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Abstract

Poor and erratic fruit colour development in ‘Cripps Pink’ apple causes serious
economic losses to the growers and/or exporters of Western Australia and other parts
of the world. Many internal and external factors such as genetic, light, temperature,
irrigation, application of chemicals and also soil and tree factors affect the
biosynthesis of anthocyanins consequently fruit colour. Some of the past approaches
followed to improve fruit skin colour resulted in limited outcomes. The aim of my
research was to evaluate the effects of water saving strategies and newly developed
plant bioregulators in improving fruit colour development without adversely
affecting fruit size and quality of ‘Cripps Pink' apple at harvest, following cold and
controlled atmosphere (CA) storage. | also investigated the individual polyphenolics
profiles, their identification and confirmation in the skin of this apple cultivar. Nine
polyphenolic compounds (cyanidin 3-O-galactoside, chlorogenic acid, phloridzin,
quercetin  3-0-rutinoside, quercetin 3-0-galactoside, quercetin 3-0-glucoside,
quercetin 3-O-xyloside. quercetin 3-O-arabinoside and quercetin 3-O-rhamnoside) in
the fruit skin of ‘Cripps Pink' apple were identified, quantified and re-confirmed
using high performance liquid chromatography-electrospray ionization mass
spectrometry (HPLC-ESI-MS). Increased concentration of cyanidin 3-O-galactoside
in ‘Cripps Pink’ apple skin coincided with the increase in total anthocyanins

concentrations.

Water saving strategies, regulated deficit irrigation (RDI) and withholding irrigation
(WHI), have been carried out for two seasons (2005-06 and 2006-07, and 2006-07
and 2007-08, respectively) in a commercial apple orchard. The treatment (75% RDI
applied for 72 days, commencing on 135 days after full bloom (DAFB) and WHI for
20 to 30 days, commencing on 135 and 145 DAFB) increased red skin colour,
concentration of total anthocyanins and polyphenolic compounds such as cyanidin 3-
O-galactoside and quercetin glycosides. These treatments also improved fruit
firmness and soluble solids concentration (SSC) of ‘Cripps Pink' apple at harvest
without adversely affecting postharvest quality in cold and controlled atmosphere
(CA) storage, and also saved the irrigation water. To the best of my knowledge, this
may be the first report on the effects of water-deficit on accumulation of flavonoids

and other phenolic compounds in red-skinned apple particularly ‘Cripps Pink’
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cultivar and also its impact on postharvest storage performance in CA storage. Soil-
plant water relations such as volumetric soil water content, stomatal conductance,
leaf water potential and stem water potential was pronounced with the application of
these water saving strategies applied in the middle of stage Il of fruit development of
‘Cripps Pink’ apple. The sparse leaf abscission due to water-deficit has improved
light penetration, consequently improved red skin colouration through increased
accumulation of anthocyanins particularly cyanidin  3-O-galactoside. This
highlighted the importance of water stress and light in regulating colour and

biosynthesis of anthocyanins.

Newly developed plant growth regulator, Prohexadione-calcium (ProCa) improved
fruit colour development of this apple cultivar by manipulating the light interception
into the tree canopy and onto the fruit through reduction of vegetative growth. The
reduction of shoot length was pronounced with three spray applications of ProCa
(500 mg-L*J) on 3, 33 and 63 DAFB or two sprays of ProCa (500 mg-L']) on 2 and 32
DAFB in combination with summer pruning (SP). The above mentioned treatments
increased concentration of anthocyanins. cyanidin 3-0-galactoside, and all individual
quercetin glycosides (quercetin 3-Orutinoside, quercetin 3-O-galactoside, quercetin
3-O-glucoside, quercetin 3-Oxyloside, quercetin 3-0-arabinoside and quercetin 3-0-
rhamnoside) and also maintained other fruit quality attributes such as fruit firmness

and SSC of this apple cultivar.

Lysophophatidylethanolamine (LPE) spray, 125 mg-L-1 (at two and four weeks prior
to anticipated commercial harvest) or 250 mg-L1 (at four weeks before harvest)
appeared to be promising in improving fruit colour development, accumulation of
anthocyanins and polyphenolic compounds (cyanidin 3-O-galactoside, quercetin
glycosides and also individual quercetin glycosides such as quercetin 3-O-xyloside.
quercetin 3-O-arabinoside and quercetin 3-O-rhamnoside), and other fruit quality
attributes of ‘Cripps Pink’ apple. However, the mode of action of LPE in improving

red colour in apple skin is possibly associated with enhanced ethylene production.

In conclusion, fruit colour development of ‘Cripps Pink’ apple can be improved by
applications of water saving techniques in the middle of stage Il of fruit development

such as 75% RDI for 72 days commencing on 135 DAFB or WHI for 20 (135-155
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DAFB) to 30 (145-175 DAFB) days, and also newly developed plant bioregulators
such as ProCa (three spray applications of ProCa (500 mg-L') on 3, 33 and 63
DAFB or two sprays of ProCa (500 mg-L']) on 2 and 32 DAFB in combination with
SP) or LPE (two spray applications (125 mg-L’) at two and four weeks prior to
anticipated commercial harvest or single spray (250 mg-L') at four weeks before

harvest) without adversely affecting other fruit quality attributes.



