14day  Lsd 7day 14day Lsd
Seeded fruit
Unwrapped -1.02a 399a*f 6.08 -0.12b  2.66 a* 1.06 0.09a 0.03b 0.05
Film -1.10a  -2.34af 258 O0.lla 0.99 a 465 0.05a 0.02a 0.19

Parthenocarpic
Unwrapped 1.07a -279a* 732 -1.80a 0.76a* 3.01 0.10a 0.15a 0.08

Film 0.79 a 1.15a 850 -037a -144a 499 0.06a 0.11a 0.13

Changes of colour attributes during storage at 20°C

Seeded fruit
Unwrapped 1.15a 379 a 629 -2.06a -3.47Db* 134 0.05b 0.11a 0.04
Film -145a 3.14a 573 -0.75a -3.11b 231 002a 0.12a 0.10

Parthenocarpic
Unwrapped 0.98 a 1.00 a 734 -137a 0.66a* 259 0.06b 0.11a 0.04

Film 131a 2779a 302 -1.83a -091a 213 0.04a 0.12a 0.09

In each row, means followed by the same letters for each colour attribute separately are not
significantly different according to Fisher’s least significant difference test (P < 0.05). Within each
column, significant differences between the means of seed-containing and parthenocarpic fruit are
indicated by an asterisk (*) while significant differences between unwrapped and wrapped fruit are
indicated by an arrow (1) according to the Student t-test (P < 0.05).

Table 15. Changes in pericarp colour (L, C* and H°) of seed-containing and parthenocarpic
fruit of eggplant cv. Tsakoniki grown in the greenhouse (2nd cultivation) in relation to
storage treatment (unwrapped and film wrapped), temperature (10 and 20°C) and duration
(10 and 20 days).

Treatments Changes of colour attributes during storage at 10°C
AL AC AH
10day 20day Lsd 10day 20 day Lsd 10day 20 day Lsd
Seeded fruit
Unwrapped  3.30a 2.08a*f 240 -2.07a 1.51a 452 0.12a 0.21a*F 0.12
Film -0.25a -1.89af 5.89 -1.04a 1.58 a 521 0.08a -0.04atf 0.18

Parthenocarpic
Unwrapped -0.37a -0.80a* 3.04 1.19a 0.25a 1.66 0.08a 0.12*a  0.09

Film -1.77b  3.63a 487 1.08a -1.26a 275 0.16a 025a 0.21

Changes of colour attributes during storage at 20°C

Seeded fruit
Unwrapped 2.94a 495a 213 -124a -4.08b*t 136 0.16a 023a 0.07
Film 204a 4.14a 377 -l1.15a -0.62af 3.19 0.10a 0.22a 0.14

Parthenocarpic
Unwrapped -0.02a 0.76a 592 04la 0.51*a 401 0.15a 0.12a 0.19

Film -042a 150a 396 -063a -1.10a 3.64 0.05a 04la 0.46

In each row, means followed by the same letters for each colour attribute separately are not
significantly different according to Fisher’s least significant difference test (P < 0.05). Within each
column, significant differences between the means of seed-containing and parthenocarpic fruit are
indicated by an asterisk (*) while significant differences between unwrapped and wrapped fruit are
indicated by an arrow (1) according to the Student t-test (P < 0.05).
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5.3.1.1 Pericarp colour of Black Beauty

The L value of Black Beauty changed during the storage period, but to a statistically
significant level (P<0.05) only at 10°C in unwrapped, naturally pollinated fruit from the
open field and ond greenhouse crop (Tables 17 and 18) and in film-wrapped, naturally
pollinated fruit of the 2" cultivation (Table 18). A significantly greater decrease in L value
was recorded in unwrapped, naturally pollinated fruit than in the corresponding unwrapped
parthenocarpic fruit stored at both 10 and 20°C for 14 days (open field crop, Table 17) and
20 days (2nd greenhouse crop, Table 18). Finally, film-wrapped fruit from the 2nd
greenhouse crop showed a higher AL than unwrapped fruit after storage at 10°C for 20
days (Table 18).

Table 16. Changes in pericarp colour (L, C* and H°) of seed-containing and parthenocarpic
fruit of eggplant cv. Black Beauty grown in the greenhouse (1* cultivation) in relation to
storage treatment (unwrapped and film wrapped), temperature (10 and 20°C) and duration
(7 and 14 days).

Treatments Changes of colour attributes during storage at 10°C
AL AC AH

7day 14day Lsd 7 day l4day Lsd 7day 1l4day Lsd
Seeded fruit
Unwrapped 0.10a -0.19a 3.13 -023a 0.04a 210 0.13a 0.12a 0.12
Film 0.38a -0.51a 1.84 0.54a 037a 169 0.16a 0.09a 0.08
Parthenocarpic
Unwrapped -1.40a -029a 291 -095a -0.69a 246 0.08a 0.07a 0.07
Film -0.38a -0.09a 2.36 -030a 08la 172 0.15a 0.06a 0.23

Changes of colour attributes during storage at 20°C

Seeded fruit
Unwrapped 1.15a 044a 214 0.76a*t 0.52a 1.00 0.03a 0.06a 0.08
Film -046a 0.78a 2.61 -1.35af -0.08a 2.61 0.03a 0.02a 0.06
Parthenocarpic
Unwrapped 0.53a 025a 158 -045b* 0.82a 078 0.07b 0.11a 0.03
Film -0.40a 1.14a 2.38 047a 0.78a 1.86 0.05a 0.08a 0.10

In each row, means followed by the same letters for each colour attribute separately are not
significantly different according to Fisher’s least significant difference test (P < 0.05). Within each
column, significant differences between means of seed-containing and parthenocarpic fruit are
indicated by an asterisk (*) while significant differences between unwrapped and wrapped fruit are
indicated by an arrow (1) according to the Student t-test (P < 0.05).

No significant changes (P < 0.05) in AC were observed in naturally pollinated and
parthenocarpic fruit of Black Beauty in relation to the duration of storage at 10°C, but at
20°C a significant increase in AC was observed in unwrapped, seed-containing fruit from
the 2™ greenhouse crop (Table 18) and in unwrapped, parthenocarpic fruit from the 1%
greenhouse and open field crops (Tables 16 and 17), as well as in wrapped, parthenocarpic

fruit from the 2™ greenhouse crop (Table 18). Between seed-containing and parthenocarpic

87



fruit, no significant differences in AC were found during storage at 10°C, irrespective of
the treatment and duration of storage, but at 20°C a significant difference in AC was
detected between wrapped and unwrapped seed-containing and parthenocarpic fruit on day
7 (Tables 16 and 17). A higher value for AC (low purple intensity) was recorded at 20°C in
unwrapped seed-containing fruit than in film-wrapped, seed containing fruit stored for 7
days (1% greenhouse crop, Table 16), but to the contrary, film-wrapped, parthenocarpic
fruit of the open field crop had a higher AC value than the corresponding unwrapped fruit
at 20°C after storage for 7 days (Table 17).

Table 17. Changes in pericarp colour (L, C* and H°) of seed-containing and parthenocarpic
fruit of eggplant cv. Black Beauty grown in the open field (1* cultivation) in relation to
storage treatment (unwrapped and film wrapped), temperature (10 and 20°C) and duration
(7 and 14 days).

Treatments Changes of colour attributes during storage at 10°C
AL AC AH

7day 14day Lsd 7day 14day Lsd 7day 14 day Lsd
Seeded fruit
Unwrapped -1.08a -2.68b* 129 -028a 0.18a 051 0.09a 0.10a 0.06
Film -0.10a  -132a 222 034a 020a 109 0.04a 0.08a 0.06
Parthenocarpic
Unwrapped 0.31a -1.12a* 215 0.67a -058a 2.10 0.15af 0.08a 0.07
Film -0.18a -027a 1.18 097a -0.50a 1.53 0.05af 0.04a 0.05

Changes of colour attributes during storage at 20°C

Seeded fruit
Unwrapped 0.81a -0.07a* 1.15 -030a -029a 120 0.04a* 0.07a 0.04
Film 1.36a 034a 269 -023a* 0.02a* 0.67 0.03a* 0.05a 0.07
Parthenocarpic
Unwrapped 095a 1.41a* 223 -040bf 029a 0.66 0.52a* 0.12b 0.13
Film -0.12a  0.13a 1.66 042a*t 0.98a* 0.58 0.58a* 0.09b 0.08

In each row, means followed by the same letters for each colour attribute separately are not
significantly different according to Fisher’s least significant difference test (P < 0.05). Within each
column, significant differences between the means of seed-containing and parthenocarpic fruit are
indicated by an asterisk (*) while significant differences between unwrapped and wrapped fruit are
indicated by an arrow (1) according to the Student t-test (P < 0.05).

It was observed that H® increased slightly during storage at 10 and 20°C, but with
the exception of parthenocarpic fruit (wrapped and unwrapped) from the open field stored
at 20°C (Table 17), the differences were not statistically significant (P < 0.05). Between
seed-containing and parthenocarpic fruit, a significant difference in AH was observed after
storage at 20°C for 7 days irrespective of wrapping (Table 17) and after 20 days in
wrapped fruit only (Table 18). It was also observed that at 20°C unwrapped parthenocarpic
fruit had a significantly higher AH value on day 20 than the corresponding film-wrapped
fruit (2nd greenhouse crop, Table 18).
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Table 18. Changes in pericarp colour (L, C* and H°) of seed-containing and parthenocarpic
fruit of eggplant cv. Black Beauty grown in the greenhouse (2™ cultivation) in relation to
storage treatment (unwrapped and film wrapped), temperature (10 and 20°C) and duration
(10 and 20 days).

Treatments Changes of colour attributes during storage at 10°C
AL AC AH

10day 20day Lsd 10day 20day ILsd 10day 20day Lsd
Seeded fruit
Unwrapped 0.09a -3.86b*F 390 -0.04a -043a 229 0.10a 0.04a 0.07
Film -0.84b  23laf 098 -036a 2.88a 376 0.02a 0.0la 0.07
Parthenocarpic
Unwrapped -0.14a 0.08a* 334 084a 088a 328 0.04a 0.11a 0.19
Film -1.59b 0.84a 168 1.15a 2.13a 145 0.03a 0.05a 0.04

Changes of colour attributes during storage at 20°C

Seeded fruit
Unwrapped -0.54a -0.85a* 124 -132b 0.67a 0.60 0.03a 0.07a* 0.10
Film 1.56a -030a 3.18 035a 1.8a 572 0.0la 0.02a 0.15
Parthenocarpic
Unwrapped 043a 2.10a* 287 093a -033a 560 0.07a 0.31a*t 0.28
Film -0.08a 223a 260 1.71b 296a 079 0.03a -0.02at 0.09

In each row, means followed by the same letters for each colour attribute separately are not
significantly different according to Fisher’s least significant difference test (P < 0.05). Within each
column, significant differences between the means of seed-containing and parthenocarpic fruit are
indicated by an asterisk (*) while significant differences between unwrapped and wrapped fruit are
indicated by an arrow (1) according to the Student t-test (P < 0.05).

5.3.2 Firmness

5.3.2.1 External firmness

The firmness of fruit of eggplant cvs. Tsakoniki and Black Beauty was measured
externally in the central region of the fruit and presented in Tables 19-22. The study
revealed that at harvest there were no significant (P < 0.05) differences in external firmness
between naturally pollinated and parthenocarpic fruit of either cultivar, although
parthenocarpic fruit showed a tendency to be slightly firmer than naturally pollinated fruit.

At 10°C, significant changes in the external firmness of both unwrapped and film-wrapped
fruit of Tsakoniki with storage time (both seed-containing and parthenocarpic) were
recorded in the 1% greenhouse crop (Table 19), whereas in the 2™ greenhouse crop a
significant decrease in firmness of film-wrapped seed-containing and parthenocarpic fruit
was observed (Table 20). At 20°C, significant changes in firmness in relation to storage
time were observed in unwrapped, seed-containing fruit from the open field crop on day
14, unwrapped parthenocarpic fruit from the 1% greenhouse crop on day 7 and film-

wrapped parthenocarpic fruit on days 7 and 14 (Table 19). The results also indicate that
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unwrapped, seed containing fruit from the 1* greenhouse cultivation were firmer than the

corresponding unwrapped parthenocarpic fruit when stored at 10°C for 14 days (Table 19).

Table 19. Changes in external firmness (kg) of seed-containing and parthenocarpic fruit of
eggplant cv. Tsakoniki grown in the greenhouse and open field (1 cultivation) in relation
to storage treatment (unwrapped and film wrapped), temperature (10 and 20°C) and
duration (7 and 14 days).

Treatments Before Storage duration
storage At 10° C temperature At 20° C temperature
7 day 14 day Lsd 7 day 14 day Lsd

Greenhouse (1% cultivation)

Seeded fruit

Unwrapped 2.99 ab 2.56b 3.13 a* 054 277a 3.16a 0.61
Film 2.99 a 2.98 a 2.54b 030 2.64a 2.67 a 0.36
Parthenocarpic

Unwrapped 3.54a 2.67b 2.61b* 038 255b 2.64ab 0.94
Film 3.54a 321a 245D 056 2.72b 2.60b 0.58
Open filed cultivation

Seeded fruit

Unwrapped 2.90Db 3.11b 3.08b 0.56 3.43ab 387a 0.78
Film 2.90 a 3.14a 3.10a 039 334a 339a 0.62
Parthenocarpic

Unwrapped 325a 3.58a 332a 1.09 332a 345a 0.74
Film 325a 342a 2.84a 0.81 3.50a 321 a 0.34

In each row, means followed by the same letters for each temperature separately are not
significantly different according to Fisher’s least significant difference test (P < 0.05). Within each
column, significant differences between the means of seed-containing and parthenocarpic fruit are
indicated by an asterisk (*), while no significant differences between unwrapped and wrapped fruit
were detected by the Student t-test (P < 0.05).

Table 20. Changes in external firmness (kg) of seed-containing and parthenocarpic fruit of
eggplant cv. Tsakoniki grown in the greenhouse (2™ cultivation) in relation to storage
treatment (unwrapped and film wrapped), temperature (10 and 20°C) and duration (10 and
20 days).

Treatments Before Storage duration
storage At 10° C temperature At 20° C temperature

10day 20 day Lsd 10day 20 day Lsd
Seeded fruit
Unwrapped 335ab 342a 3.02a 0.55 2.86b 3.56b 0.49
Film 335a  3.03ab 2.80b 042 337a 3.04a 0.60
Parthenocarpic
Unwrapped 3.8l a 3.12a 328a 0.87 3.14a 347 a 0.68
Film 38la 3.38Db 3220 041 3.12b 3.00b 0.52

In each row, means followed by the same letters for each temperature separately are not
significantly different according to Fisher’s least significant difference test (P < 0.05). No
significant differences were found between seed-containing and parthenocarpic fruit, or between
wrapped and unwrapped fruit, according to the Student t-test (P < 0.05).

During storage at 10°C, the external firmness of fruit of cv. Black Beauty showed a

significant increase in unwrapped naturally pollinated fruit on day 14 of the 1* greenhouse
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crop and on days 7 and 14 in both wrapped and unwrapped seed-containing fruit from the
open field, as well as in unwrapped parthenocarpic fruit from the field (Table 21). At 20°C,
a significant increase in external firmness was detected on days 7 and 14 in unwrapped
seed-containing fruit from the 1** greenhouse and open field crops (Table 21), whereas in
film-wrapped seed-containing and parthenocarpic fruit of the 2™ greenhouse cultivation a
decrease in firmness was observed on day 20 (Table 22). It was also observed that
naturally pollinated fruit from the 1% greenhouse and open field cultivations maintained
significantly better firmness at 10°C when they were not wrapped with film (day 14) as did
unwrapped parthenocarpic and seed-containing fruit from the open field at 10°C and
unwrapped seed-containing fruit from the open field at 20°C (Table 21). Between seed-
containing and parthenocarpic fruit, a significant difference in firmness .was observed only
on day 14 at 20°C in which case the parthenocarpic fruit were less firm than the

corresponding seed-containing fruit (Table 21).

Table 21. Changes in external firmness (kg) of seed-containing and parthenocarpic fruit of
eggplant cv. Black Beauty grown in the greenhouse and open field (1* cultivation) in
relation to storage treatment (unwrapped and film wrapped), temperature (10 and 20°C)
and duration (7 and 14 days).

Treatments Before Storage duration
storage At 10° C temperature At 20° C temperature
7 day 14 day Lsd 7 day 14 day Lsd

Greenhouse (1% cultivation)

Seeded fruit

Unwrapped 3.19b 3.02b 4.14a7 0.74 349a 4.07 a* 0.57
Film 3.19a 3.68 a 3.63af  0.60 3.76a 3.82a 0.69
Parthenocarpic

Unwrapped 341 a 373 a 3.96 a 0.86 3.65a 3.32 a* 0.38
Film 341 a 3.65a 3.50a 0.61 4.03 a 347a 0.67
Open field cultivation

Seeded fruit

Unwrapped 3.24Db 436a 4.49 at 0.79 398a 4.40 at 0.83
Film 3240 4.14 a 391at 048 3.89a 3.66 abt 0.60
Parthenocarpic

Unwrapped 3.78 ¢ 4300 496 at 044 441 ¢ 3.66 ¢ 0.94
Film 3.78 a 3.99a 4.01at  0.57 3.88a 3.82a 0.73

In each row, means followed by the same letters for each temperature separately are not
significantly different according to Fisher’s least significant difference test (P < 0.05). Within each
column, significant differences between the means of seed-containing and parthenocarpic fruit are
indicated by an asterisk (*) while significant differences between unwrapped and wrapped fruit are
indicated by an arrow (1) according to the Student t-test (P < 0.05).
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Table 22. Changes in external firmness (kg) of seed-containing and parthenocarpic fruit of
eggplant cv. Black Beauty grown in the greenhouse (2™ cultivation) in relation to storage
treatment (unwrapped and film wrapped), temperature (10 and 20°C) and duration (10 and
20 days).

Treatments Before Storage duration
storage At 10° C temperature At 20° C temperature

10day 20 day Lsd 10day 20 day Lsd
Seeded fruit
Unwrapped 3.67a 342 a 380 a 0.92 389a 328a 0.81
Film 3.67 a 3.77a 336a 0.44 3.77a 2.68b 0.70
Parthenocarpic
Unwrapped 392a 379 a 392 a 0.88 344 a 349a 1.13
Film 392a 3.83a 3.84a 0.90 391 a 3.09b 0.56

In each row, means followed by the same letters for each temperature separately are not
significantly different according to Fisher’s least significant difference test (P < 0.05). ). No
significant differences were found between seed-containing and parthenocarpic fruit, or between
wrapped and unwrapped fruit, according to the Student t-test (P < 0.05).

5.3.2.2 Internal firmness
The internal firmness of fruit of eggplant cvs. Tsakoniki and Black Beauty at harvest,
measured in the flesh of the central region of the fruit, did not differ (P < 0.05) between
seed-containing and parthenocarpic fruit (Tables 23-26).

The internal flesh firmness of Tsakoniki varied with storage time and temperature.
In seed-containing fruit, flesh firmness either did not change (unwrapped fruit from the 1*
and 2™ greenhouse crops at 10 and 20°C) or increased (wrapped and unwrapped fruit from
the open field at 10 and 20°C and wrapped fruit from the ond greenhouse crop stored at
20°C) (Tables 23 and 24). In parthenocarpic fruit of cv. Tsakoniki, flesh firmness did not
change with storage time at 10 and 20°C (wrapped and unwrapped fruit from the field,
wrapped fruit from the ond greenhouse crop) or decreased with storage time (wrapped and
unwrapped fruit from the 1% greenhouse crop at 10 and 20°C and unwrapped fruit from the
2" greenhouse crop at 20°C) (Tables 23 and 24). During storage there were no differences
in flesh firmness between seed-containing and parthenocarpic fruit, except on day 14 at
10°C in the case of fruit from the 1% greenhouse crop, where the flesh of the seed-
containing fruit was firmer than that of the parthenocarpic fruit irrespective of wrapping
(Table 23). Similarly, there was no effect of wrapping on flesh firmness, with the
exception of seed-containing fruit from the 2™ greenhouse crop in which flesh firmness

was higher in film-wrapped fruit than in unwrapped fruit (Table 24).
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Table 23. Changes in internal firmness (kg) of seed-containing and parthenocarpic fruit of
eggplant cv. Tsakoniki grown in the greenhouse and open field (1* cultivation) in relation
to storage treatment (unwrapped and film wrapped), temperature (10 and 20°C) and
duration (7 and 14 days).

Treatments Before Storage duration
storage At 10° C temperature At 20° C temperature

7 day 14 day Lsd 7 day 14day Lsd
Tsakoniki
Seeded fruit
Unwrapped 123 a 1.29 a 1.38 a* 0.34 1.39a 143a 0.18
Film 1.23b 1.34 ab 1.49 a* 0.23 1.35 ab 1.11ab  0.21
Parthenocarpic
Unwrapped 142 a 0.90 b 0.94 b* 0.18 1.17 ab 093b  0.37
Film 1420 0.97 a 1.01 a* 0.31 1.00 a 1.07a  0.29
Seeded fruit
Unwrapped 1.01 b 1.33 a 1.32 a 0.29 1.34 ab 148a  0.39
Film 1.01b 1.36 a 1.17 ab 0.21 1.12b 142a 0.20
Parthenocarpic
Unwrapped 124 a 1.32a 1.19a 0.24 1.36a 1.19a  0.70
Film 1.24 a 1.34a 1.05a 0.34 1.09 a 1.15a  0.25

In each row, means followed by the same letters for each temperature separately are not
significantly different according to Fisher’s least significant difference test (P < 0.05). Within each
column, significant differences between the means of seed-containing and parthenocarpic fruit are
indicated by an asterisk (*), while no significant differences were detected between unwrapped and
wrapped fruit according to the Student t-test (P < 0.05).

Table 24. Changes in internal firmness (kg) of seed-containing and parthenocarpic fruit of
eggplant cv. Tsakoniki grown in the greenhouse (2nd cultivation) in relation to storage
treatment (unwrapped and film wrapped), temperature (10 and 20°C) and duration (10 and
20 days).

Treatments Before Storage duration
storage At 10° C temperature At 20° C temperature

10 day 20 day Lsd 10 day 20 day Lsd
Seeded fruit
Unwrapped 0.97 a 1.40 a 1.18a 0.43 1.13a 096a7 0.31
Film 0.97b 1.03b 1.15b 0.29 1.14ab 1.51at 041
Parthenocarpic
Unwrapped 1.22 a 1.22a 0.82a 0.55 0.88 ab 0.75b 0.46
Film 1.22 a 0.94 a 0.97 a 0.30 1.02 a 1.18a 0.35

In each row, means followed by the same letters for each temperature separately are not
significantly different according to Fisher’s least significant difference test (P < 0.05). Within each
column, significant differences between the means of seed-containing and parthenocarpic fruit
were not detected, while between wrapped and unwrapped fruit significant differences are
indicated by an arrow (1) according to the Student t-test (P < 0.05).

In general, the internal flesh firmness of cv. Black Beauty, did not significantly
change with storage time or temperature, except in the case of film-wrapped seed-

containing fruit from the 1% greenhouse crop stored at 10°C, unwrapped seed-containing
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Table 25. Changes of internal firmness (kg) of seed-containing and parthenocarpic fruit of
eggplant cv. Black Beauty grown in the greenhouse and open field (1* cultivation) in
relation to storage treatment (unwrapped and film wrapped), temperature (10 and 20°C)
and duration (7 and 14 days).

Treatments Before Storage duration
storage At 10° C temperature At 20° C temperature

7 day 14 day Lsd 7 day 14 day Lsd
Tsakoniki
Seeded fruit
Unwrapped 1.15b 1.56 a 1.67a 0.24  1.44 b*f 1.36b 0.26
Film 1.15b 1.59a 1.53 a 020 1.02bf 149ab  0.60
Parthenocarpic
Unwrapped 1.53 ab 1.63 a 1.65a 0.28 1.82 a* 1.33b1  0.33
Film 1.53 a 1.82a 1.69 a 0.55 1.27b 1.67at 0.23
Seeded fruit
Unwrapped 1210 1.94 at 1.26b*F 029 1.72aft 1.25b*  0.27
Film 1.21a 1.51abf 1.82a*f 046 128af 146 a 0.34
Parthenocarpic
Unwrapped 1.38a 1.70 a 1.76 a* 0.42 1.65ab 1.73b*f 0.33
Film 1.38 ab 1.52 a 1.38a*  0.21 1.60 a 1.17bt  0.36

In each row, means followed by the same letters for each temperature separately are not
significantly different according to Fisher’s least significant difference test (P < 0.05). Within each
column, significant differences between means of seed-containing and parthenocarpic fruit are
indicated by an asterisk (*) while significant differences between unwrapped and wrapped fruit are
indicated by an arrow () according to the Student t-test (P < 0.05).

Table 26. Changes in internal firmness (kg) of seed-containing and parthenocarpic fruit of
eggplant cv. Black Beauty grown in the greenhouse (2™ cultivation) in relation to storage
treatment (unwrapped and film wrapped), temperature (10 and 20°C) and duration (10 and
20 days).

Treatments Before Storage duration
storage At 10° C temperature At 20° C temperature

10 days 20 days Lsd 10 days 20 days Lsd
Seeded fruit
Unwrapped 0.96 b 097b 141 a 0.36 1.19b 1.72 a*t 0.30
Film 0.96 ab 1.04 a 1.59a* 0.83 0.85b 1.13a+} 0.24
Parthenocarpic
Unwrapped 1.31a 1.18a 1.25a 0.49 1.30 a 0.97 a* 0.45
Film 131a 1.07 ab 0.98b*  0.33 092 a 1.03 a 0.42

In each row, means followed by the same letters for each temperature separately are not
significantly different according to Fisher’s least significant difference test (P < 0.05). Within each
column, significant differences between means of seed-containing and parthenocarpic fruit are
indicated by an asterisk (*) while significant differences between unwrapped and wrapped fruit are
indicated by an arrow (1) according to the Student t-test (P < 0.05).

fruit from the 2™ greenhouse crop at 10 and 20°C, and unwrapped parthenocarpic fruit
from the field crop stored at 20°C, where flesh firmness increased with storage time

(Tables 26 and 26). In contrast, flesh firmness decreased with storage time in the case of
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parthenocarpic fruit from the 2™ greenhouse crop stored for 20 days at 10°C (Table 26).
Significant differences were detected between seed-containing and parthenocarpic fruit,
but not consistently; for example unwrapped seed-containing fruit from the open field had
a lower flesh firmness than parthenocarpic fruit after storage for 14 days at 10 and 20°C
(Table 25), whereas in fruits from the 2™ greenhouse crop flesh firmness of the seed-
containing fruit was higher (Table 26). Between unwrapped and wrapped fruit, flesh
firmness tended to be higher in the former, but to a statistically significant degree mainly

towards the end of storage, i.e. 14 days, (Table 25) and 20 days (Table 26).

5.3.3 Weight loss (%)

The weight loss of individual film-wrapped and unwrapped seed-containing and
parthenocarpic fruit of cv. Tsakoniki during storage at 10 and 20°C is shown in Tables 27
and 28. Weight loss of all fruit increased with storage time and tended to be higher at 20°C
than at 10°C. Film wrapping significantly reduced weight loss in all cases. No significant
differences, however, were detected between seed-containing fruit and parthenocarpic fruit

irrespective of storage duration, temperature and treatment (Tables 27 and 28).

Table 27. Weight loss (%) of seed-containing and parthenocarpic fruit of eggplant cv.
Tsakoniki grown in the greenhouse and open field (1* cultivation) in relation to storage
treatment (unwrapped and film wrapped), temperature (10 and 20°C) and duration (7 and
14 days).

Treatments Storage duration
At 10° C temperature At 20° C temperature

7 day 14 day Lsd 7 day 14 day Lsd
Greenhouse-1
Seeded fruit
Unwrapped 10.79 bt 16.28 af 5.07 14.81 af 18.18 af 5.88
Film 3.79 at 5.85 at 2.49 3.72 b} 7.06 at 1.96
Parthenocarpic
Unwrapped 14.87 bt 20.95 at 6.03 13.50 bt 22.35 at 5.65
Film 3.42 bt 6.49 at 2.27 4.03 bt 8.23 at 1.91
Open field
Seeded fruit
Unwrapped 12.09 at 17.70 at 3.34 12.46 bt 20.31 af 5.16
Film 3.37 bt 6.27 at 2.41 3.62 bt 8.07 at 1.02
Parthenocarpic
Unwrapped 16.17 bt 20.40 at 4.06 14.67 at 20.46 at 6.54
Film 4.86 bt 6.40 at 1.33 3.84 bt 8.00 at 1.30

In each row, means followed by the same letters for each temperature separately are not
significantly different according to Fisher’s least significant difference test (P < 0.05). Within each
column, significant differences between unwrapped and wrapped fruit are indicated by an arrow
(1), while no significant differences were detected between the corresponding means of seed-
containing and parthenocarpic fruit according to the Student t-test (P < 0.05).
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Table 28. Weight loss (%) of seed-containing and parthenocarpic fruit of eggplant cv.
Tsakoniki grown in the greenhouse (2nd cultivation) in relation to storage treatment
(unwrapped and film wrapped), temperature (10 and 20°C) and duration (10 and 20 days).

Treatments Storage duration
At 10° C temperature At 20° C temperature

10 day 20 day Lsd 10 day 20 day Lsd
Seeded fruit
Unwrapped 14.99 by 21.60 at 5.33 16.36 by 23.21 at 3.35
Film 2.68 at 4.03 at 2.14 4.66 bt 10.99 at 3.26
Parthenocarpic
Unwrapped 10.03 by 23.61 af 7.02 14.85 by 29.53 af 8.80
Film 4.15 at 3.84 at 2.47 6.70 at 9.28 af 3.40

In each row, means followed by the same letters for each temperature separately are not
significantly different according to Fisher’s least significant difference test (P < 0.05). Within each
column, significant differences between unwrapped and wrapped fruit are indicated by an arrow
(1), while no significant differences were detected between the corresponding means of seed-
containing and parthenocarpic fruit according to the Student t-test (P < 0.035).

The weight loss of individual film-wrapped and unwrapped seed-containing and
parthenocarpic fruit of cv. Black Beauty during storage at 10 and 20°C is shown in Tables
29 and 30. Weight loss of all fruit increased with storage time and was higher at 20°C than
at 10°C. Film wrapping significantly reduced weight loss in all cases, but between seed-
containing fruit and parthenocarpic fruit no significant differences were detected

irrespective of storage duration, temperature and treatment (Tables 29 and 30).

Table 29. Weight loss (%) of seed-containing and parthenocarpic fruit of eggplant cv.
Black Beauty grown in the greenhouse and open field (1% cultivation) in relation to storage
treatment (unwrapped and film wrapped), temperature (10 and 20°C) and duration (7 and
14 days).

Treatments Storage duration
At 10° C temperature At 20° C temperature

7 day 14 day Lsd 7 day 14 day Lsd
Greenhouse-1
Seeded fruit
Unwrapped 11.43 at 16.55 af 5.58 14.38 af 18.24 at 6.02
Film 2.96 at 5.22 af 2.62 3.77 at 5.65 af 2.18
Parthenocarpic
Unwrapped 12.73 at 16.71 af 4.29 14.03 af 18.57 at 3.67
Film 3.22 af 3.67 af 2.39 3.18 af 5.03 af 2.13
Open field
Seeded fruit
Unwrapped 8.41 bt 15.12 at 6.62 12.92 at 19.45 at 7.32
Film 2.40 at 4.51 at 2.16 3.36 at 5.48 at 2.62
Parthenocarpic
Unwrapped 9.67 bt 16.67 at 6.83 16.66 at 20.34 at 8.55
Film 3.36 at 5.01 at 2.50 5.15 at 8.20 af 3.55

In each row, means followed by the same letters for each temperature separately are not
significantly different according to Fisher’s least significant difference test (P < 0.05). Within each
column, significant differences between unwrapped and wrapped fruit are indicated by an arrow
(1), while no significant differences were detected between the corresponding means of seed-
containing and parthenocarpic fruit according to the Student t-test (P < 0.035).
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Table 30. Weight loss (%) of seed-containing and parthenocarpic fruit of eggplant cv.
Black Beauty grown in the greenhouse (2™ cultivation) in relation to storage treatment
(unwrapped and film wrapped), temperature (10 and 20°C) and duration (10 and 20 days).

Treatments Storage duration
At 10° C temperature At 20° C temperature

10 day 20 day Lsd 10 day 20 day Lsd
Seeded fruit
Unwrapped 17.89 at 23.42 at 7.21 18.34 at 24.61 at 5.37
Film 2.87 bt 4.80 af 1.59 3.60 bt 6.72 af 2.77
Parthenocarpic
Unwrapped 8.91 af 14.51 af 5.06 13.54 bt 26.22 af 4.58
Film 1.65 bt 4.13 at 1.52 3.18 b} 5.35at 1.85

In each row, means followed by the same letters for each temperature separately are not
significantly different according to Fisher’s least significant difference test (P < 0.05). Within each
column, significant differences between unwrapped and wrapped fruit are indicated by an arrow
(1), while no significant differences were detected between the corresponding means of seed-
containing and parthenocarpic fruit according to the Student t-test (P < 0.05).

5.3.4 Rate of respiration

The rate of respiration of seed-containing and parthenocarpic fruit of cv. Tsakoniki at
harvest was 27.19 and 26.20 ml CO, kg' h™', respectively, and the difference was
statistically insignificant (P < 0.05). During storage, the respiration rate decreased with
increasing storage time and the decrease was generally greater at 10°C than at 20°C. At
10°C, the respiration rate decreased by 58-76% in unwrapped seed-containing fruit stored
for 20 days, and by 67-72% in unwrapped parthenocarpic fruit (Table 31). Between
wrapped and unwrapped fruit there were no significant differences, nor between seed

containing and parthenocarpic fruit (Table 31).

Table 31. Rate of respiration (ml CO, kg'h™") of seed-containing and parthenocarpic fruit
of eggplant cv. Tsakoniki grown in the greenhouse (2nd cultivation) in relation to storage
treatment (unwrapped and film wrapped), temperature (10 and 20°C) and duration (10 and
20 days).

Treatments Before Storage duration
storage At 10° C temperature At 20° C temperature

10 days 20 days Lsd 10days 20days  Lsd
Seeded fruit
Unwrapped 27.19a 11.84Db 6.60 c 4.99 15.78 b 9.33b 6.26
Film 17.24 b 11.54b 5.40 21.57 a 12.47b  8.33
Parthenocarpic
Unwrapped 26.20 a 12.01b 7470 5.12 1536 b 7.57b 5.37
Film 14.02 b 8.78 ¢ 579 1946ab 1345b 7.12

In each row, means followed by the same letters for each temperature separately are not
significantly different according to Fisher’s least significant difference test (P < 0.05). No
significant differences were found between seed-containing and parthenocarpic fruit, or between
wrapped and unwrapped fruit, according to the Student t-test (P < 0.05).
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In Black Beauty, the rate of respiration of seed-containing and parthenocarpic fruit
at harvest was 39.55 and 40.25 ml CO, kg h', respectively, which was significantly
higher than in cv. Tsakoniki but not affected by the presence or absence of seeds. During
storage, the respiration rate decreased with increasing storage time and the decrease was
relatively greater at 10°C than at 20°C. At 10°C, the respiration rate decreased by 74-80%
in unwrapped seed-containing fruit stored for 20 days, and by 72-82% in unwrapped
parthenocarpic fruit (Table 32). Between wrapped and unwrapped fruit there were no

significant differences, nor between seed containing and parthenocarpic fruit (Table 32).

Table 32. Rate of respiration (ml CO, kg'h™) of seed-containing and parthenocarpic fruit
of eggplant cv. Black Beauty grown in the greenhouse (2™ cultivation) in relation to
storage treatment (unwrapped and film wrapped), temperature (10 and 20°C) and duration
(10 and 20 days).

Treatments Before Storage duration
storage At 10° C temperature At 20° C temperature

10 days 20 days Lsd 10 days 20 days Lsd
Seeded fruit
Unwrapped 39.55a 16.72b 7.92c 8.22 20.01b 9.88 ¢ 9.74
Film 24.37b 14.27b 9.59 2596 b 17.65b  9.25
Parthenocarpic
Unwrapped 40.25 a 1593 b 742 ¢ 6.60 18.03b 11.24b  8.11
Film 20.13b 1132 ¢ 8.31 2531b 1577b  8.87

In each row, means followed by the same letters for each temperature separately are not
significantly different according to Fisher’s least significant difference test (P < 0.05). ). No
significant differences were found between seed-containing and parthenocarpic fruit, or between
wrapped and unwrapped fruit, according to the Student t-test (P < 0.05).

5.3.5 Ascorbic acid content

The ascorbic acid concentration in the fruit of eggplant cvs. Tsakoniki and Black Beauty
was measured at harvest and after storage for 7 and 14 days (greenhouse and open field
crops of the first cultivation) and 10 and 20 days (for the greenhouse crop of the second
cultivation). At harvest, no significant differences were observed in ascorbic acid content
between seed-containing and parthenocarpic (seedless) fruit of either cultivar.

During storage, the concentration of ascorbic acid in both unwrapped and film-
wrapped fruit (seed-containing and parthenocarpic) of Tsakoniki followed a decreasing
trend irrespective of storage temperature (Tables 33 and 34). At 10°C, the loss of ascorbic
acid in unwrapped fruit was significant (P< 0.05) after 14 (Table 33) or 20 (Table 34) days
in parthenocarpic fruit, but not in fruit that contained seed. On the other hand, the ascorbic

acid content of fruit wrapped in film did not decrease significantly during storage at 10°C.
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In general, ascorbic acid losses in film-wrapped seeded and parthenocarpic fruit during
storage at 10°C for 20 days did not exceed 14.6% and 15.6%, respectively, but film-
wrapped parthenocarpic fruit lost a significantly higher amount of ascorbic acid than

wrapped seed-containing fruit by day 14 (Table 33).

Table 33. The ascorbic acid content of seed-containing and parthenocarpic fruit of eggplant
cv. Tsakoniki grown in the greenhouse and open field (1* cultivation) in relation to storage
treatment (unwrapped and film wrapped), temperature (10 and 20°C) and duration (7 and
14 days).

Treatments Before Storage duration
storage At 10° C temperature At 20° C temperature
7 days 14 days Lsd 7 days 14 days Lsd

Greenhouse-1

Seeded fruit
Unwrapped 73.82a 6925a 61.11 a* 14.27 58.31Db 4597 ¢ 10.70
Film 72.51 a 68.00 a 11.62  62.69 ab 53.22b 17.97

Parthenocarpic
Unwrapped 67.19a 65.12a 47.86 b* 16.41 52470 38910 14.75

Film 67.49 a 59.68 a 14.80 59.12 ab 46.13 b 15.18
Open field

Seeded fruit

Unwrapped 7890a 75.52a 67.54a 11.97 67.17 a 51.77b* 1344
Film 77.77 a 7429 a 18.03  70.37 ab 63.78 b 19.11

Parthenocarpic
Unwrapped 7438a 6833a 56.85a 20.60 54.88b 36.33 ¢c*t  11.33

Film 72.53 a 66.58 a 13.16 61.44ab 5245bt  14.20
In each row, means followed by the same letters for each temperature separately are not
significantly different according to Fisher’s least significant difference test (P < 0.05). Within each
column, significant differences between means of seed-containing and parthenocarpic fruit are
indicated by an asterisk (*) while significant differences between unwrapped and wrapped fruit are
indicated by an arrow (1) according to the Student t-test (P < 0.05).

The ascorbic acid concentration in both seed-containing and parthenocarpic fruit of
Tsakoiniki decreased significantly during storage at 20°C regardless of film wrapping
(Tables 33 and 34). The content of ascorbic acid in unwrapped seed-containing fruit
decreased by 39.58% compared with 53.29% in unwrapped parthenocarpic fruit during 20
days of storage at 20°C (Table 34). In most cases, the differences in ascorbic acid content
between unwrapped and film-wrapped fruit were insignificant (P < 0.05), but
parthenocarpic fruit grown in the greenhouse (2™ cultivation) and wrapped in film had a
significantly higher ascorbic acid content than the corresponding unwrapped fruit after 20

days storage at 20°C (Table 34).
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Table 34. The ascorbic acid content of seed-containing and parthenocarpic fruit of eggplant
cv. Tsakoniki grown in the greenhouse (2™ cultivation) in relation to storage treatment
(unwrapped and film wrapped), temperature (10 and 20°C) and duration (10 and 20 days).

Treatments Before Storage duration

storage At 10° C temperature At 20° C temperature

10 days 20 days Lsd 10 days 20 days Lsd

Seeded fruit
Unwrapped 70.24 a 65.50 a 54.06 a 17.11 54.05 a 4244 b 12.04
Film 68.11 a 59.99 a 1480 57.73ab  48.11b 19.10
Parthenocarpic
Unwrapped 6739 a 57.01 ab 48.11Db 16.01 50.81b  31.48ct 13.07
Film 62.78 a 56.89 a 12.30 55.56a 43.75bt 16.04

In each row, means followed by the same letters for each temperature separately are not
significantly different according to Fisher’s least significant difference test (P < 0.05). Within each
column, no significant differences were detected between the means of seed-containing and
parthenocarpic fruit, while significant differences between unwrapped and wrapped fruit are
indicated by an arrow (7) according to the Student t-test (P < 0.05).

Similar to Tsakoniki, a decrease in ascorbic acid content in Black Beauty was
recorded during storage (Table 35 and 36). At 10°C, the loss of ascorbic acid in both
unwrapped and film-wrapped seed-containing fruit from the 1% cultivation (greenhouse and
open field) was not significant (P<0.05), but in unwrapped parthenocarpic fruit from the
greenhouse the decrease in ascorbic acid concentration was significantly higher than in the
corresponding wrapped fruit (Table 35). In contrast, at 20°C, both seed-containing and
parthenocarpic fruit of Black Beauty from the greenhouse and the open field showed a
significant decrease in ascorbic acid concentration (P<0.05) regardless of storage
treatments and duration. Similar results were obtained from the 2™ cultivation in the
greenhouse except that after 20 days storage at 10°C both seed-containing and
parthenocarpic fruit that were unwrapped showed a greater decrease in ascorbic acid
concentration compared with the corresponding wrapped fruit (Table 36). The highest loss
of ascorbic acid was recorded in unwrapped parthenocarpic fruit from the greenhouse (both
cultivations) stored at 20°C (Tables 35 and 36). A comparison of treatment means showed
that seed-containing unwrapped fruit from the greenhouse contained a significantly higher
(P<0.05) ascorbic acid content than unwrapped parthenocarpic fruit after storage for 14
days at 10°C (Table 35). In all other cases, there were no significant differences in the
ascorbic acid content of seed-containing and parthenocarpic fruit of Black Beauty,
irrespective of the storage treatment and temperature as well as the growing conditions

(Tables 35 and 36).
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Table 35. The ascorbic acid content of seed-containing and parthenocarpic fruit of eggplant
cv. Black Beauty grown in the greenhouse and open field (1% cultivation) in relation to
storage treatment (unwrapped and film wrapped), temperature (10 and 20°C) and duration
(7 and 14 days).

Treatments Before Storage duration
storage At 10° C temperature At 20° C temperature
7 days 14 days Lsd 7 days 14 days Lsd

Greenhouse-1

Seeded fruit

Unwrapped 68.34 a 62.28 a 55.84a* 14.08 4881b 37.30b  11.94
Film 61.76 a 5691 a 1592 5544ab 4648b 18.50
Parthenocarpic

Unwrapped 63.56 a 52.41 ab 43.63b* 1254 45.82Db 3141¢ 1295
Film 59.09 a 53.83 a 10.19 48.73 a 36.48b 13.74
Open field

Seeded fruit

Unwrapped 7445 a 67.24 a 59.24 a 19.46 58.78 b 46.86b  14.07
Film 70.56 a 63.56 a 1553 67.27ab 5475b 17.75
Parthenocarpic

Unwrapped 72.13 a 63.30 a 5522 a 19.33 59.18 a 41.59b 16.17
Film 68.46 a 60.48 a 10.34 63.02 a 4740b 1243

In each row, means followed by the same letters for each temperature separately are not
significantly different according to Fisher’s least significant difference test (P<0.05). Within each
column, significant differences between means of seed-containing and parthenocarpic fruit are
indicated by an asterisk (*). No significant differences were detected between unwrapped and
wrapped fruit according to the Student t-test (P < 0.05).

Table 36. The ascorbic acid content of seed-containing and parthenocarpic fruit of eggplant
cv. Black Beauty grown in the greenhouse (2™ cultivation) in relation to storage treatment
(unwrapped and film wrapped), temperature (10 and 20°C) and duration (10 and 20 days).

Treatments Before Storage duration

storage At 10° C temperature At 20° C temperature

10 days 20 days Lsd 10 days 20 days Lsd

Seeded fruit
Unwrapped 63.20a 5693ab 44.06b 1441 47.17b  3233c 14.08
Film 60.70a  50.97a 15.85 53.12ab 42.74b 16.44
Parthenocarpic
Unwrapped 60.50a 5093ab 40.44b 1523 4261b  25.05c 1593
Film 51.10a 47.89a 1825 47.89ab 33.85b 13.67

In each row, means followed by the same letters for each temperature separately are not
significantly different according to Fisher’s least significant difference test (P < 0.05). Within each
column, no significant differences were detected between the means of seed-containing and
parthenocarpic fruit or between unwrapped and wrapped fruit, according to the Student t-test (P <
0.05).

5.3.6 Protein content
There were no significant differences in protein content at harvest between seed-containing
and parthenocarpic eggplant fruit of cvs. Tsakoniki and Black Beauty (Tables 37 and 38).

In cv. Tsakoniki, storage at 10°C did not affect the protein content of wrapped or
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unwrapped seed-containing and parthenocarpic fruit irrespective of storage duration (7 and

14 days) and cultivation conditions (greenhouse or open field) (Tables 37 and 38).

Table 37. The protein content of seed-containing and parthenocarpic fruit of eggplant cv.
Tsakoniki grown in the greenhouse and open field (1*' cultivation) in relation to storage
treatment (unwrapped and film wrapped), temperature (10 and 20°C) and duration (7 and
14 days).

Treatments Before Storage duration
storage At 10° C temperature At 20° C temperature
7days l1l4days Lsd 7days 14days Lsd

Greenhouse-1

Seeded fruit

Unwrapped 3.15a 2.68a 2.75a 1.28 2.14a 2.36a 1.19
Film 321 a 2.61 a 1.13 2.57a 240a 0.97
Parthenocarpic

Unwrapped 278a 24l a 227 a 1.27 223a 221 a 1.10
Film 2.62a 2.26a 124 20la 2.16 a 1.21
Open field

Seeded fruit

Unwrapped 374a 297a 2.77 a 1.15 220b 2.37b 1.00
Film 322a 291a 099 277ab  2.08b 1.20
Parthenocarpic

Unwrapped 3.05a 253a 2.60 a 1.19 2.03a 223 a 1.40
Film 2.82a 2.66 a 1.30 2.18 ab 1.80 b 1.23

In each row, means followed by the same letters for each temperature separately are not
significantly different according to Fisher’s least significant difference test (P < 0.05). Within each
column, no significant differences were detected between the means of seed-containing and
parthenocarpic fruit or between unwrapped and wrapped fruit, according to the Student t-test (P <
0.05).

At 20°C, the protein content of unwrapped seed-containing fruit and both wrapped
and unwrapped parthenocarpic fruit of cv. Tsakoniki cultivated in the open field decreased
significantly during storage (Table 37), but the protein content of greenhouse-grown fruit
was not affected by storage at 20°C irrespective of the wrapping treatment and the presence
or absence of seeds. Similarly in the 2™ cultivation in the greenhouse, no change in protein
content was detected at 10°C, while at 20°C a decrease detected on day 10 may have
resulted from experimental error since no decrease was found on day 20 (Table 38).
Between seed-containing and parthenocarpic fruit, as well as between wrapping treatments,
no significant differences were observed, except in the case of film-wrapped seed-
containing and parthenocarpic fruit from the ond greenhouse cultivation stored at 20°C

(Table 38).
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Table 38. The protein content of seed-containing and parthenocarpic fruit of eggplant cv.
Tsakoniki grown in the greenhouse (2™ cultivation) in relation to storage treatment
(unwrapped and film wrapped), temperature (10 and 20°C) and duration (10 and 20 days).

Treatments Before Storage duration
storage At 10° C temperature At 20° C temperature

10days 20days Lsd 10days 20days Lsd
Seeded fruit
Unwrapped 3.55a 2.62a 3.17a 1.11 2.06 b 337a 0.96
Film 3.13a 3.08 a 1.36  235b  3.06ab* 1.10
Parthenocarpic
Unwrapped 2.63a 2.11a 247 a 1.20 1.74 a 2.56 a 1.25
Film 2.51a 221 a 1.09 2.28a 2.07a*  0.78

In each row, means followed by the same letters for each temperature separately are not
significantly different according to Fisher’s least significant difference test (P < 0.05). Within each
column, significant differences between means of seed-containing and parthenocarpic fruit are
indicated by an asterisk (*). No significant differences were detected between unwrapped and
wrapped fruit according to the Student t-test (P < 0.05).

Data on the protein content of Black Beauty during storage are presented in Tables
39 and 40. Similar to Tsakoniki, the protein content of cv. Black Beauty did not differ
significantly (P<0.005) at 10°C, regardless of wrapping treatment, storage duration and

cultivation conditions (Tables 39 and 40).

Table 39. The protein content of seed-containing and parthenocarpic fruit of eggplant cv.
Black Beauty grown in the greenhouse and open field (1% cultivation) in relation to storage
treatment (unwrapped and film wrapped), temperature (10 and 20°C) and duration (7 and
14 days).

Treatments Before Storage duration
storage At 10° C temperature At 20° C temperature

7days 14days Lsd 7days 14days Lsd
Greenhouse-1
Seeded fruit
Unwrapped 3.64a 292 a 3.06 a 211b 2.67ab 1.02
Film 348 a 297a 2.56 a 246 a 1.23
Parthenocarpic
Unwrapped 3.14a 2.92 a 3.11a 1.14 243a 223 a 1.11
Film 323 a 2.88 a 129 24la 248 a 1.26
Seeded fruit
Unwrapped 391 a 3.15a 292a 1.19 239b 283ab 1.23
Film 3.59a 2.96 a 1.61 2.46b 2.16Db 1.07
Parthenocarpic
Unwrapped 337a 290 a 3.10a 1.43 221b 238ab 1.04
Film 3.18a 273 a 1.08 237b 2.07b 0.94

In each row, means followed by the same letters for each temperature separately are not
significantly different according to Fisher’s least significant difference test (P < 0.05). Within each
column, no significant differences were detected between the means of seed-containing and
parthenocarpic fruit or between unwrapped and wrapped fruit, according to the Student t-test (P <
0.05).

103



At 20°C, the protein content of unwrapped seed-containing fruits tended to
fluctuate, showing an initial decrease (at 7 and 10 days) but not later (14 and 20 days). In
contrast, film-wrapped fruit from the open field cultivation showed a decrease in protein
content at both days 7 and 14 (Table 39) irrespective of the presence or absence of seeds,
but not in the 2™ greenhouse cultivation (Table 40). A significant difference in protein
content was observed between unwrapped seed-containing and parthenocarpic fruit stored
for 20 days at 20°C (Table 40), but no differences were observed between wrapped and
unwrapped fruit, irrespective of storage temperature and duration and the cultivation

conditions (Tables 39 and 40).

Table 40. The protein content of seed-containing and parthenocarpic fruit of eggplant cv.
Black Beauty grown in the greenhouse (2nd cultivation) in relation to storage treatment
(unwrapped and film wrapped), temperature (10 and 20°C) and duration (10 and 20 days).

Treatments Before Storage duration
storage At 10° C temperature At 20° C temperature

10 days 20 days Lsd 10 days 20days Lsd
Seeded fruit
Unwrapped 4.06 a 326a 3.84a 1.30 2410 3.60a* 1.16
Film 3.56a 3.72 a 1.05 2.72b 3.11ab 1.04
Parthenocarpic
Unwrapped 3.65a 2.85a 326a 1.12 3.16ab 248b* 1.01
Film 3.26a 337 a 1.07 2.87a 2.62a 1.35

In each row, means followed by the same letters for each temperature separately are not
significantly different according to Fisher’s least significant difference test (P < 0.05). Within each
column, significant differences between means of seed-containing and parthenocarpic fruit are
indicated by an asterisk (*). No significant differences were detected between unwrapped and
wrapped fruit according to the Student t-test (P < 0.05).

5.3.7 Phenolics content

Changes in the total phenol content of the flesh of fruit of eggplant cv. Tsakoniki are
shown in Tables 41 and 42. At harvest, seed-containing fruit tended to have a relatively
higher concentration of phenolic compounds than parthenocarpic fruit, but not to a
statistically significant degree (P<0.05). During storage at 10°C, the level of phenolics in
unwrapped seed-containing fruit from the 1% greenhouse cultivation increased significantly
by day 14 (Table 41). Similarly, at 20°C the total concentration of phenolics increased by
day 14 in unwrapped seed-containing and parthenocarpic fruits from the open field
cultivation (Table 41). However, in fruits from the nd greenhouse cultivation, no
differences in phenolics content were detected with time at either storage temperature

(Table 42).
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Table 41. The total phenolics content of seed-containing and parthenocarpic fruit of
eggplant cv. Tsakoniki grown in the greenhouse and open field (1* cultivation) in relation
to storage treatment (unwrapped and film wrapped), temperature (10 and 20°C) and
duration (7 and 14 days).
Treatments Before Storage duration
storage At 10° C temperature At 20° C temperature
7 days 14 days Lsd 7 days 14 days Lsd

Greenhouse-1

Seeded fruit

Unwrapped 84.70b 87.81b 101.71 a*}  13.83 81.11b 85.50b  22.87
Film 84.70a 79.83a 68.83 at 15.74 82.74 a 89.62 a 14.38
Parthenocarpic

Unwrapped 71.89a 7225a 82.67 a* 16.32 63.60 a 7431a 2533
Film 71.89a 67.62a 61.69 a 21.97 73.25a 69.21 a 19.29
Open field

Seeded fruit

Unwrapped 91.76b 90.72b  104.13b*} 17.07 9546ab 111.07a 15.95
Film 91.76a 82.71a 81.05 ta 15.61 89.75a 101.80a  20.16
Parthenocarpic

Unwrapped 82.78b 87.48Db 74.70 b* 27.96 81.84Db 106.60a  19.89
Film 82.78a 77.67a 67.81 a 20.73 8434 a 93.32 a 17.18

In each row, means followed by the same letters for each temperature separately are not
significantly different according to Fisher’s least significant difference test (P < 0.05). Within each
column, significant differences between means of seed-containing and parthenocarpic fruit are
indicated by an asterisk (*) while significant differences between unwrapped and wrapped fruit are
indicated by an arrow (1) according to the Student t-test (P < 0.05).

Between film-wrapped and unwrapped fruit of Tsakoniki, significantly lower levels
of phenolics were detected in the wrapped fruits of seed-containing fruits after 14 days
storage at 10°C (Table 41), as well as in the wrapped fruit of both seed-containing and
parthenocarpic fruit after 20 days at 10°C (Table 42). Between seed-containing and
parthenocarpic fruit, a significantly lower level of phenolics was detected in unwrapped
fruit stored at 10°C for 14 days (Table 41) and in wrapped fruit stored at 20°C for 20 days
(Table 42).

Fruits of eggplant cv. Black Beauty showed a similar trend in phenolics content to
that of Tsakoniki (Table 43 and 44). The flesh of both seed-containing and parthenocarpic
fruit stored at 10°C tended to increase in phenol content with storage time, but only to a
statistically significant level after 20 days in the case of film-wrapped seed-containing fruit
(Table 44). At 20°C, fluctuations in phenolics content with storage time were observed
without a statistically significant trend (Table 43 and 44). Between the wrapping
treatments, it was observed that seed-containing fruit had a relatively higher phenolics
content when wrapped and stored for 14 days at 10°C (Table 43), while in the 2™

greenhouse crop the wrapped fruits of both seed-containing and parthenocarpic fruits had a
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higher concentration of phenolics than the corresponding unwrapped fruit (Table 44).
Between seed-containing and parthenocarpic fruit, a higher phenolics concentration was
observed in unwrapped fruits of the former after 10 and 20 days storage at 20°C (Table
44).

Table 42. The total phenolics content of seed-containing and parthenocarpic fruit of
eggplant cv. Tsakoniki grown in the greenhouse (2nd cultivation) in relation to storage
treatment (unwrapped and film wrapped), temperature (10 and 20°C) and duration (10 and
20 days).

Treatments Before Storage duration

storage At 10° C temperature At 20° C temperature

10 days 20 days Lsd 10 days 20 days Lsd

Seeded fruit
Unwrapped 78.43 a 79.03a 9533af 17.18 7783 a 87.99a  26.16
Film 78.43 a 75.14a 66.24af 2675 80.02a 91.86a* 21.89
Parthenocarpic
Unwrapped 65.99 a 68.17a 82.08af 2281 632la 81.2la  22.38
Film 65.99 a 60.96a 49.74at 24.61 66.50a 7495a* 19.33

In each row, means followed by the same letters for each temperature separately are not
significantly different according to Fisher’s least significant difference test (P < 0.05). Within each
column, significant differences between the means of seed-containing and parthenocarpic fruit are
indicated by an asterisk (*) while significant differences between unwrapped and wrapped fruit are
indicated by an arrow () according to the Student t-test (P < 0.05).

Table 43. The total phenolics content of seed-containing and parthenocarpic fruit of
eggplant cv. Black Beauty grown in the greenhouse and open field (1% cultivation) in
relation to storage treatment (unwrapped and film wrapped), temperature (10 and 20°C)
and duration (7 and 14 days).

Treatments Before Storage duration
storage At 10° C temperature At 20° C temperature
7 days 14 days Lsd 7 days 14 days Lsd

Greenhouse-1

Seeded fruit

Unwrapped 70.33ab 74.14a 87.27af 1757 67.19b 80.11a 18.30
Film 7033a 64.87a S1.56af 1920 66.16a 72.79a  25.81
Parthenocarpic

Unwrapped 5990a 61.02a 71.34a 1986 56.36a 6558a 19.01
Film 59.90a 55.55a 49.72a 1349 5820a 6746a 22.54
Open field

Seeded fruit

Unwrapped 79.04a 83.69a 9629af 2523 7735a 86.10a 23.35
Film 79.04a 7397a 60.6laj 1899 79.02a 7798a 20.90
Parthenocarpic

Unwrapped 7220a 7335a 81.12a  20.30 6431a 77.20a 29.09
Film 7220a 6946a 6948a 2510 70.82a 73.79a 24.50

In each row, means followed by the same letters for each temperature separately are not
significantly different according to Fisher’s least significant difference test (P < 0.05). Within each
column, no significant differences were detected between the means of seed-containing and
parthenocarpic fruit, while significant differences between unwrapped and wrapped fruit are
indicated by an arrow (¥) according to the Student t-test (P < 0.05).
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Table 44. The total phenolics content of seed-containing and parthenocarpic fruit of
eggplant cv. Black Beauty grown in the greenhouse (2™ cultivation) in relation to storage
treatment (unwrapped and film wrapped), temperature (10 and 20°C) and duration (10 and
20 days).

Treatments Before Storage duration

storage At 10° C temperature At 20° C temperature

10 days 20 days Lsd 10 days 20 days Lsd

Seeded fruit
Unwrapped 63.76 a 6535a  76.88af 2146 57.43a* 7242a* 17.36
Film 63.76 a 59.73ab  4734bf 1577 6277 a 69.99a 21.99
Parthenocarpic
Unwrapped 51.40 ab 52.69a 6431af 13.62 38.10b* 5831a* 17.08
Film 5140 a 48.74a 4342at 1737 45.10a 50.82a 1847

In each row, means followed by the same letters for each temperature separately are not
significantly different according to Fisher’s least significant difference test (P < 0.05). Within each
column, significant differences between the means of seed-containing and parthenocarpic fruit are
indicated by an asterisk (*) while significant differences between unwrapped and wrapped fruit are
indicated by an arrow (1) according to the Student t-test (P < 0.05).

5.3.8 Anthocyanin content

The results presented in Table 45 show no significant variation (P<0.05) in anthocyanin
concentrations between naturally pollinated and parthenocarpic eggplant fruit of cvs.
Tsakoniki and Black Beauty. The anthocyanin levels in both cultivars tended to decline
during 20 days of storage, but only to a statistically significant degree in the case of
parthenocarpic fruit of Tsakoniki, irrespective of wrapping (Table 45). No statistically
significant differences were detected in the anthocyanin content of seed-containing and
parthenocarpic fruit of either cultivar, or between wrapped and unwrapped fruit, with the
exception of parthenocarpic fruit of Tsakoniki stored for 20 days at 20°C in which the
anthocyanin content of the wrapped fruit was higher than that of the unwrapped fruit

(Table 45).
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Table 45. The anthocyanin content of the skin of seed-containing and parthenocarpic
eggplant fruit of cvs. Tsakoniki and Black Beauty grown in the greenhouse (2™
cultivation) in relation to storage treatment (unwrapped and film wrapping), temperature
(10 and 20°C) and duration (10 and 20 days).

Treatments Before Storage duration
storage At 10° C temperature At 20° C temperature

10 days 20 days Lsd 10 days 20 days Lsd
Tsakoniki
Seeded fruit
Unwrapped 3.28 a(a) 253 a 2.39a 1.26 243 a 2.09 a 1.21
Film 3.17a 2.85a 1.74 295a 2.50 a 1.54
Parthenocarpic
Unwrapped 374a(a) 2.92ab 2.07b 1.61 2240 1.36 bt 1.39
Film 3.80a 349 a 2.31 2.83ab  2.37 bt 1.05
Black Beauty
Seeded fruit
Unwrapped 18.07a(a) 17.68a 1587a 6.5 16.30a 13.87a  4.58
Film 18.72a 17.92a 4.74 16.02a 1529a  3.32
Parthenocarpic
Unwrapped 19.10a(a) 18.68a 1527a  4.70 16.72a 13.18a  5.53
Film 19.15a  17.62a 590 17.64a 1599a  5.09

In each row, means followed by the same letters for each temperature separately are not
significantly different according to Fisher’s least significant difference test (P < 0.05). Within each
column, no significant differences were detected between the means of seed-containing and
parthenocarpic fruit, while significant differences between unwrapped and wrapped fruit are
indicated by an arrow (1) according to the Student t-test (P < 0.05).

5.4 Discussion

Colour and texture are two major factors in determining the freshness and quality of
marketable fruits and vegetables (Ryall and Lipton, 1979). The present results indicate that
the changes in pericarp colour (expressed as changes in L, C* and H°) of both eggplant
cultivars were variable in respect of storage treatment, duration and temperature. In most
cases, the L value of both naturally pollinated and parthenocarpic fruit of Tsakoniki and
Black Beauty were unaffected by storage treatments. A decreasing tendency in C* value
was observed in Tsakoniki during storage, suggesting a reduction in red colour intensity),
whilst in Black Beauty an increasing trend of C* value was observed during storage. With
respect to H°, the changes observed during storage were slight and mostly negligible. The
relatively small colour change in the present results may be considered a positive result,
important for eggplant shelf-life, since it indicates that the fruit colour at harvest is largely
retained throughout storage irrespective of the presence or absence of seeds and the storage
temperature. Although no significant differences in colour change between wrapped and

unwrapped fruit were observed, the high rate of water (weight) loss of unwrapped fruit
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quickly rendered them unmarketable (within about 7 days). In other studies film-wrapping
has been shown to effectively maintain the colour of peppers (Miller et al., 1983) and
tomatoes (Risse et al., 1984), while according to Thanopoulos (2012) parthenocarpic
peppers have less green colour at the mature green stage of development and more red at
the fully ripe stage than seed-containing fruit. Parthenocarpic peppers, however, are much
smaller in size than seed-containing peppers (which is not the case in eggplant), and this
results in greater weight loss in the former and concomitant changes in colour during
storage (Thanopoulos, 2012).

Changes in external and internal firmness of seed-containing and parthenocarpic
eggplant fruit of both cultivars showed a similar pattern over the storage period. The
present results showed that in most cases seed-containing and parthenocarpic fruit from all
crops maintained firmness (external and internal) throughout the storage period
irrespective of film-wrapping and storage temperature, the main difference between
cultivars occurring in fruit from the open field. (Tables 19 and 21) where the firmness of
Black Beauty (particularly seed-containing fruit) significantly increased during storage at
both 10 and 20°C, whereas that of Tsakoniki was essentially unchanged. Maintenance of
firmness by enclosure of the fruit in plastic was reported for eggplant (Risse and Miller,
1983), pepper (Ben-Yehoshua et al., 1983; Miller et al., 1983) and cucumber (Dhall et al.,
2010). From the present experiment, however, it is clear that the maintenance of firmness
in eggplant occurred in both wrapped and unwrapped fruit and irrespective of the amount
of water (weight) lost. The slightly higher (but mainly insignificant) values for firmness
recorded in film-wrapped eggplant fruit may result from higher turgidity of the fruit,
whereas unwrapped fruit become more pliable as they lose water. Jha and Matsuoka (2002)
also noted shrinkage of eggplant during storage, leading subsequently to sponginess and
wrinkling (Ryall and Lipton, 1979). In either case the force required to penetrate the skin
or flesh was similar, but the higher water (weight) loss of unwrapped fruit makes them
unmarketable even within 7 days of storage.

Most fresh fruit and vegetable commodities become unmarketable after losing 3-
10% of their initial fresh weight (Ben-Yehoshua and Rodov, 2003). In the present study,
both seed-containing and parthenocarpic fruit of Tsakoniki and Black Beauty rapidly lost
weight regardless of storage temperature when they were stored in an unwrapped
condition, even though the RH of the storage atmosphere was relatively high (80 + 5%).
Film-wrapping significantly reduced the rate of weight loss in both cultivars, as reported

previously for eggplant (Risse et al., 1985; Diaz-Perez, 1998; Pahlevi et al., 2009) and
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tomato (Risse et al., 1985). From the present results, it may be concluded that unwrapped
fruit of cv. Tsakoniki become unmarketable within 7 days of storage at 10 or 20°C (weight
loss10-16%), irrespective of the presence or absence of seeds (Tables 27 and 28), whereas
wrapped seed-containing and parthenocarpic fruit of this cultivar may be stored
satisfactorily for at least 14 days at 10°C (maximum weight loss <6.5%) or 20°C
[maximum weight loss <8.5% (Table 27) but rather high (9-11%) in fruit from the second
greenhouse crop (Table 28)]. Similarly, while unwrapped fruit of cv. Black Beauty are
only marginally marketable after 7 days of storage at 10°C, where with one exception
(18%) weight loss was 8-11% in seed-containing fruit and 9-13% in parthenocarpic fruit,
unwrapped fruit stored at 20°C were unmarketable after 7 days since weight loss ranged
from 12-18% irrespective of the presence or absence of seeds (Tables 29 and 30). In
contrast, wrapped seed-containing and parthenocarpic fruit of Black Beauty may be stored
satisfactorily for at least 14 days at 10°C (maximum weight loss <5.2%) or 20°C
(maximum weight loss <8.2%). The relatively lower rate of weight loss in Black Beauty
(oval fruit) compared with Tsakoniki (elongate fruit) presumably related to the lower
surface area in relation to fruit volume in the former (Passam and Karapanos, 2008).

The rate of respiration is another factor that influences fruit quality during storage
(Ryall and Lipton, 1979). The respiration rate of eggplant fruit after harvest is
approximately 30-40 ml CO, kg h' at 12.5°C (Siller-Cepeda, 2004), but apparently
differs between cultivars since the initial rate of respiration of Black Beauty (Table 32) was
significantly higher than that of Tsakoniki (Table 31). The respiration rate was similar for
seed-containing and parthenocarpic fruit of both cultivars, and decreased with storage time
at both 10 and 20°C, as is the case in most non-climacteric fruit (Kays1991). Although the
respiration rate of wrapped fruit tended to be higher than that of unwrapped fruit, the
differences were not statistically significant and probably resulted from an accumulation of
CO; within the enclosed fruit during storage and release of this CO, after the film was
removed for respiration measurements. Similarly, D’Aquino et al. (1997) observed an
apparently higher respiratory rate in Satsuma when fruit were wrapped in plastic film and
respiration measured after film removal (in comparison with fruit that was stored
unwrapped), whereas in grapefruit and lemons the respiratory rate was lower in wrapped
fruit than in unwrapped fruit when measured without removal of the plastic film (Ben
Yehoshua, 1978; Eaks, 1990).

The results of the present study showed that the ascorbic acid concentration in both

seed-containing and parthenocarpic fruit of cvs. Tsakoniki and Black Beauty progressively
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decreased with increasing storage time at both 10 and 20°C, but mostly to a statistically
significant degree only at the higher temperature. Similarly, losses of ascorbic acid during
storage were reported for a number of fruits and vegetables (Koksal, 1989; Hussein et al.,
2000; Arvanitoyannis et al., 2005) including eggplant (Esteban et al, 1989), and is
believed to result from enzyme-mediated oxidation of ascorbic acid (Lee and Kader, 2000).
In contrast, Toor and Savage (2006) reported a slight increase in ascorbic acid in tomatoes
stored at 7, 15 and 25°C for 10 days, and Kalt et al. (1999) observed no losses in ascorbic
acid during postharvest storage of strawberry and blueberry. Film-wrapping tended to
delay ascorbic acid loss, possibly by reducing the rate of ascorbate oxidation, but generally
not to a statistically significant level. In apple, Kropp and Ben (1985) reported a higher
ascorbic acid content of fruit when stored after wrapping with different packaging
materials.

The protein content of both unwrapped and film-wrapped eggplant fruit (seed-
containing and parthenocarpic) fluctuated over the storage period and did not follow a
definite trend. Overall, there was no effect of wrapping on protein content, but seed-
containing fruit appeared to have a higher protein content than parthenocarpic fruit after 20
days storage at 20°C. According to Esteban et al. (1989), eggplant fruit stored in film-
wrapped trays exhibited a reduction in protein content at both 10 and 20°C until the 12"
day of storage, followed by an increase until day 20, but the results of the present study do
not confirm this pattern.

It has been demonstrated in several systems that phenylalanine ammonia-lyase
(PAL) is involved in the biosynthesis of phenols during low temperature storage (Kozukue
et al., 1979). In the present study, a significant accumulation of phenols with storage time
was detected only in unwrapped fruits of Tsakoniki from the 1* greenhouse crop (Table
35) stored forl4 days at 10°C. According to Massoloa et al. (2011) a higher phenolic
content of eggplant fruit stored at 10°C results from increased activity of the PAL enzyme.
More significant in our experiment, however, was the fact that at 10°C wrapping in film
significantly reduced the phenolics concentration of both seed-containing and
parthenocarpic fruit of cvs. Tsakoniki and Black Beauty. Moreover, in some cases,
parthenocarpic fruit exhibited a lower phenolics level than seed-containing fruit. Reduced
phenolics levels may be regarded as a positive quality trait because the fruit will have a
lower tendency to brown during slicing and processing. Gajewski et al. (2009) reported
that the total phenol content of greenhouse grown eggplant cvs. Scorpio, Oscar, Tango and

DRA 2086 was not affected by wrapping in stretch film; therefore the semi-permeable
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polyethylene used in the present experiment may be superior to stretch film for eggplant
storage.

The stability of anthocyanins during storage largely depends on the storage
temperature because high temperatures accelerate the destruction of anthocyanin pigments
(Patras et al., 2010). In the present study, anthocyanin concentrations within the skin of
eggplant cvs. Tsakoniki and Black Beauty tended to decrease during storage, but generally
not to a statistically significant level. Wrapping fruit in film slowed down the loss of
anthocyanins, but only to a significant degree in parthenocarpic fruit of cv. Tsakoniki
stored at 20°C for 20 days (Table 39). The loss of anthocyanins could be due to moisture
loss, which causes a disruption of cellular compartmentalization and accelerates enzymatic
activity. For example, Concellon et al. (2007) reported a variable, temperature-dependent
decrease in anthocyanins in the fruit of eggplant fruit cv. Money Maker-2 when stored at
10°C for up to 15 days. The anthocyanin content also varied with the position on the fruit
at which measurement was made. The present study suggests that the rate of reduction in
the anthocyanin content of eggplant cvs. Tsakoniki and Black Beauty is largely
independent of the presence or absence of seeds in the fruit and the wrapping treatment. In
other species, e.g. litchi, film wrapping effectively prevented the destruction of
anthocyanin pigments (Somboonkaew and Terry, 2010), but the fact that in eggplant a
statistically significant effect of wrapping was only detected at 20°C on day 20 suggests
that maybe the anthocyanins within the skin of eggplant are more stable than those in litchi
and that for a significant effect of other factors on anthocyanin loss to be seen a longer

storage period or other storage conditions may be required.
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CHAPTER 6

The effects of controlled atmosphere storage on the postharvest quality of eggplant

6.1 Introduction

Harvested fruits are living organs and continue to respire and lose moisture due to
transpiration during storage (Ryall and Lipton, 1979; Kays, 1991; Burdon, 1997). Other
ongoing metabolic processes in the fruit during storage can lead to detrimental fruit
quality, especially when the fruit is kept under sub-optimal conditions (Burdon, 1997).
Eggplant is a non-climacteric fruit since no ripening occurs after harvest and stored
eggplant fruit do not produce CO; and ethylene peaks during maturation, as occurs in
climacteric fruit (Cantwell and Suslow, 1999). Storing fruits or vegetables in controlled
atmospheres (CA) enriched with high CO, and/or utilizing low O, levels can be a very
beneficial tool for maintaining product quality and extending shelf-life. The main effects of
CA are reduced respiration and ethylene production, leading to delayed ripening or
senescence, reduced weight loss, and prolonged shelf-life (Kader et al., 1989; Kays 1991).
The commercial application of this technique has shown considerable promise and is
expanding rapidly. Although, Kaynas et al. (1995) demonstrated some benefits of CA
technology for the extension of eggplant shelf life, its commercial application has been
questioned (Ryall and Lipton, 1979; Lawande and Chavan, 1998) and its application to
parthenocarpic eggplant fruit has not been reported. Thus, the aim of this study was to
investigate the physiological and biochemical changes in naturally pollinated and

parthenocarpic eggplant fruit during CA storage under different atmospheres.

6.2 Materials and methods

For the controlled atmosphere (CA) storage experiment, 40 plants each of two eggplant
cvs. Tsakoniki and Black Beauty were grown in the greenhouse. Seeds were sown on 7
February, 2011 and fruit set either by natural pollination or by spraying the flowers at
anthesis with B-NOA (60 ppm). Details of the crop husbandry are presented in Chapter 2.
Both pollinated and parthenocarpic fruit were harvested at 25 days after anthesis and pre-
cooled for 4 h at room temperature (20 £ 2° C) before applying storage treatments. In all
cases, 5 well-developed, uniformly sized, and injury-free fruits were selected for each

treatment combination.
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Three gas compositions were used in this study viz., 3% O, + 3% CO, (CA,), 10%
0, + 3% CO, (CA3) and 21% O, + 0.035% CO, (CAj3). The balance in all CA treatments
was made up with N,. Higher CO, concentrations were not employed since these may be
injurious for the fruit (Lawande and Chavan, 1998). The CA gas mixtures were prepared
using a system (PBI Dansensor, Denmark) of pressure regulators, manifolds, and needle-
valve flow-meters to blend O,, N, and CO, from pressurized cylinders. The system was
connected with a packaging system (MP Tec. Srl., Italy) in which individual fruits were
instantly sealed in impermeable plastic bags (535 ml volume) containing the gas mixture.
The fruits were then stored at 10°C in a storage cabinet (Lovibond, Germany) for 20 days.
The gas composition within the plastic bags was monitored daily using a headspace gas
analyzer (PBI Dansensor, Denmark). The analyzer was calibrated using N, O, and CO,
standards. Gas mixtures were changed in the bags every 2 days so as to maintain a constant
gas mixture for each CA treatment. The physiological changes of eggplant fruits during
CA storage, evaluated after 20 days of storage, were: weight loss (%), skin colour, ascorbic
acid, protein, total phenolics and anthocyanin content, the browning potential of the flesh,
the sugar and starch content, the respiration and ethylene production rate. The relevant

methods for each parameter are described in Chapter 2.

6.3 Results

In the present study, both naturally pollinated (seed-containing) and parthenocarpic
(seedless) fruit of Tsakoniki and Black Beauty were monitored every day. Decay
symptoms were observed in the fruit of Tsakoniki after 9 days and in Black Beauty after 7
days of storage, respectively in treatment CA; and for this reason the results for this
treatment are not presented here. Decay symptoms were not observed in the other two

treatments.

6.3.1 Pericarp colour

The results presented in Table 46 show that the lightness (L) of the proximal region of the
pericarp of both naturally pollinated and parthenocarpic fruit of Tsakoniki increased during
storage in both CA, and CAj; treatments, while in the central region of the pericarp a
decreasing trend was detected. No significant differences in AL were detected between the
two storage treatments (CA, and CAj). Chroma (C*) value in both the central and

proximal regions of the fruit decreased during storage, indicating a decrease in red colour
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intensity, but without significant differences in AC between treatments (CA, and CA3)
(Table 46). The hue angle (H®) tended to increase in both regions of naturally pollinated
fruit stored in 21% O, + 0.035% CO; (CA3), and in the central region of the fruit this
increase was significantly higher in CA3 than CA; and also higher in seed-containing fruit
compared with parthenocarpic fruit. Generally, AH in both regions of the parthenocarpic

fruit showed a slight decrease, but with no differences between treatments.

Table 46. Changes in colour attributes (L, C* and H°®) of the pericarp of naturally
pollinated (seed-containing) and parthenocarpic (seedless) fruit of eggplant cv. Tsakoniki
in relation to storage treatment: CA; (10% O; + 3% CO;) and CA3 (21% O, and 0.035%
CO») during 20 days of storage at 10°C.

Treatments Changes in colour attributes
Proximal region Central region

AL AC AH AL AC AH
Seed-containing
CA; 0.52a -1.55a 0.06 a -033 a 233 a -0.01 b
CA; 0.68 a 211 a 0.12a 0.36a -1.06a  0.15a*
Lsd 2.64 2.01 0.12 6.97 1.86 0.09
Parthenocarpic
CA; 0.99 a -1.61 a -0.06 a -035a -1.20 a -0.01 a
CA; 0.76 a -0.74 a -0.07 a -0.47 a 0.28a  -0.06 a*
Lsd 2.41 3.44 0.33 3.22 2.02 0.25

In each column, means of treatments CA, and CAj; of seed-containing and parthenocarpic
fruit separately followed by the same letter are not significantly different according to
Fisher’s least significant difference test (P < 0.05). Within each column, significant
differences according to the Student t-test (P < 0.05) between seed-containing and
parthenocarpic fruit are indicated by an asterisk (*).

In Black Beauty the L value of both regions of the pericarp (proximal and central)
tended to decrease slightly, but with no significant differences in AL between CA, and
CAj;, or between seed-containing and parthenocarpic fruit (Table 47). In the proximal
region of the fruit a small increase in C* was observed (except in parthenocarpic fruit in
treatment CA;), but without significant differences between treatments or between seed-
containing and parthenocarpic fruit (Table 47). In contrast, AC in the central pericarp of
the fruit tended to decrease (except in parthenocarpic fruit in treatment CAj3), but without
significant differences between treatments or between seed-containing and parthenocarpic
fruit (Table 47). In both regions of the pericarp, the value of H° remained virtually
unchanged during storage irrespective of treatment and the presence or absence of seeds
within the fruit, notwithstanding a slight, but significant, increase in AH in treatment CA;

of seed-containing fruit compared with CA;.
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Table 47. Changes in colour attributes (L, C* and H°) of the pericarp of naturally
pollinated (seed-containing) and parthenocarpic (seedless) fruit of eggplant cv. Black
Beauty in relation to storage treatment: CA, (10% O, + 3% CO,) and CA3 (21% O, and
0.035% CO,) during 20 days of storage at 10°C.

Treatments Changes in colour attributes
Proximal region Central region

AL AC AH AL AC AH
Seed-containing
CA; -0.10a  0.79a 0.08a -032a -0.55a 0.05b
CA; -0.17a 036a -001b 029a -0.06a -0.0la
Lsd 221 0.88 0.05 1.87 1.93 0.06
Parthenocarpic
CA; -1.32a -0.10a 0.07a -0.80a -125a -0.11a
CA; -0.66a 096a -0.02a -037a 098a 0.01 a
Lsd 2.06 1.23 0.11 2.70 4.44 0.52

In each column, means of treatments CA; and CAj; of seed-containing and parthenocarpic
fruit separately followed by the same letter are not significantly different according to
Fisher’s least significant difference test (P < 0.05). No significant differences were found

between seed-containing and parthenocarpic fruit for CA, and CA; storage, according to
the Student t-test (P < 0.05).

6.3.2 Calyx colour

Discolouration of the calyx of eggplant fruit during CA storage was monitored by the
changes in colour parameters L (lightness) and a* (green). In all cases, irrespective of
treatment and the presence or absence of seeds, a decrease in lightness (L) of the calyx was
observed in fruits of both Tsakoniki and Black Beauty after 20 days of storage (Table 48).
Between treatments no statistically significant differences were detected, while between
seed-containing and parthenocarpic fruit of Black Beauty the decrease in AL was higher in
the parthenocarpic fruit stored in 21% O, and 0.035% CO; (treatment CA3).

The results showed that in both CA, and CAj storage, the calyx of naturally
pollinated and parthenocarpic fruit of Tsakoniki and Black Beauty became lighter green
which corresponded to an increase in the value of a (Table 48). In Tsakoniki, the increase
in a value was higher in naturally pollinated fruit than in parthenocarpic fruit, while in
Black Beauty, no significant differences were observed in the changes of a value (Aa)
between naturally pollinated and parthenocarpic fruit in either controlled atmosphere
(Table 48). It was also observed that the changes of a value (Aa) were higher in naturally

pollinated fruit of Tsakoniki when they were stored in CA; than in CA;.

116



Table 48. Changes in colour of the calyx of naturally pollinated (seed-containing) and
parthenocarpic (seedless) fruit of eggplant cvs. Tsakoniki and Black Beauty in relation to
storage treatment: CA, (10% O, + 3% CO;) and CA3 (21% O; and 0.035% CO,) during 20
days of storage at 10°C.

Treatments Changes in colour attributes
Tsakoniki Black Beauty

AL Aa* AL Aa*
Seed-containing
CA; 3.6la 7.64 a* 1.64 a 4.87 a
CA; 3.18a 4.10 b* 2.85 a* 2.52 a*
Lsd 9.09 3.43 6.50 4.95
Parthenocarpic
CA; 0.74 a 1.28 a* 293 a 329a
CA; 1.40 a 2.17 a* 4.75 a* 6.89 a*
Lsd 2.65 1.87 4.54 3.98

In each column, means of treatments CA; and CAj; of seed-containing and parthenocarpic
fruit separately followed by the same letter are not significantly different according to
Fisher’s least significant difference test (P < 0.05). Within each column, significant
differences according to the Student t-test (P < 0.05) between seed-containing and
parthenocarpic fruit are indicated by an asterisk (*).

6.3.3 Firmness

At harvest, both external and internal firmness of parthenocarpic fruit was comparatively
higher than that of fruit set by natural pollination, although the difference was not
statistically significant (P < 0.05). In Tsakoniki, the external firmness of both seed-
containing and parthenocarpic fruit decreased significantly during storage irrespective of
CA treatment, while in Black Beauty a significant reduction in external firmness was only
detected in parthenocarpic fruit stored in 21%0, + 0.035% CO, (Table 49). The
parthenocarpic fruit of Tsakoniki were firmer than the corresponding seed-containing fruit
in both storage treatments, whereas in Black Beauty differences between seed-containing
and parthenocarpic fruit were not found, irrespective of storage treatment. The internal
flesh firmness of both cultivars did not change during storage, irrespective of the storage
treatment, with the exception of Tsakoniki stored in treatment CAj, where flesh firmness

increased significantly compared with that of the fruit at harvest (Table 49).
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Table 49. Changes in the external and internal firmness of naturally pollinated (seed-
containing) and parthenocarpic (seedless) fruit of eggplant cvs. Tsakoniki and Black
Beauty at harvest and in relation to storage treatment: CA; (10% O, + 3% CO,) and CA;
(21% O, and 0.035% CO,) during 20 days of storage at 10°C.

Treatments External firmness (kg)
Tsakoniki Black Beauty
Seed- Parthenocarpic Seed- Parthenocarpic
containing containing
At harvest 334a 381 a 3.67a 392a
CA; 2.76 b* 3.24 b* 3.56a 4.01a
CA3 2.73 b* 3.85a* 344 a 3.12b
Lsd 0.39 0.42 0.63 0.45
Internal firmness (kg)
At harvest 0.97b 1.22 a 0.96 a 1.31a
CA; 1.17 ab 1.24 a 1.07 a 1.36a
CA3 1.22 a 1.09 a 1.02 a 1.15a
Lsd 0.21 0.37 0.13 0.44

In each column, means of treatments CA; and CAj; of seed-containing and parthenocarpic
fruit separately followed by the same letter are not significantly different according to
Fisher’s least significant difference test (P < 0.05). Within each row, significant
differences according to the Student t-test (P < 0.05) between seed-containing and
parthenocarpic fruit are indicated by an asterisk (*).

6.3.4 Weight loss (%)

In general, fruit of Tsakoniki lost 1.5 to 2 times more weight than that of Black Beauty
regardless of CA treatments (Table 50). No statistically significant differences in weight
loss were detected between treatments CA, and CA; or between seed-containing and
parthenocarpic fruit in each cultivar.

The relative contribution of the calyx and the pericarp to the total weight loss of
parthenocarpic fruit of both cultivars was determined by selective enclosure in
polyethylene film and storage for 20 days at 10°C. Three treatments were applied: (a)
whole fruit wrapped with film, (b) fruit with only the pericarp wrapped, and (c) fruit with
only the calyx wrapped calyx. Figure 35 shows the relative weight loss of eggplant fruit
per day for the 3 treatments. . In both cultivars fruit weight loss (i.e. water loss) increased
with time and was higher through the calyx than through the pericarp or via the whole fruit
enclosed in film. In Tsakoniki, 50% of total weight loss via the calyx occurred by day 7
and by the end of storage over 20% of total weight loss occurred in fruit with the calyx
exposed, compared with 6% in fruit where only the pericarp was exposed. A similar

pattern of weight loss was observed in Black Beauty (Fig. 35). At the end of storage, Black
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Beauty fruits showed a maximum weight loss of 17.89% through the calyx and 6.33%

through the pericarp, compared with 3.46% in fruit entirely enclosed in film.

Table 50. Weight loss of naturally pollinated (seed-containing) and parthenocarpic
(seedless) fruit of eggplant cvs. Tsakoniki and Black Beauty in relation to storage

treatment: CA; (10% O, + 3% CO,) and CAj3 (21% O; and 0.035% CO,) during 20 days of
storage at 10°C.

Treatments Weight loss (%)
Tsakoniki Black Beauty
Seed- Parthenocarpic Seed- Parthenocarpic
containing containing
CA; 571a 530a 333a 2.89a
CA; 4.88 a 6.07 a 3.85a 3.16 a
Lsd 1.84 3.41 1.01 1.77

In each column, means followed by the same letters are not significantly different
according to Fisher’s least significant difference test (P < 0.05). No significant differences

were found between seed-containing and parthenocarpic fruit of either cultivar, according
to the Student t-test (P < 0.05).
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Fig. 35. Relative weight loss (%) of fruit through the calyx (m) and pericarp (¢) in
comparison with that in whole fruit wrapped with film (A): Tsakoniki (A) and Black
Beauty (B) during storage at 10°C for 20 days.

6.3.5 Rate of respiration

At harvest, the rate of CO, production of Black Beauty (39-40 ml CO, kg™ h™ measured at
20°C) was higher than that of Tsakoniki (26-27 ml CO, kg™ h™ at 20°C), but between seed-
containing and parthenocarpic fruit of each cultivar there was no significant difference (P <
0.05). During storage at 10°C, the respiration rate of fruit decreased, and when measured at
10°C at the end of storage (20 days) was 14-25 ml CO, kg™ h™! (Black Beauty) and 14-21
ml CO, kg h' (Tsakoniki) (Table 51). In Tsakoniki, the respiration rate of seed-containing
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and parthenocarpic fruit did not differ between storage treatments (CA, and CAj) (Table
51), but in Black Beauty the respiration rate was significantly higher in treatment CA, than

in CAj irrespective of the presence or absence of seeds (Table 51).

Table 51. Respiration of naturally pollinated (seed-containing) and parthenocarpic
(seedless) fruit of eggplant cvs. Tsakoniki and Black Beauty at harvest and in relation to
storage treatment: CA, (10% O, + 3% CO;) and CA3 (21% O; and 0.035% CO,) during 20
days of storage at 10°C. Respiration was measured at 20°C.

Treatments Respiration (ml CO, kg h™)
Tsakoniki Black Beauty
Seed- Parthenocarpic Seed- Parthenocarpic
containing containing
At harvest 27.19a 26.02 a 39.55a 40.24 a
CA; 19.51b 21.04 ab 25.02b 2433 b
CA3 15.57b 14.49 b 14.60 c 16.28 c
Lsd 5.84 6.95 8.16 7.08

In each column, means followed by the same letters are not significantly different
according to Fisher’s least significant difference test (P < 0.05). No significant differences

were found between seed-containing and parthenocarpic fruit of either cultivar, according
to the Student t-test (P < 0.05).

6.3.6 Ethylene production
Eggplant is considered to be a non-climacteric fruit and therefore produces a low level of
ethylene after harvest. The present experiment showed that the ethylene production of both

cultivars stored in CA, and CAj3 at 10°C was below the detection limit.

6.3.7 Ascorbic acid content

At harvest, the ascorbic acid content of fruit ranged from 60-70 mg 100 g™ f.w. without
significant differences between cultivars or between seed-containing and parthenocarpic
fruit (Table 52). During storage the ascorbic acid content of all fruit decreased, but to a
statistically significant degree only in the parthenocarpic fruit of both cultivars (Table 52).
Between storage treatments, no significant differences in ascorbic acid levels were
observed irrespective of the presence or absence of seeds (Table 52). Seed-containing fruit
tended to retain a higher concentration of ascorbic acid than parthenocarpic fruit, but to a

statistically significant level only in Black Beauty stored in CA, (Table 52).
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Table 52. The ascorbic acid content of naturally pollinated (seed-containing) and
parthenocarpic (seedless) fruit of eggplant cvs. Tsakoniki and Black Beauty at harvest and
in relation to storage treatment: CA; (10% O, + 3% CO;) and CA3 (21% O, and 0.035%
COy) during 20 days of storage at 10°C.

Treatments Ascorbic acid (mg 100 g f.w.)
Tsakoniki Black Beauty
Seed- Parthenocarpic Seed- Parthenocarpic
containing containing
At harvest 69.72 a 68.11 a 64.75 a 59091 a
CA; 5943 a 54.22 ab 5691 a* 45.64 b*
CA3 60.71 a 48.64 b 55.40 a 42.67b
Lsd 16.02 14.26 15.51 9.26

In each column, means followed by the same letters are not significantly different
according to Fisher’s least significant difference test (P < 0.05). Within each row,
significant differences between seed-containing and parthenocarpic fruit of each cultivar
separately according to the Student t-test (P < 0.05) are indicated by an asterisk (*).

6.3.8 Protein content

The protein content of fruit of both cultivars ranged between 2.6 and 4.1 mg g’ f.w. at
harvest and was not affected during storage by the storage treatment or the presence or
absence of seeds (Table 53). In most cases, the protein content of parthenocarpic fruit
tended to be lower than that of the corresponding seed-containing fruit, but not to a

statistically significant degree (Table 53).

Table 53. The protein content of naturally pollinated (seed-containing) and parthenocarpic
(seedless) fruit of eggplant cvs. Tsakoniki and Black Beauty at harvest and in relation to
storage treatment: CA, (10% O, + 3% CO;) and CA3 (21% O; and 0.035% CO,) during 20
days of storage at 10°C.

Treatments Protein (mg g~ f.w.)
Tsakoniki Black Beauty
Seed- Parthenocarpic Seed- Parthenocarpic
containing containing
At harvest 3.55a 2.63a 4.06 a 3.65a
CA; 332a 225a 3.72a 341 a
CA; 2.72 a 237 a 4.11a 3.06 a
Lsd 1.80 1.29 1.76 1.58

In each column, means followed by the same letters are not significantly different
according to Fisher’s least significant difference test (P < 0.05). No significant differences

were found between seed-containing and parthenocarpic fruit of either cultivar, according
to the Student t-test (P < 0.05).
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6.3.9 Phenolics content

The results showed that storage in both CA; and CA; did not significantly affect the total
phenolics content of the flesh of naturally pollinated and parthenocarpic fruit of Tsakoniki
and Black Beauty, although a decrease in total phenols was detected at the end of storage
(Table 54). In both cultivars, CA, retained phenolics better than CAj; however, the
variation remained non-significant (P < 0.05). In addition, no variation was observed in
total phenols between naturally pollinated and parthenocarpic fruit irrespective of CA

storage treatments.

Table 54. The total phenolics content of naturally pollinated (seed-containing) and
parthenocarpic (seedless) fruit of eggplant cvs. Tsakoniki and Black Beauty in relation to
storage treatment: CA, (10% O, + 3% CO;) and CA3 (21% O; and 0.035% CO,) during 20
days of storage at 10°C.

Treatments Phenol (mg GAE 100 g f.w.)
Tsakoniki Black Beauty
Seed- Parthenocarpic Seed- Parthenocarpic
containing containing
At harvest 78.44 a 65.98 a 63.76 a 5140 a
CA; 69.09 a 59.37 a 56.15a 47.13 a
CA; 63.18 a 60.71 a 56.66 a 40.58 a
Lsd 20.39 22.47 20.76 16.75

In each column, means followed by the same letters for each cultivar separately are not
significantly different according to Fisher’s least significant difference test (P < 0.05). No
significant differences were found between seed-containing and parthenocarpic fruit of
either cultivar, according to the Student t-test (P < 0.05).

6.3.10 Anthocyanin content

The concentration of anthocyanin in the skin of fruit of Black Beauty was about 4 times
higher than that in Tsakoniki (as noted previously in Chapter 4) and not affected by either
controlled atmosphere condition (Table 55). The anthocyanin content did not change
significantly during storage and was unaffected by the storage treatment or the presence or

absence of seeds within the fruit (Table 55).

6.3.11 Starch content

No significant difference (P < 0.05) in starch content was observed between seed-
containing and parthenocarpic fruit of Tsakoniki and Black Beauty either at harvest or at
the end of storage, regardless of the storage treatment (Table 58). However, during storage,
the level of starch decreased considerably in all treatments except in the seed-containing

fruit of Black Beauty (Table 58). In Tsakoniki, starch content in the seed-containing fruit
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did not differ among the storage treatments, whereas in parthenocarpic fruit stored in CA;
the starch concentration after storage was higher than in CAj;. Similarly, the starch content
of parthenocarpic fruit of Black Beauty did not differ among the storage treatments (Table
58).

Table 55. The anthocyanin content of naturally pollinated (seed-containing) and
parthenocarpic (seedless) fruit of eggplant cvs. Tsakoniki and Black Beauty in relation to
storage treatment: CA; (10% O, + 3% CO,) and CA3 (21% O, and 0.035% CO,) during 20
days of storage at 10°C.

Treatments Anthocyanin (mg ' d.w.)
Tsakoniki Black Beauty
Seed- Parthenocarpic Seed- Parthenocarpic
containing containing
At harvest 3.28a 373 a 18.07 a 19.10 a
CA; 3.64a 343 a 16.01 a 17.42 a
CA; 2.74 a 3.10a 17.59 a 16.34 a
Lsd 1.24 1.71 5.65 5.26

In each column, means followed by the same letters are not significantly different
according to Fisher’s least significant difference test (P < 0.05). No significant differences
were found between seed-containing and parthenocarpic fruit of either cultivar, according
to the Student t-test (P < 0.05).

Table 56. The starch content of seed-containing (naturally pollinated) and parthenocarpic
fruit of eggplant cvs. Tsakoniki and Black Beauty in relation to storage treatment: film-
wrapped, CA; (10% O, + 3% CO;) and CAj3 (21% O, + 0.035% CO,) during 20 days of
storage at 10°C.

Treatments Starch (mg 100 g f.w.)
Tsakoniki Black Beauty
Seed- Parthenocarpic Seed- Parthenocarpic
containing containing
At harvest 97.98 a 101.39a 7442 a 82.88 a
Film-wrapped 73.19b 85.26 b 60.30 a 71.32 ab
CA; 89.09 ab 90.18 ab 68.18 a 73.30 ab
CA; 78.85b 70.79 ¢ 5533 a 53.65b
Lsd 16.37 14.26 21.87 20.13

In each column, means followed by the same letters are not significantly different
according to Fisher’s least significant difference test (P < 0.05). No significant differences
were found between seed-containing and parthenocarpic fruit for film-wrapped, CA, and
CAj; storage, according to the Student t-test (P < 0.05).

6.3.12 Sugar content
The internal flesh of fruit of eggplant cvs. Tsakoniki and Black Beauty contained mainly
fructose, glucose, sucrose and maltose, as noted in Chapter 4. At harvest, no significant

differences in the concentrations of individual sugars were observed between seed-
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containing and parthenocarpic fruit of Tsakoniki (Table 57), but in Black Beauty, the
levels of fructose and glucose were higher in parthenocarpic fruit than in seed-containing

fruit (Table 58).

Table 57. The sugar content of seed-containing (naturally pollinated) and parthenocarpic
fruit of eggplant cv. Tsakoniki in relation to storage treatment: film-wrapped, CA, (10% O,
+ 3% CO;,) and CA3 (21% O, + 0.035% CO,) during 20 days of storage at 10°C.

Treatments Concentration of sugars (mg 100 g f.w.)

Fructose Glucose Sucrose Maltose Total
Seed-containing
At harvest 461.82 b 652.81 ¢ 15.04 b 36.81a 1166.48 d*
Film-wrapped 938.04 a 1032.20a  79.04 ab 117.26a  2167.54 b*
CA; 774.25 a 837.09 b 129.95 ab 70.59 a 1813.82 ¢
CA; 922.52a* 1099.48a  202.17a 164.17a  2396.34 a*
Lsd 207.07 163.95 172.03 168.62 196.07
Parthenocarpic
At harvest 667.74 b 681.65b 76.37b 118.54a  1544.30 b*
Film-wrapped 1105.12a  1130.74a  231.14 ab 55.01 a 2522.02 a*
CA; 756.95 b 852.15b 72.16 b 106.15 a 1793.62 b
CA; 1301.21 a* 1117.46a  267.10a 0 2693.77 a*
Lsd 272.70 185.09 188.38 142.47 276.75

In each column, means followed by the same letters for seed-containing and
parthenocarpic fruit separately are not significantly different according to Fisher’s least
significant difference test (P < 0.05). Within each column, significant differences between
seed-containing and parthenocarpic fruit for each treatment are indicated by an asterisk (*),
according to the Student t-test (P < 0.05).

During storage the concentrations of all sugars, except maltose, increased
significantly in the fruit of both cultivars regardless of storage treatments (Table 57 and
58). In seed-containing fruit of Tsakoniki, the concentration of fructose did not differ
between storage treatments, whereas in the corresponding parthenocarpic fruit the fructose
concentration after storage was highest in fruit that were film-wrapped or stored in 21% O,
+ 0.035% CO; (CA3). In Tsakoniki too, the glucose concentration was highest in fruit that
were film-wrapped or stored in 21% O, + 0.035% CO, (CA3), irrespective of the presence
or absence of seeds. It was also observed that the concentrations of fructose and glucose
were higher than those of sucrose in both seed-containing and parthenocarpic fruit, and
sucrose levels during storage tended to be higher in CA; than in the other treatments,
though to a statistically significant level only in comparison with CA; in the case of
parthenocarpic fruit. At the end of storage, the concentration of total sugars (fructose +
glucose + sucrose + maltose) of Tsakoniki was significantly higher than that before

storage, except in parthenocarpic fruit stored in 10% O, + 3% CO; (CA,). Between seed-
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containing and parthenocarpic fruit, a significantly higher concentration of total sugars was
observed at harvest and in fruit that were film-wrapped or stored in 21% O, + 0.035% CO,

(CA3). Similarly, a significantly higher concentration of fructose was detected in

parthenocarpic fruit stored in 21% O, + 0.035% CO, (CAj3) (Table 57).

Table 58. The sugar content of seed-containing (naturally pollinated) and parthenocarpic
fruit of eggplant cv. Black Beauty in relation to storage treatment: film-wrapped, CA,
(10% O3 + 3% CO;) and CA3 (21% O, + 0.035% CO,) during 20 days of storage at 10°C.

Treatments Concentration of sugars (mg 100 g f.w.)

Fructose Glucose Sucrose Maltose Total
Seed-containing
Before harvest 824.37 d* 791.62 c* 65.71Db 45.80 a 1727.51 d*
Film-wrapped 1295.56 b 1112.31 ab 88.57 b* 171.81 a* 2668.25 b*
CA, 1057.06 ¢ 986.99 b 90.09 b 158.01 a 2292.16 ¢
CA; 1539.85a 1237.06 a* 44322 a 84.90 a* 3302.03 a*
Lsd 170.88 165.74 155.56 161.53 258.67
Parthenocarpic
Before harvest 1067.18 ¢c*  1012.99 b* 6.76 b 101.62 a 2199.60 c*
Film-wrapped 1369.08 b 1129.12 b 529.82 a* 0* 3028.01 b*
CA, 1125.11 ¢ 1044.97 b 62.57b 112.57 a 2345.17 ¢
CA; 1736.17 a 1428.20 a* 441.35 ab 0* 3605.72 a*
Lsd 219.55 178.02 44221 133.90 234.07

In each column, means followed by the same letters for seed-containing and
parthenocarpic fruit separately are not significantly different according to Fisher’s least
significant difference test (P < 0.05). Within each column, significant differences between

seed-containing and parthenocarpic fruit for each treatment are indicated by an asterisk
(*), according to the Student t-test (P < 0.05).

In Black Beauty, the concentration of fructose in both seed-containing and
parthenocarpic fruit increased significantly irrespective of the storage conditions, with the
exception of parthenocarpic fruit in treatment CA, (Table 58). In both seed-containing and
parthenocarpic fruit, the highest level of fructose after storage was detected in treatment
CAj. The glucose level of seed-containing fruit also increased significantly in all storage
treatments, the highest concentration being found in treatment CAj, but in the
parthenocarpic fruit a significant increase in glucose was only detected in CAj. The
concentration of sucrose in seed-containing fruit increased significantly only in treatment
CAj3, while in parthenocarpic fruit, the sucrose content was highest in treatment CAj3 and in
film-wrapped fruit. As in Tsakoniki, the total sugar content of fruit after storage was higher
in all treatments compared with that at harvest, with the exception of parthenocarpic fruit
stored in 10% O, + 3% CO; (CA;). In both seed-containing and parthenocarpic fruit, the

highest concentration of total sugars at the end of storage was found in treatment CAj,
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followed by that in film-wrapped fruit and treatment CA,. It was also observed that
parthenocarpic fruit of Black Beauty contained significantly higher levels of glucose,
fructose and total sugars at harvest than seed-containing fruit. In addition, the
concentration of total sugars was higher in parthenocarpic fruit that were film-wrapped or
stored in 21% O, + 0.035% CO, (CA;) than in the corresponding seed-containing fruit, as

was the concentration of glucose in CAj and sucrose in film-wrapped fruit (Table 58).

6.4 Discussion

Soon after the start of storage (7-9 days), decay symptoms were observed in all the fruits of
both cultivars in treatment CA; (3% O, + 3% COy); hence storage of this treatment was
discontinued. This result contrasts with that of, Kaynas et al. (1995) who reported
satisfactory storage of eggplants under the same controlled atmosphere conditions for 5-6
weeks, while at higher CO, levels (5%) CO; injury occurred. A possible reason for this
difference may be the high respiration rate of the eggplant cultivars studied here (26-40 ml
CO, kg h' at harvest), which was higher than that in cv. Pala-49 studied by Kaynas et al.
(1995), resulting in anaerobiosis in the former during prolonged storage under low O,
tension (3%).

In general, low O, and high CO, tension reduces the respiratory activity of fruits
and vegetables during storage and also decreases the rate of catabolic, degradation
processes (Fonseca et al, 2002). However, in the present study, we observed
comparatively higher respiratory activity during storage at 10°C in CA, (10% O, + 3%
COy) than in CA3 (21% O, and 0.035% CO;). As discussed in the previous chapter
(Chapter 5), it is possible that this difference arose from CO, accumulation within the fruit
in the storage treatment with high CO; (3%), and this CO; being released when fruit were
unwrapped at the time of respiration measurement (D’ Aquino et al., 1997).

The present results showed that colour changes of the skin of both seed-containing
and parthenocarpic fruit of Tsakoniki and Black Beauty were slight during storage,
irrespective of the storage atmosphere (CA; and CAj). Although improved colour retention
by CA storage was observed in strawberry (Holcroft and Kader, 1999; Shin et al., 2008)
and pomegranate (Holcroft et al, 1998), in eggplant it seems that modification of the
storage atmosphere as performed in the present experiment was of relatively little value for

colour retention.
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Discolouration of the calyx is an important factor contributing to a reduction in
eggplant quality. In the present study, the loss of lightness (L) of the calyx was minimum
in both cultivars regardless of CA treatments. On the other hand, an increase in a* value of
the calyx was detected during storage in both treatments, indicating a change from dark to
light green. This change was significantly higher in naturally pollinated fruit of Tsakoniki
than in the corresponding parthenocarpic fruit. In general, however, the changes in calyx
colour were not significantly affected by the storage treatment. Indeed, it seems that calyx
colour is affected more by water loss (e.g. by wrapping) than by changing the storage
atmosphere.

Firmness is one of the most common physical parameters used to assess the texture
of fruit, and controlled atmosphere storage is generally reported to maintain fruit firmness
(Kader, 2003). Arvanitoyannis et al. (2005) reported that modified atmosphere packaging
positively affects the flesh firmness of eggplant. But according to the present results,
modification of the storage atmosphere affects the external skin firmness (both eggplant
cultivars), but did not influence the internal flesh firmness, except in seed-containing fruit
of Tsakoniki where the change in flesh firmness during storage was partly a result of
increased weight loss.

No significant difference in weight loss was detected between treatments CA, and
CAj;. Kaynas et al. (1995) reported <5% weight loss in eggplant cv Pala-49 stored under
different CA conditions for 28 days, but in the present experiment weight loss was
relatively higher regardless of the CA treatment. This was particularly true for Tsakoniki
where the higher rate of weight loss in comparison with that of Black Beauty probably
results from the larger surface area: volume ratio (Woods, 1990) in the former, as well as
the relatively larger size of the calyx in relation to fruit size.

Transpiration through stomata, lenticels, cuticles and epidermal cells is the major
cause of postharvest weight loss of fruits and vegetables (Ben-Yehoshua and Rodov,
2003). When comparing the microscopic structure of calyx and pericarp, we observed the
presence of stomata in the calyx, on the other hand no stomata were seen in the pericarp of
fruit of either cultivar (Fig. 36). The variation in stomatal density could influence the rate
of water loss of fruit; however, no differences were detected in the density of stomata
between the calyx of the two cultivars. In eggplant, moisture loss through the calyx and
stem scar is the most important cause of weight loss and can significantly affect fruit
quality (Diaz-Perez, 1998). In the present study, it was observed that water loss through the

calyx and stem scar was 3-fold higher than via the pericarp. In consequence, about 75%

127



(Tsakoniki) and 70% (Black Beauty) of total moisture loss occurred through the calyx, the
difference between the two cultivars stemming from the difference in calyx-pericarp ratio.
This result is in accordance with that of Diaz-Perez (1998) who reported that about 60% of
total transpiration occurred through the calyx in eggplant cv. Classic, compared with 26%
in mature fruit of bell pepper (Diaz-Perez et al., 2007). Therefore, to maintain fruit quality

during storage the rate of moisture loss thorough the calyx of eggplant should be restricted.

Calyx of Tsakoniki Pericarp of Tsakoniki

Calyx of Black Beauty Pericarp of Black Beauty

Fig. 36. Microscopic structure of calyx and pericarp of fruit of Tsakoniki and Black

Beauty. Note the presence of stomata in the calyx, but not in the pericarp.

Control of ethylene is of prime importance in postharvest management of fruits and
vegetables. Although eggplant is a non-climacteric fruit, chilling stress stimulated the
production of ethylene in eggplant fruit during storage (Rodriguez et al., 2001; Concellon
et al., 2005; Concellon et al., 2007). The presence of ethylene within the storage
atmosphere increases the respiratory rate of non-climacteric fruit and accelerates
chlorophyll degradation in green organs (e.g. the calyx) (Kays, 1991). However, in the

present experiment it is unlikely that ethylene influenced fruit quality during storage since

128



no detectable ethylene was found in either cultivar during storage at 10°C in either
controlled atmosphere.

The beneficial effects of high CO, and low O, concentrations in reducing the loss
of ascorbic acid during fruit and vegetable storage are well documented (Saari ef al., 1995;
Lee and Kader, 2000; Simoes et al., 2009). The present results confirm that enclosure of
fruit within polyethylene maintained the ascorbic acid content of naturally pollinated fruit
of Tsakoniki and Black Beauty, as reported for eggplant stored under modified atmosphere
packaging (MAP) by Arvanitoyannis et al. (2005). However, a significant decrease in
ascorbic acid concentration was detected in the parthenocarpic fruit of both cultivars,
indicating that the ascorbic acid content of parthenocarpic fruits is more susceptible to
oxidation during storage than in the corresponding seed-containing fruit. There was no
beneficial effect, however, of changing the storage atmosphere, although Kaynas et al.
(1995) reported that various CA and MAP treatments may reduce the decrease in ascorbic
acid content of eggplant cv Pala-49 fruit during 14-42 days of storage.

In the present study, the protein content of both seed-containing and parthenocarpic
fruit of Tsakoniki and Black Beauty appeared to be relatively stable, and was unaffected by
the storage atmosphere and the presence or absence of seeds. Similarly the concentration of
CO, within the atmosphere did not affect the protein content of strawberry fruit during
storage (Holcroft and Kader, 1999). However, Rothan et al. (1997) detected a 33%
reduction of extractable protein in tomato fruit stored in 20% CO, for 2 days. This
difference between species, however, may relate to the ripening pattern of the fruit since
both eggplant and strawberry are non-climacteric, whereas tomato is a climacteric fruit
(Kays, 1991).

There are a number of reports on the beneficial effects of CA in preventing the loss
of total phenolics in horticultural commodities such as strawberry (Holcroft and Kader,
1999; Pelayo et al., 2003), pear (Veltman et al., 1999), guava (Singh and Pal, 2008) and
apple (Addie ef al., 2001). In eggplant, the total phenol content of the flesh did not change
during storage irrespective of the storage atmosphere and the presence or absence of seeds.
It seems therefore that although film-wrapping may affect the phenolics content of
eggplant fruit (Chapter 5), there was no benefit of atmosphere modification as performed
in the present experiment. The effect of CA may, however, vary between cultivars and
growing conditions; for example, in apple CA inhibited the decrease in phenolics during
storage in one case (Addie et al., 2001), but caused a greater decrease in another (Piretti et

al., 1994).
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In the present experiment the concentration of anthocyanins within the fruit did not
change with storage irrespective of the storage atmosphere and the presence or absence of
seeds. It may therefore be concluded that the modification of the storage atmosphere, as
performed here, was of no benefit to colour retention, the major factor in fruit colour both
at harvest and during storage being the cultivar. Enrichment of the storage atmosphere with
CO; has been reported to inhibit the postharvest biosynthesis of anthocyanin in strawberry
(Kalt and MacDonald, 1996; Gil et al., 1997; Shin et al., 2008) and pomegranate (Holcroft
et al., 1998). However, a contradictory report for apple showed an increase in anthocyanin
during CA storage (Kolensik et al., 1977).

The present results showed that the starch content of eggplant fruit decreased
during storage. In most cases, maximum loss of starch was detected in CAj, followed by
film-wrapping and treatment CA,. This result indicates that the lower O, tension in CA;
retards starch metabolism during storage, possibly as a result of reduced respiration.
Similarly, Kaynas et al. (1995) observed that low O, concentration slow down starch
degradation in eggplant.

In the present study, we found fructose and glucose to be the major sugars in both
seed-containing and parthenocarpic fruit of Tsakoniki and Black Beauty (see also Chapter
4). The present results showed that fructose, glucose and sucrose increased considerably
during storage, whereas maltose was not affected. It is important to note that CAs storage
induced the highest level of all sugars, probably due to the hydrolysis of starch and other
polysaccharides as a consequence of the high O, concentration in the storage atmosphere.
On the other hand, low O, and high CO, concentrations in treatment CA, appeared to
reduce the metabolic activity of both seed-containing and parthenocarpic fruit in
comparison with other storage treatments. The cumulative effect storage on the total sugar
concentration was generally a significant increase under all storage conditions compared to
the initial values. Kaynas et al. (1995) also observed an increase in total sugars in CA
storage after 14 days storage, but after 28 days of storage the total sugars increased only in
3% O; + 3% CO,. In contrast, the present results indicate that CA, was the best storage
treatment for maintaining starch and sugar content in eggplant fruit.

In conclusion, it is clear that modification of the storage atmosphere by decreasing
0O, to 10% and increasing CO, to 3% has relatively little effect on eggplant quality during
storage for 20 days at 10°C, irrespective of whether the fruits contain seeds or not. It is
clearly not possible to reduce O, to as low a level as 3% (due to anaerobiosis) whereas

increasing the CO, beyond 3% is risky due to possible CO, injury (Viraktamath, 1963
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Lawande and Chavan, 1998). The most promising method of extending storage life and
maintaining quality is apparently the reduction of water loss by transpiration via the calyx

(Diaz-Perez, 1998), which is achieved primarily by fruit wrapping.
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CHAPTER 7

General discussion and conclusions

The experiments described in the present thesis were carried out in order to define the
pattern of growth and development, the quality characteristics and the post-harvest
behaviour of parthenocarpic (seedless) fruits of eggplant set by the application of plant
growth regulators in comparison with seed-containing fruit set by natural pollination.

In the first experiment, two Greek eggplant cultivars (Tsakoniki and Emi) and two
imported cultivars (Black Beauty and Black Boy) were cultivated in the greenhouse and in
the open field during two seasons, spring (2009) and autumn (2008). The growth pattern
and external colour of the fruit was recorded from the time of fruit set until harvest and
harvested fruits were analysed for their dry matter content. In parallel with fruit growth, the
production of pollen per flower was recorded and pollen viability and vigour assessed in in
vitro germination tests. The results showed that the application of B-naphthoxyacetic acid
(NOA) to emasculated eggplant flowers at anthesis resulted in the production of
parthenocarpic (seedless) fruit set in all four cultivars both in the greenhouse and open
field, irrespective of season, while the application of benzyl adenine (BA) alone failed to
induce fruit set in any of the cultivars and the application of NOA together with BA had a
similar effect to NOA alone. The fruit length and diameter of parthenocarpic fruit set by
NOA was higher than that of seed-containing fruit set by natural pollination, resulting in
improved fruit size and increased mean individual fruit weight, which thus enhanced
potential yield and marketability; however, growth regulators caused a reduction in fruit
dry matter accumulation. Although no significant differences in colour attributes L, C* and
H°® were observed between parthenocarpic and seed-containing fruit of the eggplant
cultivars during fruit development, visually at harvest parthenocarpic fruits were shiny in
appearance with as good if not better colour formation than seed-containing fruit. In
spring, all the cultivars attained their characteristic final colour at 21 DAA, while in the
autumn colour development took 28 DAA, indicating that harvest in spring may take place
7 days earlier than in autumn irrespective of the presence or absence of seeds in the fruit. It
was observed that growth regulators did not affect the length of the calyx or the peduncle,
part or all of which is left attached to the fruit at harvest.
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Fruit set under typical growing conditions is largely dependent on the success of
pollination and fertilization. The results of the present investigation showed that pollen
production, viability and pollen tube elongation varied between cultivars and between
seasons. Tsakoniki was highly thermo-susceptible and no pollen germination was observed
during the months when excessively high (July) or low (January) temperatures prevailed.
In contrast, Black Boy showed tolerance to high and low temperatures whereas in Emi
although pollen viability was susceptible to high and low temperatures (as in Tsakoniki)
nevertheless fruit-set occurred because this cultivar has the natural ability to produce
parthenocarpic fruit under unfavourable climatic conditions. Overall, pollen production per
flower and pollen germinability and vigour were higher in all the cultivars during May, due
to favourable temperatures (and probably light). However, for greater clarification of the
effects of environment on pollen productivity and viability, further research is required,
with special reference to different cultivation seasons.

Although growth regulators have been previously proposed as a means of setting
fruit during adverse climatic conditions, to our knowledge this is the first time that the
quality characteristics of parthenocarpic eggplant fruits have been described. Thus, in the
second experiment, selected quality parameters of the fruits of four eggplant cultivars,
produced parthenocarpically in the greenhouse or open field during spring (2009) and
autumn (2008) by the application of NOA or NOA in combination with BA, were
examined in the laboratory after harvest and compared with those of seed-containing fruit
set by natural pollination. From the results, it was found that the application of PGR did
not significantly affect either the external or the internal firmness of eggplant fruits,
irrespective of cultivar, growth season and method of cultivation (greenhouse or open
field). Similarly, the ascorbic acid content of the fruit was not affected by PGR application,
except in Tsakoniki and Black Beauty during the autumn, where ascorbic acid levels were
lower in parthenocarpic fruit produced in the greenhouse than in the corresponding seed-
containing fruit. The protein content of all cultivars was not affected by the method of fruit
set, irrespective of cultivar, growth season and method of cultivation (greenhouse or open
field). High variability in the anthocyanin content of the fruit pericarp was detected
between cultivars, as well as between individual fruit of the same cultivar, but growth
regulators did not appear to affect the anthocyanin levels. Another important antioxidant
component of eggplant fruit, phenolics, showed variation between cultivars and was
comparatively higher in the central part of seed-containing fruit than in parthenocarpic

fruit. The present results showed that the application of PGR decreased the total phenolics
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both in the proximal and central part of the fruit, which therefore increased the lightness
(L) of the flesh colour. This in turn led to a possibly positive effect of growth regulator
application on fruit quality by reducing the degree of browning both in the placental tissue
and at a distance from the placenta, even if not to statistically significant level. Browning is
a negative quality attribute and its possible reduction by PGR application is therefore
beneficial for fruit quality. Fructose, glucose, sucrose and maltose were identified as the
major sugars in eggplant fruit and the application of PGR for fruit set significantly
increased the content of the reducing sugars fructose and glucose. However, growth
regulators did not affect the starch content of the eggplant fruit.

In most cases, the quality parameters of eggplant fruit studied here were not
affected to a statistically significant level by the cultivation season. However, higher light
intensity and increasing day length in spring generally appeared to improve some of the
quality parameters, especially ascorbic acid and sugars (fructose and glucose) in both seed-
containing and parthenocarpic fruit. In contrast with other members of the Solanaceae
family (tomato and pepper) where auxin improves fruit set under unfavourable growth
conditions but at the expense of fruit quality, in eggplant it is clear that the application of
NOA or NOA + BA not only sets fruit but may also improve (or at least not affect) fruit
quality. This method of obtaining fruit set under unfavourable environmental conditions
may therefore be recommended unhesitatingly.

Because there is no available information in the literature concerning the storage
ability of parthenocarpic eggplant fruit, in the third experiment the fruit of two cultivars
(Tsakoniki and Black Beauty) derived from two spring cultivations in the greenhouse
(2009 and 2011) and one in the open field (2009) were stored at 10 and 20°C for 7, 14 or
20 days with or without enclosure in plastic film. The results showed that the pericarp
colour (L, C* and H°) of both cultivars was unaffected by storage treatment (wrapped or
unwrapped), temperature and storage duration. It was also observed that in most cases both
seed-containing and parthenocarpic fruit wrapped in film maintained better firmness
(external and internal) than unwrapped fruit, irrespective of storage temperature and
duration. Film-wrapping effectively reduced weight loss throughout storage (7-20 days),
while unwrapped fruit became unmarketable within 7 days of storage at 10 or 20°C,
irrespective of the presence or absence of seeds. Fruits of Tsakoniki (elongate in shape)
were more prone to water loss than those of Black Beauty (flask-shaped) because of their
relatively higher surface area to volume ratio and relatively larger calyx in relation to fruit

size. The film-wrapped fruit had an apparently higher respiration rate than the unwrapped
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fruit, but this was probably due to the gradual release of CO, that had accumulated in the
wrapped fruit prior to measurement rather than respiration per se. In general, the ascorbic
acid content of both seed-containing and parthenocarpic fruit progressively decreased with
increasing storage time, but mostly to a statistically significant degree only at 20°C. Film-
wrapping tended to delay ascorbic acid loss, possibly by reducing the rate of ascorbate
oxidation, but generally not to a statistically significant level. The protein and anthocyanin
content of fruit was relatively stable during storage, and film-wrapping delayed the loss of
these components. With regard to total phenols in the flesh, it was observed that film-
wrapping effectively reduced the phenol content of both seed-containing and
parthenocarpic fruit at 10°C, whereas an accumulation of phenolics was detected in
unwrapped fruit, maybe in response to stress due to rapid water loss. In all cases, storage at
10°C maintained better fruit quality than at 20°C. Overall, the results of this experiment
revealed that film-wrapping effectively prolonged eggplant storage in comparison with
unwrapped fruit, mainly due to a reduction in the rate of water loss. After 20 days of
storage at 10°C, film wrapped fruit were generally of excellent appearance and it is clear
that parthenocarpic (seedless) fruit have a similar storage capability to seed-containing
fruit produced by natural pollination.

In order to obtain additional information on the quality of parthenocarpic and seed-
containing eggplant fruits during storage, a further experiment was performed in which
fruits of Tsakoniki and Black Beauty grown in the greenhouse in spring 2011 were stored
under controlled atmospheres (CA;: 3% O; + 3% CO,, CAjy: 10% O, + 3% CO, and CAs:
21% O, + 0.035% CO») at 10°C for up to 20 days. Due to the development of anaerobic
conditions in treatment CA; (3% O, + 3% COy) in both Tsakoniki and Black Beauty 7-8
days after the start of storage and concomitant decay, this treatment was discontinued.
However in treatments CA, (10% O, + 3% CO;) and CA; (21% O, + 0.035% CO,) fruits
of both cultivars were stored for up to 20 days at 10°C. The freshness of the calyx and the
pericarp colour are important quality parameters for eggplant, and these two parameters
were successfully retained during storage in both CA,; and CAj. Firmness, another
important physical quality parameter, was largely unaffected by CA; however, in the case
of parthenocarpic fruit of Tsakoniki the external pericarp was firmer than in seed-
containing fruit, while internal firmness was not affected. It was observed that water lost
through the calyx was significantly higher than via the pericarp, and due to the higher
calyx: pericarp ratio, Tsakoniki lost a higher amount of water during storage than Black

Beauty. However, film wrapping, as observed in the previous experiment, effectively
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reduced water loss through calyx and in consequence reduced weight loss during storage.
A significant loss of ascorbic acid was detected in parthenocarpic fruit, while no
differences were observed in seed-containing fruit in both storage atmospheres. Similar to
the film-wrapping treatment of the previous experiment, CA storage also inhibited the
degradation of protein and anthocyanins in both seed-containing and parthenocarpic fruit.
CA storage prevented the loss of phenolics in the flesh, and the reduced O, concentration
in CA; inhibited the degradation of starch, while the higher O, concentration in CAj;
enhanced starch degradation resulting in increased sugar concentrations (mainly glucose,
fructose and sucrose) in the fruit at the end of storage. Based on the above results, the main
benefit of CA storage seems to be the preservation of the physical appearance (calyx and
pericarp colour) of the fruit; all other quality parameters were not positively affected.
Therefore, CA storage does not appear to confer a significant advantage on eggplant fruit
storage beyond that obtained by fruit enclosure in polyethylene film and overall the storage
behaviour of parthenocarpic fruit obtained by the application of NOA or NOA + BA for

fruit set is similar to that of seed-containing fruit derived from natural pollination.

Conclusions, originality and recommendations
Although the use of PGR to set eggplant fruit has been described in the past, this is the first
time that the growth and quality characteristics of hormone-set fruit have been described.
Additionally, in the present experiment all hormone-set fruit were parthenocarpic, i.e.
seedless, since flowers were emasculated at the time of PGR application, whereas in most
published studies of the effect of PGR on eggplant fruit-set emasculation was not
performed, hence fruit may have contained seeds. To the best of our knowledge, this is the
first time too that the postharvest behaviour of parthenocarpic eggplant fruits during
storage has been documented, both under open and closed storage, as well as in controlled
atmospheres. Hence, the data presented here are highly original.

From the results of our experiments, we conclude that
1. The application of NOA to emasculated eggplant flowers at the time of anthesis is a
satisfactory method for setting fruit at times of adverse climatic conditions (excessively
high or low temperatures), whereas BA is ineffective for this purpose when applied alone,
and does not confer any significant benefit on NOA when NOA and BA are applied
together.
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2. In general, the growth of parthenocarpic fruit is more rapid than that of seed-
containing fruit, and parthenocarpic fruit are larger at harvest, due to an increase in fruit
length and diameter.

3. The quality characteristics of parthenocarpic eggplant fruit are on the whole quite
similar to those of fruit set by natural pollination, with the exception of phenolics and
sugars.

4. Overall, the storage ability of parthenocarpic fruit does not differ significantly from
that of seed containing fruit.

5. For satisfactory storage of both parthenocarpic and seed-containing eggplants, fruit
must be enclosed in polyethylene to reduce the rate of water (weight loss), which in
unwrapped fruit is so rapid as to render fruit unmarketable within 7 days after harvest.
Water loss is closely related to transpiration via the calyx, and the fruit : calyx ratio
significantly affects the susceptibility of the cultivar to weight loss.

6. The use of controlled atmospheres is not indicated for either parthenocarpic or
seed-containing eggplant fruit since CA does not confer any significant advantage over that
offered by film wrapping.

In conclusion, beyond their use for fruit set, PGR offer some advantages to eggplant
growers (e.g. reduced browning). The resulting parthenocarpic fruit store equally as well as
seed-containing fruit, and their quality is as good as (or even better than) that of seed-
containing fruit.

The results obtained apply to all four cultivars used in the present study, as well as to the

type of cultivation (greenhouse or open field) and the season of production.
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Appendix
Appendix 1. Weekly metrological data for unheated greenhouse during 2008-2009.
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Appendix 1..1 Weekly metrological data for unheated greenhouse showing maximum (¢),

minimum (m) and average temperature (A), and average solar radiation during spring,
2008.
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Appendix 1.2 Weekly metrological data for unheated greenhouse showing maximum (¢),

minimum (m) and average temperature (A ), and average solar radiation during autumn,
2008-20009.
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Appendix 1.3 Weekly metrological data for unheated greenhouse showing maximum (¢),

minimum (m) and average temperature ( A ), and average solar radiation during spring,
2009.

Appendix 2. Weekly metrological data for open field during 2008-2009.
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Appendix 2.1 Weekly metrological data for open field showing maximum (¢), minimum
(m) and average (A ) temperature during spring and autumn, 2008-2009.
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Appendix 2.2 Average rainfall (mm) in the open field during 2008-2009.

Appendix 3. Weekly metrological data for unheate
60

d greenhouse during 2011.
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Appendix 3. Weekly metrological data for unheated greenhouse showing maximum (¢),
minimum (m) and average temperature ( A ), and average solar radiation during spring,

2011.
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